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F9443
Floating-Point Processor

Microprocessor Product

Description

The F9443 Floating-Point Processor is designed to
provide enhancement to the numeric capabilities of
18-bit microprocessors by providing a set of floating-
point instructions. It can interface with the F9445, F9450
or any other standard 16-bit microprocessor, and it uses
the microprocessor memory to directly fetch the required
operands. It has eight general-purpose registers on-chip
and supports all the basic functions with on-chip
microcode. Use of additional off-chip microcode read-
only memories (ROMs) provides extended capabilities.
Figure 1 is a block diagram of the F9443.

Circuit Description

The F9443 includes special hardware to provide fast
algorithms for the basic functions. This hardware
includes full-carry look-ahead for add and subtract
(ADD/SUB) functions, recoding logic for multiply and
square root functions, and partial-remainder-prediction
logic for divide functions. An advanced control scheme
provides a 2-level microcode/nanocode control with off-
chip microcode expansion. The off-chip microcode can
be programmable ROM (PROM) or random-access
memory (RAM), with easy expansion for fast
implementation of user algorithms.

Operation of the F9443 can proceed in parallel with the
host processor to maximize throughput. Multiple F9443s
can be connected to the host processor for array
processing or other high-speed applications.

o Full IEEE SP D DX Floating-Point Standard Support
(80 Bits)

® Fast Algorithms for Add, Subtract, Multiply, Square
Root, and Divide Functions

@ Support for Full Set of Trigonometric Exponential and
Logarithmic Functions

® Expandable Instruction Set That Can Include Macro

Operations (e.g., Vector rotate, Fourier Transform,

Array and Matrix Applications)

User-Alterable Microcode for User Functions

Support of Integer Decimal and Logical Functions

Standard 64-Pin Package

13L® High Speed Bipolar Logic

Low-Power Schottky-Compatible 1/0

Very Fast Execution Times

interface to Any 16-Bit Microprocessor
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Figure 1 9443 Block Diagram
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F9444
Memory Management
and Protection Unit

Microprocessor Product

Description

The Fairchild F9444 programmable Memory Management
and Protection Unit (MMPU) is designed to support
complex multi-user and large single-user environments.
With four F93422 bipolar static random-access memories
(RAMs) serving as map memory, the F9444 expands the
physical address space of the F9445 16-bit
microprocessor to 2M words by performing logical-to-
physical address translation. That is, the six most
significant bits (MSBs) of the logical address are
translated into 11 physical address bits, leaving the 10
least significant bits (LSBs) of the logical address
unchanged. The memory thus consists of 21 bits (10 LSB
and 11 MSB), or 4 megabytes. System integrity is
maintained by access protection bits associated with
each page. Any violation causes non-maskable interrupt
to the F9445 central processing unit. Page-written (PW)
and page-referenced (PR) bits permit the implementation
of demand-paging algorithms. Figure 1 is a functional
diagram of the MMPU.

o Standard Input/Output (1/0) Instruction Format

® Ability to Implement Demand-Paged Virtual Memory

System

Ability to Access Up to 2M Words of Memory

2K Pages, With 1K Words for Each Page

® Memory Expansion Through Mapping and Demand
Paging

@ Controls for Memory Mapping

Separate RAMs for Storing Maps

Access and /O Protection to Maintain System

Integrity

® Special Status Bits for Read/Write Protection,

Demand Paging, and 1/O Protection

Support for Two User and Two Data Channel Maps

Low-Power Schottky-Compatible 1/O

Single +5 V Power Supply

64 Pin Dual-in-Line Package (DIP)

13L® Technology

® |5 is a registered trademark of Fairchiid Camera and instrument
Corp.

Fairchild Camera and Instrument Corporation, Microprocessor Division
3420 Central Expressway, Santa Clara, California 95051
(408) 773-1000 TWX MICPSNTA
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Maps

The MMPU allows two user maps and two data channel
maps to reside in map memory. Each data channel map
contains 32 1K-word pages and each user map either 32
or 64 1K-word pages that can be relocated anywhere in
memory. The two user maps and two data channel maps
function independently. Only one user map can be

Signal Functions
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Fairchild cannot assume responsibility for use of any circuitry described
other than circuitry embodied in a Fairchild product. No other circuit
patent licenses are implied.

enabled at a time, but both data channel maps are
enabled at the same time. The supervisor determines
whether the mapping of program address and data
channel address are to be enabled at the same time. If
either user mapping or data channel mapping is
disabled, the physical address space for that function is
equal to the logical address space and only the lowest
64K words can be accessed.

Figure 1 F9444 Functional Diagram
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F9445
16-Bit Bipolar Microprocessor

Microprocessor Products

Description

The F9445 is a 16-bit microprocessor implemented using
Fairchild’s Isoplanar Integrated Injection Logic (I3L®)
technology. This bipolar technology and a sophisticated
pipeline architecture combine to give the F9445 very fast
execution times. The processor has eight program-
accessible registers and the capability of directly addres-
sing 128K bytes (64K words) of memory. Up to 4M bytes of
physical memory may be accessed using the F9444 mem-
ory management unit. The F9445 can address 62 1/O de-
vices, handle 18 levels of priority interrupt, and perform
fast direct memory access. It has control lines to provide
operator-console functions and has an on-chip self-test
program. The F9445 CPU is supported with a comprehen-
sive family of LSI support circuits to permit cost and per-
formance effective usage in high-performance microcom-
puter systems. The support circuits include the F9446
Dynamic Memory Controller, F9447 1/O Controller, F9448
Programmable Multiport Interface, F9449 Multiple Data
Channel Controller, F9444 Memory Management Unit and
F9470 Console Controller. It is also supported with a

library of software packages, including editors, debuggers,

macro-assembler, relocating loader, real-time executive,
interactive multi-user disk operating system and utilities,
as well as high-level languages: FORTRAN, BASIC and
PASCAL.

® Advanced Parallel Architecture Leading to Very Fast
Execution Times—250 ns Register to Register, 2.9 us
16 x 16 Bit Multiply

® Directly Addresses up to 128K Byt
with 11 Addressing Modes

® Eight Program-Accessible Registers (ACG, AC1, AC2,
AC3, SP, FP, PC, PSW)

® Versatile Instruction Set Including Memory

Reference, ALU, 1/0, Stack, Multiply/Divide, and

Floating Point Assist (Scale/Normalize) Instructions

with 8-Bit Byte, 16-Bit Word or 32-Bit Double-Word

Data

Multi-Processing Capabilities

Flexible Operator-Control Functions and Self-Test

Static Operation with Single Clock up to 24 MHz

LS TTL Input/Output Structure with L Internal

Circuits

40-Pin DIP Needing a Single +5 V Power Supply

Full Military Temperature and Voltage Ranges

Radiation-Tolerant Technology

Comprehensive Family of Support Circuits

of Memory

Fairchild Camera and Instrument Corporation, Microprocessor Division
3420 Central Expressway, Santa Clara, California 95051
(408) 773-1000 TWX MICPSNTA
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Absolute Maximum Ratings
Beyond these ratings useful life of the device may be
impaired.

Storage Temperature —65to +150°C
Ambient Temperature Under Bias —-55to +125°C
Vcc Pin Potential to Ground Pin -0.5t0 +6.0V
Input Voltage (dc) -05t0+55V
Input Current (dc) -20to +5mA
Output Voltage (Output HIGH) -05t0+55V
Output Current (dc) (Output LOW) +20 mA
Injector Current () +600 mA
Injector Voltage (V) -05t0 +1.5V

© 1982 Fairchild Printed in U.S.A. 4027-077-A-23-042 10M 501960
April 1982 Fairchild reserves the right to make changes in the circuitry
or specifications at any time without notice.
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Architecture

The F9445 microprocessor comprises three main blocks:
the data path, the control unit, and the timing generator.

Data Path

The data path is 16 bits wide and is responsible for all the
processing of data and address in the system. In many
cases, data and address may be processed simultaneously.

The data path includes the following blocks (see Figure 1):

Register File (AC0O, AC1, AC2, AC3, SP, FP)

Program Counter (PC)

Program Status Word or Status Register (PSW contain-
ing: Carry, Overflow, 32KW, ETRP flags)

Interrupt-On Flip-Flop (INTON)

Destination Mux

Source Mux

16-Bit ALU

17-Bit Shifter

5-Bit Counter (for multicycle instructions)

Bus Register Mux

Bus Register

Bus Mux and Buffer

Incrementer

Control Unit

The operations of the data path components are governed
by the pipelined, microprogrammed control unit. This unit
comprises three main elements (see Figure 1): the PLA
(control store) to contain the microprogram, the pipeline
register (microprogram register) to latch the micro-
instruction executed in the current cycle, and the instruc-

tion register to supply additional control bits during certain
instructions. In addition, the control unit has a machine in-
struction pre-fetch mechanism which overlaps the fetching
of the next instruction from memory during execution of
short-cycle instructions, such as arithmetic-and-logic (ALU)
instructions. This pre-fetch capability and the micropro-
gram pipeline give the F9445 very fast and efficient instruc-
tion execution.

Timing Generator
The timing generator produces the system timings for the
F9445 internal registers, memory, I/O, and console.

The clock is divided on-chip using a 3-bit twisted ring coun-
ter. The divide ratio is 6:1 or 4:1, depending on whether a
short or long cycle is required. The long cycle can be
extended indefinitely by lowering the inputs BUSGNT,
RDYA, or RDYD. These signals hold the processor in state
S1 (using BUSGNT or RDYA) or S3 (using RDYD) until the
inputs are raised.

The twisted ring counter is also used to generate all the
strobes by a combinational decode of its outputs and cer-
tain bits of the microprogram register.

Signal Descriptions

All F9445 inputs and outputs are TTL.

Information Bus

iB, through IBys, Pins 11 through 26 — 16-bit Bus — Active
LOW bidirectional; iB, is most significant bit; address valid

s
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F9445

with STRBA strobe; data vaiid with STRBD strobe; 3-state
during data-channel and non-bus cycles.

Timing and Status

SYN, Pin 7 — Synchronize Cutput — Active every cycle;
may be used for external synchronization of memory and
I/O control.

STRBD, Pin 6 — Data Strobe — Active LOW output; active

only during memory, /O, console, or data-channel cycles;
used as strobe for data.

STRBA, Pin 5 — Strobe Memory Address Register — Active
LOW output; active only during normal memory cycles; not
active during write portion of read-modify-write cycles
(DSZ,18Z, STB instructions and auto-increment/decrement
addressing modes); used as strobe for external address
register; active on I/0 cycles when {/O instruction is output
onto bus.

M, Pin 36 — Memory or I/O Function — Active LOW output.

01, Pin 35 — Memory or I/O Function — Active HIGH output.
Oo, Pin 34 — Memory or I/0 Function — Active HIGH output;

these pins indicate the type of bus transfer as shown in the

following table.

01 O¢ | Function

0 | Instruction Fetch

Operand

Indirect Address

Address Save on interrupt, abort,
and trap

Memory

coool g
e e N o)
—_ O =

Input or Output

Data Channel Acknowledge
Read Console Code
Console Data

1/0

L N G A
—_ a00
- O = O

If a skip is taken on an arithmetic-and-logic (ALU) instruc-
tion, the next instruction is fetched but not executed. In
such fetches, the M and O lines will indicate the following
states.

M O; O, | State Indicated

0 0 0 |SO0throughS4
0 0 1S5

During machine cycles that do not use the bus, the M and
O lines will be "111”. BUSREQ and the bus strobes are in-
active in these cycles.

W, Pin 1 — Write Output — Indicates direction o

~A
HIGH indicates a read or input operation; LOW indicates a

write or output operation; 3-state during data-channe! cy-
cles and short cycles (BUSREQ is HIGH).

RDYD, Pin 8 — Data Ready — Active HIGH input; used to
synchironize external devices with the F9445 during data

transfer; a LOW level halts the processor.

RDYA, Pin 4 — Address Ready — Active HIGH input; main-
tains address on bus when LOW.
RUN, Pin 37 — Run Status — Active HIGH outpu

when in halt state.

CARRY, Pin 39 — Carry Status — Active HIGH output; copy
of carry bit.

INTON, Pin 27 — Interrupt-On Status — Active HIGH out-
put; copy of Interrupt-On flag; HIGH when interrupts en-
abled.

CLK, Pin 40 — Clock Input — Single-phase clock;
positive-edge triggered.

Arbitration

BUSREQ, Pin 38 — Bus Request — Active LOW output; in-
dicates that a bus cycle is required; useful in multi-
microprocessor system.

BUSLOCK, Pin 2 — Bus Lock — Active LOW open collector
output; set during read portion of read-modify-write cycles
(on DSZ, 1SZ, STB, and auto-increment/decrement), reset

during write portion of those cycles; used in multi-
microprocessor system.

BUSGNT, Pin 3 — Bus Grant — Active HIGH input; used for
multi-microprocessor operation; a LOW level inhibits ad-
dress output and halits the processor.

Service Request

The order of priority of requests and interrupts, from high-
est to lowest, is as follows: MR, ABORT, DCHREQ, Stack
Overflow Interrupt, INTREQ, and CONREQ.

MR, Pin 33 — Master Reset — Active LOW input; a LOW
level causes the processor to enter a wait state after com-
pleting the next full cycle; if that cycle is a write, itis inhi-
bited (changed to read); sets the F9445 to 32K mode with
trap enabled.

DCHREQ, Pin 29 — Data Channel Request — Active LOW
input; initiates data-channel cycles while LOW after current
instruction. Must occur before TDRH (c).

CONREQ, Pin 28 — Console Request — Active LOW input;
initiates a console operation after current instruction.

3



F9445
INTREQ, Pin 30 — Interrupt Request — Active LOW input; Fig. 2 F9445 Register Model
initiates entry to interrupt procedure, if interrupts are en-
abled, after the current instruction.
0 15

ABORT, Pin 32 — Abort — Active LOW input; initiates abort PROGRAM COUNTER (PC)
sequence in the current microcycle. PROGRAM STATUS WORD (PSW)

ACCUMULATOR 0 (AC0)
Power
Ve, Pin 31 — Power Supply — Requires +5 V. ACCUMULATOR 1 (AC1)

ACCUMULATOR 2 (AC2)

GND, Pin 9 — Ground.

ACCUMULATOR 3 (AC3)

ling, Pin 10 — Injection Current input — Operates in STACK POINTER (SP)
200-400 mA range at approximately 1 V; requires > 350 mA FRAME POINTER (FP)
for maximum speed.

Register Set INTERRUPT-ON FLAG

The F9445 has eight user-accessible registers (see Figure 2),
including seven 16-bit registers and a program status word
(PSW) containing the following four flags: carry (bit 0), 32KW
(bit 1), trap enable (bit 2), and overflow (bit 15). The carry

flag (C) indicates the state of the carry bit during arithmetic Fig. 3 Data Organization in a Stack (LIFO)
and |OgiC operations, The 32KW ﬂag indicates whether the INCREASING MEMORY ADDRESSES INCREASING MEMORY ADDRESSES
processor is operating in the 32K-word (“1”) or 64K-word
(“0") mode. The trap enable/disable flag (ETRP) indicates ? 1
whether the trap instruction is enabled (“1”) or disabled (“0"). sP— =] TOP OF STACK P ——l TOP OF STACK
The overflow flag (V) indicates twos-complement overflow in
arithmetic operations.
In addition, there is an interrupt-on (INTON) flag. The CPU
responds to interrupt requests from external I/O devices
when the flag is set (17). When it is clear (“0"), all inter-
rupt requests are ignored by the CPU. The state of the flag ] acs p—s] Ac3
can be g!tered by the Interrupt-Enable or Interrupt-Disable oo PP oD FP
instruction. a2 RETURN BLOCK ac2

. . . AC1 AC1
The seven 16-bit registers comprise a program counter Aco AC0
(PC) that sequences the execution of instructions, four
general-purpose accumulators (ACO through AC3), the
stack pointer (SP) and the frame pointer (FP). The program
counter sequences the execution of instructions. It holds
the address of the next instruction to be executed and is
automatically incremented to fetch instructions from con- —fc] acs ] AC3
secutive memory locations. A Skip, Jump, Jump-to- oo FP PREVIOUS OLDFP
Subroutine, or Trap instruction, an interrupt generated by AC2 ook AC2
an 1/0 device or an Abort can alter the sequential execution AC1 AC1
of instructions. “C“' Aco

I

The four accumulators serve as source and destination reg- | l
isters for 16-bit arguments in arithmetic-and-logic instruc- 42K WORD MODE S4K WORD MODE

tions which process the contents of the source accumu-
lators and a base value for the carry flag and store the
16-bit resuit in the destination accumuiator. The associated
carry and overflow flags are set or cleared depending on

L ]
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the result of the ALU operation as the base vaiue of carry.
Accumulators AC2 and AC3 also serve as index registers
during memory addressing operations. In addition, AC3
functions as a subroutine linkage register, and the pair ACO
and ACt are used as a 32-bit register in the muiltiply/divide
and the normalize and parametric double-shift instructions.

The other two 16-bit registers serve as temporary storage
and as the stack pointer (SP) and frame pointer (FP) in the
stack manipulation instructions. The stack pointer contains
the address of the top of the stack, i.e. the last word
“pushed” onto the stack which is also the first word that
may be “‘popped.” The frame pointer contains the address
of the highest location in a block of five words on the
stack, a “frame,” containing program status information
used to return from a subroutine (see Figure 3).

The frame pointer is updated by the Save and Return in-
structions which are intended to be the first and last in-
structions, respectively, executed by a subroutine. When a
Jump-to-Subroutine instruction is executed, the value
PC+1 (and the value of the carry bit in 32K-word mode
only) is stored in AC3. The Save instruction then pushes
five key words onto the stack in the following order: first,
the contents of ACO; second, the contents of AC1; third,
the contents of AC2; fourth, the value of FP before the
Save; and fifth, the contents of AC3. At this point, SP
points to the top of the frame (which is the current top of
the stack), and that address becomes the new value of FP.
This new value of FP is also placed in AC3. When a Return
instruction is executed, the five words stored in the frame
referenced by FP are used to restore accumulators ACO
through AC2 to their values at the time preceding the Save.
FP is restored to its previous value (pointing to the last
previously saved five-word frame) and PC is loaded with
the return address which had been placed in AC3 by the
previous Jump-to-Subroutine and pushed onto the stack by
the previous Save. The restored value of FP is also placed
in AC3 by the Return instruction.

Information may also be moved between SP or FP and any
of the four accumulators by the instructions MTFP, MFFP,
MTSP, and MFSP without affecting the source register of
the move or any of the registers not specified with the in-
struction. This allows setting up multiple stacks whose
pointers are saved in main memory when not in use.

Addressing Ranges and Modes

The F9445 memory reference instructions support two ad-
dress ranges and a variety of addressing modes. These
modes include direct/indirect addressing which may be ab-
solute, PC-relative, or indexed by AC2 or AC3. Additional
addressing modes inciude auio-increment, auto-
decrement, and address via stack and frame pointers. The

two address ranges in which the F9445 can operate are
128K-byte (64K-word) or 64K-byte (32K-word) logical ad-
dress space. The F9445 master resets to the 64K-byte
(32K-word) address range. The 128K-byte (64K word)
address range can be enabled or disabled under program
control.

64K-Byte (32K-Word) Address Range

After the master reset is activated or the D64K instruction is
executed, the F9445 operates in the 64K-byte (32K-word)
address range. In this mode of operation, it uses 15-bit ad-
dresses to fetch up to 32K words from the memory and
uses either the least-significant sixteenth bit to select high
or low byte of the word in the byte instructions or the
most-significant sixteenth bit to specify the remaining 15
bits of the word as an indirect address in muiti-level indi-
rect addressing instructions.

In the Load-Byte (LDB) and Store-Byte (STB) instructions, a
16-bit accumulator is specified as the byte pointer. The
most significant 15 bits of the byte pointer are treated as
the logical address of the word containing the byte which
the least significant bit specifies, selecting the high (if “0")
or low (if *1”) byte of the word.

The remaining memory reference instructions specify ef-
fective addresses of 16-bit words via various (11) addres-
sing modes described below.

Page Zero in this mode the instruction provides
an 8-bit absolute address to access
the first 256 words (page zero) of
memory.

PC Relative in this mode the instruction provides

an 8-bit twos-complement signed
number which is added to the pro-
gram counter to access 128 loca-
tions below and 127 locations above
the address specified in the program
counter.

In these two modes the instruction
provides an 8-bit twos-complement
signed number which is added to
AC2 (or AC3) to access 128 locations
below and 127 locations above the
address specified in the accumulator.

Indexed by AC2
(or AC3)

The memory reference instruction may specify any of the
above four memory addressing modes to be either direct or
indirect. For direct addressing, the effective address com-
puted using the eight address bits of the instruction is the

final address of the target word to be stored or retrieved.

—
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For indirect addressing, the effective address computed
from the eight address bits of the instruction is used to
fetch a 16-bit word that supplies the address of the target
word. If the most significant bit of this word is ‘0", the 15

least significant bits provide the address of the target word.

However, if the most significant bit of this word is 1", this
specifies a further level of indirect address. In that case,
the 15 least significant bits refer to the address of another
word which could provide the final address of the target,
depending on whether its most significant bit is “0” or “*1"".
Thus, multiple levels of indirect addressing continue until a
word is fetched with a most significant bit of “0”". Such
multiple levels of indirect addressing are only allowed in
the 32K-word address range operations.

The next two types of addressing modes are the auto-
increment and auto-decrement modes. When locations 20
through 27 (octal) are indirectly addressed, the auto-
increment mode is activated: the contents of the specified
location are first incremented and stored back and this
new value is treated as the effective address (which can, in
turn, be either direct or indirect). Locations 30 through 37
(octal) are used as auto-decrement locations in a similar
manner.

The last type of addressing is stack addressing in which
the address of the memory reference is derived from the
stack pointer.

128K-Byte (64K-Word) Addressing Range

After the E64K instruction is executed, the F9445 starts
operating with the 128K-byte (64K-word) addressing range.
In this range, the F9445 uses 16-bit addresses to fetch up
to 64K words from the memory and supports all the 11 ad-
dressing modes described previously. However, only one
level of indirect addressing is allowed — the one specified
in the instruction — since with 16-bit addresses there are
no bits available in the words fetched to indicate further
indirect addressing.

The byte pointer is also different in the 128K-byte
(64K-word) case compared to the 64K-byte (32K-word)
case. The 64K-word range byte pointer is 17 bits wide and
is composed of the carry flag and the 16-bit accumulator
specified in the LDB or STB instruction. The value of the
least-significant bit of the 17-bit word selects the high (if
“0"”) or low (if “1"") byte of the word to be loaded or stored.

Instruction Set

The F9445 has fixed-length instructions, each of which is
16 bits long and divided into several fields. The fields are
used to specify the operation code and other related ac-
tions, to define conditions and specify the CPU registers
containing arguments, to define 1/0 device codes, and to

provide the displacements for the calculation of effective
addresses of memory locations.

The whole instruction set can be divided into five broad
groups:

Memory Reference Instructions
Arithmetic-and-Logic Instructions
Stack Manipulation Instructions
1/0 Instructions

Control Instructions

The Memory Reference instructions modify the contents of
memory locations, alter program execution sequence, and
move operands between the accumulators and memory lo-
cations. The contents of accumulators and the carry and
overflow flags are processed by the Arithmetic-and-Logic
instructions. The Stack instructions manipulate the regis-
ters and the memory in stack-associated operations. The
I/O instructions effect data transfers between the accu-
mulators and I/O devices. The Control instructions modify
or interrogate the state of the CPU and operator console,
performing such actions as controlling the status of the
interrupt-on flag and reading the status of the console
switch register.

The F9445 instruction set is shown on the following pages.
The assembly-language format of each instruction is
shown on the left, followed by the name of the instruction
and a symbolic description of its action. The corresponding
bit pattern for each instruction is shown on the right side
of the page.

Assembly-language mnemonics and binary representations
for instruction optional parts (within square brackets) and
accumulator codes, to be inserted at the indicated places in
the instructions, are shown following each group of
instructions.

The required separator, indicated in the assembly-language
formats by a square (C]), may be entered as any number or
combination of space or tab characters or a comma for the
macro-assembler; the separator must be a single space for
the F9445 PEPBUG program.

T P e AN
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F9445 Instruction Set

Memory Reference Instructions

JMPO[@] displacement [,index] o t 2 3 4 5 & 7 8 9 10 11 12 13 14 15
Jump. Jump to effective address. l[o o o o o I @ | INDEX [ DISPLACEMENT |

|
JSRO[@] displacement {,index] 6o 1 2 3 4 5 & 7 & S5 10 11 12 13 14 15

Jump to Subroutine. Jump to subroutine lo o o0 o0 1 ] @i INDEX | DISPLACEMENT I
at effective address: then return to
PC saved in AC3.

ISZO[@] displacement [,index] o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
INDEX l DISPLACEMENT [

increment and Skip if Zero. Increment |o o o 1
{EA); if zero, skip next instruction.

o
®

DSZO[@] displacement [index] s 1 2 3 4 5 & 7 & ¢ 1 11 12 13 14 15
Decrement and Skip if Zero. Decrement ‘0 0o 0o 1 1 | @ | INDEX | DISPLACEMENT l
(EA); if zero, skip next instruction.
LDAOAC, [@] dispiacement {,index] o i 2 3 4 5 & 7 & § 0 11 12 13 14 15
Load Accumulator. [EA, — AC. [o 0 1 l AC | @ | INDEX | DISPLACEMENT l
STADOAC, [@] displacement [,index] o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Store Accumulator. AC — (EA.. Io 1 0 | AC T@ [ INDEX I DISPLACEMENT |
LDBOACs, ACqy, 0 1 2 3 4 5 7 8 9 10 11 12 13 14 15
Load Byte. 1Byte Pointeri — ACd 8-15, {c 11 { ACq ll ¢ o 1 E AC: % c o ¢ o o 1|
0 — ACqd 0-7; LSB of byte pointer
in ACs selects high-order byte if O,
low-order byte if 1.
STBOACs, ACq 0o 1 2 3 4 5 7 8 9 10 11 12 13 14 15
. r— e —
Store Byte. ACd g-15 — (Byte Pointer. o 1 1 i ACq i 1 0 O i ACs ’ 0 0 0 o0 0 i '

Effective Address Codes
Accumulator Codes

Mnemonics Bits
@ Index | 5 6 7 | Effective Address Bits
Omitted 0 0 0 0 | EA=D;direct page zero Mnemonic | 8 9 | AC
Omitted 1 0 0 1 | EA=CA+D;relativetoPC 0 0 0 | ACO
Omitted 2 0 1 0 | EA=AC2+ D;indexed by AC2 1 0 1 |ACH
Omitted 3 0 1 1 | EA=AC3+ D;indexed by AC3 2 1 0 | AC2
@ 0 1 0 0 | EA=(D); indirect through page zero 3 1 1 | AC3
@ 1 1 0 1 |EA=(CA+Djindirect relative to PC
@ 2 1 1 0 | EA=1AC2+ Dy; indirect relative to AC2
@ 3 1 1 1 ! EA= AC3+ D1 indirect relative to AC3
Relative Displacement
Notes
=Di nt; i i i monics. . .
gA ‘ gs:ﬁ:ﬁgzd;::sezflsgf absolute in current radix or relative via mnemonics Mnemonic Meanmg
EA = Effective address. +D Current location
XX = Cpments of locgtion XX.e.g. EA = Contents of effective address. plus displacement
@ = lnd.arect address bit. . _D Current location
Byte Pointer .32K = 16 bits of ACs.
Byte Pointer 64K = 17 bits of Carry and ACs. upper 32K accessed minus displacement

O = Required separator. Note

D = Dispiacement in current radix.

55—
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F9445 Instruction Set

Arithmetic and Logic Instructions

COM[carry][shift][#]0ACs, ACq [,skip]
Complement. ACs — ACq.

NEG[carry][shift][#]0ACs, AC4 [,skip]

Negate. —ACs — ACy; affects
Carry and Overflow flags.

MOV[carry][shift][#]0ACs, ACq [,skip]
Move. ACs — ACqg.

INC[carry][shift][#]0ACs, ACqd [,skip]
Increment. ACs + 1 — ACg;

affects Carry and Overflow flags.

ADCJ[carry][shift][#]0ACs, ACq [,skip]

égd Complement.
ACs + ACq — ACq;
affects Carry and Overflow.

SUBI[carry][shift](#]0ACs, ACq [,skip]

Subtract. ACq4 — ACs — ACq;
affects Carry and Overflow.

ADDI[carry][shift][#]J0ACs, ACq [,skip]

Add. ACs + ACq — ACq;
affects Carry and Overflow.

ANDI[carry][shift}[#]J0ACs, ACq [,skip]
And. ACs A ACq — ACaq.

Base Carry Values

Bits | Carry Value

Mnemonic |10 11 | Used as Base

Omitted 0 0 | Current Carry
4 0 1 Zero
O 1 0| One
C 1 1 | Complement of

current Carry

Load/No-Load Condition

Mnemonic | Bit 12 | Operation
Omitted 0 Load result
in destination
accumulator
# 1 Do not load
result
Note

# = Load/No-Load bit.
O = Required separator.

0 1 2 3 4 5 7 8 9 10 1" 12 13 14 15
l1 ] ACs } ACq [ 0 0o o ISHIFT|CARRY|# l SKIP J
0 1 2 3 4 5 7 8 9 10 11 12 13 14 15
|1 ] ACs | AC4 Io 0 1ISHIFT|CARRY|#| SKIP ]
0 1 2 3 4 6 7 8 9 10 11 12 13 14 15
{1 | ACs | AC4 Io 1 0|SHIFT|CARRY|#I SKIP J
0 1 2 3 4 6 7 8 9 10 11 12 13 14 15
|1 | ACs | AC4 ] o 1 1 ISHIFTICARRY| #l SKIP |
0 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15
|1 | ACs J ACq l 1 0 o lSHIFTlCARRY| # | SKIP l
0 1 2 3 4 5 7 8 9 10 11 12 13 14 15
EJ ACs I ACs [1 o 1 |SH|FT[CARRYI # I SKIP J
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
L1 I AC: | ACq |1 1 018HIFT]CARRY|# [ SKIP I
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
[1 l ACs | ACq ] 1011 ISHIFT l CARRY | # l SKIP |
Shift Operation
Bits
Mnemonic | 8 9 | Function
Omitted 0 0 | Noshift
L 0 1 | Left rotate
R 1 0 | Rightrotate
S 1 1 | Swap bytes
Skip Condition Codes
Bits
Mnemonic |13 14 15| Skip Condition
Omitted 0 0 O | Donotskip
SKP 0 0 1 | Always skip
SzC 0 1 0 | SkipifzeroCarry
SNC 0 1 1 | Skipif non-zero Carry
SZR 1 0 0 I Skipifzero result
SNR 1 0 1 | Skipif non-zero result
SEZ 1 1 0 | Skipif either Carry or result zero
SBN 1 1 1 | Skipif both Carry and result non-zero

A No-Load-No Skip instruction is interpreted as a trap if the Trap Enable flip-flop is set.

m
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F9445 Instruction Set

Arithmetic and Logic Instructions (Continued)

ORDOACs, ACy 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Or. ACs V ACg4 — ACq. io 11 | ACs Il’ 101 i ACs | o 0 0 0 0 1 i

MUL 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Unsigned Multiply. ACO + lo 1 1 1 0 1t 1 0 1 1 0 0 0 o0 0 1 |

(AC1 x AC2) — ACO, ACH.

MULS 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Signed Multiply. ACO + |o 1 11 1 1 1 0 1 0 0 0 0 0 0 1|
(AC1 x AC2) — ACO, ACT.

DIV o 1 2 3 4 5 6 7 8 9 10 i1 12 13 14 15

Unsigned Divide. IACO, AC1)/ [6 1 1 1 0 1.1 0 0o 1 0 0 0 0 o 1|
AC2, quotient — AC1, '
remainder — ACQO; Carry
and Overflow = 1 if overflow
occurs, Carry =0 if not.

DIVS 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Signed Divide. {ACO, AC1)/AC2, o 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1
quotient — AC1, remainder — ACO;
Carry and Overflow = 1 if overflow
occurs, Carry = 0 if not.

NORM 6 1 2 3 4 5 6 7 8 § 10 11 12 13 14 15
Normalize. Move the 32 bits in o 1+ 1+ o0 0o 1+ t 0 1 1 0 0 0 o0 o0 1
{ACO, AC1 to the left until high-order ' :
bit of ACO = 1; number of steps
required is subtracted from AC2;
affects Overflow flag.

SLLD 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Shift Logically Left. Shift the 32 o 1+ 1 0 0o 1t 1 0 0 0 0 O 0 O0 o0 1
bits in iACG, AC1) logically left
n times; zeroes shifted to LSB
of AC1; nis contents of AC>
1<n< 31

SALD 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Shift Arithmetically Left. Shift the o 1 1+ 1+ 0 1t 1 0 0 0 0 0 0 o0 o0 1
32 bits in {ACO, AC1. to the
left n times; zeroes shifted
to LSB of AC1; set Overflow
flag on first sign change; n is
contents of AC2 (1 <n <31,

SLRD o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Shift Logically Right. Shift the o 1+ 1.6 0o 1 1 0 1 0 0 0 0 o0 0 1

32 bits in (ACO, AC1: logically
right n times; zeroes shifted
to MSB of ACO; n is contents
of AC2 11 <n<31..
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Arithmetic and Logic Instructions (Continued)

SARD 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Shift Arithmetically Right. Shift the o 1+ 1. 0 0 1 1 0 0 1 0 0 0 0 0 1 ]
32 bits in (ACO, AC1) arithmetically
to the right n times; the

MSB (signi of ACO is extended; n
is contents of AC2 (1<n < 31).

SKNV o t+ 2 3 4 5 8 7 8 9 10 11 12 13 14 15

Skip on Not Overflow. Skip next o 1+ 1 0 1 1 1 0 1 1 0 0 0 o0 0 1
instruction if Overflow = 0; then
reset Overflow flag to 0.

Stack Instructions

PSHADOAC 0 1t 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Push Accumulator. SP +1 — SP, Io 11 | AC | c 1 1 0 0 0 0 O O o0 1 |
AC — (SP).

POPALIAC 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Pop Accumulator. (SP) — AC, lo 101 | AC | o 1 1 1 0 0 0 0 0 0O 1J
SP-1 — SP.

PSHF 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Push Flags. SP + 1 — SP, PSW — (SP1. | o 1+ 1.1 0 1 0 1 0 1 0 0 0 0 0 1 ]

POPF 0o t 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Pop Flags. (SP) — PSW, SP-1 — SP. [ ©o 1 1.1 0 1 0 1 0 0 0 0 0 0 0 1 |

POPJ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Pop PC and Jump. (SP) — PC, | o 1 1. 1 o0 1 0 1 1 0 0 0 0 0 0 A1 |
SP-1 — SP.

PSHR 0o t 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Push Return Address. SP + 1 — SP, | ©o 1 1 1 o 1 0 1 1 1 0 0 0 0 0 1 ]
CA+2—(SP).

TOPROAC 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Read Top of Stack. (SP} — AC. |o 11 | AC | 6 1 1 1 1 0 0 0 0 0 1J

TOPWOAC 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Write Top of Stack. AC — (SP). Lo 11 l AC ] o 1 1 0 1 0 0 0 0 o0 1 j

MTSPOAC 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Move to Stack Pointer. AC — SP. lo 11 l AC T o 1 0 0 0 0 0 0 0 0 1 ]

10
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Stack instructions (Continued)

MFSPOAC 0 2 3 4 7 8 9 10 11 12 13 14 15
Move From Stack Pointer. SP — AC. io 1 { AC l 0 ©o 1 ¢ 0 0 0 0 0 1 ]

MTFPOAC 0 2 3 4 7 8 10 11 12 13 14 15
Move to Frame Pointer. AC — FP. o 1 | AC i 0 0 0 0 0 0 0 0 O 1 ‘

MFFPOAC 0 2 3 4 5 7 8 10 11 12 13 14 15
Move From Frame Pointer. FP — AC. o 1 1 AC | 0 6 1 0 0 0 0 0 O 1J'

SAV 0 2 3 5 7 10 11 12 13 14 15
Save. Push the 5-word return block io 1 0 0 1 1 0 0 0 0 0 0 O 1J
(ACO, AC1, AC2, FP [Carry*, AC31-15])
on stack, then load FP and AC3
with contents of SP.

RET 2 3 5 7 8 9 10 11 12 13 14 15
Return. SP is loaded with contents of 0 1 0 0 1 i 1 0 0 0 0 O O 1J
FP, then the 5-word return block is
popped to (Carry*, PC1-15), FP, AC3,
AC2, AC1, and ACQ, respectively,

DSP 0 2 3 5 7 8 9 10 11 12 13 14 15
Decrement Stack Pointer. SP-1 — SP, IO 1 1 0 1 o 1 0 0 o0 o0 o0 o 1 !

Notes

SP = Stack Pointer

FP = Frame Pointer

PSW = Program Status Word

CA = Current Address (PC-1)

*In 64K-word mode, Carry bit is not involved in SAV and RET and is

replaced by AC3p and PCo, respectively.

1/0 Instructions

NIO[ * ]Odevice 0 2 3 4 7 8 9 10 1t 12 13 14 15
No Data Transfer. io 1 i X X | 0 0 i * ] DEVICE CODE |

SKPHEO device 0 2 3 4 5 7 8 9 10 11 12 13 14 15
Skip on Busy/Done Flags. Skip next lo 1 I X X | 1 1 [ a ] DEVICE CODE J
instruction if Busy/Done meets test
condition.

DIA[ x JO AC, device 0 2 3 4 7 8 9 10 11 12 13 14 15
Data In From Register A. A — AC. [o 1 ‘ AC | 0 1 l * ] DEVICE CODE J

1
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I/0 Instructions (Continued)

DOA[ % ]JO0 AC, device 6 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Data Out to Register A. AC — A. lo 11 | AC | 0 1 o | * J DEVICE CODE j
DIB[ % ]JOI AC, device 6 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Data In From Register B. B — AC. B 11 | AC [ 0 1 1 | * | DEVICE CODE l
DOB[ % ]O AC, device 0 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15
Data Out to Register B. AC — B. L° 11 | AC | 1 0 o [ * | DEVICE CODE ]
DIC[ % ]O AC, device o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Data In From Register C. C — AC. l 0 1 1 | AC | 1 0 1 | * | DEVICE CODE ‘
DOCI *]0O AC, device 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Data Out to Register C. AC — C. B 11 | AC | 11 o0 ] * | DEVICE CODE ]

Note

Device code = any number in the current radix :octal only for PEPBUG 45 between 0 and 77
octal except reserved codes 0 and 1, aiso may be the following standard mnemonics - or other
user-defined mnemonics with the macro-assembler

* Busy/Done Control Codes HMBusy/Done Test Codes
Bits Bits
Mnemonic | 8 9 | Operation Mnemonic | 8 9 | Test Condition
Omitted | 0 0 | Does not affect Busy and Done flags BN 0 0| BusyisNon-Zero
S 0 1 | START the device by setting Busy = 1 BZ 0 1| BusyisZero
and Done =0 DN 1 0 | DoneisNon-Zero
C 1 0 | CLEAR both Busy and Done to 0 and Dz 1 1] Doneis Zero
idle the device
P 1 1 | PULSE the device. Its effect depends Device Code Symbols
on device
Mnemonic | Octal Meaning
Notes TTI 10 TTY input
X =Don't care. TTO 11 TTY output
* = Busy/done control code. PTR 12 Reader
B = Busy/donie test code. PTP 13 Punch
O =Required separator. RTC 14 Real-time clock
LPT 17 Line printer
SMS 61 SMS disk drive
CPU 77 Console

Refer to "Control Instructions”
regarding use of device code 77.
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Control Instructions

INTEN 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Interrupt Enable. 1 — INTON; [
allows one more instruction to be
executed before 1 — INTON.
Alternate assembier format:
NICSg, CPU

INTDS o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Interrupt Disable. 0 — INTON. |o 1 1] xio o 0 1 0 1 1 1 1 1 1|

Alternate assembler format:
NIOCO0, CPU

READSOAC o 1 2 3 4 5 6 7 8 8 10 11 12 13 14 15
Read Console Switch Register. o 1 1 ] AC | 6o 0 1 0 0 1 1 1 1 1 1 |
SW — AC.
Alternate assembler format:
DIA OAC, CPU

INTACAC 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Interrupt Acknowledge. The device o 1 1] ACc [0 1 1 0 0 1 1 1 1 1 1

code of the highest priority device
requesting interrupt is loaded to
bits 10-15 of AC.

Alternate assembler format:

DIB OAC, CPU

MSKOOAC o 1 2 3 4 5 & 7 9 10 11 12 13 14 15
Mask Out. Enables specific rl:) 1 1i AC i*i o o o o i i1 i 1 1 1i
devices to request interrupts.
Alternate assembler format:
DOB OAC, CPU

IORST o 1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1/0O Reset. Clear busy/done 0o 1 1]x x|1 o 1 1 0 1 1 1 1 1 1
and interrupt enable flags of
all 1/0 devices.
Alternate assembler format:
biccOo, CPU

HALT o 1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Halt the Processor. Only console 0o 1 1|x X|1 i 0 0o o t 1 1 1 1 1
operations are recognized.
Alternate assembler format:
DOC o, CPU

SKPRO CPU 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Skip on Interrupt-On Flag. Skip |0 1 1|x x|1 1 1[ [ ] }1 1 1 1 1 1l
next instruction if the INTON flag
fulfills the specified test conditions.

WAIT o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Wait for Interrupt. Console, |o 1 1 0 1 1 1 00 0 0 0 0 0 0 1|

interrupt, and data channel
request are recognized.

13
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F9445 Instruction Set

Control Instructions (Continued)

TRAP 0 3 5 10 11 12 13 14 15
Trap. CA — 46, (47g) — PC. L1 | X X X x x x x x x x[1 0 o o

ETRP 0 3 4 5 6 8 9 10 11 12 13 14 15
Enable Trap Instruction. Default lo 1 1 1 1 0 0 1 0 0 0 0 0 1 |
state by MR.

DTRP 3 4 5 6 7 8 9 10 11 12 13 14 15
Disable Trap Instruction. lo t 1.1 1 0 1 1 0 0 0 0 o0 1 I

E64K 3 4 5 6 7 g 10 11 12 13 14 15
Enable 64K-words mode. ! 0 o 1 1 1 0 0 1 0 6 0 0 0 1 |

D64K 4 5 6 7 8 9 10 11 12 13 14 15
Disable 64K-words mode. | 0 o 1 1 1 0 1 0 0 0 0 0 0 1 |

Default state by MR.

Most of the Control instructions are a subset of I/0
instructions using device code 77 octal (“all 1s,”
mnemonic: CPU); in device code 77 instructions, the
Busy/Done control affects the Interrupt-On flag instead
of the Busy and Done flags. Use of the Control
mnemonics sets the Interrupt-On flag (via bits 8 and 9)

% Interrupt-On (INTON) Control Codes

Bits
Mnemonic | 8 9 [Operation
Omitted 0 0 |No effect
S 0 1 |Set INTON =1
C 1 0 [Reset INTON=0
P 1 1 |No effect
Notes

X =Don't care.

* = Interrupt-On Control.
® = Interrupt-COn Test.
a

= Required separator

14

as shown; however, with READS, INTA, MSKQO, IORST
or HALT, the alternate I/0O mnemonics, which are shown
for each instruction, may be used to control the
Interrupt-On flag according to the “Interrupt-On Control
Codes” table.

B Interrupt-On (INTON) Test Codes

Bits
Mnemonic| 8 9 | Test Condition
BN 0 O | SkiponINTON-=1
BZ 0 1 |[SkiponINTON=0
DN 1 0 | Reserved
DZ 1 1 | Reserved
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Input/Output Operations

input/output devices can transfer data to the F9445-based
microcomputer via:

Programmed I/O using the I/O instructions of the F9445,

Memory-mapped I/O using the load/store instructions of
the F9445, or

Direct memory access or data-channei transfers.

For programmed /O, the device consists of up to three
(minimum one) bidirectional 16-bit device registers, de-
noted as A, B, and C, and three 1-bit flags: Busy, Done and
Interrupt Disable (see Figure 4). The 2-bit status word com-
prised of Busy and Done represents one of up to four pos-
sible states of the device, viz. idle, busy, partially done and
completely done (refer to Device Status Flags subsection).
The F9445 |/0O instructions allow data transfers between
any of the accumulators (ACO through AC3) and any of the
device registers (A through C), and can test and set the
Busy, Done and Interrupt-Disable flags.

Fig. 4 1/0 Device Model

INTERRUPT
DISARLE

BUSY DONE

INPUT OUTPUT

DEVICE REGISTER A DEVICE REGISTER A

DEVICE REGISTER B DEVICE REGISTER B

DEVICE REGISTER C DEVICE REGISTER C

The F9445 can transfer the contents of any accumulator to
an I/O device by executing a Data-Out instruction. It can
load data from an |/O device into any accumulator by
executing a Data-In instruction. To test the status of an I/O
device, the F9445 can execute a Skip-On-Status instruc-
tion.The I/O cycle has the same timing as the memory cycle
(see Figures 13 and 74). Features of the I/O cycle are:

@ 250 ns ( at 24 MHz system clock) minimum cycle time

B Cycle time can be extended using RDYA, RDYD

& /0 instruction is output at address time

B STRBA is used to latch the 1/O instruction

B STRBD is used to strobe the data

B O lines indicate the type of cycle as follows:

M O O W

I/0 Input Execute 1 0 0 1
Instruction Fetch 0o 0 0 1
1/0 Output Execute 1 0 0 0O
Interrupt Save 0o 1 1 0

B The I/O devices can interrupt the normal flow of the
program by using the common interrupt request line
Iinstruction Decode
An |/O instruction in the F9445 system comprises several
fields as shown in Figure 5. This format accommodates
data transfers between a CPU accumulator and any one of
up to three bidirectional registers in any one of 62 /O de-
vices. Bits 10 through 15 are coded to represent device
codes 00 through 76 (octal). The all "'1s” device code, 77
octal, is reserved for CPU control instructions and should
not be assigned to any unique I/O device; for similar rea-
sons, device code 1 is also reserved; by convention, device
code 0 is not used.

Fig. 5 Input/Output Instruction Fields

o 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15
A
Op Code Add::ess 'Irya‘r,resf?r Control Device Code

15
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Bits 3 and 4 specify the address of any accumulator in-
volved in an I/O instruction. When no accumulator is in-
volved, both bits are ignored. The function bits 5, 6, and 7
define the I/O operation to be performed. Bits 8 and 9 con-
trol or test the status of the device busy and done flags.

The eight standard /O instructions were listed previously in
the Instruction Set section. The No-Input/Output (NIO)
instruction is a “no data transfer” instruction that can be
used to set the busy and done flags as required, by
attaching the appropriate flag-setting mnemonic. The F9445
executes a “dummy” data out transfer. The status of a
device’s busy and done flags is tested by executing a Skip
(SKP) instruction that causes a specific I1/0 device to put its
busy and done flag states on lines 1By and 1B, of the
common information bus. If the flag state satisfies the
condition specified by the busy/done flag-testing mnemonic
appended to SKP, the CPU skips the next instruction. The
remaining six standard I/O instructions first move data bet-
ween an accumulator and any one of the device registers.
A, B, or C. After the transfer is completed, the busy/done
flags are set as specified in the /O instruction.

There are three 1/O instructions that are common to all I/O
devices: Interrupt-Acknowledge, Mask-Out, and Clear-1/O-
Devices. The device code for these three instructions is
77 (octal).

When the F9445 executes the I/O instruction, the M and O
lines will indicate an I/O operation (*100""). The O lines are
valid on the rising edge of SYN. The device address

(bits 10-15) must be decoded by each device on the I/O
bus. Transfers of information to and from the F9445 are
timed with STRBD in the same way as the memory cycle.

At the address time, the F9445 outputs the I/O instruction
on the information bus. This can be used to generate 1/0
signals on systems without an 1/O controlier. STRBA is
generated and can be used to tatch the I/O instruction ex-
ternally. The interrupt-disable, busy and done flags or-
ganize interrupt-driven program-controlled 1/O operations.
The CPU controls the interrupt-disable flag. Both the CPU
and the device can control the busy and done flags.
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Device Status Flags

Interrupts from a device are disabled when the interrupt-
disable flag of the device is set to "“1”. Interrupts are
enabled when the flag is clear. interrupt requests are gen-
erated whenever the device sets the done flag.

During programmed 1/O, the interrupt-disable flag is nor-
mally set to disable interrupts, and the busy and done flags
define the status of the device for the CPU. The busy and
done flag states are coded to represent the indicated de-
vice conditions, as follows.

Busy | Done | Device State

0 0 Device idle

1 0 Device busy

0 1 Device completely done
1 1 Device partially done

The sequence of I/O transactions is normally dictated by
the speed at which the device can communicate with the
CPU. If the CPU operates at a higher speed than a device, it
enters a wait loop between each I/O transaction with the
device. During execution of the loop, the CPU repeatedly
monitors the busy or done flag to determine when the de-
vice is ready for the next /O operation.

During an output operation, one instruction stores data in
the desired device register and places the device in the
busy state. The CPU then enters a wait loop which termi-
nates when the device has cleared busy and set done to
signal readiness for the next output operation.

To initiate an input transaction, the device sets the done
flag. One instruction reads data from the appropriate de-
vice register and places the device in the busy state. The
CPU then enters a wait loop which terminates when the
device has cleared busy and set done to indicate that it has
the next data ready.
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interrupts

The interrupt request, INTREQ, line is common to all }/O
devices. When the device completes an I/O operation, it
should set the done flag. Concurrently, if the device is
enabled to interrupt, it should assert the active LOW on
the INTREQ line. The processor responds to the interrupt
request after completing execution of the current
instruction. It then clears the interrupt-on flag so no
further interrupts can be started, saves PC (which peoints
to the next instruction) in location 0, and executes a
“iump-indirect-to-location-1” instruction to jumnp to the
interrupt service routine. Location 1 should contain the
address of the interrupt routine or an indirect address to
the routine. The F9445, when interrupted, can check for
the source of the interrupt in two ways:

It can test the state of the done flags in the various de-
vices, one by one, by executing Skip-on-Done instruc-
tions; or

It can test the state of the I/O devices by executing the
Interrupt-Acknowledge instruction, causing the device
that had sent an interrupt request to respond by placing
its device code on bits 10 through 15 of the information

bus.

As several devices can request interrupt simultaneously,
device priority may be established in a daisy-chain fashion
by a physical connection of a serially propagated signal,
Interrupt Priority. The first device requesting an interrupt
and having its Interrupt-Priority-In line HIGH has priority,
and it answers the Interrupt-Acknowledge instruction, at
the same time blocking the propagation of the interrupt-
priority signal by putting its interrupt-Priority-Out line in a
LOW state.

The interrupt-priority signal is generated in the device hav-
ing the highest priority. The F9445 can disable the interrupt
system in each 1/O device by placing a mask on the infor-
mation bus while executing the Mask-Out instruction.

Each bit in the mask is assigned to a specific device. When
that bit is 1", the interrupt system is disabled. A ‘0"’ in
that bit enables the device.

After servicing a device, the routine should restore the pre-
interrupt states of the accumulators and carry, turn on the
interrupt, and jump to the interrupted program. The
instruction that enables the interrupt sets interrupt on

(INTON), but the flag has no effect until the next instruction
begins. Thus, after the instruction that turns the interrupt
back on, the processor always executes one more instruc-
tion (assumed to be the return to the interrupted program)
before another interrupt service can start. If the service
routine allows interrupts by higher priority devices, the
routine should turn off the interrupt, before dismissing as
indicated above, to prevent further interrupts during dis-
missal. In dismissing, the routine should re-enable lower

priority devices.

The interrupt request input INTREQ is negative-level
sensitive and is synchronized in the processor. Externally,
interrupt requests may be latched with the leading edge of
SYN. The interrupt request may be reset by the external 1/0
controller from a decode of the I/O instruction INTA.

The F9445 recognizes two other types of interrupts:

Abort Interrupt — This is activated by the active LOW of the
ABORT input. The processor responds by:

Aborting the instruction being executed,
Storing the address of the aborted instruction in loca-
tion 46 (octal), and

\ellaly,

Jumping indirect to location 47 (octal).

Stack Overflow interrupt—This is an internal interrupt
caused when the stack overflows; i.e., when a stack
operation (PSHA, PSHF, PSHR, SAVE, TOPW) writes over
a page boundary (mod 256). This interrupt is of higher
priority than the exiernai interrupi (iNTREQ); the
processor responds, at completion of the current
instruction by:

Clearing the interrupt-on flag (to “0”),
Storing the updated program counter in location 0, and
Jumping indirect to location 3 (octal).

The interrupt-save cycle follows the interrupt. It can be ex-
ternally detected by the code “011’’ on the O lines and
used, for example, to switch an external mapper to non-
mapped mode.

The order of priority of requests and interrupts, from high-
est to lowest, is as follows: MR, ABORT, DCHREQ, Stack
Overflow Interrupt, INTREQ, and CONREQ.
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Data Channel

The data channel has three methods of operation with the
F9445:

Data-channel cycle with F9445 controlling the memory,
Data-channel cycle with external memory control, and
Autonomous-bus cycle using bus arbitration scheme.

The sequence of events during a data-channel cycle is as
follows:

1. DCHREQ is set.

2. F9445 responds by setting M, O, and O, to *101” and
BUSREQ to ““1”. This is recognized externally as Data-
Channel Acknowledge and can be used to reset
DCHREQ if it is the last data-channel cycle required.

3. F9445 3-states the bus and sends STRBA.

4. The external logic must supply an address at this time.
The address time can be extended with RDYA.

5. F9445 outputs STRBD.

6. The controller transmits or receives the data-channel
data and responds with RDYD, concluding the cycle.

Console Operation

Console operation allows examination and modification of
the F9445 internal registers without executing programs in
main memory. This is very useful for system diagnostics
even when the memory or I/O part of the microcomputer
system is not fully functional.

Upon request for console operation, the processor will
execute one of a number of console operations depending
on a console code on the information bus (see Figure 6).
This facilitates the connection of an external console for
monitoring and test purposes. The following sequence is
used to execute a console operation:

1. CONREQ is set LOW.

2. The processor finishes the current instruction.
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3. The processor sets the M and O lines to 110’ (console
code in).

4. In response to the M and O lines being set to 110", the
console logic supplies a code on the information bus
corresponding to the desired operation, which is
selected onto the bus with STRBD.

5. The console logic resets CONREQ.
6. The processor executes the console operation.

7. The processor may read or write data from the console
switches or console lamps. In this case, the M and O
lines are set to ‘111"’ (console data). In most cases, the
processor halts after the console operation by entering
a Wait state. The exceptions are Continue and APL.

Console logic can be implemented in three levels of
simplicity:

No Console Code — If a CONREQ is generated and no
console code supplied, the default bus value (“0"') will
cause the processor to execute APL. This sets the PC to
—1, then starts normal execution. This is the minimal con-
sole operation required.

Limited Console Operation — A subset of operations can
be arranged with a 2-bit console code. These operations
are APL, Test, Continue, and Halt.

Full Console Operation — A 9-bit code (see Figure 6) de-
fines the full set of console operations. Single-Step is not
implemented directly, but can be arranged using Continue:
first, the Continue operation is specified; after the first in-
struction is fetched, a new CONREQ is generated and the
operation is changed to Hait.
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Fig. 6 Console Codes
0 2 3 4 5 6 7 8 9
O TYPE
i i | i i i i
10 12 3 4. 15 61 17 8 91 i
0 | REGISTER 0]|0}]0]ACO 0 | 0 | PROGRAM LOAD 00| 0 |TEST
1|PC 0{0|1]|ACt 0 | 1 | EXAMINE/DEPOSIT/TEST 0! 0|1 |EXAMINE NEXT MEMORY
0|1]|0]AC2 1 | 0 | CONTINUE 0[(1]0]—
0(1,;1]AC3 1,1 STOP 0 | 1 | 1 | DEPOSIT NEXT MEMORY
1{0]0|SP 1| 0 | 0 | EXAMINE REGISTER
101 |FP 1|0 | 1 | EXAMINE MEMORY
1:10;— 111 |0 | DEPOSIT REGISTER
111} — 11111 | DEPOSIT MEMORY
Bus Arbitration is carrying address or data, respectively. The M signal

The F9445 contains three signals that allow more than one
processor to share a common bus:

BUSREQ—This is LOW at the beginning of every cycle in
which the F9445 requires use of the bus.

BUSGNT—When LOW, it is used to halt the processor in-
dicating the bus is unavailable.

BUSLOCK—This indicates that the current bus cycle and
the following bus cycle from the processor must not be in-
terrupted by a cycle from another processor.

The BUSLOCK signal has two purposes. One purpose is to
prevent the external memory address register from being
overwritten during those instructions that rely on the ad-
dress remaining in this register. The other purpose is to
provide a method of synchronizing separate software tasks
using a standard semaphore system. An external arbiter is
required to determine which processor has access to

the bus.

Applications

Static Memory Interface

The F9445 bus structure allows easy connection of static

memory. Both address and data are multiplexed onto the
16-bit information bus 1B.i5,. The mutually exclusive sig-

nals STRBA and STRBD indicate that the information bus

(M = LOW) indicates that a memory cycle is taking place
on the bus, while the W signal indicates whether the opera-
tion is a read or write. The timing of the STRBD is shorter
for a write operation, to allow positive hold time for the
memories. The signal RDYD may be held LOW to stretch
the memory cycles for slow memories.

A typical scheme is shown in Figure 7. This diagram shows a
4K x 16 static RAM configuration (2114-type 1K x 4). The
bus is buffered by a 74240 inverting 3-state buffer. Buffering
is optional and depends on fan-out requirements of the
memories. The buffer is normally connected for output, but
is connected for input when necessary by a simple decode
of the M, W and STRBD lines.

An address latch (74533) is clocked with STRBA. The
memory address is decoded from these outputs and forms
the chip-select (CS) inputs to the RAM.

A shift register (74164) provides a time delay for RDYD for

slow memories. An alternative for this would be a one-shot
(9602). Fast memories do not require RDYD delayed.
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Fig. 7 Static Memory Connection Scheme
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Input/Output

The F9445 |/O can utilize a simple scheme similar to the
memory connection. To take full advantage of standard
F9445 1/O instructions, however, I/O instructions must be
externally decoded. An F9445 support circuit (F9448,
F9447, F9470) can be used for this purpose.

To implement standard F9445 1/0 without the support cir-
cuits mentioned above requires external logic. This can be
implemented with an FPLA (93459). Table 1 illustrates the
PLA for I/O.

Table1 !/OPLA Listing

A LLLLLLLL
*P 00 | ——L-LLLHLHL--HLL *F —=—-- AAA
P01 I ——L—HLLHLHL--LHL *F ————-- AA
*P02* ——L-LLLLHHL--HLL *F —---- A-A
*P 03 1 ~HH-————- L--=-—~ F oo A-A
P04l ——L-LLLLHHL--LHL *F ~—----- A
P05 —LH-=-—~-~ Lo——m = Foommmm A
P06 * ——L-LLLLHHL-~LLH *F —=--- AA-
P07 " —=L-LLLLHHL--LHH "F ——-—-- A-
P08 " ——L-LLLLLHL-—LHL *F ————- A--
P09l —mmmm H-——HHH *F Ac—————~
P10 1 ——L-LLLHLHL--HHH *F ——-AAA---
*P 11"l ——L-HLLHLHL--HHH *F —--AA---

*P 12 % ——L-LLLLHHL--HHH *F ——A-A-—-
*P 13 | ——L-LLLLHHL--HHL *F —~A-A---

*P 14 *| —~LHLLLHLHLLH--- "F —AAAA---
*P 15 *| =—=LHHLLHLHLLH--- "F —A-AA---
*P 16 *| -—LHLLLLHHLLH--- “F —AA-A---
P17 4 —=LHLLLLHHLHH--- "F —A~--A---
*P 18 *| ——LHLLLHLHLHL--- *F ~AAA---—-
*P19 *| —=~LHHLLHLHLHL--- "F -A-A--—-
*P20 I ——LHLLLLHHLHL--- "F -AA-----
*P 2t | ——-L-HHHHHHH--HLH “F —-AA--——-
P 22 *| ——LL-HHHHHHH--HHL *F - =-A-—-—-
*P 23 *| —-L-HHHHHHH--LLH *F - -A---—-
*P 24 * ——L-HHHHHHH---——- *FA--—-=--——
Key for Table 1:

*A = Active level of outputs
*P = Productterm number
“| Inputs

“F Outputs

- Don’t care

High level

Low level

= Active

»r— I
Il

The schematic (see Figure 8) shows a UART connection.
The FPLA decodes the instructions and produces outputs
from three multiplexers (74138). Spare outputs on these
multiplexers can be used to drive other I/O devices.

Busy, done, mask and interrupt latches for both input and
output are implemented. The baud rate generator (4702) is
programmable for baud rates from 110 to 9600 baud.

In this scheme, the I/O bus is buffered (74240); this is op-
tional. A one-shot (8602) provides a processor cycle delay
by holding RDYD low. This allows the use of a slow UART
(TR1263B). Converters (1488, 1489) are used for RS232-
level connection, and current loop drivers are switch
selected as shown. A one-shot (9602) provides a pulse for a
TTY reader delay.

Dynamic Memory Control

Since dynamic memory is more difficuit than static memory
to connect to any processor, the F9445 requires some addi-
tional circuitry to drive dynamic memories (see Figure 9).
There are several approaches to dynamic memory control:

Using an LSI special-purpose dynamic memory control-
ler (e.g. F9446), which is by far the simplest solution;

Using standard SSI or MSI for the controller, requiring
considerable board area;

Using software-assisted techniques, which reduces
hardware requirements but can result in poorer overall

cav = DUl G ol

performance; or

Using a standard MSI dynamic memory controller (e.g.
9642) with additional timing and control logic.

The last alternative has the advantage of using standard
parts with a low part count and no software overhead. This
is the scheme shown in Figure 9. The memory address reg-
ister, data buffer and address decoder are required for any
memory, static or dynamic. The 9642 multiplexes the 14-bit
address for the dynamic memories, seven bits at a time.
The memories require two strobes: a row address strobe
(RAS) and a column address strobe (CAS). In the scheme
shown, all memory chips receive the same CAS strobe, but
the RAS strobe depends on the address. The strobes are
sequenced using a combination of F9445 timing signals
(STRBA, SYN, STRBD) and other signals generated by a
74164 shift register.
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Fig. 8 F9445 Input/Output Connection Scheme (1 of 2)
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Fig. 8 F9445 Input/Output Connection Scheme (2 of 2)
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Fig. 9 F9445 Dynamic Memory Connection Scheme
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Notes

1. DiN connected to DoyT connected to Data Bus.

2. All F16K devices have the same address lines and CAS, WE line.
3. Each bank of 16 F16K has a separate RAS line (4 banks).
4. Eachslice of 4 F16K is connected to a separate data bus line (16 slices).
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The memory requires “refreshing’ every 2 ms. The 9642
contains a 7-bit refresh counter. Every 15.63 ms (2/128), the
memoty controller enters “‘refresh” mode. This is syn-
chronized with SYN to avoid any conflict. Another 74164
shift register controis the refresh timing which requires
only an RAS strobe. After the refresh cycle, the refresh
counter is incremented and the normal memory timing is
resumed.

The refresh cycle takes place when needed and may take
place during non-memory processor cycles. In these cases,

the processor is not halted, and the refresh cycle is over-
lapped.

Different memory types have different speed requirements.
These requirements can be met by changing the “taps’ on
the 74164 shift registers.

Console Control

On an application board, a minimal console is usually re-
quired. The APL (automatic program load) function can be
easily implemented by pulsing the Console Request line
LOW. There are no critical timing requirements since this
signal is latched internaily. The F9445 will continue to exe-
cute APL commands until the Console Request is raised.
Since the bus must be HIGH for the APL to execute cor-
rectly, bits 5 and 6 of the bus may be tied to +5 V through
3 kQ resistors as pullups.

For debugging and evaluation purposes, a console is a
very useful tool. It gives complete cantrol of the processor

independent of software and memory operation.

Since the console commands are microprogrammed into
the F9445, a full console design is fairly simple, the
simplest full console uses the F3470 console-controller cir-
cuit, which drives an RS232 terminal and contains two se-
rial /O ports and a timer. The F9447 1/O controller can also
be used to provide some console functions.

Interfacing to standard switches and lamps requires switch
debouncing and encoding operations. The circuit shown in
Figure 10 uses R-S latches for switch debouncing and an
FPLA (93409) for switch encoding.

An address latch is strobed on every STRBA, and a data
latch is strobed on every STRBD except “console code
read.” This results in the correct display on the lamps. The
data switches are enabled with ‘‘console data read.”

A Single-Step function is included. This function requires
two additional latches, plus some decode logic, and im-
plements a Continue followed by a Halt.

The Consoie Request is set whenever any operation switch
is pressed and is reset when the console code is read from
the FPLA. The circuit provides for control of two pro-
cessors sharing the same bus.

All the switches are momentary-action type except the data
switches and the select-processor switch.

A full listing of the FPLA is shown in Table 2.

The console provides all F8445 console functions, includ-
ing Self-Test, plus the additional function of Single-Step,
and is compact enough to be implemented with all
switches, lamps, logic and connectors on a double-sided

17V2-by-5%2-inch printed-circuit board.

Table2 Console PLA Listing
A LLLLLLLL

*P 00 1 ~H-HHHHHHHHHL--- *F ————— A--
*P 01 | ~H-HHHHHHHHL---- *F ——A-—A--
*P 02 | —~H-HHHHHHHL----- ‘F ——AA-A--
*P 03 | —~H-HHHHHHL---H-- *F ———-AA--
*P 04 1 —H-HHHHHHL---L-- *F ————AA-A
*P 05 1 —H-HHHHHL---—--—- F ——A-AA--
*P 06 | —~H-HHHHL---—- H-- *F ———AAA--
P 07 "l HL-H---L---—-- H-- *F —--AAA--
P08 | HL-H---L---—-- L-- *F ———AAA-A
P09 Y HL-H-=---- L---L-- *F ————AA-A
*P 10 1 HL-H-—=-— L-—-H-- *F ————AA--
*P 11 1 —H-HHHHL---—- L-- *F ———AAA-A
*P 12 *| ~H-HHHL--—-————- F ——AAAA--
P13 1 —H-HHL-=-—-—-=—=—— .
P14l cH-HL———mm—mm———— oo A-
P15 mmmlmmmmmmmm— Fommooo AA-
P16 1 HL-H--—=——=————— oo A-
P17 1 LL-H--——- Ho-mm—— o AA-
*P 18 *| —H-HHHHHHHHHH- -~ *F ————— AA-

Key for Table 2:
*A = Active level of outputs
*P = Productterm number
*| Inputs
*F = Outputs

Don’t care

High level

Low level

= Active

>»r I
Il
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Fig. 10 F9445 Console Connection Scheme (1 of 3)
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Fig. 10 F9445 Console Connection Scheme (2 of 3)
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Fig. 10 F9445 Console Connection Scheme (3 of 3)
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F9445

A Multiprocessor Scheme

There are many ways to envision two or more processors
working concurrently. The method of interconnecting the
processors depends on the application and the perfor-
mance objectives. Listed here are a few of the options.

Independent Operation

For those processors which can be made to run indepen-
deni tasks, this provides the most efficient scheme. Each
processor has independent memory and resources.

Shared 1/0

Each processor has its own memory but shares an 1/O bus.
This allows high-speed operation while minimizing system
resource requirements.

Local and Common Memory

This gives a good compromise between performance and
resource requirements. Each processor normally runs from
its own memory at high speed. Accesses to a common
memory are rarer and, because of the arbitration problems,
slower.

Tightly Coupled
Two or more processors share the same memory and i/0.
This scheme is easiest to implement but, because of the

compietely shared resources, does not give as high per-
formance as the Local and Common Memory scheme.
However, for certain applications and for two processors
only, this scheme can give a considerable performance in-
crease over a singie-processor system with very iittie
hardware overhead. This scheme is described in the follow-
ing paragraphs.

A general scheme for two tightly coupled F9445
processors is shown in Figure 11. The processors share
a common bus and an arbiter selects which processor
uses the bus and multiplexes the control lines
accordingly. The I/O arbitration scheme is very simple:
each processor assigns the bus to the other processor
when it commences any cycle that does not use the bus,
as long as BUSLOCK is not set.

The scheme is most efficient when the instruction mix in-
cludes many “‘long’ instructions, such as Multiply, Divide,
Parametric Shift and Normalize. Since only one processor
is using the bus at any time, the synchronization signals
RDYA and RDYD can be the same for both processors.
However, the interrupt request (INTREQ) and data-channel
request (DCHREQ) lines should be separate to avoid any

Y

conflicts in I/O handling.

Fig. 11 A Possible General Multiprocessor Scheme

INTREQ —~ le— INTREQ
K A ARBITER K ).
DCHREQ — e¢— DCHREQ
Fo445 F9445
(A) (8)
8o : : 1By
!B'|5 |B.15
4
RDYD { )
RDYA

v

INFORMATION BUS CONTROL BUS lrﬂOo, Oy, W}
SYN

STRBA
STRBD
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F9445 Instruction Execution Times

Execution Times
Clock
Instruction Cycles 16 MHz 20 MHz 24 MHz Notes
COM 6 0.375 0.3 0.25
NEG 6 0.375 0.3 0.25
MOV 6 0.375 0.3 0.25
INC 6 0.375 0.3 0.25 Times for no-skip or unfulfilled skip;
ADC 6 0.375 0.3 0.25 for fulfilled skip; add 0.3 (0.25 at
suB 6 0.375 0.3 0.25 24 MHz)
ADD 6 0.375 0.3 0.25
AND 6 0.375 0.3 0.25
OR 6 0.375 0.3 0.25
MUL 70 4,375 3.5 2.9
MULS 70 4.375 35 29
DIV (Normal} 86 5.375 4.3 3.6
DIV (Overflow) 14 0.875 0.7 0.58
DIVS (Normal) 114 7.125 57 47
DIVS (Overflow) 26 1.625 1.3 1.1
NORM 10 +4n 0.625 + 0.25n 0.5+0.2n 0.42 +0.17n n = number of steps needed for
normalization. Time is 0.7 (0.59; if n=0.
SLLD 10 +4n 0.625 + 0.25n 0.5+ 0.2n 0.42 +0.17n n = number of shifts;
SALD 10 + 4n 0.625 + 0.25n 0.5+ 0.2n 0.42 +0.17n time is 0.7 (0.591 if n=0.
SARD 10 + 4n 0.625 + 0.25n 0.5+0.2n 0.42 +0.17n
SLRD 10 + 4n 0.625 + 0.25n 0.5+0.2n 0.42 +0.17n
SKNV 14 0.875 0.7 0.58
JMP 6 0.375 0.3 0.25 Times for page-zero addressing; add
JSR 6 0.375 0.3 0.25 0.3 10.25) for indirect; add 0.3 10.25:
1ISZ 22 1.375 1.1 0.92 for auto-increment/decrement; add
DSZ 22 1.375 1.1 0.92 0.2 (10.18 for indexed.
LDA 12 0.75 0.6 0.5
STA 12 0.75 0.6 0.5
LDB 24 1.5 1.2 1.0
STB 26 1.625 1.3 1.1
PSHA 16 1.0 0.8 0.67
POPA 16 1.0 0.8 0.67
PSHF 16 1.0 0.8 0.67
POPF 16 1.0 0.8 0.67
POPJ 16 1.0 0.8 0.67
PSHR 16 1.0 0.8 0.67
TOPR 16 1.0 0.8 0.67
TOPW 16 1.0 0.8 0.67
MTSP 6 0.375 0.3 0.25
MTFP 6 0.375 0.3 0.25
MFSP 6 0.375 0.3 0.25
MFFP 6 0.375 0.3 0.25
SAV 60 3.75 3.0 25
RET 80 5.0 4.0 3.3
DSP 6 0.375 0.3 0.25
NIO 12 0.625 0.6 0.5
SKP 16 1.0 0.8 0.67
DIA/B/C 12 1.0 0.6 0.5
DOA/B/C 12 1.0 0.6 0.5
ETRP 10 0.625 0.5 0.42
DTRP 10 0.625 0.5 0.42
E64K 10 0.625 0.5 0.42
D64K 10 0.625 0.5 0.42

Note: Execution times are given for 20 MHz and 24 MHz clock. The clock may be operated from > 0 to 24 MHz within the speciﬁed temperature and voitage range.
L. |
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Fig. 12 ALU Cycle Timing*
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Fig. 13 Minimum Memory Cycle Timing*
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*See Timing Parameter Symbol Conventions at end of data sheet.




F9445
Fig. 14 Extended Memory Cycle Timing*
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*See Timing Parameter Symbol Conventions at end of data sheet.
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Figure 15. Bus and Status Contro! Timing*
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*See Timing Parameter Symbol Conventions at end of data sheet.
**If this DCH REQ set-up time is missed, it is not recognized for another complete cycle.



F9445
Guaranteed Operating Ranges
Part Number | Supply Voltage (V.c) | Ambient
Min Typ | Max | Temperature
F9445DC 475V | 50V 525V Oto +75°C
F9445DM 45V | 5.0V | 55V [—-55t0 +125°C
DC Characteristics
(Over guaranteed operating ranges unless other wise noted.)
ngs{min) = 300 mA; I,y,(max) = 400 mA
Symbol | Characteristic Min | Typ Max | Unit | Test Conditions
Viu Input HIGH Voltage 2.0 Vv Guaranteed Input HIGH Voltage
Vi Input LOW Voltage 0.8 \ Guaranteed Input LOW Voltage
Veo Input Clamp Diode Voltage -09 -1.5 \Y Vee = Min, Iy = —18 mA, |y, = 300 mA
Vou Output HIGH Voltage; RUN, CARRY, 2.4 3.4 Y Vee = Min, by = —400 nA, liy; = 300 mA
INTON, SYN, STRBD, BUSREQ, STRBA,
0,, 0, M
Vou Output HIGH Voltage; IB(o.15, W 24 | 34 V | Vee= Min, by = —1.0mA, Iy, = 300 mA
VoL Output LOW Voltage 0.25 0.5 Vv Vee = Min, lo.= 8.0 mA, I, = 300 mA
[ Input HIGH Current; DCHREQ, INTREQ, 2.0 40 wA | Veo = Max, Viy = 2.7V, |y, = 300 mA
CLK, MR, RDYA, RDYD, ABORT,
CONREQ, BUSGNT
hn Input HIGH Current; IEMS) (3-state) 5.0 100 sA | Vee= Max, Viy =27V, Iy, — 300 mA
hu Input HIGH Current; All inputs 1.0 mA | Vo= Max, Viy=5.5V, Iy, = 300mA
e Input LOW Current; All Inputs -0.21 -04 mA | Veo = Max, Viy= 0.4V, |y, = 300 mA
lozu Output OFF State (High Impedance) 100 A | Voo = Max, Vour = 2.4V, |y, = 300 mA
Current IBg5, W
lozL Output QI_=F State (High Impedance) -210 —-400 A | Voo = Max, Vour = 0.4V, |y, = 300 mA
Current IB,g 5.
lozL Output OFF State (High Impedance) —-100 | umA | Veec= Max, Vour = 0.5V, 1y, = 300 mA
Current; W
losH Output Short Circuit Current; All -15 —-100 mA | Voo = Max, Vour = 0.0V, Iy, = 300 mA*
Outputs Except BUSLOCK
lon Output Leakage; BUSLOCK 1.0 mA | Ve = Min, Vg, = 5.25V, |y, = 300 mA
lee Supply Current 160 mA | Veeo = Max, iy, = 300 mA
Ving Injector Voltage 1.3 \ ling = 400 mA

*Not more than one output to be shorted at a time.
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AC Characteristics

Ta=0t075°C; Vec = 47510 5.25 V; |y, = 300 mA; C_ = 15 pF.
Input conditioning: Rise Time = 6 ns; Fall time = 6 ns; Amplitude = 0to 3V

Refer tc Symbol Conventions at the end of this data sheet for explanation of the timing parameter symbols
Symbol Characteristic Min Typ Max Unit
TC(0) Propagation delay, CLK to O, O;, M 60 ns
TC(S) Propagation delay, CLK to SYN 30 ns
TC(W) Propagation delay, CLK to W 70 ns
TC(W)z Propagation delay, CLK to W going 3-state 70 ns
TC(IBA) Propagation delay, CLK to I_B(o_,s), address 60 ns
TC{IBA)z Propagation delay, CLK o IE(MS,, address, going 3-state (read 35 ns
cycle)
TC(SA) Propagation delay, CLK to STRBA 30 ns
TC(IBD) Propagation delay, CLK to 1B,.1s), data out 75 ns
TC(IBD)z Propagation delay, CLK to @(0_15,, data out, going three-state 35 ns
TC(SD) Propagation delay, CLK to STRBD 25 ns
TRA(C) Setup time, RDYA to CLK 3 ns
TC{RA)x Hold time, CLK to RDYA 10 ns
TRD(C) Setup time, RDYD to CLK 2 ns
TC(RD)x Hold time, CLK to RDYD 10 ns
TIBD(C) Setup time, EM), datain, to CLK (read or fetch cycle) 75 ns
TC(IBD)x Hold time, @(0,15), data in, after CLK (read or fetch cycle) 25 ns
TREQ(C) Setup time, INTREQ, DCHREQ, CONREQ, MR to CLK, all 15 ns
are the same timing relative to S5
TC(REQ)x Hold time, INTREQ, DCHREQ, CONREQ, MR after CLK, all are 20 ns
the same timing
TDRh(C) Data channel (DCHREQ) off setup time from CLK (to finish 100 ns
data-channel cycle)
TA(C) Setup time, ABORT to CLK 30 ns
TC(BL)1 Propagation delay, CLK to BUSLOCK going LOW 35 ns
TBG(C) Setup time, BUSGNT to CLK 10 ns
TC(BG)x Hold time, CLK after BUSGNT 10 ns
TC(R) Propagation delay, CLK to RUN | . 80 ns
TC(CY) Propagation delay, CLK to CARRY 50 ns
TC(INT) Propagation delay, CLK to INTON 50 ns
TC(BR) Propagation delay, CLK to BUSREQ 40 ns
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Timing Parameter Symbol Conventions

The abbreviated symbols used for ac characteristic timing parameters in this data sheet are defined as follows:
The timing symbo! convention is: TAb(C)d

The timing symbols all begin with the letter “T"".

The second position, represented by “A”, indicates the signal node beginning the interval.

The position “‘b" defines the direction of signal transition at the beginning node “A”’, if such definition is necessary; the new
state of the signal may be: | = Low; h = High; z = 3-state; x = Don’t care; v = Valid

The position *'C”, which always appears within parentheses, indicates the signal node ending the interval.

The position “d’ is the same as “‘b” but refers to the state of the signal at the node indicated by the mnemonic in position “C".

Package Information

40-Pin Ceramic Dual In-Line Connection Diagram
40-Pin DIP (Top View)

2.075 152.705!
2.030 51 %Zr——"{ — \_/
PAYAVAYAVAYAVAYL ViVAYAVAVL VAYAVAVAV. VL V.Y wgr wBcik
1 f BUSLOCK ]2 39 [] CARRY
025 R 585 14350 BUSGNT (s % L1 BUSREG
%0 ‘ ROYA 4 37 L RUN
Y, —_—t STrReA s 3 ma I}
D e Lm g = -Be
, | SYN 7 34 Oo
18 3 556 1085 oM RovD s s wR
-+ ‘ l: GND s 32 ] ABORT
1 tng [ 10 31 g vee
T PLANE o111 20 Bis [ n w7} inTREG
§ —r 1009 (229 iB14 ]2 29 ] BCHREG
11012794 037 (940 020 1 508) 750 (19.050! B33 28 ] CONREQ
:Z:g i:: 027 « 6861 "’H"_ 016 4061 “' MAX " Bro [ 273 NTon
=100 2 5400 B s 26 [ 1B
B 28
Not B 17 2 [11B.
ote — —
All dimensions in inches bold and miilimeters (parentheses) EBI: 1 z: :"_Ba
Package material is alumina e b - 18
Sealing material is vitreous glass 1B [J 20 =
Package weight is 12 grams
Mil M38510 lead finishes are available.
Ordering Information
ORDER CODE SPEED TEMPERATURE For other temperature ranges, contact Fairchild Sales Office.
F9445-24 DC 24 MHz 0°C to +75°C All packages are Ceramic DIPs
F9445-24 DM 24 MHz -55°C to +125°C
F9445-24 DMQB 24 MHz -55°C to +125°C
F9445-20 DC 20 MHz 0°Cto +75°C
F9445-20 DM 20 MHz -55°C to +125°C
F9445-20 DMQB 20 MHz -55°C to +125°C
F9445-16 DC 16 MHz 0°Cto +75°C
F9445-16 DM 16 MHz -55°C to +125°C
F9445-16 DMQB 16 MHz -55°C to +125°C
-
Fairchild cannot assume responsibilty for use of any circuitry described Manufactured under one of the following U.S. Patents: 2081877, 3015048,
other that circuitry embodied in a Fairchild product. No other circuit 3064167, 3108359, 3117260; other patents pending.

patent licenses are implied.
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Advance Product Information

F9446
Dynamic Memory Controller

Microprocessor Product

Description

The Fairchild F9446 Dynamic Memory Controller (DMC} is
designed to support a variety of memory configurations and
provide an interface between 16K and 64K memory chips
and the F9445 central processing unit (CPU). It provides a
16-bit memory address register (MAR), an address
multiplexer for the row, column, and refresh addresses, a
timing generator for the row and column strobe signals and
the write enable signal (RAS-CAS-WE), mode arbitration,
and page mode logic. It is implemented in BL® bipolar
technology with low-power Schottky-compatible inputs

and outputs.

16-bit Memory Address Register

Ability to Accommodate a Variety of Memory Speeds
16K or 64K DRAMs

Automatic Page Mode

Internal Refresh Address Counter
Row/Column/Refresh Multiplexer

Complete Memory Timing Signals
Three-state Outputs for Multiport Memories
Internal Refresh Rate Timer

Low-power Schottky-compatibie 1/0

13L Bipolar Technology

64-Pin DIP

Operating Temperature Range of from
—55°C to +125°C

Connection Diagram

Ay (=1 ~ Ve

A 2 63 ol Ag

A 3 62 L] RAS,

A, o 61 |=J RAS,

As s 60 L RAS,

A D6 59 ] RAS;

A 7 58 [_J CAS

By 8 57 ] WE

B, 9 56 |J C3

i, 310 55 £2] MBUSREQ
B, 311 54 ] MBUSGNT
B, 12 53 ] RDYD

iB; 18 52 I PAGE

B 14 51 ] DLYRAS
1B, 15 50 [ ] BLYCAS
GND ] 16 49 ] DLYEND
By 17 48 ] GND

1B, 18 47 ] RFSH
1By ] 19 46 ] RDYM

By =120 45 [ DLYCOL
B, 21 44 ] WRITE
B3 22 a3 Jcik

B 23 42 T STATIC
1Bys 24 41 [ ] STRBA

A; 25 40 [ SPEED1/256K
Ag )26 39 |J SPEEDO/RMW
Ay )27 38 ] MEX

Ay [ 28 37 {1 TIMODE
A 29 36 ] BANKS
Az ] 30 35 [ ] REFMODE
Aqq 31 34 ] TYPE

Ny 32 33 & Ags

e e

Fairchild Camera and Instrument Corporation, Microprocessor Division
3420 Central Expressway, Santa Clara, California 95051
(408) 773-1000 TWX MICPSNTA

©1982 Fairchild Printed in U.S.A. 4027-038-A-23-022 5M 501983
March 1982 Fairchild reserves the right to make changes in the circuitry
or specifications at any time without notice.
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Signal Descriptions

cLock —»| CLK Ais
—»} STRBA Ay >
CPU A —>
HANDSHAKE { ~+—] RDYD 3
—»{ MEX A —>
Ay —
MEMORY HANDSHAKE -«—»] RDYM A —>
MEMORY BUS | —»| MBUSREG Ag >
CONTROL | | MBUSGNT Ag > % MEMORY ADDRESS
A
(—>| 185 As
—»1 1By As >
—> 1By3 A
—]1By2 Ay —
—>1 181y Ay —>
—»11By A
—>]18 Ay |—>)
—11 —
INFORMATION BUS { —»| 78 PAGE |«—
»| 8, REFMODE |—
> 8, TIMODE j<—
iB, BANKS }e—o
— |18, TYPE [« STRAPS FOR MEMORY TYPE
»| 7B SPEEDy/RMW le«— (' SPEED SELECTION
»| 15, SPEED,/ 256K |<—
= DLYRAS }«—
—1 1
\ Bo DYLCOL j«—
OPTIONAL {-—»| STATIC DYLCAS |e—
DECODED
INPUTS | <] RFSH DLYEND j— )
TS b—> CHIP SELECT
«—1 RAS; WRITE |—> READ/WRITE
<«—{ RAS;
memoRy ) <+ A5 Vee [<—
STROBE )| -«—| RAS, g fe— POWER
- GND Je— W
S GND fe—

The F9446 incorporates an address multiplexer and memory
timing generator for use with both static and dynamic
memories. The multiplexer selects between row and col-
umn segments of the internal 16-bit memory address
register (MAR) or an internal refresh address counter (RAC).
The upper two address bits provide bank information, while
the lower seven, eight, or nine address bits are multiplex-
ed to provide row, column, and refresh address. Assertion
of-the static line supresses row/column multiplexing of

the memory address register outputs, which then provides
the full 16-bit address.

The memory timing sequence is initiated by the memory ex-
ecute signal; it may be inhibited or aborted by removal of
the chip select signal. Once started, the memory timing se-
quence is automatic. A choice of four speed grades accom-
modates a variety of memory access times, and external
controls may be used to further modify the timing.

The four individual RAS lines accommodate from one to
four banks of memory chips, with automatic satisfaction of
precharge requirements for memory access and refresh, in
page mode or not, with distributed refresh or bulk refresh.

Refreshes are initiated to satisfy a rate of 128 per 2 ms per
RAS bank. For short intervals, they may automatically be
deferred until nonmemory CPU cycles; this makes them
semi-transparent.

A memory bus request and memory bus grant are provided
to govern 3-state control of memory interface signals for
multiport or DMA purposes.

Fairchild cannot assume responsibility for use of any circuitry described
other than circuitry embodied in a Fairchild product. No other circuit
patent licenses are implied.

Manufactured under one of the following U.S. Patents: 2981877, 3015048,
3064167, 3108359, 3117260; other patents pending.
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Advance Product Information

Microprocessor Product

Description

The F9447 1/O Bus Controller (I0C) is used with the

F9445 [BL® 16-Bit Bipolar Microprocessor to demultiplex ® NOVA-Compatible or F9445 1/0 and Data Channel
the 1/0 instruction and data of the information bus (IB). it Timing )
provides all the timing and decode signals required for ® Complete NOVA-Compatible 1/O Bus Interface
programmed or data channel (DCH) input/output to ® Automatic Program Load
peripheral device controllers. In the NOVA® -compatible ® Power-Up Reset Delay
mode, the F9447 provides all the timing and signals @ Console Interface
required by that 1/O bus. For DCH transfers, address ® Local Busy/Donel/Interrupt Logic
generation and handshake can be handled by the F9449 ® Low-Power Schottky-Compatibie 1/0
Multipie Data Channel Controller. ® 64-Pin DIP or Optional Chip Carrier Package
e BL Technology
® Operating Temperature Range of from —55°C to

Signai Functions

® Interfaces Directly to the F9445
]

Controls Standard and High-Speed NOVA-Compatible

Data Channels

+125°C

Connection Diagram

CLOCK {—] CLK
—| sYN
- PN 1OPRI 1 64 I Vec
HANDSHAKE ) ] g’_RY;‘B PTTE —> ck g 2 63 [ CONEN (MSKBIT)
—> DIB }—>»
<«—] RDYD pic b—» S inpuT CONDD [ 3 62 ] CLEAR
. INTA — (INTPOUT) APLEN ] 4 61 0 START
MEMORY } <1 RDYM SKP —>~
HANDSHAKE | —» | W i ) (BUSY) CONREG ] 5 60 [ PULSE
o oA ) \ FROGRAMME (DONE) CONCD ] 6 so | DoA
CPU CYCLE )= 04 DOC |—>  OUTPUT ( sTRoBES RQENB ] 7 58 [ ] poB
TYPE |—1 O IORST —» .
w7 MSko |—» GLOBAL ] 8 s7 [ ooc
—] 10PRI START}—> 5§n_ = 9 56 [ iBg
—»]10cs CLEAR -——»} CONTROL J m 10 55 [J 18
CYCLE ) .1 B577 PULSE |—> o
ENABLE )__ o} 10ENA wign s |3 1B
—»| DCHAREQ Ef:‘; —> (STRBDN) CONSTP [ 12 s3 [ 1Bg
PERIPHERAL (—»} w JOBSY g ‘uo HANDSHAKE ME = 18 52 o iBs
TIMING { —>»{ W
MODE SELECT {_, we DCHEX | (INTPIN) APLSW [ 14 s1 ] TORST
B DCHA |—> NEL (STRBSY) CONSW [ 15 50 ] SKP
—>] 1Bs 5CHi |—> | DATA CHAN il
110 | —>1 Bg %, | ( HANDSHAKE GND [ 16 49 ] INTA
INSTRUCTOS ol 12 DCHMO |=— WRCAP [ 17 48 |1 anD
> m: RQENB |—» 110 SYNCHRONIZATION 5cHA O 18 o & wsko
( a DIEN _’}DATA BUFFER CONTROL pero [ 19 4s ] DIA
RESET ) —»| wRcap peHl [ 20 45 ] DIB
CONSOLE/IO SELECT —»] GLOBAL | piEN ] 21 4 [] DIC
gozsg —> OCHAEG [ 22 43 ] TOEX
GLOBAL = H —p CON |—» ] CONSOLE
cgnsom{ gg:“g‘{{, CONCD |—»- | CoNnTROL pcHMO [ 23 42 |7 sTReD
CONRROr APLSW SPLEN |—»| OUTRUT 10cs E 24 gy g SYN
EN 25 40 STRBA
1 1‘ T DSEN [ 26 39 ] RDYD
Vec  hny GND fOBSY [ 27 38 [] RYDA
' - o - = - - ‘
GLOBAL = L ﬁ MSKBIT BUSY |—> o PORT aoym [ 28 7 2 0
iy STRBSY DONE |—> [ 1/
sTaTUS Ioar |—>] sTrReDN INTPOUT }—>- ( STATUS OUTPUT DCHEX [ 29 % 11 0
—>| INTPIN CONLD |—> 10ENA [ 30 < w )
WE [ 31 3 3wy
bor %
Vee ling GND N 2 W:

® |°L is a registered trademark of Fairchild Camera and Instrument

Corn
Lorp.

® NOVA is a trademark of Data General Corporation.

Fairchild Camera and Instrument Corporation, Microprocessor Division
3420 Central Expressway, Santa Clara, California 95051
(408) 773-1000 TWX MICPSNTA

©1982 Fairchild Printed in U.S.A. 4027-039-A-23022 5M 501985
March 1982 Fairchild reserves the right to make changes in the circuitry
or specifications at any time without notice.
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The F9447 1/O controller is a decoder and timing

generator for programmed /O instructions and data
channel transfers. The timing sequence is selected via a

three-bit control code, Wy-W,. Additional logic is

included to implement either the basic console interface
or a busy/done/interrupt function. A hysteresis circuit for
deriving a power-on-reset, from an external capacitor to

ground, is also included. Figure 1 is a typical block

diagram of the F9447 1/0 controlier. Figure 2 shows how

the F9447 can be used with the F9445 system.
Signal Description

Table 1 describes the F9447 signals.

Figure 1 F9447 Block Diagram

DS77
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INTERRUPT
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INTERRUPT
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Figure 2 System Configuration
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Table 1 F9447 Signal Descriptions

Mnemonic Pin No. Name Description

Clock

CLK 2 Clock A synchronizing input signal primarily for timing non-F9445
mode intervals through a state counter clock on alternate
positive edges.

CPU Handshake

SYN 41 Synchronize An input signal from the CPU that maintains system timing.

STRBA 40 Strobe Address An active low input signal that indicates an address portion of
the CPU cycle (and instruction during 1/O execute).

RDYA 38 Ready Address An active high open-collector output signal that allows the
CPU to continue beyond the address portion of the cycle.

STRBD 42 Strobe Data An active low input signal that indicates the data portion of
the CPU cylee.

RDYD 39 Ready Data An active high open-collector output signal that allows the
CPU to continue beyond the data portion of the cycle.

Memory

Handshake

RDYM 28 Ready Memory A bidirectional, open collector signal; an active high input
during a data channel output cycle indicates that the memory
has fetched the data. An active high output during a data
channel input cycle indicates to memory that the input data is
valid and a write may proceed.

ME 31 Memory Enable An active low output that modifies the memory controller to
respond for CPU memory accesses or for data channel cycles
(ME=M+0, - Q).

CPU Cycle Type

M 10 Memory An active low input from the CPU that indicates a memory
type of cycle.

0, 36 O Lines A pair of input signals from the CPU to indicate the type of

Oy 37 cycle.

W 11 Write An active low input signal from the F9445 that indicates a

cycle during which data is to be written to a memory or 1/O
device.
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Mnemonic Pin No. Name Description

Cycle Enable

IOPRI 1 i/O Priority An active high input that enables the F9447 to begin an 1/O or
data channel cycle.

10CS 24 1/0 Chip Select An active high input enables strobes for busy and done, as
well as /O control decodes.

DS, 9 Device Select 77 An active low input signal that indicates a decode of 1B, 1B,g
all active, a device code 77 (CPU class) /O instruction.

IOENA 30 1/O Enable An active high input that, when low, inhibits response by the
F9447 to any F9445-programmed /O cycle. Used with multiple
F9447s to allow disables.

DCHREQ 22 Data Channel An active low input that indicates there is a data channel

Request request.

Peripheral Timing

Mode Select

W, 33 Timing Options A three-bit input code; the decodes provide a selection of

W, 34 timing for 1/O and data channel cycles.

W, 35

1/0 Instruction

Field

iB5-1Bg 52-56 Information Bus Active low input signals from the F9445 containing 1/0
instruction bits 5 through 9 during address phase of 1/0
execute cycles.

Reset

MR 13 Master System An open-collector bidirectional pin that, when pulled low,

Reset initializes the F9447 and activates IORST. Also an output

generated by a low level on MRCAP.

MRCAP 17 Capacitive Reset An active low input with an internal resistive pullup of 10K

ohms to Vis.

* The F9447 does not modify the F9445 timing for the following control instructions: READS, ION, APL, HALT.
—
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Table 1 F9447 Signal Descriptions (Cont’d.)

Mnemonic Pin No. Name Description

Console 1/0 Select

GLOBAL 8 Global (Local) An input that selects one of two uses of the global and local
modes.

Programmed 1/0

Strobes

m 46 Data-In-A Active low timing strobe outputs that indicate execution of

DIB 45 Data-In-B data input instructions.

DI 44 Data-In-C

INTA 49 Interrupt

Acknowledge

SKP 50 Skip

DOA 59 Data-Out-A Timing strobe outputs (all active low except active high

DOB 58 Data-Out-B MSKO) that indicate execution of data output instructions.

DOC 57 Data-Out-C

IORST 51 1/O Reset An active low output that indicates either a decode of the
execution_of the IORST instruction or a system reset caused
by MR or MRCAP active.

MSKO 47 Mask Out

START 61 Start Active-low control outputs that indicate decode and time of

CLEAR 62 Clear start, clear, and pulse control functions during programmed

PULSE 60 Pulse 1/0 execution.

/O Handshake

DSEN 26 Device Select An active low output that enables device select.

Enable

I0EX 43 I/0 Execute An active low output indicating that the F9447 is involved in
the execution of a programmed /O cycle.

I0BSY 27 1/0 Busy An active low input indicating that another source is using the
I/0 bus. An active low output is provided when the F9447 is
about to or is executing an /O cycle.

DCHEX 29 Data Channel An active low output indicating that a data channel transfer

Execute is in progress.

Data-Channel

Handshake

DCHA 18 Data Channel An active low timing strobe output that defines address

Address transfer time of a data channel cycle.
DCHI 20 Data Channel In An active low timing strobe output that defines data transfer

in (write to memory) of a data channel cycle.

L R
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Mnemonic Pin No. Name Description

DCHO 19 Data Channel Out An active low timing strobe that is output during data transfer
out (write to peripheral) of a data channel.

DCHMO 23 Data Channel An active high input results in data channel output cycles.

Mode Out

110

Synchronization

RQENB 7 Request Enable A timing output that synchronizes interrupt and data-channel
priorities

Data Buffer

Control

DIEN 21 Data In Enable An active low output that enables peripheral data onto the
F9445 information bus during programmed /O or data-channel
input cycles.

DOEN 25 Data Out Enable An active low output that enables information bus data onto
the peripheral data bus during programmed 1/O or data-
channel output cycles.

Console Control

Input

CONSW 15 Console Switch An active low input with internal 2.4K-ohm pullup resistor to
V¢ and digital delay of approximately 3 ms to eliminate
contact bounce.

CONSTP 12 Console Step An active low input with characteristics of CONSW that
initiates a console request lasting for two console code cycles
of the F9445.

APLSW 14 Auto Program An active low input with characteristics of CONSW and

Load Switch CONSTP that initiates a console request cycle with APL
enable active.

Console Control

Output

CONEN 63 Console Enable An active low output to enable a console to provide
information to the IB of the F9445 during a read or write
operation.

CONREQ 5 Console Request An active low output to the F9445 to request console service.

CONCD 6 Console Code An active low output to enable the console code onto the 1B
of the F9445 in response to a console code cycle of the F9445.

APLEN 4 Auto Program An active low output initiated by an APLSW input or the

Load Enable execution of (DOA ac, CPU) instruction and terminated by the
execution of a (DOAP ac, CPU) instruction or system reset.

CONLD 3 Console Load An active low output to enable the console to latch data from

the IB of the F9445.

5 —

7



F9447

Table 1 F9447 Signal Descriptions, Cont'd.

Mnemonic Pin No. Name Description

1/0 Port Status

Input

MSKBIT 63 Mask Bit The local logic contains an interrupt disable flag loaded from
a select bit of the F9445 information bus during the execution
of a mask out instruction. The MSKBIT signal is driven by that
selected bit of the 1B; a low level at the beginning of MSKO
execution sets the interrupt disable flag.

STRBSY 15 Strobe Busy A negative-going input edge that strobes the BUSY flag to the
clear state.

STRBDN 12 Strobe Done A negative-going input edge that strobes the DONE flag to the
true state.

INTPIN 14 Interrupt Priority In| An active high input that determines which peripheral device

may interrupt.

110 Port Status

Output

BUSY 5 Busy Flag An active high output of a flip-flop is set by the execution of
an 1/O-Start cycie with 1/0 Chip Select (IOCS) high; and
cleared by a similar 1/0-Clear cycle, by a negative transition
on STRBSY, by execution of an IORST instruction, or by a low
level on MR.

DONE 6 Done Flag An active high output of a flip-flop is set by a negative
transition on STRBDN; cleared by the execution of an 1/O-Start
or I/O-Clear while 1/0 Chip Select (IOCS) is high, by the
execution of an IORST instruction, or by a low level on MR.

INTPOUT 4 Interrupt An active high output that determines which peripheral device

Priority Out may interrupt.

CONLD 3 Console Load An active low output that enables the console to latch data
from the F9445 information bus.

Power

Vee 64 Power Supply Nominal +5 V DC.

Ny 32 Injection Current Constant current (80 mA) obtained by using a dropping
resistor from Vg (nominal V; = 1.3 V). Use of bypass
capacitor to GND is desirable.

GND 16, 48 Ground Common power and signal return.

L

Fairchild cannot assume responsibility for use of any circuitry described Manufactured under one of the following U.S. Patents: 2981877, 3015048,
other than circuitry embodied in a Fairchild product. No other circuit 3064167, 3108359, 3117260; other patents pending.
patent licenses are implied.
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F9448
Programmable Multiport
Interface

Microprocessor Product

Description

The F9448 Programmable Multiport Interface (PMI) is 64
pin bipolar BL device that facilitates the interface
between an F9445 16-bit bipolar microprocesser and
many industry-standard input/output (1/0) devices. It
decodes |/O instructions and memory addresses from
the central processing unit (CPU) to communicate with
devices tied to its four external ports. When used with
the F9449 Mulitiple Data Channel Controller, it handles
peripheral selecticn and timing during data channel
cycles. Some of the features of the F9448 are:

® Four Independent 1/0 Ports

® Memory-Mapped and Programmed /O

® Interface with Serial, Parallel, DMA, and Other
Special-Purpose Devices

® Programmable Peripheral Timing

Compatibility with Many Industry-Standard Interfaces
Ability to Implement F9445-Programmed 1/0

Flags

Interrupt Arbitration and Response Handling
Fabricated in I3L® Bipolar VLSI Technology
Operating Temperature Range —55° to +125°C
64-Pin Package

Low-Power Schottky Compatible [/O

The F9448 PMI ties the F9445 CPU to many industry-
standard microprocessor interfaces. it easily links 1/O
devices designed for the F6800 or 8080 buses and those
directly suitable for the F9445 1/O bus. The system
configuration in figure 1 shows how the F9448 can be
used to interface F6800, 8086 family !/O devices or the
F3870 to the F9445 system.

® 3L is a registered trademark of Fairchild Gamera and Instrument
Corp.

Connection Diagram
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Signal Functions
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Falrchild Camera and Instrument Corporation, Microprocessor Division
3420 Central Expressway, Santa Clara, California 95051
(408) 773-1000 TWX MICPSNTA

©1982 Fairchild Printed in U.S.A. 4027-040-A-23022 5M 501987
March 1982 Fairchild reserves the right to make changes in the circuitry
or specifications at any time without notice.
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Figure 1 System Configuration
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Registers

Each port has a 16-bit configuration register and busy,

done, and interrupt-disable flags. Port 4 also has an

Figure 2 F9448 Software Model

11-bit memory-base address register used in conjuction
with memory-mapped 1/O. Figure 2 shows the F9448
program-accessible registers.
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110 Ports

The F9448 performs selecting and handshaking with
connected peripheral devices. It has five bidirectional
ports numbered 0 through 4. Port C is used as a

bootstrap port by the F9445 to read and write, address

and configuration registers inside the F9448; ports 1
through 4 are used to communiate with external
peripheral devices. Ports 0 through 3 respond only to

programmed 1/O instructions; port 4 responds to either

110 instructions or memory cycles. This latter feature

enables a block of up to 4096 memory addresses to be
used for memory-mapped /0.

Table'1 F9448 Signal Descriptions

Transactions between the F9448 and peripheral devices
are organized using several select, address, and timing
signals. Out 0- 6 signals are shared by all ports, while
each set of Peripheral Port Controls is associated with a
specific port.

Signal Descriptions

Table 1 describes the signals for the F9448.

Mnemonic Pin No. Name Description

Clock

CLK 45 Clock Input signal from the positive-edge-triggered master clock
from which all F9448 timing is generated.

CPU Handshake

SYN 40 Synchronize An input signal from the F9445 for synchronizing the F9445
with external devices. Active during every CPU cycle.

STRBA 38 Strobe Address An input signal generated by the F9445 during external bus
cycles.

STRBD 39 Strobe Data An input signal generated by the F9445 during data transfer
time and used by F9448 to organize transfers.

RDYD 52 Data Ready An active high open collector output signal synchronizing
F9448 with F9445 during data transfers. A low level stalls the
F9445 until the peripheral is ready.

Ready Memory

RDYM 53 Memory Ready Handshake between the memory controller and F9448 during
data-channel cycles. Input to F9448 during data-channe! read
from memory; output from F9448 during data-channel write to
memory.

CPU Cycle Type

M 49 Memory Input status lines from the F9445 indicating the type of bus

0, 50 O-Line cycle.

Oy 51 O-Line

W 37 Write An input signal indicating the direction of data transfer on the
1B.

ABORT 46 Abort A low input signal from the Memory Management and

Protection Unit that prevents the F9448 from starting another
cycie but aiiows compietion of the current cycie.
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Tabie 1 F9448 Signai Descriptions {(Cont’d.}

Mnemonic Pin No. Name Description

Device Code

Jumpers

CSC,-CSC, 2224 Chip Select Code | Input signals tied to Vg, GND, SYN, or SYN to define a 6-bit
device code, DS,  through DS, for port 0 of F9448.

information Bus

iBy-1Byg 5663, 1-8 Information Bus A 16-bit, three-state address and data bus for transmitting
information between the F9445 and externai devices.

Interrupt Priority

Chain

INTPIN 43 Interrupt An input for determining which peripherai device will respon

Priority Input to an INTA instruction.
INTPOUT 44 Interrupt A priority-signal output from the F9448 to lower-priority
Priority Output devices for determining which peripheral device may interrupt.

Master Reset

MR 55 Master Reset An input signal that initializes the F9448 by clearing all F9448
user-accessible registers to 0 and clearing all busy, done, and
interrupt-disable flags.

Data Buffer/

Latches Control

LE 47 Latch Enable An output signal that may be used to load the data from the
F9445 on the IB into peripheral data bus latches.

BUFENA 41 Buffer Enable An active low output during memory, 1/O, or data channel
cycles to enable IB transceivers or latches if data is to be
transferred between the IB and a device controlled by the
F9448.

DIRN 42 Direction An output signal controlling the direction of any bus
transceivers on the 1B bus between the F9445 and the F9448
or of any data latches/transceivers between the IB bus and a
peripheral data bus.

Peripheral Control

And Address Bus

OUT,-0OUTg 25-31 Outputs A 7-bit peripheral output control bus that is to be shared by all
peripheral devices controlled by F9448.

Ready Peripheral

RDYP 54 Ready Peripheral Open-collector handshake input signal from peripherals to the

F9448.
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Table 1 F9448 Signal Descriptions (Cont’d.)
Mnemonic Pin No. Name Description
Peripheral Port
Control
I3§1-@4 21, 18, 14, 11 Port Select Outputs for selecting the devices being controlled by ports 1
through 4 of the F9448.
STRBBZ,- 20, 17,13, 10 | Strobe Busy A low-to-high transition on the STRBBZ input signal clears the
STRBBZ, associated port’s busy flag.
STRBDN;- 19, 15,12, 9 Strobe Done A low-to-high transition on the STRBDN input sets the
STRBDN, associated port’s done flag.
DCHACK;- 33-36 Data Channel Active low select inputs from the F9449 data channel
DCHACK, Acknowledge controller.
Power
Veo 64 Power Supply Nominal +5 V DC.
GND 16, 48 Ground Ground for both supply and signals.
liNg 32 Injection Current A constant current obtainable by use of a dropping resistor

from V¢ (Viyy =13 V) supply. Use of a bypass capacitor to
GND is desirable.
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Multiple Data
Channel Controller

Microprocessor Product

Description

The F9449 Multiple Data Channel Controller is a 4-port
controller that is used with the Fairchild F9445 16-Bit
Bipolar Microprocessor, and either an F9447 1/0 Bus
Controller or an F9448 Programmable Multiport interface,
to control direct data transfer to and from memory by
peripheral devices. It contains four pairs of program-
controlled address and word count registers that are
multiplexed to control four fully independent data
channels (DCHSs) through which data transfers can occur.
Data channel transfers are similar to direct memory
access (DMA) channel transfers, except that the F9445
architecture time-shares its information bus (IB).

@ Provides Control of Four independent Channeis

® Has Separate Word Count and Memory Address
Registers for Each Channel

® Supports Byte- or Word-mode Operation on Each
Channel

® Performs Internal Priority Arbitration

® Supports Memory-to-Memory Transfers

o Implemented in I3L® Technology, with Low-power
Schottky TTL-compatible Input and Output

® Available in a 64-Pin Package.

® Operating Temperature Range of from —55°C to
+125°C

® |3 is a registered trademark of Fairchild Camera & Instrument Corp.

Fairchild Camera and Instrument Corporation, Microprocessor Division
3420 Central Expressway, Santa Clara, California 95051
(408) 773-1000 TWX MICPSNTA

Connection vDiagram

B, []1 N 64 JVce
iBs[ |2 63[ ]iBs
B33 62[ JiBu
B[] 4 61 ]iB13
w[l]s 60 ]iBis
DCHACK:[_| 6 59 [ ]svn
ROYA[ 7 58| | DCHREQ
STRBD[ |8 57 [ JME
STR[|9 56 ] CLK
MAREN [ ] 10 550 Im
10EN [ 11 54f J04
PSi[]12 53{ ] 0o
PS2 [ 13 52| |REQy
PSs[]14 51]_JREQ,
PSa[|15 50 [_]REQ3
GND[ |18 49| |REQ,
MR[_ 17 48 jGN’D
DCHMO4 [ 18 47 ]| DCHMO;
DCHMO2 [ |19 46| ]DCHACK:
DIEN[] 20 45 [ |DCHACK;
BM;[ |21 44 [ ]DCHACK,
BMz[ |22 43[Jpchpout
BM3[ |23 42 [ ]pCHPIN
BM, [ 24 41[ ] STRBA
sB[]25 40 [ ]DCHMO,
TCs[ |26 39 [ ]TCy
TCa [ 27 38 ]TC,
B[] 28 37 [_JDIRINT
iB2[]29 36 ]iB1a
B4 (|30 35| ]iB12
B []31 34[ JiB1o
[ 32 33| ]iBg

©1982 Fairchild Printed in U.S.A. 4027-041-A-23022 15M 501989
March 1982 Fairchild reserves the right to make changes in the circuitry
or specifications at any time without notice.
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F9449 Signal Functions
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Fig. 1 F9449 Block Diagram
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Register Operation

The eight F9449 registers (MA4.4, WC1.4), shown in
figure 1, provide four fully independent data channels,
numbered 1 to 4, each of which is capable of trans-
ferring up to 32K 8-bit bytes or 16-bit words, depending
upon whether it is strapped for byte-mode or word-mode
operation. Figure 2 illustrates the data formats of these
registers.

A word count (WC) register associated with each
channel contains the number of bytes or words to be
transferred by that channel. The WC registers, which are
loaded with the twos complement of the number of bytes
or words, are automatically incremented after each DCH
cycle (i.e., after every byte or word transfer), regardless
of operating mode. When a WC register increments from
all ones to zero, a terminal count (TC) signal for that port
is set by the F9449. This is normally wired to the F9447
bus controller or F9448 multiport interface to generate
an interrupt to the F9445. (Figures 3 and 4 illustrate
system configurations using the F9447 and F9448,
respectively.) The TC signal can optionally be used to
terminate any further requests from that peripheral
channel.

Figure 2 Register Data Formats

0 1 15

W | MSB Word Count (Twos Complement) LSB

Format for word- or byte-count register load

(MAREN = 0). Word count range is from -215 to 1
(loaded with twos complement). W is an internal
direction bit: 0 is from peripheral to memory; 1 is from
memory to peripheral.

0 15

MSB Memory Address LSB

Format for memory address register load (MAREN = 1).
Address range is from 0 to 216-1,

A memory address (MA) register associated with each
channel contains the address at which the next transfer
is to occur; each MA register provides a 16-bit address
space (0 to 65535). The MA registers are incremented
after each transfer in word mode and after every second
transfer in byte mode.

F9449 1/0 Cycle

The F9449 registers are under software control. They are
loaded with starting address and word count information
through F8445 programmed output instructions, which
are decoded by the F9447 /O controlier or F9448
multiport interface. The F9445 also generates the clock
(CLK), synchronize (SYN), address strobe (STRBA), and
data strobe (STRBD) bus timing signals. (Figure 5
illustrates the /O cycle timing; refer to the “Timing
Characteristics” section for a description of the cycle
characteristics and specifications.)

The F9447 or F9448 selects the register to be loaded by
generating the appropriate port select (PS) signal,
together with input/output enable (IOEN) and strobe
(STR) signals, as shown in table 1. The low-to-high
transition of the STR signal during the write time loads
the addressed port WC or MA register, selected by the
memory address enable (MAREN) signal, with data from
the information bus.

All eight registers are cleared when master reset (I\_/II_R)
goes low to ailow hardware implementation of auto
load/bootstrap routines (i.e., to fill the memory beginning
at address 0).

The F9445 can read the contents of any register by
means of a programmed input instruction, which is
decoded by the F9447 or F9448 in the same manner as
the output instruction.

F9449 DCH Cycle

A peripheral device requests service by asserting its
request (REQn) line to the F9449, which then determines
priority and generates a data channel request (DCHREQ)
signal to the F9445. After completing its current program
instruction, the F9445 responds to the DCHREQ or data
channel request performing a DCH cycle, which is a long
bus cycle similar to an F9445 memory cycie, but with the
information bus and the write (W) line not driven.

The F9445 sets the bus control lines as follows: M high,
O+ low, and Og high (i.e., M 01, Op to 101). It then
generates the CLK, SYN, STRBA and STRBD bus timing
signals. The high-to-low transition of STRBA latches the
priority resolution logic, and starts the internal DCH
sequence of the F9449. The F9449 asserts the
appropriate data channel acknowledge (DCHACK}) line
to signal the requesting peripheral and the F9447 or
F9448 that a DCH cycle for it has begun. This may cause
the peripheral to remove the REQn signal. (Figure 6
illustrates the DCH cycle timing; refer to the “Timing

—
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Fig. 3 F9449/F9447 Configuration
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Fig. 4 F9449/F9448 Configuration
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Table 1 F9449 |/O Control
A Signal State
— — — — — — Operation Performed
IOEN W | MAREN | PS4 PS2 PS3 PSa STR

0 X X X X X X X No operation

X X X 1 1 1 1 1 No operation

1 0 0 * * * * U Loads IB data into selected word count register

1 0 1 * * * * U Loads IB data into selected memory address register
1 1 0 * * * * X Loads selected word count register data onto IB

1 1 1 * * * * X Loads selected memory address register data onto IB

*One active-low input, selected by programmed 1/O instruction device code.

Note
Multiple port selects result in unpredictable results.

0 = Low

1 = High

X = Don't care

U = Low-to-high transition

Fig. 5 Programmed 1/O Timing
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Characteristics” section for a description of the cycle
characteristics and specifications.)

During the address phase of a DCH cycle, the F9449
determines which peripheral is to be served, places the
contents of the appropriate MA register onto the
information bus and drives the W line to the memory
controller so that the memory performs either a read or a
write cycle. If internal direction (DIRINT) is high,
read/write selection can be programmed from the F9445
as the most significant bit of the WC register contents
load. When this bit is at a logic 0 it causes a read of
memory. If the DIRINT pin is low, the read/write
selection is controlled by the peripheral through a data
channel mode (DCHMO,) signal. A high DCHMO, signal
indicates a memory read (DCH out operation). If required,
the data in enable (DIEN) and second byte (SB) lines are
also asserted at this time.

The F9449 RDYA signal causes the microprocessor to
generate three additional F9445 address strobe (S1G)
states, allowing the address sufficient time to propagate
from the F9449 to the memory controller.

The F9449 does not actually perform the data transfer
between memory and peripheral. Instead, the end of the
STRBA signal causes the F9449 to stop driving the
address onto the information bus and allows the F9447
or F9448 to provide data control during the data phase of
the DCH cycle. It enables a peripheral three-state input
buffer, or strobes data out from the IB into the
peripheral. The data phase of the DCH cycle can be
extended as required by additional data (S3) states
generated from the F9445 in response to the F9447 or
F9448 data ready (RDYD) output being low.

Because it must communicate with the peripheral during
F9445 programmed 1/O cycles, the F9447 or F9448
normally accommodates the data timing peculiarities of
the peripheral.

The end of the data strobe (STRBD) causes the WC and
MA registers to increment, a TC signal to be asserted (if
the WC register has reached zero), and terminates the W,
DCHACK.,, RDYA, and SB signals.

Priority Arbitration

The F9449 arbitrates DCH requests from multiple
peripherals on a fixed-priority basis, with channel 1
having the highest priority and channel 4 the lowest. The
priority arbitration scheme allows cascading of up to

four F9449 controllers by interconnecting the data
channel priority out (DCHPOUT) of a higher priority
controller to data channel priority in (DCHPIN) of the
next, thereby permitting the system to serve a total of 16
data channel peripherals.

Priority resolution occurs during every cycle, at the high-
to-low transition of the SYN signal. In a multiple-F9449
system, all pending REQn inputs are latched at that time,
and the DCHPIN/DCHPOUT signals ripple from device to
device.

Priorities are reestablished during every cycle, including
““short” F9445 cycles. Additional states are generated by
the F9449 address ready (RDYA) signal to allow priority
ripple when the F9445 responds to a DCH request from a
“wait” cycle.

Signal Descriptions

The F9449 input and output signals are described in
table 2.

Timing Characteristics

The timing characteristics of the F9449 are illustrated in
figure 5 (Programmed 1/O Timing) and figure 6 (Data
Channel Cycle Timing).

The abbreviated symbol convention used for timing
parameters in this data sheet is TAb(C)d, where:

® Timing symbols all begin with the letter “T".

® The mnemonic in the position represented by “A”
indicates the signal node beginning the interval.

® The mnemonic in the position represented by “b”
defines the direction of signal transition at the
beginning node, if such definition is necessary;
the new state of the signal may be low (1), high (h),
3-state (z), don’t care (x), or valid (v).

® The mnemonic in the position represented by “C”,
which always appears in parentheses, indicates the
signal node ending the interval.

® The mnemonic in the position represented by “d”
is the same as “b”, but refers to the state of the
signal at the node indicated by the mnemonic in
position “C”.

“
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Figure 6 Data Channel Cycle Timing
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F9449
Table 2 F9449 Signal Descriptions
Mnemonic Pin No. Name Description
Clock
CLK 56 . Clock An input signal from the F9445. The rising edge of the single-

phase system clock causes action in the F9449. This line can
also be single-stepped for debugging.

CPU Handshake

SYN 59 Synchronize

STRBA 41 Address Strobe

RDYA 7 Address Ready

STRBD 8 Data Strobe

An active-high input signal from the CPU that maintains
system timing. The start of SYN indicates the start of a CPU
cycle with valid M, O,, O, code.

An active-low input signal from the F9445. in a DCH cycle, the
low-to-high transition is used by the memory controller to
strobe the memory address from the IB into the selected MA
register. (This can be delayed indefinitely by RDYA))

An active-high open-collector output signal to the F9445. A
low level prolongs the STRBA signal to allow time for the
F9449 to perform priority resolution and propagate the
memory address to the memory controller over the IB.

An active-low input signal from the F9445. The low-to-high
transition during a DCH cycle causes the selected WC and
MA registers to increment and the W, DCHACK ,, RDYA and
SB signals to terminate.

ME 57 Memory Enable

An active-low output signal to the memory controller. When _
low, it informs the memory controller that either the F9445 M
is low or a DCH cycle is in progress.

CPU Cycle Type

M 55 Memory

0, 54 Memory or
Oy 53 1/0 Function
W 5 Write

An active-low input signal from the F9445 that serves as a
status indicator. When it is low, the F9445 is performing a
memory cycle.

Active-high “O” line input signals from the F9445, used with
the M input to indicate the type of cycle the F9445 is
performing. During a DCH cycle, M, O,, O, are set at 101.

An active-low input/output signal to and from the components
in the system, normally driven by the F9445 to control the read
and write operations. Placed in a high-impedance state by the
F9445, during a DCH cycle, when it is driven by the F9449, it is
low if the system is writing to memory and high if the system

is reading from memory.

10



F9449
Table 2 F9449 Signal Descriptions (Cont.)
Mnemonic Pin No. Name Description
Information Bus
Signals
@0-@15 1-4 Information Bus A set of 16 input/output signals to and from the system. This
28-31 active-low, bidirectional bus is used to load and examine the
33-36 contents of the selected WC and MA registers. These signals
60-53 are driven by the selected MA register during the STRBA state
of an F9449 DCH cycle. The most significant bit is IBy; the
least significant bit is 1Bj.
Data Channel
DCHPIN 42 Data Channel An active-high input signal from a higher-priority F9449 that is
Priority Input used to extend priority resolution logic throughout a multiple-
F9449 system. When this signal is low, it prevents the F9449
from being in a DCH cycle. The highest priority F9449 shouid
have DCHPIN connected high.
DCHPOUT 43 Data Channel An active-high output signal to a lower-priority F9449 that is
Priority Output used to extend priority resolution logic throughout a multiple-
F9449 system. When the signal is high, none of the four
channels are requesting a DCH cycle and DCHPIN is high.
DCHREQ 58 Data Channel An active-low open-collector output used by the F9449 to
Request request a DCH from the F9445. Multiple simultaneous
requests will be sorted by priority resolution logic during a
DCH cycle and will result in additional consecutive DCH
cycles. A low level requests a data channel cycle.
Data Buffer
Control
DIE 20 Data in Enable An active-low output signal that can be used to enable an
optional bus transceiver placed between the F9449 and the IB.
When low, the F9449 is putting out an address during a DCH
cycle or data during an 1/O read operation.
Reset
MR 17 Master Reset An input signal that is active-low from a power-up, front-panel,
or programmed initialization signal. It is used to load the WC
and MA registers with zercs, set the internal direction control
bit to zero, set the four TC signal lines high and clear the four
DCHACK lines.
Peripheral Port
Control
REQ,-REQ, 52 Port Request A set of four active-low input signals from the
51 corresponding requesting peripherals. A low signal on a REQ,
50 line indicates that its associated peripheral wishes a DCH
49 cycle. Priority resolution logic arbitrates multiple requests and

generates a single acknowledge, REQ, having the highest
priority and REQ, the iowest.

—
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F9449
Table 2 F9449 Signal Descriptions (Cont.)
Mnemonic Pin No. Name Description
DCHACK;- 6 Data Channel A set of four active-low output signals to the requesting
DCHACK, 46 Acknowledge peripherals and to the F9447 or F9448. When low, it informs
45 the appropriate peripheral that its requested DCH cycle is in
44 progress. The DCHACK signal is used by the peripheral to
clear the REQ, line. It is also used by the F9447 or F9448 and
by the peripheral to enable data buffers to and from the IB.
TC,-TC, 39 Terminal Count A set of four active-high output signals to the associated
38 peripherals, indicating completion of a DCH block. When a
27 WC register is incremented to zero during the last phase of a
26 DCH cycle, the corresponding TC line goes high. When the
WC register is loaded with any value from the IB during an 1/0
write operation to the F9449, the corresponding TC line is
cleared to low. All four TC signals are set high by a low ievel
on MR.
554 12 Port Select A set of four active-low input signals from a programmed
13 1/0 device. The IB bits are decoded by an F9448, which
14 outputs a port select signal to the F9449. When low, the
15 associated port is selected during an 1/0 read or write
operation. No more than one PS line should be low at a time.
BM,-BM, 21 Byte Mode A set of four active-low input lines that are used to
22 establish operating modes. When strapped low, the
23 corresponding channel is set for 8-bit byte-mode operation;
24 when strapped high, the associated channel is set for 16-bit
word-mode operation.
DCHMO,- 18 Data Channel A set of input signals from the requesting peripherals. When
DCHMO, 19 Mode Out DIRINT is low, a DCHMO, low indicates that the
47 corresponding peripheral is writing to memory during a DCH
40 cycle (IN). When the DCHMO, signal is high, it indicates that
the peripheral is reading from memory (OUT).
BYTE Status
SB 25 Second Byte An active-low open-collector output signal to the memory
controller. During STRBD timing, this signal is high during the
first byte of a byte-mode DCH cycle and low during the
second byte of a byte-mode cycle and during every word in a
word-mode DCH cycle. It can be used to strobe either the left
or right half of the memory array during a STRBD operation.
Register Controi
Signals
IOEN 11 Input/Output An active-high input signal from the F9447 or F9448. It is used
Enable to enable the F9449 when the F9445 wishes to read from or

12

write to a WC or MA register during an 1/0 cycle. When the
signal is high, a programmed |/O operation is in progress.
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Table 2 F9449 Signa! Descriptions (Cont.}

Mnemonic Pin No. Name Description

MAREN 10 Memory Address An active-high input signal from the F9447 or F9448. It is used

Register Enabie o seiect the sourceidestination register for an F9445
programmed /O operation. A high signal selects an MA
register; a low signal selects a WC register.

STR 9 Strobe An input signal from the F9447 or F9448. The low-to-high
transition causes the F9449 to load the IB data into the
selected WG or MA register during an /O write operation.

DCH Direction

Control

DIRINT 37 internal Direction Input line that is used to establish the control source of the W
line. When DIRINT is high during a DCH cycle, the W line is
controlled internally by 1B, the most significant bit of the
data word in the WC register. When DIRINT is low, the W line
is controiled externally by the DCHMO,, input from the
corresponding requesting peripheral.

It may be driven iow by selected DCHACK outputs if some
channeis need internal control and others external control.

Power

Voo 64 Power Supply Supply voltage (+ 5 Vdc).

liNg 32 Injection Current A constant 250 mA current supply; may be derived by use of
an external resistor to V. (Nominal V), =1.2 V)

GND 16, 48 Ground Common power and signal return.

13



F9449
Table 3 DC Characteristics
Symbol | Characteristic Min Typ Max Unit Test Conditions
VINg Injector Voltage. 1.3 ling = Max
ViH Input High Voltage. 2.0 \ Guaranteed Input High Voltage
ViL Input Low Voltage. 0.8 \ Guaranteed Input Low Voltage
Veb Input Clamp Diode Voitage. -0.9 -1.5 \ Vce = Min, In = -18 mA, Iing = Min
VoH Output High Voltage. 2.4 3.2 \ Ve = Min, lon = -400 pA,
ling = Min

VoL Output Low Voltage. 0.2 0.5 \ Vee = Min, loL = 8.0 mA, Iing = Min
hH Input High Current 1.0 mA Vcec = Max, ViN = 55V,

All Inputs. Iing = 300 mA
he Input Low Current. -0.21 -0.4 mA Vecec = Max, Vin = 0.4V, IIng = Min
lozH Output Off (High-Impedance) 100 uA Voc = Max, Vout = 24V,

State High Current iBg-1B1s, W. ling = Min
lozL Output Off (High-Impedance) -210 -500 A Vce = Max, Vour = 04V

State Low Current iBg-1B1s, W. lind = Min
losH Output Short Circuit Current. -15 -100 mA Voc = Max, Vout = 0.0V, Iing = Min*
ILoH Output Leakage Current (Open 1.0 mA Vce = Min, Von = 525V,
OHH Collector) RDYA, SB, DCHREQ. Iind = Min
lcc Supply Current. 125 mA Ve = Max, ling = Min

“Not more than one output to be shorted at a time.

Absolute Maximum Ratings

Recommended Operating Ranges

Supply Voltage (Vco)

These are stress ratings only, and functional operation
at these ratings, or under any conditions above those
indicated in this data sheet, is not implied. Exposure to
the absolute maximum rating conditions for extended
periods of time may affect device reliability, and
exposure to stresses greater than those listed may
cause permanent damage to the device.
Storage Temperature

Ambient Temperature Under Bias

—-65°C, +150°C
-55°C, +125°C

V¢ Pin Potential to Ground Pin -05V, +6.0V
Input Voltage (dc) -05V, +55V
Input Current (dc) —20 mA, +5 mA
Output Voltage (Output HIGH) -05V, +55V
Output Current (dc) (Output LOW) +20 mA

Injector Current (I)ng) +500 mA
Injector Voltage (Viny) -05V, +20V

14

Part Number

Min Typ Max
F9449DC 475V 50V 525V
F9449DM 45V 50V 55V
Part Number Injector Current (ljny)

Min Typ Max
F9449DC 200 mA 250 mA 300 mA
F9449DM 200 mA 250 mA 300 mA

Ordering Information

Order Code Temperature Range
F9449DC 0°Cto +75°C
F9449DM -55°Cto +125°C
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Package Outline

64-Pin Ceramic Dual In-Line
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Fairchild cannot assume responsibility for use of any circuitry described Manufactured under one of the following U.S. Patents: 2981877, 3015048,
other than circuitry embodied in a Fairchild product. No other circuit 3064167, 3108359, 3117260; other patents pending.
patent licenses are implied.
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F9450 (MIL STD 1750A)
16-Bit Bipolar
Microprocessor Family

Microprocessor Products

Features
B Singie-chip microprocessor fully implements
MIL-STD-1750A (Notice 1) ISA

W High performance over military temperature range -
700 KIPS DAIS mix with floating point - 0.2 s ADD,
1.85 us MULTIPLY

B Real-time processing - two programmable timers -
16 levels of vectored interrupt

B 32 and 48-bit floating point arithmetic on chip

® Bipolar VLS! 3L® 11 _ 1 x 105 radiation

M Multiprocessor capabilities

B Single and double precision arithmetic

B Direct address to 64K words, expandable to 1M
words

M 16 General-purpose registers

W Static operation with single clock - 0-20 MHz

B TTL inputs and outputs with 8 mA drive capability

W Single 5 V supply - injector current source required

M 64-pin DIPs with 50-mil pin centers

Description

The F9450 microprocessor, in a single chip, completely
implements MIL-STD-1750A (Notice 1) Instruction Set
rchitecture. This microprocessor is currently being
+eveloped as the heart of a high-performance processor
_umiiy for commerciai and miiitary appiications requiring
high-speed, sophisticated, real-time processing.

Utilizing 16-bit architecture, the F9450 provides 16 user-
accessible general purpose registers and performs float-
ing point operations on-chip. The LI Bipolar VLSI tech-

nalan $nrde ctatin A H i 200N
nology affords static operation with 200 ns bus cycle

times, LSTTL-compatible input/output, inherent radiation
tolerance (1 x 10° rads), and operation at 20 MHz over the
full military temperature range.

Real-time processing is achieved through advanced
design and architecture, incorporating two programmable
timers, a complete 16-level interrupt processor, and a
comprehensive fault handler on the chip.

Multiprocessing is supported by a flexible bus arbitration
scheme as well as process synchronization (test and set)
instructions.

Several support circuits and systems can provide addi-
tional capability. These include the F9446 Dynamic
Memory Controller; the F9451 Memory Management Unit,
providing memory-mapped expansion to 1M words; and
the F9452 Block Protect Unit. A multi-user development
system (FS-1) has been developed, as well as
EMUTRAC™, which offers real-time system emulation
'nd debugging. Information on these products is avail-
.able in the Microprocessor Products Data Book.

Comprehensive software support for the F3450 (MIL-
STD-1750A), including assemblers, loaders, simulators
and compilers, is available from various sources. An ADA
compiler for MIL-STD-1750A is also under development.
For a list of available software contact Fairchild - see
last page of data sheet.

F9450 Pin Functions
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Fig. 1 F9450 Block Diagram
Architecture Data Processor
There are five main sections of the F9450 microproces- The 16-bit wide data processor section is responsible for
sor as represented in the block diagram, Figure 1. Each all data processing in the CPU. It is organized in nine
is discussed separately as follows. functional blocks.
17-bit ALU
Data processor Shifter
Microprogrammed control 16 General Purpose registers (R, - Rys)
Address processor Six working registers
Interrupt and fault processor Memory Data Register (MDR)
Timing unit Two timers

Constants ROM
Status Register (SR)
Pre-Shifter and Mask



Microprogrammed Control

CPU operation is governed by a microprogrammed con-
. trol section with two levels of pipelining. New instruc-
tions are fetched into the instruction register. The map-

ring PLA is fed from the instruction register and
generates the pointers necessary for both execution and
the effective address routines which reside in the micro
control store. The micro control store generates three
output fields to the micro register. Two of them - Next
Address Field and Branch Field - determine the sub-
sequent micro address. The third output field controls
operation of all CPU components.

Address Processor

The address processor includes an Instruction Counter
(IC) and a Memory Address Register (MAR) which deter-
mine the addresses for all instructions and operands. In-
cluded in the Address Processor is an independent
Incrementer that provides Instruction Counter and
operand address updates paralleling Data Processor
operation.

Interrupt and Fault Processor

All faults and interrupts, whether generated internally or
externally, are handled by the Interrupt and Fault
Processor. It includes a Pending Interrupt Register (PIR),
a Mask Register (MK), a Fault Register (FT), interrupt ena-
bling logic and a priority encoder. Also included is abort
condition detection and activation logic.

Timing Unit

The timing unit generates the internal and external
strobes required for interna! CPU operation and the dif-
ferent bus transactions. A basic machine cycle could
comprise three, four or five CPU clock cycles (states)
(refer to the state diagram in Figure 2):

(a) A 3-state cycle (Sg, S,, Sg) for pure internal ALU
operations.

(b) A 4-state cycle (S, S, S,, S;) for minimum length
bus cycles.

(c) A 5-state cycle (Sy, Sy, Sy, S;, S35 O Sy, Sy, Ss, Ssa,
Sgg) applies for those cycles that use the result of the
current ALU operation to determine the next address
in the microprogrammed control store. It also applies
to those cycles following an abort condition.

Note that every timing cycle starts with state S, in which
the timing unit receives the control information needed
to initiate a bus cycle or a short ALU cycle.

A bus cycle can be extended indefinitely by manipulating
BUS GNT, RDYA or RDYD external inputs. These signals
hold the CPU in states S, (high impedance) when the bus
is assigned to another CPU or DMA device, S, (address
phase) or S; (data phase) respectively, as shown in the
state diagram (Figure 2).

Legend

Asserted (active)

Not Asserted

ALU Branch cycle (5 states) - internal signal
Abort condition - internal signal

Bus Request

Bus Grant input

Bus Lock

RDYA input

RDYD input

High impedance state - CPU drivers are 3-state

NA
ALBR
ABRT

BUS REQ

BUS GNT

BUS LOCK
RDYA
RDYD

BUSREG=A

BUS GAT. BUS REQ=A
BUS GNT=NA AND
AND]
(OR) BUS ENT”': A - (AND) _
BUSLOCK=A {AND) /(805 GNT = NA (OR) BUS TOCK = 4]
BUS LOCK =NA /
/

\ BUS REQ = NA

BUSGNT=A
AND)| —
BUS LOCK = NA

RDYA =NA

RDYD = NA

Fig. 2 F9450 Timing Generator State Diagram
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F9450 (MIL STD 1750A)

F9450 Signal Descriptions
Clocks
CPU CLK, Pin 51 - CPU clock (0-20 MH2)

TIMER CLK, Pin 7 - Timer clock (100 kHz)

cmcxs{ —jere Ao [ External Requests
] eR c ook = RESET, Pin 6 - Reset - Active LOW input initializes the
menﬁ::; ] Eﬁ— i }surus BUS CcPU.
REQUI —] [—
conmed o |— CONREQ, Pin 2 - Console Request - Active LOW input
 —] pwron INT As, — initiates console operations after current instruction.
—Josnomr =) Interrupts
—] usr. et PWRDN INT, Pin 33 - Power Down Interrupt - Active on
—] usryINT UNRCYER |— | the positive-going edge or HIGH level, according to the
mrzasunsﬁ —=] usryINT MASER = | interrupt mode bit in the configuration register.
——ef USR¢ INT
st DMAEN [— USR, INT through USRg INT, Pins 34 through 39 - User
—dou,wr NML PWRUP |— Interrupts - ».Active on t_he positivegoinq gdge or HIGH
L_. 10L; INT \ DISCRETES level, according to the interrupt mode bit in the con-
SNEW |— figuration register.
. —1 MEM PRT ER
N D TRIGO RST |—~ I0L, INT and IOL, INT, Pins 40 and 41 - Input/Qutput
T MEMPARER v Level Interrupts - Active HIGH inputs that can be used to
FauLTSS | EXT ADR ER ) expand the number of user interrupts.
Mo f—
—] s¥sFLT, : Faults
\ ] svsLT, on |— MEM PRT ER, Pin 26 - Memory Protect Error - Active
F9450 LOW input generated by the MMU or BPU or both and
(] - W7S0ACPU)  STRBA [ )8US CONTROL sampled by BUS BUSY into the Fault Register (bit 0 if
—) e, sova |— CPU bus cycle, bit 1 if non-CPU bus cycle).
-—e] IB3 ————
)18 STRED |— MEM PAR ER, Pin 27 - Memory Parity Error - Active
—es LOW input sampled by BUS BUSY into bit 2 of the Faulit
] RoYD [=—/ Register.
mmnu;non e
BU: P— —— [P —
DL susRea EXADR ER, Pin 28 - External Address Error - Active
—] 8 sUsont f—o LOW input sampled by BUS BUSY into the Fault Register
— |:., m— b ERBITRATION (bit 5 or bit 8).
w1 |B12 i}
B e - ) SYSFLT,, Pin 29 - System Fault 0 - Active on the
\ ] ::“ BUSLOCK = positive-going edge setting bit 7 in the Fault Register.
toc wg Ywiz OO GO SYSFLT,, Pin 30 - System Fault 1 - Active on the
] ] ] | positive-going edge setting bits 13 and 14 in the Fault
Register.
Fig. 3 F9450 Pin Functions Information Bus

1B, through IB,g, Pins 9 through 18 and 20 through 25 -
16-bit Bus - Active HIGH bidirectional time-multiplexed
Address/Data bus; 3-state during bus cycles not assign-
ed to this CPU. IB, is the most significant bit.
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Status Bus

AK, through AK,, Pins 47 through 50 - Address Key -

Active HIGH outputs used to match with the Access

Lock in the MMU for memory accesses (a mismatch is

one of several possible situations causing the MMU to
it MEM PRT ER LOW).

AS, through AS,, Pins 42 through 45 - Address State -
Active HIGH outputs select the page register group in
the MMU.

Errors

UNRCYV ER, Pin 8 - Unrecoverable Error - Active HIGH
output indicating the occurrence of an error classified as
unrecoverable. The instruction in which the error occur-
red is aborted.

MAJ ER, Pin 31 - Major Error - Active HIGH cutput in-
dicating the occurrence of an error classified as major.
The instruction in which the error ccourred is aborted.
Discretes

DMA EN, Pin 3 - Direct Memory Access Enable - Active
HIGH output indicates that DMA is enabled. It is dis-
abled when the CPU is initialized (RESET).

NML PWRUP, Pin 6 - Normal Power Up - Active HIGH
output set when the CPU has completed the Built-In Test
in the initialization sequence successfully.

SNEW, Pin 63 - Start New - Active HIGH output indicat-
ing that a new instruction will start executing in the next
~ycle, useful for instruction tracing function.

TRIGO RST, Pin 4 - Trigger Go Reset - Active LOW
discrete output.

Bus Control

R/W, Pin 57 - Read or Write Output - Indicates direction
of data flow. A HIGH indicates a read or input operation
and a LOW indicates a write or output operation; 3-state
during bus cycles not assigned to this CPU.

M/TO, Pin 59 - Memory or /O Output - Indicates whether
the current bus cycle is Memory (HIGH) or I/0 (LOWY),
3-state during bus cycles not assigned to this CPU.

DI, Pin 58 - Data or Instruction Output - Indicates
whether the current bus cycle access is for Data (HIGH)
or Instruction (LOW); 3-state during bus cycles not as-
signed to this CPU.

STRBA, Pin 52 - Address Strobe - Active HIGH output
used for latching the memory or XIO address in an exter-
nal latch at the HIGH-to-LOW transition of the strobe;
3-state during bus cycles not assigned to this CPU.

RDYA, Pin 55 - Address Ready - Active HIGH input used
to extend the address phase of a bus cycle.

STRBD - Pin 53 - Data Strobe - Active LOW output used
for strobing data in Memory and XIO cycles; 3-state
during bus cycles not assigned to this CPU.

RDYD - Pin 56 - Data Ready - Active HIGH input used to
extend the data phase of a bus cycle. WAIT states are
inserted as long as RDYD is not active to accommodate
slower memory devices.

Bus Arbitration

B8US REQ, Pin 54 - Bus Request - Active LOW output in-
dicates that the CPU requires the bus; becomes inactive

as soon as the CPU has acquired the bus and started the
bus cycle.

BUS GNT, Pin 61 - Bus Grant - Active LOW input from
an external arbiter indicates that the CPU currently has
the highest priority bus request. If the bus is not locked,
the CPU may begin a bus cycle commencing with the

next CPU clock.

BUS BUSY, Pin 60 - Bus Busy - Active LOW bidirectional
signal used to establish the beginning and end of a bus
cycle. The trailing edge (LOW-to-HIGH transition) is used
for sampling bits into the fault register. It is 3-state in
bus cycles not assigned to this CPU, however, the CPU
monitors the BUS BUSY line for latching non-CPU bus-
cycle faults into the Fault Register.

BUS LOCK, Pin 62 - Bus Lock - Active LOW, bidirection-
al signal used to lock the bus for successive bus cycles.
During non-locked bus cycles, BUS LOCK mimics BUS
BUSY. it is 3-state during bus cycles not assigned to
this CPU.

GND, Pins 1 and 32 - Ground
Vce, Pin 64 - Nominal +5V, 225 mA.

Ving1 @and Vi o, Pins 19 and 46 - Injector Supply -
Nominal 1.3V, 1.4 A, (Figure 4).

CURRENT Ving1 F9450 (a) GENERAL
SOURCE i CASE
Vinaz
5V
Vinn F9450 (b) RESISTOR
Vinaz

Fig. 4 V|y, Supply.
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Bus Transactions

Bus transactions are four states long (a state is equiv-
alent to one CPU clock period). Memory and I/O cycles
have identical timing requirements and are distinguished

by the status of the M/IO line.

The master internal clock (NRCK - Figures 5 and 6) is
active LOW during state S;. The falling edge of NRCK
activates BUS REQ output indicating to the external
arbiter (if any) that this CPU requests the bus. At the end
of state Sy, the CPU samples the status of BUS GNT
input. If this input has been active, satisfying the mini-
mum set up time, state S, is entered. Otherwise, the CPU
enters the high-impedance state, S, waiting for BUS GNT
to be active (In a uniprocessor system, no arbiter is
needed and BUS GNT is wired LOW). Simultaneously, the
BUS LOCK input should be not active (HIGH) for the CPU
to enter state S, (Figure 10). Once in state S,, BUS REQ
is deactivated to allow other bus contenders bidding
early for the next bus cycle. The CPU activates

BUS BUSY, BUS LOCK, status information and outputs
the address after some delay measured from the start of
S, state. At the end of S, the CPU samples the RDYA
input. If LOW, the CPU stays in the S, state (Figure 7),
extending the address phase on the bus. Otherwise, it
proceeds to state S, and then unconditionally to state S,.

| So | S !

Once in state S,, the CPU drops STRBA LOW (this edge
is used to latch the >h the address in an external address latch)
and activates STRBD output for Read cycles only, where
the CPU gets ready to receive read data by turning the
address/data bus around. For Write cycles, the CPU
starts outputting the write data immediately after the
address. STRBD is activated during S, allowing both a
reasonable set-up time for write data-to-STRBD falling
edge and reasonable hold time for STRBD rising edge-to-
write data going away. RDYD is sampled at the end of S,
and the bus cycle is terminated when RDYD is HIGH;
otherwise, it stays in S, (Figures 8 and 9). At the end of
the bus cycle, all CPU outputs are 3-state.

All XIO and VIO commands are echoed back to the exter-
nal world in a form of an O Write cycle. The address is
the command itself, and the write data is the result of
the execution phase, if applicable. (it is the system's
responsibility to provide RDYA and RDYD in these
cycles.)

Table 1 depicts the maximum access time required by
the system at various operating frequencies. The access
time includes address latches, address decoders delays
and system memory chip enable access time.

i

CcPU CLOCK _I | | j

$
I 1

15 ns MAX |~ ’

—
o

(':z%';sn —l_]k IW

INTERNAL

CLOCK)
30 ns MAX

-t -1 30 ns MAX :
15 ns MAX —l [ ~ e > - m"'{ '
BUS REQ ! W
< 25 ns MIN -~ I .
BUSGNT / x A X ‘x:
i 25 ns MAX & > T ‘ 25nsMAXF<—>' I
| 30 ns MAXje—> ! T — -

W10, R/W, D/T T

ASg.3. AKg 3 = W
—r— ,
25 ns MAX Do 25 ns MAX

BUS LOCK

25 ns MAX t—— Hzmm

'Wg//g///ﬁ I

— ax
STRBA K {/:/i///// [ [\@-
30 ns

[T LN

U//M/ ;

RDYA —‘

H )

. —>i l4—SnsMIN dns
RDYD / \ : 1 ;‘

| f '

MmN

40 ns MAX 35ns
30 ns MIN [ > MmN

1Bg 45 T i

WRITE

I 10m—>‘ 5 ns MIN W ns
“uin ™

( READDATA  } ADOR

J
i
15 ns MIN —DvX "‘—
, ns

| ALy
STRBD ! /
|

Fig. 5 Minimum Read Bus Cycle
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CPU System Memory Address Access Time**{ns)
Clock No* 1* 2* 3* q*
(MH2) Wait Wait | Waits Waits Waits

20 100 150 200 250 300
18 117 172 228 283 339
16 138 200 263 325 388
10 250 350 450 550 650

Table 1 Memory Access Time Requirements

* A Wait state is inserted due to either RDYA or RDYD
not being active when sampled by the CPU at the proper
time.

** System memory address access time is maximum and
includes address latch and address decoder delays.

I So | S | S ! S | So | S |
cpu cLock I . L i rrbrr
1
15nsMAx—>-| [€&— 50 ns MIN —> |
NRCK f B
(MASTER INTERNAL [ \
CLOCK) |
30 ns MAX 1‘5 > 30 ns MAX 20 ns 20 ns
ns
15 ns MAX > Ax |<-MAX N—W\X-ﬂ B
BUSREQ | i
| }€25 ns MIN- ] '
M |
_—-—D 4 .
BUSGNT X I IX x x
| 25 ns MAX 25 ns MAX
BUSBUSY MM? @
-
[ 30 ns MAX f=—>] 30 s MAX |+——>
Wi, R/W, D/l ; i
ASp 3. AKg.3 |
25 ns MAX [ S 25 ns MAX 25 ns MAX 125 ns MAX
BUSLOCK
) e
| 15 ns MAX —» l
o ___ YT T
30 ns MIN | > ‘
| —»' |- 5nsMAX |
RDYA l ﬁ | 4}
I 30 ns MIN (——|
— 5 ns MIN
RDYD / ! \ —ﬁ | 1
1
[ 30 ns MAX 30 ns MAX
STRBD ‘ /
‘ 40 ns MAX 15 ns MIN -<->! 15 ns MIN
W0nsMIN | le45ns 45 ns
ALU WRITE MIN
\ | h Max {<——— 65 ns MAX—>]
1Bg.1s A { |ADDRESS WRITE DATA HADI.'LR
/ 35ns l
| READ MIN | 30 ns MIN <——>!

‘ig. 6 Minimum Write Bus Cycle
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(WAIT)
[€—S; —-{t—— S3 —Ptt— S; —it— Sy —ja— Sy

S P e LD L L L

!

evex [ L1 T 1 T
RDYD DONT CARE 3 !

! ' ‘_ﬁns Ons
. H g -
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RDYA DONTCARE| -3 y C , N
—>» |« snsMIN STREA q l
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| . ‘ ‘
STRBA ' BUS BUSY, '
\ BUS LOCK ; :

i

1By.15 ADDRESS VALID

I

! S i
i | i
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Fig. 7 RDYA Signal Timing Fig. 9 RDYD Signal - Write Bus Cycle
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Fig. 8 RDYD Signal - Read Bus Cycle Fig. 10 Signal Requirements for Acquiring Bus
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Data Types
The F9450 processes the following data types.

Bytes (8 bits)

Words (16 bits)

( ible words (32 bits)

t...igle precision floating point (32 bits)
Extended precision floating point (48 bits)

The fioating point numbers are represented by a fraction-
al twos complement mantissa (24 bits for single-
precision and 40 bits for extended precision) and an
8-bit twos complement exponent, (Figure 11).

Single Precision
0 23 24 31

S MANTISSA EXPONENT

Double Precision
0 23 24 3132 47

S MANTISSA EXPONENT MANTISSA

Fig. 11 F9450 Floating Point Formats

Register Set

There are 16 user-accessible registers, Figure 12, plus
the Pending Interrupt Register, Mask Register, Fault
Register, Status Register and two timers.

Status Register
The Status Word (SW) is 16 bits wide, defined as follows.

0 1 2 3 4 7 8 11 12 15
P Z N RESERVED AK (PS) AS
C: Carry P: Positive Z: Zero N: Negative

AK (PS): Access Key/processor state bits serve two
functions:

(1) Determine the legallillegal criteria for privileged
instructions. A privileged instruction is executed
with PS = 0 only. An attempt to execute a privileged
instruction with PS = 0 will cause a Major Error, set
bit 10 in the Fault Register, and cause an instruction

abort (See Fault Register, page 15).

(2) Defines the Access Key that is used in systems with
an MMU to match with an access lock.

AS: Address state defines a page register group in the
Memory Management Unit (MMU). For implementations
that do not include MMU, an Address State fault is
generated (bit 11 in the Fault Register is set) for any
operations attempting to modify the AS field to a non-
zero value. ‘

System Configuration Register (SCR)

The System Configuration Register is five bits wide and
is defined as follows (bits 0 through 4):

MU Present: “1” if MMU is connected in the system

BPU Present: “1” if BPU is connected in the system

Console Present: “1” if console is connected in the
system

Co-Processor: “1” if co-processor is connected in the
system

Interrupt Mode: Selects interrupt mode for PWRDN INT
and USR, INT - USR, INT. “1” level sensitive, “0” - edge
(LOW-to-HIGH) sensitive.

Timer A and Timer B

The two timers are 16 bits wide and are started, halted,
loaded, and read under software control. Timer A gets

the timer clock (100 kHz) and Timer B gets timer clock
divided by 10.

When Timer A and Timer B reach their terminai counts,
they set the corresponding bits in the PIR (see
Interrupts). Both are halted when the CPU is in console
mode.

R13

R14

R15S

TIMER A

TIMER B

PENDING INTERRUPT REGISTER (PIR)

MASK REGISTER (MK)

[ FAULT REGISTER (FT) I
[ INSTRUCTION COUNTER (iC) ]
l STATUS WORD (SW) J

I SYSTEM CONFIGURATION REGISTER (scR) |

Fig. 12 F9450 Register Model
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Mode

. Register Direct

“R

. Memory Direct

“p"
“DK"

. Memory Indirect

e
“IX

. Immediate Long

a. Not Indexible
M

b. Indexible

M
“IMX"

. Immediate Short

a. Positive
ISP

b. Negative
"ISN”

. IC Relative

“ICR"

. Base Relative

a. Not Indexible
g

b. Indexible

-g"
“BX"

Format

0 78

1 12

15

[oc [ ra |

RB |

0 78

1112

15 16

Derived Operand (DO)

Derived Address (DA)

[oc [ ra |

nx][A

RX - 0 (Non-indexed)

RX # 0 (Indexed)
0 78

112

15 16

31

[oc. [ mra |

Rx | [ A

RX = 0 (Not-Indexed)

RX # 0 (Indexed)

0 78

112

15 16

31

[oc. [ ra [ oox | |

0 78 1112 15 16 31
[o.c.]m[nx][ I
RX = 0 (Non-Indexed)

RX # O (Indexed)

0 78 1112 15

[oc [ Ra | 1 |

0 78 1112 15

foc [ mra | 1+ |

o 78 15

[oe ] oo ]

o 56 78 15

[oc. [ B8R [ ou |

BR = BR +12

0 8 1112 15

56 7
[oc | BRr |

ocx | Ax |

RX - 0 (Non-Indexed)

RX # 0 (Indexed)

Single Floating Point and Single Floating Point and Notes
Precision Double Precision Precision Double Precision

Extended Precision
Floating Point

(RB) (RB,RB 1 1) RB RB.RB 1 1 Instructions require
addressing of
three operands
located at DA,
DA + 1,and DA + 2.

|A] [A A+ 1] A AA ¢ 1

A ¢ (RX)] [A + (RX), A + 1 + (RX)] A + (RX) A+ (RX).A +1 + (RX)

[1Al] [IALIA]+ 1] [A] (A]. [A] +1

[tA + R | [1A 1 (RX)LIA + (RX)] + 1] [Ac@®x)] | 1A+ RX)] A« BX)] ¢ 1

|

|

I + (RX)

R

(1)
D+t (IC 1) 128<.0U 127

Base registers,
BR - R12 R13.
R14, and R15

|DU + (BR)| |DU + (BR).DU + 1 1 (BR)| DU + (BR) |DU ¢+ (BR), DU + 1+ (BR) 0<.DUK255

| (BR)| [(BR), (RR) + 1} (BR) (BR), (BR) + 1

[(BR) + (RX)] [(BR) + (RX). (BR) + 1 + (RX)| | (BR) + (RX) [(BR) + (RX), (BR) + 1 + (RX)
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Instruction Set

The following is the list of instructions for the F9450
with the applicable addressing modes. For a complete

description, refer to MIL-STD-1750A ISA.

Mnemonic Addressing Mode Function
Integer Arithmetic/Logic
A R, B, BX, ISP, D, DX, IM Single precision Add
DA R, D, DX Double precision Add
INCM D, DX Increment Memory by positive integer
ABS R Single precision Absolute value
DABS R Double precision Absolute value
S R, B, BX, ISP, D, DX, IM Single precision Subtract
DS R, D, DX Double precision Subtract
DECM D.D Decrement Memory by positive integer
NEG R Single precision Negate
DNEG R Double precision Negate
MS R, ISP, ISN, D, DX, IM Single precision Multiply — 16-bit product
M R, B, BX, D, DX, IM Single precision Muitiply — 32-bit product
DM R, D, DX Doubie precision Multiply
DV R, ISP, ISN, D, DX, IM Single precision Divide — 16-bit dividend
D R, B, BX, D, DX, IM Single precision Divide — 32-bit dividend
DD R, D, DX Double precision Divide
C R, B, BX, ISP, ISN, D, DX, IM Single precision Compare
CBL D, DX Compare between limits
DC R, D, DX Double precision Compare
OR R, B, BX, D, DX, IM Inclusive OR
AND R, B, BX, D, DX, IM AND
XOR R, D, DX, IM Exclusive OR

. NAND R, D, DX, IM NAND
Floating Point
FA R, B, BX, D, DX Floating point Add
EFA R, D, DX Extended precision Floating point Add
FABS R Floating point Absolute Value
FS R, B, BX, D, DX Floating point Subtract
EFS R, D, DX Extended precision Floating point Subtract
FNEG R Floating point Negate
FM R, B, BX, D, DX Floating point Multiply
EFM R, D, DX Extended precision Floating point Multiply
FD R, B, BX, D, DX Floating point Divide
EFD R, D, DX Extended precision Floating point Divide
FC R, B, BX, D, DX Floating point Compare
EFC R, D, DX Extended precision Floating point Compare
FIX R Convert Floating point to 16-bit integer
FLT R Convert 16-bit integer to Floating point
EFIX R Convert extended precision Floating point to 32-bit integer
EFLT R Convert 32-bit integer to extended precision Floating point
Bit Operations
SB R, D, DX, I, IX Set Bit
RB R, D, DX, |, IX Reset Bit
B R, D, DX, I, IX Test Bit
TSB D,D Test and Set Bit
SVBR R Set Variable Bit in Register
RVBR R Reset Variable Bit in Register
TVBR R Test Variable Bit in Register

—

1
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Shift

SLL R Shift Left Logical

SRL R Shift Right Logical

SRA R Shift Right Arithmetic

SLC R Shift Left Cyclic

DSLL R Double Shift Left Logical

DSRL R Double Shift Right Logical

DSRA R Double Shift Right Arithmetic

DSLC R Double Shift Left Cyclic

SLR R Shift Logical, count in Register

SAR R Shift Arithmetic, count in Register

SCR R Shift Cyclic, count in Register

DSLR R Double Shift Logical, count in Register
DSAR R Double Shift Arithmetic, count in Register
DSCR R Double Shift cyclic, count in Register
Load/Store/Exchange

L R, B, BX, ISP, ISN, D, DX, IM, IMX, |, IX Single precision Load

DL R, B, BX, D, DX, |, IX Double precision Load

EFL D, DX Extended precision Floating point Load
LuB D, DX, |, IX Load from Upper Byte

LLB D, DX, I, IX Load from Lower Byte

S B,BX,D, DX |, IX Single precision Store

STC DDX, I, IX Store a non-negative Constant

DST B, BX, D, DX, |, IX Double precision Store

SRM D, DX Store Register through Mask

EFST D, DX Extended precision Floating point Store
STUB D, DX, |, IX Store into Upper Byte

STLB D, DX, I, IX Store into Lower Byte

XBR S* Exchange Bytes in Register

XWR R Exchange Words in Registers

Mutltiple Load/Store

PSHM s* Push Multiple registers onto the stack
POP M s* Pop Multiple registers off the stack
LM D, DX Load Multiple registers

ST™ D, DX Store Multiple registers

MOV S¥ Move multiple words, memory to memory
Program Control

JC D, DX, I, 1X Jump on Condition

JS D, DX Jump to Subroutine

SOoJ D, DX Subtract One and Jump

BR ICR Branch unconditionally

BEZ ICR Branch if Equal to (Zero)

BLT ICR Branch if Less Than (zero)

BLE ICR Branch if Less than or Equal to (zero)
BGT ICR Branch if Greater Than (zero)

BNZ ICR Branch if Not equal to (Zero)

BGE ICR Branch if Greater than or Equal to (zero)
BEX ICR Branch to Executive

LST* % D, DX, 1, IX Load Status

SJS D, DX Stack IC and Jump to Subroutine

URS s* Unstack IC and Retumn from Subroutine
NOP S* No Operation

BPT Sk Breakpoint

BIF S*’ Built In Function (escape code)

+ S Special Format
**Privileged Instruction



Input/Output Instructions * *

F9450 (MIL STD 1750A)

Programmed Input/Output

XIO M, IMX Execute Input/Output

VIO D, DX Vectored Input/Output
Timer Control

TAS Timer A Start

TAH Timer A Halt

OTA Output Timer A

ITA Input Timer A

TBS Timer B Start

TBH Timer B Halt

oTB Output Timer B

ITB Input Timer B
Interrupt/DMA/Fault Control

SMK Set Interrupt Mask

CLIR Clear Interrupt Request
ENBL Enable interrupts

DSBL Disable Interrupts

RPI Reset Pending Interrupt

SPI Set Pending Interrupt Register
RMK Read Interrupt Mask

RPIR Read Pending interrupt Register
RCFR Read and Clear Fault Register
DMAE DMA Enable

DMAD DMA Disable

MMU Control

WIPR Wirite Instruction Page Register
WOPR Write Operand Page Register
RIPR Read Instruction Page Register
ROPR Read Operand Page Register
BPU Control

LMP Load Memory Protect RAM
RMP Read Memory Protect RAM
MPEN Memory Protect Enable

MISC

WSwW Write Status Word

RSW Read Status Word

RNS Reset Normal Power Up discrete
GO Reset Trigger GO indicator

**Privileged Instruction

13
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Performance
Table 3 lists execution times for a core instruction set in

the different addressing modes. All times are at 20 MHz
with no wait states (See Table 1 for memory system
requirements). Execution times will degrade linearly with
the clock if no wait states are inserted, i.e., Add Register
will be 0.4 us at 10 MHz.

Basic Instructions

Direct Imm. Base Base

Single Precision Register Direct Indx. Indirect Imm. Short Rel. Rel. Indx.

Load/Store 0.2 0.6 0.6 08 0.4 035 0.55 0.55

Add/Sub 0.2 0.6 0.6 0.8 0.55 0.55

Multiply 1.85 2.25 2.25 2.05 2.0 22 2.2

Divide 4.7 5.1 5.1 49 5.05 5.05

Compare 0.35 0.75 0.75 0.55 05 0.7 0.7

Set/Reset Bit 0.35 0.95 .
Double Precision

Load 0.65 1.25 1.25 1.6 1.2 1.2

Store 0.65 - 0.95 0.95 1.3 09 09

Add/Sub 0.8 1.4 1.4

Multiply 5.75 6.35 6.35

Divide 12.0 12.6 12.6

Compare 0.6 1.2 1.2
Floating Point

Add/Sub (Typical) 45 5.1 51 5.2 52

Muitiply 5.6 6.2 6.2 6.3 6.3

Divide 9.8 10.4 10.4 . 10.5 10.5

Compare 3.15 3.75 3.75 3.85 3.85
Extended Floating Point

Load 1.3 1.3

Store 1.45 1.45

Add/Sub (Typical) 5.75 6.55 6.55

Muitiply (Typical) 12.4 13.2 13.2

Divide (Typical) 21.15 21.95 21.95

Compare (Typical) 3.85 4.65 4.65

Branch Taken Not Taken
0.75 0.2

Table 3 Execution Times

14
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Fault Register (FT)
The Fault Register is 16 bits wide. Bit functions are
described next.

Bit 0 CPU memory protect error

Bit 1 Non-CPU memory protect error
Bit 2 Memory parity error

Bit 3 Spare

Bit 4 Spare

Bit 5 lllegal I/O address

Bit 6 Spare

Bit 7 System Fault 0

Bit 8 lllegal memory address

Bit 9 lllegal instruction

Bit 10 Privileged instruction

Bit 11 Address State error

Bit 12 Spare

Bit 13 BITE (Built-in Test) or System Fault 1

Bit 14 Spare
Bit 15 System Fault 1

System Fault 0 and System Fault 1 are asynchronous,
edge-sensitive inputs to the F9450 processor.

Any bit set in the Fault Register can cause a Level 1
- ‘nterrupt. Major or unrecoverable errors as defined below
Al cause the CPU to abort the current instruction.

Major Errors
Privileged instruction
CPU access mode
CPU write protect
CPU data illegal address
llegal I/O address

Unrecoverable Errors
Ilegal instruction
Instruction protect fault
Instruction parity
Instruction illegal address
Address state fault

Interrupts

There are 16 levels of interrupt prioritized on chip as indi-

cated in Table 4. Nine are external, of which two are level
sensitive (IOL, INT, IOL, INT). The other seven external
interrupts are either level or edge-sensitive, according to
the interrupt mode bit in the configuration register. All
interrupts are latched into the Pending Interrupt Register
(PIR) and may be disabled, or masked by the Mask
Register (MK), except as indicated in the table.

An enabled interrupt with highest priority that is not
masked is processed as follows. Upon completion of the
current instruction that is not aborted, further interrupts
are disabled, and the enabled interrupt reads with AS =0
(via the Service Pointer) the new Mask, Status Word,

and Instruction Counter, and then stores with the new
AS (via the Linkage Pointer) the old Mask, Status Word,
and Instruction Counter.

Interrupts are acknowledged by resetting the
acknowledged interrupt bit in the PIR and executing an
110 cycle during which the acknowledged interrupt num-
ber is sent to 1/0 device 1000. Level interrupt requests
should be removed within two machine cycles after the
10 acknowledged cycle. This period could be extended
by inserting wait states.

The Pending Interrupt Register can be loaded via a
privileged XIO instruction to generate simulated
interrupts.

The Executive Call is invoked by the BEX instruction that
provides a means to jump to a routine in another address
state (AS). It is typically used to make controlled, protec-
ted calls to an executive using one of 16 executive entry
points.

Interrupt Interrupt
Priority Linkage Service
(PIR/MK Pointer Pointer
bit number) Address (Hex) Address(Hex)
Power Down! 03 20 21
Machine Error2 1 22 23
User 0 2 24 25
F.P. Overflow 3 26 27
Fixed Point 4 28 29
Overflow
Executive Calll 5 2A 2B
F.P. Underflow 6 2C 2D
Timer A 7 2E 2F
User 1 8 30 31
Timer B 9 32 33
User 2 10 34 35
User 3 11 36 37
I/O Level 1 12 38 39
User 4 13 3A 3B
/O Level 2 14 3C 3D
User 5 15 3E 3F

Notes: 1. Cannot be masked or disabled
2. Cannot be disabled
3. Interrupt level 0 has the highest priority

Table 4 Interrupt Priorities

15
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Self Test and Initialization
The Self Test is part of the Initialization sequence __
(Figure 13) that is invoked by the assertion of RESET.
Self Test Functions

Reads/writes all registers in register file

Causes address state fault and verifies that the fault
bit is set and a machine error interrupt is pending

Verifies ALU functions
Checks Booth hardware by performing a multiply
Checks divide hardware by performing a divide
ALU shifter is checked right/left by Booth/divide
Verifies ROM constants can be accessed
Verifies IC/IMAR can be accessed and incremented
If completed successfully, the Normal Power Up discrete
output (NML PWRUP) will be set, else bit number 13in
the Fault Register is set.
Reads the configuration from /O device 8410 into the
SCR to determine the presence or absence of the MMU,

BPU, Console, Co-processor - it also initializes the inter-
rupt mode and then initializes the system as follows.

CPU

Instruction Counter (IC) All Zeros

Status Word (SW) All Zeros

Fault Register (FT) All Zeros

Pending Interrupt Register (PIR) All Zeros

Interrupt Mask Register (MK) All Zeros

Interrupt Disabled

DMA Enable Disabled

Timers A&B All Zeros & Counting

Trigger GO Reset (TRIGO RST) Pulsed

MMV (see Page 18)

Page Registers

AL Field All Zeros

W Field All Zeros

E Field All Zeros

PPA Field Logical to Physical

BPU (see Page 22)

CPU Wirite Protect Registers All Zeros
DMA Write Protect Registers All Zeros
Global Memory Protect Enabled

PERFORM SE
TEST
Y

YES @
FT13 =— 1
NO

SET NORMAL
POWER UP

&

\J
READ
CONFIGURATION
(YO CYCLE)

y

|N|T|ALIZE

ﬁ

V

FILL PIPE/
ear

Fig. 13 Self Test/Initialization

o
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Console Operations

Consoles are treated by the F9450 microprocessor as
three Input/Output addresses: console command (8400),
console read address (switches) (8401), or console write
address (displays) (0400).

Console operation is initiated when the CONREQ input
goes LOW. The CPU completes the current instruction,
executes an Input/Output cycle to read the console com-
mand from the information bus, (I/O address 8400), and
then executes the console command. Typically, it
involves /O addresses 8401 to enter console data and
0400 to write data to the console. Console operations
and corresponding codes are listed in Table 5.

0 78 9

10

15

CONSOLE CODE

REGISTER ADDRESS

0,1,2,3,4,56,7

74 : DISABLE

60 : EXAM REG

61 : DEP REG

62 : EXAM FT

: EXAM MEM
67 : DEP MEM

6A : EXAM NEXT
6B : DEP NEXT

75 : CONTINUE

6C : EXAM XIO

6D : DEP XiC

6E : EXAM XIO NEXT
6F : DEP XIO NEXT

* Bits 8 and 9 are always “Don’t Care”

Tabie 5 Conisoie Command Format

10, 11, 12, 13, 14, 15

000000 :
010000 :
000001 :
010001 :
000010 :
010010 :
000011 :
010011 :
000100 :
010100 :

NnNNnNnNn4an4

Uuviuad
010101 :
000110 :
010110 :
000111 :
010111 :
001000 :
011000 :
001001 :
011001 :
001010 :
011010 :
001011 :
011011 :
001100 :
001101 :
001110 :
011110 :
1000XX :
100101 :
1010XX :

RO
R1
R2
R3
R4
RS
R6
R7
R8
R9

o4Nn
niv

R11
R12
R13
R14
R16
A2
Al
Q2
a1
DO0
DO1
PIR
MK
FT
SwW
TA
B8
MDR
IC
MAR

1011XX : IR

e

P e e e e
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Fig. 14 F9451 MMU Pin Functions

F9451 Memory Management Unit (MMU)
The Memory Management Unit provides the following
functions

sLogical to physical address translation
sAddress space of 1M words (20 bits of address)
*Two translation maps
Instruction map (256 x 16)
Data map (256 x 16)
sProtection in the logical space of 4K word pages for
Access Key to Access Lock match
Write protect
Execute protect

Address Translation and Protection Mechanism

The memory is mapped in 4K word pages. The mapping
mechanism incorporates 512 page registers that are or-
ganized in 16 pairs of groups, one for instruction memory
space and one for data memory space. Each group
contains 16 page registers accommodating a total of 256
registers for data space and 256 registers for instruction
space (Figure 15).

One of 16 pairs of groups is selected by the four AS bits.
The selection of the group within the pair is done by the
D/l (Data/instruction) bit. The page register within the
group is selected by the four most significant bits of the
address. The eight bits of the PPA field (Physical page

Address) are concatenated with the 12 least significant
bits of the address to become the 20 bits of physical
address.

The MMU also checks for protection violations by com-
paring the Access Key (AK) to the access lock (AL field
in the page register), and by examining the Write protect
bit (W in page register) if data is accessed, or the
Execute protect bit (E in page register) if instruction is
accessed. If a violation occurs, it activates the memory
protect error output. Page Registers are read or written
by means of XIO instructions.

Principle of Operation

The MMU (Figure 16) comprises the F3451 MMU chip
plus four F93479 (instruction and data maps) and two
bidirectional buffers (54F245). '

The F9451 generates the addresses and controls for the
map RAMs that provide the eight most significant bits of
the physical address. To avoid the access time to the
map RAMs every CPU memory access, the F9451
employs on-chip cache mechanisms.

The last AS bits and four most significant address bits
(for Data and Instruction) are latched, for comparison
during the next memory access. Only in the case of a
cache miss is a Map RAM access necessary. The last
Access Lock (AL) and Execute (E)yWrite (W) protect bits
from the Map RAM are latched as well to be used for the
following cycles if cache hits occur.

F9451 Signal Descriptions

Status Bus

AK, through AK,, Pins 14, 15, 18 and 19 Access Key
Bus - Four inputs from CPU or DMA used to convey the
memory access key. This is compared with the lock in-
formation which is retrieved from the MMU MAP and
used to produce MEM PRT ER if a violation occurs.

AS, through AS,, Pins 20 through 23 - Address State
Bus - Four inputs from CPU or DMA used to specify the
state (0-15) of the user who is referencing memory. Used
by the F9451 to select the page group of the MMU MAP
appropriate for this particular user.

Information Bus

IB, through 1B, Pins 24 through 31 and 33 through 40 -
16-bit Bus - 16 inputs from main system Address/Data
bus used to transfer Address or 1/O code from CPU or
DMA to the F9451 during the Address phase of a Bus
cycle.

Timing and Status

STRBA, Pin 50 - Address Strobe - Active HIGH input
from CPU or DMA. HIGH: Address phase of Memory or
110 cycle, HIGH-to-LOW transition latches address.

RDYA, Pin 42 - Address Ready - Open-collector output
to the CPU or DMA used by the F3451 to extend the

- Address phase of a Memory or I/O cycle. The F9451 pulls

RDYA LOW prior to the beginning of a Bus cycle and
then releases it after a variable number of S1 states.
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Other devices can insert additional S1 states
by OR-tying their own open-collector RDYA
outputs with this pin.

STRBD, Pin 51 - Data Strobe - Active LOW input from
CPU or DMA. LOW: Data phase of Bus cycle, LOW-to-
HIGH transition used by F9451 to terminate IOE or IWE.

RDYD, Pin 43 - Data Ready - 3-state output to the CPU
used to extend the Data phase of /O cycles when the
CPU is writing to the MAP RAMs. Inserts one additional
S3 state. Not enabled during Memory cycles. HIGH:
Ready, LOW: another S3.

R/MW, Pin 44 - Read/MWrite - Input from CPU or DMA to
specify direction of data transfer during Memory or 1/0
cycles. HIGH: Data moves from MMU MAP RAM or
Memory to the CPU or DMA, LOW: Data moves from CPU
or DMA.

M/iO, Pin 46 - Memory-l/O - Input from CPU to specify
type of cycle. HIGH: Memory Cycle, LOW: I/O cycle.

DIl, Pin 45 - Data/Instruction - Input from CPU to specify
type of Memory cycle. HIGH: Operand reference, LOW:
CPU Instruction fetch.

BUS BUSY, Pin 47 - Bus Busy - Active LOW input from
CPU or DMA LOW-to-HIGH transition marks the end of
the current Bus cycle. HIGH: bus idle or being
rearbitrated.

MMU MAP RAM Interface v

PA, through PA,, Pins 63 through 60 - Page Address Bus -
_ Four outputs from the F9451 to the four MSB address
inputs to all four of the F93479 MMU MAP RAMs. Directly
related to AS;_,.

DA, through DA,, Pins 55 through 52 - Data Address Bus -
Four outputs used to address four LSB address inputs
of the two MAP RAMs used during operand references.

1OE and DOE, Pins 9 and 6 - Instruction Output Enable
and Data Output Enable - Two outputs used to control
the Output Enables of the two groups of F93479 MMU
MAP RAMs for instruction fetches and operand
references, respectively. Active also during /O cycles
which read the contents of the RAMs to the CPU. LOW:
Enable - HIGH: Disable.

IWE and DWE, Pins 10 and 7 - Instruction Write Enable
and Data Write Enable - Two outputs used to control the
writing of the MMU MAP RAMs by the CPU connected to
the Instruction and Data (Operand) RAMs respectively.
LOW: Write, HIGH: Read.

1A, through IA,, Pins 59 through 56 - Instruction Address
Bus - Four outputs from the F9451 used as the four LSB
address inputs to the two MMU MAP RAMs used for in-
struction references.

‘AL, through RAL,, Pins 4 through 1 - RAM Access

- vock - Four inputs to the F9451 from the MMU MAP

RAMs to signify the lock loaded in the MAP for the
current AS and the area of memory the user is trying to
access. Compared with AK to generate MEM PRT ER.

E/W, Pin 5 - Execute/Write Protect - Input to the F9451
from the MMU MAP RAMSs to signify whether the CPU is
allowed to fetch an instruction from the addressed area
of memory or if the CPU or DMA is aliowed to alter (by
writing) memory. HIGH: protect, LOW: aliow access.

General Purpose Signals

RESET, Pin 17 - Reset ~ Active LOW input from system
used to initialize F9451 at power up. Proper initialization
requires that RESET be asserted for at least four clock
cycles. LOW: Reset, HIGH: Normal operation.

CPU CLK, Pin 49 - CPU Clock - System clock input to
the F9451. The LOW-to-HIGH transition causes a change
of state in the F9451. Frequency range is 0 to 20 MHz.

BOE, Pin 11 - Buffer Output Enable - Output from the
F9451 used to control a 16-bit wide bidirectional bus
transceiver between the Information bus and Extended
Address (including the extra three reserved bits), RAM
Access Lock and Execute/Write Protect. This Buffer is
enabled only during 1/O operations to the MMU MAP
RAMS. The direction input of this buffer can be driven
directly from the R/W signal. LOW: Enable, HIGH: Disable
(normal).

ABORT, Pin 13 - Aborted Cycle - Active HIGH input from
the CPU (MAJ ER, UNRCV ER) used by the F9451 to
prevent alteration of any of its registers during Aborted
cycles initiated by the CPU. This also forces RDYA HIGH
after only S1 state. HIGH: Abort cycle, LOW: Normal
operation.

MEM PRT ER, Pin 41 - Memory Protect - Open-collector
output to the CPU, memory, and other circuits, which sig-
nals that the user’'s Address Key did not match the
Access Lock. It also can indicate that the user was at-
tempting to execute an instruction from a protected area
of memory, or attempting to write into a protected area
of memory. Signal is stable prior to the HIGH-to-LOW
transition of STRBA. LOW: violation, HIGH: memory
reference valid.

ADD VAL, Pin 12 - Address Valid - Active HIGH output
to the Block Protect Unit and other circuits. LOW-to-
HIGH transition signals that the Extended Address from
the MMU MAP RAMs is stable. HIGH-to-LOW transition
follows STRBA.

SPEED, Pin 8 - Speed Select - Active HIGH input used
to inform the F9451 of the speed range of the accom-
panying CPU. HIGH: 20 MHz CLK, LOW: 10 MHz CLK.

The number of wait states introduced by the MMU is
thrown in Table 6.
GND, Pins 16 and 48 - Ground
Vg, Pin 64 - Nominal +5V, 70 mA
Ving» Pin 32 - Injector Supply - Nominal (at
approximatety 1.3 V), 80 mA.
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F9450 (MIL STD 1750A)

Clock Rate
20 MHz 10 MHz
Type of Cycle $1 S3 Sq S3
1710 MMU 1 1
MMU 2 0
Memory | Page 0 2
Boundary
Crossed
(Miss)
No Page 2 0 1 0
Boundary
Crossed
(Hit)
Table 6 MMU Wait States
ACCESS FAULT L
EXECUTE PROTECT
(NSTRUCTION ACCESS) > P‘I‘_g'gg" > MEMORY PROTECT ERR
WRITE PROTECT
(OPERAND ACCESS) _
oy
A
PROTECT l EXT ADR I ] mm ADDRESS

Y L J A J
) i
1E

1
1
| —WNsT
TET =1 operaND
AL w|nesl PPA
T 34578 3
16 WORDS
AL l w IRES[ PPA
2
y - ” 4 // 12y
16 BITS
T\ |NSTRUCTION/OPERAND . — s
T 1
=] o [teal 12is80FADR ] caicar aponess
PROCESSOR STATUS WORD N
ADDRESS OF WORD
WITHIN 4K PAGE
LOGICAL ADDRESS OF 4K PAGE

Fig. 15 MMU Mapping Structure
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Fig. 17 F9452 BPU Pin Functions

F9452 Block Protect Unit

The Block Protect Unit (BPU) provides the following
functions.

*Write protection of physical CPU memory space

*Write protection of physical DMA memory space
*Protection is done on 1K pages

+Global memory write protection from initialization until
being enabled.

Principle of Operation

The BPU provides write protection via a look-up table
(RAM), in which each bit represents 1K word page in
physical memory. The look-up table is organized in 16-bit
words and contains 128 x 16 words (64 for CPU and 64
for DMA) when an MMU is incorporated, or 8 x 16 words
(four for CPU and four for DMA) when an MMU is not
incorporated.

The F9452 BPU chip (Figure 17) communicates with the
look-up table RAM in bytes. It employs a cache
mechanism in which the last memory address and the
last 16-bit write protect word read from the RAM
(representing 16 contiguous 1K pages) are latched on
chip. In the subsequent memory access, the look-up
table RAM is only accessed if there is a cache miss. The
look-up table words are read or written by means of XIO
instructions.

F9452 Signal Descriptions

Information Bus

IB, through 1B, Pins 24 through 31 and 33 through 40 -
16-bit Bus - Active HIGH bidirectional bus for com-
munication between CPU and F9452.

EXT ADD, through EXT ADD,, Pins 14, 15 and 18 through
23 - Extended Address - Active HIGH inputs, eight bits
of extended address, coming from the MMU, Figure 21.

Timing and Status

STRBA, Pin 50 - Address Strobe - Active HIGH input
used to latch the memory or I/O address from the
Information bus on the HIGH-to-LOW transition.

RDYA, Pin 42 - Address Ready - Active HIGH open-
collector output used by the BPU to maintain the ad-
dress on the information bus by pulling it LOW.

STRBD, Pin 51 - Data Strobe - Active LOW input used as
a strobe for the data phase of the information bus.

RDYD, Pin 43 - Data Ready - Active HIGH output used to
synchronize the Block Protect RAM with the CPU during
110 cycles with the look-up table RAM.

R/W, Pin 44 - Read/Write - Input indicating the direction
of data transfer. HIGH: data transfers to CPU, LOW: data
transfers to Block Protect Unit.

MO, Pin 46 - Memory-Input/Qutput - Input indicating
whether a Memory Bus cycle or an /O Bus cycle is
taking place. HIGH: Memory Bus cycle, LOW: /O Bus
cycle.

BUS BUSY, Pin 47 - Bus Busy - Active LOW input in-
dicating that a Bus cycle is in progress.
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RAM Interface

Ag through A;, Pins 63 through 56 - RAM Address -
Active HIGH outputs, eight bits of address data to the
look-up table F93479 RAM.

Dy through Dy, Pins 8 through 1 - RAM Data - Active
HIGH bidirectional signals, eight bits of data to the
look-up table F93479 RAM.

RWE, Pin 54 - RAM Write Enable - Active LOW ocutput

that provides a Write Enable signal to the look-up
table FA3479 RAM when LOW.

ROE, Pin 53 - RAM Output Enable - Active LOW output
that controls the output enable of the look-up table
F93479 RAM - LOW: Enable; HIGH: Disable.

General Purpose Signals

RESET, Pin 17 - Reset - Active LOW input used to in-
itialize internal circuitry and to disable memory protec-
tion mechanism. Sets GLOB PRT EN.

CPU CLK, Pin 49 - CPU Clock - Active HIGH single-
phase clock input. LOW-to-HIGH transition causes the
F9452 to change states. Frequency range is 0-20 MHz.

~-AEM PRT ER, Pin 41 - Memory Protect Error - Active
LOW open-collector output indicating that a memory
write was attempted to a protected location.

GLOB PRT EN, Pin 55 - Global Memory Protect Enable -
Active HIGH output indicating that memory is to be

globally write protected. It is set by RESET, and reset by
executing an MPEN instruction.

ABORT, Pin 11 - Abort - Active HIGH input indicating
that the cycle is aborted (MAJ ER, UNRCV ER in F9450).
Write to the look-up table RAM is inhibited.

DMA ACK, Pin 13 - Direct Memory Access Acknowledge-
Active HIGH input from the aribiter used to select the
appropriate bank in the memory look-up table.

ADD VAL, Pin 12 - Address Valid - Active HIGH input
from the Memory Management Unit used to enter the
extended address.

SPEED, and SPEED,, Pins 9 and 10 - Clock Speed Data
- Active HIGH inputs used to controi the clock frequency
as indicated in the table below, and the number of wait
states introduced by the BPU as a function of the clock
ranges is shown in Table 7.

CPU CLOCK SPEED, SPEE02
Freq. Range
MHz
15-20 1 1
12-15 1 0
8-12 0 1
less than 8 0 0

GND, Pins 16 and 48 - Ground
Vee, Pin 64 - Nominal +5V, 70 mA.

Ving Pin 32 - Injector Supply - Nominal (at
approximately 1.3 V), 140 mA,

Type of Cycle

Clock 15-20 MHz|12-15 MHz |8-12MHz| <8 MHz
Cycle S; S;|S; S;3[S S|S; S
BPU| 2 6 2 4 1 4 1 2
vo BPU| 2 0|2 0|1 o1 o
Memory [Miss| 3 0 2 0 1 (o] 1 0
Wite 1wl 2 o[ 1 oo oo o
Memory 1 0] 1 0 1 0 0 0

Read

Table 7 BPU Wait States
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Applications

Basic System Configurations

The basic system configurations using the F9450, F9451
and F9452 are shown in Figures 19-21. A CPU/MMU con-
figuration (Figure 19} provides a 1M word memory space
with access lock/access key, execute and write
protection. The MMU indicates the validity of the eight
extended address bits (concatenated with the 12 least
significant bits of the address to constitute the 20-bit
physical address) by activating the ADD VAL pin It will
also hold the RDYA input to the CPU LOW as iong as the
extended address bits are not valid.

Any protection violation is reported to the CPU (to start
the fault handling process) by pulling the MEM PRT ER
pin LOW. The two 54F245s provide the data path
between the Map RAM (four 93479s) and the CPU.

In a CPU/BPU configuration (Figure 20), the BPU provides
write protection for 1K word pages. The protection is
done for the CPU memory space and DMA memory space
as determined by the DMA ACK input. Global memory
write protection is provided by the GLOB PRT EN cutput
as long as the BPU is not enabled. The BPU pulls the
DYA input HiGH when it is ready and reports write
" protect error by pulling the MEM PRT ER output LOW.

A CPU/MMU/IBPU configuration will provide a 1M words
addressing space with 4K page protection in logical
space for lock/key, write and execute protections, as well

as 1K naage write nrotection in the hh\lel(‘ﬂl cnacea In thie
N page ProIeCtion WysSicai space. in this

case, the RDYA and MEM PRT ER mputs to the CPU are
wired-OR between the MMU and the BPU.

Multiprocessor/Bus Arbitration Functions
A simple bus arbitration scheme uses three bus control
signals, BUS REQ, BUS GNT, and BUS LOCK,

BUS REQ - generated by any bus master requiring the
bus

BUS GNT - generated by the arbiter (which is sequenced

by the CPU clock) to the requestor with the highest priority.

BUS LOCK - generated by any bus master indicating
that the bus is unavailable to other bus contenders

Timing requirements for the arbitration sequence is il-
lustrated in Figure 10. Three configurations are dis-
cussed (Figures 22-24).

1 CPU and DMA with DMA device having highest priority
Dual CPU with one CPU assigned highest priority
3. Muitiple bus masters with arbitrated priority

CPU/DMA Arbitration - In a single CPU/DMA configura-
tion (Figure 22), the DMA device (if enabled by the CPU)
has the highest priority. The CPU has access to the bus
only if the DMA device doesn’t request it.

Duai CPU Arbitration - in a duai CPU configuration
(Figure 23), one is arbitrarily assigned the highest
priority, and the low priority CPU has access to the bus
only if the high priority CPU doesn’t request it.

Multiple Bus Masters with Arbitrated Priority - Figure 24

A + + ith ht bu + ("DI 1
anln ts a system wi ain bus masters, seven s

bA AR L ARTR 1} ¢ (] AT LU

operatmg from the same CPU clock, and one
asynchronous DMA device. The external arbiter contains
few TTL devices, only requiring the 54F175 register when
operating at a high CPU clock frequency. The DMA

device master can have its bus request to the arbiter
qualified by the DMA EN output of its corresponding CPU.

One approach when using multiple DMA devices is as
follows. Multiple DMA devices would present their
requests to the bus arbiter, causing a single DMA RQ to
appear at the arbiter. A ﬁMA ACK signal from the arbiter
is expected, and once issued by the arbiter, the highest
priority requesting DMA device (assuming more than one)
can use the bus.

Because the DMA device, in the general case, is not
synchronous with the CPU bus masters and since the
DMA RQ is the highest priority bus request, the

acknowledged DMA device must either keep its request
{DMA RQ) active as long as it is using the bus or once

A= iV Xy QLYY Qo Viy L 4 T VS,

having acquired the bus, assert BUS LOCK before relin-
quishing its request.

Built-In Function Implementation with an External Co-
processor

The Built-Iin Function (BIF) is an escape code in the
F9450 instruction set that allows user defined
instructions. Use of an external co-processor for BIF
implementation is shown in Figure 25.

The co-processor is receiving the command word
(defining the instruction) and control word via XIO
instructions. The operands to the co-processor are
passed from the F9450 by parameter address passing,
and the co-processor becomes a bus contender
arbitrated by the bus arbiter (Figure 25a). If the system
includes an MMU, an additional latch has to be added
(Figure 25b) to provide the Address State (AS) and
Access Key (AK) for the co-processor.

I/0 addresses for the co-processor as well as other dedi-
cated /O addresses are listed in Table 8.

- -
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10 Address (Command)

Input/Output

Function

8400

8401
0400

Input

Input
Output

Read console
command

Read console data

Write result into
console

8410

Input

Read system con-

figuration

0800, 0900, 0A00, 0B0OO

0801, 0901, 0AO1, 0BOt

Output

Output

Write derived
address to

coprocessor No. 1,

2,30r4

respectively. (used

to implement

Built-in functions.)

Write Op-code
into coprocessor
No.1,2,30r4
respectively.

1000

Output

Indicate an
interrupt
acknowledge
cycle. Used by

external devices to

reset their level

generated | l
i 8 8 8
interrupts. | £ o] sr 245 e v % 45
| EXT ADRg—7
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Fig. 19 CPU/MMU Configuration
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Fig. 20 CPU/BPU Configuration
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Fig. 21 CPU/MMU/BPU Configuration
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Fig. 22 Single CPU/DMA System with External Arbiter
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Fig. 23 Dual CPU with External Arbiter
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Fig. 24 External Arbitration for up to 8 Bus Masters
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FAIRCHILD F9470
e ——— Communication and

A Schlumberger Company

Console Controller

Advance Product Information Microprocessor Product
Description information from the F9445, and then outputs it to the
operator’s terminal.
ghe tFaIiIr ch_i Id Fg:;? h(jgrgn;un_icatti: nt and Qdons;)tlle In the 1/O service mode, the F9470 acts as a serial 1/O
FO:: rﬁ;:rp';,;jg 16-bit 131 @ e,\:?e ? provi es‘the'rt | controller, interfacing the serial 1/0 devices to the F9445
airc 'l' ¢ VI ¢ '"’t‘_' - .....crop_.ocfessor “Il'll virtua through device codes 10-13 and 77. The console
console c_:orl.ro unf lons via a pair of asynchronous commands are not available while in the I/O service
communication ports. mode: all 1/O in this mode must be programmed through
The F9470 provides a variety of useful console functions, the F9445.
including examine and deposit to memory and ° A Mi I | Regi
accumulators, jump to a specified location, and trace the e f.cﬂieiiii-hl.ilfﬂ:c::fo: Dntﬁrna egisters
F9445 instruction execution. ¢ Two Asyncarongus Sena: Foris
e Allows VDU to Operate as a Console for an F9445

. . System
The F9470 operates in two modes: console control and : . .
1/O service. In the console mode, ail communication with ® 40-Pin DIP Requiring Single +5 V Power Supply
® NMOS Technology.

the FS5445 is contirolied by the F8470, which interprets

the seven console commands, requests the appropriate . . . ) .
9 pprop Figure 1 illustrates the pin configuration of the console

controller.
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Figure 1 Pin Configuration of the Console Controller
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The three jumpers in figure 1 perform the following functions.

Jumpered low, the F9470 is the highest proirity 1/0 device, or the only 1/O device in the
system. Removing the jumper and driving INTPIN provides a daisy-chain priority-interrupt
scheme. A high level on this pin allows interrupts from the 1/O terminal to be disabled when

Fa470 raepnnde to device code 77 Innfnl\ nrngrammnd 1O

s. Removing the jumper allows faster interrupt response to a system device that
interrupts the CPU at a higher frequency. Notice that MSKO, INTA, and IORST are no longer

Connect the jumper to ground to use the 1/0 service mode. The F9470 decodes and executes

1/0 instructions for a processor in order to control the serial output. The F9470 responds to

Jumper Name Description
J1 INTA ENABLE
a device with a higher priority interrupts the CPU.
J22 DS?? EIP\‘IABLE \With +hi is |||mn rin lar\n +h
With this jumper in place, the |
instructlo
available with the jumper removed.
J3 F9470 1/O
SERVICE
ENABLE

device codes 10, 11, 12, 13, and 77 (teletype in and out, paper tape reader and punch, CPU),

and stalls the CPU to get time to decode and respond to the instructions using these device

codes.

Consoie Mode Operation

The procedure used to communicate with the F9470 in
the console mode is as follows:

Entering Data and Commands

The console prompt is an asterisk(*), which indicates the
F9470 wiil accept commands. The commands are
executed by typing the desired capital letter or, where
appropriate, the octal number(s) and letter. No carriage
return (CR) is necessary. Once within the examine (E)
mode, some keystroke is used to complete each
individual entry. The strokes are (CR) and A. Each closes
the present entry, and then respectively goes to the next
or previous address location. To write a program with the
E command, enter the octal values equivalent to the
F9445 binary instruction codes. (See the F9445 data
sheet for a description of the instruction set.)

Recovering from Keystroke Error

If an error is made by typing the wrong letter command,
there is no recovery, since execution begins immediately.
There are many ways to correct data errors.
(Characteristics vary among terminals; the following text
refers to what occurs when using the Zenith terminal.)

-

Force an overflow. The F8470 buffer accepts six

octal numbers, so only the last six entries will be
used. For exampie, 77777777 is interpreted to be
177777. Only the least significant bit of the most
significant number is read.

2. CTRL-H. This backs up over each mis-typed number
and echoes each entry, so the number of character

Aalati
ageietions i ID appa.’em

3. Pressing the backspace key is identical to pressing
CTRL-H.

4. Pressing any key other than 0 through 7, or any
accepted command letter, returns to the console
mode.

5. After executing the examine command, xxxE,
pressing any key other than 0 through 7 &(CR), or A
returns to the console mode.

Return to Console Mode from 1/O Service

BREAK (or CTRL-BREAK; enters the console mode from
the 1/0 service mode. The F9445 will continue execution
of any currently running code. (BREAK and CTRL-BREAK
are keystrokes. Some terminals require that the key
labeled CONTROL be held while the BREAK key is
struck.)
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The seven console commands processed by the F9470 are given in table 1.

Table 1 F9470 Console Mode Commands

Command

Description

A

nvC

xE

xJ

xR

nT

Displays seven fields, the present octal contents of the PC, ACO, AC1, AC2, AC3, SP, and FP registers. PC
contains the next instruction to be executed.

Changes any of six registers to the new octal value, v. To select which register, choose the octal code
associated with that register.

Octal code (n): 0 1 2 3 4 5
Register: ACO AC1 AC2 AC3 SP FP

If v is omitted, the chosen register is set to 0. Comma is the only proper delimiter to use.

Examines the contents of the memory cell at address x. The address and its present octal contents are
displayed on the terminal. New octal contents may then be typed. A carriage return enters the new value and
closes the cell. The next address (x + 1) and its contents are then displayed, and its new value can be typed.
Entry continues in sequential locations until the ESC key is pressed and terminates the examining session.
Pressing multiple carriage returns effectively displays the contents of consecutive cells. If A (circumflex) is
pressed instead of (CR), an open cell is closed, new data (if any) is entered, and the previous address cell is
opened.

Jumps to location x and begins executing the program located there in F9445 absolute assembly language.
Transfers from console mode to service 1/0 mode.

Jumps to location x and begins program execution. This is identical to the jump (J) command, except the
F9470 remains in the console mode. The console responds to keystrokes, such as A, T, or more R
commands. When the R command is used, the F9470 does not respond to 1/0 instructions from the F9445,
and program execution halts when another console command (e.g., A) is entered. Back-to-back R commands
are not recommended.

Allows the user to reset the baud rate. Issue this command, attach the CRT cable to another device or re-set
the baud rate of the terminal in use, then press (CR). The software of the F3470 sets the board baud rate to
agree with the rate of the attached device. A second rate can then be software-programmed, in accord with
the restrictions noted in figure 2.

Traces through the user program n (octal) steps, beginning at the address pointed to by the PC counter or
where the previous trace left off, whichever was last. If n = 0 or 177777, it will trace forever; if n is omitted,
it traces one step. To start tracing at location x, set the PC counter to x with the command xE, then press
the ESC key to terminate the examine mode; finally, use the appropriate T command to begin tracing. For
every program step that is traced, the command T displays eight fields: the memory address, the instruction
in octal form, the four accumulators, the stack pointer, and the frame pointer.
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1/0 Service Mode Operation

When performing 1/O functions with the F9470, the
following restrictions should be noted.

1. The busy flag is not set with input device codes 10
and 12, therefore, SKPBZ and SKPBN should not be

used with these codes.

2. The F9470 requires some time afier ciearing the
done flag to remove the associated interrupt

request. When performing interrupt-driven i/0 to the
F9470, the operator needs to add a delay between
the clear request and the next INTEN. Alternatively,

the interrupt handler must be able to tolerate a

bogus interrupt from the F9470, In this latter case,
an INTA command will return a zero (0), which the
interrupt handler should ignore, and then re-enable

interrupts.

When in the I/O service mode, the F8470 responds to the

F9445 data control instructions presented in table 2.

These commands are a subset of the F3445 mnemonic

instructions described in the F9445 data sheet.

Table 2 F9470 1/0 Service instructions

Instruction Description

DIAx ACC,DEV Data In from A

DOAx ACC,DEV Data Out from A

NiOx DEV No I/O; Used to Start or
Clear a Device

SKPBN DEV* Skip if Busy = 1

SKPBZ DEV* Skip if Busy = 0

SKPDN DEV Skip if Done = 1

SKPDZ DEV Skip if Done = 0

NOTES:

If x = S (start), set busy flag, clear done.
If x = C (clear), clear busy flag, set done
ACC = Accumulator 0, 1, 2, or 3.

DEV = Device Codes = 10, 11, 12, 13

* Note that Busy is not defined for input devices (TTl and PTR); hence,

SKPBN and SKPBZ should not be used with these devices.

The F9470 responds to the interrupt control instructions
listed in table 3 when in the 1/O service mode.

Table 3 F9470 Interrupt Control Commands

Instruction

Description

IORST

MSKO,ACC,CPU

INTA,ACC,CPU

Clears all busy and done flags,
disables interrupts.

Enables or disables device
interrupts by clearing or setting the
interrupt disable flag in the device.
The interrupt disable flag of each
device is associated with a
specific data iine, and is set if its
mask bit is 1, cleared if 0*.

Reads device code of highest
priority device that is requesting
an interrupt. The 6-bit code is
loaded into ACC bits 10-15. All 16
bits are set to 0 of no device is
interrupting.

*NOTE:
Interrupt Disable Bits

1B Bits 8 9

Mnemonics

Function

10 11 12 13 14 15
PTR PTP TTI TT0
CH2 CH2 CH1 CH1
In Out In Out
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The F9470 responds to device codes 10, 11, 12, 13, and

77, which are octal codes of the six least significant

instruction bits:
Device Code Mnemonic Description Action
10 TTI Teletype In Input on Channel 1
11 TTO Teletype Out Output on Channel 1
12 PTR Paper Tape Reader Input on Channel 2
13 PTP Paper Tape Punch Output on Channel 2
77 CPU CPU

Serial 110

The F9470 has two asynchronous serial input/output
ports. Each port can select 110, 300, 1200, 1800, 2400, or
4800 baud. The initial carriage return after power-up or
after typing the S command allows the software to
define the first baud rate. The second rate is
programmed according to the mnemonic keystroke next
entered (see figure 2 for valid rates). The second baud
rate must be less than or equal to the rate of the first
one.

Figure 2 Serial 1/0 Port Baud Rate Selections

MNEMONIC 2 1 2 3 4 5
(]

BAUD RATE § =2 g 8 8 8
FOR PORT 2 z - 8 ¥ 2 3
110 -

300 * *

1200 S
FIRST 1800 * *

BAUD
RATE 2400 oo :
4800 -

* = Valid 2nd baud rate
1. Automatically
2. 0 signifies no second line
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DC Characteristics
The dc characteristics of the console controller are
provided in tabie 4.
Table 4 Console Controller DC Characteristics
Symbol | Parameter Min Max Unit | Test Conditions
Icc Power Supply Current 100 mA Outputs Open
Py Power Dissipation 550.0 mw Outputs Open
ViHExX External Clock Input HIGH Voltage 24 5.8 \
ViLHEX External Clock Input LOW Voltage -0.3 0.6 \
Ihex External Clock Input HIGH Current 100 mA ViHex = 2.4V
hLEx External Clock Input LOW Current —-100.0 mA Viigx = 06V
ViH Input HIGH Voltage 2.0 5.8 \'
' Input LOW Voltage -03 0.8 \"
Iy Input HIGH Current (except open 100 mA Vig = 2.4V, internal pull-up
drain and direct drive 1/O ports)
" Input LOW Current (except open -16 mA ViL =04V
drain and direct drive ports)
Lop Leakage Current (open drain ports) +10.0 mA Pull-down, device of
Vouy = 132V
fon Output HIGH Current (except open —-100 mA Vou = 24V
drain and direct drive ports)
loHpp Output Drive Current (direct drive ports) -15 -8.0 mA Voy = 07Vio15V
loL Output LOW Current 1.8 mA VoL = 04V
loHs Output HIGH Current (STROBE Output) -300 mA Vou = 24V
|0Ls Output LOW Current (STROBE Output) 5.0 mA VoL = 04V

(To = 0°Cto70°C, Voo = 5V £10%, 1/O Power Dissipation = 100 mW)



F9470
Absolute Maximum Ratings Ordering Information
These are stress ratings only, and functional operation Part Temperature
at these ratings, or under any conditions above those Number Package Range*
indicated in this document, is not implied. Exposure to F9470DC Cerami .C
the absolute maximum rating conditions for extended FO470DL Ceram!g L
periods of time may affect device reliability, and F9470DM Cera ! M
exposure to stresses greater than those listed may eramic
cause permanent damage to the device.
*C = Commercial Temperature Range 0°C to +70°C
Temperature (ambient) under bias L = Limited Temperature Range —40°C to +85°C
F9470DC 0°C. +70°C M = Military Temperature Range —55°C to +125°C
F9470DM -55°C, +125°C

Storage temperature —-55°C, +150°C
Voltage on all open drain pins -10V, +13.2V
Voltage on all other pins, with

respect to ground -1.0V, +7.0V
Power dissipation 1.5W
Fairchild cannot assume responsibility for use of any circuitry described Manufactured under one of the following U.S. Patents: 2981877, 3015048,
other than circuitry embodied in a Fairchild product. No other circuit 3064167, 3108359, 3117260; other patents pending.

patent licenses are implied.
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Advance Product Information

FS-I
Fairchild System-|

Microprocessor Product

Description

The Fairchild System-I (FS-l) is a versatile, multi-user
development system designed to support software
development and hardware prototyping for applications
using Fairchild microprocessors, including the F8,
F3870, F6800, F6809, F9445, F16000, and such upcoming
microprocessors as the F9450.

Three principal versions of the FS-| are available: The
FS-| Standard System, the FS-I Multi-User System, and
the FS-I Entry-Level System. Numerous software and
hardware options are available that operate under
Fairchild’s Interactive Multi-User Disk Operating System
(IMDOS). The FS-I also supports the in-circuit emulation
and tracing (EMUTRAC™) system for the F3870, ihe
F6800, F6809, and the F9445 microprocessors. (For a
description of the EMUTRAC system, see EMUTRAC
Advance Product Information.)

Standard System

System features include:

@ CPU with 128K-Byte RAM and F9445 Instruction Set.

® A Winchester and a Double-Density Floppy Drive
Provide Approximately 10M-Byte of Mass Storage.

@ /O Controller Board Provides Winchester/Floppy Disk
Controller Interface.

® Nine Asynchronous Serial RS-232C Ports (Up to 19.2K
Baud) Provide Support for CRT Terminal, Optional
Letter-Quality Printer, Modem, and Other Serial
Devices.

® One Synchronous Serial RS-232C Port (Up to 19.2K
Baud) and Selectable Protocols, such as BISYNC,
DDCMP, SDLC, and HDLC.

® PROM Programmer Port to Interface to the Optional
Fairchild PROM Programmer Unit.

@ Parallel Printer Port (Centronics-Compatible
Interface).

® Programmable Real-Time Clock.

® One CRT Terminal.

@ Single-User Version of IMDOS, System Processors,
and System Utility Programs (see “System
Software”).

® BASIC Language Interpreter with Interface to Custom
F9445 Assembly Language Programs.

® FS-I Diagnostic Programs.

® Provides Full Support for the F9445 and for the
PEP 45 Microcomputer System.

® Hardware and Software Upgradable to Multi-User
System.

® EMUTRAC Can Be Added to the Standard System.

T™ EMUTRAC is a trademark of Fairchild Camera and Instrument Corp.

Fairchild Camera and Instrument Corporation, Microprocessor Division
3420 Central Expressway, Santa Clara, California 95051
(408) 773-1000 TWX MICPSNTA

Multi-User System
System features include:

® Fully Equipped for Four Timesharing Users
(Expandable to Eight Simultaneous Users with
Additional Terminals and Cables).

® A 16-Bit CPU with 128K-Byte RAM and F9445
Instruction Set.

® A Winchester and a Double-Density Floppy Drive
Provide Approximately 10M-Byte of Mass Storage.

® Memory Management and Protection Unit (MMPU)
Board with 384K Bytes of RAM (Gives the System
512K Words of RAM).

@ 1/O Controller Board Provides Winchester/Floppy Disk
Controiler interface.

® Nine Asynchronous Serial RS-232C Ports (Up to 19.2K
Baud) Provide Support for CRT Terminals, Optional
Letter-Quality Printer, Modem, and Other Serial
Devices.

® One Synchronous Serial RS-232C Port (Up to 19.2K
Baud) and Selectable Protocols, such as BISYNC,
DDCMP, SDLC, and HDLC.

® PROM Programmer Port to Interface to the Optional
Fairchild PROM Programmer Unit.

® Parallel Printer Port (Centronics-Compatible
interface).

® Programmable Real-Time Clock.

® Four CRT Terminals.

@ Multi-User Version of IMDOS, System Processors,
and System Utility Programs (see “System
Software”).

® BASIC Language interpreter with Interface to Custom
F9445 Assembly Language Programs.

® FS:| Diagnostic Programs.

® Provides Full Support for the F9445 and for the PEP
45 Microcomputer System.

® EMUTRAC Can Easily Be Added to the Multi-User
System.

Entry-Level System
System features include:

e A 16-Bit CPU with 128K-Byte RAM and F9445
Instruction Set.

® Two Double-Density Floppy Disk Drives Provide
Approximately 1M-Byte of Mass Storage.

® 1/0 Controller Board Provides Floppy Disk Controller
Iinterface.

® Nine Asynchronous Serial RS-232C Ports (Up to 19.2K
Baud) Provide Support for CRT Terminal, Optional
Letter-Quality Printer, Modem, and Other Serial
Devices.

©1982 Fairchild Printed in US.A. 4027-054-A-23-022 5M 501995

March 1982 Fairchild reserves the right to make changes in the circuitry
or specifications at any time without notice.



FS-|

® One Synchronous Serial RS-232C Port (Up to 19.2K
Baud) and Selectable Protocols, such as BISYNC,
DDCMP, SDLC, and HDLC.

® PROM Programmer Port to Interface to the Optional
Fairchild PROM Programmer Unit.

@ Parallel Printer Port (Centronics-Compatible
Interface).

® Programmable Real-Time Clock.

® One CRT Terminal.

® Single-User Version of IMDOS, System Processors,
and System Utility Programs (see “System
Software”).

® BASIC Language Interpreter with Interface to Custom
F9445 Assembly Language Programs.

® FS-| Diagnostic Programs.

® Full Support for the F9445 and for the PEP 45
Microcomputer System.

® Hardware and Software Factory-Upgradeable to
Standard or Multi-User System.

® EMUTRAC and MMPU Can Be Added to System.

System Hardware

The hardware comprising the FS-I development system is
housed in a single enclosure that contains the
mainframe CPU, 1/O board, optional boards, and disk
drives.

The mainframe consists of:

® Single-Board 16-Bit CPU with 128K Bytes of RAM,
4K-Byte PEPBUG45 PROMs for Bootstrapping the
System, Real-Time Clock, an RS-232C-Compatible
Port, and a Centronics-Parallel Compatible Port.
® Power Supplies.
® 1/0 Controller Board with the Following:
® Eight Asynchronous Serial RS-232C Ports, with
Four Ports Having Full Modem Control and All
Ports Having Data Rate Selectable Up to 19.2K
Baud, that Allow Timesharing by Up to Eight
Concurrent Users on Systems Equipped with
MMPU Board and Multi-User Operating System
Software.
® One Synchronous Serial RS-232C Port (Up to
19.2K Baud) and Selectable Protocols, such as
BISYNC, DDCMP, SDLC, and HDLC.
® A Parallel Data Channel Interface Compatible with
Shugart Associates System Interface for
Communicating with Disk Units.
e B8-Bit Parallel Port to Interface with Optional
Fairchild PROM Programmer.
® A Total of Nine Asynchronous Serial Ports (RS-232C-
Compatible, DB25-Pin Female Connectors).
® One Parallel Printer Port (Centronics-Compatible
Interface, DB25-Pin Connector).

@ Expansion Slots for Fairchild’s Optional 1/O
Controller Boards, Optional EMUTRAC Controller
Board, Memory Expansion Boards, MMPU Board, and
Industry-Standard, Nova® 1/0-Compatible Interface
Boards.

® Depending Upon System Configuration, the
Mainframe Contains a Single 10M-Byte Winchester
and a Single 0.5M-Byte Double-Density Floppy Disk
Drive or Two 0.5M-Byte Double-Density Floppy Disk
Drives.

The MMPU board expands the physical address space of
the FS-l1 to 4M words by performing logical-to-physical
address translation. This board is required for multi-user
system software. With its 384K bytes of RAM, the MMPU
board extends the FS-I memory to 256K words.

Hardware Options

The FS-I systems support the following Fairchild-
supplied hardware options:

® Additional 1/O Controller Boards that Provide
Asynchronous RS-232C Ports (Up to 19.2K Baud) in
Sets of Eight, a Synchronous RS-232C Port for each
1/0 Controller Board, Data Channel Interface to Disk
Units, and a PROM Programmer Port for each 1/0
Controller Board.

® Fairchild’s PROM Programmer Unit.

® MMPU Board that Provides Memory Mapping and
Protection Expansion in Increments of 384K Bytes,
Optional Multi-User Software Allows the MMPU Board
to Support Eight Simultaneous Users.

® Memory Expansion Board that Provides 384K Bytes
of Additional RAM (Requires an MMPU Board in the
Chassis).

® EMUTRAC System Controller Board that Provides the
Hardware Interface Between the CPU Board in the
FS-I and Processor-Specific EMUTRAC Modules.

® EMUTRAC Modules and EMUTRAC Control Software
that Support the F3870, the F6800, the F6809, and the
F9445 Microprocessors.

® Additional CRT Terminals.

® Dot Matrix Printer—Texas Instruments Model 810
Basic RO Terminal (150 CPS), Centronics Parallel
Interface, and Cable.

® Daisywheel Letter-Quality Printer—Qume Model
Sprint 9145 with Bidirectional Forms Tractor (45 CPS),
Serial interface, and Cable.

® Nova is a registered trademark of Data General Corp.
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This powerful software package, which is included with PEPBUG45 The PEPBUGA45 program is a virtual
the standard, multi-user, and entry-level systems, offers console and debugging tool for F9445
advanced capabilities that the user would normally absolute assembly language
expect from a much larger system, such as: programs. The PEPBUG45 program is

also available in PROM.

® Multi-User Timesharing
@ System Executive, Including File Management PEPLINK45 Provides capability to download

System with Version Numbers for Automatic Backup
¢ Memory Management and Protection by Memory
Mapping
Password Protection
Interactive Command Language and Command Files
Multiple Directory Devices
Device-Independent 1/0
Hard Disk, Magnetic Tape, Modem, and Real-Time
Ciock Support
Documentation Aids
® Concurrent Processing and Spooling

System Software

The interactive multi-user disk operating system (IMDOS)
is the principal operating system for the FS-l. In addition
to being an operating system, the IMDOS includes the
following features that are useful for developing
F9445-based systems:

IMDOS Single-User Supervisor—The
supervisor manages the FS-|
resources and controls the /0.
IMDOS Muiti-User Supervisor—The supervisor
manages the FS-I resources for up to
eight simultaneous users, controls
the 110, and interfaces transparently
to the MMPU board (included only
with the multi-user system).

IMDOS Executive—The executive provides
the command language interface
between the user and the supervisor.

EDIT The EDIT program provides the ability
to create and modify text files.
MACRO The MACRO program is the
macroassembler for F9445 macroc
assembly language.
RELOAD The RELOAD program is used to link
relocatabie macro assembly language
programs to create executable F9445
absolute assembly language
programs.

Utility Library

PHONE

SCRIPT

TYPESET

DEBUG

DIAGNOSTICS

BASIC

programs from the FS-I to PROM or
RAM on the PEP 45 microcomputer
system.

Impiements the utility functions listed
in the IMDOS and utility library users
guides.

The PHONE program establishes
communication between the FS-f and
a modem or telephone line. Software
switches govern communication
protocols.

The SCRIPT program processes a text
file that contains SCRIPT commands
to produce an aesthetically pleasing
document.

The TYPESET program processes a
text file that contains TYPESET
commands to produce an
aesthetically pleasing document.

The DEBUG program is a debugger
for F9445 macro assembly language
programs.

A series of programs that test the
FS-I hardware. The diagnostic
programs are available on diskette in
a version suitable for downloading to
an F9445-based system.

Language interpreter with interface to
custom F9445 assembly language
programs.
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Software Options

F9445
MICROFORTRAN

F9445 PASCAL

FS-I/PEP 38
System Software

FS-I/PEP 68
System Software

F16000 Cross
Software

An extended subset of FORTRANGG
that interfaces with custom F9445
assembly language subroutines.
MICROFORTRAN produces
“ROMabie’” F9445 code and can be
operated under the real-time
executive (REX).

A Jensen and Wirth-compatible
PASCAL. The F9445 PASCAL
compiler generates F9445 code and
interfaces with custom F9445
assembly language subroutines.

Includes F8/F3870 cross assembler
and program for downloading to the
PEP 38 system.

Includes FB6800 cross assembler,
FB809 cross assembiler, F6800-to-
F6809 translator program, and
program for downloading to the PEP
68 system.

Assembler, debugger, and
downlioader allow the FS-l to
generate 16000 code that can be
downloaded to an F16000-based
system.

F9445 REX

F9445 PEPBASIC

EMUTRAC Control
Software

A real-time executive for
F9445-based systems. The REX
system allows creation of custom
REX programs, linkable using
RELOAD.

A diskette version of PEPBASIC
(supplied on PROM with the PEP 45
system). A 2K-word subset of BASIC,
which accepts abbreviations, that is
extendable with custom F9445
assembly language subroutines.

Optional EMUTRAC control software
packages provide support for each
processor-specific EMUTRAC
module. (Refer to EMUTRAC
Advance Product Information.)

In addition, all Fairchild software for the FS-| is
independently available without system purchase under
an appropriate software license agreement.

Dimensions and Power Requirements

The FS-I standard mainframe enclosure measures only
26 inches long by 19 inches wide by 13 inches high. It
requires a 115 V, 60 Hz ac power source. A 50 Hz system

is also available.

-]
Manufactured under one of the following U.S. Patents: 2981877, 3015048,

3064167, 3108359, 3117260; other patents pending.

Fairchild cannot assume responsibility for use of any circuitry described

other than circuitry embodied in a Fairchild product. No other circuit
patent licenses are implied.
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Advance Product Information

PEP-45
Prototyping, Evaluation and
Programming Board

Microprocessor Product

Description

The Fairchild PEP-45 is a single-board microcomputer for
Prototyping, Evaluation, and Programming of microproces-
sor-based system applications using the F9445 micro-
processor. When used with the Fairchild System-I (FS-1)
development system, the PEP-45 board provides capability
for executing and debugging software directly on the F9445
microprocessor.

@ Stand-alone Prototyping, Evaluation, and Programming
Board.

® Provides a Powerful Development Tool to Support F9445
Microprocessor-based System Development.

@ Utilizes All the Advantages of the F9445 Microprocessor,
with its Poweriui instruction Set and High Throughpui.

® Memory Options for Bipolar and NMOS Memories.

@ Interfaces with IEEE 796 Standard Bus.

@ Buffered F9445 bus.

® On-board EPROM Programmer.

® Adapts to 16K or 32K Byte EPROMs or 64K Byte Masked
ROMs.

o Standard- and High-Speed RAM Options.

@ Console Commands.

® Two Serial 1/0 Ports.

@ 16-Bit Parallel Input/Output.

@ Four Interrupt Sources.

@ Five Status Lines.

® On-board +12 V and +25 V Voltage Converter.

® Requires Single +5 V Power Supply.

The PEP-45 board is primarily intended for use in hardware
prototyping and software development applications. It may
also be tied to a host computer, such as the FS-, for large
program editing, assembling/compiling, and general file
storage and handling. Cross-assembler software packages
are available for creating machine-executable programs in
formatted form. These programs may be down-loaded from
the host computer system into the PEP-45 board via one of
the two serial 1/0 channels. Since the PEP-45 board can
operate in a transparent fashion, it may be placed in-line
between the user’s in-house terminal and the host compu-
ter, giving the PEP-45 the power of the host.

Also useful for incoming inspector of F9445 parts and as a
microcomputer training tool, the PEP-45 interacts with the
user at the control terminal, with prompts that assist pro-
gramming. The control terminal may be a video terminal,
printer terminal, or from a microcomputer control console.

Fairchild Camera and Instrument Corporation, Microprocessor Division
3420 Central Expressway, Santa Clara, California 95051
(408) 773-1000 TWX MICPSNTA

Software Support

In addition to serving as an efficient stand-alone evaluation
module, the PEP-45 is designed to operate as a key module
of the FS-I development system. A PEPLINK utility transpar-
ently couples the FS-l video terminal to the PEP-45 board.

A powerful PROM-based PEPBUG debugging monitor pro-
vides commands for trouble-shooting assembly language
programs and for developing and testing peripheral circuits
and custom interfaces. A PROM-based PEPBASIC language
allows programming in a high-level language.

Hardware Specifications

CPU F9445

Data word size 16 bits

Instruction word size 16 bits

Address capability 128K bytes

Console controller F9470

Memory

RAM 8K bytes (4K words) static RAM
(or optional high-speed RAM)

ROM Eight sockets for 16K bytes of
F2716 EPROMs (8K words), or up
to 32K bytes using F2732 EPROMs
(16K words), or masked 64K byte
ROMSs using F3564

Expansion External memory in any combina-
tion of RAM or ROM up to 64K
bytes maximum (in 16-bit-wide
only)

Input/Output

Paraliel I/10 Two TTL-compatible, 16-bit /O
ports (one input, one output)

Serial 110 Two programmable, asynchronous

channels, with RS$-232 interfaces.

Each channel is software-select-

able to a baud rate of 110, 300,

1200, 1800, 2400, or 4800 baud
Real-Time Clock Continuously selectable real-time
clock interrupts from approxi-
mately 200 us to 200 ms

©1982 Fairchild Printed in U.S.A. 4027-055-A-23-022 5M 501993
March 1982 Fairchild reserves the right to make changes in the circuitry
or specifications at any time without notice.
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System Buses Power Supply
Dual backplane buses  Pl— An 86-pin asynchronous sys- Requirements! +5V +5% at 3.5 A (typ)
tem bus compatible with standard
Multibus 16-bit slave boards and Environmental
multi-master option Requirements
P2 — A 60-pin buffered F9445 bus Temperature 0°C to +50°C
that allows complete expansion of Humidity 0% to 90% (noncondensing)
processor capabilities and faster
operating speeds Physical Envelope
. . Dimensions?
1/0 buses J1—A 9pin RS-232C serial I/O .
interface for control terminal Height 10.0 (254)
J2— A 9pin RS-232C second Length 12.0(309)
serial 1/0 interface for a serial Thickness 0.75 (19.05)
printer or a host computer Weight 17 oz. (approximately)
P3— A 40-pin applications con- Notes
neCt{?r with two parallel I/O ports 1. Power may be applied to the board either through the card-edge back-
(one input and one output), and plane connector or by connection of discrete wires to the board.
with status and control bits. May 2. All dimensions are in inches and millimeters (in parentheses).

be used for connection to the
microcomputer control console or
to a high-speed parallel printer

Fairchild cannot assume responsibility for use of any cir-
cuitry described other than circuitry embodied in a Fairchild

(Centronics-type) product.
Connectors P1— An 86-contact, double-sided Fairchild reserves the right to make changes in the circuitry
edge connector on 0.156” centers or specifications at any time without notice.
P2 — A 60-contact, double-sided
edge connector on 0.100” centers
J1, J2—9pin, D-type subminia-
ture right-angle connectors
P3— A 40-pin, D-type subminia-
ture right-angle connector
Ordering Data
Part Number Product Code Description
PEP 9445SFX A F944516PEP PEP-45 Board with 8K byte PROM sockets populated with PEPBASIC
and PEPBUG firmware. Firmware carries copywriter notice. Minimum of
four PROM sockets will not be populated.
PEP-45 Users Guide, PEPBASIC, and PEPBUG Users Guide supplied.
PEP 9445SXX A F944516PEP PEP-45 Board with 8K byte static MOS and eight PROM sockets not
populated.
PEP-45 Users Guide supplied. No firmware included.
PEP 9445HXX A F944520PEP PEP 9445 Board with 8K byte high speed RAM and PROM sockets not
populated.
PEP-45 Users Manuai suppiied. No firmware or users guides inciuded.
Fairchild cannot assume responsibility for use of any circuitry described Manufactured under one of the foliowing U.S. Patents: 2981877, 3015048,
other than circuitry embodied in a Fairchiid product. No other circuit 3064167, 3108359, 3117260; other patents pending.

patent licenses are implied.
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