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e Full Performance over Military Temperature
Range (-55°Cto + 125°C)

e Radiation Hard CMOS/SOS Technology

e Performance Optimised Architecture
- Parallel Multiplier/Accumulator
- 32-bit Barrel Shifter
- Instruction Pre-Fetch
- Multi-Port Register File

¢ Implements MIL-STD-1750A Options
-Timers Aand B
- Trigger-Go Counter
- Start-Up ROM Interface

¢ 64 K-word Address Space Expandable to
1 M-word with Optional MMU

The Marconi MAS281 Microprocessor is a MiL-STD-1750A
(Notice 1), 16-bit Central Processing Unit (CPU). It consists
of three CMOQS/SOS large-scale integration (LSI) chips:
the MA17501 Execution Unit (EU), the MA17502 Controi
Unit (CU), and the MA17503 Interrupt Unit (IU). These
three units are mounted on, and interconnected within a
64-pin ceramic substrate. The microprocessor is also
available as a 3-chip set without the ceramic substrate
(see ordering information on page 59).

The MAS281 is optimised for real-time I/O and arithmetic
intensive operations. Key performance-enhancing
features include a parallel multiplier/faccumulator, 32-bit
barrel shifter, instruction pre-fetch queue, and muiti-
port register file. Additional features include a
comprehensive Built-In-Test (BIT), interval timers A and
B, trigger-go counter, and Start-Up ROM interface.
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In accordance with MIL-STD-1750A, the MAS281
supports a 64K-word address space. An optional
MA17504 Memory Management Unit/Block Protect Unit
(MMU(BPU)) chip may be added externally to expand
this address space to 1M-words or add a 1K-word
memory block protection capability.

The MAS281 is offered in several screening grades which
are described in this document. For availability of speed
grades, please contact Marconi Electronic Devices.

The information presented herein is to the best of our knowledge true and accurate. No warranty expressed or implied is made regarding the
capacity, performance or suitability of any product. You are strongly urged to ensure that the information given has not been superseded by a

more up to date version.

—~ Marconi Circuit Technology Corporation

45 Davids Drive, Hauppauge, New York 11788
(516) 231-7710/FAX: (516) 231-7923

Regional Offices: Central - (317) 463-5255 Western - (714) 894-9313
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The Marconi MAS281 Microprocessor s a high
performance implementation of the MIL-STD-1750A
(Notice 1) instruction set architecture. It consists of three
custom CMOS/SOS Large Scale Integration chips -
referred to as the Execution Unit, Control Unit, and
Interrupt Unit - mounted on, and interconnected within,
a 64-pin, dual in-line ceramic substrate. Figure 1 depicts
the interconnection of these chips via the substrate
while Figure 2 depicts the architectural details within
each chip.
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Figure 1: MAS281 Microprocessor Block Diagram.

The MAS281 architecture has been optimised for both
real time IO and arithmetic intensive operations. Two
key features of this architecture which contribute to the
overall high performance of the MAS281 are; a barrel
shifter and a parallel multiplier/faccumulator. These
subsystems allow the MAS281 to perform multi-bit
shifts, multiplications, divisions, and normalisations in a
fraction of the clock cycles required on machines not
having such resources. This is especially true of floating-
point operations, in which the MAS281 excels. Such
operations constitute 16% of the Digital Avionics
Instruction Set (DAIS) mix and a generally much higher
percentage of many signal processing algorithms,
therefore having a significant impact on system
performance.
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In accordance with MIL-STD-1750A, the MAS281 can
access a 64K-word address space. With the addition of an
external Marconi MA17504 chip configured as a Memory
Management Unit (MMU), this address space may be
expanded to a full one megaword. Furthermore, this
configuration provides write and access lock and key
protection down to 4K-word blocks. By adding a second
MA17504 configured as a Block Protect Unit (BPU), write
protection may be extended down to 1K-word blocks.
For those applications not requiring adherence to the
address space requirements of MIL-STD-1750A, the
MAS281 may be optionally configured with up to one
megaword each of instruction and command space.

In addition to implementing all of the required features
of MIL-STD-1750A, the MAS281 also incorporates a
number of optional features. Interval timers A and B as
well as a trigger-go counter are provided. Most specified
X10 commands are decoded directly on the module and
an additional set of commands, associated with MMU
and BPU operations, are directly decoded on the
MA17504 chip. Those commands not directly decoded
are output for decoding by external logic in accordance
with the X10 and VIO protocols of MIL-STD-1750A.

1.1 Execution Unit (EV)

The EU provides the computational resources for the
MAS281. Key features include: (1) a three-bus (R, S, and
Y) data path consisting of an arithmetic/logic unit (ALU),
three-port register file, barrel shifter, parallel
multiplier/accumulator, and status register; (2)
instruction fetch registers IC, |1A, and IB; (3) operand
transfer registers A, DI, and DO; (4) a state sequencer;
and (5) microinstruction decode logic. A brief description
of these features follows:

1.1.1 Arithmetic/Logic Unit (ALU)

A full function 16-bit ALU is used to perform arithmetic
and logic operations on one or two 16-bit operands in a
single machine cycle. The ALU supports 16-bit fixed-
point single-precision, 32-bit fixed-point double-
precision, 32-bit floating-point, and 48-bit floating-point
extended precision data in two's complement form. The
ALU generates several machine flags which reflect the

outcome of its operations. These flags are stored in the ~

condition status {CS) field of the status register.



-

e o o m  —  — ———— e . e = - ————— = e -

Electronic Devices

1.1.2 Three Port Register File

A 24-word by 16-bit wide register file is used to store
operands, addresses, base pointers, stack pointers,
indexes, and temporary values. Registers RO through R15
are general purpose and user accessible in accordance
with MIL-STD-1750A; remaining registers are accessible
only by microcode Wrap-around concatenation af RO
through R15 allows 32- and 48-bit operands to be stored.
The three-port architecture allows two 16-bit operands
to be read and a third 16-bit operand to be written
simultaneously.
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1.1.3 Parallel Multiplier/Accumulator

This muiltiplies a 24-bit multiplicand by a 4-bit multiplier
and accumulates the product in a single machine cycle.
Only four iterations through the multiplier are required
to complete a 16-bit by 16-bit multiply.

1.1.4 Barrel Shifter

This shifter is a 32-bit input, 16-bit output right-shift
network. The barrel shifter allows multibit shifts to be
accomplished in a single machine cycle and is used by the
microcode for all shift, rotate, and normalise operations.
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Figure 2: MAS281 Architecture
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Figure 3 Status Word Format

1.1.5 Status Register

This 16-bit register holds the condition status (CS) bits C,
P, Z, and N; the 4-bit address state (AS) field; and the 4-
bit processor state (PS} field. The CS bits are updated
after each logical, shift, and arithmetic operation
performed by the ALU. The CU interrogates these bits
during conditional operations to determine which
course of action to follow. The AS field is used during
expanded memaory access to define the page register set
to be used for instruction and operand memory
references. The PS field is used during memory protect
operations to define the access key used for memory
accesses. The PS field is also used during execution of
privileged instructions. PS must be zero for such
operations to be legal. Figure 3 depicts the status
register format.

1.1.6 State Sequencer

The EU utilises a state machine, clocked by the system
oscillator, to generate processor timing and control
signals. These signals constitute the lowest level of
control available within the module, and provide the
framework for basic operations, such as selecting the
next microinstruction to be executed, sequencing bus
control signals to effect a memory transfer, or
performing an operation within the ALU. Each complete
pass through the state machine corresponds to one such
operation and constitutes a machine cycle.

Electronic Devices

A machine cycle requires five or more oscillator cycles to
complete with the exact number determined by the type
of operation being performed. Internal processor
operations, excluding internally decoded XIC
commands, require either five or six oscillator cycles, the
former associated with sequential microcode execution
and the latter with microcode branches. Internally
decoded XIO commands require a minimum of six
oscillator cycles to complete. External processor
operations require a minimum of five oscillator cycles to
complete.

The internal ready signal is generated by the IU
whenever an internally decoded XIO command is
detected. An external ready interface is provided which
allows external machine cycles to be extended when
interfacing with slow devices. The external ready signal
is provided by external logic and must be asserted in
order to conclude the machine cycle.

1.1.7 Operand Transfer Registers

The Address (A), Data In (Di), and Data Out (DO)
registers serve to buffer transfers between the data path
and the Address/Data (AD) bus. These registers are used
under microcode control and are not directly accessible
by software. A description of the use of these registers
during memory and I/O operations is provided in section
30

1.1.8 Instruction Fetch Registers

The Instruction Counter (IC), Instruction A (lA), and
Instruction B (IB) registers allow sequential instruction
fetches to be performed without the assistance of the
ALU. The IC register, which holds a 16-bit address and
points to the next instruction to be fetched, is loaded
indirectly via reset, jump, or branch operations. Once
loaded, it uses a dedicated counter to sequence from
one instruction to the next. IA and IB serve as an
instruction pipeline with |A storing the next instruction
to be executed. DI also plays a role by storing any
immediate operands. Use of these registers during
instruction fetches is described in section 3.0.

1.1.9 Microcode Control Logic

Al EU operations are performed under microcode
control. As depicted in Figure 2, microinstructions are
provided by the CU over the M bus, buffered by the
Execution (E) register, and decoded to generate various
control signals.
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1.2 Control Unit {(CU)

The CU provides microprogrammed control of all
MAS281 operations. It features a microsequencer, a
microcode storage ROM, and an instruction mapping
ROM. A brief description of these features follows:

1.2.1 Microsequencer

This 12-bit wide microcode address generator controls
all microcode ROM accesses. The microsequencer
features a program counter (PC) which points to the next
sequential microinstruction, a program counter save
register (SV) to save return addresses for
microsubroutines, address increment logic (INCR),
instruction pipeline registers (IA and IB), a next address
multiplexer, a loop counter (C), and various
miscellaneous systems

The microsequencer controls the execution of each MIL-
STD-1750A, or macro, instruction by stepping through its
corresponding microcode sequence. If the
macroinstruction is a conditional, the CS bits of the
status word will be interrogated to determine the
necessary course of action. At the completion of each
macroinstruction, the microsequencer checks to see if a
Hold request or an interrupt is pending. If so, the
microsequencer will branch to the appropriate
microinstruction sequence. If not, the microsequencer
begins sequencing the next macroinstruction.

Note that the microsequencer is itself under the control
of the EU state sequencer. Each processor machine cycle
corresponds to the execution of a single
microinstruction

1.2.2 Microcode ROM

This is a 2k- (2048) word by 40-bits/'word ROM which
stores the microinstructions that implement the MIL-
STD-1750A instruction set. The address of the next
microinstruction to be accessed is generated by the
microsequencer. The accessed microinstruction is output
to the M-bus and broadcast to the EU and IU. In addition
to the microinstruction sequences corresponding to the
MIL-STD-1750A instructions, the microcode ROM also
stores sequences for performing initialisation, interrupt
response, Hold response, instruction prefetch, built-in-
test (BIT), and BIFs.

1.2.3 Instruction Mapping ROM
This is a 512-word by 8-bitsyword ROM which is used
during microcode branches.
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1.3 Interrupt Unit (1U)

The U incorpaorates a pending interrupt register, a mask
register, a priority encoder, a fault register, two interval
timers (A and B), a trigger-go counter, XIO command
decode logic, and microcode control logic. A brief
description of these features follows:

1.3.1 Pending Interrupt Register (P1)

This 16-bit register is used to capture and hold interrupts
until they can be processed by software. Pl supports
three dedicated external, six user-definable external,
and seven dedicated internal interrupts. Interrupts are
captured at the beginning of each machine cycle and are
stored using a logic 1 to represent a pending interrupt.
Anti-repeat logic is provided to prevent multiple
captures of the same interrupt.

1.3.2 Mask Register (MK)

This 16-bit register is used to store the interrupt mask.
Interrupts are masked by ANDing each mask bit with its
corresponding Pl register bit. Interrupts which are
masked will be captured in the Pl register but will not be
acted on until unmasked. Interrupt level 0 can not be
masked. A logic 0 in a given bit position indicates that
the corresponding bit in the Pl register will be masked.

1.3.3 Priority Encoder

This encoder generates an interrupt request to the CU
whenever one or more unmasked interrupts are pending
and enabled in the Pl and encodes the highest priority
unmasked pending interrupt as a 4-bit vector. This
vector is read by the EU over the AD bus during interrupt
servicing in order to create the interrupt Linkage and
Service pointers.

1.3.4 Fault Register

This 16-bit register is used to capture and hold both
internal and user implemented external faults. Faults are
captured at the beginning of each machine cycle and are
stored using positive logic, i.e., a logic “1” represents a
fault. Setting any one or more faults in FT will cause a
level 1 (machine error) interrupt request. Once a fault is
setin FT, it may only be cleared via an XIO command.

1.3.5Timers Aand B

These are two 16-bit software controllable timers. Timer
Ais clocked by the TCLK input while Timer B is clocked by
the internally generated TCLK/10. Timers A and B will
generate interrupt levels 7 and 9, respectively, when
their maximum counts of 65,536 are reached.
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1.3.6 Trigger-Go Counter

This 16-bit counter is clocked by the TGCLK input, is
enabled during system initialisation, and may be reset
but not stopped by software action. it is stopped,
however, upon overflow or by assertion of the DTIMERN
input. Upon overflow, the TGON discrete output goes
low and stays low until the counter is reset by software.
This counter is typically used as a system “watchdog”
timer.

1.3.7 XIO Command Decode Logic

This logic decodes all internally supported XIO
commands and generates the control signals necessary
to carry out the commanded action. An internal ready
signal is generated upon command detection and is used
by the EU state sequencer as previously discussed. Table
7b in Section 4.0 identifies the XIO commands which are
internally supported by the MAS281.

1.3.8 Microcode Control Logic

Decode logic, which translates microcode received from
the CU into control signals, is used both by the MAS281
and by the external system.

2.1 Pin Assignments
Figure 4 defines the pin assignment for the MAS281
module. See section 10.0 for full packaging and pin
assignment information.

All signals - with the exception of power, ground and
ROMONLYN - are TTL compatible. In addition, each
function is provided with Electrostatic Discharge (ESD)
protection circuitry. Figure 5 depicts a typical system
implementation using many of these signals
Throughout this data sheet, active low signals are
denoted either by placing a bar over the signal name, or
by following the signal name with an "N" suffix, e.qg.,
DDN. If a signal has a dual function, both function names
will be used separated by a “/“. The function name to
the left of the “/* will be active high while the function
to the right will be active low, again with an “N" suffix,
e.g., RD/WN.

2.2 Pin Functions

A description of each pin function follows. The function
name is presented first, followed by its acronym and
description. Function type is either input, output, high
impedance (Hi-2Z), or a combination thereof. Full timing
characteristics of each of the functions are shown in
section 6.0.

Marconi
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2.2.1 Power and Ground (VDD & GND)

The MAS281 utilizes a single VDD power supply. A single-
point ground is provided for the three chips on the
substrate and is brought out on two module pins.

2.2.2 Osciilator (0SC)

This input clocks the EU state sequencer which, in turn,
generates timing and control signals for the rest of the
module. To minimize skew between OSC edges and
signals derived from OSC, and thereby optimize system
performance, the OSC rise and fall times should be
minimised. It is recommended that a clock driver with a
high drive capability, such as a 54A5244, 54ALS244 or
54HST244, be used. In order to avoid double clocking due
to line reflections, a 500- to 1000-ohm pull-up resistor
placed close to the moduie is recommended.

ADO0 —1 o F— N/C__
ADO1 — 2 63 [ IN/OP
ADO2 — 3 & [— RD/W
ADO3 — 4 &t [— 0SC_
ADO4 — s s [— M/IO
ADOS —1 ¢ s — DS
ADO6 — 7 8 [— AS
ADQ7 — 8 s7 — RDY
ADO8 — 9 s6 — HLDAK
ADQ3 —{ ss — RESET
AD10 —{ v s« — HOLD
AD12 — » 3 — GND
AD12 —| 1 s2 — ROMONLY
AD13 — st — ILLAD
AD1a —] s MASZ L SRe
GND — % a9 — TCLK
AD15 —| v a8 — DMAR
MSTOP — 18 a7 — DMAE
DTO —» s [— DMAK
SURE —] = as — CONFW
NPU — 21 s |— [NT15
DTIMER —1 2 a3 — (012
TGO — = a2 — |N_l]3
TGCLK — 2 a — 101
MPROE —{ = a0 — INTI1
MPE — 26 33 — INT10
PIOPE —{ = 3 — INTO08
DMAPE —{ 2 37 | INT02
EXADE — 36 — PWRD
PIOXE —] » 35 b— ():D
FL_T7 -1 3t 3a +— CD
SYSF — 32 3 — VDD

Figure 4: Pin Assignments
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2.2.3 Synchronization Clock (SYNC)

This active low output transitions from high to low to
signal the start of a new machine cycle. it should be used
as a timing reference for those operations which must be
synchronized to the basic machine cycle.

SYNCN cycles associated with external memory or I/O bus
transactions are a minimum of five OSC periods in
duration and may be extended by inserting wait states
via the external ready interface. For such cycies, a SYNCN
low indicates that either an address or X0 command is
on the AD bus; a high indicates data is on the bus. Wait
states extend the high state of SYNCN.

SYNCN cycles associated with internal CPU operations,
are either five or six OSC periods in duration. Six OSC
periods are required for machine cycles associated with
microcode branches or with the execution of internally
decoded XIO commands. Five OSC periods are required
for all other internal operations.

[Note: For modules operating at high OSC frequencies,
the internal ready logic provided on the IJ may cause a
wait state to be inserted during execution of internal
XIO commands. This would result in a SYNCN cycle of
seven OSC periods duration. Though unlikely, this
condition must be taken into account in imptementing
an external ready interface. Refer to the description of
the Ready (RDYN) signal below for further details.]

SYNCN continues to cycle during DMA and HOLD states.
Such cycles are five OSC periods in duration.

2.2.4 Address Strobe (AS)

Output/Hi-Z. This active high signal indicates that an
address has been placed on the AD bus. This address is
guaranteed valid at the high to fow transition of AS. AS
should be used to strobe an address latch during AD bus
demultiplexing. This latch should be a transparent type
for optimum performance. AS is placed in the high
impedance state during DMA and Hoid cycles and is held
low during internal (non-Xi0) operations.

2.2.5 Data Strobe (DS)
Output/Hi-Z. This active low signal indicates that the AD
bus is being used for data transfers.
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During read operations, DSN should be used by the
selected external device to enable data onto the AD bus.
This data is guaranteed valid on the low to high
transition of DSN. The selected external device should
use the low to high edge of DSN to perform the write.
DSN is placed in the high impedance state during DMA
and Hold cycles and is held high during internal (non-
X10) operations.

2.2.6 Read/Write (RD/W)

Output/Hi-Z. This dual function signal indicates the
direction of data flow on the AD bus. A high level
indicates a read operation with data being input to the
module. A low level indicates a write operation with data
being output by the module. RD/WN may be combined
with DSN to generate separate read and write strobes.
This signal goes valid shortly after SYNCN goes low to
indicate the start of a new machine cycle and remains
valid until a new SYNCN cycle is begun. RD/WN is placed
in the high impedance state during DMA and Hold cycles.
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Figure 5: Typical MAS281/MA 17504 System Interface
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2.2.7 Memory/Input-Output (M/i10)

Qutput/Hi-Z. This dual function signal indicates the type
of transfer of the AD bus that is occurring. A high state
identifies memory transfers. A low state identifies 1/0
transfers. M/ION goes valid shortly after SYNCN goes low
to indicate the start of a new machine cycle and remains
valid untif a new SYNCN cycle is begun. M/ION is placed
in the high impedance state during DMA and Hold cycles
and is held high during internal {(non-XI0) operations.

2.2.8 Instruction/Operand (IN/OP)

Output/Hi-Z. This dual function signal indicates the type
of data on the AD bus during the data portion of a
SYNCN cycle. A high state identifies an instruction while
a low state identifies an operand. INJOPN goes valid
shortly after SYNCN goes low to indicate the start of a
new SYNCN cycle and remains valid until a new SYNCN
cycle is begun. This signal is required during expanded
memory accesses IN/OPN is placed in the high
impedance state during DMA and Hold cycles.

2.2.9 Address/Data Bus (AD0OO - AD15)
Input/Output/Hi-Z2. ADOO through AD15 comprise a
bidirectional multiplexed address and data bus which
serves both as the communication path between the
external system and module as well as the
communication path among the three chips on the
module. It is important to note that the AD bus is shared
between the external system and internal module
resources. To avoid bus contention during internal
operations, the AD bus must be isolated from the
external system through the use of a bus transceiver. A
data direction signa! (DDN) is provided for transceiver
control.

Addresses, data & commands appearing on the AD bus
are represented in positive logic. A high level indicates a
logic 1 and a low level indicates a logic 0. ADOO is the
most significant bit position whilst AD15 is the least
significant bit position. The AD bus is placed in the high
impedance state during the data portion of a read
SYNCN cycle as well as during DMA and Hold cycles.

2.2.10 Ready (RDY)

This asynchronous active low input is used by the EU
state sequencer, in conjunction with the internal ready
signal, to determine when the current machine cycle may
be completed. By holding RDYN high, wait states may
be inserted, stretching out the current machine cycle
and allowing slower devices sufficient time to complete
their operations
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Since the internal ready logic may request a wait state
when the module is executing an internal X1O command,
as discussed above under SYNCN, it is important that the
external ready logic not override the internal ready {ogic.
To this end, it is recommended that an external ready
only be generated when an external device is specifically
addressed.

[Note: If RDYN is held high during two consecutive TCLK
high-to-low transitions (with DSN low), a bus timeout
fault will occur and will be indicated in the appropriate
bit in the fault register. The occurrence of this fault will
cause the EU state sequencer to terminate the current
machine cycle, drop SYNCN low, and begin a new
machine cycle. Also, the presently executing
macroinstruction will be aborted and execution will
branch, unless masked, to the machine error interrupt
(level 1) software routine. The DTON signal may be used
to override this feature.]

2.2.11 Control Direction (CD)

This active low output goes high to indicate the module
is driving the AS, DSN, M/ION, RD/WN and INJOPN signals.
During DMA and Hold cycles, this signal goes low to
indicate the module has relinquished control of these
signals and has placed them in the high impedance state.
The DMA or Console controller, respectively, may then
drive these signals. This signal should be used to control
the transfer direction of the control signal transceiver.

2.2.12 Data Direction (DD)

This active low signal indicates the direction of data
transfer on the AD bus. This signal goes high to indicate
a write transfer from the module to the external system.
It also goes high during all internal module operations.
DDN goes low to indicate a read transfer from the
external system to the module. It also goes low during
DMA and Hold cycles as well as during configuration
register reads.

[Note: In addition to going high during the execution of
internally implemented XIO commands, DDN also goes
high during execution of XIO commands which are
implemented in the MA 17504 MMU(BPU) chip.
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If an MA17504 is used with the MAS281, it must reside
on the MAS281 local AD bus rather than the system
buses (see Figure 5). Table 7b in Section 4.0 identifies
those XIO commands which are implemented in the
MA17504].

2.2.13 Direct Memory Access Enable (DMAE)

This active high output goes high in responce to the
DMAE X!0 command. A high state indicates DMA
requests will be acknowledged; a low state indicates a
DMA request will be ignored.

2.2.14 Direct Memory Access Request (DMAR)

A low on this asynchronous active low input will cause
the processor to suspend internal operations at the end
of the current machine cycle. This request will only be
acknowledged by the module when DMAE is high.

2.2.15 Direct Memory Access Acknowledge (DMAK)

This active low signal goes low in response to a DMA
request if DMAE is high. A low state grants use of the
system busses to the requesting DMA device by placing
the module‘'s AD bus, AS, DSN,RD/WN, M/ION and
INJOPN drivers into the high impedance state and by
pulling CDN and DON low. The high-to-low transition is
synchronized to the falling edge of SYNCN to ensure
that the current machine cycle is completed before the
DMA device is granted the bus. DMAKN will remain low
until the requesting device raises DMARN.

2.2.16 Hold Request (HOLD)

A low on this asynchronous active low input will cause
the module to suspend internal processor functions at
the end of the currently executing MIL-STD-1750A
instruction. A Hold state is also entered if the processor
encounters a breakpoint (BPT) instruction and the
configuration word indicates the presence of a Console
(bit 15=0).

2.2.17 Hold Acknowledge (HLDAK)

This active low output goes low either upon completion
of the MIL-STD-1750A instruction during which HOLDN
went low or if the processor encounters a breakpoint
(BPT) instruction with Console present indicated in the
configuration word register. A low on this signal
indicates to the requesting device that that the module
AD bus, AS, DSN, M/ION, RD/WN, and IN/OPN drivers
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have been placed in the high impedance state. The Hold
state is terminated either by raising HOLDN high or, in
the case of a BPT caused Hold, by pulsing HOLDN low
and high again (see Section 6.0).

2.2.18 System Reset (RESET)

This asynchronous active high input should be raised
high to reset the module. The high-to-low transition of
this input will start the module’s initialization.

2.2.19 Start-Up ROM Enable (SURE)

This active high output goes high during initialization
and may also be asserted by software with the ESUR XIO
command. This signal remains high until removed by
software via the DSUR XI0 command. When a Start-Up
ROM is present, This signal should be used to qualify its
chip select or output enable input such that the ROM
may be accessed only when SURE is high.

[NOTE: Instruction pipelining must be considered in
transitioning from Start-Up ROM to RAM when using
the DSUR XI0 command. If a system overlays RAM with
the Start-Up ROM and transitions to execution from
RAM by simply executing DSUR from the ROM, then |A
will contain the value stored in the ROM location
immediately following DSUR. This value will be treated
as an instruction and the module will attempt to execute
it. In such cases, it is recommended that DSUR be
followed by an unconditional branch instruction with
offset, i.e., the BR instruction. An alternative approach is
simply to jump to a portion of RAM not overlaid by the
Start-Up ROM and execute DSUR from RAM.]

2.2.20 Configuration Word (CONFW)

This active low output goes low when the module reads
the external configuration register and should be used
as that register's output enable strobe (see Section 6.0).
Table 1 defines the required format of the configuration
register. A zero in a given bit position indicates the
specified device is present. Bits 0 through 11 are not
used by the module.

The configuration register is read during initialization to
determine the system configuration. It is also read
whenever a (BPT) instruction is executed to determine
the presence of a Consale. If a console is not present, a
BPT will be interpreted as a NOP. DDN goes low during a
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Bit Device
15 Console
14 MMU
13 BPU
12 Output Discrete Register
11-0 Unused

Table 1. Configuration Register Bit Assignment

configuration register read. Thus, the configuration
register must reside on the system AD bus rather than
the local AD bus (see Figure 5).

2.2.21 Normal Power Up (NPU)

This active high output is dropped low during module
initialization as the first step of BIT. if BIT is successful,
NPU goes high and remains high until reset by software
via the RNS XIO command. NPU cannot be set high by
software.

2.2.22 Timer Clock {TCLK)

This clock input is used by interval timers A and B as well
as the interface fault timer. Timer A is clocked at the
TCLK frequency white timer B is clocked at a frequency
of TCLK/10. MIL-STD-1750A requires that this input be a
100kHz pulse train.

2.2.23 Trigger-Go Clock (TGCLK)

This clock input is used by the internal 16-bit trigger-go
counter. The trigger-go counter counts at the same
frequency as TGCLK.

2.2.24 Trigger-Go Discrete (TGO)

This active low output goes iow whenever the trigger-go
counter overflows, i.e., the counter rolls over to 0000. It
returns to the high state when the trigger-go counter is
reset by software via the GO XI0 command.

2.2.25 Disable Timer (DTIMER)

A low on this active low input disables timers A and B as
well as the trigger-go counter. A low also disables DMA
access by forcing DMAE low and DMAKN high. Raising
DTIMERN allows timers A and B and the trigger-go
counter to resume counting from the value at which
they were stopped. A high also allows normal DMA
-operation.
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2.2.26 Disable Timeout (DTO)
Alow on this active low input will reset and disable the
bus fault timeout circuitry.

2.2.27 Power Down Interrupt (PWRD)

A low on this active low input is captured in the PI
register by a SYNCN high-to-low transition. This sets
pending interrupt 0. This is the highest priority interrupt
and cannot be masked or disabled.

A low on any of these active low inputs will be captured
in the Pi register by a SYNCN high-to-low transition and
will set pending interrupt levels 2, 8, 10, 11, 13, and 15,
respectively. Level 2 is the highest priority user level
while level 15 is the lowest priority. These interrupts are
maskable and can be disabied. Unused inputs should be
pulled up to VDD.

2.2.291/0 dedicated Interrupts (i0i1 & 1012)

A low on either IO!1N or 1012N will be captured in the PI
register by a SYNCN high-to-low transition and will set
pending interrupt leveis 12 and 14, respectively. Unused
inputs should be pulled up to VDD.

[NOTE: Interrupt levels 1, 3, 4, 5, 6, 7, and 9 are
dedicated to internal machine interrupts.]

2.2.30 Memory Protect Error {(MPROE)

A low on this active low input, captured by the SYNCN
high-to-low transition, is used to inform the module
that an access fault, execute protect, or write protect
violation has been detected. Bit 0 of the module Fauit
Register (FT) is set if this signal goes low during a
memory cycle; bit 1 is set if it goes low during a DMA
cycle. Either condition immediately sets pending
interrupt level 1 and in the case of a memory cycle error,
causes the currently executing MIL-STD-1750A
instruction to be aborted.
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Although the MAS281 aborts the macroinstruction,
system memory management, and /or block protect
hardware is responsible for preventing the erroneous
bus cycle from accessing memory. To effectively use this
feature, MPROEN should be pulled low prior to the high-
to-low SYNCN transition of the next machine cycle. This
can easily be accomplished by injecting wait states to
hold off the DSN rising edge (write cycle) and the SYNCN
falling edge (read cycle) until the system protection
circuitry can decide whether or not to allow the
transaction.

2.2.31 Memory Parity Error (MPE)

A low on this active low input, captured by the SYNCN
high-to-low transition, is used to inform the module that
a parity error has been detected during a memory
transfer. Bit 2 of the module Fault Register (FT) is set
when this signal goes low. This, in turn, causes pending
interrupt level 1 to be set

2.2.32 Programmed 1/0 Parity Error (PIOPE)

A low on this active low input, captured by the SYNCN
high-to-low transition, is used to inform the module that
a parity error has been detected during an external I/O
transfer. Bit 3 of the module Fault Register (FT) is set
when this signal goes low. This, in turn, causes pending
interrupt level 1 to be set

2.2.33 DMA Parity Error (DMAPE)

A low on this active low input, captured by the SYNCN
high-to-low transition, 1s used to inform the module that
a parity error has been detected during a DMA data
transfer. Bit 4 of the module Fault Register (FT) is set
when this signal goes low. This, in turn, causes pending
interrupt level 1 to be set

2.2.34 External Address Error (EXADE)

A low on this active low input, captured by the SYNCN
high-to-low transition ,is used to inform the module that
a system address error has been detected. Bit 8 of the
module Fault Register (FT) is set when this signal goes
low during a memory fault; bit 5 is set if it goes low
during an /O fault. As with MPROEN, either condition
immediately sets pending interrupt level 1 and causes
the currently executing MIL-STD-1750A instruction to be
aborted.

1
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2.2.35 Programmed |/O Transfer Error (PIOXE)

A low on this active low input, captured by the SYNCN
high-to-low transition, is used to inform the module that
a programmed I/O data transfer error has been detected.
Bit 6 of the module Fault Register (FT) is set when this
signal goes low. This, in turn, causes pending interrupt
level 1 to be set.

2.2.36 Fault #7 (FLT7)

A low on this active low input, captured by the SYNCN
high-to-low transition, sets bit 7 of the Fault Register
(FT). This is a user definable fault.

2.2.37 System Fault (SYSF)

A tow on this active low input, captured by the SYNCN
high-to-low transition, sets bits 13 and 15 of the Fault
Register (FT). This is a user definable fault.

2.2.38llegal Address (ILLAD)

This active low output drops low if the EXADEN input
drops tow or if the bus fault timeout circuit causes an
interface timeout. When extended memory is
implemented, the MA17504 MMU uses ILLADN to trigger
the Memory Fault Status Register (MFSR).

2.2.39 Microcode Stop (MSTOP)

MSTOPN allows microcode to be single-stepped and is
reserved for use by Marconi Electronic Devices. MSTOPN
must be pulled up to Vpp in customer applicatians.

2.2.40 ROM Only (ROMONLY)

ROMONLYN is used for testing by Marconi Electronic
Devices and must be putled up to Vpp in customer
applications.
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MAS281 operating modes include: (1) initialisation, (2)
instruction execution, (3) interrupt servicing, (4) fault
servicing, (5) DMA support, (6) Hold support, and (7)
timer operations.

3.1 Initialisation

The module executes a microcoded initialisation routine
in response to a hardware reset. This routine clears
module registers, disables and masks interrupts, reads
the configuration register, resets the output discrete
register (if implemented), initialises the MMU and BPU
(if implemented), pertorms Built-In-Test (BIT), raises the
Start-Up ROM enable discrete, clears and starts timers A
and B, resets the trigger-go counter, and loads the
instruction pipeline. Table 2 summarises the resulting
initialisation state, and Table 3 provides a detailed
breakdown of the initialisation sequence.

BiT consists of five subroutines, as outlined in table 4,
and begins by pulling NPU low. This is the first time after
reset that NPU is guaranteed low. If all five subroutines
execute successfully, NPU is raised high. If any part of BIT
fails, an error code identifying the failed subroutine is
loaded into the Fault Register (FT), BIT is aborted, and
NPU is left in the low state. Table 4 defines the coding of
BIT results in FT. In the event of such a failure, the
resulting module reset state wilt be dependent on where
in BIT the error occurred and may not be the same as
that shown in Table 2 A BIT failure indication in FT will
set the level 1 interrupt request bit of the Pending
Interrupt {P!) register. Since initialisation disables and
masks interrupts, this interrupt request will not be
asserted.

The last action performed by the initialisation routine is
to load the instruction pipeline. Instruction fetches start
at memory location zero and will be from the Start-Up
ROM if implemented. Whether BIT passes or not, the
processor will begin instruction execution at this
point.The system start-up code may include a routine to
enable and unmask interrupts in order to detect and
respond to a BIT failure.
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[NOTE: To complete initialisation and pass BIT, interrupt
and fauit inputs must be high for the duration of the
initialisation routine. Also, timers A and B must be
clocked during this interval, i.e., TCLK must be applied.]

MAS281

Instruction Counter (I1C) Zeroed

Status Word (EU and MMU) (SW) Zeroed

Fault (FT} Zeroed

Pending Interrupt (P1) Zeroed

Mask (MK) Zeroed

General Register File (R0 - R15)  Zeroed

Interrupts Disabled

DMA Access Disabled

Timer A Reset and Started
Timer 8 Reset and Started

Trigger-Go Timer Reset and Started

MMU

Page Registers Group 0 Enabled

AL, W, EFields Zeroed

PPA Field Logical to Physical

Map
BPU

Write Protect Zeroed
Global Memory Protect Enabled

Table 2: Initialisation State

3.2 Instruction Execution

Once initialisation has been completed, the module will
begin instruction execution. Instruction execution is
characterised by a variety of operations, each one or
more machine cycles in duration. Depending on the
instruction being executed at the time, these operations
include: (1) internal CPU cycles, (2} instruction fetches,
(3) operand transfers, and (4) input/output transfers.
Instruction execution may be interrupted at the end of
any individual machine cycle by DMA operations and at
the conclusion of any given instruction by an interrupt
or Hold request.
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Label | Cycle
MAIN B1 1. Enable Control of DMAE Qutput signal
P 2. -
B1 3. Clear MAS281 Execution Unit Status Word (SW)
Clear Interrupt Mask {MK) {internal 110 command, SKM, 2000H)
B1 4. Clear Pending Interrupt Register (Pl) and Fault Register (FT) (Internal /O Command, CLIR, 2001H)
Clear instruction Counter {IC)
P 5 -
81 6. Disable Interrupts (Internal I/O Command, DSBL, 2003H)
P 7. -
B1 8. Clear MMU Status Word (Internal 1O Command, WSW, 200EH) (Note 1)
P 9. -
B1 10. Disable DMA Access {Internal /0 Command, DMAD, 4007H)
P 1" -
B1 12. Read Configuration Register (Internal /O Command.RCW, 8400H, CONFWN Drops low per Figure 25,
Section 5.0)
P 13. -
P 4. -
B2 1 5.) - (If Output Discrete Register Present, then Continue; Else, Skipto 18.)
p (16).-
o (17). Clear Output Discrete Register (External /O Command)
P 18. -
B2 19. -{f BPU present, then Branch to BPU; else, continue)
P 20. -
B2 21. - (If MMU present, then Branch to MMU; Else, Continue)
p 22. -(Setup Temporar Regrister to indicate No MMU Present)
B2 23. -(Branch to MAS281 BIT)
P 24. -
81 25 Enable Start-Up ROM (Internal 1O Command, ESUR, 4004H; SURE Raises High per Figure 25, Section
5.0}
P 26. - .
81 27. Clear and Start Timer A (Iinternal /O Command, OTA, 400AH)
B1 28. Reset the Trigger-Go timer {Internal I/0 Command, GO, 400BH)
P 29 -
B1 30. Ciear and Start Timer B {Internal VO Command, OTB, 400EH)
B2 31. -(Branch to Load Instruction Pipeline Routine)
M 32. Load data-In register (Di) and instruction Register A (IA) from [IC], Increment IC
M 33. Load Data-In Re%ister (D1) and Instruction Register a (IA) from [IC]{[IA] Moves to IB), Increment IC,
Map Instruction Register B (1B) into Microcode Routine
BPU P (). -
P (2). -(SetLoop to Clear Memory Protect RAM)
110 (3) Clear a Location in MPRAM (Internal ¥O Command, LMP, SOXXH), Increment Address; Do 128 Times
(4). -(Branch Back to 20)
MMU P (1)
P (2) -
P (3). -(Setup Loop to Load instruction Page Registers (IPR) and Operand Page Registers (OPR) with
Sequential Values of 0 to 255)
P (4) -
P (5) -
170 (6). Loada )Locatlon in the IPR with the value of the Location Address (internal VO Command, WIPR,
S1XYH
o (7) Load a Location in the OPR increment Loaded Value with the Value of the Location Address (Internal
1/0 Command, WOPR,52XYH)
P (8) -(increment IPR Address)
P {9) -(Increment OPR Address; Repeat Loop |4. -9.] 256 Times)
B2 {10).-(Setup Temporary Register to Indicate MMU Present; Branch back to 23)
Notes:
1. This operation 1s performed whether or not an MMU is present.
2. “-" indicates internal CPU operation
3. Sequence numbers in "()" are performed only under the stated conditions.
4. Each step enumerated above represents a single machine (SYNC) cycle of the type shown in the “Cycle” column.

*P“ indicates a 5 OSC cycle, 60% duty cycle, machine cycle.
“I/O” and "M"” indicate a 5 OSC;}cIe, 50% duty cycle, machine cycle.
o d

“B1" indicates a 6 OSC cycle, 50

uty cycle, machine cycle.

“B2* indicates a 6 OSC cycle, 66% duty cycle, machine cycle.

Table 3. MAS281 Initialisation Sequence
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3.2.1 Internal CPU Cycles

Internal CPU cycles are used to perform all CPU data
manipulation and housekeeping operations. Internal
CPU cycles are either five or six oscillator periods in
duration and are characterised by AS low and DSN, DDN
and M/ION high. Section 6.0 provides timing
characteristics for internal CPU cycles. Tables 7a and 7b
in Section 4.0 provide machine cycle counts (both the
five and the six OSC cycle variety) associated with each
MIL-STD-1750A instruction.

3.2.2 Instruction Fetches

Instruction Fetches are used to keep the instruction
pipeline full. This ensures that the next instruction is
always ready for execution when the preceding
instruction is completed. During jump and branch
instruction execution, the pipeline is flushed, and then it
is refilled via two consecutive instruction fetches starting
at the new instruction location. The pipeline is also
refilled as part of interrupt and hold request processing.

Instruction fetches are characterised by IN/OPN high but
are otherwise identical to an operand read transfer. For
a detailed explanation of the function of various bus
control signals during instruction fetches, refer to the
discussion of operand transfers below. Section 6.0
provides timing characteristics for instruction fetches.
Machine cycles associated with instruction fetches are a
minimum of five oscillator periods in duration. The
RDYN signal may be used to insert wait states to
accommodate slow memory. Machine cycle counts
included in Table 7a of Section 4.0 include instruction
fetches.

Instruction fetches use instruction pipeline registers |A
and IB, the instruction counter (IC), and the data input
register (D) and proceed as follows: assuming an empty
instruction pipeline (occurring as a result of a reset,
jump, or branch), the contents of IC are placed on the AD
bus as an address. The returned value, which will be an
instruction, is stored in the IA register.

The value in ICis incremented (via its dedicated counter)
and the next fetch is performed. This second returned
value, which may be either an instruction or an
immediate operand, is stored in both the IA and DI
registers. The instruction previously stored in |A is
advanced to IB to be executed.
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The instruction in IB is checked to determine if an
immediate operand is required. If so, that operand has
already been pre-fetched and resides in both IA and Di.
If not, then the value currently in IA is an instruction. If
IA contains an operand, another instruction fetch is
performed and the returned value is stored only in IA
(the contents of IB and DI are preserved). If IA contains
an instruction, however, the next fetch is deferred until
the contents of IB are no longer needed. At that time,
the deferred fetch is performed, IA is advanced to IB for
execution, and the newly returned value is stored in
both IA and DI.

This sequence repeats until the instruction pipeline is
again emptied at which time the whole process is
repeated.

3.2.3 Operand Transfers

Operand transfers are used to obtain (read in)
operands 1o be used by an instruction and to save
(write out) any results of an instruction's execution.
Section 6.0 provides timing characteristics for operand
transfers. Machine cycles associated with operand
transfers are a minimum of five oscillator periods in
duration. The RDYN signa! may be used to insert wait
states to accommodate slow memory. Machine cycle
counts in Table 7a of Section 4.0 include operand
transfers.

Operand transfers use the address register (A), the data
input register (DI}, and data output register (DO).
Before the operand transfer begins, the processor
calculates the effective operand address and stores this
value in A. For write transfers, the processor loads the
operand into the DO register.

All operand transfers between the module and
memory are referenced to the AS and DSN bus control
signals and are characterised by IN/OPN low and, by
M/ION and CDN high. The transfer begins by placing
the contents of A (the address register) on the AD bus
immediately following the SYNCN high-to-low
transition. The AS strobe then goes high to enable the
system's transparent address latch. The address is
assured valid on the high-to-low transition of AS. The
DDN signal is high during the address portion of the
transfer; its subsequent action depends on whether the
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transfer is a read or write.The RD/WN signal indicates
the direction of the transfer. If the operand is a write,
the address from A is replaced by the operand in DO
when SYNCN transitions from low-to-high. Next, the
DSN signal goes low and can be used by the memory
system to generate a write enable. Data is guaranteed
valid at the low-to-high transition of DSN. DDN stays
high for the duration of a write transfer. The memory
system must pull RDYN low to conclude the transfer.

If the operand transfer is a read, the AD bus drivers are
placed in a high impedance state at the low-to-high
transition of SYNCN to give the memory system access to
the bus. Next, the DSN signal goes low and can be used
by the memory system to generate an output enable.
Shortly after DSN goes low, DDN also goes low. This
should be used by the system to reverse the direction of
the system's AD bus transceivers. The memory system
must pull RDYN low to conclude the transfer. Data will
be read into the DI register on the SYNCN high-to-tow
transition.
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3.2.4 input/Output Transfers

Input/Output transfers utilize the MIL-STD-1750A X0
and VIO protocols and are characterized by M/ION and
IN/OPN low and CDN high. RD/WN defines the direction
of the transfer. AS and DSN cycle as with operand
transfer operations. The procedure followed depends
on whether the transfer is associated with one of the
internally implemented XIO commands or an externally
implemented capability. An exception is the Read
Configuration Word (RCW) command which is decoded
by the MAS281 but is treated, in some ways, like an
externally implemented XIO command. This exception
is discussed below.

Internal /O transfers involve all XIO commands which
are decoded internally either by the MAS281 or by the
MA17504 MMU/BPU chip (with the exception noted
above). Table 7b identifies these commands. The A, DI
and DO registers are used as in operand transfers.
Internal I/O transfers are characterised by DDN staying
high for the duration of the transfer in order to prevent
bus contention between the module AD bus and the

BIT Test Coverage

BIT Fail Codes (FT 13,14,15) Cycles

Microcode Sequencer

I8 Register Control

Barrel Shifter

Byte Operations and Flags

100 220

Temporary Registers (T0 - T7)
Microcode Flags

Multiply

Divide

101 165

Interrupt Unit- MK, PI, FT
Enable/Disable Interrupts

216

Status Word Control
User Flags
General Registers (RO - R15)

110 155

Timer A
Timer B

M 775

BIT Pass/Fail Overhead

25

Note: BIT pass is indicated by all zerosin FT bits 13,14, and 15

Table 4 Built-in Test Coverage and Timing
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system bus. Machine cycle associated with internal I/O
commands are normally six oscillator cycles in duration
but might be extended to seven OSC cycles by the
internal ready interface if the module is run at high
frequencies. Internal I/O transfers may be subdivided
into writes, reads and commands as follows:

I/Q writes consist of a command phase followed by the
value to be written. The command is ptaced on the AD
bus from the A register at the SYNCN high-to-low
transition and is assured valid on the high-to-low
transition of AS. The value to be written is placed on the
AD bus from the DO register at the SYNCN low-to-high
transition and is written to the internal /O device by the
subsequent SYNCN high-to-low transition. An example
of aninternal I/0O write is loading timer A.

IVO reads consist of a command phase followed by the
value returned by the internal device. The command is
placed on the AD bus from the A register at the SYNCN
high-to-iow transition and is assured valid on the high-
to-low transition of AS. The internal /O device places
the value to be read on the AD bus at the SYNCN low-to-
high transition. This value is captured by the DI register
on the subsequent SYNCN high-to-low transition. An
example of such an operation is reading the interrupt
mask register.

I/0 commands consist of a command phase alone. The
command is placed on the AD bus from the A register at
the SYNCN high-to-low transition and is executed at the
following SYNCN high-to-low transition. An example of
an /0 command is raising the DMAE discrete

External I/O transfers are similar to internal I/O transfers
with the following exceptions: (1) DDN goes low, as with
operand transfers, during an /O read; and (2) external
IO machine cycles are normally five OSC cycles in
duration and may be extended via the RDYN signal as
with operand transfers.

As discussed earlier, the Read Configuration Word
command is a special case. It is decoded internally to
generate a read strobe (CONFWN) and therefore uses
both the standard internal I/O six OSC period machine
cycle as well as the internal ready interface to extend its
cycle. It relies on an externally implemented
configuration register, however, and therefore cycles
DDN as with external /0O cycles. Therefore, the
configuration word register must reside on the system
side of the data bus transceivers as opposed to residing
directly on the local AD bus (as shown in Figure 5).
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3.3 Interrupt Servicing

Computer Status
at Time of
Interrupt
Linkage Old Interrupt
Interrupt 0 >
P*% = pointer 0 g Mask
Service Old Status
Pointer 0 Word
tinkage Old Instruction
interrupt 1
PEL = bointer 1 Counter
Service Computer Status
Pointer 1 to Start Service
X X Routine
] 1
] 1
! ' | New Interrupt
! : v Mask
Linkage New Status
Interrupt 15
P ™ pointer 15 Word
Service New Instruction
Pointer 15 counter

Figure 6. Interrupt Vectoring

Nine user interrupt request inputs are provided for
programmed response to asynchronous system events.
A low on any of these inputs will be detected at the
high-to-low transition of SYNCN and latched into the
Pending Interrupt (Pl) register on the following SYNC
high-to-low transition {(with the exception of INTO2N
which is latched into Pl when INTO2N is first detected).
This sequence occurs whether interrupts are enabled
or disabled or whether the specific interrupt is masked
or unmasked.

Each external Pl register input is buffered by a falling
edge detector to prevent repeat latching of requests
heid low beyond the first SYNCN high-to-low
transition. An interrupt request input must transition
to the high state before a subsequent request on that
input will be detected.
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When an interrupt request is latched into PI, it is ANDed
with its corresponding mask bit in the mask register
(MK). Interrupt level 0 is not maskable. Any unmasked
pending interrupts are output to the priority encoder
where the highest priority is encoded as a 4-bit vector. if
interrupts are enabled, and an unmasked interrupt is
pending, the priority encoder will assert an interrupt
request to the CU.

Upon completing execution of a given MIL-STD-1750A
instruction, the CU's microsequencer checks the state of
the priority encoder's interrupt request. 1f an interrupt
request is asserted, the microsequencer branches to the
microcode interrupt service routine. This routine
performs a read of the priority encoder’s 4-bit pending
interrupt vector, stores the value in the EU DI register,
and then uses this value to calculate the appropriate
interrupt linkage and service pointers. The pointers serve
as addresses to data structures used in servicing
interrupts. Figure 6 depicts this relationship. Table 5
defines pointer values.

Using the linkage and service pointers, the microcode
interrupt service routine performs the following: (1) the
current contents of the status word, mask register, and
instruction counter are saved; (2) a write status word 1/0
command is executed with an all zero data word; (3) the
new mask is loaded into MK and interrupts are disabled;
{(8) the new status word is read and checked for a valid
AS field - If AS is non-zero and an MMU is not present, AS
is set to zero and fault 11 (address state error) is setin the
fault register FT; (5) a write status word command using
the new status word is performed; and (6) the new IC
value is loaded into IC, the instruction pipeline is filled
starting at the new address, and instruction execution
begins.

[NOTE: The steps listed above represent a summary of
actions performed during interrupt servicing and do not
necessarily reflect the actual order in which these events
take place.]

if an interrupt is latched during the interrupt service
routine, it will not be processed until interrupts are re-
enabled. If an AS fault occurs during the service routine,
interrupt level 1 will be set. This interrupt will be
serviced when interrupts are re-enabled uniess it is
masked by the new value in MK.

3.4 Fault Servicing

Eight user fault inputs are provided. A low on any of
these inputs will be latched into the Fault Register (FT} at
the high-to-low transition of SYNCN.
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LP SP

Interrupt  Address Address
PWRD 0 20 21
1 22 23
INTO2 2 24 25
3 26 27
4 28 29
5 2A 2B
6 2C 2D
7 2E 2F
INTO8 8 30 31
9 32 33
INT10 10 34 35
INT11 1 36 37
1011 12 38 39
INT13 13 3A 3B
1012 14 3C 3D
INT15 15 3E 3F

Table 5. Interrupt Pointer Definitions

No falling edge detectors are provided to prevent
repeat latching of faults held low beyond the first
SYNCN high-to-low transition. However, all FT bits are
ORed together and input to the Pl bit 1 through an edge
detector to prevent the fault register from causing
multiple level 1 interrupts.

The sequence of events following a fault capture
depends on the type of fault as follows:

3.4.1 MPEN, PIOPEN, DMAPEN, PIOXEN, FLT7N, and
SYSFN

The capture of one or more of these faults immediately
sets pending interrupt level 1 (machine error) of the
Pending Interrupt (Pl) register. Anti-repeat logic
between the FT and P! prevents latching more than a
single interrupt into the Pl before the user interrupt
service routine has cleared the FT. The microcoded
interrupt service routine reads the interrupt priority
vector from the Interrupt Unit and clears the serviced
interrupt from the Pl. At this point the Pl is ready to
latch another interrupt into this bit.

When this microcoded service routine acts on a level 1
interrupt, it clears the Pl bit 1, but the FT maintains the
interrupting bit(s). Therefore, a level 1 interrupt would
be latched again if there was no anti-repeat logic to
prevent a never-ending loop of interrupts.
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System
Interrupts internal Interrupts
(Cannot be Disabled
PWRD 0 | or Masked ¢
Machine Error
1 {(Cannot be Disabled)
iNTO2 2
3 Floating-Point Overflow
4 | Fixed-Point Overflow
Executive Call
5 | (cannotbe Disabled or Masked)
6 Floating-Point Undertlow
7 | Timer A Overflow
INTO8 8
9 | TimerB Overflow
INT10 10
INT11 11
INT13 13
1012 14
INT15 15

Figure 7. Pending Interrupt Register Bit Assignments
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System
Faults

MPROE (Memory)
MPROE (DMA)
MPE

PIOPE

DMAPE

EXADE or
Bus Timeout

EXADE or
Bus Timeout

Reserved

SYSF

SYSF

o

——ab

O (0 N 6 [ b~ W N

—
(o]

—
—

2

13

14

15

Internal Faults

Ilegal instruction Opcode

Priviledged Instruction

Unimplemented Address
State

MAS281 BIT
fail code

Figure 8. Fault Register Bit Assignments
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During the SYNCN cycles between fault capture and the
beginning of the microcode interrupt handling routine,
AS and DSN are forced to their inactive states. In the
case of MPROEN, which may reflect an attempted write
violation, it is required that system hardware provide the
additional protection necessary to inhibit memory write
strobe.

Interrupts are serviced at the end of the currently
executing instruction if not masked and if interrupts are
enabled. System software servicing level 1 interrupts
must clear the FT via the RCFR internal I/0 command at
some point in the routine to allow subsequent faults to
latch a level 1 interrupt request. A non-destructive read
of the FT is provided by the internal /O command RFR,
but this command should be used carefully.

3.4.2 MPROEN, EXADEN, and Bus Fault Time-Out

The capture of one or more of these faults immediately
sets pending interrupt level 1 (machine error) of the
Pending Interrupt (P!) register. Furthermore, the
instruction currently executing is aborted at the SYNCN
high-to-low transition following the SYNCN high-to-low
transition that latched the fault. The IC value saved in
the interrupt linkage table for the level 1 interrupt
always points to the instruction which was in instruction
pipeline register IA at the time of the abort. Anti-repeat
logic between the FT and Pl prevents latching more than
a single interrupt into the PI before the user interrupt
service routine has cleared the FT.

The microcoded interrupt service routine reads the
interrupt priority vector from the Interrupt Unit and
clears the serviced interrupt from the Pl. At this point
the Pl is ready to latch another interrupt into this bit.
When this microcoded service routine acts on a level 1
interrupt, it clears the Pt bit 1, but the FT maintains the
interrupting fault bit(s). Therefore, a level 1 interrupt
would be latched again if there were no anti-repeat
logic to prevent a never-ending loop of interrupts from
occurring.

3.5 DMA Support

DMA data transfers are performed under the control of
a system DMA controller over the system AD bus. The
user signals that DMA requests will be honored by
setting the DMAE output high via the DMAE internal
X10 command. The DMA controller may request use of
the AD bus by pulling the module’'s DMARN input low.
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Unless the DMAE output is high, all such requests will be
ignored. If DMAE is high, DMARN will be
acknowledged by DMAKN dropping low. This occurs at
the first SYNCN high-to-low transition after DMARN
goes low.

DMAKN low indicates that the module has relinquished
control of the AD bus by placing its AD bus, AS, DSN,
M/ION, RD/WN and IN/OPN drivers in their high
impedance state. DDN is dropped low to direct the
system data bus transceivers to drive the lacal AD bus
and CDN is dropped low to disable the control signal
buffers. The DMA controller relinquishes control of the
AD bus by raising DMARN high. The module responds
by raising DMAKN high at the next SYNCN high-to-tow
transition and continuing with program execution.

3.6 Hold Support

The Hold state is provided to facilitate debugging of
user software by allowing the user to disable the
MAS281 and access system resources. Hold state timings
is defined in Section 6.0. The Hold state can be entered
either by pulling HOLDN low or by executing a BPT
instruction with the Console present and indicated in
the Configuration Word. These two approaches, as well
as methods for using the Hold state to single step
through software, are discussed below:

3.6.1 Using HOLDN

At the completion of the currently executing
instruction, the microsequencer checks the state of the
HOLDN input. If low, the microsequencer branches to
the microcode Hold service routine. This routine
decrements IC twice, enables the Hold termination
sequence, drops HLDAKN low, and enters the Hold
state. HLDAKN drops low three SYNCN cycles after the
final SYNCN cycle of the currently executing instruction.
A fow on HLDAKN indicates that the module has
relinquished the AD bus by placing its AD bus, AS, DSN,
M/ION, RD/WN and IN/OPN drivers into the high
impedance state and, DDN and CDN drop low.

When HOLDN is returned high, the Hold state will end
on the subsequent high-to-low transition of SYNCN.
This is signified by raising HLDAKN, at which point the
module resumes control of the AD bus, AS, DSN, M/ION,
RD/WN and IN/OPN signals. CDN and DDN raise high.The
instruction pipeline is then refilled and instruction
execution resumes with the first instruction loaded into
the pipeline.
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3.6.2 Using BPT

The Hold state may also be entered by executling a BPT
instruction with Console present indicated in the
Configuration Word. On encountering a BPT
instruction, the processor reads the Configuration Word
to check for the presence of a Console. If a Console is
indicated, the microsequencer branches to the
microcode BPT Hold service routine. This routine
decrements IC once, drops HLDAKN low, and enters the
Hold state.

To release the MAS281 from a BPT initiated Hold state,
the HOLDN input must be pulsed low in accordance with
the timing diagrams in Section 6.0. When HOLDN
returns high, the Hold state will be released on the
following SYNCN high-to-low transition. The instruction
pipeline is then refilled and instruction execution
resumes with the first instruction loaded into the
pipeline.

3.6.3 Single-Stepping

Software can be single-stepped through the proper use
of the HOLDN input and the BPT instruction Use the
BPT instruction to mark the beginning of the section of
code which will be stepped through. Pulse HOLDN low
to release the BPT initiated Hold state and then pull
HOLDN low again during the two subsequent SYNCN
cycles that refill the instruction pipeline. When the first
instruction following Hold release completes execution,
the module will once again enter the Hold state Again
pulling HOLDN will cause the next instruction to

execute. This process may be repeated as long as
required. Raising HOLDN high will resume normal
operation.

3.7 Timer Operations

The MAS281 implements interval timers A and B, a
trigger-go counter, and a bus fault timer. A discussion of
each follows:

3.7.1 Timers Aand B

Timer A is clocked by the TCLK input; timer B is ctocked
by an internally generated TCLK/10. MIL-STD-1750A
requires TCLK to be a 100-kHz pulse train. if allowed to
overflow, timers A and B will set level 7 and level 9
interrupt requests, respectively. Timing characteristics
of each timer are defined in Section 5.0. Either timer can
be read, loaded, started, and stopped through the use
of internally decoded X1O commands.
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These commands are identified in Table 7b in Section
40 By asserting the DTIMERN input, both timers will
halt and all internally decoded XIO commands which
would change their state are disabled (asserting
DTIMERN also disables DMA accesses by driving DMAE
low and DMAKN high). Raising DTIMERN allows the
timers to resume counting from their suspended state
and allows timer commands to function normally (DMA
control lines are again allowed to change).

A feature of the MAS281 timers is the choice of
disabling, or not disabling, the interval timers A and B
upon execution of a BPT software instruction when a
Consote is connected. If full compliance with MIL-STD-
1750A (Notice 1) is desired, the halting of timers A and B
can be accomplished by pulling DTIMERN low upon
execution of a BPT instruction with a Console connected.
Two suggested ways to do this are: (1) connect HLDAKN
to DTIMERN through an AND gate; or (2) allow the
system Console to pull DTIMERN low upon receiving
HLDAKN low. The first option provides a faster response
and is a less complicated method, whereas the second
choice allows the option of halting timers A and B, or
not halting them.

[NOTE: As described in Section 2.2, DTIMERN low
suspends the trigger-go timer and disables DMA access
(forces DMAE low and DMAKN high) in addition to
halting timers A and B]

3.7.2 Trigger-Go Counter

The trigger-go counter is clocked by the TGCLK input.
Timing characteristics for trigger-go counter operation
are defined in Section 6.0. DTIMERN disables and
enables operation in the same manner as with timers A
and B. Whenever the trigger-go counter overflows,
TGON drops low and remains low until the counter is
reset via the GO internal X1O command.

3.7.3 Bus Fault Timer
All bus operations are monitored to ensure timely
completion. A hardware timeout circuit is enabled at
the start of each memory and I/O transfer (DSN high-to-
low transition) and is reset upon receipt of the external
ready (RDYN) signal.
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If this circuit fails to reset within a minimum of one TCLK
period or a maximum of two TCLK periods, either bit 8 (if
the transaction is with memory) or bit 5 (if the
transaction is with 1/0) of the Fault Register (FT) is set.
This sets pending interrupt level 1 and causes the current
bus cycle to be terminated by forcing SYNCN low. The
MIL-STD-1750A instruction is aborted, and control passes
to the level 1 interrupt service routine (if the level 1
interrupt is unmasked). This feature is disabled by
pulling DTON low.

RO
R1
R2
R3
R4
RS
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15

]

Instruction Counter {IC}) ]

—
—
-

Status Word (SW)

Fault Register (FT) I

Pending Interrupt {Pl)
Mask Register (MK)

Timer A
Timer 8

[ Cnnfiguration Register
It MMU:
r Memory Fault Status (MFS)

)

Figure 9 Register Set Model
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The MAS281 implements the full MIL-STD-1750A
instruction set. Table 7a lists the instruction set and
provides performance data for each instruction. Table
7b provides a summary of the XIO commands which are
internally decoded on the moduie. Resources available
to the software programmer are depicted in Figure 9. A
discussion of data types, addressing modes and
benchmarking considerations follows.

Byte
0

Upper
Byte

78 15

Lower
Byte

Single-Precision Fixed-Point

0 15
S

M L
S S
B B

Double-Precision Fixed-Point

0 15 16 31
5 (MSH) (LSH)
M L
S S
B B
Floating-Point
0 23 24 31
S Mantissa Exponent
M L M L
S S S S
B B 8 B
Extended-Precision Floating-Point
0 23 24 31 32 47
S Mantissa (MSH) Exponent Mantissa (LSH)
M M L L
S S S S
B B B8 B

Figure 10. Data Formats
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4.1 Data Types

The MAS281 fully supports 16-bit fixed-point single-
precision, 32-bit fixed-point double-precision, 32-bit
floating-point, and 48-bit extended precision floating-
point data types. Figure 10 depicts the formats of these
data types.

All numerical data s represented in two's complement
form. Floating-point numbers are represented by a
fractional two's complement mantissa with an 8-bit
two's complement exponent. All floating-point
operands are expected to be normalized. f not
normalized, the results from an instruction are not
defined.

4.2 Addressing Modes

The MAS281 supports the eight addressing modes
specified in MIL-STD-1750A. These addressing modes are
depicted in Figure 11 and are defined below.

4.2.1 Register Direct (R)
The register specified by the instruction contains the
required operand.

4.2.2 Memory direct (D,DX)

Memory Direct (without indexing) is an addressing mode
in which the instruction contains the memory address of
the required operand In Memory Direct-Indexed (DX),
the memory address of the required operand 1s specified
by the sum of the contents of an index register (RX) and
the instruction address field (A). Register R1 through
\R15 may be specified for indexing.

4.2.3 Memory Indirect (1, IX)

Memory Indirect (without indexing) is an addressing
mode in which the memory address specified by the
instruction contains the address of the required
operand. In Memory Indirect with Pre-Indexing (I1X), the
sum of the contents of a specified index register and the
instruction address field in the address that contains the
address of the required operand. Registers R1 through
R15 may be specified for pre-indexing.
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4.2 4 Immediate Long (IM, IMX)

There are two formats which implement Immediate
Long Addressing; one allows indexing and one does not.
For the indexable form, if the specified index
register, RX, is not equal to zero, the contents of RX are
added to the immediate field to form the required
operand; otherwise, the immediate field contains the
required operand.

4.2.5 Immediate Short (IS)

In this mode the required 4-bit operand is contained
within the 16-bit instruction. The Immediate Short
addressing mode accommodates two formats; one
which interprets the contents of the immediate field as
positive data and the other which interprets the
contents of the immediate field as a negative data.

4.2.5.1 Immediate Short Positive (ISP)
The immediate operand is treated as a positive integer
between 1 and 16.

4.2.5.2 Immediate Short Negative (ISN)

The immediate operand is treated as a negative integer
between -1 and -16. Its internal form is a two's
complement, sign-extended 16-bit number.

4.2.6 Instruction Counter Relative (ICR)

This  addressing mode is used for 16-bit branch
instructions. The contents of the instruction counter
minus two (the address of the current instruction ) is
added to the sign-extended 8-bit displacement field
within the instruction. This sum then points to the
memory address to which control will be transferred if
the branch is taken.
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4.2.7 Base Relative (B)

There are two formats which implement Base Relative
Addressing; one allows indexing and one does not. For
the non-indexable form, the contents of the instruction
specified base register (BR=BR' + 12) is added to the 8-
bit displacement field (DU) of the 16-bit instruction. For
the indexable form, the sum of the contents of a
specified index register and a specified base register is
the address of the required operand. Registers R1
through R15 may be specified for indexing. Registers R12
through R15 may be specified as the base register.

4.2.8 Special

This addressing mode is applicable to instructions that
do not follow the above formats. The instructions that
use this special mode are indicated in Table 7a.

4.3 Benchmarking

Table 7a defines the number and type of machine cycles
associated with each MIL-STD-1750A instruction. This
information may be used when benchmarking MAS281
performance. The Digital Avionics Instruction Set (DAIS)
mix, which defines a typical frequency of occurrence for
MIL-STD-1750A instructions, is used here for this
purpose.

One problem with the DAIS mix, however, 1s that it does
not reflect the impact of data dependencies on system
performance. For example, a multiplication in which
operand is zero may be performed much faster than one
with two non-zero operands. Also, the DAIS mix does
not specify such time consuming operations as
normalization and alignment.

Realistic benchmarks must therefore take both the
instruction mix and data dependencies into account. To
this end, machine cycle counts in Table 7a which have

data dependencies, are annotated with either an “a
or “wa” suffix.
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An "a” suffix reflects an average number of machine
cycles (where each of several possibilities is equally
likely) and a "wa” suffix reflects a weighted average
number of machine cycles (where some data possibilities
are more likely than others}.

Weighted averages are only applicable to floating-point
operations. Weighted averages provided in Table 7a are
based on the Sweeney (IBM) guidelines. These
guidelines take a wide range of data dependencies into
consideration. Normalization and alignment operations
are also represented Table 6 defines MAS281
throughput, at various frequencies and wait states, for
the DAIS mix using Sweeney data dependencies.

it should be noted that using the Sweeney guidelines is a
conservative approach to benchmarking. If best case
assumptions are made and such operations as
normalization and alignment are not considered,
MAS281 performance figures are approximately 50%
higher than those indicated in Table 6.

25 | 7434 6983 6584 6228
f
0s¢ 2 4.7 ) ) .
Mtz 0| 59 5587 526.7 498.2
15 | 4460 419.0 3950 3737
10 | 2074 2793 2634 2491
0 1 2 3

Number of Wait States in Memory Access Cycle

Table 6. Throughput (KIPS)
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Mode

1. Register Direct
NRII

2. MemoryDirect

" Dn
” DX "

3. Memory Indirect

ulu

ulxu

4. Immediate Long
a. Not Indexable
"I

b. Indexabie

"I
"IMIX

5. Immediate Short
a. Positive
"15p*

b. Negative
"ISN”

6. IC Relative
YICR"

7. Base Relative
a. Not Indexable

nBu

b. iIndexable

"y
“BX "

8. Special
NS"

Electronic Devices
Format
0 78 1112 15
[ oc [ RA | RB I
0 78 1112 15 16 32
I oc I RA l RX l I A |

RX = 0 (Not-indexed)
RX = 0 (Indexed)

0 78 1112 15

f oc IRAIRXI

RX = 0 (Not-Indexed)
RX = 0 (Indexed)

0 78 1112 15 16 32
o = Jox] | . |
0 78 112 15 16 32
[ oc [m [w ] |

RX =0 (Not-Indexed)
RX = 0 (Indexed)

1112 15

0 78
1 oc  [ra |

0 78 1112 15
I oc [ e |+ ]
0 78 15
| oc | D |
0 56 78 1112 15
l oc IBR‘[ DU I
BR'=BR-12

0 56 78 1112 15
| oc  [er} oox| —x ]

RX = 0 (Not-Indexed)
RX #0 (Indexed)

1112 15

[ s ]

0 78
[ oc | s

Figure 11 Addressing Modes
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Legend:

ocC = Operation Code

RA = Destination Register
RB = Source Register

RX = Index Register

A = Address (logical)

OCX = Extension to Operation Code
1 =Immediate Data

D = Displacement
BR' =Base Register Reference
DU = Displacement (Positive)

$1,52 =Special Code
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4.4 Instruction Summary
Cycles *
Operation Op Code/Ext | Mnemonic Format
M P B

LOAD/STORE

Single Preasion Load 81 LR R 1 0 0
0X LB B 2 1 0
ax 0 LBX BX 2 1 0
82 LISP ISP 1 0 0
83 LISN ISN 1 0 0
80 L D,DX 3 0 0
85 LIM IM,IMX 2 0 0
84 LI 11X 4 1 0

Double-Precision Load 87 DLR R 1 2 0
0X DL8 B 3 1 0
4X 1 DLBX BX 3 2 0
86 DL D,DX 4 0 0
88 DLl 11X 5 1 0

Single-Preasion Store 0x STB B 2 2 0
a4x 2 STBX BX 2 2 0
90 ST D,DX 3 1 0
94 STI 1IX 4 1 0

Store a Non-Negative 91 STC D,DX 3 1 0

Constant 92 STCI 11X 4 1 0

Double-Precision Store (1)4 DSTB B 3 2 0
ax 3 DSTX BX 3 2 0
96 DST D,DX 4 0] 0
98 DSTI hIX 5 1 0

Load Multiple Registers 89 Lm D,DX 3+n 1 1

Store Multiple Registers 99 STM D,DX 3+n 1 1

INTEGER ARITHMETIC

Single-Precision Integer Add Al AR R 1 1 0
1X AB B 2 2 0
axX 4 ABX BX 2 2 0
A2 AISP ISP 1 1 0
A0 A D,DX 3 1 0
aa 1 AlIM IM 2 1 0

Increment Memory by a A3 INCM D,DX 4 1 0

Positive Integer

Single-Precision Absolute Ad ABS R 1 1.5 1a

Value of Register

Double-Precision Absolute AS DABS R 1 25 1a

Value of Register

*M = memory, P = processor (5 05C cycles), B = processor (6 OSC cycles),

a = average if more than one alternative exists

Table 7a. Instruction Summary
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Operation Op Code/Ext | Mnemonic Format
M P B
Double-Precision integer A7 DAR R 1 3 0
Add Ab DA D,DX 4 1 0
Single Precision Integer B1 SR R 1 1 0
Subtract 1X SBB B 2 2 0
a4X 5 SBBX BX 2 2 0
B2 SiSP ISP 1 1 0
BO S D,DX 3 1 0
4A 2 SIM IM 2 1 0
Decrement Memory by a 83 DECM D,DX 4 1 0
Positive Integer
Single Precision Negate B84 NEG R i 1 0
Register
Double-Precision Negate BS DNEG R 1 3 0
Register
Double-Precision Integer B7 DSR R 1 3 0
Subtract B6 DS D,DX 4 1 0
Single Precision integer al MSR R 1 6.5 4a
Multiply with 16-Bit Product C2 MISP ISP 1 7.5 4a
a3 MISN ISN 1 7.5 4a
co MS D,DX 3 6.5 4a
4A 4 MSIM IM 2 6.5 4a
Single Precision Integer s MR R 1 5 3
Multiply with 32-Bit Product 1X MB B 2 7 3
4x 6 MBX BX 2 7 3
c4 M D,DX 3 5 3
4A 3 MIM IM 2 5 3
Double-Precision integer Cc7 DMR R 1 41 4.5a
Multiply o DM D,DX 4 40 4.5a
D1 DVR R 1 20.25 5.5a
Single Precision Integer D2 DISP ISP 1 20 5.5a
Divide with 16-Bit Dividend D3 DISN ISN 1 20.5 5.5a
DO DV D,DX 3 20.25 5.5a
4A 6 DVIM IM 2 20.25 5.5a
Single Precision Integer D5 DR R 1 21.75 6.5a
Divide with 32-Bit Dividend 1X OB R 2 22.75 6.5a
4x 7 DBX BX 2 22.75 6.5a
D4 D D,DX 3 21.75 6.5a
4A 5 DIM M 2 22.75 6.5a
Double-Precision Integer D7 DDR R 1 79.5 5.5a
Divide D6 DD D,DX 4 77.5 5.5a

*M = memory, P = processor (5 OSC cycles), B = processor (6 05C cycles),
a =average if more than one alternative exists

Table 7a (continued). Instruction Summary
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Operation Op Code/Ext | Mnemonic { Format = 5

LOGICAL

Inclusive Logical OR E1 ORR R 1 0 0
3X ORB B 2 1 0
ax F ORBX BX 2 1 0]
EO OR D,DX 3 0 0
4A 8 ORIM M 2 0 0

Logical AND €3 ANDR R 1 0 0
3X ANDB B 2 1 0
a4X E ANDX BX 2 1 0
E2 AND D.DX 3 0 0
1A 7 ANDM M 2 0 0

Exclusive Logical OR ES  XORR R 1 0 0
E4 XOR D,OX 3 0 0
4A 9 XORM IM 2 0 0

Logical NAND E7 NR R 1 1 0
E6 N D,DX 3 1 0
4A B NiM M 1 0

Set Bit 51 SBR R 1 0 0
50 SB D,DX 4 1 0
52 SBI [,IX 5 2 0

Reset Bit 54 RBR R 1 1 0
53 RB D,DX 4 1 0
55 RBI ,IX 5 2 0

Test Bit 57 TBR R 1 0 0
56 B D,DX 3 0 0
58 TBI 11X 4 1 0

Test and Set Bit 59 TSB D,DX 4 0 2

Set Variable Bit in Register 5A SVBR R 1 0 1

Reset Variable Bit in Register 5C RVBR R 1 1

Test Variable Bit in Register 5E TVBR R 1 0

Store Register Through Mask 97 SRM D,DX 4 3

BYTE

Load From Upper Byte 8B LUB D,DX 3 0 0
8D LUBI 11X 4 1 0

Load From Lower Byte 8C LLB D,DX 3 1 0
8t LLBI 11X 4 2 0

Store Into Upper Byte 98 STUB D,DX 4 1 0
9D SUBI LIX 5 3 0

Store Into Lower Byte 9C STLB D,DX q 1 0
9E SLBI 11X 5 2 0

Exchange Bytes in Register EC XBR S 1 0 1

*M = memory, P = processor {S OSC cycles), B = processor (6 05C cycles).

Table 7a (continued). Instruction Summary
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Operation Op Code/Ext | Mnemonic Format
M P B
COMPARE
Single-Precision Compare F1 CR R 1 0 0
3X CB 8 2 1 0
4X C CBX BX 2 1 0
F2 CISP ISP 1 0 0
F3 CISN ISN 1 0 0
FO C D,DX 3 0 0
4A A cam iM 2 0 0
Compare Between Limits . F4 CBL D,DX 4 2.75 1.75a
Double-Precision Compare F7 DCR R 1 2 0
F6 DC D,DX 4 0 0
JUMP/BRANCH
Jump on Condition 70 IC D,DX 2 0.5 1a
71 JCl 1LIX 3 0.5 la
Jump to Subroutine 72 JS D,DX 2 2 0
Subtract One and Jump 73 SOl D,DX 2 25 1a
Branch Unconditionally 74 BR ICR 2 2 0
Branch if Equal to (Zero) 75 BEZ ICR 1.5 1 1a
Branch if Less than (Zero) 76 BLT ICR 1.5 1 1a
Branch to Executive 77 BEX S 16 12 3a
Branch if Less than or Equal to {Zero) 78 BLE ICR 15 1 1a
Branch if Greater than (Zero) 79 BGT ICR 15 1 1a
Branch if Not Equal to {Zero) 7A BNZ ICR 1.5 1 ta
Branch if Greater than or Equal to (Zero) 78 BGE ICR 15 1 1a
SHIFT
Shift Left Logical 60 SLL R 1 1 0
Shift Right Logical 61 SRL R 1 1 0
Shift Right Arithmetic 62 SRA R 1 1 0
Shift Left Cyclic 63 SLC R 1 1 0
Double Shift Left Logical 65 DSLL R 1 3 0
Douible Shift Right Logical 66 DSRL R 1 2 0
Double Shift Right Arithmetic 67 DSRA R 1 2 0
Double Shift Left Cydlic 68 DSLC R 1 3 0
Shift Logical, Count in Register b6A SLR R 1 1 3
Shift Arrthmetic, Count in Register 68 SAR R 1 1.5 3.50a
Shift Cyclic, Count in Register 6C SCR R 1 1 3.25a
Double Shift Logical, Count in Register 6D DSLR R 1 2.25 4a
Double Shift Arithmetic, Count in Register 6E DSAR R 1 3.19 4 94a
Double Shift Cyclic, Count in Register 6F DSCR R 1 35 3a

*M = memory, P = processor (5 OSC cycies), B = processor (6 OSC cycles),
a=average if more than one alternative exists

Table 7a (Continued). Instruction Summary
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Operation Op Code/Ext | Mnemonic | Format
M P B
CONVERT
Convert Floating-Point to 16-Bit E8 F1X R 1 4.25 4.5a
Integer
Convert 16-Bit Integer to Floating- E9 FLT R 1 3 2a
Point
Convert Extended-Precision EA EFIX R 1 12.25 6.25a
Floating-Point to 32-Bit Integer
Convert 32-Bit Integer to EB EFLT R 1 7.5 3.5a
Extended-Precision Floating-Point
STACK
Stack IC and Jump to Subroutine 7E SJS D,DX 4 3 0
Unstack IC and return from
Subroutine 7F URS S 3 1 1
Pop Multiple registers off the
Stack 8F POPM S 25+n 225+n 4.25a
(n=0to 15) [ (n=0to 15)
Push Muitiple Registers onto the
Stack 9F PSHM S 1+n 45+n 2a
{(n=0to015) | (n=0to0 15)

1/0 (See I/0 Command Summary)
Execute /O 48 XIO** 1M, IMX 3 3.583 6.277a
Vectored I/O 49 VIO** D,DX - - -
SPECIAL
Built-In Function Call af BIF S
Move Multiple Words, Memory-to- 93 MoV S 1+4n 1+3n 1+2na
Memory
Exchange Words in Registers ED XWR 1 2 0
Load Status D LST** D,DX 8 2 3

7C LSTI** 1LIX 9 2 4
No Operation FF NOP S 1 2 2
Break Point FF BPT S 3 4 4

a = average if more than one aiternative exists
** privileged instruction.

™ = memory, P = processor (5 OSC cycles), B = processorj(a 05C cycles),

Table 7a (Continued). Instruction Summary
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Operation Op Code/Ext | Mnemonic Format
M P B
FLOATING-POINT
Extended-Preciston Floating- 8A EFL D,DX 5 0 1
Point Load
Extended-Precision Floating- 9A EFST D,DX 5 0 1
Point Store
Floating-Point Absolute Value AC FABS R 1 1.75 3.25a
of Register
Fioating-Point Negate Register BC FNEG R 1 3.25 3.75a
Floating-Point Compare F9 FCR R 1 2.75 2.875wa
3X FCB B 2 275 2.875wa
4X D FCBX BX 2 275 2.875wa
F8 FC D,DX 3 1.75 2.875wa
Extended-Precision Floating- FB EFCR R 1 3.25 2.875wa
Point Compare FA EFC D,DX 4 25a 2.75 2 875wa
Floating-Point Add A9 FAR R 1 7.625 8.25wa
2X FAB B 3 6.625 8.25wa
4X 8 FABX BX 3 6.625 8.25wa
A8 FA D,DX 4 5625 8.25wa
Extended-Precision Floating- AB EFAR R 1 21.3125 } 10.5625wa
Point Add AA EFA D,DX 5 19.3125 | 10.5625wa
fFloating-Point Subtract B9 FSR R 1 8.625 8.625wa
2X FSB B 3 7.625 8.625wa
4xX 9 FSBX BX 3 7.625 8.625wa
B8 FS D,DX 4 6.625 8.625wa
Extended-Precision Floating- BB EFSR R 23.0625 | 11.8125wa
Point Subtract BA EFS D,DX 21.0625 | 11.8125wa
Floating-Point Multiply 9 FMR R 1 12.75a 6.25wa
2X FMB B 3 12.75a 6.25wa
4X A FMBX BX 3 12.75a 6.25wa
c8 M D,DX 4 11.75a 6.25wa
Extended-Precision Floating- CB EFMR R 1 59.75 6.25wa
point Multiply CA EFM D,DX 5 57.75 6.25wa
Floating-Point Divide D9 FDR R 1 31.5 32.75wa
2X FDB B 3 30.5 32.75wa
4X B FDBX BX 3 30.5 32.75wa
D8 FD D,DX 4 295 32.75wa
Extended-Precision Floating- DB EFDR R 1 102.625 | 47.875wa
Point Divide DA EFD D,DX S 100.625 | 47.875wa

“M = memory, P = processor (5 OSC cycles), B = processor {6 0SC cycles),
a = average if more than one alternative exists
wa = weighted average tavouring one or more possible alternatives

Table 7a (Continued). Instruction Summary
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4.5 Internal /0 Command Summary
c g Cycles *
; omman .
Operation Code (Hex) Mnemonic
M P B

implemented in MAS281

Set Fault Register 0401 SFR 2 3 9
Set Interrupt Mask 2000 SMK 2 3 9
Clear Interrupt request 2001 CLIR 2 3 9
Enable Interrupts 2002 ENBL 2 3 9
Disable Interrupts 2003 DSBL 2 3 9
Reset Pending Interrupt 2004 RP1 2 3 9
Set Pending Interrupt Register 2005 SPI 2 3 9
Reset Normal Power Up Discrete 200A RNS 2 3 9
Write Status Word 200E WSW 2 3a 8.5a
Enable Start-Up ROM 4004 ESUR 2 3 9
Disable Start-Up ROM 4005 DSUR 2 3 9
Direct Memory Access Enable 4006 DMAE 2 3 9
Direct Memory Access Disable 4007 DMAD 2 3 9
Timer A Start 4008 TAS 2 3 9
Timer A Halt 4009 TAH 2 3 9
Output Timer A 400A OTA 2 3 9
Reset Trigger-Go 4008 GO 2 3 9
Timer B Start 400C TBS 2 3 9
Timer B Halt 400D TBH 2 3 9
Output Timer B 400E QT8 2 3 9
Read Configuration Word 8400 RCW 2 2 4
Read Fault Register Without Clear 8401 RFR 2 2 4
Read Interrupt Mask A000 RMK 2 2 4
Read Pending interrupt Register AQ04 RPIR 2 2 4
Read Status Word AOQOE RSW 2 1 4
Read and Clear Fault Register AQOF RCFR 2 2 4
Input Timer A CO0A ITA 2 2 4
input Timer B COO0E ITB 2 2 4
implemented in BPU

Memory Protect Enable 4003 MPEN 2 4 8
Load Memory Protect RAM 50XX LMP 2 4 8
Read Memory Protect RAM DOXX RMP 2 3 3
Implemented in MMU

Write Instruction Page Register S1XY WIPR 2 4 8
Write Operand Page Register 52XY WOPR 2 4 8
Read Memory Fault Status AQ0D RMFS 2 3 3
Read Instruction Page Register DIXY RIPR 2 3 3
Read Operand Page Register D2XY ROPR 2 3 3

*M =memory. F = processor (5 05SC cycles), B = processor (b OSC cycles),
a=average if more than one alternative exists

Table 7b. Internal #O Command Summary
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Figure 12. RESET timing
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Figure 13. Internal CPU operations
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1. Dashed timing hines indicate no-wait cycle timing
2.0Other output states : D = HIGH, HLDAK = HIGH and DMAK = HIGH

3.Other required input states: HOLD = HIGH, DMAR = HIGH and RESET = LOW

Figure 15. Read transfer timing
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NOTES:
1. Dashed timing lines mdicate no-wait cycle timing
2. Other output states . CD = HIGH, HLDAK = HIGH and DMAK HIGH

3. Other required input states: HOLD = HIGH, DMAR = HIGH and RESET = LOW

Figure 16. Internal /O write/command
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NOTES:
1. Dashed timing lines indicate no-wait cycle timing.
2. Other output states : CD = HIGH, HLDAK = HIGH and DMAK HIGH
3. Other required input states: HOLD = HIGH, DMAR = HIGH and RESET = LOW

Figure 17. Internal /O read timing
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Figure 18. DMA Access/Release Timing
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Figure 19. Interrupt request timing
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1. 2 TCLK falling edges during a continuous DS = low are necessary to cause a bus fault imeout.
2. Other output states : HLDAK = HIGH
3. Other required input states: DTO = HIGH and RESET = LOW

Figure 20. Bus fault timeout timing
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NOTES:
1. Assumes only one fault active at atime. g

2. Butfered EXADE
3. Other required input state: RESET = LOW

Figure 21. Fault capture timing
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1. The “dont care” state will continue to exist until HLDAK = HIGH, RDY will then resume normal operation.

2. HOLD falling may occur at any time during software execution. The diagram shows the last possible time it can
occur and be assured of entering the Hold state after the current instruction completes execution.

3. Other required input states: RESET = LOW

Figure 22. Hold state generation timing
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NOTES:
1. ADDRESS = IC(BPT) - 1,1 BPT initiated the Hold state
ADDRESS = IC(Hold) - 2, if HOLD = LOW initiated the Hold state (unless changed by the monitor system).
2. Other output states : DMAK HIGH
3. Other required input states: DMAR = HIGH and RESET = LOW

Figure 23. Hold State Termination Timing
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NOTES:
1. Other required input: RESET = LOW
2. TCLK/10 is the internally derved Timer B clock
3. Timers A and B are clocked on the second SYNC falling edge after TCLK setup time is satisfied.

Figure 24. Timer Operations
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NOTES:
1. Other required input states: RESET = LOW

Figure 25. Discrete outputs timing
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NO. parameter Test Condition Min. Typ- Max. Units
(notes 1 & 9) {note 2) | (note2) | (note2)
1 RESET setup to SYNC lo (note 3) - - 30 ns
2 RESET hold after SYNC fo {note 3) - - 15 ns
3 RESET hi to RESET lo (note 3) 2 - - SYNC
4 0SC hito SYNClo Load 1 10 25 40 ns
5 05C hito SYNC hi Load 1 10 25 40 ns
6 SYNC lo to SYNC lo (notes 4 & 5) Load 1 S¢-2 5 S; + 2 ns
7 SYNC lo to AS hi {note 6) Load 2 14-10 14-3 1, +5 ns
8 SYNClotoASlo Load 2 25;-10 25, 25, +15 ns
9 SYNC lo to DS lo (read}) Load 2 3;-5 37 +1 3, + 20 ns
10 SYNC io to DS hi {read) Load 2 0 9 30 ns
1 3YNC lo to DS lo {write) Load 2 3;-5 3, +1 3; + 20 ns
12 SYNC lo to DS hi (write) (note 5) Load 2 45;5 | 45 +6 |45, +30 ns
13 SYNCloto DD lo Load 1 3, +20 | 3, +32 | 3;+60 ns
14 SYNC loto DD hi Load 1 20 40 60 ns
15 SYNC lo to Address valid Load3 - 27 65 ns
16 Address valid after SYNC lo Load 3 3;-5 3, + 12 - ns
17 SYNC lo to AD Bus Hi-Z (read) (note 7} Load 3 - - 3; + 50 ns
18 SYNC lo to AD Bus active (read) Load 3 5 - - ns
19 SYNC lo to Data valid (write) Load3 - 3, +29 | 3; +43 ns
20 Data valid after SYNC lo (write) Load3 8 - - ns
21 Data setup to SYNC lo (read) 30 22 - ns
22 Data hold after SYNC lo (read) (note B) Load 3 0 - - ns
23 SYNC lo to M/iO, RDAW, IN/OP valid Load 2 - 33 70 ns
24 M/IO, RDAW, IN/OP valid after SYNC lo Load 2 5 - - ns
25 RDY setup to OSC lo 12 4 - ns
26 RDY hold after OSC lo 10 - - ns
27 SYNC lo to DMAE valid Load 1 - S0 85 ns
28 DMAE valid after SYNC lo Load 1 5 - - ns
29 DMAR setup to SYNC lo 30 - - ns
30 BMAR hold after SYNC lo 10 - - ns
Notes:

1. Unless otherwise noted, test conditions are as follows: VIL =0 5V, VIH = 3.0V, VIHggc = 4.0V, 0SC duty cycle = 50%, input rise and
falf time < 5ns, iming measured from 50% of VDD points

T =10SC period. 0.5t implies a 50% OSC duty cycle; fractional s may be adjusted to reflect actual OSC duty cycle.

Data obtained by characterisation or analysis, is not routinely mearsured.

Add 1t for potential branch cycle.

Add 11 for internal XIO cycle; nT for n memory wait states

Excluding DMA or HOLD conditions.

Measured to pre-Hi-Z steady state * 10% of VDD

Measurement minus 1x107 In [1-(ViL-0.5/VDD-0.5)] nsecs

. Output references SYNC, DMAK, and HLDAK drive into load 1.

wENO VB WN

Table 8. Timing Parameters
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NO. Parametes T(enst:tce: 1d; |9°)n (nrte 2) (n:::: 2) (notae g) | Units
31 SYNC lo to DMAK valid Load 1 - 35 45 ns
32 DMAK valid after SYNC lo Load 1 5 - - ns
33 DMAK loto DD lo Load 1 - - 50 ns
34 DMAK hito DD hi Load 1 - - 80 ns
35 DMAK lota CD lo Load 1 - - 50 ns
36 DMAK hito CD ht Load 1 - - 50 ns
37 DMAK lo to AD Bus Hi-Z {note 7) Load 3 - - 70 ns
38 DMAK hi to AD Bus valid Load 3 - - 60 ns
39 DMAK lo ta AS, DS, M/IO, RDAW, IN/OP Hi-Z (note 7) Load 3 (AS), - - 50 ns

Load 4 (All else}
40 DMAK hi to AS, DS MO, RDAW, IN/OP vahd Load 3 (AS), - - 59 ns

Load 4 (All else)
41 HOLD setup to SYNC lo 40 - - ns
42 HAOLD hold after SYNC lo 15 - - SYNC
43 SYNC lo to HLDAK valid Load 1 - 2 20 ns
44 HLDAK valid after SYNC lo Load -7 -2 - ns
45 HLDAK loto DD lo Load 1 - - 50 ns
46 HLDAK hi to DD hi Load 1 - - 50 ns
47 HLBAK loto CD lo Load 1 - - 50 ns
48 HLDAK hi to CD hi Load 1 - - 50 ns
49 HLDAK lo to AD Bus Hi-Z (Hold) (note 7) Load 3 - - 60 ns
50 HLDAK hi to AD bus valid Load 3 - - 50 ns
51 HLDAK to AS, DS M/iO, RDAW, IN/OP Hi-Z (note 7) Load 3(AS), - - 50 ns

Load 4 (All else)
52 ATDAK to AS, DS M/iO, RDAW, IN/OP valid Load 1 - - 50 ns
53 Interrupts setup to SYNC lo 30 - - ns
54 Interrupts hold after 5YNC lo 10 - - ns
55 Faults setup to SYNC lo 30 - - ns
56 Faults hold after SYNC lo 10 - - ns
57 SYNC lo to SURE, NPU valid Load 1 - - 85 ns
58 SYNC to to CONFW valid Load 1 - - 85 ns
59 TCLK Jo to ILLAD lo (Bus timeout) Load 1 - - 85 ns
60 SYNC lo to ILLAD hi (Bus timeout) Load 1 - - 85 ns

Notes:

1. Unless otherwise noted, test conditions are as follows: VIL = 0.5V, VIH = 3.0V, VIHgsc = 4.0V, OSC duty cycle = 50%, input rise and
fall time <5ns, timing measured from 50% of VDD points.

T =105C period. 0.5t implies a 50% OSC duty cycle; fractional U's may be adjusted to reflect actual OSC duty cycle.

Measured to pre-Hi-Z steady state £ 10% of VDD.

9. OQutput references SYNC, DMAK, and HLDAK drive into load 1.

~N N

Table 8 (continued). Timing Parameters
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Test Condition Min. Typ. Max. X
NO. Parameter (notes 1 & 9) {note 2) (no:: 2) | (note2) Units
61 SURE, NPU, ILLAD, CONFW valid after SYNC lo Load 1 5 - - ns
62 TGCLK loto TGO lo (Timer clocking) Load 1 . - 150 ns
63 SYNC hi to TGO hi (Reset Trigger-Go XIO) Load 1 - - 100 ns
64 TCLK setup to SYNC lo 30 - - ns
65 TCLK hold after SYNC lo 10 - - ns
66 STIMER setup to SYNC lo 60 - - ns
67 BTIMER hold after SYNC lo 10 - - ns
68 DTIMER setup to TGCLK hi 60 - - ns
69 DTIMER hold after TGCLK lo 20 - - ns
70 D70 setup to TCLK lo 60 - - ns
71 DTO hold after TCLK {o 10 - - ns
72 DTIMER Io to DMAE lo Load 1 - - 70 ns
73 DTIMER hi to DMAE normal operation Load 1 - - 70 ns
74 TCLK lo to Normal operation after bus imeout - - 100 ns
75 EXADE loto ILLAD lo Load 1 - - 70 ns
76 EXADE hito ILLAD hi Load 1 - - 70 ns
77 SYNC lo to DD hi (internal to XI0) (note 3) Load 1 - - 60 ns
78 Bus fault timeout interval (note 3) 1 - 2 TCLK
79 DD hito AS lo (DMA) (nate 3) Load 1 (DD), 20 - - ns

Load 2 (AS)

80 DS hi to Data valid Load 2 (DS}, 15 - - ns

Load 3 (Data)

Notes:

1 Unless otherwise noted, test conditions are as follows: VIL = 0.5V, VIH = 3.0V, VIHgs = 4.0V, OSCduty cycle =50%, inputrise and
fall time <5ns, timing measured from 50% of VDD points.

2. T=10SC period. 0.5T implies a 50% OSC duty cycle; fractional U's may be adjusted to reflect actual OSC duty cycle.

3. Data obtained by characterisation or analysis, is not routinely measured.

9. Output references SYNC, DMAK, and HLDAK drive into load 1.

Table 8 (continued). Timing Parameters
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Stresses above those listed may cause permanent damage to the
device Thisis a stress rating only and functional operation of the
Supply voltage 05 9 v device at these conditions, or at any other condition above those
indicated in the operations section of this specification, is not

Parameter Min Max Units

input . .

nput voltage 03 Vop +03 v implied. Exposure to absolute maximum rating conditions for
Current through any pin .20 20 mA extended periods may affect device rehiability.

Operating temperature -55 125 °C

Storage temperature -65 150 °C

Table 9. Absolute Maximum Ratings

Total Dose Radiation Not
Exceeding 3x105 RAD (Si)
Symbol Parameter Condition Units
Min. Typ. Max.
Vop Supply voltage 45 50 5.5 v
Vin TTL Input High Voltage 20 v
Vi TTL Input Low Voltage 0.8 v
Ven OSC Input High Voltage 40 v
Va OSC input Low Voltage 1.0 v
Vou TTL Output High Voltage low =-1.4mA 24 v
Voo TTL Output low Voltage o =2.0mA 04 v
lz Input Leakage Current Vpp =5.5V 10 uA
loz Output Leakage Current Vpp =55V 120 uA
lop Power Supply Current f=20MHz 70 150 mA

Vpp =5V * 10%, over full operating temperature range.

Table 10. Operating DC Electrical Characteristics
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To form the MAS281 processor from the individual chips

MA17501, MA17502 and MA17503, connects should be

made as shown below.

MA17501
VDD TESTN1
N/C — SYNCLKIN MO00-M19
SYNCLKN AD00-AD1S
PAUSEN PIFN
HLDAKN VDD
DSN CLKPCN
M/ION CLKO2N
OVIN HOLDN
INTREN RESET
IRDYN T
1//
MA17502 Wl
1
N/C — CC00-CC11 T y
VDD—{ ROMONLYN RESET Tl
vDD— CS HOLDN 19 0l
CLKO2N /
CLKPCN
vDD
PIEN
IRN AD00-AD15
MO00-M19
vl
MA17503 1%,],
A
IRN VoD
IRDYN PIFN
INTREN ADO00-AD15
OVIN M04-M06
M/ION MSTOPN — VDD
DSN
HLDAKN
PAUSEN
SYNCLKN

Figure 26. Chip Set Interconnection Diagram
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Dual-in-line Ceramic Module
(MAS281 - Package type C)
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Dimensions in Inches

Figures 27a. Dimensioned Drawing
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Top View

AD0O [o (el N/C
ADO1 [Z] &l INJOP
AD02 (5] [e:] RDAW
ADO3 [£] o] OSC
ADO04 [5] 5] MAO

ADOS [ (s3] DS
ADO6 [Z] EU 58] AS

ADO07 [&] (7] RDY
ADO8 [3] 561 HLDAK
AD09 [ [5s] RESET
AD10 [ [a] HOLD

AD12 (2] 53] GND

AD12 [ [52] ROMONLY
AD13 [ 51 ILLAD

AD14 [ [s0] SYNC

GND L] [as] TCLK

AD15 [ cu & DMAR
msTop [ =71 DMAE

pTo [l 5]  DMAK

SURE [ (5] CONFW

NPy [ 5] INT15
DTIMER [2] B Te)Y]

TGO 3] @] INT13
TGCLK (4] L
MPROE [z U 20l INT11

MPE [z} 53] INT10
PIOPE [2] 58] INTO8
DMAPE [z 51 INTO2
EXADE [29] 551 PWRD
PIOXE [x] E L))

FLT7 G 53 b

SYSF (3] 53 VDD

Figures 27b. Pin Assignment
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Flatpack Ceramic Module
(MAS281 - Package type F)
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LALLM

EU

Y

Dimensions in Inches

Figures 28a. Dimensioned Drawing
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Microprocessor

Top View
ADOO (1] (] N/C
ADO1 [Z] (s3] IN/OP
AD02 [5] 2] RD/W
ADO03 (4] (6] OSC
ADO4 [=] (& M/IO
ADOS [e! ] DS
ADO6 [7] 8 AS
ADO7 [&] EU =1 RDY
ADO8 [2] 5] HLDAK
AD09 [10] [ss] RESET
AD10 [] (1] HOLD
AD12 [22] (s3] GND
AD12 [13] 2] ROMONLY
AD13 [ 51 JLLAD
AD14 [ I} SYNC
GND L cu 9] TCLK
AD15 (7] 7)) DMAR
msToP [ (271 DMAE
D70 Ll ] DMAK
SURE [] [s] CONFW
NPU [2] 2] INTiS
DTIMER [2] 23l jOR
TGO [ (2] INT13
TGCLK [a4] 1 IRTeIE
MPROE L[] U [ INTTT
MPE Lzl 3] INT10
PIOPE (24 8] INTO8
DMAPE L[] 51 INTO02
EXADE [ 5] PWRD
PIOXE [x] 521 DD
FLT7 B )
SYSF [ 531 vDD

Figures 28b. Pin Assignment

51



@
MAS281 Marconi

Radiation Hard Electronic Devices
MIL-STD-1750A
Microprocessor

Ceramic Dual-in-line
(MA17501 to MA17503 - Package type C)

Ref. Min. Nom. Max.
A 0220
A 0015 0.060
b 0014 0.023
4 0.008 0014
D 3232

e 0.100 typ

’ Pin 1 e, 0.900 typ.
| | H 0.185 0.212
] rﬁ Notch M 0.926
]
i
!
I

i // { DIMENSIONS IN INCHES
i
!

Seating plane

Alternative pin shapes

Figures 29a. Dimensioned Drawing
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PinNo. | 17501 17502 17503

] N 62l 1 0sC IRN LLADN

2 | ne VoD DTON
2 [e3] 3 | sysaxkin | piEn SYNCLKN
3 62] 4 | syncikn | apoo DSN

5 | cikpeN ADO1 INTREN

a
] o] 6 | cLkoaN ADD2 CONFWN
D 0] 7 |as ADO3 RDYN

B |DOSN ADO4 MAON
n 53] 3 [GnND ADOS DMAKN
— 53] w | maon ADOB DMAE

15 | Rown ADO? DMARN
Ce] [s1] 12 | GND ADOS 04
s 56] 13 | noen AD09 MOS5

14 | INTREN AD10 MO

) 55
(] 55 15 | PIEN AD1} TCLK
X 54] 16 | Mg AD12 ADOO

17 L mis AD13 ADOY

1
(] Top View 53] 18 | M7 AD14 ADO2
= P 52] 19 | M6 AD1S ADO3.

20 |wmis CLKO2N ADO4

14 %)

[a] m) 21 | mia CLKPCN ADOS
s 50] 2 |m3 M19 ADO6
23 | mu2 M8 ADO7

16 29
Cg] [as] 24 | mn M7 ADOS
KT a8} 5 | M0 M6 ADD9

26 | mo9 mi1s AD10

1 a7
Gyl o] 27 | mos Mg ADTY
e 26] 28 | mo7 M13 AD12

- 29 | mos mM12 AD13
Lz 5]

- 30 | Mos M1 AD14

=] 2] 31 | moa M10 AD15
12 | wmo3 M09 GND

22 4
[22] 23] 13 | mo2 M08 MSTOPN
= 2] 31 | mo NC SURE
(= ) 35 | Moo Mo7 NPU

36 | TESTN M06 DON
[ 0] 37 }apis MOS DTIMERN

31 | apia MO4 TGON
Lz ]

£ 33 39 | api3 M03 TGOLK
[z 38] a0 | AD12 Mo2 ON

PER VS Ma1 PIEN
2 7]

8 3 a2 |voo GND MPROEN

] [36] a3 | abn s MPEN
a4 | ADi0 MO0 PIOPEN
[ 5]

0 3 45 | ADoo Ccoo DMAPEN
G 34] a6 | apos ccot EXADEN
& m a7 | Apo7 o2 PIOXEN

48 | Apo6 cco3 FLT7N
a9 | ADOS ccoa SYSEN
so | apoa ccos VoD

s1 | apo3 ccoe IRN

s2 | ono cco? PAUSEN
s3 | apo2 ccos ovi

s4 | apos Ccos PWRDN
ss | apoo cco INTO2N
56 | HOLDN ccn INTOBN
s7 | ReseT ROMONLYN | INT1DN
s8 | HDakn | N INTIIN
59 | pausen | GND 101N
60 | T NC INT13N
61 | ovin NC 102K
62 | RoYN m INTISN
63 | RDYN RESET HLDAKN
64 | synen HOLDN NC

Figures 29b. Pin Assignments
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Leadless Chip Carrier

(MA17501 to 3 - Package typeL)

2 | -—

Bottom View

+0.007 Dimensions in inches

b o 1 index /

Figures 30a. Dimensioned Drawing
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pinNo. | 17501 17502 17503
v | osc RN ILLADN
PR E e VDD DTON
3 SYSCLKIN PIFN SYNCI KN
4 | synaxn | apoo DSN
s | akeen ADO1 INTREN
6 | cikoan AD02 CONFWN
7 AS ADO3 iRDYN
g | osn ADO4 MAON
3 |onD ADOS DMAKN
10 | MaoN ADO6 DMAE
1| rRoawN ADO7 DMARN
12 | ono ADO8 M04
13 | nvopn ADD9 MoS
1a | INTREN AD10 MO6
1s | eien AD11 TCLK
41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 M A aD12 ADOO
7 | mis AD13 ADOA
18 | MI7 AD14 ADO2
19 | Mie AD1S ADO3
40 57 20 |mis CLKO2N ADO4
21 | mia CLKPCN ADOS
39 58 2 M3 M19 ADO6
23 | mu2 M18 ADO7
38 59 4 | Mn M17 ADOB
2 | M M6 AD09
37 60 26 | mo9 M5 AD10
21 | mos Mia ADT
36 61 28 | mor M3 AD12
29 | mos M12 AD13
35 62 36 | mos M1 AD14
31 | mo4 M10 AD1S
34 . 63 32 | mo3 M09 GND
Bottom View 33 | mo02 M08 MSTOPN
33 04 3a | Mot NC SURE
35 | MO0 Mo7 NPU
32 1 36 | TESTN MO06 DDN
37 | aps MOS DTIMERN
31 2 38 | ADI4 MD4 1GON
39 |ao13 M03 16CLK
30 3 a0 | ab12 MO2 DN
a1 | ne M1 PIEN
29 4 a2 |voo GND MPROEN
43 | aDnm s MPEN
28 5 as | aD10 MO0 PIOPEN
as | aD09 €coo DMAPEN
27 6 46 | ADOS cor EXADEN
a7 | Abo7 cco2 PIOXEN
26 7 a8 | ADDG cco3 FLTIN
29 | apos ccoa SYSEN
25 8 s0 | ADo4 ccos VDD
s1 | apo3 €06 AN
52 | GND cco7 PAUSEN
s3 | abo2 ccos ovi
24 2322212019 1817 16 1514 13 12 1 10 9 54 | ADO1 CCo9 PWRDN
ss | aDoo ccio INTO2N
56 | HOLDN cen INTOBN
s7 | RESET ROMONLYN | INT1ON
ss | mpakn | ne INTUIN
s9 | PausEN GNOD 101N
60 | NC INT13N
61 | owin NC 1012N
62 | woYn n INT15N
63 | ROYN RESET HLDAKN
64 | SYnCN HOLDN NC

Figures 30b. Pin Assignments
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Topbraze Flatpack
(MA17501 to 3 - Package type F)

0000000000 00000701

I
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— Top View c——
— Dimensions in inches t————
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Figures 31a. Dimensioned Drawing
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26 25 24 23 2221 2019 18 17 16 15 14 13 12 11 10

———127
Cc———28
29
c————30
——— 31
c———32
133
——]34
|35
————36
37
c———38
c———|39
————140
a1
42

————l43

Top View

NOW R O N WO

68
67
66
65
64
63
62

44 45 46 47 48 49 50 51 52 53

5

4

5

61

5 56 57 58 59 60

Figures 31b. Pin Assignments
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Pin No. 17501 17502 17503
1 0sC IRN NC
2 NC NC HLADN
3 NC VoD DION
4 SYSCLKIN PIEN SYNCLKN
5 SYNCLKN ADOO DSN
6 CLKPCN ADOY INTREN
7 CLKO2N ADO2 CONtWN
] AS ADO3 IRDYN
9 (ISN ADDA M/ION
10 NC ADOS DMAKN
11 GND ADOG6 DMAE
12 MAON ADO7 DMARN
13 RIVWN ADO8 M04
14 GND ADDY MO0S
15 NC AD10 MO6
i6 IN OPN ADT TCLK
17 INITREN AD12 ADGO
18 PItN AD13 ADO1
Y M1g AD14 ADO2
20 MI18 ADI1S ADO3
2 M7 CLKO2N ADO4
22 M1b CLKPCN ADOS
23 M15 Mi19 ADGE
24 M4 M1 ADG7
24 M13 M1/ ADOB
2b M12 M16 NC
27 M M15 ADOY
28 M0 Mia AD10
29 M09 M13 AD1
30 MO8 M12 AD12
31 MO/ M1 AD13
32 MO6 M0 AD14
33 MOY M09 AD1Y
34 M04 M08 NC
35 M03 NC GND
36 M0z NC MSTOPN
37 MO Mo/ SURE
38 MO0 Mo6 NPU
39 TESTN MO5S DDN
40 AD1S Mo4 DTIMERN
at AD14 MO3 TGON
42 AD13 Mo2 TGCLK
a3 AD12 MO0 CDN
44 NC NC PIEN
45 NC GND MPROEN
46 vDbD s MPEN
47 AD11 MO0 PIOPEN
48 AD10 €Coo DMAPEN
49 ADO9 <o EXADEN
50 ADO8 cCo2 PIOXEN
51 ADOQ7 cco3 FLT7N
52 ADO6 cCoa SYSFN
53 ADOQS CCos vDbD
54 ADO4 CCo6 NC
55 ADO3 cco7 IRN
56 GND <Cos PAUSEN
57 ADO2 Ccco9 ovi
S8 ADDY 1o PWRDN
59 ADDQ o INTO2N
60 HOLDN ROMONLYN INTOSN
61 RESET NC INT10N
62 HLDAKN GND INTIIN
63 PAUSEN NC 101N
64 m NC INT13N
65 OVIN NC 10I2N
66 IROYN m INTI5N
67 RDYN RESET HLDAKN
68 SYNCN HOLDN NC
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For product procured to guaranteed total dose radiation
levels, each wafer lot will be approved when all sample
devices from each lot pass the total dose radiation test.

The sample devices wiil be subjected to the total dose
radiation level (Cobalt-60 Source), defined by the
ordering code, and must continue to meet the electrical
parameters specified in the data sheet. Electrical tests,
pre and post irradiation, will be read and recorded.

Total Dose (Function to specification, note 1) 3x105 Rad(Si)
Transient Upset (Stored data 10ss) 1x1010 Rad(Si)/s
Transient Upset (Survivability) > 1x1012 Rad(Si)/s
Neutron Hardness (Function to specification) 1x1015 neutrons/cm?2
Latch-up Not possible

Single Event Upset (note 2) < 10-10 errors/bit day

Note 1. Typical performance only, tor guaranteed levels see ordering information .
2. GSO 10% Worst Case
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The processor can be ordered in the form of a module,
consisting of three chips in leadless chip carriers,
mounted on a ceramic tile. The module can be supplied
with dual-iniline (C) or flatpack (F) lead configurations.

The three chips which form the processor can be
packaged as separate devices. They are available in
leadless chip carrier (L), flatpack (F), or ceramic dual-in-
line packages (C).

MAS281

#

Radiation Hard
MIL-STD-1750A
Microprocessor

Module - MAx281xxx

Chip Set - MAx17501xxx
- MAx17502xxx
- MAx17503xxx

PACKAGE

RADIATION TOLERANCE

QUALITY LEVEL

For details of quality leucls See Marcon Electronic Devices 'Qualnty
Assurance Standards Document, section 1’
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