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2.0

ARCHITECTURE

Addressing of lo-bit words and S|-bit

Memory Allocation [ '‘bytes using the |6-hiy data bus and
l:/e.. 16=bi+ bay'f‘e aééres.s 16 4

~ e

(Ee basic word of the 9995 g architecture is 16 bits in length.

Exteyna logic must

ve
-H\ere'ﬁov:‘.e 3 e

m\f\e\me-"ke sther

Pro'l'ec"t_? x word |
pyte ° 1 iadidue

The 1 °\m3;c?-\'es \
signe yidud
n

2.2

2'2'1

d b -

B o= shown in Figure 1. <r~-wonid—is—laopereone

i A %) All words

(Instruction opcodes, operand addresses, word-leangth data, etc.)

are restricted to be on even address boundaries (i.e. the most

significant half or 8 bits resides at an even address and the

least significant half resides at the subsequent odd address).

Any memory access involving a full word that is directed by

software to utilize an odd address to begzin the word access with

will result in the word starting with this odd address minus one
to be accessed. -

—t e—

The instruction set of the eqqs S€ allows both word and byte
operations. Byte instructions may address elther byte as
necessary. 5 = i

- ~

The 9995 ss memory map 1s shown in Figure 2. Shown are the
locations in the memory address space for the Reset, NMI, other
interrupt and XOP tr'ap vectors. -a-ad--b-a-e-—d-e&-rea-beé—-a-:’-d-»e-a-e

BB Organization

The block diagram of the ‘?‘195 SE is shown in Figure 3. A flow
chart, representative of the Q‘:Qs bE ‘functional operation, is
shown in Figure ’4.

Arithmetic Logic Unit

The_arithmetic logic unit (ALU) is the computational component of
theQQQS'SEL It performs all arithmetic and logic funections
required to execute instructions. The functions include
addition, subtraction, AND, OR, exclusive OR, and complement. A
separate comparison circuit performs the logic and arithmetic
comparisons to control bits O through 2 of the status register.
The ALU is arranged in two 8-bit halves to accommodate byte
operations. Each half of the ALU operates on one byte of the
operand. During word operand operations, both halves of the ALU
function in conjunction with each other. However, during byte
operand processing, results from the least significant half of
the ALU are ignored. Tne most significant half of the ALU
performs all operations on byte operands so that the status
ecircuitry used in word operations i3 also used in byte
operations.

circuitry used in word operations is also used in byte
operations.



2.2.2 Internal Registers '

The following tharee (3) internal registers are accessible to the
user (programmer)

(A) Program Counter (PC)

(B) Status Register (ST) “

(C) Workspace Pointer (WP) ’

Other internal registers which are utilized during instruction
acquisition or axecution are inaccessible to the user.

2.2.2,.1 Program Counter

Tae Program Counter (PC) is a 15-bit counter that contains the
word address of the next instruction follqwing the instruction
currently executing. The microprocessor references this address
to feten the next instruction from memory and increments the
address in the PC when the new instruction is executing. If the
current instruction in the microprocessor alters the contents of
PC, then a program branch occurs to the location specified by the
altered contents of PC. All context switching operations plus
simple branch and jump instructions affect the coatents of PC.

2.2.2.2 Status Register

The status register (ST) .is a fully implemented 16-bit register
that reports the results of program comparisons, indicates
program status conditions, and supplies the arithmetic overflow
enable and interrupt mask level to the interrupt priority
eircuits. Each bit position in the register signifies a
particular function or condition that exists in the
microprocessor. Figure 5 illustrates the bit position
assignments. Some instructions use the status register to check
for a prerequisite condition; others affect the values of the
bits in the register; and others load the entire status register
with a new set of parameters. Interrupts also modify the status
register. The description of the instruction set later in this
document details the effect of each instruction on the status
register (see section 3.5). Table 1 lists each bit and
identifies what conditions affect that bit.

2.2.2.3 Workspace

The 9995 Sg uses blocks of memory words, called workspaces, for
instruction operand manipulation instead of internal hardware
registers. A workspace occupies 16 contiguous words in any part
of memory that is not reserved for other use. The individual
workspace registers may contain data or addresses, and function
as operand registers, accumulators, address registers, or index
registers. Some workspace registers take on special significancei
during execution of certain instructions. Table 2 lists each of
these dedicated workspace registers and the instructions that use
them. Figure 6 defines the workspace registers that are allowed



to be used as index registers. A4 largef(number of workspaces may
exist in memory simultaneously to provide a hnigh degree of
software flexibility.

2.2.2.3.1 Workspace Pointer

To locate the workspace in memory, a hardware register called the
workspace pointer (WP) is used. The workspace pointer is a 16
bit register that contains the memory address of the first word
in the workspace. The address is left justified with the 16th
bit (LSB) hardwired to logic zero. The 9995 s accesses each
register in the workspace by adding two times the register number
to the contents of the workspace pointer and initiating a meamory
request for that word. Figure 7 illustrates the relatioanship
between the workspace pointer and its corresponding workspace in
memory.

For instructions performing byte oper'atior'x:'-:, use of the workspace
register addressing mode (see section 3.2) will result in the
most significant byte of the workspace register involved to be
used as the operand for the operation. Since the workspace is
also addressable as a memory addressyhowever, the least
significant byte may be directly addressed, if desired, using any
of the more general mepory addressing modes.

2.2.2.3.2 Context Switching

The workspace concept is particularly valuable during operations
that require a context switch, which is a change from one program
environment to another, as in the case of a subroutine or an
interrupt service routine. Such an operation using a
conventional multi-register arrangement requires that at least -
part of the contents of the register file be stored and reloaded
using a memory cycle to store or fetch each word. The 949S s&£
accomplishes this operation by changing the workspace pointar. A
context switch requires only three store cycles and bg_f_‘gj_:it_l_-l-w
cycles, exchanging the program counter, status register and
workspace pointer. After the switch, the workpace pointsr
contains the starting address of a new 16-word workspace in
memory for use in the new routine. A corresponding time saving
occurs when the original context is restored. Instructions in
the 9995 S€ that result in a context switeh include:- Branch and
Load Workspace Pointer (BLWP), Return from Subroutine (RTWP) and
the Extended Operation (XOP) instruction.. All interrupts also
cause a context switch by forcing the 9995 sE to trap to a
service subroutine.

2.3 m INTERFACES

———o it < o o

Each 9995 sg system interface uses one or more of the signals
from one or more of the signal groupings given in the pin
description list in Table 3. Each interface is described in
detail in the following paragraphs.



A.3.1 %W S zp\jZ)kﬂo»cz_

MAWWW%— 9995 6E Mbm-fo&f

2.3.1..1 %W Kaad O‘NW

READ ‘fm JMM

é‘“i

-3.<, Mﬁu-e,
074&@(_9_2 o /\24-4(.— )EIAQ L %&Wvﬁm‘,{,
al- A-Mm, At -f",b;«wxa—q
i%)g‘:\Ze, W> WOF\D/B‘(TE- wﬂﬂt

i%?

are _alouwr L f-)"-tji.,,ou\.a./o. a—-mw?/g_
M,&y% RE DYMw.deu:‘c
Aation 2.347 Dty Aot MEMEN- Mm



2.3.1.3

eyt Direct Memory Access

—— e ey

The “qus SE Hold state allows both external devices and the M98
~ to share a common external memory. To gain direct memory
access (DMA) to the common memory, the external device t‘irst
low) the HOLD- input. The 9995 sgwill then enter a Hold s'gate
following completion of the cyecle (either memory, CRU, external
Instruction, or internal ALU cycles) that it is currently
performing. Note however, that a Hold state will not be entered

between the f‘irst and second %—aumea—e-ﬁ—m-

——v v Ao

i : = % clock cycles of‘
a CRU cycle. :

Tod contvel Upon entry of a Hold state, the 9995 5E.puts its address, data,

\3\:\&\ drivers
inte Sspecitic
g‘\’d&es Y

asserts ~HOLDA—. - The external device can then utilize these
signal lines to communicate with the common memory. After the
external device has completed its memory transactioas, it
releases HOLD, and the 9q9s sg. Wwill continue instruction
execution at the point where it had been suspended. Timing
relationships for this sequence are shown in‘Figure 11.

_In order to allow DMA loading of external memory on power-up, the
9995 sg£ will not,begin instruction execution after a Reset state
until HOLD has been removed if HOLD was active (low) at the time
RESET was taken from low to high (RESET released).
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PA) Interrupts
1D

The ‘H‘Y&' sSE mplements seven prioritized, vectored interrupts,
some of which Y edadicatadte predefined functions and the rest
of which are user-definable. Table 4 defines the source
(internal or exsrnal), assignment, priority level, trap vector
location in memory, and enabling/resulting status register
interrupt mask values for each interrupt.

The 9998 s£ will grant int t requests only between
instructions except for (Level 0) Reset, which will be granted
whenever it is requested (i.e. in the middle of an instruction).

The basic sequence that the 9995 sg performs _to_service all
interrupt requests is as follows (Notg that the 9995 s& performs
additional functions for certain interrupts, and these functions
will be detailed in subsequent sections): .

(1) Prioritize all pending requests and grant the request for
the highest priority interrupt that is not masked by the
current value of the interrupt mask in the status register
or the instruction that has just been executed (See Section
3.5 for these instructions).

(2) Make 3 context switch using the trap vector specified for
the interrupt being granted.

(3) Reset ST7 through ST11 in the status register to zero, and
change the interrupt mask (ST12 through ST15) as appropriate
for the level of the interrupt being granted.

(4) Resume execution with the instruction located at the new
address contained in the PC, and using the new WP. All
interrupts will be disabled until after this first
instruction is executed, unless: (a) <Gl Reset, is
requested, in which case it will be granted, or (b) 9the
interrupt being granted is the MID request and the NMI
interrupt is requested simultaneously, in which case the NMI
request will be granted before the first instruction
indicated by the MID trap vector will be executed.

Note that this sequence nas several important characteristiecs.
First of all, for those interrupts that are maskable with the
interrupt mask in the status register, the mask will get changed
to a value that will permit only interrupts of nigher priority to
interrupt their service routines. Secondly, status bit ST10
(overflow interrupt enable) gets reset to zero by the servicing
of any interrupt so that overflow interrupt requests cannot be
generated by an unrelated program segment. Thirdly, the
disabling of other interrupts until after the first instruction

(



of the service routine is exscuted permits the routine to disable
other interrupts by changing the interrupt mask with the first
instruction (the exception with MID and NMI is explained in
Section 2.3.2. ZX). Lastly, the vectoring and prioritizing
scheme of the qqq_g"},h permits interrupts to be automatically
nested in most cases. If a nigher priority interrupt occurs
while in an interrupt service routine, a second context switch
occurs to service the nigher priority interrupt. When that
routine is complete, a return ianstruction (RIWP) restores the
saved context to complete processing of the lower priority
interrupt. Interrupt routines should therefore terminate with the
return instruction to restore original program parameters

Additional details of the méq_qs‘ _s—é-interrupts é.re supplied in the
following paragraphs.

2.3.2.1 - External Interrupt Requests‘ -

Bach of these interruots is requested when the designated s:.gnal
is supplied to the qqqs SE, - :

2.3.2.1.1 Interrupt Level Q (RESET-)

L
~
—— Interrupt Level 0 is dedicated to the RESET=- inpul of the ) g
9995 s£, When active (low), RESET- causes the 9995 S& to _stop
instruction execution and to inhibit_(take toflogic level)s

MR et G RObitae The "i‘l‘ls‘ g& will remain in this

Reset state as long as RESET~ is active.

————————r - 1 1

When RESET-. is released (low-to-high transistion), the 9995 SE
performs a context switeh with the Level Q interrupt trap vector
(WP and PC of trap vector are iNAmemory word addresses 00003 and
0002;(, respectively). Note that the old WP, PC and ST are
stored in registers 13, 14, and 15 of the new workspace. The .

qqqs SE then resets all status register bits, sheinbermet—intonpus-s

4 Lo &
- * . - 3

1
S 3 hn

w 3 %)

s After this the 9995 g starts
execution with the new PC. ' -
1Z2.

Timing relationships of the RESET- signal are shown in Figure %

Release of the RESET- signal is also the time at which the
Automatic First Wait State rfunction of the 9‘-3_‘]5_3:& can be
invoked (see Section Berdred).

3.

2.3.2.1.2 Non-Maskable Interrupt (NMI-)

The NMI- signal is the request input for the NMI level interrupt
and allows ROM loaders, single-step/breakpoint/maintenance panel
f‘unctions, or other user-def‘ined functions to be implemented for
the 9995 . segs Tnis signal and its associated interrupt level are



named "LOAD" in previous 9900 Family products.

NMI- being active (low) according to the timing illustrated in )
Figure )6 constitutes a request for the NMI level interrupt. The
U995 SE services tais request exactly according to- the basic

sequence previcusly described, with the priority level, trap
vector location, and ..nablmg/r'esultmg status register. interrupt
mask values as defined in Table 4. Note that the 9995 s& will

. always grant a request for the NMI level interrupt immediately
after execution of the currently executing ianstruction is
completed since NMI is exempt from the interrupt-disabling-after-
execution characteristic of certain instructions and also
the current value of the interrupt mask.

2.3.2.1.3 &W M | ’F/W

INTREQ— awdd. ICo ' T /8
Q W C;-3 Afa ISMW
/“"M 6 /t,ﬁ.wyz INETREQ- abive

(Low-

,ﬁh% ,:..,JQ'M%;&M oxﬁ»«%

I< 3, 1.ﬂ.n-. "("HS SE B i
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2.3.2.2.1

N

Internally Generated Interrupts

—————— e ® e o o

condition has occured in the 9995 »g ,

Macro Instruction Detection (MID) Interrupt

v
The acquisition and attempted execution of an MID interrupt i
opcode will cause the MID lsvel interrupt to be requested before 7'}
execution of the next instruction will begin (MID interrupt ¥
opcodes are defined in Section 3.5.15). In addition to ‘E’{

requesting the MID level interrupt, the MID <#
(see Section FrF=3~2=2). The 9995 wg services this reques’c

2.3.7%

2 rgiu. esie

external Level

exactly according to the basic sequence previously described,with
the priority level, trap vector location, and enabling/ resulting
status register interrupt mask values as defined in Table 4. Note
that the 9993 s will always grant a request for the MID level
interrupt since MID is not affected by the interrupt mask and is
higher .in priority than any other interrupt except for Level 0,
Reset. If the NMI interrupt is requested during an MID interrupt
context switeh, the MID interrupt context switch will be
immediately followed by the NMI interrupt service sequence before
the first instruction indicated by the MID interrupt is executed.
This is done so that the NMI interrupt can be used for a
single-step function with MID opcodes. Servicing the MID
interrupt request is viewed as "execution" of an MID interrupt
opcode, and NMI will allow the 9995 S& to be halted immediately
after encountering an MID .opcode.

do

S PP BN

It should also be '1ot4§d that the MID interrupt shares its trap
vector -w-—m—!:e-v--l-zz}\the Arithmetic Overflow interrupt =S

S c

PC of this vector
cause of the interrupt. el = : a5
ebepmept—has—aogured  andeifetire——id LDttt g—te g - e St Y

kol

must -theye

. b s O

Lo a - % PR -
- 'S H

The MID interrupt has basically two applications. The MID
opcodes can be considered to be illegal opcodes and the MID
interrupt is then used to detect errors of this nature. The
second, and primary application of the MID interrupt is to allow
the definition of additional instructions for the 9995 sg. MID
opcodes are used as the opcodes for these macro instructions and
software in the MID interrupt service routine emulates the
execution of these instructions. The benefit of this
implementation of macros is that the macro instructioans can be
implemented in microcode in future processors and software will
then be directly transportable to these future processors.

It should be noted that the 9995 s& interrupt request processing
sequence does create some difficulties for re-entrant usage of
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MID interrupt macro instructions. In general, to avoid
possible errors, MID interrupt macro instructions should not be
used in the NMI and Level 1 interrupt subroutines, and should
only be used in the Reset subroutine if Reset is a complete
initialization of the system.

Arithmetic Overflow Interrupt

The occurrence of an arithmetic overflow condition, defined as
status register bit 4 (STU) getting set to one (See Table 1 for
those conditions that set ST4 to one) can cause the Level 2
interrupt to be requested. Note that this request will occur
at a time such that if the request is granted, it will be granted
immediately after_the instruction that caused the overflow
condition. The 9995 £ services this reqpesb exactly according
to the basic sequence previously described, with the priority
level, trap vector location, and enabling/resulting status
resister‘interrupt mask values as defined in Table 4.

In addition to being maskable with the interrupt mask, thne
Level 2 overflow interrupt request is enabled/disabled by
status register bit 10 (ST10), the Arithmetic Overflow Enable Bit
(i.e., ST10=1 enables overflow interrupt request; ST10=0 disables
overflow interrupt request). If servicing the overflow intarrupt
request is temporarily overridden by the servicing of a higher
priority interrupt, the occurrence of the overflow condition will
be retained in the contents of the status register (i.e. STui=1),
which is saved by the higher priority context switch. Returning
from -the higher priority interrupt subroutine via an RIWP
instruction causes the overflow condition to be reloaded into
status register bit STY and the overflow interrupt to be
requested again (upon completion of RTIWP instruction). The
arithmetic overflow interrupt subroutine must -reset STY or ST10
to zero in the status word saved in register 15 before the
routine is complete to prevent generating another overflow
interrupt immediately after the return.

It should also be noted that the Level 2 arithmetic overflow
interrupt shares its trap vector with the MID interrupgé Bootdon

B Fad <
o “nd the external Leve] R
o request, as discussed jn +he
Pr v.eus $ec+|on.
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Communication Register Unit Interface

remmms s Wt

The 9995 $£€ communication register unit (CRU) is an iastruction
(software) driven bit-oriented I/0 interface. The CRU can
directly address, in bit-fields of one to sixteen-=hits, up to
32768 input bits and 32768 output bits. The 9995 SE exscutes
three single-bit and two multiple-bit instructions. The
single-bit instructions are: TEST BIT (TB), SET BIT TO ONE
(SBQ), and SET BIT TO ZERO (SBZ); the multiple-bit instructions
are: LOAD CRU (LDCR), and STORE CRU (STCR). Details of these
instructions are given 'in Sections 3.5.6 and 3.5.7.

The signals used in the: 9998 _sE~ interface to the CRU are shown
in Figure &K I

Tiw\:v\s relationships of +he ch U 'mpvd' cycle and +he cRU
output cycle are shown in Figures 1S and ié,resPec'Hve.\\/,
Completion of each SRU eycle and/lor generation of Wait
steates i determined by the READPY input as detailed

*h Section R.3.4, ‘
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(LocR or ®T<R mstructions)

For multiple bit transfers)\ these input and output cycles are
repeatedPuntil transfer of the entire field of data bits
specified by the CRU instruction being executed has been
accomplished. Hold states can occur between these cycles,

but will never be granted during auy bit cycle.
Single Bit CRU Operations

The —‘7-‘1-%"52 performs three single-bit CRU functions: TEST BIT
(T3), SET BIT TO ONE (SBO), and SET BIT TO ZERO (SBZ). The SBO
instruction performs a CRU output cycle with logic one for the



data bit, and the SBZ instruction performs a CRU output cycle'
with logic zero for the data bit. A TB instruction transfers the
addressaed CRU bit from the CRUIN input line to bit 2 of the
status register (bit ST2, the EQUAL bit).
The 1995 S£ develops a CRU bit address for the single-bit
operations from the CRU base address contained in workspace
register 12 and the signed displacement count contained in bits 8
through 15 of the instruction. The displacement allows two's
complement addressing from base minus 128 bits through base plus
127 bits. The base address from WR12 is added to the signed
displacement specified in the instruction and the result is
placed onto the address bus. Figure 2€ illustrates the
development of a single-bit CRU address. 1

2.3.3.2 . -

Brypeypestenyepe Multiple Bit CRU QOoperations .

The 9995 € performs two multiple-bit CRU operations: store
communications register (STCR) and load communications register
(LDCR). Both operations perform a data transfer from the CRU-to-
memory or from memory-to-CRU as illustrated in Figure 2,18,
Although the figure illustrates a full 16-bit transfer ooe"ation,
any number of bits from 1 through 16 may be involved.

The LDCR instruction fetcnes a word from memory and right shifts
it to serially transfer it to CRU output bits. If the LDCR
involves eight or fewer bits, those bits come from the
right-justifiied field within the addressed byte of the memory
word. If the LDCR involves nine or more bits, those bits come
from the right-justified field within the whole memory word.
Register 12, bits 0 through 14, defines the starting bit address.
When transferred to the CRU interface, each successive bit
receives an address that is sequentially greater than the address
for the previous bit. This addressing mechanism results in an
order reversal of the bits; that is, bit 15 of the memory word
(or bit T7) becomes the lowest addressed bit in the CRU and bit O
becomes the highest bit in the CRU field.

A STCR Instruction transfers data from the CRU to memory. If the
operation involves a byte or less transfer, the transferred data
Wwill be stored right-justified in the memory byte with leading
bits set ‘to zero. If the operation involves from nine to 16
bits, the transferred data is stored right-justified in the
memory word with leading bits set to zero. When the input from
the CRU device is complete, the lowest addressed bit from the CRU
is in the least significant bit position in the memory word or
byte.

- o ; -s
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2.3.4 Wait State Generation

Wait states can be

eikdonmm) CRU cyclesjfor tne| 9995 SE€ using the READY input. A
Wait state is defined as extention of the present cycle by one
CLKOUT cycle. The timing relationshipX of the READY input to the
memory interface and the CRU mterf’ace signals is shown in Figure

The Automatic First Wait State Generation feature of the 9995 SE
allows a2 Wait state to be inserted in each external memor'y'_c_B]_._e_l_/—ﬁ
regardless of the READY input, as shown in Figure P The
Automatic First Wait State Generation feature can be invoked when
RESET is asserted. If READY is active (high) when RESET goes
through a low-to-high transitionm, the first Wait state in each
ebeswa? memory cycle will be automatically generated. If READY
is inactive (low) when RESET goes through a low-to-high
transition, no Wait state will be inserted automatically in each
_e%bornad nemory cycle. There is a one and one-half CLXOUT.cycle
time minimum setup time requirement on READY before the RESET
low-to~high transition. The recommended external circuitry for
invoking or inhibiting the Automatic First Wait State Generation

Ro~lfeature is shown in Figure Y& Note that this feature does not
. apply Lo ewsnem—itrrbermreb-nenoni-addrers—apace—areecedag—ar—any CRU

'cyclcs or extevwa) instvuction cycles.

Wat s+ed*es cannot be gehe\rcﬂ'eJ Aurmg o

intevrnal ALM/c"’ker opév‘a‘hon
cycles, and the READY input is (gnored éurma +hese
yclea.

2.3.5 External Instructions

The '999S SE has five external instructions that allow’
user-defined external functions to be initiated under progranm
control. These.instructions are CKON, CKOF, RSET, IDLE, and
LREX, These mnemonics, except for IDL..., relate to f‘unctions
implemented in the 990 minicomputer and do not restrict use of
the instructions to initiate various user-defined functions.
Execution of an IDLE instruction causes the 7995 SE to enter the
Idle state and remain in this state until a .wquest occurs for an
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ﬁi—fmdﬁeu Nf: d/ov aemevation ofF Wait
__ wstates s determined by the REAPY
T oiwput as detailed in Section X.3.4%

interrupt level that is not masked by the current value of the ;
interrupt mask in the status register. (Note that the Reset and

NMI interrupt levels are not masked by any interrupt mask value).

When any of these five instructions are executed by the 9995 bE_},

the 9995 SE£ will use the CRU interface (See Figure ﬁg) to /4
perform a cycle that is identical to a single bit CRU outpu

cycle (See Figure 21) except for the following: (1) the address
being output will be non-specific, (2) the data bit bseing
output will be non-specific® 6(3) a code, specified in Table &§,
will be output on DO-D2 to indicate the e*cternal instruction
being executedgq en the
Q995 SEis in the Idle state, cycles. with the Idle code will
‘cccur repeatedly until a request for an interrupt level that is
not masked by the interrupt mask in the status register occurs.

A Hold state can occur during an Idle st".ate, with entry to and
return from the Hold state occurring at the Idle code cycle
boundaries (See Section -’_l-—a-d-c—-e for details of 2ntry to and
return from the Hold state). 2.3.].3

2.3.b
e ed w Internal ALU/Other Operation Cycles

s s e e S i s

not using the memory, CRU, or external instruction interfaces
: roe—seccaoeo—e: ( d
g . . 1s not in the
Hold state, the 999% SE{will, for as long (as many CLKOUT

PSSO

cycles) as the operation uakes, do the following with its
interface signals: (1) output a non-specific address ;;:\%O_-_é_l_'igpo-:
and A15/CRUOUT, (2) output non-specific data on %, (3)

output logic level high on MEVI“’\I- DBIN-, 3 (4)
ic level low on , and (3) ignore the READY an
RUIN inputs. e HO input is still active, however, as the
9995 SEcan enter a Hold state while performing an internal
ALU/other operation. Also, all interrupt inputs are still

active.. _ QE-) and R/W";

IAG, HOLDA,
and cﬂuGLK
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3.0

3.1

3.2.1

REYYHe INSTRUCTION SET

Definition

Each 9995 SE instruction performs one of the following
operations:

e Arithmetic, logical, comparison, or manipulation opera-
tions on data

e Loading or storage of internal registers (program
counter, workspace pointer, or status)

¢ Data transfer between memory and external devices via
.the CRU

¢ Control functions

Addressing Modes

4

The 9995 SE instructions contain a variety of available modes
for addressing random memory data (e.g., program parameters and
flags), or formatted memory data (character strings, data
lists, ete.). These addressipg modes are:

Workspace Register Addressing

Workspace Register Indirect Addressing

Workspace Register Indirect Auto Increment Addressing
Symbolic (Direct) Addressing

Indexed Addressing

Immediate Addressing

Program Countar Relative Addressing

CRU Relative Addressing

® & & 6 0 0 0

The following figures graphically describe the derivation of
effective address' for each addressing mode. The applicability of
addressing modes to particular instructions is described in
Section 3.5 along with the description of the operations
performed by each instruction. The symbols following the names
of the addressing modes (R, *R, *R+, @LABEL or &TABLE (R) are the
general forms used by '9q995 SE assemblers to select the
addressing modes for register R. ™~

Workspace Register Addressing, R

Workspace Register R contains the operand

Register R
(PC) Instruction —{WP}+2R Operand

The Workspace Register addressing mode is specified by setting
the two-bit T-field (Tg or Tp) of the imstruction word equal to
00.



3.2.2

3.2.3

3.2.4

Worksvace Register Indirect Addressing, *R

Workspace Register R contains the address of the operand.

Register R

(PCH= instruction —-{WP)+2R Address i Qperand

The Workspace Register Indirect addressing mode is specified by
setting the two=-bit T-field (TS or TD) in the instruction
word equal to 01.

g

Worksoace Register Indirect Auto Increment Addressing, ¥R+

Workspace Register R contains the address of the operand.
After acquiring the address of the operand, the.contents of
Workspace Register R are incremented.

Regiswer R
PC instruction  —®={WPR}+IR | Address Operand
+
1 {bywl
or 2 (woed)

The Workspace Register Indirect Auto Increment addressing mode is
specified by setting the two-bit T-field (TS or TD) in the
instruction word equal to 11.

Symbolic (Direct) Addressing, @LABEL

The word following the instruction contains the address of the
operand.

(PC 2 Instruction

ertol o

The Symbolic addressing mode is specified by setting the two-bit
T-field (TS or TD) in the instruction word equal to 10 and
setting the corresponding S or D field equal to O.
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3.2-7

Indexed Addressing, @TABLE (R)

The word following tae instruction contains the base address.
Workspace Register R contains the index value. The sum of the
base address and the index value results in the effective address
of the operand.

Register R
EHective
* Qpwrand I
Addres
(PChz-—L__‘rih___!

The indexed addressing mode is specified by setting the two-bit
T-field (Tg or Tp) of the instruction word squal to 10 and
setting the corresponding S or D field not equal to 0. The value
in the S or D field is the register which contains the index
value. )

Immediate Addressing

The word following the instruction contains the operand.

(PCl=-2+ Instruction
{PC)+2~dm Operand |

Program Counter Relative Addressing

The eight-bit signed displacement in the right byte (bits 8
through 15) of the instruction is multiplied by 2 and added to
the updated contents of the program counter. The result is
placed in the PC.

Jump Instruction

Program Counter Of CODE OISP 2 * OISP

Add::u T > next memary ward




3.2.8 CRU Relative Addressing

The eight-bit SLgned displacement . in the right byte of the
instruction is added to the CRU base address (bits 0 through 14
of workspace register 12). The result is the CRU address of the
selected CRU bit.

instruction

(PC)—-—-——"{ oP CQODE oisp

e 78 15
CRU Bit
Register 12 Address
UL B T p—— CRU Base Add |
o 1418
3.3 Definition of Terminology

The terminology used in describing the instructions of the ‘3;?‘?§ Sk
is defined in Table Xé.

3.4 Status Register' Manioulation

Variousﬁ‘ﬁg SE machine :Lnst*uctz.ons aff’ect the status register.
Figure S shows the status register bit assignments. Table 1 lists
the instructions and their effect on the status register.



3.5

3.5.1

Instructions

Dual Operand Instructions with Wultlole Addressing for Source and

Destination Qpverand

General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Format: | QP CODE 1Bl TD | D { TS | S ]

If B = 1, the operands are bytes and the operand addresses are
byte addresses. If B = 0, the operands are words and the LSB of
the operand address is ignored.

The addressing mode for each operand is determined by the T-field
of that operand.

S or TD S or D ADDRESSING MODE NOTES
00 0,1...15 Workspace register 1
01 0,1...15 Workspace register indirect
10 0 Symbolic 4
10 1,2...15 Indexed 2,4
11 o 0,1...15 Workspace register indirect 3
: auto increment

NOTES: 1. When a workspace register is the operand of a byte
instruction (bit 3 = 1), the left byte (bits 0
through 7) is the operand and the right byte (bits
8 through 15) 1is unchanged.

2. Workspace register O may not be used for indexing.

3. The workspace register is incremented b& 1 for byte
instructions (bit 3 = 1) and is incremented by 2 for
word instructions (bit 3 = 0).

4. When TS = TD = 10, two words are required in
addition to the instruction word. The first word is
the source operand base address and the second word
is the destination operand base address.




orcooe | 8 AESULT STATUS
MNEMON!IC o 1 2 3 MEANING COMPARED 81TS DESCRIPTION
TQO AFFECTED
A 101 Q Add Yas o4 (SAI+{DA) = (DA}
A8 1 01 1 Aad bytes Yes -5 (SAI+(DA) == {DA)
c 100 [\] Compare No Q-2 Compars (SA) ta (DA) and set
apgropnate status bits
cs 1 00 1 Compare bytes No 0-2.5 Compare {(SA) to (DA) and sex
J0Propnate status bics
S Q 1 1 [+] Subtract Yas 04 (DA) = {SA}) —~(DA)
s8 Q 1 1 | Subtract by tes Yes 0-5 (DA} - (SA) ~{DA)}
SQC 1 1 [+] Set ones correspanding Yas 0-2 (DA) OR (SA) =~ (DA}
SOC8 [ IR I | 1 St ones corresponding by tas Yas 0-2.5 {DA) OR (SA) = (DA}
sze 01 0}0 Set zerows corresgonding Yes 02 (DA} AND (A} = (DA}
s2Cc8 0140 1 Set zerces corresponding bytes Yus - 0-2.5 (DA} AND (§A) = {DA)
MOV Tt101}0 Move ’ Yes 02 {SA) = (DA}
Move 11 Q 1 Move bytes Yes 0-2.5 (SA) = (DA)
L d
3.5.2 Dual Operand Instructions with Multiple Addressing Modes for the
Source Operand and Workspace Register Addressing for the
Destination
"0 1 2 3 4 -] L] 7 8 9 10 11 12 13 14 15
Generat format: OP CODE [ 0 l T l S J

The addressing mode for the source operand is determined by the

TS field. ,
Tg $ ADORESSING MQOE NOTES
00 Q,1,...18 Workspace register
1} Q,1,...1% Warksgace register indirect
10 Q Symbolic
10 - 1,2,...18 indexed ) 1
1 Q,1,...18 Workspace register indirect 3uto increment 2




3.5.3

NOTES: 1. Workspace register 0 may not be used for indexing.
2. Tae workspace register is incremented by 2.
oP CO0E RESULT STATUS
MNEMONIC 212345 MEANING COMPARED 8ITS DESCRIPTION
TOOQ ARPFECTED -
cQcC 001000 Compare ones No 2 Tust (O) o determune if 1°s are 1n aach bit
carcresponding position where 1°s are 1 (SA). if 30, st ST2,
czeC 001001 Compare teros No 2 Test (O) to deternune if §'s are 10 dach bit
L corresponding position whare 1°s are 1n (SA). If 50, set ST2,
X@R 001010 | Exclusive OR Yes 0-2¢ D) @ isA1 =0}
MPY QO0ti1 190 Multiply No . Muiuply unsigned (D) by unsigned {SA} and
place unsigned 32 it product in O (most
lggniiicam) and O+1 {least significant). if WR1§
is D, the nsxt ward in memory aiter WR 15 will
be used for the isast significant half of the
) groduct.
oiv 00t 1 11 | Oivde No ' If unsigned (SA} is less than or squel to unsigned

{D}, perform no operation 3and set ST, Otherwise,
divide unsigned (D} and (O+1) By unugned

(SA). Quotient — (D}, remainder = (D+1), If

D = 15, the next word 1 memory after WR 1S
will D¢ used ior the ramainder.

Signed Multioly and Divide Instructions

General
Format:

0_1

2 3 45 6 7 8 9

10 11 12 13 14 15

oP CODE

T3 S

The addressing mode for the source operand is determined by the

TS field.
Tq ADDRESSING MODE NOTES
00 0,1 ... 15 Workspace register 1
01 0,1 ... 15 Workspace register indirect 1
10 Symbolic 1
10 1,2 «v. 15 Indexed 1,2
1 0,1 ... 15 Workspace register indirect 1,3
auto increment




NOTES: 1. Workspace registers 0 and 1 contain operands used
in the signed multiply and divide operationms.
2. Wcrkspaée register 0 may not be used for indexing.
3. The workspace register is incremented by 2.
QP CODE RESULT STATUS
MNEMONIC | 0123456789 | MEANING COMPARED BITS DESCRIPTION
. _T0 0 AFFECTED
MPYS 0000000111 Signed Yes 0-2 Multiply signed two's
Multiply 4 complement integer in
WRO by signed two's
complement integer
- (SA) and place signed
32-bit product in WRO
(most significant)
and WR1 least sig-
nificant).
DIVS 0000000110 Signed Yes 0-2,4 If the quotient (
‘ cannot bhe expressed
as a signed 16 bit

Divide

quantity (8000(hex)
is a valid negative
number), set STH.

Otherwise, divide
signed, two's com-
plement integer in
WRO and WR1 by the
signed two's comple-~
ment integer (SA) and

. place the signed quo-

tient in WRO and the
signed remainder in
WR1. The sign of the
quotient is deter-
mined by algebraic
rules. The sign of
the remainder is the
same as the sign of
the dividend and
|REMAINDER| < DIVISOR|
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Extended Overation (XOP) Iastruction

General Q 1
Format: [0 O

2 4 § 6 7 8 9 10 11 12 13 14 15
1 1 1 '

3
o 1 1] D ] T | s |

The TS and S fields provide multiple moﬁe addressing capability

for the source operand. When the XOP is executed, the following

transfers occur:
(4045 + 4D)~——w= (WP)
(421 + 4D)——s=(PC)
SA — (new WR11) -
(old WP)——m(new WR13)
(old PC)—= (new WR1H)
(old ST)——»»(new WR15)

After these transfers have been made, ST6 is set to one, and ST7,
ST8, ST9, ST10 (Overflow Interrupt Enable), and ST11 are all

set to zero.

The ‘7‘1‘75 SE does not service interrupt trap requests (except for
the Reset and NMI Requests) at the end of the XOP iﬁdtruction.

Single Operand Instructions

General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Format: | OP CODE I T8 | S ]

The TS and S fields provide multiple mode addressing capability
for the source operand.



QP CODE RESULT STATUS -
MNEMONIC | 01234556789 MEANING | COMPARED BITS DESCRIPTION
TO O AFFECTED .
B 0000010001 | Branch No —_— SA-p(PC)
BL 0000011010 { Branch No —— (PC)®(WR11); SA—(PC)
and link
BLWP 0000010000 | Branch No -— (SA)-»(WP); (SA+2)—(PC);
and load (old WP)-»(new WR13);
workspace (old PC)-»(new WR1U);
pointer (old ST)-»(new WR15);
The 4995 SEdoes not
service interrupt trap
requests (except for the
Reset and NMI Requests)
. | at the end of the BLWP
instruction.
CLR 0000010011 {Clear No ——— 0-»(SA)
Operand
SETO 0000011100 |Set to No —— FFFF161>(SA)
ones
, _ (
INV 0000010101 |Invert Yes 0-2 (SA)-»(5A)
NEG 0000010100 {Negate Yes 0-4 ~-(SA)-»(SA)
ABS  |0000011101 |Absolute | No 0-4 |(sa)|— (s4)
value®
SWPB | 0000011011 [Swap No -—- (SA), bits 0 thru 7-»(S4a)
bytes bits 8 thru 15; (SA),
bits 8 thru 15 »(s4),
bits 0 thru 7.
INC 0000010110 {Increment Yes 0-4 (SA)+1¥(S4A)
INCT 0000010111 |Increment Yes 0-4 (SA)+2 P»(34)
by two
DEC 0000011000 |{Decrement Yes 0-4 (SA)-1-»(3A)
DECT 0000011001 |Decrement Yes 0=4 (SA)-2-»(S4A)
by two
X#* 0000010010 |[Execute No -— Execute the instruction

at SA.

—




3.5.6

*¥*Operand is compared to zero for status bit.

%¥%]f additional memory words for the execute instruction are
required to define the operands of the instruction located at SA,
these words wiil be accessed from PC and the PC will be updated
accordingly. The instruction acquisition signal (IAQ) will not
be true when the TMS 9995 accesses the instruction at SA, Status
bits are affected in the normal manner for the instruction
executed. .

CRU Multipls-~Bit Instructions

General 0 1 2 3 4 5 6 7 8 9 10 11 1213 14 15
Format: | OP CODE | C | 18 | S |

Tne C field specifies the number of bits to be transferred. 1If
C =0, 16 bits will be transferred. The CRU base register (WR12/
bits 0 through 14) defines the starting CRU bit address. The
bits are transferred serially and the CRU address is
incremented with each bit transfer, although the contents of WR12
is not affected. TS and S provide multiple mode addressing
capability for the source operand. If eight or fewer bits are
transferred (C = 1 through 8), the source address is a byte
address. If nine or more bits are transferred (C = 0, § through
15), the source address is a word address. If the source is
addressed in the workspace register indirect auto increment mode,
the workspace register is incremented by one if C = 1 through 8,
and is incremented by two otherwise. If the source is addressed
in the register mode, bits 8-15 are unchanged if the transfer is
eight bits or less.

MNEMONIC

OP_CODE RESULT STATUS

012345 MEANING COMPARED BITS DESCRIPTION
T0 0 AFFECTED

LDCR

STCR

001100} Load Yes 0-2,5% | Beginning with
communication LSB of (SA),
register transfer the
specified number
of bits from
(SA) to the CRU.

00110 1| Store Yes 0-2,5*% | Beginning with
communication LSB of (34),
register transfer the
specified number
of bits from the
CRU to (SA).
Load unfilled
bit positions
with 0.




3.5.7

3.5.8

*STS is affected only if 1 £ C < 8.

CRU Single-Bit Instructions

General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Format: L QP CODE | SIGNED DISPLACEMENT ]

The signed displacement is added to the contents of WR12 (bits
0-14) to form the address of the CRU bit to be selected.

QP CODE STATUS

MNEMONIC {0 123 456 7 MEANING BITS DESCRIPTION
AFFECTED

1=~

SBQ Q001110 1.] Set bit to —-—— Set the
: one selected out-
. put bit to 1.

SBZ 00011110 Set bit to — Set the
zZero selected out-
put bit to Q.

8 - 00011111 Test bit 2 If the
selected CRU
input bit=t,
set ST2; if
‘the selected
CRU input

0, set ST2
0.

Jump Instructions

General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Format: | QP CODE [ SIGNED DISPLACEMENT |

Jump instructions cause the PC to be loaded with the value
selected by PC relative addressing if the bits of ST are at
specified values. Otherwise, no operation occurs and the next
instruction is executed since the PC points to the next
instruction. The signed displacement field is a word count to be
added to PC. Thus, the jump instruction has a range of =128 to
127 words from memory-word address following the Jjump
instruction.

No ST bits are affected by jump instructions.



QP CODE |

MNEMONIC 01234567 : MEANING ST CONDITION TO LOAD PC
JEQ 00010011 Jump equal ' 3T2 = 1-
JGT 00010101 Jump greater than ST = 1
JH 00011011 Jump high STO = 1 and ST2 = 0
JHE 00010300 Jump nigh or equal STO = 1 or ST2 = 1
JL 00011010 Jump low STO = 0 and ST2 = 0
JLE 00010010 Jump low or equal STO = 0 or ST2 = 1
JLT 0001 P 001 Jump less than 5&1 =0 and ST2 = O
JMP 00010000 Jump unconditional 4 Unconditional
JINC 00010111]| Jump no carry ST3 =0
JNE 0oo010110 Jump not equal ST2 = 0
JNO 00011001 Jump no overflow ST4 = 0
Joc co0Q011000 Jump on carry ST3 = 1
JOP 00011100 Jump odd parity STS = 1

3.5.9 Shift Instructions

t

General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Format: | . OP CODE | C [ W ]

If C = 0, bits 12 through 15 of WRO contain the shift count. If

C = 0 and bits 12 through 15 of WRO = 0, the shift count is 16,



*

. QP CODE . RESULT STATUS -
MNEMONIC|[ 0 1 2 3 456 7 MEANING COMPARED | BITS DESCRIPTION
TO O AFFECTED
SLA 00001010/ Shift left Yes -l Shift (W) left.
arithmetic Fill vacated
bit positions
with 0.
SRA 00001000 | Shift right Yes 0-3 Snift (W) right.
arithmetic Fill vacated bit
positions with
original MSB
of (W).
SRC 00001011 | Shift right | Yes 0-3 Shift (W) right.
: ¢ircular Shift previous
LSB into MSB.
SRL 00001001 Shift right Yes 0-3 Shift (W) right.
logical Fill vacated
- bit positions
with O0's.




3.5.10 Immediate Register Instructions
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
General QP CODE { 0 | W
Format: I0P
QP CODE RESULT STATUS
MNEMONIC | 012345578910 MEANING COMPARED 3ITS DESCRIPTION
TO O AFFECTED
AT 00000010001 Add immediate Yes 0-4 (W)+IQP (W)
ANDIL 00000010010 AND immediate Yas 0-2 (W) AND IOP-P(W)
CI 00000010100 | Compare imme- Yes 0-2 Compare (W) to
diate I0P and set appro-
- priate status
bits.
LI 00000010000 Load immediate Yes . 0-2 IOP-»(W)
ORI 00000010011 OR immediate Yes 0-2 (W) OR ;OP-)(W)
3.5.11 Internal Register Load Immediate Instructions
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
General QP CODE [ 0 0 0 0o o
Format: 10P
QP CODE '
MNEMONIC |0 123456789 10 MEANING DESCRIPTION
LWPI Q0000010111 Load workspace IOP-»(W), no ST bits
pointer immediate| affected.
LIMI 00000011000 |Load interrupt IOP, bits 12 thru 15D

mask

ST12 thru ST15.




3.5‘10

Internal Register Load and Store Instructions

General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 1 15
Format: | QP CODE ' { W 1
QP CODE STATUS
MNEMONIC [ 0123 456789 1011 MEANING BITS DESCRIPTION
AFFECTED
STST 0 0Q0QC0Q00C1011T O O Store status ——— (ST (W)
. Register
LST 0000000010 0 0 Load status _0-15 (W)-»(ST)
Register '
STWP 0000001010 1 0/ Store work- e (WP)» (W)
space pointer
LWP 0000000010 0 1 Load work- —— (W)—»(WP)
space pointer
3.5.13 Return Workspace Pointer (RTWP) Instruction
‘ General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Format: o 0 0 0 0 0 1 1 1 O 0 Q 0 0 0 0 |
The RTWP instruction causes the following transfers to occur:
(WR15)-»(ST) '
(WR14)-»(PC)
(WR13)-»(WP)
3.5.14 External Instructions

General 0 1 2 3 4 5 6 7 8 9

Format: | OP CODE




External instructions cause three data lines (DO through D2) to be set to the

levels described below, and the ﬂi—#&ﬂ&ﬁtﬁr line to be pulsed, allowing
external control functions to be initiated. cRucLK

STATUS . DATA
QP CODE BITS BUS
MNEMONIC| 012345678910 MEANING AFFECTED DESCRIPTION DO | D1 | D2
IDLE 00000011010 | Idle -——— Suspend L] H| L
s _se
instruction
execution i

until an un-
masked inter-
rupt lsvel

request
. oceurs.
RSET 00000011011 Reset 12-15 Sét ST12- L| H} H
ST15 to zero ’
CKOF 00000011110 User defined -—— -— H H L
CKON 00000011101 User defined — - HI LI H
LREX 00000011111 User defined || --- ——— H| B | H

3.5.15 MID Interrupt Oocodes
The instruction opcodes that will cause an MID interrupt request
ijff_ffifi22;37&ﬁ§r+) are (hex numbers)
2.3.2.2 |

00Q0-007F 0301-033F
00A0-017F 0341-035F
0210-021F 0361-037F
0230-023F 0381-039F
0250-025F 0341-03BF
0270-027F 03C1-03DF
0290-029F 03E1-Q3FF
02B0-02BF 0780-Q7FF
02D0-02DF 0CQQ-QFFF

02E1-02FF



~ ]

3.6 Instruction Exacution

3.6.1 Microinstruction Cycle

Each {9999 5@’_. instruction is executed by a sequence of machine
states (microinstructions) with the length of each sequence
depending upon the specific instruction being executed. Each
microinstruction is completed in one CLKOUT cycle unless Wait

states are added to a memory or CRU cycle. (Also, wada=sisemes

§ = - each external CRU cycle requires
at least two CLXOUT cycles but will be accomplished with a single
microinstruction)

3.6.2 Execution Sequence

The ‘?‘W: 55 incorporates an instruction prefetch scheme which

mmm eliminates the time required to fetch

tne instruction from memory. Without the prefetch, a typical
instruction execution sequence is as follows:-

1. Feteh instruction
2. Decode instruction

3. Fetch source operand, if needed

4, Fetch destination operand, if needed
5. Process the operands
6. Store the results, if required

The l_‘jj‘i? s_é makes use of the fact that during Step 5 the memory
interface is not required; therefore, the fetch of the next

instruction can be sSapbedr—and—in-ceac-gavoewaven completed in
this time Tais instruction is then decoded during the state (s)

that is (ar'e) required to store the results of the previous
instruction, which creates even more execution overlap. Figure 2%
illustrates the case of maximum efficiency (instruction opcodes
and operands are located in the internal RAM). Note that it
effectively takes only four machine states to perform all six

steps.

It should be noted that the instruction prefetch scheme employed
by the 9995 SEi can cause self-modifying software to execute
incorrectly. ILncorrect exescution will result when an instruction
is supposed to generate the opgcode of the very next instruction
to be exscuted (the 995 SE& will begin the fetch of the opcode
of the next instruction before the currently executing instruction
will store the results of its exescution).
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4.0

HBUARS Pin Descriotion

Table 3 defines the 9‘(‘!5 ?Epin assignments and describes the
function of each pin. Figure 26 illustrates the 9995 S& pin
assignment information. : :




5.0 ELECTRICAL SPECIFICATIONS

5.1 W"{atimum Ratings

The absolute maximum ratings of the 9995 SE are given in
Table XX @-

5.2 : me Recommended Operating Conditions

The recommended operating condltlons for tne J995 SE are given

in Table X 9.

5.3 Mﬂ Electrical Characteristics
5.3.1 General

The electrical characteristics of the !‘7‘@5 SE& for the
recommended free-air operating tempetrature range are given in

Table I¥ jo. "
The switching characteristics of the; 9995 SE for tnejrecomme'xded
operating conditions are listed in Table T an he switching

parameters of this table are defined in Figurss Z7tnrough 32.
The test load circuit used for loading the G995 SE outputs for
measurement of the switching characteristics is shown in Figure
33, Switching times are measured at the 10% and 90% points of
the voltage waveform, as defined in Figure 34.

5.3.2 Clock Characteristics

The (9995 SE has an internal oscillator/clock generator that is
controlled by an external crystal. The user may also disable the
oscillator and directly inject a frequeancy source into the
HFAEASLREN input.

XTALR/CLKIN

5.3.2.1 Internal Oscillator

The internal oscillator is enabled by connecting 2 crystal across
XTALZ/CLXIN and XTAL§. The frequency of C;KO;(.C%KOUT frequency /
is the machine state frequency) is one-hal/ the crystal /4.
fundamental frequency, fx. The crystal sh é a fundamental

series-resonant type. Figure 35 details the con%ctiou of the
external crystal to activate the internal oscillator.

5.3.2.2 External Oscillator

An external oscillator can be connected to the 9995 S€ using the
XTAL2/CLKIN pin as detailed in Figure 36. The frequeacy of
CLKOUT (CLROUT frequency is the machine state frequency) is "
f/ Wthat of the external oscillator. Table X and Figure a7
L/’ de & the timing requirements of CLKIN. XTALR/CLXIN can be ’
driven with standard TTL voltage levels.



6.0

MECHANICAL SPECIFICATIONS !

64‘-?\»\
The physical dimensions of the Q‘I‘i: sé i dual-a.n line
package are specified in Figure 37.
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2 EFI} S

(SEE _NOTE 1)

INSTRUCTION CONDITION TO SET BIT TO 1, OTHERWISE
_ AND/OR SET TO 0 FOR INSTRUCTION LISTED.
BIT NAME INTERRUPT ALSQ, THE EFFECT OF QTHER
INSTRUCTIONS AND INTERRUPTS
STO LOGICAL C, CB If MSB(SA)=1 and MSB(DA)=z0, or
GREATER If MSB(SA)=MSB(DA) and MSB of
THAN [(DA)-(SA)] =1.
CI If MSB(W)=1 and MSB of IQP=0Q,
or if MSB(W)=MSB of IOP and MSB
ABS, LDCR If (SA) # 0
RTWP If bit (0) of WR1S is 1
LST If bit (0) of selected WR is 1
A, AB, AI, ANDI,| If result # 0
DEC, DECT, LI,
MOV, MOVB, NEG,
ORI, S, SB,
DIVS, MPYS, INC
INCT, INV, SLA,
SOC, SOCB, SRA,
SRC, SRL, STCR,
SZC, SZCB, XOR
Reset Interrupt | Unconditionally sets status bit to 0
All other Do not affect the status bit
instructions (see note 2)
and jinterrupts
ST1 ARITHMETIC C, CB If MSB(SA)=0 and MSB(DA)=z1, or
GREATER If MSB(SA)=MSB{(DA) and MSB of
THAN {(pA)-(SA)]=1.
CI If MSB(W)=0 and MSB of IOP=1, or
if MSB(W)=MSB of IOQP and MSB of
[(TOP-(W)]=1
ABS, LDCR If MSB(SA)=0 and (SA) #0
RTWP If bit (1) of WR15 is 1
LST If bit (1) of selected WR is 1




TABLE 1. STATUS REGISTER BIT DEFINITIONS (CONT'D.)

E NOTE 1)

(SE
INSTRUCTION CONDITION TO SET BIT TO 1, OTHERWISE
AND/OR SET TO 0 FOR INSTRUCTION LISTED.
BIT NAME INTERRUPT ALSO, THE EFFECT OF OTHER INSTRUCTIONS
AND INTERRUPTS
ST1 QVERFLOW| A, AB, AI, If MSB of result =0 and result;éc
(CONTD) ANDI, DEC, DECT,
LI, MOV, MOVB,
NEG, ORI, S, SB,
DIVS, MPYS, INC,
INCT, INV, SLA,
SOC, SQCB, SRA,
SRC, SRL, STCR,
SZC, SZCB, XOR '~
Reset Interrupt Unconditionallxﬁsets status bit to O
All other Do not affect the status bit
instructions {See Note 2)
and interrupts
ST2 EQUAL C,CB If (SA) = (DA)
CI. If (W)=I0P .
coc If (SA) and (DA) =0 °
CZC If (SA) and (DA) =0
TB If CRUIN=1 for addressed CRU bit
ABS, LDCR If (SA)=0
RTWP If bit (2) of WR15 is 1
LST If bit (2) of selected WR is 1

A, AB, AI, ANDI,
DEC, DECT, LI,
MOV, MOVB, NEG,
ORI, S, SB, DIVS,
MPYS, INC, INCT,
INV, SLA, SocC,
SOCB, SRA, SRC,
SRL, STCR, SZC,
SZCB, XOR

If result =0

Reset Interrupt

Unconditionally sets status bit to O

All other
Instructions and
Interrupts

Do not affect the status bit
(See Note 2)




TABLE 1. STATUS REGISTER BIT DEFINITIONS (CONT'D,)

7 Q
~ (SEE NOTE 1)

INSTRUCTION CONDITION TO SET BIT TO 1, QTHERWISE
AND/OR SET TO O FOR INSTRUCTION LISTED.
BIT NAME INTERRUPT ALSQ, THE EFFECT OF OTHER INSTRUCTIONS
AND INTERRUPTS
ST3 CARRY A,AB,ABS,AI,DEC,|If CARRY OUT =1
DECT, INC,INCT,
NEG,S,S8
SLA,SRA,SRL,SRC {If last bit shifted out =1
RTWP If bit (3) of WR1S is 1
LST If bit (3) of selected WR is 1
Réset Interrupt Uneonditionallg sets status bit to 0
All other Do not affect the status bit
Instructions and (See Note 2)
Interrupts
STY QVER~ A, AB If MSB(SA)=MSB(DA)and MSB
FLOW of result # MSB(DA)
AT If MSB(W)=MSB of IOP and MSB of
result # MSB(W)
3, SB If MSB(SA)#MSB(DA) and MSB of
result #MSB(DA)
DEC,DECT If MSB(SA)=1 and MSB of result =0
INC,INC? If MSB(SA)=0 and MSB of result =0
SLA If MSB changes during shift
DIV If MSB(SA)=0 and MSB(DA)=1, or if
MSB(SA)=MSB(DA) and MSB of
[(DA)-(SA)] =0
DIVS If the quotient cannot be expressed
as a signed 16 bit quantity (800044
is a valid negative number)
ABS,NEG Ir (SA):800015
RTWP If bit (U) of WR15 is 1
LST If bit (4) of selected WR is !

Reset Interrupt

Unconditionally sets status bit to O




ABLE 1 STA REGISTE EFINT !
(SEE NOTE 1)
INSTRUCTION CONDITION TO SET BIT TO 1, OTHERWISE
AND/OR SET TO 0 FOR INSTRUCTION LISTED.
BIT NAME INTERRUPT ALSQ, THE EFFECT OF QTHER INSTRUCTIONS
AND INTERRUPTS
STY All other Do not affect the status bit
(CONTD) Instructions and (See Note 2)
Interrupts
STS 0DD CB, MQVB If (SA) has odd number of 1's
PARITY
LDCR If 1£.¢6<8 and (SA) has odd number of
1's. If C=0 or 9£E<15, does not
affect the status bit.
STCR If 1£.C<8 and the stored bits have
an odd number of 1's. If C=0.
or 95.C<.15, does not affect the status
bit.
AB,SB,SOCB,SZCB !|If result has odd number of 1's.
RTWP If bit (5) of WR15 is 1
LST If bit (5) of seleted WR is 1
Reset Interrupt |Unconditionally sets status bit to 0
All other Do not affect the status bit
Instructions and (See Note 2)
Interrupts
ST6 0P XOP If XOP instruction is executed
RTW? If bit (6) of WR15 is 1
LST If bit (6) of selected WR is 1
Reset Interrupt |Unconditionally sets status bit to 0
All other Do not affect the status bit
Instructions and (See Note 2)
Interrunts




(CONT'D)

TABLE 1. STATUS REGISTER BIT DEFINITIONS
(SEE NOTE 1)
INSTRUCTION CONDITION TO SET BIT TO 1, OTHERWISE
AND/OR SET TO 0 FOR INSTRUCTION LISTED.
BIT NAME INTERRUPT ALSO, THE EFFECT OF QTHER
INSTRUCTIONS AND INTERRUPTS B
ST7 Unused RTWP If corresvonding bit of WR15 is 1
ST8 | Bits
ST9 LST If corresponding bit of selected WR
and is 1.
ST11
XOoP, Any Unconditionally sets each of these
Interrupt status bits to 0
All other Do not affect these_status bits -
Instructions (See Note 2)
ST10{ ARITHMETIC RTWP If bit (10) of WR is 1
QVERFLOW ’
ENABLE LST If bit (10) of selected WR is 1
X0P, Any Unconditionally sets status bit to 0°-
Interrunt
All other Do not affect the status bit
instructions (See Note 2)
ST12 | INTERRUPT LIMI If corresponding bit of IOP is 1
ST13 | MASK
ST14 RTWP If corresponding bit of WR15 is 1
and
ST15 LST i If corresponding bit of selected WR
is 1.
' RST, Reset and Unconditionally sets each of these
NMI Interrupts status bits to O
All other If ST12-ST15=0, no change
Interrupts If ST12=ST1570, set to one
: Less than level of the interrupt
trap taken
All other Do not affect these status bits
Instructions (See Note 2)
NOTES:
1. See Table T for Definition of Terminology Used.
2. The £ instruction itself does not affect any status bit;

the instruction exscuted by the ¥ instruction sets status
bits as defined for that instruction.




TABLE 2. DEDICATED WORKSPACE REGISTERS

REGISTER NO.

CONTENTS

USED DURING

0 Shift count (optional) Shift instructions (SLA,
SRA, SRC, and SLC)
Multiplicand and MSW Signed Multiply
of result
MSW of dividend and Signed Divide
quotient
1 LSW of result Signed Multiply
LSW of dividend and Signed Divide
remainder
1" Return Address Branch and Link Instruction
' (BL)
Effective Address Extended Operation (XOP)
: - |
12 CRU Base Address CRU instructions (SBO, SBZ, -
TB, LDCR, and STCR)
13 Saved WP register Context switcning (BLWP,
. - RTWP, XOP, intarrupts)
14 Saved PC register Context switching (BLWP,
RTWP, XOP, interrupts)
15 Saved ST register Context switching (BLWP,

RTWP, XOP, interrupts)




TABLE 3.

9995 SE pIyN DESCRIPTION

SIGNAL

PIN

I/0 .

DESCRIPTION

Vee

Vss

ATALA/CLKIN

AP FEEHENF
XTAL)

CLKOUT }

CLKOKT R

59
1,44

A5

A4

Ab

7

IN

IN

QUT

ouT

POWER SUPPLIES -

Supply voltage (+5V nom)

Ground reference

CLOCKS

Crystal input pin for internal
oscillator. Also input pin for
external oscillator.

Crystal iaput pin for internal
oscillator. .

Clock output signal. The frequency of
CLRKQUTlis one half the oscillator inpuf
(external oscillator) or crystal
(internal oscillator) frequency.

ClockK eutput signal. The freguency
oF cLKeuTZ ie one half +he
oscillator input (external

oscillator) or crystal (\ nternall,
o$¢:|1a+or) -Fre‘;uency. CLROUT A
s ene .cu,“w-}-er cyele Ae\o.yeé

From <LKoWT |




TABLE 3. 9995 s PIN DESCRIPTION (CONT'D)

SIGNAL PIN I/0° DESCRIPTION
ADDRESS 3US
AQ 7 ouT Address Bus. A0 is the most significant
A1 < ouT bit of the 16 bit memory address bus and
A2 ] ouT the 15 bit CRU address bus. A1l is the
A3 10 ouT 2nd least significant bit of the 16 bit
AY I ouT memory address bus and the LSB of the 15
AS 1A ouT bit CRU address bus. The address bus
A6 ) ouT assumes the nigh impedance state when
AT 4 ouT the 9995 sg is in the Hold state.
A8 5 ouT .
A9 ™ ouT
A0 17 ouT
AN 18 ouT
A12 A0 ouT
A13 A\ ouT
A1l 24 QUT
415/CRUQUT A QuT Address bit 15/CRU output data.
A15/CRUQUT is the LSB of the 16 bit
memory address bus and the output data(
line for CRU output instructions.
A15/CRUQUT assumes the hizgh impedance
i state when the 9995 g 1s in the Hold
state. B ’
DATA BUS
DO 43 I/0 Data bus. During memory cycles (MEMEN=-
" D1 42 179 active) DO (the MSB) tarocugh p/5 (the
D2 4| I/0 LSB) are used to transfer data to/from
D3 40 I/0 the external memory system, During non-
- DY 39 I/0 memory cycles (MEMEN- inactive) DO, D1
DS 3€ I/0 .and D2 are used to indicate whether the
D6 37 I/0 9995 sg is performing a CRU cycle or an
D7 36 I/0 External instruction. The data bus
D% 35 L/ assumes the high impedance state when
D9 34 L/o the 9995 s£ is in the Hold state. -
Pio 33 I/o ST
Dil 32 I/o
biz’ 31 I/fo
Di3 30 I/o
DIt 29 Tl
pis a2 I/o




TABLE 3.

9945 SE

PIN PEScRIPTIoN (coNT'p)

SIGNAL

PIN

I/o

DESCRIPTIoON

CRUIN

CRUCLK

MEMEN-=-

PBEIN-

WE-

54

53

62

6%

IN

ouT

OnT

ouT

ouT

"CRUIN. s the input data line For

< RU

CRY Iy;qu' dota . ‘Duv‘;na CRU :yclas,

CRU input data. :

CRU cClock . When active (l«u‘gk)
CRUCLK ndicates that CcRY data eut
ie available on AIS/cRuouT (when
MEMEN=- =] and Po=pPI=D2=20) or that
an extyevrnal iuterface should decode
Extevnal iwnstructions (when MEMEN-=|
QV\A po, pi S QV\A DR are not 0\”

e_iua.\ +o O).
CONTROL

Memory enable. When active (low) MEMEN-
indicates that . __ ~. . DBIN-  and
the address and data buses are being used
for a memory cycle. When inactive (high)
* MEMEN~ indicates that . _- .-..—~~ DBIN=-
and the address and data buses are_being
used for a CRU cyecle, or are indicating
that the 9995 s& is performing an
External instruction. MEMEN- does not
© assume the high impedance state when the
[9995 sg is in the Hold state.

Data bus in. During memory read cycles,
\DBIN- is_active (low) to indicate that
| the | 9995 SE has disabled its data bus
,output buffers to allow external msmory
to enable 3-state drivers that output
data onto the data bus. During CRU input
cycles, DBIN- is also active to indicate
that the CRU cycls is an input cycle.
DBIN~ assumes the high impedance state
when thel_"l??gn Sgis in the Hold state.

Write epnable. When active Clow)
WE=- Indicates +hqt memory wyite
data is available on +he data
bus. WE- assumes +he hiqh
impedance state when the 9995 SE
is in +he Hold s+tate.




TABLE 3.

9945 =g PIN DEScRIPTIoN (coNT'p)

SIGNAL

PIN

I/o

DESCRIPT IoN

R/W-

READY

HoLp=-

HowD A

IAQ

57

63

60

6|

ouT

IN

IN

ouT

ouT

CoNTROL (Con""d};

Read/ write indicatrion. When kical'u
R/MW- indicates +hat +he 9995 SE
s feV‘-Formfma A memory " read
cyele (i€ MEMEN-=0) of a CRU
input cycle (if MEMEN=-=1). When
low, RW — ind\\cad'e-s"i-ka.'\" +he
9995 SE 1= performing o mewmory
write cyele (I‘F-MEMEM—=03 oY o
<Ru ou‘l’ﬁu\“\" cx/c\ﬂ ()'@ MEMEN—,=13-
R/W"‘ does peot assume the h‘sk
imfedc\née "state when +he 9995 SE
is in +he Hold state.

Ready. When active (high), READY
indicates that the present <emivevenss
memory or CRU cycle is ready to be
completed. When not ready is indicated,
a Wait state (defined as extension of the
. present cycle by one CLXOUTYcycle) is
' entered. At the end of each Wait state
' READY is examined to determine if another
© Wait state is to be generated or if the
cycle is to be complated.

Hold state request. When active (low),
HOLD- indicates to the|9995 Sg£ that an
external controller desires to use the
address and date buses. Upon sensing a
Hold request, thel‘]‘t‘ls Se will eater a
. Hold state (defined as suspension of
instruction execution) after it has
completed its present cycle, fmmpSewmisg

Doyl S g et @S it G Fm G e Y Rl @mn,
Helsdeepieeipems- At the beginning of the
Hold state, the [199Y5 sS& places DBIN-,
WE-," .. -. and the address and data
buses in the aigh impedance state, and
then responds by asserting” ~HOLDA.
When HOLD~ is removed, the |9995 S
" returns to normal operation. T

Hol 4 ox—know)e.clse_.‘ When active Ch\‘sk)>
HOLDPA indicates +hat + is in the

Hold state,

Instruction acquisition. When acthve
(Im'ﬁ‘\), IAQ indicates that +he mewory read

cycle n Pregvess is. that oFf rec.é\‘ns an
T [ .

.

[ J-SUPA VR - -



TABLE 3.

9995 sg PIN DPEScRIPTIoN (coNT'D)

SIGNAL

PIN

I/o

DESCRIPTIoN

ST93 -

WOoRD /evte—-n

53

56

ouT

auT

CoNTROL  (Cont'd)
Statuse Bit 3B, T3~ s +he
‘inverted contents of Status Register
bit T2 (MAPO/MAPI) only
during wmemsry cycles (MEMEN-:Q)'
Duving all other cyecles (MEMEN-=1)
ST8— iz held high.

Word /By te. When low, woRb/ByTE-
ndicates that <he memory cycle
n pPregress 1s that of accessin
o 5'\\(\3\&' byte on the Io-bit
data bus. WORD/BYTE- is held
high ot all sther times.




TABLE 3. |9995 SE PIN DESCRIPTION (CONT'D)

SIGNAL

PIN 1/0

DESCRIPTION

RESET -

INTREQ-

Tco (Ms8d
Ici

Ica

rc3 (LB

50 IN

49 N
4% N
47 IN
46 N

INTERRUPTS

Reset, When active (low) RESET- causes
the (9995 SE to enter a RESET state &%
SesviorsinSuamunty and inhibit_its
contrel signals. When RESET- is
released, the[9995 SEinitiates a level
zero interrupt sequence that acquires WP
and PC from memory word addresses 0000
and 0002, and begins execution using this
vector. RESET- will terminate an Idle
state., RESET- is a Schmitt-trigger
input. . . :

Non-maskable Interrupt. When active
(low), NMI- causes the ]‘1‘7?5 SE to
exacute a non-maskable interrupt sequence
with the trap vector (WP and PC) in(
memory word addresses FFFC and FFFE.
NMI- will terminate an Idle state. NMI-
is recognized only once for each
high-to-low transition. (NMI- must be.
taken inactive before it will be.
recognized again).

Interrupt vequest. When active (low),
INTREGQ— wdicates +hot an external
interrupt is vequested and Hhe code
of Wws level s present on IcO
+hrough IC3.
Intervrupt code. Ico through ' TC2 are
sampled when INTRER— s acthive.
When IC0 +through IC3 are !LLLH, +he
highest priovity wmasKable external

Sintereupt s being. reguested, . iand when

HHHH, +he lowest priovity masKkable
external inTevvupT 1% being requested.




TABLE 3.

9995 S E PIN PEScRIPTIoN (coNT'P)

SIGNAL

PIN

I/o

DESCRI.PTION

9995 sE/9990—

PDESTWRITE

FREEZE-—

TAcK

MLD

45

55

51

52

IN

OUT

IN

onT

ouT

SPECIAL SIGVUALS
9995 SE memory control / 4390 mewmory cantrol.
This siqnal, which is Pevmanently connected +o
eithey Vee or Ground n a system, +ells the
499 S SE device which mewmery wmap +o
wse with its intevnal memory Contvoel .
logic . ‘

Destination Write. When high, DESTWRITE
indicates that a write cycle +o the
destination address of +he instruction
being comple:l'eal wWill ocecur after
+he current fetch ofF Yhe next
nstruction is C‘.omFle-'\'e.A.

Freeze. When active (low) the 9995 SE
is ‘condihoned Tor the ‘mwmed w:hal)/ %)va\\‘ng
RESET—. The Cob\A;'HonIv.s conusmsts ot Ensuring
+hat Aurina +the Pollowing RESET— +he 9995 s
inhibits (Keeps ot inactive logwe level)wE'-,DBJ;N-,
MEMEN= and CRUCLK , and the 9995 SE will not
Ch&hge. the contents of 1ts Pc.,wP, or ST regis‘i'ers.
Interrupt AcKnowledge. TAcK is active
(k\‘g\rﬂ when +he qaqs SE ‘4 fe«é{v\s
+he WP of +he vecter during an
in+erru{=‘\" (any }n+errup‘\") 'mf_h“\'w\%
REsSET , NMI; and MID) context

switech.
]

MID ZIntervupt. MID is active (high)
when the qa9g SE s reach‘vx3 +he
WP of +he vector éwr‘(ng an MID .
interrupt context switeh.




TABRLE 4. INTERRUPT LEVEL PATA
‘ VECTOR | MAsK VALUES | VALUE MASK T
PRIORTTY | LocATIoN To ENABLE |[SET To ufoN | SouRCE AND
LEVEL (Mewory ACCEPTING | TAKING THE | AssIGNMENT
Addvess, | THE INTERRWPT| INTERRUPT |. '
In Hex | (sTiz t+iwu STISA(5TIZ +hu STIS)
o 0000 thru I External ¢+ Reset
. . Qo000
(Highes+ Priority) (see Note 1) 0000 (RESET - 534\«.\1)
0009 0060 +hru I} o000l . '
MID
(See Nete 2) (See Nove 1) |(See Note ) InTernal : MID
NML EFEC 0000 thru i) 0866 ExYerval ¢
(See Note 1) °e (NMI- Signal)
] 0oo% 0001 +hvu 1| 0000 External:
Ico-TCc3 = 000]
2 0009 0010 +hru il 000 | Int, and/or Ext.:
(See Note 2)|/(See Note 3) [(See Note 2D Ar?gl_\_wr-g\;____ogegi%\iwa
3 oooC ool +hvu (] Qo110 Exterval:
Fco~TIcz=0oll |
4 oaio 0100 +hru (11 00| External:
Ico-TIc= =0[00
s col4 010} +hew NI 0] 00 External:
ITco-ICc3 =010}
o ©0 i3 0110 +hrw . 1M1 o0 Extevanal: (
ITco-Ic3=0|10
7 oolc”  |elil +heu 11 allo External:
Ico-IcD =0l
6020 1000 +hru 1] ol Exterwal: e
Ico-IC> =|000
9 0024 j06) +thru ) | 000 External:
Ico-Ics=]00]
1o 0028 [lolo +hew M1 | 100} Extevnal -
Ico~Ic3= 1010
1] o2l 161] +hra It} ! oo ExXternal: .
Ico-Tcz= 0ol
12 0030  [1i0o +hru NI 1ol External 2
Ico-Tc3=ll0e
I3 oca34 |ltel +hea NI oo External: .
. Icg—Tcz=|l0]
4 5038 |10 and o External:
an i 1101 Ico-Tcz=]{lO
IS Extevrwnal :
. 32 . .
(Lowest Priovity) co3cC i 1o Ico-Lc =|{l]
NOTES:-~ :
1. Level 0, MID, and NMI cannot be disabled with the Interrupt Mask.
2. MID and Level 2 use the same trap vector and change the Interrupt Mask

to the same value. _
3. Generation of a Level 2 request by an Arithmetic OQverflow condition

(ST4 set to 1) is also enabled/disabled by bit ST10 of the Status Register



. TABLE & . 95 SF gyTERNAL INSTRUCTION CODES

CODE. DURING. CYCLE

INSTRUCTION DO D1 D2
CRU: T

ochorsten | = | % | °
IDLE 0 1 0
RSET o | 1 1
CXON 1 9 "
CKOF 1 1 |0
LREX 1 1 1




TABLE G-,

DEFINITION OF TERMINOLOGY

TERM DEFINITIONS .

B Byte Indicator (1 = byte; 0 = word)

c Bit Count

D Destination address register

DA Destination address

Iop Immediaﬁe operand '

LSB(n) Least significant (right most) bit of (n)
MSB(n) Most significant (left most) bit of (mn)

N Don't care

PC Program Counter (
Result Resul£ of operation performed by instruction
S Source address register

SA Source address

ST Status register

STn Bit n of status register

D Destination address modifier

TS Source address modifier

W Workspace reglster

WRn Workspace register n

(n) Contents of n

a-»b a is transferred to b

|n| Absolute value of n (




TABLEG. DEFINITION OF TERMINOLOGY (CONT'D)

DEFINITIONS

TERMS

+ Arithmetic addition

- Arithmetic subtraction
AND Logical AND

OR Logical OR

@ Logical exclusive OR '~
; Y

Logical complemegt of n

Arithmetic multiplication




TAELZ

7.

INSTRUCTION EXECUTION TIMES

r OPERAND
MACHINE MEMORY ADDRESS
STATES - . ACCEsSs DERIVATION *
INSTRUCTIONS C M SOURCE | DEST
A 4 b A | A
AB o “4 L 4 A A
ABS 3 3 . A -
Al e “ 4 _ - =
ANDI _ o “4- N 4 - -
3 N S DS U NN RN R . S S S
- 5 2_. . A__|. -
BL% _ .l 6 A=
Cc . e - 3. . A A
CB o “- 3 A A
CT I I I S -
CKON ) Y R TS B
CKOF Y A R S = -
CLR L L .3 2 i A -
_coc R N 3 A =
_CzC e & 3. T AT
DEC . b 3 e 3 A1
_DECT e 3 3 LA -
DIV (ST4 is se:) lo . A -
DIV (ST4 is reset ) ¥ 23 6 i A | -
DIVS (5T4 is set) ~ 10 N A -
DIVS (STY4 is reset)*# 33 6 A} -
IDLE e 7+ 2N 1 - -
INC - > 03 A -
JINCT ... 3 3 Y S S
INV o 3 3 _ A -
JUMP (PC is cnanzed) 3 1L L - -
(?C is HQy c‘xangﬁd) - N D . -
LDCR (C = e L 3 A -

(1 <C< 1:) 94+ 2C 3 A -
LI U= IR - MR DS A
LIMT ) A 5 Vo2 . - - l
LREX 7 N R T
LsT__ ] 5 2 - -
LuWP I - I N - S = -
Lwpr I = - - -

MoV 3 3 A A
MOVE T | T | T T T
MPY ] 23 5 A -
MPYS - _ 25 5 A -
NEG 3 3 ] T A -
ORI _ . ] T4 . S = -
_RSET . _ . . T .. . A - - dR
RTWP 6 4 - -




TABLE 7. INSTRUCTION EXECUTION TIMES (CONT'D.)
OPERAND
MACHINE MEMORY ADDRESS
~ STATES . + ACCESS PERIVATION .#
INSTRUCTIONS c M SOURCE | DEST
S. e * 4 A A
S3 - 4 4 ) A A
30 _ 8 2 - -
S22 3 2 - -
Ec 3 - - -
SHIFT (C #£0) O 5+ _ 3 -
(C = 0, Bits 12-15 23 Yy - e
of WRO = Q) - - —
(C = 0, Bits 12-15 y - - -
_of WRO = N z 0) i TN .
Soc 4 1 A |l A
SQCB . . 4 A_|__-A
STCR (C = ] <43 4 A __ -

(1<¢c<8) 9+C 4 A -

(9 e T | I T alte i LN
StsT T T L .3 2 - - =
STWP - = 2 e -
SAPB I A 13 3 AT
sz¢ . DR SN IS, S A | A
SICB i < 4 A A
T3 T TR - -

e L] i —*X~ o I T e Bt R B
Xop . - __ =N A | -
%o ) 4 4 A -
Interrupt ' . - -
Context Switch (For any I 6 .
Twrercupt, including

Reset, NMI,MLD, Ma

O\Ier-?-low) -

*The letter A refers to the table that follows.
##Execution time is dependent upon the partial quotient after each clock

cycle during execution.
¥%##Execution time is added to the execution time of the source address.




TABLE 7. INSTRUCTION EXSCUTION TIMES (CONT'D)

OPERAND ADDRESS DERIVATION - TABLE A
JMACHINE MEMORY
STATES ACCESSES
ADDRESSING MODE C M
WR ('1‘.5 or TD = 00) o) 0
WR indirect (Ts or TD = 01) ! 1
WR indirect auto-increment c 2
(TS or TD = 11)
Symbolic (TS or TD = 10, | 1
SorD =z 0)
Indexed (Ts or T. = 10, 3 2

D
SorD #0)




TABLE B. 9995 S& MAXIMUM RATINGS

TEMPERATURE
ABSOLUTE MAXTMUM RATINGS OVER OPERATING FREE AIR DEMREA-SoM RANGE (UNLESS
OTHERWISE NOTED) *

Supply voltage, Vee (see NOte 1) .iuerivrervrsonoosasscscersnnsassscsosesosnaelV

INDUL VOLlEAZE e v enteosocescsvesoronscstasessesscssssnsessesensssss=0.3 to 20V

Off"state Output Voltage-oocvo0-ovo"vvononvuoov-voo-oooovnooovvo"'003 tO 7V
Continuous power dissSipatbion.eeeeeeeveeseeosssrcssocessssssssssosessesscet OW
Operating free-air temperature Pange.ccereesscsrscssesvsvensernses0 to TQOC

Storage temperalture range...ceevesecessosssscssessnrsornanssss=99 £to +1500C

*Stresses beyond those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device. This is a stree rating only and functional
operation of the device at these or any other conditions beyond those
indicated in the "Recommended Qperating Conditions™ section of this
specification is not implied. Exposure to absolute maximum rated conditioas
for extended periods may affect device reliability.

NOTE 1: Voltage values are with respect to network ground terminal, Vss.



TABLE 9", T995 SE RECOMMENDED OPERATING CONDITIONS

PARAMETER MIN NOM MAX UNITS
Supply voltage, Vec 4.5 5.0 5.5 v
Supply voltage, Vss 0.0 v
High-level input voltage, 2.0 v
Vi  (All inputs) -

Low-level input voltage, 0.8 v
Vip (ALl inputs)

High-level output current, 100 ul -
Iog (All outputs)

Low-level output current, 2.0 ma
Igr, (ALl outputs)

Operating free-air 0 70 oc .

temperature, Ty




TABLE /0. |9995 SE ELECTRICAL CHARACTERISTICS
(OVER RECOMMENDED FREE AIR TEMPERATURE RANGE)

| . PARAMETER TEST CONDITIONS* MIN | TYP*#| MaX | UNIT

Vog, High Level Vee=MIN, 2.4 3.4 v
Quitput Voltage Tog=MAX :

VoL, Low Level Vee=MIN, 0.24 0.4 V.
OQutput Voltage Inp =MAY

Iorr, Off-state Vo z2.47V 20
(High Impedance Vees=MAX ud
State)
Qutput Current Vo = Q.4 V -20

It , Input - Vi = Vss to Vee +50 [ uA
Current - = i

Igs Short
Circuit OQutput Vee = MAX , mA
Current ¥##

Icc, Supply Vee = MAX
Current

Cr , Input
Capacitance (All 15 pf
Inputs Except ‘

Data Bus)

Cpp, Data Bus £ = 1 MHz, All Other Pins 25 pf
Capacitance at 0 V°

Co Output
Capacitance (Ex- 10 pf
cept Data Bus) i

#For conditions shown as MIN or MAX, use the appropriate value spegified
under recommended operating conditions.
25

*%)11 typical values are at Vee =5V, Ty = ;yfbc,

#¥%Not more than one output should be shorted at a time, and duration of
the short circuit should not exceed one second.



TABLE //. 9995 = SWITCHING CHARACTERISTICS (CONT'D)

(OVER RECOMMENDED OPERATING CONDITIONS RANGE,

UNLESS QTHERWISE NOTED)

SYMBOL PARAMETER(1) MIN NOM(2) MAX UNIT
tSU3 CRUIN data set-up timé 100 ns
td3 CRUIN data hold time 0 ns
t3SUY READY set-up time, 200 ns
CRU cycles
t3US HOLD- set-up time log ns
£t SUB RESET-, NMI- set-up time 10 ns
tACC Memory access time 3/4£C2-130 ns
(read cycle) (3)
+ D2 Dealay. From CLKoUT! 4o cLKoUuTZ| KtcR2 —10 | £tc2 | L+cza+io| ne
tH4 Address , WoRP/BYTE-, R /w-,]|
. <~tea -Ro ne
ST~ Hol_A_ +ime after WE- ?‘t z
tHS Date.  Hold +ime FTtc2-<40 ns
. 1 -
t WLt | WE~ pulse width 2*"'(’;1 i ns
tHG Address, WoRP/BYTE =, R/w-,
5‘]’3—) <RuUoU T Ho'A +Fime _'...tcz -20 nes
af+er cRUCLK “
tD)3 |Delay From SLKOUTI| +o o 4
: ns
CRUCLK asserted + )
D4 Delay Lyom cLKOUT| +o \
O Q
cRucl K asserted “ ne
t R4 CRUCLK rise +ime RO “40 hs
tF3 |<cRyucLK <Fal +ime 26 <40 ne
+ sy7 IN‘TREQ—,Ico-J:r.a set-up oo o
+ime
+H7 IN:T’REQ-, Ico-Tc3 hold o e
+W1§ ]
D o U 3 i oot et
~ Pt
t oIS Pelay fvom <LKOUT) o 1 1
C =t CZ2+4c} nsS
TAcK, MID asserted “ tcz ‘\‘t Z
+ Dle Delay dvom <LKouT! o ] ) :
—tCR —tca+40| ns
TAcK, MIP asSavted “+ + 4
tDI Delay Trom <LKouT| +o ] 1
- =-—tc c2+40| ns
PESTWARITE qssev'l'eJ “ tel a
+tDbiI8 Pelay From cLKoUT| o £ [
—L—t¢2+ Ol hs
PESTWRITE rveleased Fter + *




TABLE //, 9995 S&SWITCHING CHARACTERISTICS

(OVER RECOMMENDED OPERATING CONDITIONS RANGE,

UNLESS OTHERWISE NQTED) -

SYMBOL PARAMETER (1) MIN NOM( 2) MAX |UNIT
tC1 CLXIN cycle time |O 167 /1000 | ns
tR1 CLXIN rise time <} 15 ns
tF1 CLXIN fall time “4 15 ns
tWH1 CLXIN nigh level pulse width A0 %tC1-tR1 Jattll| ns
tWL1 CLXIN low~level pulse width BQS $tC1-tF1 LeCtCl | ns
tD1 Delay from CLXIN to CLKOUTI 150 ns
External Clock
CLKQUT cycle Source 2tC1 ns
£C2 time
. Internal
(()scillatot' 1% | 2/p Z.64% | ns
I{TAL1 freq. £ X oo
=£x) * aks
tR2 CLXOUT rise time Ao 35 ns
tF2 CLXOUT fall time 1S5 RO ns
tWH2 CLKOUT high-level pulse width |-e<z| 1tC2-tR2 Jote2 | ns
tWL2 CLKOUT low-level pulse width [At<| $tC2-tF2 +sotcz| ns
tD2 Delay from CLKOUT! to valid P - L ns
address,wesp/BYTE~, R/w-, sT9~ |43 F£c2+45]
tD3 Delay from CLKOUT to MEMEN- ' . A .| ns
assarted ' FTck SEArte
tD4 Delay from CLKOUT! to MEMEN- I ! ns
released Ftc2 Fecatse
£SU1 READY set-up time, Memory 100 ns
cycles
tH1 READY hold time Q ns
tDZ Eovrmpuaefhontrdeits Floot Delay L t<at+6C| ns
tSU2 Input data set-up time 65 ns
tH2 Input data hold time Q ns
tDS Delay from CLKOUTI! to DBIN- o 40 ns
asserted
tD6 Delay from CLXOUT! to DBIN- o so as
released
tD7 Delay from CLKOUT! to TAQ, o 4o ns
HOLDA asserted
tD8 Delay from CLXOUT/ to z AQ, - ns
- HOLDA released o s
tD9 Delay from CLKOUTI/to valid ns
Wwrite data o “te
tD10 Delay from CLXQUTI to o ns -
WE- assarted “+ .
tD11 Delay from CLKQUT! to o So ns
WE- ". preleased
tR3 WE = - rise time s 5C ns




TABLE JI. 9995 SE SWITCHING CHARACTERISTICS (coNT'D)
(cUER REcoMMENDED OFPERATING <oNPITIoONS
RANGE, UNLESS OTHERWISE NoOTEP)

NOTES :~

1. Additional Test Conditions, All Outputs:
IgL = MAX, Igy = MAX, CL = 100pf
(In figure 3< C;, = 100pf, R1=2,4K, R2=2UK)
2. All Nominal Values at TA=250C, Vcc=NOM
3. Memory access time (read cycle) MIN parameter
is determined as follows:- (No Wait States)

tacc, MH{=t82,nom-tD2,max—tSU?_‘,MIN-tE‘Z,MAX
=3/%%¢2_.130 ns
Therefore, for tc2:333 ns, .

EACC,MIN=120 ns. __. :
4. WE- pulse wid+th MIN parameter 15 determined
as Follews ¢ — (No Wanit $+q+es)
+ WL4, MIN = xtCA, NoM =+ t I}, MAX - tR3, MAX - £ Dio , MAX
T =gxtecr -0
Thevefore , FortCX =233 ns )

+t wz.—{, MIN =127 ne



5.0 ELECTRICAL SPECIFICATIONS

5.1 W Maximum Ratings

The absolute maximum ratings of the CI‘WS SE are given in

Table X @-

5.2 : Wﬂ;ﬁﬁ Recommended Operating Conditions

The recommended operating condltlons for the 9995 SE_Y are given’

in Table X 9.

5.3 W Electrical Characteristics
5.3.1 General '

The electrical characteristics of the f‘?‘letg' SE for the
recommended free-air operating temperature range are given in
Table D(jo-

"
|
The switching characteristics of the'399S SE for the)recompended
operating conditions are listed in Table T an he switching

parameters of this table are defined in Figures Z7.through 33.
The test load circuit used for loading the 9995 SE outputs for
measurement of the switching characteristics is shown in Figure
33. Switching times are measured at the 10% and 90% points of
the voltage waveform, as defined in Figure 34.

5.3.2 Clock Characteristics

The (9995 SE£ has an internal oscillator/clock generator that is
controlled by an external crystal. The usepr may also disable the
oscillator and ,directly inject a frequency source into the
KFARACELLIN input.

WTALR/CLKIN

5.3.2.1 Internal Oscillator

The internal oscillator is enabled by connecting a2 ¢rystal across.
XTAL2/CLKIN and XTAL§. The frequency of CLKOUT (CLKQUT frequency
is tne machine state frequency) is one~half the crystal
fundamental frequency, fx. The crystal should be a fundamental
series-resonant type. Figure 35 details the cov%cbion of the
external crystal to activate the internal oscillator

5.3.2.2 External QOscillator

An external oscillator can be connected to the 9995 S€ using the

XTAL2/CLKIN pin as detailed in Figure 36. The frequency of
CLXOUT (CLKOUT frequency is the machine state frequency) is

one-half that of the external oscillator. Table R and Figure a7

define the timing requirements of CLKIN. XTALR/CLXIN can be

driven with standard TTL voltage levels.

i



6.0

MECHANICAL SPECIFICATIONS

The physical dimensions of the S995
package are specified in Figure 37.

. &%-pin
SE Yo—pim dual-in-line



E T E ER BIT DEFINITIONS
(SEE NQTE 1)
INSTRUCTION CONDITION TO SET BIT TO 1, OTHERWISE
) AND/OR SET TO 0 FOR INSTRUCTION LISTED.
BIT NAME INTERRUPT ALSO, THE EFFECT OF QTHER
INSTRUCTIONS AND INTERRUPTS
STO LOGICAL Cc, CB If MSB(SA)=1 and MSB(DA)=0, or
GREATER If MSB(SA)=MSB(DA) and MSB of
THAN [(DA)-(SA)]=1.
CI If MSB(W)=1 and MSB of IQP=0Q,
or if MSB(W)=MSB of IOP and MSB
of [(TOP-(W)]=1.
ABS, LDCR If (SA) £ 0
!
RTWP If bit (0) of WR15.is 1
LST If bit (0) of selected WR is 1
A, AB, AI, ANDI,| If result # 0
DEC, DECT, LI, 4
MOV, MOVB, NEG, s
ORI, S, SB,
DIVS, MPYS, INC
INCT, INV, SLA,
SOC, SOCB, SRA,
SRC, SRL, SICR,
SZC, SZCB, XOR
Reset Interrupt | Unconditionally sets status bit to O
All other Do not affect the status bit
instructions (see note 2)
and interrupts
ST1 ARITHMETIC C, CB If MSB(SA)=0 and MSB(DA)=1, or
GREATER ' If MSB(SA)=MSB(DA) and MSB of
THAN {(DA)-(SA)]=1.
CI If MSB(W)=0 and MSB of IOP=1, or
if MSB(W)=MSB of IOP and MSB of
{(TOP-(W)]=1
ABS, LDCR If MSB(SA)=0 and (SA) 30
RTWP If bit (1) of WR15 is 1
LST If bit (1) of selectad WR is 1




T EGISTE

BIT DEFINITIONS (CONT'D.

(SEE NOTE 1)

INSTRUCTION CONDITION TO SET 3IT TO 1, QTHERWISE
AND/OR SET TO O FOR INSTRUCTION LISTED,
BIT NAME INTERRUPT ALSO, THE EFFECT OF OTHER INSTRUCTIONS
AND INTERRUPTS
ST1 QVERFLOW|{ A, 4B, AI, If MSB of result =0 and resultqéc
(CONTD) ANDI, DEC, DECT,
LI, MOV, MQVB,
NEG, ORI, S, SB,
DIVS, MPYS, INC,
INCT, INV, SLA,
SOC, SOCB, SRA,
SRC, SRL, STCR,
SZC, SZCB, XOR =
Reset Interrupt Unconditionallxﬁsets status bit to O
All other Do not affect the status bit
instructions (See Note 2)
and interrupts
ST2 EQUAL C,CB If (SA) = (DA)
CL. If (W)=IOP
coc If (SA) and (DA) =0
CZC If (SA) and (DA) =0
TB If CRUIN=1 for addressed CRU bit
ABS, LDCR If (SA)=0
RTWP If bit (2) of WR15 is 1
LST If bit (2) of selscted WR is 1
A, AB, AI, ANDI, |If result =0

DEC, DECT, LI,
MOV, MOVB, NEG,
ORI, S, SB, DIVS,
MPYS, INC, INCT,
INV, SLA, SoC,
SOCB, SRA, SRC,
SRL, STCR, SZC,
SZCB, XOR

Reset Interrupt

Unconditionally sets status bit to 0

All other

Do not affect the status bit

gnstructions and

(See Note 2)




TABLE 1. STATUS REGISTER BIT DEFINITIONS (CONT'D,)
(SEE NOTE 1)
INSTRUCTION CONDITION TO SET BIT TO 1, OTHERWISE
AND/OR SET TO O FOR INSTRUCTION LISTED.
BIT NAME INTERRUPT ALSO, THE EFFECT OF OTHER INSTRUCTIONS
AND INTERRUPTS
ST3 CARRY A,AB,ABS,AI,DEC,|If CARRY OUT =1
DECT, INC,INCT,
NEG, S, S8
SLA,SRA,SRL,SRC {If last bit shifted out =1
RTWP If bit (3) of WR15 is 1
LST If bit (3) of selected WR is 1
Réset Interrupt |Unconditionally sets status bit to 0
All other Do not affect the status bit
Instructions and (See Note 2)
Interrupts
STH QVER~ A, AB If MSB(SA)=MSB(DA)and MSB
FLOW of pesult # MSB(DA)
AT If MSB(W)=MSB of IOP and MSB of
result # MSB(W)
S, SB If MSB(SA)#MSB(DA) and MSB of
result #MSB(DA) :
DEC,DECT If MSB(SA)=1 and MSB of result =0
INC,INCT If MSB(SA)=0 and MSB of result =0
SLA If MSB changes during shift
DIV If MSB(SA)=0 and MSB(DA)=1, or if
MSB(SA)=MSB(DA) and MSB of
{(DA)-(SA)] =0
DIVS If tﬁe quotient cannot be expressed
as a signed 16 bit quantity (800044
is a valid negative number)
ABS,NEG If (SA)=800016
RTWP If bit (4) of WR1S5 is 1
LST If bit (4) of selected WR is 1

Reset Interrupt

Unconditionally sets status bit to 0




TABLE 1, STATUS REGISTER BIT DEFINITIONS (CONT'D,)
(SEE NOTE 1)

CONDITION TO SET BIT TO 1, OTHERWISE

INSTRUCTION
AND/OR SET TO Q FOR INSTRUCTION LISTED.
BIT NAME INTERRUPT ALSO, THE EFFECT OF OTHER INSTRUCTIONS
AND INTERRUPTS
ST4H All other Do not affect the status bit
(CONTD) Instructions and (See Note 2)
Interrupts
STS oDD CB, MOVB If (SA) has odd number of 1's
PARITY
LDCR If 1£C<8 and (SA) has odd number of
1's., If C=0 or 9£E<.15, does not
: affect the status bit.
STCR If 1£Cc<8 and the stored bits have
an odd number of 1's. If C=0 .
or 95.6<.15, does not affect the status
bit.
AB,SB,S0CB,3Z2CB |If result has odd number of 1'3f
RTWP If bit (5) of WR15 is 1
LST If bit (5) of seletad WR is 1
Reset Interrupt [Unconditionally sets status bit to O
All other Do not affect the status bit
Instructions and (See Note 2)
Interrupts i
STé X0P X0P If XOP instruction is executed
RTWP If bit (6) of WR15 is 1
LST If bit (6) of selected WR is 1

Reset Interrupt

Unconditionally sets status bit to O

All other
Instructions and
Interrupts

Do not affect the status bit
(See Note 2)




TABLE 1. STATUS REGISTER BIT DEFINITIONS (CONT'D
(SEE NOTE 1)
INSTRUCTION CONDITION TO SET BIT TO 1, QTHERWISE
AND/OR «SET TO 0 FOR INSTRUCTION LISTED,
BIT NAME INTERRUPT ALSO, THE EFFECT OF OTHER
INSTRUCTIONS AND INTERRUPTS
ST7 Unused RTWP If corresponding bit of WR1S is 1
ST8 | Bits
ST9 LST If corresponding bit of selected WR
and is 1.
ST11
X0P, Any Unconditionally sets each of these
Interrupt status bits to Q
All other Do not affect these_status bits
Instructions (See Note 2)
ST10| ARITHMETIC RTWP If bit (10) of WR is 1
OVERFLOW )
ENABLE LST If bit (10) of selected WR is 1
0P, Any Unconditionally sets status bit to O
Interrunt
All other Do not affect the status bit
instructions (See Note 2)
ST12 | INTERRUPT LIMI If corresponding bit of IQP is 1
ST13 | MASK
ST14 RTWP If corresponding bit of WR15 is 1
and
ST15 LST i If corresponding bit of selected WR
is 1. :
RST, Reset and Unconditionally sets each of these
NMI Interrupts status bits to O
All other If ST12-ST15=0, no change
Interrupts If ST12=8T15570, set to one
) Less than level of the interrupt
trap taken
All other Do not affect these status bits
Instructions (See Note 2)
NOTES:
1 See Table 7 for Definition of Terminology Used.
2. The X instruction itself does not affect any status bit;

the instruction exacuted by the X instruction sets status
bits as defined for that instruction.




TABLE 2. DEDICATED WORKSPACE REGISTERS

REGISTER NO.

CONTENTS

USED DURING

0 Snift count (optional) Shift instructions (SLA,
SRA, SRC, and SLC)
Multiplicand and MSW Signed Multiply
of result T
MSW of dividend and Signed Divide
quotient
1 LSW of result Signed Multiply
LSW of dividend and Signed Divide
remainder
11 Return Address' Branch and Link Instruction
) (BL)
Effective Address Extended Operation (XOP)
12 CRU Base Address CRU instructions (SBO, SBZ,
TB, LDCR, and STCR)
13 Saved WP register Context switching (BLWP,
, . RTWP, XOP, interrupts)
14 Saved PC register Context switching (BLWP,
RTWP, XOP, interrupts)
15 Saved ST register Context switching (BLWP,

RTWP, XOP, interrupts)




o et .

TABLE 3. 9995 SE prN DESCRIPTION

SIGNAL PIN I/0 DESCRIPTION
POWER SUPPLIES
Vee 59 Supply voltage (+5V nom)
Vss 19 44 Ground reference
CLOCKS
ATALA/CLKIN
FRAE AR A5 IN Crystal input pin for internal
oscillator. Also input pin for
- external oscillator.
XTAL| .
XAl A% IN Crystal input pin for internal
oscillator. . :
CLKOUT Ab ouT Clock output signal. The frequency of
CLKQUTlis one half the oscillator input
(external oscillator) or crystal
(internal oscillator) frequency.
CLKOWT R ?~'7~ ouT Clock cg:t'F.;\{- signal. The freguency

ofF CLKOUTZ is one half +he
oscillateyr input Ce)d'e‘(nq\
osc\ll«dor) ov crys{-al (;rﬁ‘erml
oscilloter ) Trequency. CLKoUTZ:
s one .<Lu.cw+er cycle delayed

From <LKoOWT I




9995 SE PIN DESCRIPTION (CONT'D)

TABLE 3.
SIGNAL PIN I/0 - DESCRIPTION
ADDRESS BUS
aAQ 7 QUT Address Bus. AQ is the most significans$
A1 < ouT bit of the 16 bit memory address bus and
A2 | ouT the 15 bit CRU address bus. A1Y4 is the
A3 jo ouT 2nd least significant bit of the 16 bit
AY i ouT memory address bus and the LSB of the 15
AS 1A ouT bit CRU address bus. The address bus
A6 13 ouT assumes the high impedance state when
A7 4 ouT the 9995 sg is in the Hold state.
A8 113 ouT T )
A9 1o ouT
A1Q 17 QgT
A1 18 ouT
A12 20 QuT
A13 2\ QuT
A4 A2 ouT
A15/CRUOUT AD ouT Address bit 15/CRU output data.
A15/CRUOUT is the LSB of the 16 bit
memory address bus and the output data(
line for CRU output instructions.
A415/CRUQUT assumes the high impedance
state when the 9995 s$£ 1s in the Hold
state. i
DATA BUS
DO 43 I/0 Data bus. During memory cycles (MEMEN-
" D1 42 I/Q active) DO (the MSB) through 2j5 (the
D2 4|\ I/0 LSB) are used to transfer data to/from
D3 40 I/0 the external memory system. During non-
DU 39 1/0 memory cycles (MEMEN- inactive) DO, D1
D5 3% I/0 and D2 are used to indicate whether the
D6 37 I/0 9995 s£ is performing a CRU cycle or an
D7 3 I/0 External instruction. The data bus
L] 35 /e assumes the high impedance state when
pq 34" | Llo the 9995 s£ is in the Hold state. -
pio 33 I/o T
Dif a2 I/o
DIz 31\ I/o
Di3 30 I/o
DI+ 29 | T
P15 A% I/o




TABLE 3.

9995 SE PIN PEsScRIPTIoN (coNT'B)

SIGNAL

PIN

Ijo

DESCRIPT ION

CRUIN

CRUCLK

MEMEN=-

PBIN-

. WE-

54

62

6%

IN

QuUT

OWnT

ouT

ouT

"cRUIN | the input data line For

: SRU
CRU Input dota. 'Dmrcnal CRU cyeles,

CRU input data. :

CRU clock . When actve Chfﬂk)
CRUCLK indicates that cRY data out
ie available on AIS /cRuouT (when
MEMEN=- =] and Po=PI=D2=0) or that
an extevrnal interface should decede
Extevnal iwstructions (when MEMEN-=
and Do, Pl and DR are wnot all

e.iucd +o O ).
CONTROL

Memory enable. Whén active (low) MEMEN-
indicates that. . ~ . DBIN-  and
the address and data buses are being used
for a memory cycle. When inactive (high)

* MEMEN- indicates that . - '-- . ...~~ DBIN- |
and the address and data buses are_being ..
used for a CRU cycle, or are indicating
that the 9995 s= is performing an
External ianstruction. MEMEN- does not
.assume the nigh impedance state when the
|9995 sSg is in the Hold state.

Data bus in. During memory read cycles,
iDBIN- is_active (low) to indicate that
| the |999S SE has disabled its data bus
output buffers to allow external memory
'to enable 3-state drivers that output
data onto the data bus. During CRU input
cycles, DBIN- is also active to indicate
that the CRU cycls is an input cycle.
DBIN- assumes the high impedance state
when the[1995 Sgis in the Hold state.

Write enable. When active (low)
WE=- jindicates +haqt memory wYite
data is available on +he data

bus. WE—- assumes +he hiqh :
impedance state when +the 9995 s£
is in +the Hold s+tate. -




TABLE 3.

9995 g PIN PEscRIPTIoN (coNT'P)

SIGNAL

PIN

I/o

DESCRIPTIoON

“Jw-

READY

HoLD -

HoLD A

IAQ

57

63

60

ol

.IN

ouT

IN

ouT

ouT

CoNTROL (Con""'d)

Read / write indication. When L\;ﬂl’l)
R/MW=- indicates +hat +he 9995 SE
s FeY‘-Formims a memory " Yead
cycle (i€ MEMEN"-:O) o a CRU
input cycle (Gf MEMEN==1). When
‘OWJ P\}N‘- indicates +hat +he
9995 SE is pertor Mming G mewory
write cycle (i MEMEM-—=O‘3 ov o
<Ru oud‘Fu"' c,yc.\ﬂ <w€ MEMEN-:l).
RM=- does neot assume tThe high
iw.fedamca _state when +he 999S SE
is in The Held state.

Ready. When active (nigh), READY
indicates that the present <cheeewwss
memory or CRU cycle is ready to be
complated. When not ready is indicated,
a Wait state (defined as extension of the
present cycle by one CLKQOUTicycle) is
entered. At the end of each Wait state
. READY is examined to determine if another
' Wait state is to be generated or if the
cyele is to be completed.

Hold state request. When active (low),
HOLD- indicates to the|999S Sg that an
external controller desires to use the
address and date buses. _Upon sensing a
Hold request, the@s Sg will enter a
Hold state (defined as suspension of
instruction execution) after it has
.completed its present cycle, fmSemi=ny

'S

Hessdempdpsspms- At the beginning of the
Hold stats, the [‘3‘175‘ Sé& places DBIN-,
W"‘-,' . . and the address and data

buses in the nigh impedance state, and
then responds by asserting” _ HOLDA.
_When HOLD- is removed, the |§995 Sg
returns to normal operation. .

Held acknowledge. When active (high),
HOLPA |ndicates +hat i+ is in +the
Hold s+ate,

Instvruction aciuis{ﬁon. When active
(k\'g\»\), IAQ indicates +that +he memory read

cycle in Progvess s thal of reading an

instruction opcode, -~




TABLE 3.

9995 g PIN PEScRIPTIoN (coNT'm)

SIGNAL

PIN

I/o

DESCRIPT IoON

sT3-

WoRD /B8YTE-:

53

56

OUT

ouT

“tavert+ed contents of Status Re3§s+er

CoNTROL  (Cont'd)
Status Bit 3B, ©T3 - jg +the

bit T3 (MAPO/MAPI) only
during memsry cycles (MEMEN—:°>'
Du\vf‘w\a all otherv c.ycles (MEMEN-:D
ST8— is held high.

Word /By te. When low, woRb/ByTE~
ndicates That +he memory cycle
in progress 1s tThat ofFf accessin
o 6'\V\3\e~ byte on the o= bit
data bus. WoRD/BYTE- is held
high af all sther Times,




TABLE 3. |9995 SE& PIN DESCRIPTION (CONT'D)

SIGNAL

PIN

I/0

DESCRIPTION

RESET~

NMI-

INTREQ-

Tco (M8
Ici
Ic
rc2 (LB

50

49
43
47
46

IN

IN

IN

nN
N
IN
IN

INTERRUPTS

Reset. When active (low) RESET- causes
the |9995 S£ to enter a RESET state .&@s%
Seooviomsd=SSambrer and inhibit_its
contrel ig nals . ; When RESET- is
released, the|9995 SEinitiates a level
zero interrupt sequence that acquires WP
and PC from memory word addresses 00Q0
and 0002, and begins execution using this
vector. RESET- will terminate an Idle
state. RESET- is a Schmitt-trigger
input. .

Non-maskable Interrupt. When active
(low), NMI- causes the !‘7"{?5_ SgE to
execute a non-maskable interrupt sequence
with the trap vector (WP and PC) in(
memory word addresses FFFC and FFFE.
NMI- will terminate an Idle state. NMI-
is recognized only once for each
high-to-low transition. (NMI- must be
taken inactive before it will be
recognized again).

Intervupt vequest. When active (low),
INTREQ= ndicotes +hot an external
interrupt is vequested and +he code
of \ts level is present on ICo
+hrough IC3,

Intervupt code. Ico through (| IC2 are
sampled when INTRER— s active.
When ICO +thrvough IC3 are |LLLH, the
highest Priovity wmaskable axtrernal

_interrupt s beh\sn_reiqesf-e_é, ‘and when

HHHH, +he lowest prievyity mas Kable
external intervupt is being Yeguested.




TABLE 3.

9995 SE PIN PEsScRIPTIoN icoMT'P)

SIGNAL

PIN

I/o

DEscRIPTIoN -

9995 sE/99%90—

PESTWRITE

FREEZE~—

TAcK

45

'55

51

52

IN

OUT

IN

ouT'

ouT

SPECIAL SIGNALS ‘
9995 SE memory contrel / A]90 mewmory centrol.
This sianal, which is Pe.me\éwHy connected +o
eithey Vee or Ground n a system, +ells +he
3995 SE device which: mewmery wap +o
use with its intevnal memory Contvol . -
los{c,.

[

Destination Write. When high, DESTWRITE
indicates that « wr('l‘e_'cytle Yo the
destination address of +he instruction
beng COMF'Q—+€.A wWill ocecur after L"‘
+he current Fetch of the next
instruction is completed.

Freeze. When active (\QW) the 4995 se
is condihoned for +he 'nmmeém.'!‘ely following

RESET—. The c<onditioning consists of ensuring

+hat Aurins. +he Fallowin RES‘ET- +the 9995 £ |
iwhibits (keeps ot inactive logic level) WE= 08IN~
MEMEN= and cRUCLK , and the A995 SE will not
change the contents of its Pc,wP, or sT ‘registers.
Interrupt Ar.Kno\N‘eclae,. TAcK ¢ active
(high) when the dqgs SE o feo.é{na
the WP of +he vector Auring an .
interrupt (any ntervupt, ineluding
RESET , NMI; and MID) context

sSwW ‘\+C‘\. .

MID ZIntervupt. MID is active (Chigh)
when Yhe q99¢ SE s v-eacs\’ns, +he
WP of the vector during an MID.
interrupt context switeh.




TABLE <. TINTERRUPT LEVEL PATA
VECTOR | MASK VALUE®S | VALUE MASK -
PRIGRLTY | LOcATION | To ENABLE |SET To ufoN | sSouRcE AND
LEVEL’ (Memory ACCEPTING | TAKING THE | AsSsSsIGNMENT
Address, THE IRTERRUPT INTERRUPT |-
In Hex (sTi2 +heu STISH(STIZ +hea ST1S)
0 0000 thru 1 External ¢ Reset
. . Q000
(Highes+ Priority) . (Ssee Neote 1) 0000 (RESET ~ SE&»\QI>
0008 00060 +hru i} o000 .
MIp
(See Nere 2)| (See Note 1) |(See Note ) [FHTErmal s MIP
NMI FFrc 9300 Fhru il 0000 External :
(See Note 1) ° (NMI - nghad)
] ocoo4 o000l +hvu | 0000 External:
Ico-ICc3= 000)
2 Qoo 6Qio thru il ©Qo | Int. and/ov Ext.t
(See Neote 2)|(See Note 3) |(See Note 2) @2\;):}:'\-;:05?@0\9,
3 0o0C o0oll  +hvu I} Qolo Exterval:
Tco-Ic3 =001l
4 0g1i10 o100 +hru (i1} 1Y-%1 External:
Ico-Ics =0(00
S col4 Q101 +hew MI 000 External:
Ico-ICc3=010)
6 o018 0110 +hra. 1M olo} | External: (
- Tco-Ic3=0}10
7 osic’  loil +hew IV | 6110 External:
Ico-Ic3 =0l]|
6020 600 “Fhru 1] ol External:
ICo-I<> =]000.
9 0024 1061 +hru N | 000 External:
. ITco-Ic3=100]
jo 0028  [lolo +hew M 00| External®
, ITco~-Tc3= (010
ST 002C  |lol] +hra il 1910 External:
Tco-Teca= ol
2 0630 1160 thru 1 ]otl External s
Ico-Tc2=lloe
SEE ca34 (1ol +hew I l]oo Externals
ITcg—Icz=|l0]
4 6038 |10 and ] 110} External:
Ico-Tez =[O
15 Ext N
. = \ xtevrwnal
(Lowest Priopity)| CO=C b Hio Ico-Te3 =|/il
'NOTES:
1. Level 0, MID, and NMI cannot be disabled with the Interrupt Mask. (
2, MID and Level 2 use the same trap vector and change the Interrupt Mask
to the same value. _
3. Generation of a Level 2 request by an Arithmetic Overflow condition

(ST4 set to 1) is also enabled/disabled by bit ST10 of the Status Register.




TABLE 5. 995 SE gXTERNAL INSTRUCTION CODES

CODE  DURING- CYCLE

INSTRUCTION DO D1 D2
CRU:
SBO, SBZ,TB, 0 0 0
LDCR or STCR
IDLE 0 1 0
RSET 0 1 1
CKON ' 1 0 ™
CROF 1 1 0

LREX 1 i 1




TABLE 6-.

DEFINITION OF TERMINOLOGY

DEFINITIONS

TERM

B Byte Indicator (1 = byte; 0 = word)

C Bit Count

D Destination address register

DA Destination address

IOP Immediate operand -

LSB(n) ) Least significant (right most) bit of (n)
MSB(n) Most significant (left most) bit-of (m)

N Don't care

PC Program Counter ' ‘
Result Result of operation performéd by instruetion
S Source address register

SA Source address

ST Status register

STn Bit n of status register

D Destination address modifier

T3 Source address modifier

W Workspace register

WRn Workspace register n

(n) Contents of n

a<»b a is transferred to b

Absolute value of n




WoRD ADPRESSING:

LS8

0oj1j]213]4

7

g9 j10]nnji12)13

14

15

\/

Even lo-biv Byte Addvress

BYTE ADPRESSING -

K2

LS8

oj1]l2|3|a]s 78] |10]n]1z2]13]14]1s
Nk y N y /.
Even Io- bt - 0dd 16-bit

Byte Addres s

Byte Address

03d Addvess = Even Addvress +‘.)

WORD AND BYTE FoRMATS

FIGURE

,.




INTERRUPT VECTORS

xaop SOFTWARE.TRAP VECTORS

GENERAL MEMORY FOR
PROGRAM, DATA, AND
WORKSPACE REGISTERS

NMI VECcTOR

iE 8

\/

88 ¢

007¢

007E

FFFC

FEFE

L ]

g

19

WP R 55 T.-.INTERRUPT

pc RESET INTERRUPT

WP LEVEL 1 INTERRUPT .

PC  LEVEL 1 INTERRUPT

WP LEVEL 18 INTERRUPT

PC LEVEL 16 INTERRUPT

WP XOPO

PC XOPO

WP XOP 15

PC XOP 18

GENERAL MEMORY AREA

MAY BE ANY
COMBINATION OF
PROGRAM SPACE
OR WORKSPACE
.
®

we NMT.

P NMI

Nete = Addresses Are Word Addresses

In Hex

943s <E

MEMORY MAFP

FIGURE 2.




FIGURE 3.

MID - Do-p
DESTWRITE CoNTRoOL e > P8-pIS
pPc LOGIc -
INT MEM/EXTMEM
FREEZE A SWAP
‘ : X MIcRocoepE
CRUIN - cRu , : P\Olz P
CRUCLK <« CONTROL A
AIS /eRUOUT = v - MA;‘:C» WH IR MIcRo
P CONTROLLER
AO-Al4 < <k—-| V| TEmpoRARY
[ Laven .« REGISTERS
>
MEMEN <€ :
PBIN < - ' <— RESET
WE < ' TEMP" REG. 5 A INTERRUPT le— NMI
R/W <« CoNTROL ALU CoNTROL * [« TNTREQ
wWoRP/BYTE <1 Lo6Ic k~--> Ico-1c3
TARQ <1 - - .
HOLD A < SHIFT REG. LATCH \VJ
HoLD ‘ |
READY ]
— t ¢
=T < STATUS REG. [< e XTALY/2LKIN
. < cLOocK XTALR
SYNCINI  — ' {_VGENERATOK—>CLKOU‘T1
SYNCOUT < 2uncH RoNT £RS cLKouTZ
ez ] SYNEHR N‘Z R
SYNCOUTR < v ‘
9995 s€E  BrocK DIAGRAM



g
Fete) axt Instruct Start Execution OF
Tff"m N;f‘e‘w ;2 perm Néw Instvuctian (IF
ERlak! Requrad, Naw FC Loaded peve)

1

PLt+A = PC v

Naxt™ N
TusTruction

MTID
Opegde XoP or BLWP

Instruction

Uad

NML,
» Level | = o

15 ZTnrerrapT
RaguestT
7

Lock =in P&né'\na
InTerrupt Reguests

ToLE
Inéﬁuc""‘ev\

rFe'l'ak Next Insotruction J

o

Y

| Pe+r2—> Pc |

Cem?\é‘i‘s Execution of
Currint Instruction
(Were Resuls, Tf dnv)

Unmasked

Tutervupt F\quss*\'
X P.;%J‘us

Sverflow
Snabled (sTi0 2
and STIZ<ST|S

32) 7

Nex+t
Tustruction N

MID
OP:a:’ég

]
A99S SE  Flow <HART



RESET Active Causzs

= .
‘(/’/Z Inmwmead ot Ev\"’v‘\/ Her,g

4

-

NML
Reques™
g

Arithmetic
Ovarflow
T n‘i'c._:rup T

| Yectar @ ¢00Qyy,

New LaTerrupt
Mask = 0Q00

Vertor @ 00034,

New l’n"re-r'f'\\p‘\’
Mask = Doo!

Pc +2—» Pc

Veetor & FFFC“5

Rasd New WE

3

R2ad New PC

New Intervupt
MasK = 0000

E wternal

Lavel I-/5

Vector @ 0009,y
New Intevvupt
Mask =000]

Old WP —>
New WRI3

s

Vector @ 4x(fco-Ica)

Cld PC ~»
New WRI<%

[
Vi

ST>New WRI|S

New 1n+¢.rrup+
MasK=(Tco-1c3) =/

¥ Note: BT3B - signal held Wgh duving

These wewory accesses

'
1

Naw TatarrupT
Mask —=
STI2-$7TIS

o

Clear ST71-5TI|

MID
Trtatvup™ Tea P
Juet Taken

N

Clear STO-STG

l

TaXen

Esa\
Trap dust

9995 sSE

FLow CHART (canTp)

?IGuRE 4.




o | =z 3 4 5 6 7 8 9 o 1l 2 13 14 |5

STo|sTI|STR21ST3 |ST4-|STS |sTesT7|osTg|sTA |STIO|sT )| ST:z[sT;s[STH-’ST;S
L>|A>| eal c |ov]or| ¥ | # |mae| # | 24| s |INvERRUPT MASK

Legical Greater T han —I
Avithwmetic Gyeater Than
Equal /T8 Indicator
erry Out

Ovey £low -
f’avi'l'y (0dd No. of 6Hs) N
X0P In Progress

Moy Select

Jvevflow Iwtervupt Enab.

K Note: ST7,- . .sT9, aud STI| ave not used n +he 9995 SE . but still
‘ fl\y$3cql|y exist in the veqistev. These bits could therefore be used as
flag  bits, but softwove +vamsportability shauld be kept i wind
when doing Se as +these bpits are defined wm other 9900
micveprocessor ‘Fo\m”\/ ond Q490 w'm'\é.ompwfer ‘?am\\y Frodud-s.

STATUS REGISTER BIT ASSIGNMENTS
FIGURE &5,




WoRKSPACE REGISTERS
4 : 4]

2

0ATA | , 7

R ' )

AQORESSES 9
[MOEX 13

CAPAZILITY | {1l
12
13

la

NOTE: The WP register contains the adarass
of workspace reqgister zero.

FIGURE & WORKSPACE REGISTERS
. ' USABLE AS INDEX REGISTERS



WORKSPACE POINTZIR

(w?) AQORESS WoRK3SPACE
. HEGLISTERS
[ W) — o WP+ 00, —> 0
MICRQPRQCZSSCR ADDS We + 0616 —— 3
WORKSPACT POINTES ;
(WP) TO TWIcZ THE RNV : PSR ¢
REGISTER wUMBIR TO
DIRIVE AZTUAL WP - 0A, sl 5
REGISTER ADQQR:SS = '
WP+ OCh5 —_— )
WP + O&L— > 7 ' g
—_ 1.
4P+ 10, > a8
T IRE I
WP v 4, ————> | 10
| WPor 16— | L
_NQTE: ALL @EMORY 4020 ADORZSSES W + 1815 —_—] 12
ARE EVEN. .
WP + .C16 ; I -
”? * lgl." -'--———-'9 15 ‘
FIGURE T WORKSPACE  PoINTER

AND

WORKSPACH

REGISTELERS



AO-Al4, AIS JcRuouUT >
Memov\/ Sy stem
Do -p|5- Y
~N| And/or OMA
) Co\«’ﬂaué‘r
MEMEN
7
DBIN
S |
_WE
READY
| HOLDA |- HoLDA and _
- HoLD‘ Are Not
HOLD z\eq‘uﬂ'eé F:‘l‘
. imple Mewory
\ gys“&emz But Wil
R/W > DeMr'\ sgow““‘?oy“evjs
woRrp /BYTE N
<T 8 >
IAQ )
po _
' 9995 <E MEMoRY INTERFACE

FIGURE €.



CLKouT ) | ! I ] ' ] l l
|

|
Ao-At4, AiskRuouT _ X__ O X O X
A @ $ l @ { | -
SR R o B
' .
MEMEN  _ N\ J
| |
L e
_——é l - - ’ \\-.
wWoRp/BYT E X Volid X Valid X
| . ! I
R/W "} | l o
| ,
STQ '[ Nolid
TAQ | / \ | [ ® \_______|
L ]
'\ V ’ V v
MEMORY READ MEMORY READ
No wWAIT STATES ONE WALT STATE
Notes:
@ Vo.hA Aééress '
@ In Input Mode (Privers @ High-2)
€] Memory Read Date Must Be Valid At CLKouT! Edge InJmodecl
@ TIAQ Wil On\y Be Asserted During .Memory Read Cycles I¥$

An  Instruction Ofcoée Is Bewq Re

9a9s SE  MEMORY REAP CYCLE

F:a:euﬁf_ 9.



cewours [ [ L L[

| |
Ao -Al4, AIS cRuouT .X o X © X
- { {
po - DIS l X ® X Q) X
mEmen )\ —
{ I
DBIN ‘ ' \\__
WE | \ [ \ / , \_
wokp/BYTE X Valid X Valid X
| (
R/W ) ) [
A I | ,
5Te Ji Valid
TAQ I [©) | @ - |
\ N ' -}
"4 - N

MEMORAY WRLTE
No WATIT STATES

MEMDORY WRITE
NO WAIT STATES

Notes:
® Valid Address
® Valid Memory wvite Data

@ IAQ Wil Never Be Asserted Dmrnns A Mewmory
Wnite Cycle

9995 SE MEMORY WRITE CYclLE
FIGURE |O.



Awy Nuwbev
P s I e 2 -
>o->I.>w\nx§:._‘«J_~ m»:u Address _t.m@u lllllll e m———— — _l_ lllll _ﬂm
i 2w S s e
— u» Iy 5 :

| _ ‘ |-~
BBIN @ - o~ e ———— —— _\.ll,ﬂ
WE _ ./ SO N ffm m mm e m— — —_

wWoRbD /BYTE X ) T T
| £
e AL
. | | I ¢
T / d |
TAQ — — g \....
. | ~® . ¥ & !
HoL D : ﬂ m \ 9 S5~ ‘ f\N\\\
, ~ _ : e
HolL DA ﬁ /I‘I\!..l
\Sr w ./.ﬂw N <,ﬂ..+ ) . 3 ~ Neyt C _NNZQ.SO%
(-3 o \ <
’ - sxm..h,.*nw .@ * Hold  State CRU, mx+nu.\ssb_ Hsm::a.w\ﬁvs.
. or Internal AlLU h,\o_mv
7_ 0+N s - - ‘

o Cycle ‘before +he Hold Stote could have been Mewery Afni; any
number of Want State ), CRU, External Tnstvuction, or Iuternal ALU -
@ HolD must be <9_mb o last low-~to- f”wf ,J.«D:v,.*”o’ of a A.v\n_ﬂ Lovr
next low~te-high <HKOUTI iransition to beqin a Hold State
B In l“wrn..sa\mhnr:n& mod-e. ﬁoe—.-;ﬁx.* dvivers) .
&) me,+ cycle will begin after Fivst low-ta—high cLKouT! +ronsition ot which HoLD is rumr

AQn g At MU DA TSI e
FIGV™Z .



Any number of
4— cLKouT| cycles

: -

CLRKOUTI _ I , ‘ ‘ l ; P . . ) ) | r_
. @ | | | l 4! ' ‘
MEMEN, WE ><\><><>O<><><><><'><><><><I>( .
a | e
WD BETE: SOOI |
| ORI [ I
cRucLK, : ,
IAQ (.
1@ 1@ ® & 13 @ (@ @ ®
RESET \\\\Y\l l i i ” 1ZZZZZ/T \
No"e‘i: . '.

@D Pon't cave WXX  indicates that any Type of qqq5rfg5— cyele cap
be -taking f'.«f-‘—e -

(@ ReseT

\s §amplec‘ ol every high<4o-Jdow CLKOUTI transition

@ RESET = rac;u’nreé +o be active (low) for a minimum of Feur sulmples
+o inttiate  +he .éecluenée_ The cortext switch WOU\\A besin’-l—wo CLKouT |

aftev @ ¥ RESET weve inactive (ki3k> a¥ the wnext CLKoUT| Folling edge Fter B

cyeles

The context SW;‘\L[\ Ms{y\% -}‘he
cycle ofter

(high)

Reset ‘hra'.: vectoyr bej'.‘ms. cene CLKOUT

RESET e Scxmple\-‘ as "\a\l'\\r\s veturned +o 1he tnactive
level . "

9995 sE | RESET SIGNAL TIMING RELATIONSNIFS

FIGURE 12°

W€ of Reset
\'/edo(\



Any Numbey OFf

— o
CiKouT C)u.les
€ LKouT! | N D T L L
V@ G o) G 66 008 19,8
NMT NN/ [ T/
% \—-\/‘_"J\__—V"—/\ ~ - /
" Intevnal Tidevne) Contexd Switch Awld
Cy<le Cycle . NMI Subvoutine
(Wau\al hove
been m\_IAQ
i+ TUMI had
ot occurred
Noles - . . '
O NMI ;s SAVMPIQA at evevy high-+to- Jow CLKOUTI +ransition

@ To pe Tec.oca\n(’ze.A; NMI  wusY be qc+‘\v_c (\ow> ot the end of an

wmstvuction. Since instvuctions ave vaviable iy lengthy the winiwum active

Time For NMI is vaviable o.c.covA'\vma +o the ;v\s‘i'r_qc“"\m\ belhﬂ executed.
Shown by@ is Tthe last possible time that NMI wust be vecognized ot

¢ by befove execution of the unext inctvuction will cowwmence. The NMI
context switch begine three CLKOUT!cycles after evecution of the current

\nfﬂr\ruc'ﬁovt is CoMf’\Ci'\‘e— -

@ After an NML context switch Sequence has been jurtiated NMI <can
remam .o\c'fi\Ie. (\ow) 'mJe"r\:v\'\‘re\\/ withou? Cdu-‘-l'h% "_f_c_»y_tieéu‘\’i\/c NMI tvap
requests. To enable ansther NML tvap Yequest, NMI must be ‘takey
acte (\{\3\'\) and be sawpled of leact once at the nactwe level.

9995 sE | NMI SIGNAL TIMING RELATToONSHIPs

FIGURE 13



Ao - A4

Do-D K*-

VAV,

MEMEN CRU

9995 s~F

TEIN DEVICES

. CRUCLK

cRUIN

AlS/cRUaUT

READY

R/W

¥ Note:

DO-D2 are used +o distinguish between. CRU and
e.x'_i'erv\a.( imstruction cycles. IF extermal lastructions
ave not used sys‘f‘em) PO-D2 are weT )
necessary iw +he CRU Interface.

N &

9995 s  cRA INTERFACE

FIGURE 14



cCLKouT | l-— r ‘ \ | _m—
o o ¥ i o l | w
ro-ask/@ X © X ® O _ Xo X
| . : | _ _l_ | _ _'_ | N
po-pz  -K@ ilf- -A® - A& -
' [

al

1
1
|
ik ! b
MEMEN % !\ 7 :\ ]
! | | ! l |
N | ] . | .
' ' I ! H | '
LCRMCLK 1 0 | ' | ') ' R " o
07 il . i i l Tl
Aisfc RuouT ® | X® 1S Y X® X
' (I I [ l | Tl
cAun @)@}
] [ } ! 1 l .- |
'BitAdde n Bit Addr wil | \ v l
C I v “n v v W c I +
55\%\& 2{:::*-) ‘IDM‘a Bit n Data Bt ntl ; 5\Rnlg\e " :'_)’
No Wo.:‘i -9 A VT ’ One Wat State
ERU Tnput,

Notes -

D Volid Address; R/W=1

@ DpPo-pPz  Fach output Los‘\c Zevo

® Non- specific  Output Bit :

@ cru Taput Bit Must Be Valid On CRUIN At cLKOUTI Edge Indicated

A995 SE.  cRU INPUT CYCLE
FIGURE |5



CLROUT ] L’J_’ ___F_L o r l'_\ l—

pe-pz  —f@ If- - D

| |
Ao-Ai 3R/ | :):L@ X :)l(@ Jl(D X: :XCD A
—-, :
|
|
|

J !
MEMEN 7 v 7 -
I
e | I | I / | |
CRucLK | l \I I 'R [—\: | f—__\_‘____
| ! ! - : | : |
st X @ & & X XS X
crury SO MO
) i
I\""""V"""_',' :\———V_——_/WI PESRTT B '\ s v ,,
CRU O»d’pvd’) 1B AdLL v Bi+ hddr. ntl . CRU O\A*Pud‘

Single 81, '\D‘ﬂa Bit n DaYa Bif V\‘H) Single Bit,

: v ' One Wait State
No Wais CRU QM.T(MT) n . X a
Successive Bits,
No Wa'l“'s
Notes .

@ Volid Address; R/W=0
@ Do—-pPR Each C)u'\’fu‘\‘ Loﬂ‘lc Zeyo

@ \/c\\\A cRU O;,d’pu"’ Bt For Addvess Be‘wxs Ou"’pu""
@ Don't Cave

9995 <€ | CRU ONTPUT CycLE
FIGURE 16.



b2 3 4 S 3 7 8 <2 1Q V112 13 14 19

! | | | : : X |WRIz
' |
. !
| |
. S g 10 11 12 13 14 15,
' ‘ SIGNED
R ,3 3 ,3 } ’ O‘SPLACCML!\('
Si7 9 SIGN ' 1 _
EXTENDED J\v}, |
I 2 3 &35 3 778 ¢ 10 1 12 13 14 '
| i . ADDORZSS 3US
/
- v .4
EFFECTIVE CRU 31T ADSAESS

FIGURE | F.- SINGLE 31T CRU ADDRESS QDEVELQPMENT



CRU INPUT 8ITS | CRU QUTPUT BITS

N N
| |
N+l N " ) | N+l
- l INPUT (STCR) : )
| — |
| v ' '
| OI | MEMQRY 'WOROQ 1¢ 1§ [
| L1
' |
e OUTPUT (LOCR) ,
N+-14 | . | N+ié
N+1S | ' N+l T

N = 31T SPECIFIZ0 8Y CAU 84St RzGisTEr (wWR13) .

FrsORE |8 LDER /.5 TER DATA TRANSFERS



MEMORY CYCLES!

CLKouT | - L B

m"\-f"“L" '/‘—‘\

—

l
: > —id

oy 00X 0ot et
No WLM"' One Wart 31’0.‘18 Ao wotic One Wat 5‘\93‘& Auduvuf\’\c,
Stales First Wait Sfafe Featuye First Wait tde, Feature
Not Active . Active

CRU CYCLES - ANP £xXTERNAL INSTRUCT IoN cyey Es:

cLKouT I , ~L__F ) L___r \ [

BBIN or ‘ |
Inverted ! \ } \‘ ‘ ’

<CRUcLK
‘ 0]
R e D e o
No Wat 5-\'0;\'35 One Wit 5‘\‘0:\‘4:
“ . (Au“'oh\a'hl:— Fiyst Wait State

Feoture Poes Neot Aﬂal\/ Te
CRU Cyeles)

Notes: ' o
® First SAMFIE Time OF REAPY I Cycle i
@ secov\c\ Squle Tyme OF READY In Cycie_- Aé:yrl';ono\\ Wart States
CO\V\ 68— Gemefa‘fecl BY Kec_{l;wb READY Low A“i‘ Th‘.s Ay\.;(
sﬂbse‘tu‘fv\"' Samf]e Times. ’

XK Dewnetes Don't Caxe

"WALIT STATE GENERATION FoR .
MEMORY CRU, lAND EXTERNAL INSTKUICTIoN CYCLES

FIGURE 9.



Fro I
o> 1 REARY . .. ___ _. Pf‘;::“ryk READY
7995 SE | ’ 7‘*074} 9995 SE
rerve- Reset Request /P
AESET reques’ >— RESET <
T L S
) (0\) Ihl'\‘sb‘d‘;vxﬁ Au’fowo{\"\c. Fivrst (b} Ink;‘o‘ﬁ"\ns Aw}owzd';c Fivet
Wait State, R-C PcWE\f"M‘) , Wait State, TTL —Spee_c\
Reset Reset Reiue$1'
ee
Fro é
F%w:v'> READY
System ) : - -

! qa9s SE {

s

) Tuvoking Au‘tomofﬁcl Firet Wat State (Reset Con
Be R~-C Powev'—uf Ov thefw;SQB

<

EXTERNAL CIRCUITRY FoR INVOKING/INHIBITING
AMTOMATIC FIRST WALT STATE GENERATION FEATURE

FIGURE 20.



-

CLKOUTI (———'\L I‘?‘ f_—_g B ‘! { \I
fo-nie B S N G G \C
e W IVl e o el W I fin N I s
vopr D@ (G)-( P3P B2y 33>fQ<zi'§>----1‘-<
pe-ois THD-- 32 ‘::->-@-<Zib}% 58 o< 5P QG
mEmew T\ [0 TN [ T\ T\ I

GBIN \__J -/ — —/
—_— { -
WE
worofBvrEe _\ [0 T\ [ 7 . s .
R/W —t \\__ i N ot e \..
AR [ @) / S
\ / A\ /N /N /
—V V ' NV
Byte Read Byte Read Wevrd KRead Wovrd Read
(Ms By‘l'e-) (Ls Gy'l'e.) (One Cycle) (Twe cyc.\es)
© O) .
Notes :

@ 93995 s£/9990—- is ejther cownected +o Vee or Ground
@ 9995 2£/4%90 = s connected +o Gvround or 9935 SE/q990-
is connected +o Vee and Address of word being
accessed is in the on-chip memory address space
oFf +he TMs Qaqs . : e 5
qqquE/q‘i'ﬂO— ie connected +o Vee and Acléress of
word  being accessed is in +he off-chip memory
addvress space of +he TMS 9995 |

Valid Address

In input mode (DV"\VQ-V's@ H;SI"-Z)

Add ressed Byte of memory read data must be valid

at <cLKouT] edge indicated

This tWalf ofF data bus is dont care inputs at
CLKouT| edge indicated _ C

. ZAR will only .be assevted f an instruction epcode

o being read : A nsTh LLEETE

® Q 9O® @

9495 SE/CHQO- SIGNAL EFFECT oN
MEMORY READ CYCLES

FIGURE 2I.



CLKOUTI 1 1 [ L 1 4 |
Ao-A 14 e X X& b

wsfemowt T\ (0 T O TN 0T\ Lo
po-p7 =N B XX @ ) X e X & "??’Z;:?(
p8-01s =-H_© K - B X =& X ———=-6< X

/

TBIN
wE \— T T\ | W
werofevTe _\___ [T T\ [ T :

75 Y s s WY s WY S a

TAQ

[=}

SN VRN /7 N\ VRN Y,
Byte Write Byte Write Wovrd Write Wavrd Write
(M5 Byte) (Ls Byte) (one Cycle) (Two cyc\es)
O] @ '
Notes :

O) qaqSSE/qqqo-— is either connected Yo Vee or Ground
@ 4995 8E/4990 = i connected +o Gvound or 9995 SE/4q9q0-
is connected +o Vee and Address of word being

accessed ie in the on-chip wmemory address space
oFf +he TMs qags g .

@ QQQSSE/"\Q‘*O— ie connected +o Vee and AJJY’&SS of
word being accessed iz in +he ofFf-chip mewmory
addvress space of +he TMS 9995 o A

@ Valid Address

® Valid write data for addressed byte of memory

addvess space

Non - specific 3data

9995 s€/aqq0- SIGNAL EFFECT oN
MEMORY WRITE CYCLES
.FLGURE 232.



CLRKOUT | | L
AO - A4, AIS /eruouT X Valid X

IAQ : 1 L
DESTWRITE /

A - AN

v
Fetch Next Twustruction

Valid X

. V4
N
Wvite Results OF Instruction
Being Completed To The

Destination Address OF That
Instvruction

Note: 'rhou.ﬂh shewn ase owne <CLKouT) cycle memory

. occesses , these  occesses can . each have
ohe or move CLKOUT| cycles ond PESTWRITE
will be high for as

'oms as +‘he +wo accesses
,reciu\ivre..

DESTWRITE SIGNAL CHARACTERISTICS

FIGURE 273,



N

IAQ

PESTWRITE _|

i

mola e afm -

o Memovy accesses shown as £yl wovd
accessed in one clock cycle, but could
be. two bytes Yequiving many <clock cygles

@Tke vead cycle or Hold ackuowledge
+hat wmay occur Following o wvalid .
FREEZE— must be inhibited by extevnal
Cwulator hard wave
FREEZE- "wust be +r233evaJ low for every

[ (pesTwRITE=))+(1AR=0)-(cLKOUTI 4)]. IF
FREEZE = = taken high within /128 ns of
the CLKOUT | 4 that viqgeved it low, the
“freeze® will net occur. I FREEZE- is_ chl‘l'

low and RESET- iz asserted, “freeze™ wi
ocecu¥ aod shown -

1
]
|
'
. | :
AppRESS j \/oj‘\A x Valid XJ«\ d X Nown— Sch:'P;c ->( Valid [
1 ' i _ ) 1 i
pATA A -
. (
P — { { | !
MEMEN ____\ { i | ;\________'/:.
‘ ' ] [} [}
] [} [} [] {
BEIN T\ T\ S
( ] { ] ) 1
WE : L[] : : !
[ { | - | { {
FREEZE | S - ® ; P
. ' i 1 @ ' 5 { 1
RESET |\ | le—D_,J
., © et
I;ﬁ{:“.:l':cn Write teo Switeh
e Destinats : <
or::ﬂ;:x. PC,WP,and ST ‘Registers Ef:g‘tﬂ‘;::f
Tutevnal ALY |og “Frozen® (W(\\ wot be —p Vector
Cycle ckq,v\a Cc\)
Notes :

@ RESET- Sor a “frecze is triggeved low by
[ (pEsTWRITE =0) - (FREEZE-=0)+(CLKoUT) 4)].

® RESET= must be low For & minimum oF Four
sawmples - (RESET- awd FREEZE— are samph
at every high-te ~loew <LKouT| 1'r4\»\$§"f\°b\>. The
“freeze ™ can be extended beyond +the
mmiwums  showi by Keeping both FREEZE-awd
RESET— low,

@ FREEZE- s +riggeved high the sawe

.Chy(:u‘l‘l rising edqe that +vigqevs RESET-
‘s -

FREEZE SIGNAL cHARACTERISTICS
' FIGURE 2+4%.



Add :

STATE

Raa \ster - ta - R eg \ster

MEMORY CYCLE INTERNAL FUNcCTIo|
FET<H IN $TRuC_TIOM process p revious opera
write Yesults DECODPDE INSTRUCTI

FETCH 5OQLRCE

-

FETcH DESTINATIoN :

L d

Teteh next InstrucTion ) ADD

WRITE ARESULTS decede nstruction

EXEcUTION SEQUENCE EXAMPLE

FIGURE | 5.



XTALL

STAL2 /eLKIN
CLKoUTL
CLKOUT2

Dis

Di4

D13

D12

D1t

-
—
<
Il alakalasBalianlaliaalalalalelalala el el el e e T e T e T s T e,

B e — B
BRERE e e aaoRoSeRNTAL @ —

BRUBKR

30
3t
32

BREELBL S

UHl—‘h‘l—l‘—‘l—ll—lb—luuul—ll—lu.—‘l—‘HHL—J‘—‘I—.“-‘H‘_‘&-‘I—‘UHl—ll—Jt—l

WE- -

HOLD-

DBIN-

1AQ

HOLDA

vee

STe-

R/W~
WORD/BYTE —
DESTWRLTE
CRUIN

CRUCLK

MID

IACK

INTREG-

ICo

Ic1

102

1c3 .
999 5 ¢ £/a9%0-
Vss

Y
e’

IEIREIRB28

[ =
—
o

NC - No Internal Connection

4995 sg PIN ASSIGNMENTS

FIGURE 2R6.



L 4

J 4

t — T
Fi ) i | o,
CLKIN \L /

¢t o |, .
ot tea

tea l Fra y LNIY ’
o\,
ClLKouT ! \ ‘ : /

L—-——-'t wiz T

‘: Tea }“ o — ty
CrLKouT 2 \( \ /

<—-———-—-1: Wiz — %

No+£ . c\) -thtP\l) -tNHH tWLI 3 O\V\A ‘tg| BQCOMC UMcle?:ueA Fafam&+€TS
When A vas“a\ Is Copnected Between XTAL\/CLKIN And XTALZ,

AV\A..Th& Ivternal Oscillatey Is Conse‘ludn‘fly Enabled

qqqs SE cLocK TIMING

FIGURE R1.



Common s.lgua\s -
CLKOUTI \ 4 “**x; /
+———tp2 |
AG- A% , Als cRuouT, A
WoRD [BYTE ,R/W, ST8 | Vali }(
i—-———-tpa'."."‘ d——’t0+ - |}
MEMEN AL |
""tsul*'
READY XN '><><><p0<><><>< DOOOKX
(see Nove) - -t
' tace - 0
Me\ﬂu(l Reo«! Cyclc'. i sua
Po-pis 4 e D —
] ‘-ﬂ!"‘tps ' —b ld-—-'tpb
UBIN ‘ /
—| |-te; — -tpg
TAQ N\
(1‘: ASSeVI‘\eJ) /ﬁ o~ N
<+t o
Mcw\ovy wWrite Cycle: He—"1 Next Cyele To
. -] 4—-1’01 -+ t)[_ — /Me»\mry Re‘u‘
Do ~piE o [ >4 Valid L PO S ><_— —~
. - . e 15, —H — tp
WE ! \ /f _
Last €LKOUT] High-to- —+| | tes
Low Tvansicn oFf At L 4- d
Previous Cycle wiL
Nete - Cychf Showu Ts For No Wait States (W:H. Wat States,
CLKouT Cycles Getr Added , But The Sw;'fch'mﬂ Povometevs De Nt Ckahae)
— 1
| 9995 SE MEMORY INTERFACE TIMING

FIGUKE Q9.



Common 5fgno\|51

CLKOUTI ———:\ Vi \ 7 ' v

Ac-Al4, R/W, 578, . X
woRo /BTE Jvaid X

— !“'toﬂ
Do-p2x A vaiid - )(:

MEMEN  V,,

genor (eee MY DRI KOOI TN

g t5u1 o

|

v

[
Ry

CRU Tnput Cycle:
. -4 t D5 ——y tpe

DBIN
'tsu;zi ,: I"’tna

8% In
CRUIN {v:n.-s }‘

CRU Output, Exyernal

Insteuction Cycle: | —| the |+
| : N e : —> "—‘tms —> [t
CRucLK ' ’ mlOhEe LT : , f X '
) 4"—tpz°—‘-"l —bl <+ Trq — :tFB
A1S feRuouT M Bir Out Valid ! Y
o

Lost CLKOMT_I High-4o-
Lew Tvamsition OF
Previous Cycle

Naote: Cyele Shown Is For No Woit Stafes (Wl’rk Wat Sdales, CLKouT Cyclen Get
Added, But The Swl'\‘cld.\s Povometers Do Not Cho.nge). A\'.‘.o) READY I< A Don't Cove
Taput Puving Exterwal Tustraction Cycles (Wo.'.‘l' States Cawmet Be Insevted Iuto
Extevaal Instruction Cyecles).

f%"ﬂs SE . CRU, T XTEKNAL INsTRUCTIoN TIMING
T FTrAinlde aaa -



Hotd Stote - Ay Nuuber
Of CLKou Tl v

. Cycles
CLKOU T R = T\ /
: ]
Ao-A 14, Ais/cauouT, : = toz |- High-2 . Y
po-D7, DEIN, WE Valid ) 55 _ '4_1: \l Valid
; "*’ —tous ' l e !
HoLoD L ' G / < :
—p
. ' -tp-l I |4— LC o8 "'
' | 7— 55— \
R ) \ ‘ | | |
Logt SLKOUTI Cycle Next Q%S sg
of 95 SE | conlvolled controlled Cys< le
Cycle (e.q- Memovy Wiite) ™
RESET, NMI Any Number
—] 0f CLhouT) |4¢—
Cycles

cLKouT! \ / e i

— tsue '*l &tsuxo
RESET, NMIL iy 7E

| 9935 se HoLD, RESET, ANp NMI TIMING

FIGURE 30,



CLKouT| /
. tuy
TR . \\\&\\\‘\t—*l*m b2 7777
Peat e tar

tco-zes YOO v X

!

CLKouT| Edge A+t
Which Ivd’evn&f‘i‘s Are
samf‘acl

9995 <€ INTRER=-, Ico-Ic3 TI_MING‘

FIGURE 31.



CLKOWT | N\ / N /
{

Ao-Al4, AISfk RuouT > Valid p
| tpy | > tpio |+
X

\ ot

IACK , MID Pl Valid

y=
Can be o multiple <LKOUTI
cyele wmemovy Access

CLKOUT | M
X

AO—A (4, AiS/kRuouT X Valid X Valid
1Aq | —\ e
= tp Ja— ' —>itois |«
DESTWRITE / i
\ — VA v 4
Mev;\ovy cycle ' Mewaery Cycle

Each of +hese memory cyc.‘és capn have
muH';fle CLKouT| 4\/c%es-.

TIMING OF SPEcCIAL SIGNALS
" FIGURE 32x.



TEST Vee

PoINT
Q =4
FROM OUTPu7™ T
UNDER  ©O- r |
TEST , Ra . 4
pu— CL. ' ﬁ |
3
Notes: See Table I’ For Values OF <., R1,
and RZ. '

All diedes are INSI6 oy IN3064

SWITCHING CHARACTERISTICS TEST LOAD CIRCUIT

FIGURE 33,



[9995 sg . Outputs :

A W ¥/
_____ 0% oH(MIN)

Obv~_t _ _ . _ - _ L __ - 10%
0.4v. ré‘{ -t - - - - ===~ =

?\0+V.\J— _—— e e ——— —
224~~~ ~—-~-"

VoL (MAX)

2.0V, ~_ |
1.88v.—F

0.92v.
O .80V, —

MEASUREMENT PoINTs FOR SWITCHING CH/\%ACTERISTlcs

FIGURE 34.



| 9995 =&

XTALR/cLKIN XTALY |

Q-

CRYSTAL

= c, =,
A )

C, and Ca /uumui Mo oL W‘@—Qu e
A /,owu., ,mclua/w.» ,Ai'w/n/ gond ,ﬁuw‘ilc./

PARAME TER TEST CcoNDITIONS MIN | NoM [MAX [unT

Crystal Frequency, ¥x 0° - 70°< 6 MHz

<, Ca Q% - 70°C 1o | IS |as | T

1

INTERNAL oOscILLATOR

FLGURE 35,



| 2995 =&

XTALA/c LK IN XTALS
/ ~ 2 | .
2s) 2/No
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[ 3.200 = 0.030 -

< 3 .
fe——0.900: “"""‘] ;o.ozo MIN 0.188 MAX
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0.010 g
NOM | ¢ 0.017

0.120 MIN g 0-0S0NOM £0.003

PIN SPACING 0,100 T.P, £0.020
{See Notw A) ‘

NOTE A, Each pin canteriine 13 located wettwn 0.010 of its true longitudinel postion.

9995 92 MECHANICAL PATA

FLIGURE 37.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127

