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ARCHITECTURE  
Addressing e'r 142 -1,1t worcIS and 8-12i-t 

2.1 Memory Allocation 'bytes L.ISIste tke 16-kii- cda+a baS 4=0"  
he. 16- b;+ b  +e addre s s is  

(:7-- 
The  basic word of the 9 q9S ee architecture is 16 bits in length. 

2.0 

~ .  
shown in Figure 1. 

All words 
(Instruction opcodes, operand addresses, word-length 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 begin the word access with 
will result in the word starting with this odd address minus one 
to be accessed. 

this_ 

The instruction set of the 9995 5E allows both word and byte 
operations. Byte instructions may address either byte as 
necessar~ _~ 

  

The 9qq 5' memory map is shown in Figure 2. Shown are the 
locations in the memory address space for the Reset, NMI, other 
interrupt and XOP trap vectors and the 

Ire e 

2.2 mom Organization  
The block diagram of the 995 s5_ is shown in Figure 3. A flow 
chart, representative of the 9 e y6 functional operation, is 
shown in Figure 4. 

2.2.1 Arithmetic Logic Unit  

The arithmetic logic unit  (ALU)  is the computational component of 
the 9995' ee. It performs all arithmetic and logic functions 
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 0 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. The most significant half of the  ALU  
performs all operations on byte operands so that the status 
circuitry used in word operations is also used in byte 
operations. 

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



2.2.2 Internal Registers  

The following three (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 execution are inaccessible to the user. 

2.2.2.1 Program Counter  

The Program Counter (PC) is a 15-bit counter that contains the 
word address of the next instruction following the instruction 
currently executing. The microprocessor references this address 
to fetch 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 contents of PC. 

2.2.2.2 Status Register  

The status register (ST) 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 
circuits. 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 vier ee 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 significances 
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. A largenumber of workspaces may 
exist in memory simultaneously to provide a high 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  SE'accesses each 
register in the workspace by adding two times the 'register number 
to the contents of the workspace pointer and initiating a memory 
request for that word. Figure 7 illustrates the relationship 
between the workspace pointer and its corresponding workspace in 
memory. 

For instructions performing byte operation's, 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 address)  however, the least,,__ 
significant byte may be directly addressed, if desired, using any 
of the more general meory 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 9995 5E 
accomplishes this operation by changing the workspace pointer.' A 
context switch 'requires only three store cycles and image  fetch _-t, 
cycles, exchanging the program counter, status register and 
workspace pointer. After the switch, the workpace pointer 
contains the starting address of a new 16-word workspace in 
memory for use in the new routine. A corresponding time saving 
occurs_whenthe original context is restored. Instructions in 
the 9'995 SE that result in a context switch 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 9985' SE  to trap to a 
service subroutine. 

2.3 MOM INTERFACES  

Each 99%5  ed 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. 
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2.3.1.3 .2.3.1.1.3- Direct Memory Access  

The 9 995 5E Hold state allows both external devices and the 99435&E 
to share a common external memory. To gain direct memory 

access (DMA) to the common memory, the external device first 
requests the ßi99 5 se to enter a Hold state by asserting (taking 
low) the HOLD- input. The eviersEwill then enter a Hold skate 
following completion of the cycle (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 first and second 

r clock cycles of 
a CRU cycle. 

Upon entry of a Hold state, the 9995  SE;puts its address, data, 
and 

asserts *fiOLUA—.• The external device can then utilize these 
signal lines to communicate with the common memory. After the 
external device has completed its memory transactions, it 
releases HOLD, and the g99.g.5g,will 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 
999.5 sE 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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2.3.2 »metem Interruots  
lib 

The 9915" se implements 4414oen prioritized, vectored interrupts, 
some of whichWwe  4 predefined functions and the rest 
of which are user-definable. Table 4 defines.  the source 
(internal or exernal), assignment, priority level, trap vector 
location in memory, and enablingfresulting status register 
interrupt mask values for each interrupt. 

The '9995 se will grant interrupt requests only between 
instructions except for Level 0) Resets, which will be granted 
whenever it is requested (i.e. in the  middle of an instruction). 
The basic sequence that the 9'99.5-  SE performs to service all 
interrupt requests is as follows (Note, that the 9 995 ea 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 a 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) AiiallelMika Reset is 
requested, in which case it will be granted, or (b)mthe 
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 has several important characteristics. 
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 higher 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 executed 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 2.3.2.2 )<)._ Lastly, the vectoring and prioritizing 
scheme of the gaRS 5t permits interrupts to be automatically 
nested in most caäes.--If a higher priority interrupt occurs 
while in an interrupt service routine, a second context switch 
occurs to service the higher priority interrupt. When that 
routine is complete, a return instruction (RTWP) 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 9 q9; :*E interrupts are supplied in the 
following paragraphs. 

2.3.2.1 -, External Interrupt Requests  

Each of these interrupts is requested when the designated signal 
is supplied to the 9Q95 SE 

2.3.2.1.1 Interrupt Level 0 (RESET-) .~ 

Interrupt Level 0 is dedicated to the RESET=..input_._of the 
`t995 5E. When active (low) , RESET- causes the 9995 ee to stop it 

instruction execution and to inhibit (take toflogic level) t4  
The 9995 eg will remain in this 

Reset state as long as RESET- is active. 

When RESET-. is released (low-to-high  transistion), the 9995 ser 
performs a context switch with the Level 0 interrupt trap vector 
(WP and PC of trap vector are inAmemory word addresses 0000x and 
0002X, respectively). Note that the old WP, PC and ST are 
stored in registers 13, 14, and 15 of the new workspace. The • • 

99`!5 SE then resets all status register bits, 4'i .^` raal ' e twee 

q~) ceNirol 
S~9ral5. 

+ : ,..... 7 ~ n ~ ~ _ - •,-~ -, ~ 
. J . L . . 

n L, 

t 

ila6 L  i.,..  £ . . 3 . _ .e14.. After this the 9995 sE starts 
execution with the new PC. 

12. 
Timing relationships of the RESET- signal are shown in Figure , 

Release of the RESET- signal is also 
Automatic First Wait State function 
invoked (see Section a -J-.t e) . 

~.3.~ 
2.3.2.1.2 Non-Maskable Interrupt (NMI-)  

the time__at which the 
of the 9985  st  can be 

The NMI- signal is the request input for the NMI level interrupt 
and allows ROM loaders, single-step/breakpoint/maintenance panel 
functions, or other user-defined functions to be implemented for 
the 999 S SE a  This signal and its associated interrupt level are 



named "LOAD" in previous 9900 Family products. 

13 NMI- being active (low) according to the timing illustrated in 
Figure X. constitutes a request for the NMI level interrupt. The 
9995 _;E services this request 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 9995 s will 
always grant a request for the NMI level interrupt immediately 
after execution of the currently executing instruction 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. 
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2.3.2.2 Internally Generated Interrupts  

Each of these interrupts is requested when the designated 
condition has occured in the yety 

2.3.2.2.1 Macro Instruction Detection (MID) Interrupt  

The acquisition and attempted execution of an MID interrupt 
opcode will cause the MID level interrupt to be requested before -..• ""1 

execution of the next instruction will begin (MID interrupt x 
opcodes are defined in Section 3.5.15). In addition to •N s 
requesting the MID level interrupt, the  MID . 
(see Section ßr.3 .3.2'.2) , The 9q€1 5E services this request 
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 ell 5 5E 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 switch, 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 -D 
opcode, and NMI will allow the 9995 5E to be halted immediately -: 
after encountering an MID .opcode. ~? 

4°. 
It should also be noted that the MID interrupt shares its trap  i  rt 

me vector 4MM/I Lt. r_l 24.j the Arithmetic Overflow interrupt 1 Q 

The interrupt subroutine be•innin with the 1-3 
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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 9 995 5e. MID 
opcodes are used as the opcodes for these macro instruetiöns 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 instructions 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 991S SE 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. 

2.3.2.2.2 Arithmetic Overflow Interrupt  

The occurrence of an arithmetic overflow condition, defined as 
status register bit 4 (ST4) 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 thel instruction that caused the overflow 
condition. The 9955 sk services this request exactly according 
to the basic sequence previously described, with the priority 
level, trap vector location, and enabling/resulting status 
register' interrupt mask values as defiled in Table 4. 

In addition to being maskable with the interrupt mask, the 
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 interrupt 
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. ST4=1), 
which is saved by the higher priority context switch. Returning 
from•the higher priority interrupt subroutine via an RTWP 
instruction causes the overflow condition to be reloaded into 
status register bit ST4 and the overflow interrupt to be 
requested again (upon completion of RTWP instruction). The 
arithmetic overflow interrupt subroutine must reset ST4 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 interrup Wr46ee 4, 
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2.3.3 Communication Register Unit Interface  

The `N9ä :iE communication register unit (CRU) is an instruction 
(software) driven bit-oriented I/O interface. The CRU can 
directly address, in bit-fields of one to sixteen-h.ibs, up to 
32768 input bits and 32768 output bits. The 9995 se executes 
three single-bit and two multiple-bit instructions. The 
single-bit instructions are: TEST BIT (TB), SET BIT TO ONE 
(SB0), 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 .  9995 6G interfäce to the CRU are shown 
in Figuz a A5% 14I"• 

-r; ►•:v.% rely+lonskirs c-P +ke. cR u ;epet cycle. amv+d i-ke. c.RL1 
outro- cycle o.YeG skoWh Figures is ANd 1/  irespec}iVely. 
CerKpie.$ovt of eack CRU cycle • o d/cr a eeeratio►1 oar Wa►t 
s},,ref  i  s d e,terwe d a b the ' R E1~DY iep►~t-  s ei-a(ed 
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Ni+k t~1e  bi+  
Webs ;mct/e*es+ee  For multiple  bit transfers these input and output cycles are 

;ack cycle) repeatedkrtil transfer of the entire field of data bits 
specified by the CRU instruction being executed has been 
accomplished. Field 5$0.te s Cali occur between tti ese  c yc lde s , 
bet w411 never be er'as'ed clerii9 «my b;t cycle. 

2.3.3.1X Single Bit CRU Operations  

The 999.5 Si performs three single-bit CRU functions: TEST BIT 
(TB), SET BIT TO ONE (SBO), and SET BIT TO ZERO  (SBZ).  The SBO 
instruction performs a CRU output cycle with logic one for the 

• J • J • 

(t,DCR or STCR instruc'+~'ioHs) 
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data bit, and the  SBZ  instruction performs a CRU output cycle' 
with logic zero for the data bit. A TB instruction transfers the 
addressed CRU bit from the CRUIN input line to bit 2 of the 
status register (bit ST2, the EQUAL bit). 

The 9995 5E 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 . illustrates the 
development of a single-bit CRU address. 

Multiple Bit CRU Operations  

The .99957 e45 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 iß°.19® 
Although the figure illustrates a full 16-bit transfer operation, 
any number of bits from 1 through 16 may be involved. 

The LDCR instruction fetches 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-justified 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 7) becomes the lowest addressed bit in the CRU and bit 0 
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 
will 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. 



Wait State Generation  
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Wait states can be _enerated for Mrdimmumbamami memory cyclesjami 
ewbsimewei CRU cycles, or the L q5 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 interface signals is shown in Figure 

r, , nP1ri 
~j fas ~ei   

•v4iEMgmegaFiiw3—a Faaa oYa'- 

The Automatic First Wait State Generation feature of the 49ßS SE 
allows a Wait state to be inserted in each external memory 

cycle regardless of the READY input, as shown in Figure ems'. 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  transition, the first Wait state in each 

aPl' 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 
axtaa»i memory cycle. There is a one and one-half CLKOUT.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 

2.0'-.feature is shown in Figure X. Note that this feature does not 
. apply to •‘' CRU 
cycle or met:1 v►ol ohs*YKc+►oh cycles. 

Wa►fi 5+ates eehno'F be. geherated öur► .g 
Woliktseriklilaraapetiviiieffiar inteY+14 All/1/ether opera- ;ey% 
cycles)  art ö the READY imp• + ;$ ;g nor'ea dAr+h9 these 
cycles. 

External Instructions  

The '9995 ea has five external instructions that allow 
user-defined external functions to be initiated under program 
control. These. instructions are CKON, CKOF, RSET, IDLE, and 
LREX. These mnemonics, except for IDLE, relate to functions 
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 the199-5 SE to enter the 
Idle state and remain in this state until a request occurs for an 



2.3.4 
•Z..3-~ ge/429, Internal ALU/Other Operation Cycles 

When the,9`i95 his performing an operation internally and is 
not using the memory, CRU, or external instruction interfaces 

Note -i4.0+ colmPle-Hoh o4 eac,k exfiernat 
ihs#YNc.+ leh Gb.v“i/or 9eheYA+►ok e  

9i-oj-eS i4  determ;Ned by the. R EA `f' 
;1.pß-1' ..s deto te4 ;r. Sec.+ieH  

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_ 991. SE t, 
the 9995 se will use the CRU interface (See Figure De) to 

 /1hperfdr;ri a -cycle that is identical to a single bit CRU output 
cycle (See Figure 21) except for the following: (1) the address 
being output will be non-specific, (2) the data bit being 
output will be non-specific "1(3) a code, specified in Table ,;y 
will be output on DO-D2 to indicate the external instruction 
being executed ^ en the 
99`i5 5E is in the Idle state, cycles. with the Idle code will 
occur' 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 sate, with entry to and 
return from the Hold state occurring at the Idle code cycle 
boundaries (See Section 2 .3 - ' ror details of entry to and 
return from the Hold state). L ?•3•J.3 

<04   o►.oA, 
et,41 c,Ruc1,K 

*is not in the a 
Hold state, the eie SE  will, for as long (as many CLKOUT 
cycles) as. the operation takes, do the following with its 
interface signals: (1) output a non-specific address on AO-A1 po_r 
and A15/CRUOUT, (2) output non-specific data on eO f, (3) 
output logic level high on MEMEN-, DBIN-, - -. (4) 
out ut logic  level low on jek$ 6ffiBer, and (5) ignore the READY an 
RUIN inputs. he HOLD input is still active, however, as the 
'MS 5E  can ent,er a Hold state while performing an internal 
ALU/other operation. Also, all interrupt inputs are still 
active. 
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.!:  INSTRUCTION SET 

   

   

3.1 Definition  

Each 9'1s se instruction performs one of the following 
operations: 

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

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

• Data transfer between memory and external devices via 
the CRU 

• Control functions 

3.2 Addressing Modes  

The 9`i95r eE 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, etc.). These addressing modes are: 

• Workspace Register Addressing 
• Workspace Register Indirect Addressing 
• Workspace Register Indirect Auto Increment Addressing 
• Symbolic (Direct) Addressing 
• Indexed Addressing 
• Immediate Addressing 
• Program Counter Relative Addressing 
• CRU Relative Addressing 

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+1  @LABEL or @TABLE (R) are the 
general forms used by '9985 $E assemblers to select the 
addressing modes for register R. 

3.2.1 Workspace Register Addressing, R  

Workspace Register R contains the operand 

Rput r R 

IPCI~ Instruenon ►IWpl+2R-Imi Oprrand 

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



3.2.2 Workspace Register Indirect Addressing, *R 

Workspace Register R contains the address of the operand. 

Register R 

IPCi—a~ Inatrucaon Fe.(WP►*2R—s Address Operand 

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. 

3.2.3 Workspace 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. 

   

4PC Instruction ►fWPM2R 

   

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. 

3.2.4 Symbolic (Direct) Addressing, @LABEL  

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

CPC)--s. 

IPC1+2 

InstNction 

Label 0.1 Optrsnd 

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 0. 



3.2.5 Indexed Addressing, @TABLE (R)  

The word following the 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 

IPC1—lot Instruction 1•---IWP1+2R--ul  Index  Value 
Effacnw  

  

   

    

IPCI+2-04 Table ~ 1 
Address 

  

The indexed addressing mode is specified by setting the two-bit 
T-field (Ts or TD) of the instruction word equal 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. 

3.2.6 Immediate Addressing  

The word following the instruction contains the operand. 

WPC Instruction 

IPCI+2 Operand 

3.2.7 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 

Address 



0 

CRU Bas. Add 

(PC)  

(WP1+2.12  

OP CODE I OISP 

7 8 15 

Register 12 

CRU Bit 

Address 

3.2.8 CRU Relative Addressing  

The eight-bit signed 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 

0 1415 

3.3 Definition of Terminology  

The terminology used in describing the instructions of the 9 qqS 54 
is defined in Table ie b. 

3.4 Status Register Manipulation  

Various95'95: SE machine instructions affect the status register. 
Figure 5 shows the status register bit assignments. Table 1 lists 
the instructions and their effect on the status register. 



General  0  
Format: 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
TS l S OP CODE B TD D 

3.5 Instructions  

3.5.1 Dual Operand'Instructions with Multiple Addressinz for Source and  
Destination Operand  

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. 

TS 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 0,1...15 Workspace register indirect 

auto increment 
3 

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 thröugh 15) is unchanged. 

2. Workspace register 0 may not be used for indexing. 

3. The workspace register is incremented by 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. 



MNEMONIC 
OP CODE B 

3 
MEANING 

RESULT 

COMPARED 

TO 0 

STATUS 

BITS 

AFFECTED 

DESCRIPTION 
0 1 2 

A 1 0 1 0 Add Yes 04 (SA)+(0A)—(0A) 

AB 1 0 1 1 Acid bytes Yes 0-5 (SAI+IOA) -• (OA) 

C 1 0 0 0 Compare No 0.2 Compare (SA) to (OA) and set 

appropriate stews bits 

C8 1 0 0 1 Compare bytes No 0.2,5 Compare (SA) to (DA) and set 

appropriate status bits 

S 0 1 1 0 Subtract Yes 04 (DA) — (SA) -* (OA) 

S8 0 1 1 I Subtract bytes Yes 0.5 (DA) — (SA) -'(DA) 

SOC 1 I 1 0 Set ones corresponding Yes 0-2 (OA) OR (SA) -. (OA) 

SOCK I 1 1 1 Set ones corresponding bytes Yes 0.2,5 (DA) OR (SA) -' (OA) 

SZC 0 I 0 0 Set zeroes corresponding Yes 0.2 10A) ANC/ (SA) -'  IDA)  

SZC8 0 1 0 1 Set zeroes corresponding bytes Yes _ 0-2.5 (DA) ANC)( ) -' (DA)  

MOV 1 1 0 0 Mow Yes 0.2 (SA) -►  (OA) 

MOVE 1 1 0 1 Mow bytes Yes 0.2,5 (SA) ' (DA)  

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 5 5 7 8 9 10 11 12 13 14 15 

General format: OP CODE D TS S 

The addressing mode for the source operand is determined by the 
TS field. 

Ts S ADDRESSING MODE NOTES 

00 0, 1.... 15 Workspace register 

01 0, 1, ... 15 Workspace register indirect 

10 0 Symbolic 

10 • 1,2,...15 Indexed 1 

11 0, 1, ... 15 Workspace register indirect auto increment 2 



0 1 2 3 4 5 6 7 8 9 10 11 12 1 3 
TS S 

14 15 
OP CODE 

NOTES: 1. Workspace register 0 may not be used for indexing. 
2. The workspace register is incremented by 2. 

MNEMONIC 
OP CODE 

MEANING 
RESULT 

COMPARED 

TO 0 

STATUS 

BITS 

AFFECTED 

DESCRIPTION 

- 
0 1 2 3 4 5 

COC 0 0 1 0 0 0 Compare ones 

corresponding 

No 2 Test (01 to determine if 1's are in each bit 

Mutton when 1's are in (SA). If so, set ST2. 

CZC 0 0 1 0 0 1 Compare zeros 

corresponding 

No 2 Test (0) to determine if Q's are in each bit 

position where Vs are in (SA). If so, set ST2. 

XOR 0 0 1 0 1 0 Exclusive OR Yes 0.24 (01© (SA/ *10) 

MPY 0 0 1 1 I 0 Multiply No • Multiply unsigned (0) by unsigned (SA) and 

place unsigned 32-bit product in 0 (most 

otignificent) and 0+1 (least significant). It WR15 

is 0, the next word in memory after WRIS will 

be used for the least significant hell of the 

product. 
OIV 0 0 1 1 I 1 Divide No 4' If unsigned (SA) is less than or scud' to unsigned 

(01, perform no operation and set ST4. Otherwise, 

divide unsigned (D) and (0+1) by unsigned 

(SA). Quotient — (01, remainder — (0+1). If 
0 • 15, the next word in memory after  WR  16 

will be used for the remainder. 

3.5.3 Signed Multiply and Divide Instructions  

General 
Format: 

The addressing mode for the source operand is determined by the 
TS field. 

TS S ADDRESSING MODE NOTES 
00 0,1 ... 15 Workspace register 1 
01 0,1 ... 15 Workspace register indirect 1 
10 0 Symbolic 1 
10 1,2 ... 15 Indexed ' 1,2 
11 0,1 ... 15 Workspace register indirect 

auto increment 
1,3 



NOTES: 1. Workspace registers 0 and 1 contain operands used 
in the signed multiply and divide operations. 

2. Workspace register 0 may not be used for indexing. 

3. The workspace register is incremented by 2. 

MNEMONIC 
OP CODE 

MEANING 
RESULT 
COMPARED 
TO 0 

STATUS 
BITS 

AFFECTED 
DESCRIPTION 0123456789 

MPYS 0000000111 Signed Yes 0-2 Multiply signed two's 
Multiply ,. 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 

Divide 
• 

Yes 

• 

0-2,4 If the quotient ( 
cannot be expressed 
as a signed 16 bit 
quantity (8000•(hex) 
is a valid negative 
number), set ST4. 

Otherwise, divide 
signed, two's com-
plement integer in 
WRO and WB1 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 
JREMAINDERI < tDIVISORJ 



3.5.4 Extended Operation (XOP) Instruction  

General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Format: 0 0 1 0 1 1 D TS S 

The TS and S fields provide multiple mode addressing capability 
for the source operand. When the XOP is executed, the following 
transfers occur: 

(4016 + 4D)—$•(WP) 

(4216 + 4D)—*0.(PC) 

SA —gob  ( new  WR  11) 

(old WP) —0►(new WR13) 

(old PC) —0.(new WR14) 

(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 1915 liE does not service interrupt trap requests (except for 
the Reset and N4I Requests) at the end of the XOP edtruction. 

3.5.5 Single Operand Instructions  

General 0 
Format: 

3 4 5 6 7 8 9 10 11 12 1 3 14 15 

 

OP CODE [ TS 

   

  

S 

 

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



OP CODE 
MEANING • 

RESULT 
COMPARED 
TO 0 

STATUS 
BITS 

AFFECTED 

l 

DESCRIPTION MNEMONIC 0123456789 

B 0000010001 Branch No --- SA-*(PC) 

BL 0000011010 Branch 
and link 

No --- (PC)-1>(WR11); SA—(PC) 

BLWP 0000010000 Branch 
and load 
workspace 
pointer 

No --- (SA)-*(WP); (SA+2)—(PC); 
(old WP)--(new WR13); 
(old PC)-'(new WR14); 
(old ST)-#(new WR15); 
The ggci5 SFdoes not 
service-interrupt trap 
requests (except for the 
Reset and NMI Requests) 
at the end of the BLWP 
instruction. 

CLR 0000010011 Clear No --- 0-0.(SA) 
Operand 

SETO 0000011100 Set to 
ones 

No --- FFFF16-1>(SA) 

INV 0000010101 Invert Yes 0-2 (SA)+(SA) 

NEG 0000010100 Negate Yes 0-4 -(SA)-110(SA)  

ABS  0000011101 Absolute 
value* 

No 0-4 I(SA)1-1>(SA) 

SWPB 0000011011 Swap 
bytes 

No --- (SA), bits 0 thru 7-*(SA) 
bits 8 thru 15; (SA), 
bits 8 thru 15 *(SA), 
bits 0 thru 7. 

INC 0000010110 Increment Yes 0-4 (SA)+1+(SA) 

INCT 0000010111 Increment 
by two 

• Yes 0-4 (SA)+2 +(SA) 

DEC 0000011000 Decrement Yes 0-4 (SA)-1-*(SA) 

DECT 0000011001 Decrement 
by two 

Yes 0-4 (SA)-2 *(SA) 

X** 0000010010 Execute No --- Execute the instruction 
at SA. t 



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

3.5.6 CRU Multiple-Bit Instructions  

General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Format: OP CODE C TS S 

The C field specifies the number of bits to be transferred. If 
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, 9 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. 

OP CODE 
MEANING 

RESULT 
COMPARED 
TO 0 

STATUS 
BITS 

AFFECTED 
DESCRIPTION MNEMONIC 

• 
0 1 2 3 4 5 

LDCR 0 0 1 1 0 0 Load 
communication 
register 

Yes 0-2,5* Beginning with 
LSB of (SA), 
transfer the 
specified number 
of bits from 
(SA) to the CRU. 

STCR 0 0 1 1 0 1 Store 
communication 
register 

Yes 0-2,5* Beginning with 
LSB of (SA), 
transfer the 
specified number 
of bits from the 
CRU to (SA). 
Load unfilled 
bit positions 
with 0. 



2 3 4 5 6 7 8 9 10 11 12 13 14 15 General 
Format: 

0 1 
OP CODE SIGNED DISPLACEMENT 

*STS is affected only if 1 < C < 8. 

3.5.7 CRU Single-Bit Instructions  

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

MNEMONIC 
OP CODE 

MEANING 
STATUS 
BITS 

AFFECTED 
DESCRIPTION 0 1 2 3 4 5 6 7 

SBO 

SBZ  

TB 
" 

' 
0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1. 

0 

1 

Set bit to 
one 

Set bit to 
zero 

Test bit 

--- 

--- 

2, 

Set the 
selected out- 
put bit to 1.  

Set the 
selected out-
put bit to O. 

If the 
selected CRU 
input bit=1, 
set ST2; if 
'the selected 
CRU input 
= 0, set ST2 
= 0. 

3.5.8 Jump Instructions' 

General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Format: f OP 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 jump 
instruction. 
No ST bits are affected by jump instructions. 



OP CODE 
MEANING ST CONDITION TO LOAD PC MNEMONIC 0 1 2 3 4 5 6 7 

JEQ 0 0 0 1 0 0 1 1 Jump equal ST2 = 1 

JGT 0 0 0 1 0 1 0 1 Jump greater than ST1 = 1  

JH  0 0 0 1 1 0 1 1 Jump high STO = 1 and ST2 = 0 

JHE 0 0 0 1 0 1 0 0 Jump high or equal STO = 1 or ST2 = 1 

JL 0 0 0 1 1 0 1 0 Jump low STO = 0 and ST2 = 0 

JLE 0 0 0 1 0 0 1 0 Jump low or equal STO = 0 or ST2 = 1 

JLT 0 0 0 1 0 0 0 1 Jump less than ST1 = 0 and ST2 = 0 

JMP 0 0 0 1 0 0 0 0 Jump unconditional,  Unconditional 

JNC 0 0 0 1 0 1 1 1 Jump no carry ST3 = 0 • 

JNE 0 0 0 1 0 1 1 0 Jump not equal ST2 = 0 

JNO 0 0 0 1 1 0 0 1 Jump no overflow ST4 = 0 

JOC 0 0 0 1 1 0 0 0 Jump on'carry ST3 = 1 

JOP 0 0 0 1 1 1'0 0 Jump odd parity ST5 = 1 

3.5.9 Shift Instructions  

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. 



• 
MNEMONIC 

OP CODE 
MEANING 

RESULT 
COMPARED 

TO 0 

STATUS 
. BITS 

AFFECTED 

- 
DESCRIPTION 0 1 2 3 4 5 6 7 

SLA 0 0 0 0 1 0 1 0 Shift left 
arithmetic 

Yes 0-4 Shift (W) left. 
Fill vacated 
bit positions 
with O. 

SRA 0 0 0 0 1 0 0 0 Shift right 
arithmetic 

Yes 0-3 Shift (W) right. 
Fill vacated bit 

. positions with 
original MSB 
of (W). 

SRC 0 0 0 0 1 0 1 1 Shift right 
circular 

Yes 0-3 Shift (W) right. 
Shift previous 

.. LSB into MSB. 

SRL 0 0 0 0 1 0 0 1 Shift right 
logical 

Yes 0-3 Shift (W) right. 
Fill vacated 
bit positions 
with 0's. 



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

IOP 

3.5.10 Immediate Register Instructions  

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

IOP 
0 ~ W General 

Format: 

MNEMONIC 
OP CODE 

MEANING 
RESULT 

COMPARED 
TO 0 

STATUS 
BITS 

AFFECTED 
DESCRIPTION 012345678910 

AI 00000010001 Add immediate Yes 0-4 (W)+IOP *(W) 

ANDI 00000010010 AND immediate Yes 0-2 (W) AND IOP-40(W) 

CI 00000010100 Compare imme- 
diate 

Yes 0-2 Compare (W) to 
IOP and set appro-
priate status 
bits. 

LI 000000100d0 Load immediate Yes • 0-2 IOP-0,(W) 

ORI 00000010011 OR immediate Yes 0-2 (W) OR IOP-)(W) 

3.5.11 Internal Register Load Immediate Instructions  

General 
Format: 

MNEMONIC 
OP CODE 

MEANING DESCRIPTION 0 1 2 3 4 5 6 7 8 9 10 

LWPI 

LIMI 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

1 

0 

1 

0 

1 

0 

Load workspace 
pointer immediate 

Load interrupt 
mask 

IOP -1(W), no ST bits 
affected. 

IOP, bits 12 thru 15-4> 
ST12 thru ST15. 



General 
Format: 

2 4 5 6 7 8 9 10 11 12 13 14 15 
OP CODE W 

0 1 

3.5.10 Internal Register Load and Store Instructions  

MNEMONIC 
OP CODE 

MEANING 
STATUS 
BITS 

AFFECTED 
DESCRIPTION 0 .1 2 3 4 5 6 7 8 9 10 11 

STST 0 0 0 0 0 0 1 0 1 1 0 0 Store status --- (ST)-*(W) 
Register 

LST 0 0 0 0 0 0 0 0 1 0 0 0 Load status 0-15 (W)-3KST) 
Register ,- 

STWP 0 0 0 0 0'0 1 0 1 0 1 0 Store work- 
space pointer 

--- (WP)-*(W) 

LWP 0 0 0 0 0 0 0 0 1 0 0 1 Load work- 
space pointer 

--- (W)-*(WP) 

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: 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 

The RTWP instruction causes the following transfers to occur: 

(WR15)-i(ST)' 

(WR14)-1>(PC)' 

(WR13)-1>(WP) 

3.5.14 External Instructions  

General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 114 15 
Format: OP CODE 0 0 0 0 0 



External instructions cause three data lines (DO through D2) to be set to the 
levels described below, and the fl line to be pulsed, allowing 
external control functions to be initiated. eRacLK 

MNEMONIC 
OP CODE 

MEANING 

STATUS 
BITS 

AFFECTED DESCRIPTION 

DATA 
BUS 

012345678910 DO D1 D2 

IDLE 

RSET 

CKOF 

CKON 

LREX 

00000011010 

00000011011 

00000011110 

00000011101 

00000011111 

Idle 

Reset 

User defined 

User defined 

User defined 

--- 

. 

12-15 

--- 

--- 

--- 

• 

Suspend 
99`t5 >GE 

' 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

H 

H 

instruction 
execution  
until an un-
masked inter-
rupt level 
request 
occurs. 

Set ST12- 
ST15 to zero 

--- 

--- 

--- 

3.5.15 MID Interrupt Oocodes  

The instruction opcodes that will cause an MID interrupt request 
(see Section ? ) are (hex numbers) 

0000-Ob7F 0301-033F 
00A0-017F 0341-035F 
0210-021F 0361-037F 
0230-023F 0381-039F 
0250-025F 03A1-03BF 
0270-027F 03C1-03DF 
0290-029F 03E1-O3FF 
02B0-02BF 0780-O7FF 
02D0-02DF OCOO-OFFF 
02E1-02FF 



3.6 Instruction Execution  

3.6.1 Microinstruction Cycle  

Each i-199 S SE 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,46144.em4eettei 

each external CRU cycle requires 
at least two CLEOUT cycles but will be accomplished with a single 
microinstruction) 

3.6.2 Execution Sequence  

The 9997 sE incorporates an instruction prefetch scheme which 
eliminates the time required to fetch 

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

1. Fetch 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 le195  sE makes use of the fact that during Step 5 the memory 
interfacä is not required; therefore, the fetch of the next 
instruction can be completed in 
this time. This instruction is then decoded during the state (s) 
that is (are) required to store the results of the previous 
instruction, which creates even more execution overlap. Figure .Z5' 
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 9915 SElcan cause self-modifying software to execute 
incorrectly. Incorrect execution will result when an instruction 
is supposed to generate the opcode of the very next instruction 
to be executed (the ;199.5  5E  will begin the fetch of the opcode 
of the next instruction before the currently executing instruction 
will store the results of its execution). 
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4.0 vivege Pin Description  

Table 3 defines the Q 99 5 SE  pin assignments and describes the 
function of each pin. Figure .6_ illustrates thei 9915 SA.  pin 
assignment information. - 



5.0 ELECTRICAL SPECIFICATIONS 

5.1 tee Maximum Ratings  

The absolute maximum ratings of the 994i5 SE are given in 
Table X rd- 

5.2 ein4e9 Recommended Operating Conditions  

The recommended operating conditions for the  9995 SE: are given 
in Table Ix ~. 

5.3 MONO Electrical Characteristics  

5.3.1 General  

The electrical characteristics of the 19995 SE for the 
recommended free-air operating temperature range are given in 
Table Ix Jo. 

11 

The switching characteristics of the:'19c(5 SE for the recommended 
operating conditions are listed in Table , an• he switching 
parameters of this table are defined in Figures 27;through '3~• 
The test load circuit used for loading the ß'1S 5E 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 .134. 

5.3.2 Clock Characteristics  

The 19 995 e E has an internal oscillator/clock generator that is 
controlled by an external crystal. The user may also disable the 
oscillator and directly inject a frequency source into the  
(TAL 1 /C64IN input .' 
)r?'AL ./c t. KIN 

5.3.2.1 Internal Oscillator  

The internal oscillator is enabled by connecting a crystal across 
XTAL2/CLKIN and XTAL4. The frequency of C KOUT frequency 
is the machine state frequency) is one-has the crystal 
fundamental frequency, fx. The crystal sh e a fundamental 
series-resonant type. Figure ,36 details the cortlibction of the 
external crystal to activate the internal oscillator. 

l~ 

5.3.2.2 External Oscillator  

An external oscillator can be connected to the 939f SE using the 
XTAL2/CLKIN pin as detailed in Figure 3 6. The frequency of 
CLKOUT_(CLKOUT frequency is the machine state fre uency)  
e-halt)that of the external oscillator. Table and Figure .1 

de the timing requirements of CLKIN. XTAL*/CLKIN can be • 
driven with standard TTL voltage levels. 



6.0 MECHANICAL SPECI»ICATIONS 

The physical dimensions of the 999ä 4e—et-Le' dual-in-line 
package are specified in Figure 31. . 



TABLE 1. STATUS REGISTER BIT DEFINITIONS  
(SEE NOTE 1)  

BIT NAME 

INSTRUCTION 
AND/OR 

INTERRUPT 

CONDITION TO SET BIT TO 1, OTHERWISE 
SET TO 0 FOR INSTRUCTION LISTED. 
ALSO, THE EFFECT OF OTHER 
INSTRUCTIONS AND INTERRUPTS 

STO LOGICAL 
GREATER 
THAN 

•  

C, CB If MSB(SA)=1 and MSB(DA)=0, or 
If MSB(SA)=MSB(DA) and MSB of 
C(DA)-(SA)]=1. 

CI If MSB(W)=1 and MSB of IOP=O, 
or if MSB(W)=MSB of IOP and MSB 
of CCIOP-(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, 

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

DEC, DECT, LI, • 
If result / 0 

. 

. 

Reset Interrupt Unconditionally sets status bit to 0 

All other 
instructions 
and interrupts 

Do not affect the status bit 
(see note 2) 

ST1 ARITHMETIC 
GREATER 
THAN 

C, CB If MSB(SA)=0 and MSB(DA)=1, or 
If MSB(SA)=MSB(DA) and MSB of 
[(DA)-(SA)] =1 . 

CI 

• 

If MSB(W)=0 and MSB of IOP=1, or 
if MSB(W)=MSB of IOP and MSB of 
[(IOP-(W) ]=1  

ABS,  LDCR If MSB(SA)=0 and (SA) 40 

RTWP If bit (1) of WR15 is 1 

LST If bit (1) of selected  WR  is 1 
• 



TABLE 1. STATUS REGISTER BIT DEFINITIONS (CONTTD.) 
(SEE NOTE 1)  

BIT NAME 

INSTRUCTION 
AND/OR 

INTERRUPT 

CONDITION TO SET BIT TO 1, OTHERWISE 
SET TO 0 FOR INSTRUCTION LISTED. 
ALSO, THE EFFECT OF OTHER- INSTRUCTIONS 
AND INTERRUPTS 

ST1 
(CONTD) 

OVERFLOW 

• 

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

If MSB of result =0 and result 0 

,- 

Reset Interrupt Unconditionally sets status bit to 0 

All other 
instructions 
and interrupts 

Do not affect the status bit • 
(See Note 2) 

ST2 EQUAL C,CB If (SA) = (DA) 

CI. 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 selected  WR  is 1 

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

If result =0 

Reset Interrupt Unconditionally sets status bit to 0 

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)  

BIT NAME 

INSTRUCTION 
AND/OR 

INTERRUPT 

CONDITION TO SET BIT TO 1, OTHERWISE 
SET TO 0 FOR INSTRUCTION LISTED. 
ALSO, THE EFFECT OF OTHER INSTRUCTIONS 
AND INTERRUPTS 

ST3 CARRY 

• 

A,AB,ABS,AI,DEC, 
DECT,INC,INCT, 
NEG,S,SB 

If CARRY OUT =1 

_ 

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 

Reset Interrupt Unconditionally sets status bit to 0 

All other 
Instructions and 
Interrupts 

Do not affect the status bit • 
(See Note 2) 

ST4 OVER- 
FLOW 

A, AB If MSB(SA)=MSB(DA)and MSB 
of result  i  MSB(DA) 

AI If MSB(W)=MSB of IOP and MSB of 
result 4 MSB(W) 

S,  SB  If MSB(SA)#MSB(DA) and MSB of 
result #MSB(DA) 

DEC,DEC'>r 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 the quotient cannot be expressed 
as a signed 16 bit quantity (800016 
is a valid negative number) 

ABS,NEG If (SA)=800016 

RTWP If bit (4) of WR15 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)  

BIT NAME 

INSTRUCTION 
AND/OR 

INTERRUPT 

CONDITION TO SET BIT TO 1, OTHERWISE 
SET TO 0 FOR INSTRUCTION LISTED. 
ALSO, THE EFFECT OF OTHER INSTRUCTIONS 
AND INTERRUPTS 

ST4 
(CONTD) 

All other 
Instructions and 
Interrupts 

Do not affect the status bit 
(See Note 2) 

ST5 ODD • 
PARITY 

CB, MOVB If (SA) has odd number of l's 

LDCR If 15.CS_8 and (SA) has odd number of 
l's. •If C=0 or 9S.0 <15 , does not 
affect the status bit. 

STCR If 1<C1;.8 and 'the stored bits have 
an odd number of l's. If C=0 . 
or 9 < C< 15, does not affect the status 
bit. 

AB,SB,SOCB,SZCB 
e 

If result has odd number of l'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 
Instructions and 
Interrupts 

Do not affect the status bit 
(See Note 2) 

ST6 XOP XOP 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 0 

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)  

BIT NAME 

INSTRUCTION 
AND/OR 

INTERRUPT 

CONDITION TO SET BIT TO 1, OTHERWISE 
SET TO 0 FOR INSTRUCTION LISTED. 
ALSO, THE EFFECT OF OTHER 
INSTRUCTIONS AND INTERRUPTS 

ST7 
ST8 
ST9 
and 
ST11 

Unused 
Bits 

• 

RTWP If corresponding bit of WR15 is 1 

LST 
_ 

If corresponding bit of selected  WR  
is 1. 

XOP, Any 
Interrupt 

Unconditionally sets each of these 
status bits to 0 

All other 
Instructions 

Do not affect these,_status bits 
(See Note 2) 

ST10 ARITHMETIC 

ENABLE 

RTWP If bit (10) of  WR  is 1 

LST 
OVERFLOW • 

If bit (10) of selected  WR  is 1 

XOP, Any 
Interrupt 

Unconditionally sets status bit to 0 

All other 
instructions 

Do not affect the status bit 
(See Note 2) 

ST12 
ST13 
ST14 
and 
ST15 

INTERRUPT 
MASK 

LIMI If corresponding bit of IOP is 1 

RTWP If corresponding bit of WR15 is 1 

LST If corresponding bit of selected  WR  
is 1. 

RST, Reset'and 
NMI Interrupts 

Unconditionally sets each of these 
status bits to 0 

All other 
Interrupts 

If ST12-ST15:0, no change 
If ST12=ST15 O, set to one 
Less than level of the interrupt 
trap taken 

All other 
Instructions 

Do not affect these status bits 
(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 executed by the X instruction sets status 
bits as defined for that instruction. 



TABLE 2. DEDICATED WORKSPACE REGISTERS  

REGISTER NO. CONTENTS USED DURING 

0 

• 

Shift count (optional) 

Multiplicand and MSW 
of result 

MSW of dividend and 
quotient 

Shift instructions (SLA, 
SRA, SRC, and SLC) 

Signed Multiply 

Signed Divide 

1 LSW of result 

LSW of dividend and 
remainder • 

Signed Multiply 

r 
Signed Divide . 

11 Return Address 

Effective Address 

Branch and Link Instruction 
(BL) 

Extended Operation (XOP) 

12 CRU Base Address CRU instructions (SBO, Z, 
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) 



Vice 

Vss 

IN 

IN 

OUT 

ouT 

TABLE 3. 9995 sC PIN DESCRIPTION  

SIGNAL DESCRIPTION PIN I/O . 

POWER SUPPLIES - 

Supply voltage (+5V nom) 

Ground reference 

CLOCKS  
XTAL?✓c L, KIN 
egfhi.i/£LKI:1 

)(TALI 
::T411.z  

CLKOUT { 

Ci.KouT2, 

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

Crystal input pin for internal 
oscillator. 

Clock output signal. The frequency of' 
CLKOUTIis one half the oscillator input 
(external oscillator) or crystal 
(internal oscillator) frequency. 

Gtoc.k o.,:-t'm{- si9►aa1. Ike -frNi,f.‘e ►.cy 
o f ci.Kon.iT2  i  s Dine half ttie 
osciticx+or iKPu+ (ext'erriwl 
OSG► Ilator) or cif- ystat (internal 
osc;Itvz1-or) -Fray,uevncy. C ►-KouT~  

i  5 oil e. .cp.laY fey* cyc. ► e delayed 

-P ro:vt c t. K o 4tT 1 

59 

Ict 344 

2,S 

2.4 

7.? 



TABLE 3. 9T15  se PIN DESCRIPTION (CONT'D)  

• SIGNAL PIN I/O • DESCRIPTION 

~
  

N
w

W
'w

w
W

w
w

w
w

w
- P

. P
-P

-~
 

w
 
~

,
?
'
ö

~
~

~
N

-?
u~

N
—

G
-D

~
'~ 

ao
  -

0  
o
  

—
»

w
-p

K
  is

-  
4
 A

- 0
 o
-
  N

w
  

/7/
5-

I/
o 

ADDRESS BUS 

AO OUT Address Bus. AO is the most significant 
Al OUT bit of the 16 bit memory address bus and 
A2 OUT the 15 bit CRU address bus. A14 is the 
A3 OUT 2nd least significant bit of the 16 bit 
A4 OUT memory address bus and the LSB of the 15 
A5 OUT bit CRU address bus. The address bus 
A6 OUT assumes the high impedance state when 
A7 OUT the 9995  st  is in the Hold state. 
AS OUT 
A9 OUT 
A10 OUT 
All OUT 
Al2 OUT 
A13 OUT • 
A14 OUT 

A15/CRUOUT OUT Address bit 15/CRU output data. 
A15/CRUOUT is the LSB of the 16 bit 
memory address bus and the output data t 
line for CRU output instructions. 
A15/CRUOUT assumes the high impedance 
state when the, 9995 s ' is in the Hold 
state. 

DATA BUS 

DO I/O Data bus. During memory cycles (MEMEN- 
. D1 IN active) DO (the MSB) through 1715' ( the 
D2 I/O LSB) are used to transfer data to/from 
D3 I/O the external memory system, During non- 
•D4 I/O memory cycles (MEMEN- inactive) DO, D1 
D5 I/O _and  D2 are used to indicate whether the 
D6 I/O 9995 s is performing a CRU cycle or an 
D7 I/O External instruction. The data bus 
Pe I/o assumes_ the high impedance state when 
D9 10 the 9q9~ SE is in the Hold state. • 

- ---- 
pie Z/o 
Dii v  

DfZ •  2/o 

17 13  =fo 

D f 4 :jo  



TABLE 3. cig95 sE PIN DEscRIPTioN (4.0141- I D)  

sIG1.JAL •P,=N .10  2ESCRIPT1oIJ 

cf 4 
cRUIN! 54 IN CA L, Ii.„p.tt d*.i-a. PUY-41e: GALA cycles) 

' c.RuSN. is the input dO:ha. Jivne  Ar  
ceU in pwt data. 

GRUcLK 

, 

53 ot4T cRiA clock. Wtievv ac-tive. (kigh' 
cRucLK iv`cicai-as  +Aa+  G81,4 data, ok+  
i  s avai labia oh A15 /cRuoUT (wkeh 
MEMEN -  = l qhd Po =P I =D7 =O' or -f'k ± 
av' exi-exv,a3 i  lAter-Facla 6hoN1d decode 

EXte- rKa1 iv`s-} r,,teiioks (wheh MEMENJ-=I 
ck v,d DO )  pi , 00`d D2 are viol- oil l 

ev.tat td O), 

CONTROL 

MEMEN-  

. 

. 

1 OUT 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 cycle, or are indicating 
that the .9995 se is performing an 
External instruction. MEMEN- does not 
assume the high impedance state when the 

j 94!fi S SE is in the Hold state. 

7F3IN- b2 OMIT 

• 

Data bus in. During memory read cycles, 
,DBIN- is__ac..jve (low) to indicate that 
the J 9995 5E  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 cycle is an input cycle. 
DBIN- assumes the high impedance state 
when the 9`15 5£ is in the Hold state. 

• 

WE- 44 OUT' Write. eha,ble.. Whey, ac-i'ive. (low) 
WE- 1 v,dicctes that hiev.loYy write 
d0,+et is avai lo,bie OA +tie darn 
b4s. WE- o ssu»ies +he. hi914 
um pe d o c t s+q-l-e. w k& h -i-k a 499 S sE 
is iv, the. Mold s-i-a-1'e 



TABLE 3. 8995 S5 PIN DEscRIPTIo N (coN11"P)' 

SIG11AL  .P,IN I/o DESCRLP71oNi 1 

• 

R/W- 

READ`( 

NoLD- 

Mot.D A 

2AQ 

57 

• 

S 

63 

. 

bO 

GI 

. 

our 

IN 

. 

IN 

• 
. 

. • 

oUr 

OuT 

C t*J1P oL (C on-1•'di , 
Bead/ write indIca+►on. Wkeh ki9J)  

'12N/W - i  nct i c.a±e s -}-ko.+" tie 9995 SE  
i  s Fey' ••orti444q a me►ti.°ry ' read 
eyele (;'+' ME iEN--O or a cRu 
inplAtcycle. (-~ MEMEN-=1~ . Wt,e.vt 
► RN — i  nd  i  cares  i-k .+ +he 
9995 SE t s per-~or r.A•h9 a rnewLory 
wr:te cycle (;+ .M1:ME4 —=o') dr a. 
C RU ou+Fbt* cycle <)c MEMEN-,=  i).  
R/W- does no-i-  a.ssccwts. +ke. h6911 
tw+ feda►ece. « s-lAte when +he. 9'995 s5  
i  s ih  +he. Hold s+a-F'e . 

Ready. When active (high) , READY 
indicates that the present emäWmmi  
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 CLKOUT$cycle) is 
entered. At the end of each Wait state 

' READY is .exami,,ned to determine if another 
Wait state is to be generated or if the 
cycle is to be completed. 

Hold state request. When. active (low) , 
HOLD- indicates to thel9995 S£ that an 
external controller desires to use the 
address and date. buses. Upon sensing a 
Mold request, the +I`ris se will enter a 

. Hold state (defined as suspension of 
instruction execution) after it has 
completed its present cycle,ANdopiannisfiga  

far dztailo fate Ia. Jorriffle.3 of entry a 
iriaipä At the beginning of the 
Hold state, the 19985' SC. places DBIN-, 
WE- 3;': --_. •. and the address and data 
buses in the high impedance state, and 
then responds by asserting r• `HOLDA. 
When HOLD- is removed, the 9g4:15 5E 
returns to normal operation. •. 

Hold o.ckhowledge... W hevt ac-4+ve (k%9k)) 
H.01-PA indicates that i-}' is it•% +he 
Noll s-faie . 

Instruc.+iov. o,oeisi+iovt. When Ac.-five 
(1‘e9h' , IA4 ir.ä ica'Ve s 1.114. ♦lea memory read 
cycle ih progress i  s tli4-t of reo 41Zefe ati 



TABLE 3. (3995 SE PIN PascR:PTro N (coNT'p) 

sIGK(AL P.ItJ ?lo DEscR1PT Io N  

S-r $- 

WoRD %BYTE-' 

5S 

56 
• 

our 

ou-r  

' 

• C.otJ?ROL (co K'i- 'd) 
S ta+tA s 13;  fi S, ' e-re - is +h e_ 
Inver+eel coh'"eIn'I's o-F 51-ai'us Regis+er 
b; t S"T`d ( M APO /MAP l) only 

dur;K9 w1ew,•ory cycles (MEME N-=o), 
Dur;,nc 0,11 0-3/4'•11eY cycles (MEMEN-=1) 
STS- le held kicJ1n . 

Word / byte. When iow, woRDlByiTE- 
inäica-l- es -)•ho.t -%he memory cycle  
Zn f ro9v-ess i  s +1A03- oT 4cc.eSstin2 
o. s+ Kcal e• byte ot1 +ke 1G - 6►+ 
cAo.-F"a bt.ts. w o1gD/BYTE-  i  s Lte1ä 
h ig Vt 0..-4- c.11 6-t-tier -i-  Z m es . 



TABLE 3. 19995SC PIN DESCRIPTION (CONT'D)  

SIGNAL PIN I/O DESCRIPTION 

INTERRUPTS 

RESET- 4 IN 

• 

Reset. When active (low) RESET- causes 
the 9ct E to enter a RESET state .4644 

and inhibit its 
cowi'rol sis Aa1S• __ When RESET- is 

• 

99`f released, the s 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. 

NMI- g IN Non-maskable Interrupt. When active 
(low) , NMI- causes the 19995 Se, to 
execute a non-maskable interrupt sequence 
with the trap vector (WP and PC) in i  
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). 

INTREq- 5.0 IN Ie+errhpi- reciue:s.t. Wkev® o.ci ive, ()ow))  
INTREq— iv.d ccz es +hot ah  .exi-er,n0.1 
in.terru f  i- is v'eeuested co ‘d tike cocks. 
of its level is pYesehi-  ov. I•CO 
-t vvot&& ICS. 

~ICo (Msß) 49 IN Interrupt code. Ico throu.91n ' ICS are 
IC I "tQ =tl so tied when INTREQ—  i  s active 
YC2 
Ic3 (..Ss) 

47 
4c 

IN 
SN 

When Ico t1.rovtgk Sc3 are ! LLLN )  •rke, 
i,.;9Hest e '°' +y vhaskable ex"rerhaa 

_.  i  Kte-rr 91- ►  s be4.9 _ e re$ue -i-ed 3  , 'O whevt 
HHHH, -the. lowest pr\oYily wtAs'kgble. 
ex+areal ih+eYntier is bg►n9 revles+it<1. 



TABLE 3. g995 S5 PIN PEscRIPTIo N (coNT'P)  

sIGKIAt. P.IN =10 vEscRsPrroN 

. sPScl AL siG 1J Ät-S 

9495 sE%199o --  9'5.  IN -`I995 s memory coh+rol / 9(190 memory cohtroi. 
T'ltis e►gna), wl,%ch is per•haaYleh t iy cohYtec♦eci -to 
either Vcc or Ground %h 0. sys+ehn,)  -t-ei(S -'ke. 
9915 GE d ev ice. w h icln v►lerrvtory mop -i-o 
txse w i+h its iv.+errlgj r.,,t e,mory con-tro1 
logic.. 

pESTwRITE • _55 OWT Des-}ira'Fiov. Wrqte. Whey, 1.1i91t >  DESTWRrTE  

i  vtid;ca+es +hat 0. wr;t'a ' cyc le +o -eke. 
ces-f;r►atiow adöress oT +he irs-tr,.tc-F;oW 
12e‘v.9 comeIeted wstIl occur o\-?ter 
-eke. current -re+cl,, o-9 +ke. tit eg+-  

i,nstrIkci-ioh is cowl pie-Feö. 

FREEZE— 3 IN A'reeze. Whey, o,c -Hy e. ( low) tke.  99955E  

i  S' cortcii-{'•ioheai -For +ha i  h,rKe..1 ►o.tely -Fo 119wAhg 
RESET—.1-he. cor.d;tio+aing cortsist3 of ev.sKr► tiss 

thqt dwrin9 tha eollewing RESET- the 9995 SE 
1hf'1il~i t5 (keeps wt iNc~1 A'tve log,c level) wE - PBSA{ -3 
1-11-1E/4-  qvid cRuci-K , a►+d t1,e 9995 sE will rtot 
cka.►t9e. tke cortentS 

, 
o~ ~ts pc, WP)  or ST registers. 

IAcK 51 ouT 

. 

=h-i-eYrupt Ao.knowledge. 2AcK is o~c-i-iv~ 
( k;g‘-.) wken tti e 9995 SE  i  s r'ead v.c3 
+ ine WP o-ir +13e. v ec+otr d Urivt g ah  
ini'errei-  («in)/ ih-i-errupt- )  iKclKci,V‘q 
REsET 1  NMI  ay.c1 MID) Govd•eXt 
Sw  il-c‘‘ • . 
' 

MLD  .SZ  oUT MID rntev-r'upt. MID is a.ctive Chi9h~ 
winevt "the °199 S SE i  s reAdivt2 *lee 
W P o~r th e• v ec+o r dtAr; rtg ah M I D_ 
i y,-}-ev-rKp  i' coveQxi- sw;te-h. 



TA ß L E •1-. Z tJ TE R R U PT L E V E L. PATA  

PRIoRZ.TY 
LEVEL 

Ve'c-ro R 
l.ocATIo14 

(Memory 
Aeläress, 
in 11-eX 

MASK VALuEs 
Tö ENABLE 
AccEPTZNG 

-ft1E S tJi'EKRwPT 
(sTi2 -flee 51-15) 

VALUE MAsK 
sET To UPoN 
TAl{ING THE 

INTEgRuPT 
(sTt2 +l„ru 5r15) 

, 
5oußcE AND 
AssSGNMEt.rr 

o 
(1-1;91.es+ Pr;or-iy) 

0000    0000 tllru 1111 
(See. Note. 1) 

d 00O Externa1 : Reset 
(ReS£r- 5i9Ka1) 

MID 000$ 
(Set  No-4•e2.) 

0000 tkru III  i  
(See Note I) 

Ood I 
(See. Note ~) 

INternal : MI ® 
.. 

NMI. FFFC 0 000 +141-u.   1111 
( See Note I) 

0000 EXtex r<a1 : 
(NMI- Sigwal) 

1 0004 0001 +kYu, 1111 0000  Exterral : 
Ico -SC3 = 0001 

2 
Q 004~ 

(See Note. 2) 
oak) tl~ru llll 
(See. Note- 3 ) 

OOb  i  
(See. Note. Z) 

Arttk,~.rti bver
or 

Xrrbw a 
sco -rc3 = o 0 1 0 

3 000C owl l i-heu 1111 00 10 
-  

Extere0.1: 

Ico - rc3 = o o l l 

4 OC to O too '1'Nru 1111 d  p 1) 
- 

E*1•erne1 / 4  1' 
Sc4-=G3 's0(00 

S 0014 0101 +kru 1111 0100 Exterrna{ : 
iCA-IG3 = 0101_ 

b oo18 olio +hrut. nil 01o1 
ExterKal: ( 

rco-.Ic.a=o)  i®  

7 oolC 
. 

ow thrN 1111 01 10 
EXfierHa 1:
sc0-Ic3 =0111 , 

g 00.20 l000 -Fl,ru 1111 p 1 I 1 Exter+tal : J 
rco-Ic,3 =1000 

9 00,z1-  loo) tk ru 111j IOOo Exterra l:  
Zco-Ic's = loot„  

l0  00 29. tolo +krw Tut 1 lOo 1 ExteYvtal : 
Sco-Sc3= Solo 

• II d0 2C' loll tl+rK 1111 ' 1010 EXter+nal = 
Ico -'c=. to' I.  

12 0030 Moo iI,ru 1111 loll 
EXterra { : 
Sco-ic3= Het 

13 0034 1101 -thrk 1111 1100 Exterha{ : - 
Ico—Ic.3=I1®I 

• 
1e 00,32 1110 4hd 1111 110 1 

Xterv►al : 
Ico-%3=, l11a 

15" 
(Lowest Pr;ority) 

oo~e !I li )1 ►o 4w-ter-trial : , 
.Ico - ic3 = S  i  l I 

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 Reg►,+eY 



• TABLE S: - 9995 se EXTERNAL INSTRUCTION CODES 

INSTRUCTION 

CODE, DURING CYCLE 

DO D1 D2 

CRU: 
SBO,SBZ,TB, 
LDCR or STCR 

0 
`' 

" 0 \-_______--- 

'~ 
0 

_ 

IDLE 0 1 0 

RSET 0 1 1 

CKON 1 0 1 

CKOF' 1 1 0 

LREX 1 1 1 



TABLE 6. DEFINITION OF TERMINOLOGY  
i  

TERM DEFINITIONS 

B 

C 

D 

DA • 

Byte Indicator (1 = byte; 0 _ word) 

Bit Count 

Destination address register 

Destination address 

I0P 

LSB(n) 

MSB(n) 

N 

Immediate operand '' 

Least significant (right most) bit of (n) 

Most significant (left most) bit of (n) 

Don't care 

PC 

Result 

S 

SA 

ST 

Program Counter 

Result of operation performed by instruction 

Source address register 

Source address 

Status register 

STn 

TD 

TS 

W 

Bit n of status register 

Destination address modifier 

Source address modifier 

Workspace register 

WRn 

(n) 

a-->b 

I I 

Workspace register n 

Contents of n 

a is transferred to b 

Absolute value of n 
 

1 



TABLE 6'. DEFINITION OF TERMINOLOGY (CONT'D)  

TERMS DEFINITIONS 

Arithmetic addition 

Arithmetic subtraction 

AND Logical AND 

OR Logical OR 

O Logical exclusive OR 

n Logical complement of n 

Arithmetic multiplication 



TABLE 7 . INSTRUCTION EXECUTION TIMES 

INSTDUC:•-TONS 

i`IACKIrrE 
STATES • 

C 

MEMORY 
. ACCESS 

H • 

. OPERANP 
ADDRESS 

DaRIYAT ION * 
SOURCE DEST 

4 4 A - A--- 
AB 4 4 ___ A-- --A - -  
ABS  . 3 3 • A - 

'`E 4 _ .. -_._ ..._  -. -.- AI - _ _ ....._.._ 
ANDI _~-- 4 - 

A 
-__, 

3  3 1  too r    
BL 2 

 _ —_- 

 ~ A 
- ---~--._.-- 

5 
- _ BL; IP - 1 ~ -- - - A ------- ... _ _ ... -_-•-- 

_..-.- ..4 .... C _ - -- _._ ._ . _._ - 3 _ A . . A. .-- - 
CB 4 3 A A . 
CI _._ __ - `}' - - 3  -_--- 

-
=. 

.-_'_, 
CKON , -_ - 7 . . 1 . . . . -  - '_ 
CKOF-  -_-__.~ _ 7 _ 1 _ - - _ - - _____ 
CLR .__ . 3. _ _. ._ 2 A - 
COC 

--.. _ _ ____ .. 
4 3 A . __..

• 
.-_- ._ ' - 3 --- - - -- ~ _. ~ 

CZC _ 4 - 

DEC 3 
_ _.. _.~ 

3  . . ..._ _._ 
-_ — - 

DIV (ST4 is set) . . l0 - - -.- - 4  A - 
DIV (ST4 is reset)** 
- - - ö bI115 (ST4 is s_t) 

2e ~ ----__ 6 _—_ --__- A ---- _. ..__ 
 A 

-- - 
-_-.._ i0 -- 4 

DIVS_ (ST4 is reset) ** 33 6      A. . ^—._ ~ 
IDLE _.-- _._ ...._. 
-Irk . 

7-~ 241 .._..__... ._ 
3 -- -- -__--- 

1 
- 

... . . ~ - 
A   ---  

- 
- 

INCT . _.-_-_-.- _ 3 _ 3 .  . A _.._ 
INV _ 3 _ 3 A - 
JUMP (PC is.  c'r.arieed) -C - -  -- - -   3 ___--- 1_-- - - 

1 -- ---- . 3 -- - -- ___ 
Ä 

_.__ -  _ ... _. ( Pis not changed) - - 
LDCR ( C = 0) 3 ---- - 

---.4i-7---- $1 , 
- (1 < C < 13) 

. .. 
9+2c 

3 - -- 
.A 

~ 

LI _ __ _._ 
- . .. 3 . . ~. 

__. _
_ = ~ --__-. -- - 

2 LIt~II S — =-•---- 
- ----- _ LREX - - ---- • • 7 --- ------- - - ._.._ 

1 
..- - -- - - - - 

....__
_ 

LST _ _~-____. . .-- _ _5- 
- ------ 2 -- —. - -. . .. 

LWP 3 2 - 3 . 
-_.._._e_..._ . 

_ 
- - - ..-_ _. LWPI ____.-_._~____ . .. _ .- 

- - ---- 2  - 
_ 

__ _ .. --_. 
MOV 3  3 _ A , A 
MO _. . . _ ..__-__ . _ -_ __.___.. 3 ._-~.—. _ .. _.. . . 

_ - 
4 _______. . ...__. _. _ A .__. _._ _ .. _.._ A  . _..~ _.._. 

MP Y ~ 3 5 A - 
MPYS---_._ ~ ' ------. . .. . . ------__ 5   A - 

--. . .._.._ • .- - -- --_ . _______ 
MEG

3- 
. _._.   ------- . 

~RI_.__.._ 
_ .--.. _ . . . .. _ 

4 

 -----_.. . _ A
- - 

- 
_... -- 

_-.--. -_ .. __- . . - 
3 
4 ._.  _ 

RSET   _.--- - ~ - - - _ _ 1 __~ -- - - ---'--- — =--_-- 
RTWP C-, - 4 - - 



TABLE 7. INSTRUCTION EXECUTION TIMES (CONT'D.) 

. 

INSTRUCTIONS 

MACHINE 
STATES . 

C 

MEMORY 
• ACCESS 

M . 

oPERAND 
ADDRESS 

1,ERIVA-rioN )1  
SOURCE DEST 

• 
s 4. 4 A - A  
SB  4   4 _  A A 
SBO • _ e 2 - -  
SBZ  

---SETCi------  
(a 
3 

2 
, _  - - 

- - 
SHIFT (C. )5-1‹ y4.0 _ _ . . ... 
(C = 0, its 12-15 
of WRO  

23 
4 - - 

(C = 0, Bits 12-15 • 4 ' - - 
of WRO = N x 0) '7 + NI 
SOC 4 4 —  A—  ______ __ 
SOCB . 41- ' 4 - - A :A 
STCR (C = 0) 4 - .4w A • 
(1 < C4:: 8 ) 

--- — --- - ( 9 < C < 15) 
_ . 

:-1-;(: 0 
_ .  4 _ . _ _

4
_ _______ _A___ A - 

- 
STST 

. _ ._ 
--:.3--  _ - 
-3 _ 

2 . 
2 

. 
.. - 

- 
- 

. - 
STWP • 
SWPB __ I 3 .  _ 3 A ____ 
Si C ._ _ 
SZCB  .i.  4 A A 
TB _ 2 .. ".. . - 

A A  - 
XOP - '15--  1-› A 

'-, 
)(0 • 

• Ji. . -, 
41.. 

. 
A 

, 

---. 
.... 

• 

. ' . 
. 

Interrupt • - - 
Context Switch (For A m/ / ' ± . ' _ 6 

. - •. 
Tvrtereet)  iec‘titclie9 

 

Rese+, Ntill. ) 1•41.0 )  . . 
OVer-Flow.). .-.: '  

*The letter A refers to the table that follows. 
**Execution tine 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 EXECUTION TIMES (CONT'D) 

oPERAND ADDRESS DERIVATIorI - TABLE A 

• 

ADDRESSING MODE 

MACHINE 
STATES 

C 

MEMORY 
ACCESSES 

M  

WR  (TS or TD = 00) . 0 0  

WR  indirect (TS  or TD  = 01) 1 1.  

WR  indirect auto-increment 3 2 

(TS  or TD = 11) 

Symbolic (TS or TD = 10 , 1 1 • 

S or 'D = 0 ) 

Indexed (TS or TD = 10, 3 2 

S orD#0) 



TABLE 91. 9995, se MAXIMUM RATINGS  

letwleggAlldg 
ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE AIR qhffleeFrwe .RANGE (UNLESS 
OTHERWISE NOTED)* 

Supply voltage, Vcc (see Note 1) 7V 

Input voltage -0.3 to 20V 

Off-state output voltage -0.3 to 7V 

Continuous power dissipation 1  OW 

Operating free-air temperature range 00 to 700C 

Storage temperature range  -550  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 Operating Conditions" section of this 
specification is not implied. Exposure to absolute maximum rated conditions 
for extended periods may affect device reliability. 

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



TABLE cr. ¶'1L 5e RECOMENDED OPERATING CONDITIONS 

PARAMETER MIN NOM MAX UNITS 

Supply voltage, Vcc 4.5 5.0 5.5 V 

Supply voltage, Vss 0.0 V 

High-level input voltage, 

VIH (All inputs) 
2.0 

r 
V 

Low-level input voltage, 

VIL (All inputs) 
0.8 V 

High-level output current, 

IOH (All outputs) 
100 uA - _ 

Low-level output current, 
IOL (All outputs) 

2.0  
( 

mA  

Operating free-air 
temperature, TA 

0 70 oC . 



TABLE W. [ 9415 SE ELECTRICAL CHARACTERISTICS  
(OVER RECOMMENDED FREE AIR TEMPERATURE RANGE)  

. PARAMETER TEST CONDITIONS* MIN TYP**  MAX UNIT  

VOR, High Level 
Output Voltage 

Vcc=MIN, 
Ing=MAX 

2.4 3.4 V 

VOL, Low Level 
Output Voltage 

Vcc=MIN, 
InL=MAX 

0.24 0.4 V. 

IOFF' Off-state 
(High Impedance 
State) 
Output Current 

Vcc=MAX 
Vo = 2.4 V 20 

uA 

Vo = 0.4 V -20 

II , Input - 
Current 

VI = Vss to Vcc 
- .- ,  

+50 uA 

IOS Short 
Circuit Output 
Current*** 

Vcc = MAX  mA  

Icc, Supply 
Current 

Vcc = MAX 

CI , Input 
Capacitance (All 
Inputs Except 
Data Bus) 

Other Pins 

15 pf 

25 pf CDS, Data Bus 
Capacitance 

f = 1 MHz, All 
at 0 V' 

CO Output 
Capacitance (Ex- 
cent Data Bus)  i  

10  Pf  

*For conditions shown as MIN or MAX, use the appropriate value specified 
under recommended operating conditions. 

25 
**All typical TA = )" values are at Vcc = 5 V, oC. 

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



TABLE If. 9g95 . SWITCHING CHARACTERISTICS (CONT' D)  
(OVER RECOMMENDED OPERATING CONDITIONS RANGE, 

UNLESS OTHERWISE NOTED) 

SYMBOL PARAMETER(1) . MIN NOM(2) MAX UNIT 

tSU3 CRUIN data set-uo time 100 as 
tH3 I CRUIN data hold time 0 ns 
tSU4 READY set-up time, 

CRU cycles 
200 ns 

tSU5 HOLD- set-up time loa ns 
tSUö ( RESET-, NMI- set-up time I /go ns 
tACC Memory access time 

(read cycle) 
3/4tC2-130 

(3) 
ns 

* D 12 Dala~/. -Prow. CLKoyT / +0 CLKo~IT,Z ~ t c -10 -k tG ~tC2 +10  vie 
t N 4 Address , woftD/BYTE--, RAJ-,  

5T8 - Hold +4•%41 a•F+er WE- 

i  tC2 .-xo 
1" 

V15 

t it  Da+a Nold •f•;YHe y. fe2 -9-o let  

••t WL9' IN E— pul se wZdth a t 
(4) 

4o k15 

*1-14)  
Address, woftD/BYTE-, R/w-j  
STa-, cRt,tozlT Hold +ir+.e 
42.-1-er cRUCLK 

1 tG2 20 
4 

. 

. 

._ 

he 

t D /3 Dalay 41-oten GI-KoGtT I . +o 
GRucLK asser+ed 

o .1-0  y15 

p i4 Delay -iYown  cL KouT1 +0  
e.RucLf4 asser-f-ed 

ö 4-0 he 
_ 

t Al-  c({U cL►{ rise. +i  Me.. A0 4o hS 

t F3 cRL(CLK -F0.11 -1•4.ae 20 9-0 hs 
-b st47 INTRE4-, Ieo-Ie3 set-up 

-1•  i  we 
1 00 he 

-t N7 SNIT REQ- a  rea -lc 3 Hold 
+iw► e , 

® Ks 

. ,.._ e — . _~. _ -- r .'- _._. .ibmili_ . . 

t D/5 Delay 4'Yowl eLKouT I "ha 
I AcK, M I p as3erteö 

.1- t G2 `f- 
I 

t C2+40 I- ri5 

-b D16 pelAy -Frow, eL}(ot,tTl $o 
SAcK, M2P asssrfied 

--tex 
4 

;~,tc2+9•o Y1  

'1; D l7 Pa k», -9 ro ht G L li oKT I to 
PE STwfZITE o.sser♦e~ 

~ t a  ---t G~ +40 Yt s 

t D l8 Pe loo/ TreN, CLI40WT I 't-o 
DEsT WRITE re  leased 

~•~C 
~ 

h5 ~c2ta}0 



TABLE /1. 9995._ SE SWITCHING CHARACTERISTICS  

(OVER RECOMMENDED OPERATING CONDITIONS RANGE, 
UNLESS OTHERWISE NOTED) 

SYMBOL PARAMETER (1) MIN NOM(2) MAX UNIT 

tC1 CLKIN cycle time 1l00 167 1000 ns 
tR1 CLKIN rise time mot-• 15 ns 
tF1 CLKIN fall time '9- 15 i  ns 
tWH1 CL"(IN high level pulse width 4so rtC1-tR1 . be. zct ns 
tWL1 CLKIN low-level pulse width `bo tC1-tF1 . ctCI ns 
tD1 Delay from CLKIN to CLKOUTI 150 ns 

tC2 
CLKOUT cycle 

time 
. 

External Clock 
Source 2tC1 -• 

. 
ns 

Internal 
Oscillator 
(XTAL1 freq. 
=fx) 

I. ►̀( 2/f 
x 

A.09- as 
-PX •-9X 

tR2 CLKOUT rise time • :n S5 . ns 
tF2 I CLKOUT fall time 15 '.Z a ns 
tWH2 CLKOUT high-level oulse width . 1-ttz itC2-tR2 ,to tcz as _ 
tWL2 CLKOUT low-level oulse width t}tc.2• ;tC2-tF2 •1/4)t02 ns 
tD2 Delay from CLKOUTI to valid 

address,w~n"v/BY-E-, R/v3-, sT9- 
y 

'1• tß- 

- , 
tc2+4J  4 

as 

tD3 Delay from CLKOUT to MEMEN- 
asserted 

I 
 .tCz t4Z+-Fc _ ns 

tD4 Delay from CLKOUTI to MEMEN- 
released 

4 
•y. tC2. • , 4t`—vr 

ns 

tSU1 READY set-up time, Memory 
cycles 

100  na  
tH1 READY hold time I 0 i ns 
tDZ latagismoietrerFireetwekelialei P.10.1.-t- Pell.),  '4te1+(,,C as 
tSU2 Input data set-up time 65 ns 
tH2 Input data hold time 0 ns 
tD5 Delay from CLKOUTIto DBIN- 

asserted o 
40 ns 

tD6 Delay from CLKOUTI to DBIN- 
released O 5o ns 

tD7 Delay from CLKOUTI to r A , 
HOLDA asserted • o - 4 o ns 

tD8 Delay from CLKOUTI to t AQ, 
- HOLDA released .5-0 

ns 

tD9 Delay from CLKOUTito valid 
write data 0 ~~c 

ns 

tD 10 Delay from CLKOUTI to 
WE- asserted o 

. • 
4-0

ns • 

tD11 Delay from CLKOUTI to 
WE- • ---• released 

v - so  ns 

tR3 WE- rise time ;L5• I -50 ns 



TABLE ll. `1995 sE sWTTcMING c ► iARAcTERIsTtcs (coN-r'D)  
(ovER REcoWIMFNi:›ED oPEfiAT1.NG . cNDLTroNs 
KAUGE)  uN L ess oTti EKWSSE  

NOTES:- 

1. Additional Test Conditions, All Outputs: 
IOL : MAX, IOH = MAX, CL = 100pf 
(In figure a# cc, = 100pf, R1=2,4K, R2:24K) 

2. All Nominal Values at TA:2,oC, Vcc=_NOM 
3. Memory access time (read cycle) MIN parameter 

is determined as follows:- (No Wait States) 

tÄCC, MIN3tt ,nom-tD2,max-tSU2 ,, MIN-tr 2, MAX 
C2-130 ns 

Therefore, for tc2-333 ns, 
tACC.MIN=120 ns. 

tAlse 

01/4.5.  

-e. 4L1°, MIN 

Ttiera.core ) 

W  i  dtti MIN Parawte-1'er is 
— ( No Wai-j' States) 
_~-t C:t  NaM t D11, MAX 
_ 42. - 'f-o 
-9ör eis ~ 

cle_'-eYwtirie4 

- t 1s3i  MAX - t Dro , MA7( 

-E W i..- )  MIN = t 7 h s 



5.0 ELECTRICAL SPECIFICATIONS 

5.1 444,M0 Maximum Ratings  

The absolute maximum ratings of the ci99S 5E, ar a given in 
Table , le. 

5.2 *imp   Recommended Operating Conditions  
The recommended operating conditions for the  99957 56'.  are given" 
in Table V009. 

5.3 to Electrical Characteristics  

5.3.1 General  

The electrical characteristics of the 19195 sE  for the 
recommended free-air operating temperature range are given in 
Table I C JO. 

11 

The switching characteristics of the -1-11 5t  f,  ooe the recommended 
operating conditions are listed in Table an the switching 
parameters of this table are defined in .Figures 27;through '32• 
The test load circuit used for loading the 4crte 5E outputs for 
measurement of the switching characteristics is shown in Figure 
3 3.,Switching times are measured at the 10% and 90% points of 
the voltage waveform, as defined in Figure ,13414 

5.3.2 Clock Characteristics  

The :9 995 ee has an internal oscillator/clock generator that is 
controlled by an external crystal. The user may also disable the 
oscillator and directly inject a frequency source into the 
XTAL 1 f6LI.IN input. 
KTAL ZA KIN 

5.3.2.1 Internal Oscillator  

The internal oscillator is enabled by connecting a crystal across 
XTAL2/CLKIN and XTAL4. The frequency of CLKOUT (CLKOUT frequency 
is the machine state frequency) is one-half the crystal 
fundamental frequency, fx. The crystal should be a fundamental 
series-resonant type. Figure .35 details the cor ction of the 
external crystal to activate the'internal oscillator. 

5.3.2.2 External Oscillator  

An external oscillator can be connected to the 9395 SE using the 
XTAL2/CLKIN pin as detailed in Figure 3(:), The frequency of 
CLKOUT (CLKOUT frequency is the machine state frequency) is  
one-half that of the external oscillator. Table rand Figure  .i  
define the timing requirements of CLKIN. XTAL*/CLKIN can be 
driven with standard TTL voltage levels. 



6.0 MECHANICAL SPECIFICATIOKS  

(0"-pin 
The physical dimensions of the 999ä sE '0 pine dual-in-line 
package are specified in Figure 3 7, . 



TABLE 1. STATUS REGISTER BIT DEFINITIONS  
(SEE NOTE 1)  

BIT NAME 

INSTRUCTION 
AND/OR 

INTERRUPT 

CONDITION TO SET BIT TO 1, OTHERWISE 
SET TO 0 FOR INSTRUCTION LISTED. 
ALSO, THE EFFECT OF OTHER 
INSTRUCTIOi1S AND INTERRUPTS 

STO LOGICAL 
GREATER 
THAN 

•  

C, CB If MSB(SA)=1 and MSB(DA)=0, or 
If MSB(SA)=MSB(DA) and MSB of 
C(DA)-(SA)] =1 . 

CI If MSB(W)=1 and MSB of IOP=O, 
or if MSB(W)=MSB of I0P and MSB 
of [(IOP-(Wn =1 . 

ABS.  LDCR If (SA) #t 0 

RTWP If bit (0) of WR15 is 1 

LST 
a - 

If bit (05 of selected  WR  is 1 

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

4.  

If result 0 
: •• 
'• 

•• 

.• 

Reset Interrupt Unconditionally sets status bit to 0 

All other 
instructions 
and interrupts 

Do not affect the status bit 
(see note 2) 

ST1 ARITHMETIC 
GREATER 
THAN 

C, CB If MSB(SA)=0 and MSB(DA)=1, or 
If MSB(SA)=MSB(DA) and MSB of 
[(DA)-(SA)] =1 . 

CI 

• 

If MSB(W)=0 and MSB of IOP=1, or 
if MSB(W)=MSB of I0P and MSB of 
[(IOP-(W) ]=1  

ABS,  LDCR If MSB(SA)=0 and (SA) ro 

RTWP If bit (1) of WR15 is 1 

LST If bit (1) of selected WE is 1 
• 



COC 

CZC  

C,CB  If (SA) = (DA) 

If (SA),and (DA) =0 

If (SA) and (DA) =0 

CI. If (W)=IOP 

TB If CRUIN=1 for addressed CRU bit  

RTWP  If bit (2) of WR15 is 1 

If result =0 A, AB, AI, ANDI, 
DEC, DECT, LI, 
MOV, MOVB, NEC, 
ORI, S,  SB,  DIVS, 
MPYS, INC, INCT, 
INV, SLA, SOC, 
SOCB, SRA, SRC, 
SRL, STCR, SZC, 
SZCB, XOR 

CONDITION TO SET BIT TO 1, OTHERWISE 
SET TO 0 FOR INSTRUCTION LISTED, 
ALSO, THE EFFECT OF OTHER INSTRUCTIONS 
AND INTERRUPTS 

BIT NAME 

INSTRUCTION 
AND/OR 

INTERRUPT 

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

ST1 
(CONTD)  

OVERFLOW If MSB of result =0 and result 0 

Reset Interrupt 

All other 
instructions 
and interrupts 

Unconditionally sets status bit to 0 

Do not affect the status bit • 
(See Note 2) 

ST2  EQUAL 

ABS, LDCR  If (SA) =0 

If bit (2) of selected  WR  is 1 LST  

Reset Interrupt 

All other 
Instructions and 

Unconditionally sets status bit to 0 

Do not affect the status bit 
(See Note 2) 

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



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

BIT NAME 

INSTRUCTION 
AND/OR 

INTERRUPT 

CONDITION TO SET BIT TO 1, OTHERWISE 
SET TO 0 FOR INSTRUCTION LISTED. 
ALSO, THE EFFECT OF OTHER INSTRUCTIONS 
AND INTERRUPTS 

ST3 CARRY 

• 

A,AB,ABS,AI,DEC, 
DECT,INC,INCT, 
NEG,S,SB 

If CARRY OUT =1 

SLA,SRA,SRL,SRC If last bit shifted out =1 

RTWP If bit (3) of W'R15 is 1 

LST If bit (3) of selected  WR  is 1 

Reset Interrupt Unconditionally sets status bit to 0 

All other 
Instructions and 
Interrupts 

Do not affect the status bit , 
(See Note 2) 

ST4 OVER- 
FLOW 

A, AB If MSB(DA)=MSB(DA)and MSB 
of result  i  MSB(DÄ) 

AI If MSB(W)=MSB of IOP and MSB of 
result 4 MSB(W) 

S,  SB  If MSB(DA)#MSB(DA) and MSB of 
result MSB(DA) 

• 

DEC,DECT If MSB(SA)=1 and MSB of result =0 . 

INC,INCT If MSB(DA)=0 and MSB of result =0 

SLA If MSB changes during shift 

DIV 

. 

If MSB(DA)=0 and MSB(DA)=1, or if 
MSB(DA)=MSB(DA) and MSB of 
[(DA)-(SA)) =0 

DIVS If the quotient cannot be expressed 
as a signed 16 bit quantity (800016 
is a valid ne•ative number) 

ABS,NEG If (SA)=800016 

RTWP If bit (4) of WR15 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)  

BIT NAME 

INSTRUCTION 
AND/OR 

INTERRUPT 

CONDITION TO SET BIT TO 1, OTHERWISE 
SET TO 0 FOR INSTRUCTION LISTED. 
ALSO, THE EFFECT OF OTHER INSTRUCTIONS 
AND INTERRUPTS 

ST4 
(CONTD) 

All other 
Instructions and 
Interrupts 

Do not affect the status bit 
(See Note 2) 

ST5 ODD • 
PARITY 

CB, MOVB If (SA) has odd number of l's 

LDCR 

. 

If 1S.CS8 and (SA) has odd number of 
l's. If C=0 or 9S.0 <15, does not 
affect the status bit. 

STCR If 1 <C <8 and 'the stored bits have 
an odd number of l's. If C=0 • 
or 9 G 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 
Instructions and 
Interrupts 

Do not affect the status bit 
(See Note 2) 

4 

ST6 XOP XOP 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 0 

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)  

BIT NAME 

INSTRUCTION 
AND/OR 

INTERRUPT 

CONDITION TO SET BIT TO 1, OTHERWISE 
•SET TO 0 FOR INSTRUCTION LISTED. 
ALSO, THE EFFECT OF OTHER 
INSTRUCTIONS AND INTERRUPTS 

ST7 
ST8 
ST9 
and 
ST11 

Unused 
Bits 

' 

RTWP If corresponding bit of WR15 is 1 

LST If corresponding bit of selected  WR  
is 1. 

XOP, Any 
Interrupt 

Unconditionally sets each of these 
status bits to 0 

All other 
Instructions 

Do not affect these_status bits . 
(See Note 2) 

ST10 ARITHMETIC 

ENABLE 

RTWP If bit (10) of  WR  is 1 

LST 
OVERFLOW • 

If bit (10) of selected  WR  is 1 

XOP, Any 
Interrupt 

Unconditionally sets status bit to 0 . 

All other 
instructions 

Do• not affect the status bit 
(See Note 2) 

ST12 
ST13 
ST14 
and 
ST15 

INTERRUPT 
MASK 

LIMI If corresponding bit of IOP is 1 

RTWP If corresponding bit of WR15 is 1 

LST i  If corresponding bit of selected  WR  
is 1. 

RST, Reset and 
NMI Interrupts 

Unconditionally sets.each of these 
status bits to 0 

All other 
Interrupts 

If ST12-ST15=0, no change 
If ST12=ST15 J, set to one 
Less than level of the interrupt 
trap taken 

All other 
Instructions 

Do not affect these status bits 
(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 executed by the X instruction sets status 
bits as defined for that instruction. 



TABLE 2. DEDICATED WORKSPACE REGISTERS  

REGISTER NO. CONTENTS USED DURING 

0 

• 

Shift count (optional) 

Multiplicand and MSW 
of result 

MSW of dividend and 
quotient 

Shift instructions (SLA, 
SRA, SRC, and SLC) 

Signed Multiply 

Signed Divide 

1 LSW of result 

LSW of dividend and 
remainder • 

Signed Multiply 

P 

Signed Divide 

11 Return Address 

Effective Address • 

Branch and Link Instruction 
(BL) 

' 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) 



TABLE 3. 999-5 PIN DESCRIPTION 

SIGNAL PIN I/O DESCRIPTION 

Vcc  

Vas 

59 

19,44 

POWER SUPPLIES  

Supply voltage (+5V nom) 

Ground reference 

CLOCKS 

XTAL?.%L.KjN 
Crystal input pin for interne 
oscillator. also input pin for 
external oscillator. 

X'rAL l 
:tTAL2 IN Crystal input pin for internal 

oscillator. 

CLKOUT 1 OUT Clock output signal. The frequency of 
CLKOUTIis one half the oscillator input 
(external oscillator) or crystal 
(internal oscillator) frequency. 

GR.Ko4T2  our Clock o~.'t'P~: t- si9~a1~ Tke -Fre~,~:e►.c.y 

of cL.KouTZ is one half tke 

csc ivtPu t eX't'eYvtai 

nscilia'tor) or crystat G rd'errtai 
oscillo.-tor ueKc?/. GLKot,ITZ  

i  5 one .c`uar'i-eY' cycle. delayed 

-Prom cL.Ka+,rt" 1 

IN 



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

' SIGNAL PIN I/O • DESCRIPTION 

AO 
Al 
A2 
A3 
A4  
A5 
A6 

A8 
A9 
A10 - 
All 
Al2 
A13 
A14 

A15/CRUOUT 

DO 
' D1 

D2 
D3 
D4 
D5 
D6 
D7 
p9 
179 
Pic 
Di! 
Dig •  
D13 
D14 
pr.S 

• 

7 
B 
9 
Id 
i I 
12 
13 

15 
Ho 
17 
►9 
Std 
21 
22, 

23 

4-3 
42 

41 
40 
39 
38 
31 
3f2 
3 
34 
33 
32 
31 
3o 

:L9 
203 

' 

OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 

OUT 
OUT 
OUT 
OUT 
OUT 

OUT 

OUT 

I/O 
I/9 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
s/.' 
zio 
I/O 
Z/o 
I/o 
z/o 

eD 

ADDRESS BUS 

Address Bus. AO is the most significant 
bit of the 16 bit memory address bus and 
the 15 bit CRU address bus. A14 is the 
2nd least significant bit of the 16 bit 
memory address bus and the LSB of the 15 
bit CRU address bus. The address bus • 
assumes the high impedance state when 

OUT • 

the Q9gs ••&• is in the Hold state. 

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© 
A15/CRUOUT assumes the high impedance 
state when the ggqs 5e is in the Hold 
state. 

DATA BUS 

Data bus. During memory cycles (MEMEN- 
active ) DO ( the MSB) through pl55  ( the 
LSB) are used to transfer data to/from 
the external memory system. During non'' 
memory cycles (MEMEN- inactive) DO, D1 

_arid _D2, are used to indicate whether the 
9995 sg is performing a CRU cycle or an 
External instruction. The data bus 
assumes the high impedance state when' 
the 9995.  56 is in the Hold state. 

r/o 
 

, 



rABLE 3. g995 SE PIN DEscRZPT=o N (cot.!-r'c)  

sIGJJAI- P.1 N =!o PEsCRI.PTIoKJ 

oRldi 
GRUIN/ 54 IN cfig IKpKt data. Dur4Ic3 cAU cycles)  

• c.Ru=N is the input clo~+a line  Ar  
CRU In pA+ c0.1-a. 

GRLIct_K 53 oi. r cR tit Clock . When ac}iv•e. (kilk) 
cRuct..K ‘nalco,i-as +I^A+ CRU  öoto, ott+ 
is ava.i fable on Al /cRt-tour 6..., hem 
MEMEN- - I cowl Po = D1 =D2 =0) or -1')^aß" 

. a n ex-4e (K&I ;14-her-Pace s liot tl d d ecoö e. 
Extev'Kat itis4ruc'1•ict•.s (wile" MEMENI-9 
0, v  d Po )  P l )  0, 14,4 D . are %n o'1" c7,11 

. evtal +0 O). 

CONTROL • 

MEMEN-  I OUT Memory enable. When active (low) MEMEN- 
indicates that ., .,. .,  DEIN- and 
the address ald 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 _ggg5 sa is performing an 
External instruction. MEMEN- does not 
assume the high impedance state when the 

1199.5" SE is in the Hold state. 

PßlNl— b2 OMIT Data bus in. During memory read cycles, 
;DBIN-..is__ac_t. ve (low) to indicate that 
the 1999.5" 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 cycle is an input cycle. 

. 
• DBIN- assumes the high impedance state 

when the[999$ S4 is in the Hold state. 

. WE— 61 otAT Wr;te_ enable_ Whey' ac-1•'ive. (low) 
wE— i  ,,,,,a; Coates tkat haewsor)1 w e site. 
dc,+& is avert Ig12le ovt t11e. cickta 
buts. WE- Assumes +he_ hi9% 
)empedo.tAce s-1-«+e_ w lie to -F1, a 9195 sE 
is in the. .1-1o141 s-Fcd e 



TASLE 3. gg95 s E PIN vEscRlPrro N (coN-r'p) 

SIGJJAL P,I1J 110 PESCßrPrlo hi 

R /W-- 
• 

READY  

. 

HoLD- 

NoLDA 

ZAq 

57 

63 

GO 

61 

OUT 

Z N  

IN 

outr 

soul" 

CoN1 Sot_. (CoKi. 'ci~ 

Read/ write irtdicoA- on. When 1ica11)  
•R /w - i  h i  cA-1-e s -hko..-1- tile. 9995 sE  

i  s rele-or14444211 a y,evvi.o r y -  read 
c.,yzie (;-f MEMEIJ—=0) or a CRU  
i  npKt cycle.  (i.  NIEME 1—  = 1'_ Wkeh 
low) RN— indica'Fes -}-1A6..** +be 
9995 se 'us per-Vor  nA4w9 o. mew.ory 
wr:te cycle (;+ MEMEI4—=0> or o. 

cßL1 ou.+pkt+ cycle <i•.  MEMEN — =1). 

R/W — does not o.ssctrne. +lie high 
iw,tedahce . s+atQ. when -I-he 9'995 s5  

i  s ih +he. Mold s-i•a-%e . 

Ready. When active (high) , READY 
indicates that the present 
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 e  one CLKOUTI cycle) 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 completed. 

Hold state request. When..active (low) , 
HOLD- indicates to thej9995 5g.  that an 
external controller desires • to use the 
address and date buses. Upon sensing a 
Hold request, the )`1995  5 will enter a 
Hold state (definedas suspension of 
instruction execution) after it has 

.completed its present cycle„ 
into .anertno•re -ter dc-tailo of cntry a 

At the beginning of the 
Hold state, the [99/5 54 places DBIN-, 
WE- S. .. . and the address and data 
buses in the high impedance state, and 
then responds by asserting' HOLDA.

_ When HOLD- is removed, the 944_5 SE 
returns to normal operation. 

Holat acknowled9e.. When o.c+v'e k911))  
WOLPA indicates +J f i1- is iK the 
14014 s-fo.+e . 

IKstruc-l-iov. acvuiki+iop1. Wheh Ac-i•ive 
(h;gt,) , IA4 iva ica►te s -that the. wiewory read 
cycle ih prep ress  i  s th4•l 0'9 re? 4.4VA% abt 

hstrw`tioh *face e. 



rAeLE 3. 9995 sE PIN pEscRlPTroN (coNT'p) 

siGtJAL PIN I/O DEscRsPTSoN 

sTg - 

woRD /6YTE—  

58 

56 

our 

ouT 

, 

• cow-rRo L (co Vvi''d) 
S1-0,-i-(As Si t 8. STS - i  s the. 
I nvev-+ed 1-e h'h s o-F 51-a11,ls Regis+eY° 
12 ;-1- sT9 ( MAPo /MAP t) oKly 
during rete4,4ry cycles (MEMEN-=o), 
DNr~v,z ("di o-t-hev- cyoles (MEMEN-=I) 
sT8 - Is held W91n. 

Word/Eby-1-e. When low, woRD/By1TE-; 
'► ~.4ica.+es tho.-r +~e memory cy,le 
ivt 'P tro9ress is +1na+. o.9 accessthg 
o. sin9le byte o~ -1-G► e. /G-  bi+  
do1/4-i'a btrls. W ofiD/ BYTE-  i  s 11e14 
h,g►., a+431 at>1er ~- Z ~es, 



TABLE 3. 5C PIN DESCRIPTION (CONT'D)  

SIGNAL PIN I/O DESCRIPTION 

RESET- 

NMI- 

INTREA-  

Ica (Mse) 
IC 1 
XC2 
IC3 (Lse 

4 

• 

,'Z 

.fin 

49 
eie 
+7 
4b 

• 

IN 

IN 

IN 

IN 
IN 
IN 
rr( 

• 

INTERRUPTS 

Reset. When active (low) RESET- causes 
the 19915 $E to enter a RESET state 

and inhibit its 
coetrol sig gals. When RESET- is 

-initiates released, there . c Se 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 19995  Sc 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). 

IhterrtApt rel.  ues+. WkeAn. o.c-t ive (1ew))  
SNTREQ- ivldic.otes +hat ah  •ext•ery e.1 
iKtex"rt*P•i•- i  s vec,Kes+ed and tike co e= 
of its level is reeser\'1' ovt ',Co 
throk24, IC3. , 

Srt+errµpt code.. COS +41rotA9ti : I.C.3 o.we. 
saw+Pled w heK INTREQ- is ac+ive . 
Wtiel..% ICo throi.k9k rC3 are. ; LLLH )  -pie 
w9tiest Pr ior)+y v„o,skable a?e 're rrt&t 

. _ ih+errupt is lo&t.2.._re$ues+ed1 '0.1d whey% 
HI-1H 14 ) -1-ha lowest prioy;iy wtas  kable  
ex+arn41 lni-errwp`t' a be. Y.eclaes+,ed. 

f 



TABLE 3. g995 SE PIN pEscRiPrro N (coNT'p) 

SIGNAL P.=N TAO vESCRLPTroN - , 

sPSCIAL sI.G tJ  ALS  

9995 sE%9990-  1-5-  IN 9995' SE memory coh+rol / 9990 vneseiory coh+roi• 
This sigv,al )  w1,kk is Pevmaheh tly coknec+i ci to 
either Vcc or Growncl in a sys+evh, +ells fl7e 
9995 GE device. wlnich • memory map +0 
use. w;+11. its iw{erKa► 1 memory coh-trol '_ 
lo9ic.• 

pEST T WßIE 

FREEZg-  

' ,5'S 

3 

, 

IN 

OM IT Des-};r t-; 1~J 'to r
.
vte. Whevt 11icak, DEsTWRITE  a- 

i  rtdica+es +1-text a write. ' cycle +o --ke. 
des-E'‘vta-1-ioK o,d el. ress or'r +ke iy+s-hruu.tiovi 

be'tv.9 cow,ple+ed will occur 0...H-ear ' 

the. cur~rev<+ -e. 0-9 the Ke~-t' ` 
j hst r Nc+io Vt is covn p l e-ted . 

Freeze.. Whey, o,c+ive ( lo>v) tke. 99955a.  

i  S cov,ck+ioned +"or -kke imrne.Jto.tely - 'oll-awiv►g 

RESET -. 'rke: cora.tionihe cowsist.s of ev►sar,hz 

that elwrin9 .  -Mkt. +'ollowiv,g RESET- 1-h¢,9gq5 SE 
ihhibit5 (keeps at iHac-F'ive lo9ic. level wE-)OBIN j 
MEMEN- And cRucl-K , a► tilt.tl~ 9995 SE. w+li hot 
ckaxge tke, coh+en-t'S 

, 
of its Pc, WP, or sT're.gieters. 

SACK 51 owl' =y,'1'errup+ Ac-know ted9e. TALK is o.c't•ive. 
(k►gh) when -1-ke 9995 SE 'is rea.öienz 
the WP o-F -}-he. vec+or duriv,ß ah ,  

i  n+erri.t.p-1-  (4.14y i  K+errup-l-  )  i  rt 4  1 Kd i,ng 
R 1= sET 3  NM1 , and MI D) coKtext 
sw i+c1ti • 

' 

M; D .5Z ouT MID rnteYrup'Y. MID is ac-Five Chig.k, 
w>1ev► t-he 999 S SE is readiv12, +ke 
WP oe. the. Vec+or dur► ng  ah Mit>.  
i,n+errNp t coKteXt Sw;kc-h. 



TA a L E I_ 1= V E L. PATA  

PR=oRz',TY 
L.E. VEL 

Ve-c-roR 
LocATIokJ 

(Memory 
Address, 
In 1-1- e.g 

MASK VALUES 
-ro ENABLE 
AGeEpTING 

-r'NE IftTERRuPT 
(s-n2 u ST15) 

VALUE MAsK 
SET To 4Po ►4 
TAKING TnE 

INTEpoRctP't•' 
(sTi2 tkra S1-15) 

SouRCE A1•1D 
AssrGNMENIT 

- 

L  

0 
(N i'9bes+ Pr; or ► ty) - 

0000    0000 -t1+ru 1111 
(See. Note. 1) 

0000   'External : Rese-t' 
(F{gSET-  519KoaI ) 

MID 0008 
(See No+e 2.) 

oo0o tl~ru 1111 
(See Note 1) 

Oov t 
(See Note 2..) 

Snfiernai : MI® 

NMI. FFC 0000 +tiru 1111 
(See. Note. )) 

ODOo EXtex,agl: 
(NMI- Sig Kcal ~ 

1 000÷ 0001 +kvu► 1111 0000 E'Xterro3: 
Ice -rc3 = 0001 

z 
0009  

(See Note, 2) 
O o io +l~ru 1111 
(See. Note- 3) 

000 I 
(See. Note. 2) 

_ ?nt. avd/or Ext. : 
Plijök%}3` bö ä ~ p®w p 

3 0® Oc o 11 -}-hvu ill) l l ® 00 1 0 
E,cterv~al :  
Ica-  Ic3 = 0 01 l 

4 00 lo otoo tl.ru 1111 oo 11 EAterho.l = 
Ic 0 - 2c3 =0100 

S 0011-  0101 +kru. )111 0100 Fxternex1= 
2CA-2c3= OiOt___ 

6 00 18 0110 +ltiru , 1111 . 0101 . E xterinaL l: ( 
rC0-.Tc3=0) 1e 

7 o olC • ow +hrN 1111 0110 
EXterna I: 
Ica - Ic3 =0111 

g O 02.0 IoOo -}kru 1111 ®1 1 1 Extervtal : 

9 ooze. loo) +kru 1111 ► o00 

rco -Ic3 =1000. 

_ Extervial:  
'co -Ic-s = 1001 

Io oo zS lolo +h,rw 1111 1001 E xterhgl : 
IC0-Sc3= ldt® 

-' 11 002C°  loll thrN Ili   IQ to E)cternal: 
Tco-Tc3=tol l 

12 0030 1100 t1,rN Illl Joil EXterxal: 
=cC-Ic.3= )lo® 

-- - 13 • 00 34 Rol -f hru Ili)  i)  op - External: 
Tco —Ic.3=11®1 

141 0038 lllo ghd 1111 1101 . EX+ernwl: 
Ic0 -1-C3 = 11/o 

15-  
(Lowest Prior;+Y) 

0o3C. • I1I1 11 10 
E7cterra1 : 
~Co-rc3=1111 

'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 ({esieter- 



TABLE S: _9995  Sg.  EXTERNAL INSTRUCTION CODES 

INSTRUCTION 

CODE DURING• CYCLE 

DO D1 D2 

CRU: 
SBO,SBZ,TB, 
LDCR or STCR 

0 0 0 

IDLE 0 1 0 

RSET 0 1 1 

CKON 1 0 '1 

CKOF . 1 1 0 

LREX 1 1 1 



TABLE G•. DEFINITION OF TERMINOLOGY  

TERM 
• 

DEFINITIONS 

B 

C 

D 

DA ' 

Byte Indicator (1 = byte; 0 = word) 

Bit Count 

Destination address register 

Destination address 

IOP 

LSB(n) 

MSB(n) 

N 

Immediate operand 

Least significant (right most) bit of (n) 

Most significant (left most) bit•of (n) 

Don't care 

PC 

Result 

S 

SA 

ST 

Program Counter 

Result of operation performed by instruction 

Source address register 

Source address 

Status register 

STn 

TD 

TS 

W 

Bit n of status register 

Destination address modifier 

Source address modifier 

Workspace register 

WRn 

(n) 

a-i> b 

InI 

Workspace register n 

Contents of n 

a is transferred to b 

Absolute value of n ( 



WoRp ADPßtsslNG 

MS8 LSB 

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

\  BIT 
U 

Eve-v, 16 - b;t ßy+Q Address 

BYTE ApDREssING 

MS8 LS8L LSB 
15 14 13 12 11 10 8 7 9 6 5 4 3 2 1 0 

zee /. 
• 

Eve 14,- irb;'t; _. . odd 14› - b  i-f- 
ßy+e Address ßy+e Acres 

oaa  Add  res s= Evew res s+ 1 

woRD AND BYTE FoRMATs 

FI GUIS E I. 

`SAN 
V 



0000 

0002 

0004 

0006 

003C 

003E 

0040 

0042 ' 

007C 

007E 

0080 

FFFC 

FFFE • 

0 15 

INTERRUPT VECTORS 

XOP SOFTWARE TRAP VECTORS 

GENERAL MEMORY FOR 
PROGRAM, DATA, AND 
WORKSPACE REGISTERS 

NMI YEc-ro R 

WP Kg :d I.-INTERRUPT 

PC I1E6&T INTERRUPT 

WP LEVEL 1 INTERRUPT _. 

PC LEVEL. 1 INTERRUPT 

7 L 

WP LEVEL 15 INTERRUPT 

PC LEVEL 15 INTERRUPT 

WP XOP 0 

PC XOP 0 

7 4  

WP XOP 18 

PC XOP 18 

• 
• 

GENERAL MEMORY AREA 

MAY BE ANY 
COMBINATION OF 
PROGRAM SPACE 
OR WORKSPACE 

• 
• 

WP NMI - 
PC N M I • 

Note = Addresses Are Word Addresses 
Iln Hex 

9995 sE MEMoRY MAP 

.P.r'Gu Pa 2. 



A 

cRIA 
coNTRoL 

cRUIN 
cRutct-K <  

Ais/cRUoUT c  

Ao-A 14 4(  

MID 
= AcK 

DE5TeuR=TE 

PC 

B A 

ÄLU  

 

~-- REs E-r 
~-- NMI 
~-- INTREQ 
re-Ico-=c3 

.YNTERRu PT 
GoNTRoL • 

►  

e-- XTAL ~~c~ KI N 
LLocK XTA1-2 
GENERAToR > ct.KouT t 

4 c L Ko uTg 

~ t 

kATLt1 

\
L1 

s‘A.IAP 
MUX  

MA, Pc, WP 

ANP 
TEMPoRARY 
R EGIsTERs 

3- I 
D$-p15 

~  
zR MICRO 

coNTRoU.ER 

MIc Ro copE 
RoM  

~ Po-177 

M EMF 
1:333171 
v-3E 

R/w` 
woftG/8Y-rE 

'AG? 
Noi.oA 

NoLD 
READY 

ere <  

Mug 

con►sTANITS 

) TEMP.  REG.  

SHIFT  REG.  

 

LATCH  

   

STATU S REG.  

YNcI1J1 -> 
SYNcokTl F- 
sYNeItJ 
5Yn1c ou'P2, 

, 

$YNcH RoNIzERs 

9995 . se fkocK PIAGRAM 
FIGURE. 3. 



ei-Art E X'LG tAT ; O K O f 
New =Ns{rNc1C% (If 

Reqy.rad, New PC Lo..de..ä Save.) 

Y 

Lock -, ri PtK14,9  
=wl'ere uPt Rea,:tests  

Keck P4 e'er Tristrete'F:ovi 

rate). Ne;C+,  Thser4et;oN 
41..g,"9 New  PG  

V 

PC  

q 995 SE Flow cr}44  i  

C®rmpletr =14ec4+;o,1 of 
Cearr:.nt Instru<i~~~ 
(wr;t^B ResN►i's 3•F krv)  



—r. -til,.., *  Pc. -+-2,--3. pc. 
i 
7 

Rena Nle,.v W P 

Veclore 0003ia, 
—IN- New rnT Zrr'uPT 

Maik = Ooo t 

Vzai'or a FFrC14., 
New rn+errupt 
Mas1C = 0000 

NMI 
Re9,west 

T ' 

1.co -1C3 
0001 

Exte'trel Level 1-!S 

99q5 SE FtoW CHART (czyTp) 

FIGURE 1-.  

NMI 
Active 

Ki 

* 1Jote t -rß sl9vb).1 htlei 1,111% cluw.thg 
1-hese mevmory o,ccesses 

Glee( STo-s«, 
R53 5..-r

'-rap .1wsi 
Taken 

T 

N 

Y 

Vector G Coe 0 16, 
New InterrA t' 
M4.6k = 0000 

1 
9 

Ricacl New PC 

T 

Clem- S-1- sT 11 

010 w P — 

N ew W RI3 

* OId PC -- 
N ew WR 1-i• 

I 

Ae sr-,  New vkl 1;15 

New I•ntCrru-t 
Mo,4k —N" 

ST I2- 57'15 

Vec.t.r Q execo-ice 
New IL-Fa.rr•ipt 
Mask =(rce-ic  i)  - 

I 
7 

PC-2 -> Pc 

vi~~ RESET' Ac-4 ^ e Caueas 
~ I~*w.Qd ~+i a~, Every Here
~ 



0 6 ~ 3 4 S 10 JI fz 13 14 15 

6 -ro 5'ri ST2 S'T 3 STA- STS sT6 si'7 5Te ST 9 sT 10 ST II STizrsTI3r ST14I ST15 
L> A >  EG?  C oV 0   X 9K-- M AP  f" .2t1,1; I►J-reRRuer MASK  ~ 

o9'< Greater T hootrt 

Y; eftc. GYeo.ier -rka 
Equ..1/1'$ IKci;ecd-oY 

Carry Otkt 
Over •Iobv 
PctY,ty.  (odc No. of 61-t5) 
)(Cif I  Progress 

Map Select 
Ivey-clow Ihterrurf Ehab. 

tJo1-e :~T1, sTg , ahö S?' I I are Not used \ +ke 9995 se butt sii 1 ~ 

Plysicany eKist lh +I.e. re91s-t'eY.  niese  bits coulcl tl,ere -Fore be 14s44s 

1'I' 5 ) S oT"F wO.Ye -{- Yams po r+a b 1 I t"{' y5 hO11 l  cl  1;e  kept  ih  ►x  i  K3 
wi►eh cloitig 50 o,s -tkese b;-I-s are e-PiKed it other 9900 

rcfrocessor at.,ö 9go   v►1iy,‘ o knpui-eY "arn'tl y praducl-s . 

s TA-rut s lß t G='sTER ßs"r ASS S G I\IMENTS 
FIGURE .5, 



OATA 

OR 

AOORESSES 

IDIoEX 

CAPAE , i. I TY 

woAKSPAcE ~EC~I~TERS 

NOTE: 

0 

1 

2 

3 

4 

,_ 5 

. G 

_......., 
7 

3 

9 

10 

e 
iI 

12 

13 

1n ~ 

' ' 15 

The WP register contains the adar_ss 
or workspace register zero. 

F7GvRE . ä GJOieKSPf1 Cc REGss-rEf?S 
titsA6LE A iNDZX REGi51"  "ERS  



WORKSPACE POiNi;R 
(WP) 

u0RXSPACs 
A00►gSS vvoRKSPAcez 

REG I STER 

MtCR0P20C_SSC2, ACOS 
WORKSPACE POINTER 
(WP) TO ! WIcE THE 
REG!STtR NU.12_R TO 
0_RiVE " ' n„ ~,~1~L 
REGiSTER AOO{_SS 

wP + 0015 

w? + 0216 

'HP + 0416 

WP + 06
16 

WP + J8 
iö 

UP T OA, 
,-0 

WP 4. 0C
1 o 

. 
SJP + OE 

16 

WP 10
16 

WP + 121 

uP + 14
16 

WP + 16.
16 

WP + 18
15 

WP + 1A
16 

uP + 'C
1c 

 

"P  

NOT`: ALL hKt;ORY 40R7 AOüR`SSES 
ARE EVEN. 

F'/ ~ UR C. 7 w ORXSP/ß L E POI/V/-4R 

A AJ ® /?A.  6/ .5 i :` .g S 



AO—A14, A ls fcRuouT 

1 

~.. 

....- 
Ir1 enioYy "Zy -r..?„19 

Ahd/Or DMA 
Goin?Yolier 

• 

. . ..,. _..._ . _._ . 

NoLDA and 

. 

^ 

> 

Da —1715- 

C -`  
. 

> 
MEMEN 

} ()BIN 

> 

9995 SE  i  

- 

! 
WE , . ---__...----.- 

< 
R EAoY 

r_........._......_.................__. 

~ j HO LDA 

Ho1.p Are. Noe 
RevüvYeä For 
Si,APle Memory 
Sys'+'ems euT'rYill 
ße Used ;3y 
D~H~1 Cotic's'ra lieys 
._ .._. - • 

H D { 
, 

._.. 
R/W 

) 
 wog0l BYTE 

vT  9 
> 

2Act 
 

9995 SE MMogY  

FIGURE e. 



cLKouTI 

Ao-A►4, A1skRuouT 

PO - 01s 

I I 

t 
t-  

~ Va1iä X VaI iö X 
I I I 

f. 1  
vavia 

/ & \ I / e \ . I 

MEMEN 

DBIg 

WE 

WoRD/B Y-r 5 

R /w` 

ere 

rAO 

i I 

  

, 
i 

MEMO 1W READ 
No WAIT sTATEs 

 

M EMoRY READ 
oNE WAIT STATE  

Nn~e-e% 
0 Valid Adaress 
® In IHP4ct Mode (Dr:vers Q 1-Ii211-Z) 
0 Memory iRe0.d Da+a Must ße Valea At CLOUT' Edcye Iiiclic0.tecl 
®IAQ Will  artly Be Asseti-ed Pic , frie wtotry Re0.2 Cycles S~ 

AK Z n  st  rkc'it  i  o vt O P coö e I s 13e°wt3 ß, eJ 

942(95 Sg M EMoRY REM) cYcLE 

~"" iGUKE. 9e 



cg.Kou-rI 

Ao -A14, Ag5/ERuouT 

Da -AI~  
f I   I 
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L(PEsTwRIYE=1)•(IAq=O)•(cLKo in" I t).] Zf 
F/{EEzE- is -1-akeh with;ti ixsitne of 
the cLKoter; t thwt tri99ered ifi low >  the 
"-freeze'" will not occur. If FREEZE-  i  s Kee;  
Jow Ana RE5ET- ;s asserted)  "-Freeze will 
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MEMEN- C 1 64 ] WE- 
le I - t 2 63 ] HOLD- 
FREEZE- t 3 62 ] DBIN- 
RESET- [ 4 61 1 IAA 
READY C 5 60 1 HC..DA 
N G t 6 59 1 VCC 
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AI  t 8 57 1 R/14- 
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A3 t 10 55 1 DesTWRr-rE 
A4 t 11 54 3 CRUIN 
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A7 C 14 51 ] IACC 
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014 t 29 36 ] 07 
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D11 [ 32 33 ] 010 
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