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x A Ton as source data.
—G—>] 3. R12 and R13 are general-purpose working registers for all operations except transmit (XMIT).

4. The least significant bit of register R10 (OVF) is used to reflect the carryout status resulting from
the most recent ADD operation.

5. Auxiliary register RO #1 is a general-purpose working register that holds the implied operand for
Arithmetic and Logical operations; the content of this register is repeated in AUX #2 (shown dotted).
The duplicate register is physically part of the ALU and is shown separate only for fayout
convenience.

6. Internal working registers cannot be operated on by the MASK logic.

7. During NZT instructions the ALU tests for all bits equal to “0" (Transfer if A+ 0)—refer to BASIC
OPERATIONS that follow.

Figure 1. Architecture and Pin Designations for 8X305 MicroController
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FEATURES

¢ Fetch, Decode, and Execute a 18-bit instruction in a
minimum of 200 nanoseconds (one machine cycle)

» Bit-orlented Instruction set (addressable single-or-
multiple bit subfields)

e Separate buses for instruction, instruction Address
and Three-State 1/O

¢ Thirteen 8-bit general-purpose working registers

o Source/destination architecture

¢ Bipolar low-power Schottky technology/TTL inputs and
outputs

¢ On-chip oscillator and timing generation

¢ Single +5V supply

¢ 0.9-in. 50-pin DIP

PRODUCT DESCRIPTION

The Signetics 8X305 MicroController (Figure 1) is a high-
speed bipolar microprocessor implemented with low-
power Schottky technology. In a single chip, the 8X305
combines speed, flexibility, and a bit-oriented instruction
set. These features and other basic characteristics of the
chip combine to provide cost-effective solutions for a
broad range of applications. The 8X305 is particularly
useful in systems that require high-speed bit manipula-
tions — sophisticated controliers, data communications,
very fast interface control, and other applications of a
similar nature.

The 8X305 can fetch, decode, and execute a 16-bit in-
struction word in a minimum of 200 nanoseconds. Within
one instruction cycle, the 8-bit data-processing path can
be programmed to rotate, mask, shift, and/or merge
single or multiple bit subfields and, in addition, perform
an ALU operation; in the same instruction, an external
data field can be input, processed, and output to a speci-
fied destination — likewise, single or multipie bit data
fields can be internally moved from a given source to a
given destination. To summarize, fixed or variable-length
data fields can be fetched, processed, operated on by the
ALU, and moved to a different location — ail in a time-
frame of 200 nanoseconds. To interface with I/O and pro-
gram memory, the 8X305 uses a 13-bit instruction ad-
dress bus, a 16-bit instruction bus, an 8-bit bidirectional
multiplexed 1/O data/address bus and a 5-bit /O control
bus.

A wide selection of {/O devices, interface chips, and
special-purpose parts are available for systems use. In
most applications, the more powerful 8X305 is function-
ally interchangeable with its predecessor — the 8X300.

ASSOCIATED DOCUMENTATION
Other documents directly relating to design and applica-
tions use of the 8X305 MicroController are:

¢ Product Capabilities Manual
e 8X305 Users Manual

These documents and other current literature (Data
Sheets, Product Bulletins, Applications Notes, etc.) are
available at all Signetics Sales and Service Offices —see
rear cover of this data sheet for the office in your locality.

PIN CONFIGURATION

N, | PACKAGE
vor[7] J50] va
Ar[2] 49) Ay
al3 .
AsE E Ao
NE 46] Ay
A:E E]Au
a[7] o 44] FALT
el w 43| RESET
ao[e j [a2] MciLx
x[ig] 'e) [41) ivo
ng o [40] v
anofi2 g - [2s] w2
wfi3 o2 ELH
3 }14) >< o @Vcc
12 15} © (&) Ja¢] Fva
13 [18} o 35] VB
17} [+ of 34) V&
‘SE 9 %Wi
1e [19] 2] A6
= z 5
s [21] [30] we
o [22 23] sc
tyo [23] 28] 115
h [24] 27| lha
1z [25) 28] 143
TOP VIEW
ORDER NUMBERS
8X305N, 8X3051
S8X3051/883B, S8X305//883C
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veR[d J50) vR
a2 48] Ag
Ae|3 @Av
AsE %Aw
af5] 6] A1t
AaE EA\Q
AzE m Em
[l ' 43] AESET
2[5} j faz) morx
x1[19] o ja1) Vo
x2[11] o 40 ivi

anp 12} 8 | [39] ivz
1o i3] 0 Z EIRE
1 [19] >< o Evcc
12[15] 0 Q 36] iVa
1y (18] (@) 3s] Vs
u@ (o of 34} Ve
1s 1] Q Eﬁ
e [18} E 32} 7B

PIN NO, IDENTIFIER FUNCTION
1 VCR Regulated voltage input from series-pass transistor (2N5320 or equivalent).
2-9, 45-49 Ag—Ay Program Address Lines: These active-high outputs permit direct addressing of up to 8192 words of program
storage; Ay, is least significant bit.
10, 11 X1, X2 Timing generator connections for a capacitor, a series resonant crystal, or an external clock source with
camplementary outputs.

12 GND Ground.

13-28 lo~11s5 Instruction Lines: These active-high input lines receive 16-bit instructions from program storage; |5 is
least significant bit.

29 sC Select Command: When high (binary 1), an address is being output on pins V0 through V7.

30 wC Write Command: When high (binary 1), data is being output on pins VO through iV7.

31 B Left Bank Control: When low (binary 0), devices connected to the Left Bank are accessed. (Note. Typically,
the LB signal is tied to the ME input pin of I/O peripherals).

32 RB Right Bank Control: When low (binary 0), devices connected to the Right Bank are accessed (Note. Typically,
the RB signal is tied to the ME input pin of I/O peripherals).

33-36, iV0-iv7 Interface Vector (Input/Output Bus) — these bidirectional active-low three-state lines communicate data
38-41 and/or addresses to 1/O devices and memory locations. A low voltage level equals a binary “17; IV7 is
Least Significant Bit.

37 Vee + 5V power supply.

42 MCLK Master Clock: This active-high output signal is used for clocking I/O devices and/or synchronization of
external fogic.

43 RESET When RESET input is low (binary 0), the 8X305 is initialized — sets Program Counter/Address Register
to zero and inhibits MCLK. For the period of time RESET is low, the Left Bank/Right Bank (LB/RB) signals
are forced high asynchronously.

44 HALT When HALT input is low (binary 0), internal operation of the 8X305 stops at the start of next instruction;
MCLK is not inhibited nor is any internal register affected; however, both the Left Bank/Right Bank (LB/RB) signals
are synchronously driven high during the first quarter of the instruction cycle time and remain high during
the time HALT is low.

50 VR Internally-generated reference output voltage for external series-pass regulator transistor.

Figure 2. Designations and Descriptions for Pins of 8X305 MicroController.
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_FUNCTIONAL OPERATION
Typical System Configuration

Although the system hookup shown in Figure 3 is of the
simplest form, it provides a fundamental fook at the
8X305 MicroController and peripheral relationships. As
indicated, the 8X305 can directly address up to 8K words
of program storage — either ROM or PROM. The user
interface (IVO through IV7) is capable of uniquely address-

ing 256 Input/Output locations and, with additional bank
bits (LB, RB), this number is expanded to 512 — each
bank comprising 256 addressable locations. The address-
able locations of each bank can be used in a variety of
ways; a simple method of implementation is shown in
Figure 3. When LB is active low, the left bank is enabled
and any one of 256 locations within the RAM memory can
be accessed for input/output operations. A similar set of
“enablelaccess” conditions are applicable to the right
bank when RB is active low.

r SERIES-PASS
TRANSISTOR
(LOCATED OFF-CHIP-)‘

VCR

A7
As
As
Asq
A3
A2

PROGRAM STORAGE
(READ ONLY MEMORY)
8X x 18 ROM/PROM

8X305
MICROCONTROLLER

/O DATA AND ADDRESS
INSTRUCTION ADDRESS

, S,
A/

Aq2 145
HALT Ja4 USER 8
CONTROLLED
RESET a3 INPUTS
8X350 RAM
meik fa2) > P
o a1 ( o
i 4
B 1
V3 34|
LEFT BANK
Vee §37) +5V
_ RIGHT BANK
Va [38
ivs Jas ‘
iVe [34
V7 §a3
_ T B " 1oFase
RB [32 -l ——5 "1 ADDRESSABLE
_ 8 LOCATIONS
B 34
wc |l
sc |z J/
115 |28] k )
114 §27 K
l43 |26
A

Figure 3. Typical 8X305 System Hookup
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BASIC OPERATIONS OF 8X305

|

REGISTER-TO-REGISTER

Sq: 1), “D” (Do,

Dy}, “R”, “L”, “J”, and “A”.

Refer to a later discussion of “Instruction Fields” for a detailed examination of all operand
fields and subdivisions thereof—"S” (

SOURCE

DATA PROCESSING
(PRE-ALU)

ALY

DATA PROCESSING
(POST-ALU)

DESTINATION

RO-R17 as specified by
“S” tield of instruction.

Right rotate as specified

by “R" field of instruction,

No operation.

No operation.

RO-R7, R11-R17 as
specified by “D" fieid of
instruction.

[

[

REGISTER-TO-IV BUS

SOURCE

DATA PROCESSING
(PRE-ALU)

ALY

DATA PROCESSING
(POST-ALY)

DESTINATION

RO-R17 as specified by
“8" field of instruction.

No operation.

No operation.

Shift and merge as

specitied by “Dg” and “L”

fields of instruction.

Variable length figld of TV
bus—Left Bank (LB) or
Right Bank (RB) as speci-
fied by “Dg” and “D¢”
tieids ot instruction.

(PRE-ALU)

(POST-ALU)

e 1V BUS-TO-REGISTER >
SOURCE DATA PROCESSING ALV DATA PROCESSING DESTINATION

Variable length field of IV
bus—Left Bank (LB) or
Right Bank (RB) as speci-
fied by “S¢” and “Sp”
fields of instruction.

Y

Right rotate and mask as
specified by “Sp” and “L”
fields of instruction.

No operation.

No operation.

R0O-R7, R11-R17 as
specified by “D” field of
instruction.

[y
I

iV BUS-TO-IV BUS

]

SOURCE

DATA PROCESSING
(PRE-ALU)

ALY

DATA PROCESSING
(POST-ALU)

DESTINATION

Variable length field of IV
bus— Left Bank (LB) or
Right Bank (RB) as speci-
fied by “Sy” and "Sg”

Right rotate and mask as
specified by “Sg” and “L”
fields of instruction.

No operation.

Shift and merge as

specified by “Dg” and “L”

fields of instruction.

Variable length field of IV
bus— Left Bank (CB) or
Right Bank (RB) as speci-

tied by “Dg” and “By”

fields of instruction. fields of instruction.

=1 POST-ALU }i! "DEST |
b= POST-ALU J~=»{ DEST |
b= POST-ALU =i DEST |
&~ POST-ALU }—pe DEST_]

REGISTER-t0-REGISTER ——»{ SOURCE je=t»{ PRE-ALU }==¢
REGISTER-TO-IV BUS  —={ SOURCE }—={ PREALL p—¢
iV BUS-t0-REGISTER ~ —{ SOURCE J—{ PREALU }——

IV BUS-to-IV BUS ——-{ SOURCE || FREALU pmuy

Same as MOVE operations, except
source data is ADDed to contents
of AUXiliary Register RO via the
ALU; if appropriate, Overflow
Register R10 (OVF) is aiso set.

== POST-ALU }—~#»{ DEST |
+—{FOSTRL [ BEET )
+—{POSTALU [ DEST ]
—{POST-ALU p=—=p{ DEST |

REGISTER-t0-REGISTER —»| SOURCE p=={ PREALU }=—q
REGISTER-TO-IV BUS  =—#»{ SOURCE |eipr{ PRE-ALU ey
IV BUS-to-REGISTER ~ —4»{ SOURCE p»{ PREALU =y
W BUS-to-IV BUS «=3n{ SOURCE J~—s={ PRE-ALU ==t

Same as MOVE operations, except
source data is ANDed with con-
tents of AUXiliary Register RO via
the ALU. :

REGISTER-t0-REGISTER ==#»{ SOURCE }=3»{ PREALU }=m—y
REGISTER-TO-IV BUS ==t SOURCE J—#] PRE-ALU Jo=p
IV BUS-to-REGISTER ~ ==#»{ SOURCE =4 PRE-ALU =i
IV BUS-to-IV BUS =] SOURCE }—#»{ PREALU p=m?

b==—d POST-ALU jw=p] DEST |
==l POST-ALU }—»{ DEST |
H Pcs‘r‘-ALuH DEST |
== POST-ALU j=t{ DEST |

Same as MOVE operations, except
source data is Exclusively ORed
with contents of AUXiliary Register
RO via the ALU.
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XEC, REGISTER

Y

SOURCE

DATA PROCESSING
(PRE:ALU)

ALU

DATA PROCESSING
(POST-ALU)

DESTINATION

RO-R17 as specified by
“8” field of instruction.

No operation.

Add source data to 8-bit

field specified by instruc-
tion literal (0= J =< 377g).

No operation.

Replace 8 LSB of Address
Register* with 8-bit sum
from ALU.

*PGM CTR unchanged.

[ S

XEC, IV BUS

=

SOURCE

DATA PROCESSING
(PRE-ALU)

ALU

DATA PROCESSING
(POST-ALU)

DESTINATION

Left or Right Bank of iV
bus as specified by “S”
tield of instruction.

Rotate and mask as
specified by “Sq” and “L”
tields of instruction.

Add masked field of

source data to 5-bit literal
specified by *'J" field of
instruction (0 = J < 37g).

No operation.

Replace 5 L.SB of Address
Register* with 5-bit sum
from ALU.

*PGM CTR unchanged.

NZT, REGISTER

SOURCE

DATA PROCESSING
(PRE-ALY)

ALU

RO-R17 as specified by
“S" field of instruction.

No operation.

Test contents of source

register for all zeroes.

[

NZT, IV BUS

b Svm S— — — — ——

DESTINATION

if 8=0, increment PC by
1, if S#0, replace 8 LSB
of AR and PC with fiteral
specified by *J" field of
instruction.

SOURCE

DATA PROCESSING
(PRE-ALV)

ALY

Left or Right Bank of iV
bus as specified by “8"
field of instruction.

Rotate and mask as
specified by “Sy” and “L"
fields of instruction.

Test contents of masked

field for all zeroes.

Y

DESTINATION

If §=0, increment PC by
1; if $#0, replace 5 LSB
of AR and PC with fiterai
specified by “J" field of
instruction.

-

XMIT, REGISTER

Y

SOURCE

DATA PROCESSING
(PRE-ALU)

ALU

DATA PROCESSING
(POST-ALU)

DESTINATION

0 = J = 377g~value
specified by “J" tield of
instruction.

No operation.

No operation.

No operation.

RO-R7, R11, R14-R17.
Load 8-bit integer speci-
fied by “'J” field into
register specified by “D”
field.

[,
|l

XMIT 8-BITS IMMEDIATE, IV BUS

SOURCE

DATA PROCESSING
(PRE-ALU}

ALU

DATA PROCESSING
(POST-ALV)

DESTINATION

0 =< J = 377g—value
specified by “J” field of
instruction.

No operation.

No operation.

No operation.

Left (R12) or Right (R13)
Bank of 1V bus as speci-
fied by “D” tield of

instruction.
e XMIT VARIABLE-BIT FIELD IMMEDIATE IV BUS >
SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION
(PRE-ALU) (POST-ALV)

0 = J < 37g - value
specitied by ““J" field of
instruction.

No operation.

No operation.

Shift and merge source
data as specified by “Dg”
and “L" fields of
instruction.

Left or Right Bank of IV
bus as specified by D"
field of instruction.

Signetics
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-t JMP, ADDRESS |

SOURCE

0< A < 17777g - value

DESTINATION

Load Address Register

specitied by “A" field of
instruction.

Program Storage Interface

As shown in Figure 3, program storage is connected to
output address lines Ag through A42 (A12= LSB) and input
instruction lines g through 14s. An address output on
Ag/A4- identifies one 16-bit instruction word in program
storage. The instruction word is subsequently input on
lo/l15 and defines the MicroController operation which is
to follow — one instruction word equals one completed
operation. Any TTL-compatible memory can be used for
program storage provided the worst-case access time is
compatible with the instruction cycle time used for the
application — see timing section for appropriate
calculations.

I10 Interface and Control

An 8-bit bidirectional I/0 bus, referred to as the interface
Vector (IV) bus, provides a communication link between
the MicroControlier and the two banks of 1/O devices. The
LB (Left Bank) and RB (Right Bank) control signals iden-
tity which bank is enabled; when both LB and RB are high
(inactive), neither bank is enabled and the 1V bus is inac-
tive (three-state). A functional analysis of the Left and
Right Bank signals is shown below:

— | and Program Counter with
contents ot "A” field.

Data Processing

Basically, the data processing path of the 8X305 consists
of the Rotate/Mask logic, the Arithmetic Logic Unit (ALU),
the Shift/ Merge functions, on-chip memory (sixteen 8-bit
registers), and the bidirectional 1V bus interface with its
associated driver circuits and internal latches. The on-
board memory and the TV bus are connected to both in-
puts and outputs of the ALU via internal 8-bit data paths
— see Figure 1. Inputs to the ALU are preceded by right-
rotate and data-mask functions; the ALU output is fol-
lowed by the left-shift and merge operations. Depending
on the desired operation, any one or all of the functions
(Rotate/Mask/Shift/Merge) can operate on 8 bits of data in
a single instruction cycle. For a summary of all data-
processing capabilities, refer to BASIC OPERATIONS OF
THE 8X305 described earlier in this data sheet.

Instruction Cycle

Each operation of the 8X305 is executed in a single in-
struction cycle. The instruction cycle is internally divided
into four equal parts — each part being as short as 50
nanoseconds. Figure 4 shows the general functions that

LB | RB FUNCTION .
- INPUT PHASE ————{-¢———— OUTPUT PHASE —————»|
Low Low | This state is not generated by the 8X305. |
Low | High | Enable ieft bank devices. J_-I__r_l_r
i Ist 2nd 3rd 4th
High Low Enable right bank de_vlces. QUARTER—>‘<—QUARTER—>‘<—oumen»‘«-oumrsn—»‘
High { High [ Disable all devices; IV bus is three-state. 50ns 50ns 50ns
INPUT LATCH AND NEXT LATCH liO
INSTRUCTION, PROCESS INSTRUCTION ENABLING
. . K DECODE INPUT DATA ADDRESS, ADDRESS OR
Both data and I/O address information are multiplexed on INS;:chTFION céEoNNETnR,gLE m)s g{_\ggggo
the IV bus. The SC (Select Command) and WC (Write Com- REQUIRED, SIGNALS, AND  PERIPHERAL.
; et i FETCH NEW SETUP 1O
\_'nand) S|gnals distinguish between data and 1/O address SATh s
information as follows: - OUTPUT

LB/RB SC wC FUNCTION

The IV bus is three-state and not
looking for input data.

The IV bus is reading input data.
Data is being output.

Address is being output.

This condition is never generated.

High Low Low

Low Low Low
Low Low | High
Low High | Low

X High | High

MCLK
(ACTIVE
Notes: STATE)

1. New instruction must be accepted and latched at end of tirst quarter cycle.

2. The /O data latches are open for the first two quarter cycles, that is, for 100
nanoseconds.

3. The address changes during third quarter cycle.

4. [V bus drivers are active {turned on) during third and fourth quarter cycles.

Figure 4. Instruction Cycle and MCLK with: Crystal = 10MHz

and Cycle Time = 200 nanoseconds.
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occur during each quarter cycle; specifics regarding mini-
mum/maximum timing and other critical values are de-
scribed later in this data sheet. During the first quarter
cycle, a new instruction from program storage is input via
lg-145 and decoded. If an 1/O operation is indicated, new
data is fetched from a specified internal register or via the
IV bus. At the end of the first quarter cycle, the new in-
struction is iatched into the instruction register.

In the second quarter cycle, the I/O input data stabilizes
and preliminary processing is completed; at the end of
this quarter, the IV latches close and final processing can
be accomplished, thus completing the input phase of the
instruction cycle. During the third quarter cycle, the ad-
dress for the next instruction is output to the instruction
address bus, 1V control signais are generated, and both
data and destination are setup for the remainder of the
output phase. During the fourth quarter cycle, a master
clock signal (MCLK) generated by the 8X305 is used to
latch either the 1/O-enabling address or the /O data into
peripheral devices connected to the IV bus; MCLK can
also be used to synchronize any external logic with tim-
ing circuits of the 8X305. To summarize the action, the
first half of the instruction cycle deals primarily with in-
put functions and the second haif is mostly concerned
with output functions.

INSTRUCTION SET

General Format and Operating Principles

The 16-bit instruction word (g through |45) from program
storage is input to the instruction register (Figure 1) and
is subsequently decoded to implement the events to oc-
cur during the current instruction cycle.

The general format for each instruction word is as fol-
fows:

{ MsB LsB |
BIT POSITIONS ~ 0t2 |345678910 111213 14 15
OPCODE OPERAND(S)

The 3-bit operation code (OPCODE) define any one of
eight classes of instructions; variations within each class
are specified by the remaining thirteen operand bits. The
eight instruction classes can be separated into two con-
trol areas — data and program; general functions within
these areas are:

e Data Control —
ADD
AND
XOR

MOVE
XMIT

e Program Control
XEC
NZT
JMP

‘ Arithmetic and Logic Operations

} Movement of Data and Constants

} Branch or Test

Instruction Fields

As shown in Table 1, each instruction word consists of an
operation code (OPCODE) field and from one to three
operand fields. The possible operand fields are: Source
(8), Destination (D), Rotate/Length (R/L), Literal (J), and
Address {A). The OPCODE and operand fields are de-
scribed in the paragraphs that follow the table.

Table 1. FUNCTIONAL DESCRIPTION OF INSTRUCTION SET
STATE OF CONTROL SIGNAL
DURING INSTRUCTION CYCLE —
INSTRUCTION WORD DESCRIPTION SEE FIGURE 4
CONTROL INPUT OUTPUT
SIGNAL PHASE PHASE
CLASS=MOVE OPCODE=0 OPERATION=(S) =D
Register-to-Register Move content of internal register specified by SC L H it D=07g, 17g
S-field to internal register specified by D-fieid.
O—I 11 2]3 I 4 I 5 l 8 ] T8 [g ]LO " L‘leﬁ‘r‘f’ Prior to the “MOVE" operation, right-rotate con- we L L
OPCODE S R D tents of internal source register by octal value (0 B H LifD=07g
$=00g-175 D=005-07g, 11g-17g through 7} defined by the R-fieid. RE " LifD=17g
Register-to-1V Bus (Note) Move contents of internal register specified by the sC L L
S-field to the IV bus. Before outputting on TV bus,
o1112(3)4f[s516]7]8f9|10]11]12113]14
l I j l l 1 I ‘ 0 | J 3 F T15 data is shifted as specified by the least significant we t H
OPCODE S L D octal digit of the D-fieid and the bits specified by B L if D=20g-27g L if D=20g-27g
N 1 the L-tiel i =—
Dy : Dg e L-field are merged with the latched 1/O data. 7B Lif D=30g-37g Lif D= 30g-37g
$=00g-17g D=20g-37g
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Table 1. FUNCTIONAL DESCRIPTION OF INSTRUCTION SET (Continued)
STATE OF CONTROL SIGNAL
DURING INSTRUCTION CYCLE —
INSTRUCTION WORD DESCRIPTION SEE FIGURE 3
CONTROL INPUT OUTPUT
SIGNAL PHASE PHASE
CLASS=MOVE OPCODE=0 OPERATION=(S) =D
IV Bus-to-Register (Note) Move right-rotated TV bus (source) data specified by the SC L Hif D=07g, 17g
0 I 1 J 213 l 4 l 51 6I7 3J ng 11 l 12[13114[ 15 S-field to internal register specified by the D-field. The WC L L
L-field specifies the length of source data starting from — - -
OPCODE I ,,,.3_._*, L o the LSB-position and, if less than 8 bits, the remaining LB L if §=20g-27g LifD=07g
Sy % So bits are filled with zeros. RS L it S =30g-37g LifD=17g
S=20g-37g D=00g-07g, 1 1g-17g
IV Bus-to-IV Bus (Note) sc L L
Move right-rotated 1V bus (source) data specified by the
oflr[2|3(415]6|7]839110]11112]13{14}15 palnt
L 1 r [ J l l lr —I r—[ S-field to the I/O latches. Before outputting on IV bus, we L H
OPCODE S L D shift data as specified by the D-field; then merge source ) Lif §=20g-27g | Lif D=20g-27g
. . [ ifi ield. == - -
Sy ¢ Sg Dy ¢ Dg and latched /O data as specified by the L (length) field "B Lif S = 305-37g Lif D= 30g-37g
§=20g-37g D=20g-37g
CLASS=ADD OPCODE=1 OPERATION =(S)+(AUX) =D
Same as MOVE instruction class Same as MOVE instruction class except that contents Same as MOVE instruction class
of AUX (RO) register are ADDed to the source data. If
there ia a “‘carry” from MSB, then R10 (OVF) = 1
{overflow), otherwise OVF = 0.
CLASS=AND OPCODE=2 OPERATION =(S) A (AUX) =D
Same as MOVE instruction ctass Same as MOVE instruction class except that contents Same as MOVE instruction class
of AUX (RO) register are ANDed with source data.
CLASS=XOR OPCODE=3 OPERATION=(S) @ (AUX) =D
Same as MOVE instruction class Same as MOVE instruction class except that contents Same as MOVE instruction class
of AUX (RO) register are Exclusively ORed with source
data.
CLASS=XEC OPCODE=4 OPERATION = Refer to Description
Register Immediate Execute instruction at current page address offset by sC L L
J (literaly + (S). Return to normal instruction flow unless
011 ! 2 3TQ [5 TS—L7 819 ]10111]12Pﬂm]15 a branch is encountered. we t .
OPCODE S J Execute instruction at an address determined by replac- LB H H
_ ~ _ - ing the low-order 8 bits of the Address Register with B8 H H
S=00g-17g J=000g-377g the following derived sum:
Value of literal (J-field) plus contents of internal
register specified by S-field
The PC is not incremented and the overfiow status
{OVF) is not changed.
iV Bus Immediate (Note) Execute instruction at an address determined by replac-
ing the low-order & bits of Address Register with the sC L L
0‘1[2 3]415]6[7 e]elm ulmlwlews following derived sum: — - -
OPCODE S L J 5-bit value of literal (J-field) plus value of rotated —
- g e "'”s'ﬁ’g source data specified by S-field. The L-field specifies LB L it 8=20g-27g H
e 0 the length of source data starting from the LSB posi- ES L 5= 30437 "
$=20g-37g J=00g-37g tion and, if iess than 8 bits, the remaining bits are eIl
filled with zeros; the Program Counter is not incre-
mented and the overflow status (OVF) is not
changed.
CLASS=NZT OPCODE=5 OPERATION = Refer to Description
Register Immediate o sc L L
It data specified by the S-field is not equal to zero, jump
0 L 1 rz 3 I 4] 5 l 6 [ 78 ‘ 9 ]JOJ “I 121 1SI “I 15 to current page address offset by value of J-field; other- we L L
OPCODE S J wise, increment the Program Counter. B H H
$=00g-17g J=000g-377g If contents of internal register specified by S-field is non- RS f H
zero, transfer to address determined by replacing the
low-order 8 bits of Address Register and Program
Counter with *“J"”, otherwise, increment PC.

10
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Table 1. FUNCTIONAL DESCRIPTION OF INSTRUCTION SET (Concluded)
STATE OF CONTROL SIGNAL
DURING INSTRUCTION CYCLE —
INSTRUCTION WORD DESCRIPTION SEE FIGURE 3
CONTROL INPUT OUTPUT
SIGNAL PHASE PMASE
CLASS=NZT OPCODE=5 OPERATION = Refer to Description
iV Bus immediate (Note) If right-rotated and masked IV bus is non-zero, transfer sC L L
to address determined by replacing low-order 5 bits of
4 10) 11§ 12113 114] 15 wC L L
0 l ! ‘ 2 31 I 51 ° [ 18 Lgl J LT T Address Register and Program Counter with “J", other- — -
OPCODE S L J wise, increment PC. (The L-field specifies the length LB L it $=20g-27g H
Sy So of source /O da?a starting fro.m. the L.SB-posi.tion an, A8 L if $ = 30g-37g H
if less than 8 bits, the remaining bits are filled with
S$=20g-37g J=00g-37g zeros.)
CLASS=XMIT OPCODE=6 OPERATION=J D
XMIT, Register Store 8-bit vaiue specitied by “J” into register specified sC L L

ol 1]2]af«]s]e] 78] o 10]11]12]1a]14a]1s by "D" WG L L

OPCODE D J B H H
D=00g-0Bg, 11g, 14g-16g  J=000g-377g RB H H
XMIT, iV Bus Address Enable I/O device on the bank specified by “D"”, whose sC L H

ddress is the 8-bit integer specified by *'J’". Address
4 9 f10)11]12]13]14}15| [® weC L L

(L[ j 213 [ l > [ 6_[ ! Bl J f Y T ST T “J" is stored in register “D”". —

OPCODE D J LB H Lif D=07g
D=07g,17g J=000g-3774 RB H LitD=17g
XMIT 8 Bits Immediate, IV Bus (Note) Store value of 8-bit integer in the previously enabled sC L L

110 port, at the bank destination (LB or F3B) specitied "

04[ ! rz 3T4 b LS L7 81 9 POFHBES hdts by “D". Contents of R12 or R13 remain unchanged. W_C t

OPCODE D J LB H LitD=12g
D=12g-13g J=000g-377g RB H Lif D=13g

. . i Transmit Least Significant “L" bits of “J" field to sC L L
XMIT Variable Bit Field Immediate, |V Bus (Note) “L-bit” field of IV bus specified by “D"" if “L" is greated = - "
of1J2]s[«[s]s] 7 e o]0 11]r2]18]14]15] |tnans bits, the MSB bits o destination field is filed |

OPCODE D L ] with zeros. T8 |LifD=20g-27g | Lif D=20g-27g

o, i Op AB  [LifD=30g-37g | Lif D=30g-37g
D=20g-37g J=00g-37g
CLASS=JMP OPCODE=7 OPERATION = Refer to Description
Address Immediate Jump to address in program storage specified by sSC L L
A-field; this address is loaded into the Address Register

ﬂ ! [ 2 31 415 LG LT l 8 rg T1O—F1| 12[ 18 l 14 l 1% and the Program Counter. we L b

OPCODE A 8 H H
A =00000g-17777g RB H H

Note:
Sg specities the LSB of rotated input data field

S4 specities the bank of TV bus from which source data will be input

Dy specifies bit position in /O device with which LSB of processed data wili be aligned and
D, specifies the bank of IV bus which will be the destination.

Operations Code Field. The 3-bit OPCODE field specifies
one of eight classes of 8X305 instructions; octal designa-
tions for this field and operands for each instruction
class are shown in the preceding table.

Source (S) and Destination (D) Fields. The 5-bit “S” and
“D” fields specify the source and destination, respective-

ly, for whatever operation is defined by the OPeration
CODE. The “S” and/or “D” fields can specify an internal
8X305 register or any one-to-eight bit field within an 1/0
device; octal values and source/destination field assign-
ments for all internal registers are shown in Table 2.
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Table 2. OCTAL ADDRESSES AND SOURCE/DESTINATION FIELDS FOR 8X305 REGISTERS
ADDRESS | REGISTER DESIGNATION | souRce | PEST: | AppRess | REGISTER DESIGNATION | source | PESTE
NATION NATION
005 RO (AUX)——.GeneraI X X 10 R1Q (OVF—Overflow X
purpose register register)
014 R1—.-General purpose X X 1 R11'——Genera| purpose X X
register register
R2—General purpose R12—General purpose
02 register X X 128 register (Note) X X
03, H3fGeneral purpose X X 134 R1(§——General purpose X X
register register (Note)
044 R4.—Genera| purpose X X 145 R14.——General purpose X X
register register
054 R5'~General purpose X X 154 R1§~Genera| purpose X X
register register
06, Rsteneral purpose X X 164 R1§—-General purpose X X
register register
R7—Special purpose R17—Special purpose
07g register (refer to next X X 17g register (refer to next X X
paragraph) paragraph)

Note:

R12 and R13 function as general purpose working registers for all operations except transmit (XMIT). During a transmit instruction where R12 or R13 is the destination, the 8-bit
“J” field is immediately transferred 1o the IV bus; for this operation, the contents of the designated register remain unchanged.

In instructions where R7g (IVL) or R17g (IVR)} is specified
as the destination, the 8-bit value is output on the IV bus
as an /O device address or memory location; register R7
selects the Left Bank and register R17 selects the Right
Bank. The results are also stored into the specified inter-
nal register (R7g or R17g) and may later be accessed as
source data. When the IV bus is specified as a source
and/or destination, the “S” and “D"” fields are split into
two parts, that is,
e Source (S)=S,, Sy and Destination (D)= D4, Dy where,
Sy specifies the LSB of rotated input data field
S, specifies the bank of TV bus from which source data
will be input
Dy specifies bit position in /O device with which LSB
of processed data will be aligned and
Dy specifies the bank of TV bus which will be the
destination

DESIGNATES LEFT
(2) OR RIGHT (3)
BANK OF IV BUS

DESIGNATES LSB OF
/0O DATA—REFER
TO TEXT DESCRIPTIONS

S | 150 i @
OR| |OR =

o) oo onnannnnn
9 } A A A A A A

21g
22g
23y
245
25
26g
27

Notes:
1. The field length of 0-to-8 bits is specified by the “L” field.
2. For the Right Bank, 30g-37g perform equivalent I/O functions.

12

Rotate (R) and Length (L) Field. The 3-bit R/L field per-
forms one of two functions, specifying either the field
length (L) for /O operations or a right-rotate (R) for inter-
nal operations. For a given instruction, the specified func-
tion depends upon the contents of the Source (S) and
Destination (D) fields.

When an internal register is specified by both the source
and destination fields, the “R” field is invoked and it
specifies a right-rotate of the data specified in the “'S”
field — see accompanying diagram. The source-register
data (up to 8 bits) is right-rotated during the “input phase”
of the instruction cycle (Figure 4) and this function is
always performed prior to any ALU operation. (Note: The
right-rotate function is implemented on the bus and notin
the source register.)

RIGHT-ROTATE FUNCTION
Bit Position—~ 0 1 2 3 4 5 6 7

When either or both of the source and destination fields
specify a variable-length I/O data field, the “L” field speci-
fies the length of the I/O data field — see following
diagram. If the source field specifies an IV address
(20g-37g) and the destination field specifies an internal
register (00g-07g, 115-17g), the “L” field specifies the
length of source data; the source data is formed by right-
rotating the IV bus data according to the source address
and then masking result as specified by the “L” field. If
length is less than 8 bits, all remaining bits are set to zero
prior to processing data in the ALU. If the source field
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specifies an internal register (00g-17g) and the destina-
tion field specifies IV bus data (20g-37g), the “L” field
specifies the length of the destination data. To form the
destination data, the ALU output is left-shifted according
to the destination address and then masked to the re-
quired tength — see TV DATA LENGTH SPECIFICATION.
The destination data is merged with data in the /O
latches to finalize the 1V bus data. Hence, a one-to-eight
bit destination data fieid can be inserted into the existing
8-bit I/O port without modifying surrounding bits. |f both
the source and destination fields specify IV bus data
(20g-37g), the “L” field specifies the length of both the
source and destination data.

IV DATA LENGTH SPECIFICATION
(No Rotate Function Specified)

012345867

HEEERREN

[ T T I O e s L=1
A - L=2
Prn e L=3
[ T S (R B L=4
[T T L=5
[ S L=6
| - L=7
- L=0

To form the source data, the IV bus input data is right-
rotated according to the source address and then masked
to the required length—see IV DATA LENGTH SPECIFI-
CATION. If length is Iess than 8 bits, ali remaining bits are
set to zero before processing in the ALU. To form the
destination data, the ALU output is left-shifted according
to the destination address and masked to the required
length specification. The destination data is then merged
into the IV bus data that was used to obtain the source;
thus, if the source and destination addresses are on the
same bank, the IV bus data written to the destination 1/O
Port appears unmodified, except for bits changed during
the shift-and-mask operations. If the source and desti-
nation addresses refer to different banks, the destination
I/0 Port is changed to contain the contents of the source
I/0 Port in those bit positions not affected by the destina-
tion data.

J Field. The 5-bit or 8-bit “J” fieid is used to load a literal
value (contained in the instruction) into a register, into a
variable 1/0O data field, or to modify the low-order bits of
the Program Counter. The bit length of the “J” field is im-
plied by the “S” and “L” fields in the XEC, NZT, and XMIT
instructions, based on the following conditions:

* When the Source (S) field specifies an internal register,
the literal value of the “J” field is an 8-bit binary
number.

* When the Source (S) field specifies a variable /O data
field, the literal vaiue of the “J” field is a 5-bit binary
number.

A Field. The 13-bit “A” field is an address field which
allows the 8X305 to directly branch to any of the 8192
locations in Program Storage memory.

Formation of Instruction Address

The Address Register and Program Counter are used to
generate addresses for accessing an instruction from
program storage. The instruction address is formed in
one of the following ways:

¢ For all except the JMP, XEC, and a “satisfied” NZT
instruction, the Program Counter is incremented by
one and placed in the Address Register.

¢ For the JMP instruction, the 13-bit “A” field contained
in the JMP instruction word replaces the contents of
both the Address Register and the Program Counter.
¢ Forthe XEC instruction, the Address Register is loaded
with bits from the Program Counter modified as fol-
iows:
XEC using IV Bus Data — low-order 5 bits of ALU
output replaces counterpart bits in Address Register

XEC using Data from Internai Register — low-order 8
bits of ALU output repiaces counterpart bits in
Address Register
The Program Counter is not modified for either of the
above conditions.

» For a “satisfied” NZT instruction, the low-order 5 bits
(NZT source is IV bus data) or low-order 8 bits (NZT
source is an internal register) of both the Address Reg-
ister and Program Counter are loaded with the literal
value specified by the “J” field of instruction word.

Data Addressing

The source and/or destination addresses of the data to be
operated upon are specified as part of the instruction
word. As shown earlier, source/destination addresses are
specified using a 5-bit code (00g-37g). When the most sig-
nificant octal digit is a “0” or ““1”, the source and/or desti-
nation address is an internal register; if the most signifi-
cant digit is a 2 or 3, an IV bus operation is indicated — 2
specifying a Left-Bank (LB) operation and 3 specifying a
Right-Bank (RB) operation. The least significant octal
digit (0 through 7) indicates either a specific internal reg-
ister address or positioning information for the least sig-
nificant bit when specifying IV bus data. Referring to
Table 1, AUXiliary register RO (00g) is the implied source
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of the second argument for the ADD, AND, and XOR oper-
ations. IVL register R7 and IVR register R17 (destination
addresses 07g and 17g, respectively) provide a means of
routing enabling address information to /O peripherals.
With IVL or IVR specified as the destination address, data
is placed on the TV bus during the output phase of the in-
struction cycle; simultaneously, a Select Command (SC)
is generated to inform alt /O devices that information on
the IV bus is to be considered as an /O address. Since the
contents of IVL and IVR are preserved, either register may
later be accessed as a source of data.

Control outputs LB and RB are used to partition /O bus
devices into two fields of 256 addresses. With LB in the
active-low state and a source address of 20g-27g, the left
bank of /O devices are enabled during the input phase of
the instruction cycie. With RB in the active-low state and
a source address of 303-37g, the right bank of devices are
enabled. During the output phase, LB is low if the destina-
tion address is 07g or 20g-27g, whereas RB is low if the
destination address is 17g or 303-37g. Each address field
(LB and RB) can have a different /O device selected, that
is, data can be transferred from a device in one bank to a
device in the other in one instruction cycle.

DESIGN PARAMETERS

Hardware design of an 8X305-based system largely con-
sists of the following operations:

* Selecting and interfacing a Program Storage device —
ROM, PROM, etc.

* Selecting and interfacing input/output devices — RAM,
Ports, and other 8-bit addressabie /O devices.

¢ Choosing and implementing System Clock — Capaci-
tor-Controlied, Crystal-Controlled, or Externally-Driven.

¢ Selection of an off-chip series-pass transistor.

VOLTAGE REGULATOR

All internal logic of the 8X305 is powered by an on-chip
voltage regulator that requires an external series-pass
transistor. Electrical specifications for the off-chip power
transistor and a typical hook-up are shown in the accom-
panying diagram. To minimize lead inductance, the tran-
sistor should be as close as possible to the 8X305 pack-
age and the emitter should be ac-grounded via a 0.1
microfarad ceramic capacitor.

All information required for easy implementation of these
design requirements is provided under the following
captions:

¢ Ordering Information

* Voltage Regulator

¢ DC Characteristics

* AC Characteristics

¢ Timing Considerations

¢ Clock Considerations

» HALT/RESET Logic

PARAMETER CONDITIONS LIMITS

Veg=2V; > 50
100mA < lg < 500mA

«—Icc| icr hte

VBEQN VCE=5V; Ic=500mA < 1V
+ VCESAT lc=500mA; Ig=>50mA < 0.5V
T—}‘;im BVceo > 15V
NOTE: - 't > 30MH2

Typical approved parts—2N5320, 2N5337

14 Signetics




BIPOLAR LSI PRODUCTS

MARCH 1984

DC CHARACTERISTICS (Commercial Part) 4.75V < V¢ < 5.25V, 0°C < T, < 70°C
ABSOLUTE MAXIMUM RATINGS
Storage Temperature (Tgrg) ratings are from — 65 to +150°C
PIN DESCRIPTION RATING UNIT PIN DESCRIPTION RATING UNIT
Ve Supply voltage +7.0 \ All other pins | Logic input voltage 5.5 \
X1, X2 Crystal input voltage 2.0 \
LIMITS
PARAMETER TEST CONDITIONS UNIT COMMENTS
Min Typ Max
Vec  Supply voltage 4.75 5.0 5.25 A
v High level 0.6 2.0 v X1 and X2
M input voltage 2.0 55 All other pins
v Low level 0.4 v X1 and X2
L input voltage 0.8 All other pins
High level i b
VOH output voltage Voo = min; loy= — 3mA 24 \
Vv Low level Vee = min; I, =6mA 0.55 v Ag through A4,
OL  output voltage Vee=min; g = 16mA 0.55 All other outputs
3.1 Ta=0°C
Vcr Regulator voltage V=5V 29 \' To=70°C
i Crystal inputs X1 and X2 do not
Vic Inputclamp voltage Voo =min; hiy= — 10mA -15 \ have Internal clamp diodes
| High level Ve = max Vip=0.6V 4.0 mA | X1 and X2
M input current cc= Vi = 4.5V 50 uA | All other pins
-3 X1 and X2
Low-level -0.2 1VO-1V7
= sV =04V A
e input current Vo= max; Vi, —1s | ™ 10-115
-04 HALT and RESET
N Ve = max; (Note: At any time, no
los Short circuit more than one output should be - 30 -~ 140 [ mA | All output pins
output current
connected to ground.)
_ 180 Ta=70°C
lcc  Supply current Ve = max 495 | MA To=0°C
Max available base drive for
! =5. - -
reg Regulator control Ve =5.0V 10 25 | mA series-pass transistor
_ 200 To=70°C
lch  Regulator current Vce = max 230 mA To=0°C

Notes:

1. Operating temperature ranges are guaranteed after thermal equilibrium has been reached.

2. All voltages measured with respect to groun

d terminal.

AC CHARACTERISTICS (Commercial Part) CONDITIONS: 4.75V < Vo < 5.25V; 0°C < T4 < 70°C

LOADING: (See test circuits)
LIMITS (INSTRUCTION LIMITS (INSTRUCTION
PARAMETER (Note 1) CYCLE TIME = 200ns) CYCLE TIME > 200ns) UNITS COMMENTS
Min Typ Max Min Typ Max
Tec Processor cycle time 200 200 ns
Tee X1 clock period 100 100 ns
Teh X1 clock high time 50 50 ns
Ter X1 clock low time 50 50 ns
TmeL MCLK low delay 15 40 15 40 ns
Tw MCLK pulse width 40 60 Tag—-10 T+ 10 ns Note 2
Tges | Mo | Moo
Signetics 15
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AC CHARACTERISTICS (Commercial Part) CONDITIONS: 4.75V =< V¢ < 5.25V;0°C < T, =< 70°C

{Continued) LOADING: (See test circuits)
LIMITS (INSTRUCTION LIMITS (INSTRUCTION
PARAMETER (Note 1) CYCLE TIME = 200ns) CYCLE TIME > 200ns) | UNITS | COMMENTS

Min Typ Max Min Typ Max

Output driver turn-on time

Toi (SCIWG rising edge) 20 20 ns Note 10
Top Input data to output data 85 105 85 105 ns
Tuns MCLK falling edge to HALT falling edge 30 Tig—20{ ns Note 2
Tunn  HALT hold time (MCLK falling edge) 65 Tiq+15 ns Note 2
Tacc Program storage access time 60 ns
T 1/O port output enable time 30 ns

10 (LR/RB to valide 1V data input)
Twas MCLK falling edge to address stable 140 Tia+ ns |Notes2,3&4

TZQ+ 40

Tia Instruction to address 140 Tg+90] ns Notes 2,3 &5
Twa Input data to address 85 85 ns Notes 3 & 6
Twis  MCLK falling edge to instruction stable 30 Tiq—20] ns Notes 2 & 10

T Instruction hold time
MIH  (MCLK falling edge)

MCLK falling edge to SC/WC 105 195 Tig+ Tia+
rising edge Toa+5 Toq+25

MCLK falling edge to SC/WC

55 Tig+5 ns Notes 2 & 8

TmwH ns Note 2

T 5 15 5 15 ns
MWL falling edge
MCLK falling edge to LB/RB
Tuiss g edg 10 25 10 25 ns
(Input phase)
Tyes  Instruction to LB/RB (Input phase) 25 25 ns
MCLK falling edge to LB/RB Tio+ Too+
Tvoss g edg 115 145 1 1 ns Note 2
(Output phase) T+ 15 Toq+ 45
. . Tig+
Tmips MCLK falling edge to input data stable 55 T a 45! NS Note 2
2Q~
input data hold time Tin+
T : 115 a n Note
MIDH  (MCLK falling edge) Tyo+ 15 S 2
Output data hold time
TwopH onbu dds 11 1 ns
(MCLK falling edge)
Twops Qutput data stable (MCLK falling edge) | 130 150 Ta+ Tia+ ns Note 2
TZQ + 30 TZQ + 50
NOTES:
1. X1and X2 inputs are driven by an external pulse generator with an amplitude of 1.5 volts; all timing parameters are measured at this voltage level.
2. Respectively, T1q, Toq. Taq, and T4q represent time intervals for the first, second, third, and fourth quarter cycles.
3. Capacitive loading for the address bus is 150 picofarads.
4. Tpyags is obtained by forcing a valid instruction and an /O bus input to occur earlier than the specified minimum set up time.
5. T)a is obtained by forcing a valid instruction input to occur earlier than the minimum set up time.
6. Tyya is obtained by forcing a valid /O bus input to meet the minium set up time.
7. Tpys represents the setup time required by internal latches of the 8X305. In system applications, the instruction input may have to be valid before the worst-case set up time in

order for the system to respond with a valid 1/O bus input that meets the I/O bus input set up time (T\pg and Tpps)-

. TmIH represents the hold time required by internal latches of the 8X305. To generate proper UB/IRB signals, the instruction must be held valid until the address bus changes.
9. The minimum figure for these parameters represents the earliest time that /O bus output drivers of the 8X305 wiil turn on.

10. This parameter represents the latest time that the cutput drivers of the input device should be turned off.

@
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TEST CIRCUITS
ADDRESS o OTHER sv
7810 2320)
QUTPUT OUTPUT
UNDER TEST UNDER TEST
3790 150pf 1690 300pf
ABSOLUTE MAXIMUM RATINGS Storage Temperature (Tgrg) ratings are from — 65 to + 150°C
PIN DESCRIPTION RATING UNIT PIN DESCRIPTION RATING UNIT
Vee Supply voltage +7.0 \ All other pins Logic input pins 5.5 \
X1, X2 Crystal input voltage 2.0 \
DC CHARACTERISTICS (Military Part) 45V < Voo < 55V, -55°C < Tc = +125°C
LIMITS
PARAMETER TEST CONDITIONS UNIT COMMENTS
Min Typ Max
Vec  Supply voltage 45 5.0 5.5 v
. . 0.6 2.0 X1 and X2
Vin High level input voltage 20 \ All other pins
. 0.4 X1 and X2
Vie Low level input voltage 08 \ Al other pins
Von  High level output voitage Veg=min; lgy= — 3mMA 24 \%
Vv Low level output Ve = min; log = 6mA 0.55 v Ag through A,
oL voltage Vee = min; {g = 16mMA 0.55 All other outputs
35 Tc=-55°C
Vcr  Regulator voltage Vee=5V 3.1 ' Tc=0°C
26 Te=125°C

Crystai inputs X1 and X2

Vic Input clamp voltage Vee =min; fiy= —10mA -15 v do not have internal
clamp diodes.
by High level input current Vee = max x:: : ng 458 r:: )/SI ?)Tt?e):zg)ins
-3 X1 and X2
. Low-level input current Ve =max; V) = 0.4V :?g mA :g?ﬁ';ﬂ
-0.4 HALT and RESET

Short circuit output

Voo = max; (Note: At any time,
no more than one output should | -30

—140 ] mA All output pins

current be connected to ground.)
lcc  Supply current Ve = max ;(7)2 mA 1’-2: 1—22;°CC
lres  Regulator control Veo=5.0V -10 —25 | mA fhgfxs::izis’?;)e,\:sbtarsai:iggr
Icr Regulator current Voo = max ;gg mA 12: 1-22;?0

NOTES:

1. Operating temperature ranges are guaranteed atter thermal equilibrium has been reached.
2. All voltages measured with respect to ground terminal.

Signetics
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AC CHARACTERISTICS (Military Part) CONDITIONS: 4.5V < V¢ < 55V; -55°C < T¢ < 125°C
LOADING: (See test circuits)

LIMITS (INSTRUCTION LIMITS (INSTRUCTION
PARAMETER (Note 1) CYCLE TIME = 250ns) CYCLE TIME > 250ns) UNITS | COMMENTS
Min Typ Max Min Typ Max
Tec Processor cycle time 250 250 ns
Tep X1 clock period 125 125 ns
Tch X1 clock high time 62 62 ns
TeL X1 clock low time 62 62 ns
Tuer  MCLK low delay 15 40 15 40 ns
Tw MCLK pulse width 47 72 Tsq—15 Taq+ 10} ns Note 2
Output driver turn-on time Tiq+ Tia+
TMODO  (MGLK falling edge) 145 75 1 ,0+20 Toq+50| " Note 9
Qutput driver turn-on time
Tor (SCIWG rising edge) 20 20 ns Note 10
Top Input data to output data 80 115 80 115 ns
Twns  MCLK falling edge to HALT falling edge 40 Tyq—22{ ns Note 2
Tuwn  HALT hold time (MCLK falling edge) 80 Tiq+ 18 ns Note 2
Tacc  Program storage access time 90 ns
/O port output enable time
To (BB to valid TV data input) 40 ns
Tuwas MCLK falling edge to address stable 160 Ta+ ns Notes 2,3 & 4
Toq+ 35
Tia Instruction to address 160 Toq+98] ns Notes 2,3 & 5
Tiva Input data to address 90 20 ns Notes 3 & 6
Tmis MCLK falling edge to instruction stable 40 Tiq—22| ns Notes 2 & 10
Instruction hold time
Twin (MCLK falling edge) 70 Tiq+8 ns Notes 2 & 8
MCLK falling edge to SC/WC T+ Tig+
TMWH  rising edge 127 184 142 Toot+20| M Note 2
MCLK falling edge to SC/WC
TMWL fallmg edge 5 25 5 25 ns
MCLK falling edge to LB/RB
TMIBS (lnput phase) 10 35 10 35 ns
Tugs  Instruction to LB/RB (input phase) 30 30 ns
MCLK falling edge to LB/RB Tig+ Tia+
Tmoss  (output phase) 140 HATE ST Toqrds| M Note 2
Twos MCLK faling edge to input data stable 75 TT1° *'50 ns Note 2
2Q~
Input data hold time Tiq+
TR (MCLK falling edge) 140 Toq+ 15 ns Note 2
Output data hold time
TmobH  (MCLK falling edge) 1 " ns
Output data stable Tig+ Tig+
Twoos (MCLK falling edge) 150 180 Toq+25 Toq+55 ns Note 2
NOTES:
1. X1and X2 inputs are driven by an external puise generator with an amptitude of 1.5 volts; all timing parameters are measured at this voltage level.
2. Respectively, Tyq, Toq. T3q. and T4q represent time intervals for the first, second, third, and fourth quarter cycles.
3. Capacitive loading for the address bus is 150 picofarads.
4. TpAg is obtained by forcing a valid instruction and an /O bus input to occur earlier than the specitied minimum set up time.
5. T)a is obtained by forcing a valid instruction input to occur earlier than the minimum set up time.
6. Tyya is obtained by forcing a valid /O bus input to meet the minjum set up time.
7. Tpmis represents the setup time required by internal iatches of the 8X305. In system applications, the instruction input may have to be valid before the worst-case set up time in

order for the system to respond with a valid O bus input that meets the I/O bus input set up time (T\pg and Ty ps)

. TymIH represents the hold time required by internal latches of the 8X305. To generate proper LB/RB signals, the instruction must be held valid until the address bus changes.
9. The minimum figure for these.parameters represents the eartiest time that I/O bus output drivers of the 8X305 wil! turn on.

10. This parameter represents the latest time that the output drivers of the input device should be turned off.
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TIMING CONSIDERATIONS (Commercial Part)

As shown in the AC CHARACTERISTICS table for the
commercial part, the minimum instruction cycle time is
200 nanoseconds; whereas, the maximum is determined
by the on-chip oscillator frequency and can be any value
the user chooses. With an instruction cycle time of 200
nanoseconds, the part can be characterized in terms of
absolute values; these are shown in the first “LIMITS”
column of the table. When the instruction cycle time is
greater than 200 nanoseconds, certain parameters are
cycle-time dependent; thus, these parameters are speci-
fied in terms of the four quarter cycles (T1q, T2q, Taqg, and
Taq) that make up one instruction cycle — see 8X305 TIM-
ING DIAGRAM. As the time interval for each instruction
cycle increases (becomes greater than 200 nanoseconds),
the delay for all parameters that are cycle-time dependent
is likewise increased. In some cases, these delays have a
significant impact on timing relationships and other
areas of systems design; subsequent paragraphs
describe these timing parameters and reliable methods
of calculation.

Timing parameters for the 8X305 are normally measured
with reference tc MCLK.

System determinants for the instruction cycle time are:
* Propagation delays within the 8X305

¢ Access time of Program Storage

e Enable time of the 1/0 port

Normally, the instruction cycle time is constrained by one
or more of the following conditions:

Condition 1 — lInstruction or MCLK to LB/RB (input
phase) plus /O port access time (TIO) =
IV data set up time (Figure 5a).
Program storage access time (TACC)
plus instruction to LB/RB (input phase)
plus O port access time (TIO) plus IV
data (input phase) to address < instruc-
tion cycle time (Figure 5b).

Program storage access time plus in-
struction to address < instruction cycle
time (Figure 5c¢).

Condition 2 —

Condition 3 —

!
!

=
(9]
-
=

I an U R ot

MCLK

i {
VAR
MCLK . L
|

1
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() ™CLK to (B/RB (input phase) or
instruction to LB/RB (input phase).

(2 10 port access (TIO).

(® W data set-up time (referenced to
MCLK).

a. Condition #1
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b. Condition #2

ACCESS
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Figure 5. Constraints of 8X305 Instruction Cycle Time
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8X305 TIMING DIAGRAM
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From condition #1 and with an instruction cycie time of
200ns, the I/O port access time (TIO) can be calculated as
follows:
TMIBS + TIO < TMIDS
transposing, TIO < TMIDS = TMIBS
substituting, TIO < 55ns —~ 25ns
result, TIO < 30ns

Using 30ns for TIO, the constraint imposed by condition
#1 can also be used to calculate the minimum cycle time:

TMIBS + TIO < TMIDS

thus, 25ns+30ns < Tiq+ Toq—45

25ns+30ns = 1/2 cycle— 45 therefore,
the worst-case instruction cycle time is 200ns. With sub-
ject parameters referenced to X1, the same calculations
are valid:

=
=

TiIBS+ TIO+ TIDS < 1/2 cycle
thus, 45ns + 30ns + 25ns < 1/2 cycle therefore,
the worst-case instruction cycle time is again 200ns.
From condition #2 and with an instruction cycle time of
200ns, the program storage access time can be
calculated:

TACC+ TIIBS + TIO + TIVA < 200ns
transposing, TACC =< 200ns - THIBS — TIO —- TIVA
substituting, TACC < 200ns — 25ns — 30ns — 83ns

thus, TACC =< 60ns hence, for an instruction
cycle time of 200ns, a program storage access time of
60ns is implied. The constraint imposed by condition #3
can be used to verify the maximum program storage ac-
cess time:

TIA+ TACC =< Instruction Cycle

thus, TACC < 200ns — 140ns
and, TACC =60ns, confirming that a program
storage access time of 60ns is satisfactory.

Foran instruction cycle time of 200ns and a program stor-
age access time of 60ns (Condition #2/Figure 5b), the in-
struction shouid be valid at the failing edge of MCLK. This
relationship can be derived by the following equation:
200ns - TMAS — TACC
= 200ns ~ 140ns — 60ns
= Ons

It is important to note that, during the input phase, the
beginning of a valid LB/RB sngnal is determined by either
the instruction to LB/RB delay (TIIBS) or the delay from
the falling edge of MCLK to LB/RB (TMIBS). Assuming the
instruction is valid at the falling edge of MCLK and
adding the instruction-to- LB/RB delay (TIIBS = 25ns), the
LB/RB signal will be valid 25ns after the falling edge of
MCLK. With a fast program storage memory and with a
valid instruction before the falling edge of MCLK — the
LB/RB signal will, due to the TMIBS delay, still be valid
25ns after the falling edge of MCLK. Using a worst-case
instruction cycle time of 200ns, the user cannot gain a
speed advantage by selecting a memory with faster
access time. Under the same conditions, a speed advan-
tage cannot be obtained by using an /O port with fast ac-
cess time (TIO) because the address bus will be stable

55ns (TAS) after the beginning of the third quarter cycle
-— no matter how early the IV data input is valid.

CLOCK CONSIDERATIONS

The on-chip oscillator and timing-generation circuits of
the 8X305 can be controlled by any one of the following
methods:
Capacitor — if timing is not critical
Crystal — if precise timing is required
External Drive — if application requires that the 8X305
be driven from a system clock

Capacitor Timing. A non-polarized ceramic or mica
capacitor with a working voltage equal to or greater than
25 volts is recommended. The lead lengths of capacitor
should be approximately the same and as short as possi-
ble; also, the timing circuits should not be in close prox-
imity to external sources of noise. For various capacitor
(Cyx) values, the cycle time can be approximated as:

Cx (in pF) APPROXIMATE CYCLE TIME
100 300ns
200 500ns
500 1.1us
1000 2.0us

Crystal Timing. When a crystal is used, the on-chip
oscillator operates at the resonant frequency (f,) of the
crystal; the series-resonant quartz crystal connects to the
8X305 via pins 10 (X1) and 11 (X2). The lead lengths of the
crystal should be approximately equal and as short as
possible; also, the timing circuits should not be in close
proximity to external sources of noise. The crystal should
be hermetically sealed (HC type can) and have the follow-
ing electrical characteristics:

Type — Fundamental mode, series resonant

Impedance at Fundamental — 35 ohms maximum

Impedance at Harmonics and Spurs — 50 chms

minimum

The resonant frequency (f,) of the crystal is related to the
desired cycle time (T) by the equation: f,=2/T; thus, fora
cycle time of 200 nanoseconds, f,= 10MHz.

HALT Logic

The HALT signal is sampled via internal chip logic at the
end of the first internal quarter of each instruction cycte.
If, when sampled, the HALT signal is active-low, a halt is
immediately executed and the current instruction cycle is
terminated; however, the halt cycle does not inhibit
MCLK nor does it affect any internal registers of the
8X305. As long as the HALT line is active-low, the SC and
WC lines are low (inactive), the Left Bank (LB)/nght Bank
(RB) signals are high (inactive), and the IV bus remains in
the three-state mode of operation. Normal operation
resumes at the next cycle in which HALT is high when
sampled — see HALT TIMING DIAGRAM.
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HALT TIMING DIAGRAM
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Notes:
1. The HALT signal can switch from High to Low at any time during this interval.

2. The HALT signal can switch from Low to High at any time during this interval.

Timing Descriptions:
THg—set-up time from HALT to X1 (independent of instruction cycle time)

Tyg4—hotld time from X1 to HALT (independent of inatruction cycle time)
Tans—set-up time trom MGLK to HALT (dependent upon instruction cycle time)

Typ—hold time from MCLK to RALT (dependent upon instruction cycle time)
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Figure 7. Timing Relationships of 8X305 /O Signals
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Using an External Clock. The 8X305 can be synchronized
with an external clock by simply connecting appropriate
drive circuits to the X1/X2 inputs. Figure 8 shows how the
on-chip oscillator can be driven from the complementary
outputs of a pulse generator. In applications where the
MicroController must be driven from a master clock, the
X1/X2 lines can be interfaced to TTL logic as shown in
Figure 9.

e LI LI L

PULSE
GENERATOR

8X305
MICROCONTROLLER

PULSE GENERATOR CHARACTERISTICS:
Zout = 5061 VouT = 0-1 VOLT
RISETIME < 10ns  SKEW <10ns

Figure 8. Clocking with a Puise Generator

Po- * MU pa T W e
vee 1K

CLOCK —— 8X305

MICROCONTROLLER

l___V

» = OPEN COLLECTOR

TTL DRIVER CHARACTERISTICS:
FALLTIME < 10ns

SKEW BETWEEN COMPLEMENTARY QUTPUTS
=10ns

Figure 9. Clocking with TTL

RESET TIMING DIAGRAM

RESET Logic

RESET (pin 43) can be driven from a high (inactive) state
to a low (active) state at any time with respect to the
system clock, that is, the reset function is asynchronous.
To ensure proper operation, RESET must be held low
(active) for one full instruction time. When the line is
driven from a high state to an active-low state, several
events occur — the precise instant of occurrence is
basically a function of the propagation delay for that par-
ticular event. As shown in the RESET TIMING DIAGRAM,
these events are:

e The Program Counter and Address Register are set to
address zero and remain in that state as long as the
RESET line is low. Other than PC and AR, RESET does
not affect other internal registers.

¢ The input/output (IV) bus goes three-state and remains
in that condition as long as the RESET line is low.

¢ The Select Command and Write Command signals are
driven low and remain low as long as the RESET line is
low.

» The Left Bank/Right Bank (LB/RB) signals are forced
high asynchronously for the period in which the RESET
line is low.

During the time RESET is active-low, MCLK is inhibited;

moreover, if the RESET line is driven low during the last

two quarter cycles, MCLK may be shortened for that par-
ticular machine cycle. When RESET line is driven high

(inactive)— one quarter to one full instruction cycle later,

MCLK appears just before normal operation is resumed.

The RESET/MCLK relationship is clearly shown by “B” in

the timing diagram. As long as the RESET line is active-

low, the HALT signal (described next) is not sampled by
internal logic of the 8X305.

RESET Note 1

o~ LML o

RESUME NORMAL OPERATION

Note 2
]

Ag-Aq = N\
5

v-eus SR S R R R AN I
ouTPUTSs ~ ™ X? ST S 3-STATE
|

SC & WC —»

Notes:

configuration.

1. A High to Low transition of the RESET signal will torce the Address Bus to an ali-zero 2. The RESET signal can switch from Low to High at any point within this time interval and,

in all cases, MCLK will occur at least one-quarter cycle time later as shown.
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