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Memory Management Unit

October 1988
Features B Dynamic segment relocation makes software B 64 variable-sized segments from 256 to
addresses independent of physical memory 65,536 bytes can be mapped into a total
addresses. physical address space of 16M bytes; all 64
® Sophisticated memory-management features segments are randomly accessible.
include access validation that protects W Multiple MMUs can support several transla-
memory areas from unauthorized or tion tables for each Z8001 address space.

unintentional access, and a write-warning

indicator that predicts stack overflow. ® MMU architecture supports multi-program-

ming systems and virtual memory implemen-

B For use with both Z8001 and Z8003 CPU. tations.
General The 78010 Memory Management Unit (MMU)  located in the physical memory. It also pro-
Description  manages the large 8M byte addressing spaces vides a flexible, efficient method for support-
of the 78001 CPU. The MMU provides dynamic  ing multi-programming systems. The MMU
segment relocation as well as numerous uses a translation table to transform the 23-bit
memory protection features. logical address output from the Z8001 CPU
Dynamic segment relocation makes user soft- into a 24-bit address for the physical memory.
ware addresses independent of the physical (Only logical memory addresses go to an MMU
memory addresses, thereby freeing the user for translation; /O addresses and data, in
from specifying where information is actually general, must by pass this component.)
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curs, a trap is generated and the CPU is inter-

ZILOG INC
General Memory segments are variable in size from
Description 256 bytes to 64K bytes, in increments of 256 rupted. The CPU can then check the status
(Continued)  bytes. Pairs of MMUs support the 128 segment registers of the MMU to determine the cause.

numbers available for the various Z8001 CPU
address spaces. Within an address space, any
number of MMUs can be used to accommodate
multiple translation tables for System and Nor-
mal operating modes, or to support more
sophisticated memory-management systems.
MMU memory-protection features safequard
memory areas from unauthorized or unin-
tended access by associating special access
restrictions with each segment. A segment is
assigned a number of attributes when its
descriptor is entered into the MMU. When a
memory reference is made, these attributes are
checked against the status information sup-
plied by the 28001 CPU. If a mismatch oc-

Segments are protected by modes of permit-
ted use, such as read only, system only,
execute only and CPU-access only. Other seg-
ment management features include a write-
warning zone useful for stack operations and
status flags that record read or write accesses
to each segment.

The MMU is controlled via 22 Special /O
instructions from the Z8000 CPU in System
mode. With these instructions, system software
can assign program segments to arbitrary
memory locations, restrict the use of segments
and monitor whether segments have been read
or written.
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Segmented
Addressing

A segmented addressing space—compared
with linear addressing—is closer to the way a
programmer uses memory because each pro-
cedure and data set can reside in its own
segment.

The 8M byte 78001 addressing spaces are
divided into 128 relocatable segments of up to
64K bytes each. A 23-bit segmented address
uses a 7-bit segment address to point to the
segment, and a 16-bit offset to address any
byte relative to the beginning of the segment.
The two parts of the segmented address may
be manipulated separately.

The MMU divides the physical memory into
256-byte blocks. Segments consist of physically
contiguous blocks. Certain segments may be
designated so that writes into the last block
generate a warning trap. If such a segment is
used as a stack, this warning can be used to
increase the segment size and prevent a stack
overflow error. .

" The addresses manipulated by the program-
mer, used by instructions and output by the
Z8001 are called logical addresses. The MMU
takes the logical addresses and transforms
them into the physical addresses required for
accessing the memory (Figure 4). This address
transformation process is called relocation.

The relocation process is transparent to user
software. A translation table in the MMU
associates the 7-bit segment number with the
base address of the physical memory segment.
The 16-bit logical address offset is added to the
physical base address to obtain the actual
physical memory location. Because a base
address always has a low byte equal to zero,

only the high-order 16 bits are stored in the
MMU and used in the addition. Thus the low-
order byte of the physical memory location is
the same as the low-order byte of the logical
address offset. This low-order byte therefore
bypasses the MMU, thus reducing the number
of pins required.
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Figure 4. Logical-to-Physical Address Translation

Memory
Protection

Each memory segment is assigned several
attributes that are used to provide memory
access protection. A memory request from the
28001 CPU is accompanied by status infor-
mation that indicates the attributes of the
memory request. The MMU compares the
memory request attributes with the segment
attributes and generates a Trap Request
whenever it detects an attribute violation. Trap
Request informs the 28001 CPU and the
system control program of the violation so that
appropriate action can be taken to recover.
The MMU also generates the Suppress signal
SUP in the event of an access violation. Sup-
press can be used by a memory system to inhi-
bit stores into the memory and thus protect the
contents of the memory from erroneous
changes. .

Five attributes can be associated with each
segment. When an attempted access violates
any one of the attributes associated with a seqg-
ment, a Trap Request and a Suppress signal

" are generated by the MMU, These attributes

are read only, execute only, system access
only, inhibit CPU accesses and inhibit DMA
accesses.

Segments are specified by a base address
and a range of legal offsets to this base
address. On each access to a segment, the off-
set is checked against this range to insure that
the access falls within the allowed range. If an
access that lies outside the segment is attemp-
ted, Trap Request and Suppress are generated.

Normally the legal range of offsets within a
segment is from 0 to 256N + 255 bytes, where
0= N=285. However, a segment may be
specified so that legal offsets range from 256N
to 65,535 bytes, where 0< N= 255, The later
type of segment is useful for stacks since the
78000 stack manipulation instructions cause
stacks to grow toward lower memory locations.
Thus when a stack grows to the limit of its
allocated segment, additional memory can be
allocated on the correct end of the segment.
As an aid in maintaining stacks, the MMU
detects when a write is performed to the lowest
allocated 256 bytes of these segments and
generates a Trap Request. No Suppress signal
is generated so the write is allowed to proceed.
This write warning can then be used to indi-
cate that more memory should be allocated to
the segment. :
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Register
Organization

The MMU contains three types of registers:
Segment Descriptor, Control and Status. A
set of 64 Segment Descriptor Registers supplies
the information needed to map logical memory
addresses to physical memory locations. The
segment number of a logical address deter-
mines which Segment Descriptor Register is
used in address translation. Each Descriptor
Register also contains the necessary informa-
tion for checking that the segment location
referenced is within the bounds of the segment
and that the type of reference is permitted. It
also indicates whether the segment has been
read or written. ]
In addition to the Segment Descriptor
Registers, the Z8010 MMU contains three 8-bit
“control registers for programming the device
and six 8-bit status registers that record infor-
mation in the event of an access violation.

Segment Descriptor Registers. Each of the 64
Descriptor Registers contains a 16-bit base
address field, an 8-bit limit field and an 8-bit
attribute field (Figure 5). The base dddress
field is subdivided into high- and low-order
bytes that are loaded one byte at a time when
the descriptor is initialized. The limit field con-
tains a value N that indicates N + 1 blocks of
256 bytes have been allocated to the segment.*
The attribute field contains eight flags
(Figure 6). Five are related to protecting the
segment against certain types of access, one
indicates the special structure of the segment,
and two encode the types of accesses that have
been made to the segment. A flag is set when
its value is 1. The following brief descriptions
indicate how these flags are used.
Read-Only (RD). When this flag is set, the segment is read
only and is protected against any write access.

System-Only (SYS). When this {lag is set, the segment can
be accessed only in System mode, and is protected against
any access in Normal mode.

CPU-Inhibit (CPUI). When this flag is set, the segment is
not accessible to the currently executing process, and is
protected against any memory access by the CPU, The
segment is, however, accessable under DMA.

Execute-Only (EXC). When this flag is set, the segment
can be accessed only during an instruction fetch or access
by the relative addressing mode cycle, and thus is pro-
tected against any access during other cycles.

. DMA-Inhibit (DMAI). When this flag is set, the segment
can be accessed only by the CPU, and thus is protected
against any access under DMA,

Direction and Warning (DIRW). When this flag is set, the
segment memory locations are considered to be organized
in descending order and each write to the segment is
checked for access to the last 256-byte block. Such an
access generates a trap to warn of potential segment
overflow, but no Suppress signal is generated.

Changed (CHG). When this flag is set, the segment has
been changed (written). This bit is set automatically during
" any write access to this segment if the wrile access does not
cause any violation,
Referenced (REF). When this flag is set, the segment has
been referenced (either read or written). This bit is set
automatically during any access to the segment if the
access does not cause a violation.

*In the stack mode, segment size is 64K-256N.
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Figure §. Ségmenl Descriptor Registers

Figure 6. Attribute Field in Seg:‘nenl Descriptor Register

Control Registers. The three user-accessible
8-bit control registers in the MMU direct the
functioning of the MMU (Figure 7). The Mode
Register provides a sophisticated method for
selectively enabling MMUs in multiple-MMU
configurations. The Segment Address Register
(SAR) selects a particular Segment Descriptor
Register to be accessed during a control
operation. The Descriptor Selection Counter
Register points to a byte within the Segment
Descriptor Register to be accessed during a
control operation.
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Figure 7. Control Registers
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The Mode Register contains a 3-bit iden-
tification field (ID) that distinguishes among
eight enabled MMUs in a multiple-MMU con-
figuration. This field is used during the seg-
ment trap acknowledge sequence (refer to the
section on Segment Trap and Acknowledge).
In addition, the Mode Register contains five
flags.

Multiple >Segment Table (MST). This flag indicates whether
multiple segment tables are present in the hardware con-
figuration. When this flag is set, more than one table is

present and the N/S line must be used to determine
whether the MMU contains the appropriate table.

Normal Mode Select (NMS). This flag indicates whether
the MMU is to translate addresses when the N/S line is
High or Low. If the MST flag is set, the N/S line must
match the NMS flag for the MMU to translate segment
addresses, otherwise the MMU Address lines remain
3-stated.
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MMU
Register
Organization
(Continued)

Upper Range Select (URS). This flag is used to indicate
whether the MMU contains the lower-numbered segment
descriptors or the higher-numbered segment descriptors.
The most significant bit of the segment number must match
the URS flag for the MMU to translate segment addresses,
otherwise the MMU Address lines remain 3-stated.

Translate (TRNS). This flag indicafes whether the MMU is
to translate logical program addresses to physical memory
locations or is to pass the logical addresses unchanged to
the memory and without protection checking. In the non-
translation mode, the most significant byte of the output is
the 7-bit segment number and the most significant bit is 0.
When this flag is set, the MMU performs address transla-
tion and attribute checking. -

Master Enable (MSEN). This flag enables or disables the
MMU from performing its address translation and memory
protection functions. When this flag is set, the MMU per-
forms these tasks; when the flag is clear the Address lines
of the MMU remain 3-stated.

The Segment Address Register (SAR) points
to one of the 64 segment descriptors. Control
commands to the MMU that access segment
descriptors implicitly use this pointer to select
one of the descriptors. This register has an
auto-incrementing capability so that multiple
descriptors can be accessed in a block
read/write fashion.

The Descriptor Selection Counter Register
holds a 2-bit counter that indicates which byte
in the descriptor is being accessed during the
reading or writing operation. A value of zero
in this counter indicates the high-order byte of
the base address field is to be accessed, one
indicates the low-order byte of the base
address, two indicates the limit field and three
indicates the attribute field.

Status Registers. Six 8-bit registers contain
information useful in recovering from memory
access violations (Figure 8). The Vielation
Type Register describes the conditions that
generated the trap. The Violation Segment
Number and Violation Offset Registers record
the most-significant 15 bits of the logical
address that causes a trap. The Instruction
Segment Number and Offset Registers record
the most-significant 15 bits of the logical
address of the last instruction fetched before
the first accessing violation. These two
registers can be used in conjunction with
external circuitry that records the low-order
offset byte. At the time of the addressing ‘viola-
tion, the Bus Cycle Status Register records the
bus cycle status (status code, read/write mode
and normal/system mode).

The MMU generates a Trap Request for two
general reasons: either it detects an access

violation, such as an attempt to write into a
read-only segment, or it detects a warning <
condition, which is a write into the lowest 256
bytes of a segment with the DIRW flag set.
When a violation or warning condition is
detected, the MMU generates a Trap Request
and automatically sets the appropriate flags.
The eight flags in the Violation Type Register
describe the cause of a trap.

Read-Only Violation (RDV). Set when the CPU attempts to
access a read-only segment and the R/W line is Low.
System Violation (SYSV). Set when the CPU accesses a
system-only segment and the N/S line is High.

CPU-Inhibit Violation (CPUIV). Set when the CPU
attempts o access a segment with the CPU-inhibit flag set. |

Execute-Only Violation (EXCV). Set when the CPU
altempts to access an execute-only segment in other than
an instruction fetch or load relative instructions cycle,

Segment Length Violation (SLV). Set when an offset falls
outside of the legal range of a segment.

Primary Write Warning (PWW). Set when &n access is
made to the lowest 256 bytes of a segment with the DIRW
flag set.

Secondary Write Warning (SWW). Set when the CPU
pushes data into the last 256 bytes of the system stack and
EXCV, CPUIV, SLV, SYSV, RDV or PWW is set. Once this
flag is set, subsequent write warnings for accessing the
system stack do not generate a Segment Trap request.

Fatal Condition (FATL). Set when any other flag in the
Violation Type Register is set and either a violation is
detected or a write warning condition occurs in Normal
mode, This flag is not set during a stack push in System
mode that resulls in a warning condition. This flag
indicates a memory access error has occurred in the trap
processing routine. Once set, no Trap Request signals are
generated on subsequent violations. However, Suppress
signals are generated on this and subsequent CPU viola-
tions until the FATL flag has been reset.

~

)
Fm.]swwlpwwlsxcvlcruwi sr.v]svsvl Rov| VIGLATION

‘o
VIOLATION
J SEGMENT
NUMBER

o I SEGMENT NUMBER
2 ) : L L

]

3

I UPPER OFFSET l JILATION
el
7
Bus
I [ ] Iusln:w‘ CPY STATUS CYCLE
. N i STATUS
7 )
| ° I SEGMENT NUMBER SEGMENT
P S i NUMBER
7 0
I UPPER OFFSET I INSTRUCTION
) Lo

Figure 8. Status Registers
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Segment _
Trap and

Acknowledge

The 78010 MMU generates a Segment Trap
when it detects an access violation or a
write warning condition. In the case of an
access violation, the MMU also activates Sup-
press, which can be used to inhibit memory
writes and to flag special data to be returned
on a read access. Segment Trap remains Low

until a Trap Acknowledge signal is received. If |

a CPU-generated violation occurs, Suppress is
asserted for that cycle and all subsequent CPU
instruction execution cycles until the end of
the instruction. Intervening DMA cycles are
not suppressed, however, unless they generate
a violation. Violations detected during DMA
cycles cause Suppress to be asserted during
that cycle only—hno Segment Trap Requests are
ever generated during DMA cycles.

Segment traps to the Z8001/3 CPU are han-
dled similarly to other types of interrupts. To
service a segment trap, the CPU issues a seg-
ment trap acknowledge cycle. The acknow-
ledge cycle is always preceded by an instruc-
tion fetch cycle that is ignored (the MMU has
been designed so that this dummy cycle is
ignored). During the acknowledge cycle all
enabled MMUs use the Address/Data lines to
indicate their status. An MMU that has
generated a Segment Trap Request outputs a 1
on the A/D line associated with the number in
its ID field; an MMU that has not generated a
segment trap request outputs a 0 on its
associated A/D line. A/D lines for which no
MMU is associated remain 3-stated. During a

segment trap acknowledge cycle,an MMU
uses A/D line 8 +i if its ID field is i.

Following the acknowledge cycle the CPU
automatically pushes the Program Status onto
the system stack and loads another Program
Status from the Program Status Area. The Seg-
ment Trap line is reset during the segment trap
acknowledge cycle. Suppress is not generated
during the stack push. If the store creates a
write warning condition, a Segment Trap
Request is generated and is serviced at the
end of the Program Status swap. The SWW
flag is also set. Servicing this second Segment
Trap Request also creates a write warning con-
dition, but because the SWW flag is set, no
Segment Trap Request is generated. If a viola-
tion rather than a write warning occurs during
the Program Status swap, the FATL flag is set
rather than the SWW flag. Subsequent viola-
tions cause Suppress to be asserted but not
Segment Trap Request. Without the SWW and
FATL flags, trap processing routines that
generate memory violations would repeatedly
be interrupted and called to process the trap
they created.

The CPU routine to process a trap request
should first check the FATL flag to determine
if a fatal system error has occurred. If not, the
SWW flag should be checked to determine if
more memory is required for the system stack.
Finally, the trap itself should be processed and
the Violation Type Register reset. :

Virtual
Memory

Several features of the MMU can be used in
conjunction with external circuitry to support
virtual memory for the Z8001. Segment Trap
Request can be used to signal the CPU in the
event that a segment is not in primary memory.
The CPU-Inhibit Flag can be used to indicate
whether a segment is in the memory or in

secondary storage. The Changed and Altered
Flags in the atiribute field for each segment
can aid in implementing efficient segment
management policies. The Status Registers can
be used in recovering from virtual memory
access faults.

Multiple
MMUs

MMU architecture directly supports two
methods for multiple MMU configurations. The
first approach extends single-MMU capability
for handling 64 segments to a dual-MMU con-
figuration that manages the 128 different
segments the Z8001 can address. This
scheme uses the URS flag in the Mode Register
in connection with the high-order bit of the
segment number (SNg).

The second approach uses several MMUs to
implement multiple translation tables. Multiple
tables can be used to reduce the time required
to switch tasks by assigning separate tables to
each task. Multiple translation tables for multi-

task environments can use the Master Enable
Flag to enable the appropriate MMUs through
software. Multiple translation tables may also
be used to extend the physical memory size
beyond 16 megabytes by separating system

" from normal memory and/or program from

data memory. The MST and NMS flags in the
Mode Register can be used in conjunction with
the N/S line to select the MMU that contains
the appropriate table. Special external cir-
cuitry that monitors the CPU Status lines can
manipulate the MMU N/S line to perform this
selection.
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indicating to the MMU the beginning of a
DMA cycle. A Low DMASYNC inhibits the
MMU from using an indeterminate segment
number on lines SNg-SNg, When the DMA
logical memory address is-valid, the
DMASYNC line must be High before a rising

handled through the MMU. The MMU permits
DMA in either the Systerm or Normal mode of
operation. For each memory access, the seg-
ment attributes are checked and if a violation
is detected, Suppress is activated. Unlike a
CPU violation that automatically causes Sup-
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DMA Direct memory access operations may occur At the start of a DMA cycle, DMASYNC
Operation between Z800! instruction cycles and can be must go Low for at least two clock cycles,
]
]

press signals to be generated on subsequent
memory accesses until the next instruction,
DMA violations generate a Suppress only on a
per memory access basis.

The DMA device should note the Suppress

edge of Clock and the MMU then performs its
address translation and access protection func-
tions. Upon the release of the bus at the ter-
mination of the DMA cycle the DMASYNC line
must again be High. After two clock cycles of

DMASYNC High, the MMU assumes that the
CPU has control of the bus and that subse-
guent memory references are CPU accesses.
The first instruction fetch occurs at least two
cycles after the CPU regains control of the
bus. During CPU cycles, DMASYNC should

signal and record sufficient information to
enable the system to recover from the access
violation. No Segment Trap Request is ever
generated during DMA, hence warning
conditions are not signaled. Trap Requests are
not issued because the CPU cannot

acknowledge such a request. always be High. .
MMU The various registers in the MMU can be Opcode (Hox) Instruction
Commands read and written using Z8001 CPU special /O 08 Read/Write Base Field
commands. These commands have machine 09 Read/Write Limit Field
cycles that cause the Status lines o indicate an 0A Read/Write Atiribute Field
SIO operation is in progress. During these 0B Read/Write Descriptor (all fields) :
machine cycles the MMU enters command oC Read/Write Base Field; Increment SAR
_mode. In this mode, the rising edge of the oD Read/Write Limit Field; Increment SAR
OE Read/Write Attribute Field; Increment

Address Strobe indicates a command is pres-

. . SAR
ent on the A[_)B_A.DIS' 1t Chlp.Sel‘ect 8 OF Read/Write Descriptor; Increment SAR .
asserted and if this command indicates that 5 - Set All CPU-Inhibit Attribute Fl
data is to be written into one of the MMU © “nhibit Ptiribute Flags
16 Set All DMA-Inhibit Attribute Flags

registers, the data is read from ADg-ADj5
while Data Strobe is Low. If the command indi-
cates that data is to be read from one of the

Three commands are used to read and write
the control registers.

MMU registers, the data is placed on Opcode (Hex) Instruction
ADg-ADj5 while Data Strobe is Low. : 00 Read/Write Mode Register
There are ten commands that read or write 01 Read/Write Segment Address Register
. various fields in the Segment Descriptor ) 20 Read/Write Descriptor Selector Counter

Register
The Status Registers are read-only registers,
although the Violation Type Register (VTR)
can be reset. Nine instructions access these

Register. The status of the Read/Write line
indicates whether the command is a read or a
write.

The auto-incrementing feature of the Seg-

ment Address Register (SAR) can be used to registers. i

_block load segment descriptors using the Opcode (Hex) Instruction

repeat forms of the Special I/O instructions. 02 Read Violation Type Register . :

The SAR is autoincremented at the end of the 03 Read Violation Segment Number Register ;

field. In accessing the base field, first the 04 Read Violation Offset (High-byte) Register :

high-order byte is selected and then the low- 05 Read Bus Status Register i ’

order byte. The command accessing the entire - 06 Read Instruction Segment Number | i

Descriptor Register references the fields in the Register E

order of base address, limit and atiribute. 07 Rgz:i?::r“c"m Oflset (High-byte) : i

) 11 Reset Violation Type Register :

13 Resst SWW Flag in VTR : i ;
14 Reset FATL Flag in VTR
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MMU The Z8010 translates addresses and checks
for access violations by stepping through

Timing -

sequences of basic clock cycles corresponding
to the cycle structure of the Z8001 CPU. The
following timing diagrams show the relative

timing relationships of MMU signals during the

basic operations of memory read/write and

MMU control commands. For exact timing

information, refer to the composite timing

diagram.

CLOCK

T

T2

T-52-33-25
Memory Read and Write. Memory read and
instruction fetch cycles are identical, except
for the status information on the ST-ST3
inputs. During a memory read cycle (Figure 9)
the 7-bit segment number is input on SNy-SNg
one clock period earlier than the address off-
set; a High on DMASYNC during T3 indicates
that the segment offset data is valid. The most
significant eight bits of the address offset are
placed on the ADg-AD;5 inputs early in the
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Figure 9. Memory Read Timing
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MMU first clock pericd. Valid address offset data is Segment Trap Request remains Low until Seg-
Timing indicated by the rising edge of Address ment Trap Acknowledge is received. Suppress
(Continued)  Strobe. Status and mode information become is asserted during the current machine cycle

valid early in the memory access cycle and and terminates during T3. Suppress is
remain stable throughout. The most significant repeatedly asserted during CPU instruction
16-bits of the address (physical memory loca- execution cycles until the current instruction
- fion) remain valid until the end of T3. Segment has terminated.
Trap Request and Suppress are asserted in T. . T-52-33-25
| T |
Ts T2 I —I
cLock 1 . I L J }
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Figure 10. Memory Write Timing
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ZILOG INC 17E D WM 9944043 00L1l924 2 N
T-52-33-25
MMU MMU Command Cycle. During the command placed on the Address/Data lines late in the
Timing - cycle of the MMU (Figure 11), commands are Twa cycle.
(Continued)  placed on the Address/Data lines during T. Input/Output and Refresh. Input/Output and
* The Status lines indicate that a Special I/O Refresh operations are indicated by the status
N instruction is in progress, and the Chip Select lines STg-ST3. During these operations, the
line enables the appropriate MMU for that MMU refrains from any address translation or
command. Data to be written to a register in protection checking. The address lines Ag-Ans
the MMU must be valid on the Address/Data - remain 3-stated.

lines late in To. Data read from the MMU is

L
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Figure 11. 1/0 Command Timing

173




R R R I R R RERRRRRRBREPRRRERRSARE EEBBEBEEBBERRR
M 9984043 0011925 4 mm T-52-33-25

ZILOG INC

I7E D

MMU -
Timing
{Continued)

Reset. The MMU can be reset by either hard
ware or software mechanisms. A hardware
reset occurs on the falling edge of the Reset
signal; a software reset is performed by a
28000 Special /O command. A hardware reset
clears the Mode Register, Violation Type
Register and Descriptor Selection Counter. If
the Chip Select line is Low, the Master Enable
Flag in the Mode Register is set to 1. All other
registers are undefined. After reset, the
ADg-AD)5 and As-A23 lines are 3-stated. The
SUPand SEGT open-drain outputs are not
driven. If the Master Enable flag is not set dur-
ing reset, the MMU does not respond to subse-
quent addresses on its A/D lines. To enable an
MMU after a hardware reset, an MMU com-
mand must be used in conjunction with the
Chip Select line.

A software reset occurs when the Reset
Violation Type Register command is issued.
This command clears the Violation Type
Register and returns the MMU to its initial
state (as if no violations or warnings had
occurred). Note that the hardware and software
resets have different effects.

Segment Trap and Acknowledge. The Z8010
MMU generates a segment trap whenever it
detects an access violation or a write into the
lowest block of a segment with the DIRW flag -

set. In the case of an access violation, the
MMU also activates Suppress, This Suppress
signal can be used to inhibit memory writes.
The Segment Trap remains Low until a Trap
Acknowledge signal is received. If a violation
occurs, Suppress is asserted for that cycle and
all subsequent CPU cycles until the end of the
instruction; intervening DMA cycles are not
suppressed, however, unless they generate a
violation. Violations detected during DMA
cycles cause Suppress to be asserted during
that cycle only, but no Trap Request is
generated. y

- When the MMU issues a Segment Trap
Request it awaits a Segment Trap Acknowl-
edge. Subsequent violations occurring before
the Trap Acknowledge is received are still
detected and handled appropriately. During
the Segment Trap Acknowledge cycle, the
MMU drives one of its Address/Data lines
High; the particular line selected is a function
of the identification field of the mode register.
After the Segment Trap has been acknowl-
edged by the Z8001 CPU, the Violation
Status Register should be read via the Special
I/O commands in order to determine the cause
of the trap. The Trap Type Register should also
be reset so that subsequent traps will be
recorded correctly.

STATUS

ACKNOWLEDGE CVCLE. i SAVING
AUTOMATIC WAIT CYCLES

e LAy

Twa Twa T T Ts

HIGH =\

STo-8Ts X

SEGMENT TRAP ACKNOWLEDGE

Hoorkoue :X:>- T

T

Figure 12. Segment Trap and Acknowledge Timing
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Pin
Description

BRg-Rg3. Address Bus (outputs, active High,
3-state). These address lines are the 16 most-
significant bits of the physical memory
location.

ADg-ADy5. Address/Data Bus (inputs/outputs,
active High, 3-state). These multiplexed
address and data lines are used both for com-
mands and for logical addresses intended for
translation.

ES. Address Strobe (input, active Low). The
‘rising edge of AS indicates that ADp-AD;s,
STo-ST3, R/'W and N/S are valid.

CLEK. System Clock (input). CLK is the 5.V
single-phase time-base input used for both the
CPU and MMU.

Eg._ Chip Select (input, active Low). This line
selects an MMU for a control command.

DMASYNC. DMA/Segment Number Syn-
chronization Strobe (input, active High). A
Low on this line indicates that the segment
number lines are 3-state; a High indicates that
the segment number is valid. It must always be
High during CPU cycles. If a DMA device
does not use the MMU for address translation,
the BUSACK signal from the CPU may be
used as an input to DMASYNC.

DS. Data Strobe (input, active Low). This line
provides timing for the data transfer between

the MMU and the Z8001 CPU.

N/S. Normal/System Mode (input, Low =
System Mode). N/S indicates the Z8001 CPU
or 28016 DMA is in the Normal or System
Mode. The signal can also be used to switch
between MMUs during different phases of an
instruction.

Reserved. Do not connect.

RESET. Reset (input, active Low). A Low on
this line resets the MMU.

R/W. Read/Write (input, Low = write). R/W
indicates the Z8001 CPU or 28016 DTC is
reading from or writing to memory or the

MMU.

SEGT. Segment Trap Request (output, active
Low, open drain). The MMU interrupts the
Z8001 CPU with a Low on this line when the
MMU detects an access violation or write
warning. .

SNg-SNg. Segment Number (inputs, active
High). The SNg-SNs lines are used to address
one of 64 segments in the MMU; SNg is used to
selectively enable the MMU.

STp-ST3. Status (inputs, active High). These
lines specify the 28001 CPU status.

$T3-STy Definition

0000 Internal operation

0001 Memory refresh

0010 1/Q reference

0011 Special IO reference (e.qg., to an MMU)
0100 Segment trap acknowledge =
0101 Nonmaskable interrupt acknowledge
o110 Nonvectored interrupt acknowledge
0111 Vectored interrupt acknowledge
1000 Data memory request

1001 Stack memory request

1010 Data memory request (EPU)

1011 Stack memory request (EPU)

1100 Instruction space access .

1101 Instruction fetch, first word

1110 Extension processor transfer

SUP. Suppress (output, active Low, open
drain). This signal is asserted during the cur-
rent bus cycle when any access violation
except write warning occurs.

ADg-ADy

cPU

28010

CONTROL

Figure 13. The MMU in a Z8001 System
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T-52-33-25
AC Characteristics 28010 28010 !
6 MHz 10 MHz i
No. Symbol " Parameter Min Max Min Max Notes*
1 TeC™ Clock Cycle Time 165 100
2 TwCh Clock Width (High) 70 40
3 TwCl Clock Width (Low) 70 40
4 TIC Clock Fall Time 10 10
5= TrC ———— Clock Rise Time 15 10
6 TdDSA(RDv) DS (Acknowledge) to Read Data 80 60 1
Valid Delay :
7 TdDSA(RD{) D51 (Acknowledge) to Read Data ) 60 45 1
Float Delay
8 TdDSR(RDv) DS I (Read) to AD Output Driven Delay 80 60 1
9  TdDSR(RDf) DS t (Read) to Read Data Float Delay 60 60 ) 45 1
10— TdC(WDv) CLK 1 to Write Data Valid Delay 80 50
11 ThC(WDn) CLK | to Write Data Not Valid . . 20 10
Hold Time
12 TwAS Address Strobe Width 50 30
13 TsOFF(AS) Offset Valid to AS'1 Setup Time 35 20
14. ThAS(OFFn) AS 1 to Ofiset Not Valid Hold Time 40 20
15— TdAS(C) AS | to CLK 1 Delay 90 50
16  TdDS(AS) DS 1 to AS | Delay 30 15
17 TdAS(DS) AS 1 to BS 1 Delay ) .40 30
18  TsSN(C) SN Data Valid to CLK 1 Setup Time 40 30
19 ThC(SNn) CLK 1 to SN Data not Valid Hold Time 0 "7
20 — TdDMAS(C) — DMASYNC Valid to CLK ! Delay 80 60
21 TdSTNR(AS)  Status (STy-STs, N/5, R/W) Valid to 30 10
AS 1 Delay
22 TJdC(DMA) CLK 1 to DMASYNC | Delay 15 10
23  TdST(C) Status (STp-ST3) Valid to CLK 1 Delay 60 30
24 TdDS(STn) DS 1 to Status Not Valid Delay 0 0
25 — TdOFF(Av)—— Offset Valid to Address Output ——90 60 1—
. Valid Delay !
- 26 TdST(Ad) Status Valid to Address Output 78 45 1
Driven Delay
27 TdDS(AD DS 1 to Address Output Float Delay 130 100 - 1
¥ 28 TdAS(Ad) AS | to Addres Output Driven Delay 70 40 1
29 TdC(Av) CLK t to Address Output Valid Delay . 155 100 1
. 30— TdAS(SEGT)— AS 1 to SEGT | Delay 100 60 12—
31 TdC(SEGT) , CLK 1 to SEGT t Delay 200 100 1,2
32 TdAS(SUP) AS 1 to SUP | Delay 90 55 1,2
33 TdDS(SUP DS 1 to SUP 1 Delay . 100 60 1,2
34 TsCS(AS) Chip Select Input Valid to AS ! Setup 10 10
X Time
35 — ThAS(CSn) AS 1 to Chip Select Input Not Valid 40 20
Hold Time ~
36 TdAS(C) AS 1 to CLK | Delay 10 10
37 ~ TsCS(RST) Chip Select Input Valid to RESET 1 100 60
Setup Time
38 ThRST(CSn) RESET 1 to Chip Select Input Not 0 0
Valid Hold Time .
39 TwRST RESET Width (Low) 2TcC 2TcC
40 — TdC(RDv) CLK 1 to Read Data Valid Delay 460 300 190
41, TdDS(C) DS 1 to CLK 1 Delay 20 - 10
.42  TdC(DS) CLK | to DS 1 Delay 0 0 -
NOTES: .
1. 50 pf Load. . ] ijinq measurements ;;e ;111ade at the lollowiz;;;ollaqes:
2. 2.2K Pull-up. : Clock 40V 08V
* Units in nanoseconds (ns). Quiput 20V 08V
. Input 20V 08V
. Float AV +05V
177 .




ZILOG INC 7E D W 9984043 0011929 1 mm
Absolute Voltages on all pins with respect Stresses greater than those listed under Absolute Maxi-
Maximum to GND . ~0.3Vito +7.0V mum Ratings may cause permanent damage to the device.
Rati AR Joorerererers ) ) This is a stress rating only; operation of the device at any

aiings Operating Ambient condition above those indicated in the operational sections
Temperature....... See Ordering Information of these specifications is not implied. Exposure to absolute
Storage Temperature........ —-65°Cto +150°C maximum rating conditions for extended periods may affect
device reliability.
Standard The DC characteristics and capacitance sec- T-52-33-25
Test tion below apply for the following standard test
Conditions conditions, unless otherwise noted. All voltages
are referenced to GND. Positive current flows
into the referenced pin. +8Y
Standard conditions are as follows: 22K
B +475V = Voo < +5.25V FroM ouTeur
.BGND =0V
m0°C < Ty = +70°C sm:[ 20
DC Symbol _ Parameter Min Max Unit Condition
Character- VcH Clock Input High Voltage Vee-04  Vee+0.3 v Driven by External Clock Generator
istics VoL Clock Input Low Voltage - -0.3 0.45 v Driven by External Clock Generator
Vi Input High Voltage 2.0 Vec+0.3 v
Vi, Input Low Voltage -0.3 0.8 v
Vou Cutput High Voltage 24 v Ioy = -250 pA
VoL Output Low Voltage 0.4 A IoL = +2.0mA
I Input Leakage +10 pA 04 =< Vy= +24V
IoL Cutput Leakage +10 rA 04 =< Vy=s +24V
Icc Ve Supply Current 300 mA )

NOTE: The on-chip back-bias voltage generalor takes approximately 20 ms to pump the back-bias voltage to -2.5 V alter the power has
been turned on. The performance of the Z8010 Z-MMU is not guaranteed during this period.

178

8085-0209

e




e e

ZILOG INC 1J7E D WM 9984043 0012311 7 WA
PACKAGE INFORMATION - a O- 2 o
L-—-—--—--—--—---.—..‘-’-’.
0.296
- TE=
g T Ty
N I
] 0.040
g
e gl o
+.015 0.100 0.045

SOTH ENDS =.010 +.005

R - 18-Pin Ceramic Package

£ .
0.031‘:!’!“&!‘1_.5—\ L Y.
0.100
| S B S Ry Wiv By e g ED 0 VS G mbu gy men
0.025 3 20
0300 0.030 Y
I"o.azo'“ 0“5—1—1 . 010 | 0w 013
— ~ 0,020
TF sgsprysy BN
0.009
oszs—. [*0.018
§ § 0.050 1 0.100 fe— L_0.125
ks 02— ik &g’ig‘“‘— 1 WIN

18-Pin Plastic Package

NOTE: Package dimensions are given in-inches. To convert to millimeters, multiply by 25.4
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28-Pin Ploatic Package

HOTE: Pachage dimenaiona are given in inches. To convert to millimeters, mulliply by 25.4.
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PACKAGE INFORMATION (Continued) B T-90-206

0.585
MAX—

GLASS
|

|

40 21
PR WA T AT Wk Wk Wt W W W Wi O s e T Tt W Bk Bt

?UUU\HUUQUUV\HUUJUJ-}\J;&’

2.080
MAX

020 v SEALING GLASS 5008 = -
MAX H “éx . / e i

Supmishigus & s X\ = ; r 3 ;
i i [ : IR E
- =3 AY 3 LYY
f 331 H ’hrii}'
TYP K SR S N

' 0100 MAX
2.025 %% -l = goTHENDS

0.040
*.020

40-Pin Dual-in-Line Package (DIP),
Cerdip

AAMNAANANAANAANAANAAR

D

YVVVVVVVVVVUVVVUVVV\QG’

g ——]

=]
o

-1
2
o

—

2,070
MAX
0620 ) 0.050° 0.180
. 0.600 1 l—Gve MAX
h
[ — 3 T 002
P OiMIN
1 t
s - I
X iR
0.650 0.080 0110 1|, 0.021 (X
0.610 - 0.060 0.030 _’ll“o. 6 i Fas0 0.125

40-Pin Dual-in-Line Package (DIP),
Plastic

NQTE: Package dimensions are given ininches. To convert to millimeters, multiply by 25.4.
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ZILOG INC 17E D WM 9984043 0012313 0 mm
T=90-2 0
'PACKAGE INFORMATION (Continued) q '2

PINY
IDENTIFICATION

MAX -
e
o.sso -
r-———— et w002

0.600 0.125
= REF ™ MIN -2
0.060
0.020

ES 015 BOTH ENDS

B

e mo e e = oo: TYP

40-Pin Dual-in-Line Package (DIP),

Ceramic

0.050 PIN1 e
45 X 0,045 MAX~ :! ‘: TYPICAL Qosmmcmon \
s 14 ©

=

&8

v.026 _4_§7 o/ *
HOMINAL T
17 )
19 n
45° x 0.010 MAX
3PLACES
VIEW TOWARD PC SOARD

&8

|

x0.45 MAX

|| 0.0232.003 u "
0.105 +.005
0,174,005 :

44-Pin Plastic Chip Carrier (PCC)
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PACKAGE INFORMATION (Continued)

YT E—_C_F_N_S_ N . _E_

T-90-206

W _W_w_|

Wi

PiN 1
IDENTIFICATION Lo

e —— i — I

I E— RN —m— R

- HAx i 0.040
e R N [
LJ 1
0.010 1 X
o J L
S i as L‘g%‘?s BOTH ENDS "’I L‘ . “’l L‘ s Tve
48-Pin Dual-in-Line Package (DIP),
Ceramic
RAAAAAAAAAANAAAAAAAANANARN
. &—iﬁg D
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150 8—%8 0.180
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o
)
-
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z
o

48-Pin Dual-in-Line Package (DIP),
Plastic

.060 TYP.
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PACKAGE INFORMATION (Continued) 7-490-2 o]
5 x 0,045 MAX - 0.050TvP ,'g:,]ﬂﬂw.‘o" *' X 0.6AMAX
0.026 4 L : O/ pe b
NOMINAL <= g ;
g 1)
; :
q 0.9525Q 0.926
; | ossosa
: h
; ]
g -
" !J
450 x o.mog:t A H T — .l-{ ::::;
“E 0.470

68-Pin Plastic Chip Carrier (PCC)
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(0JO) ®e £ooe ]
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@@ @@ £6510 =
0070, ©6 06 0.100
T RN FoYO) oJORKT) ==
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()@@@@@@@@@@@JT =]
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o.muv;t;:_/‘ S At - /N1
1 CORNER - %g :? ~»{-«—0.008 REF
. 1210
1.190
84-Pin Grid Array (PGA), . View toward PC Board
= . - Bottom View ’

NOTE: Package dimensions are givenin inches. To convert to millimeters, mulliply by 25.4.
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