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CPU Architecture and PIN Designations For 8X300 Microcontroller
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ARCHITECTURAL OVERVIEW

The Signetics 8X300 Microcontroller (Figure 1) is a high-
speed bipolar microprocessor implemented with low-power
Schottky technology. The 8X300 brings together all the
qualities needed—SPEED, FLEXIBILITY, and ECONOMY -—
for systems design in the many areas that require reliable bit
stream management. Cansider!—5VY operation, TTL bus
compatibility, and an on-chip clock—the result, a system
with fewer parts. Consider!—the inherent power of LSl logic
{programmable Rotate, Mask, Shift, and Merge functions in
the data-processing path} and the ability to Fetch, Decode,
and Execute a 16-bit instruction in a minimum of 250-
nancseconds—the result, a system with superior bit
handling capabilities. Considerl—the 280ns cycle time in
conjunction with extended microcode —the result, the flexi-
bility of bit-slice devices with the programming ease of MOS
microprocessors. Now, consider the results!—a device tai-
lored to bit-stream management in the areas of Industrial
Ceontrol, Input/ Cutput Control, and Data Communications,

The 8X300 uses three separate buses—one for 13-bit in-
struction addresses, one for 16-bit instructions, and a
bidirectional 8-bit input/ output data bus; except for the 1/0
bus, there are no time multiplexing of functions.

PIN CONFIGURATION
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FEATURES

* Fetch, Decode, and Execute a 16-bit instruction in a
minimum of 250-nanoseconds (one machine cycle)

* Bit-oriented instruction set (addressable single-or-

multiple bit subfields)

Separate address, instruction, and 1/0 buses

Source/destination architecture

On-Chip oscillator and timing generation

Eight 8-bit working registers

TTL inputs and outputs

BiPolar Low-Power Schottky technology

3-State 1/0 bus

Single +5V supply

ORDERING INFORMATION

Commercial

Order number: N8X300l

Packaging information: Refer to Signetics price list
Supply voltage: 5V (£ 5%)

Operating temperature range: 0°C to +70°C

Military

Order number: $8X300-1

Packaging information: Refer to Signetics price list
Supply voltage: 5V (+ 5%}

Operating temperature range; —40°C to +100°C

Order number: S8X300-2

FPackaging information: Refer to Signetics price list
Supply voltage: 5V (£ 10%)

QOperating temperature range: —20°C to +100°C
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PIN NO. IDENTIFIER NAME AND FUNCTION ACTIVE STATE
2-9/45-49 AR-A12 Program Address Lines: These outputs permit direct addressing of up to 8192 words of pregram High
storage. A high voltage level equals a binary “1"; A12 is Least Significant Bit.
13-28 10-115 Instruction Lines: These input lines receive 18-bit instructions from program storaga. A high voltage High
level equals a binary “1"; 115 is Least Significant Bit.
33-36 WB-IV7 Input/ Qutput Bus: These bidirectional three-state lines communicate with up to 512 170 devices {256 Low
38-41 par bank). & low voltage level equals a binary “1"; I¥7 is Least Significant Bil.
104 11 X14&Xz2 Connections for a capacitor, a series-resonant crystal, or an external clock source with complemen- —
tary outputs. For precise frequency control, a crysial or e#xternal source is raguired.
42 MCLK Master Clock: This output is usad for clocking b/ O devices and/or synchronization of external legic. High
30 we Wrlte Command: When signal is high (binary 1}, data is being cutput on pins IV0-TV7 of 170 bus. High
29 sC Select Command: When signal is high {binary 1), an address is being output on pins WO-IV7 ot 1/0 High
bus.
a N3] Whan the LB signal is low (binary &), any one of up-t0-256 1/ O devices (or memory locations) in the lait Low
bank can be accesaed. When the address of a particular device (or memory location} matches the
address on the IV bus, that particular device {ar mamory location} is enabled and selected for
input/outpul operations. All addresses on the left bank that do not match ara deselacted,
32 RB When tha RB signal is low (binary @), any one of up-to-256 1/ 0O devices {or mamary locations) in the Low
right bank can be accessed. When the address of a particutar device (or memory location} matches
the address on the (/0 bug, that particular device {or memory lecation) is enablad and salected for
input/ output operations. All addresses on the right bank that do not match are deselected.
43 RESET When reset input is low {binary @}, the microcontralter is initialized —sets Program Counter/ Address Low
to zero and inhibits MCLK output.
44 HALT When halt input is low (binary 2}, internal operation of microcontroller stops at the start of next Low
ingtruction. The stop function does not inhibit MCLK or affact any internal registers.
50 VR Internally-genarated referance output voltage for external series-pags transistor. —
1 VCR Regulated voitage input from series-pass transistor (2N5320 or equivalent). —_
12 GND Cilrcuit ground. —
ar Voo Input connection for +5V power. —

Figure 2. Typical 8X300 System with Pin Definitions
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TYPICAL 8X300 SYSTEM HOOKUP

Although the system hookup shown in Figure 2 is of the
simplast form, it provides a fundamental look at the 8X300
microcontroller and peripheral relationships. As indicated,
program storage can be either ROM or PROM and, by using
various addressing-methods/decoding-schemes, memory
paging techniques can be easily implemented. Also, by
proper bit assignment, some external interface logic and,
under software control, the program memory can be used as
a storage device for intarrupt-service subroutines, The user
interface (IV@ through IV7) is capable of addressing 256
Input/Output ports and, with the additional bank-select bit
{LB and RB), the number of addressable |/0 ports is 512—
the left bank and right bank each consisting of 256 poris.
The /0O ports of each bank can be used in a variety of ways;
one of these ways is shown in Figure 2. When LB is active
low, the left bank can be enabled and, providing there is an
address match, anyone of 128 1/Q ports or anyone of 128
locations within the RAM memory can be accessed for
input/output operations. When RB is active low, the same
sot of conditions are applicable to the right bank. With some
sacrifice in speed, any given |/Q port can be interfaced to a
memory peripheral or other I/ 0 device of the user.

PROGRAM STORAGE INTERFACE

As shown in Figure 2, program storage is connected to
output address lines AO through A12 (A12 = LSB) and input
instruction lines 10 through 115. An address output on
AQ/A12 identifies one 16-bit instruction word in program
storage. The instruction word is subsequently input on
10/115 and defines tha microcontroller operations which are
to follow.

The Signetics 825115 PROM or any TTL-compatible mem-
ory can be used for program storage. (Note. The worst-case
access time depends upon the instruction cycle time, and
also, the overall aystem configuration.)

170 INTERFACE AND CONTROL

An 8-bit I/Q data bus is used by the microcontroller to com-
municate with two fields of 1/0 devices. The complementary
LB and RB signals identify which field of the 1/ 0 devices is
enabled.

Both data and address information are output on the 1/Q
bus. The SC {Select Command) and WC (Write Command)
signals distinguish between data and address information
as follows:

sC wC FUNCTION

High Low 1/0 address is being output on the
170 (IV) bus

Low High 1O data is being output on the 1/0
(V) bus

Low Low Input data expectad from selected
1/Q device

High High Invalid {not generated by 8X300)

DATA PROCESSING
From a data processing point of view, the 8X300
microcontroller chip (Figure 1) contains eight 8-bit working
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registers (R1 through R6, R11, AUXiliary), an arithmetic
logic unit (ALU), an overilow regiater (OVF}, rotate/shift/
mask / merge logic, and a bidirectional 8-bit 1/ QO bus. Internal
8-bit data paths connect the registers and 1/0 bus to the
ALU inputs, and the ALU output to the registers and 1/ Q bus,
Inputs to the ALU are preceded by the data-rotate and data-
mask logic and the ALL output is followed by the shift and
merge logic. Any one or all of the logic functions can operate
on 8-bits of data in a single instruction cycle. Data from the
source register can be right-rotated (end around) before
processing by the ALU; external data (170 bus) can also be
masked to isclate a portion of the 8-bit field. Since the ALU
always processes B-bits of data, bit positions not specified
by the mask operation are filled with zeroes.

When léss than 8-bits of data are specified as output to the
1/0Q bus from the ALU, the data field {shifted and masked, as
required} is merged with prior contents of the |/ Q latches to
form the output data. Bit positions of the 1/0 data not
affected by the logic operations are not modified. Depend-
ing upon whether an |/ O peripheral or an internal register
is specified in the instruction as the source of data, the
I/0O latches contain, respectively, |/0-bus source data or
destination data. For instance, when an internal register is
specified as a source of data and an 1/0 peripheral as the
destination, data from the peripheral is read into the [/O
latches at the start of the instruction ¢cycle; processed data
is then merged with contents of the I/0 latches to form the
1/Q output data at the end of the instruction cycle. When an
1/ Q peripheral is specified as both data source and destina-
tion, data from the source is used both as the input to the
/O latches and as data to be processed; the processed
data is then merged with data from the 1/0 latches to form
the previously-described /0 bus output. If the data source
and destination are on opposite banks of the 8X300 bus, the
destination data is written with a full 8-bits, since the prior
contents were not stored in the |1/0 latches.

INSTRUCTION CYCLE

Each migrocontroller operation is executed in a single in-
struction cycle, The instruction cycle is divided into quarters
with each quarter cycle being as short as 62.5-
nanoseconds. Figure 3 shows the general functions that
occur during each quarter cycle; specifics regarding
minimum/maximum timing and other critical values are de-
scribed under “Design Parameters” in this data sheet. Dur-
ing the first quarter cycle, a new instruction from program
storage is input on signal lines IO through N5; simulta-
neously, new data is fetched via the input/output bus (IVQ
through IV7). At the end of the first quarter cycle, the new
instruction is latched in the instruction register and the new
I/Q data is present at the input of the chip but is not, as yet,
latched by the IV latches.

In the second quarter cycle, the [/Q data stabilizes and
preliminary processing is completed; at the end of this quar-
ter, the IV latches are closed and final processing can be
accomplished. During the third guarter cycle, the address
for the next instruction is output to the 1/ O {IV) bus, control
signals are generated, and |/ Q data is setup for the output

SHJNBLiCS 5



phase. During the fourth quarter cycle, a master clock signal
{MCLK) generated by the 8X300 is vsed to latch valid ad-
dress or data into peripheral devices connected to the IV
bus; MCLK is also used to synchronize any external logic
with timing circuits of the 8X300. To summarize the action,
the first half of the instruction cycle deals primarily with input
functions and the second half is mostly concerned with
output functions.

— 1 T

i

15T DUARTER 2NG CUARTER IAD QUARTER 4TH SRTER
{62.5 na) (62,5 na) T {62.5 ) -+ {82.5 na) -
A R Ll J

i { ¥ T
INPUY HSTRUCTION & LATCH & PROCESS  NEXT INSTRUCTION 170 ADDAESS O
FETCH HEW DATA TNPUT DATA ADDRESS, GENERATE 1/0 DATA YALD
CONTROL SIGNALS,
AND SETUR IS0
l-l OATA FOR QUTPUT I WCLK—ACTIVE STATE I
NOTES

1. New instruction must b& accapted and laiched at and of first quarter ¢ycle,

nanoseconds,
3. The address ia output during third quarter cycle.
4. 120 bus drivers are active {tumed on} during third and fourih quarter cycles.

2. The 1/D data latches are open for the lirat two quarter cycles, that is, for 125-

Figurs 3. Instruction Cycle and MCLK with: Crysial = 8MHz
and Cycle Time = 250 ns

INSTRUCTION SET
General Format and Basic Operations

The 16-bit instruction word {I0 through 15) from program
storage is input to the instruction register (Figure 1) and is
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subsequently decoded to implement the events to occur
during the current instruction cycle. The instruction word is
formatted as follows:

MSB LEB
| {
BIT POSITIONS —
012 |3456789 101112131415
CPCODE OPERAND{(S)

Rather than discrete instructions, the three operation code
{OP CODE) bits specify eight instruction classes. Each in-
struction class is subject to a number of powerful variations;
these variations are specified by the thirteen operand bits.
General areas of control for the eight instruction classes
are:

* Arithmetic and Logic Operations (ADD, AND, AND XOR)
& Mavement of Data and Constants (MOVE and XMIT)
* Branch or Test (JMP, NZT, and XEC)

Basic operations for each of the eight instruction classes
are as follows; a summary of the instruction set is provided
in Table 1.

MOVE—data in source register or 1/ O-bus input is moved to
destination register or 1/0-bus output. Data can be shifted
any number of places and/or masked to any length.

ADD—data in source register or |/0-but input ig added to
content of AUX (RO) register and the result is placed in the
destination register or 1/0-bus output. Data can be shifted
and/or masked, as required.

Table 1. Summary of 8X300 Insetruction Set
STATE OF CONTROL SIGMAL
DURING INSTRUCTION CYCLE
INSTRUC 1/0 CONT HPUT PHASE QUTPUT PHASE
CLASS | OPCODE FORMATS DESCRIFTION SIG (MNSTRUCTION {ADDRESS &
INPUT & DATA 1/Q BUS)
PROCESSING)
MOVE ] F1: Ragisies to Register ) —=0D
Mova conlant of internal register specified by BC = L Hit*D" = 07 g, 174
012 3 4656 7|88 10]|1112131415 S-tield to intarnal ragisier spacified by D-fiekd, We = L L
OPCOCE 5 R ) Prior to the “WOVE" apaeration, righi-rotate LB = X HIf “D” = 174
contenta of inlernal source regisler by cctal Lg = X Lif "D" = 07y
Invalid valuss of "G~ value (O through 7) defined by 1he R-field.
07, 175, 209-374
Invalid values of "D™:
105, 205-37
F2:1/0 Bus to Reglster Move righi-rotated 1/ 0 bua {source) dats 5C = L Hil “D" = 07y, 17g
specitied by the S-field 1o internal regisier WC = L L
012 [3 458 7188 10) 1112134415 | |, poniieg by the D-fieks. The L-field specifies | LB=  |Lif"S" = 205-27g [Hit"D" = 174
OPCODE 5 L o] the langth of source data starting from the LB= Hif "§" = 305-37g |Lif D" = 07y
LSB8-p and, f less than 8-bils, the re-
Valid valuas of “S™ 205-37 maining hits are filled with zerces.
: “=a
Invalic values of *D™; 10g, 20y-37g
F2: Ragiater to 1/0 Bus Move contents of intarnal registar specified by 5C = L L
the S-field to the )/0 laiches. Belore WG = L H
0123 |4 § B 78 9 16)1112 13 14 18 | | pyipurting on1/0 bus, dete is shitted as speci- | LB = [Lil“D" = 205-27g |Lit ‘D" = 205-274
OPCCDE 5 L ) fist by the least significant octal digit of the D- Lg = Hit “D" = 30g-37g |Hit "D" = 20g-37g
figld and the tiis specified by the L-figld are
Invatid values of *5": O7g, 17g, 20, 374 merged with the latched |/ data,
Valid values of "D": 20g-37g
F2: 170 Bus to 1/0 Bus Move righl rotated 1/ C-bus {source) data sC = L L
apecifiad by the Sield to the /O latches. Be- we = L H
012 |3 458 718 8 10[1142131415 | | y406 outputting on 10 bus, shift data as speci- |  LB= | Lif"D" = 20g-27y |LIF"C" = 204-274
OPCODE 3 L [5) liad by tha D-field: than merge acurce and LB = Hif “D" =30g-37g | Hif D" = 30g-37g
hed 1/0 data as apacified by the L (lsngth)
valid valuss of "S"; 205-375 fleld.
Valid values ol “D7: 205-37g
|
6 s{notics




Table 1. Summary of 8X300 Instruction Set (Continued)
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STATE OF CONTROL SIGNAL
DURING INSTRUCTION CYCLE
WSTRUC 170 CONT INPUT PHASE OUTPUT PHASE
CLASS | OPCODE FORMATS RESCRIPTION b1 c] (INSTRUCTION (ADDRESS &
INPUT & DATA 10 BUS)
PROCESSING)
ADD 1 Sama az MOVE instryclion class {3) plus {AUX) = D Same as MOVE instruction ciass
Same ag MOVE matruciion class except that
conlents of AUX (RD) register ara ADDed 1o
the source data. If thers i & “carry™ from MSB,
then OVF (overllow) = 1, otherwise OVF = 0.
AND 2 Same Bs MOVE inatruciion claes (8} A (AN) =D Same ag MOVE instruction class.
Seme aa MOVE ingiruclion cless axcept thet
contents of AUX {AD} register are ANDed with
scurce date.
XOR a Same as MOVE nstrucilen class (S} & (AUX) = D Sama as MOVE instruction class.
Sama a3 MOVE ingtruction clagse axcept that
contents of AUX (RO} register are excluzively
CRed with source data,
XEC 4 Exeacute Instruclion at currant page addreas
olfaet by J {Ktaral) + (5). Retum to normpd
Instruction flow unless a branch Is ancoun-
tared.
F2: Regletar Immadiate Exacute instruction at an address determingd i% =_ t t
by replacing the low-order 8-bits of the Pro- ==
o1z 3 4 6 6 F|8910 1112 13 14 15 -
gram Coynter with the following derived sum: L& X %
OPCCODE ] J * Value of litaral (J-field} pius
L oli I regi spacified by S-
Invalid values of "5": figied
UTq, 17, 20g-37g The PC is notl incremented and the overfiow
Valid values of “J" staius (OVF) is nol changed.
D0UL-377g
F4: 10 Bus Immediate Exacute nstruction at an address determinad 5C= L L
by replacing the low-order WE = L L
12 3456 7|58 1071112431415 S:blie of Program Counter with the loliawing Le = Lif"3" = 20g-27¢ | X
QOPCODE 8 L J derived sum: L= Hif "§" = 30g-37g | X
#+  S.bit value of literal {J-field) plus
wge, - * Value of rotated source data specified by
valla vewes of |8 20278 S-field (The L-field specifies the length of
Biniat: e source data starting from the LSB-position
and, if tess than 2-hits, the remaining hits
ara filled with zeros; the Program Countar
ig nod incramented and the ovarflow atatus
{OVF} is not changed.)
NZ2T 11 If data specilied by the 5-fiald ie not equal to
zoro, jump to current page address offsst
by value of J-field; olhorwise, incremont the
Program Counter.
F3: Regiater Immadiste If contents o internal regiater specified by 5- i%i t t
a1z 3 4 5 6 7|89 10 11 12 13 14 15 fisld iz non-zero, transter 10 address deler- iE = % X
mined by replacing the low-ordar 8-bits of Pro- -
GPCODE S 4 gram Counter with “J°, otherwtse, increment
PC.
Invalid values of “S*: 075, 17g, 20p-37g
Yalid values of "™ (xx)a—a??a
Fd: {/0 Bus Immodiate If right-rotated 17 0 bue data is pon-zefo, trans- 5C = L L
fer to addrass detarmined by replacing low- WG = L L
0r2 (84686 7[809 W0[H121M15] | gur 5bits of Program Counter with *J, oth- [ TB=  [Lif*s" = 204-274 | %
OPCODE 5 L J arwige, incremant PG, (The L-fiekd specifies Le = Hil*8" = 305-374 | %
the lengih of source 170 data starling irom the
Valid values of "$": 20g-37¢ LS?-poa:_lton ancf}_.“ﬂdlea_lshlhan S-h}lis. the ra-
Valid values of "J": 008-'3?3 maining bita are nlec with zeroes.,
AXMIT 6 F3: Reglister Immediate Transmit J -+ D
T it and siore 8-bit binary pattern in J- 5C = L HifD =07z 0r 17g
012 |3 4 6 6 7]88 30 1112 13 14 158 | | 500 1 internal ragister specified by D-Tield. we=  |L L
OPCODE D J LB = X HitD =174
LB = x LifD= 0?3
Invalid valuesa of "D 10g, 205-37,
Valid valuas of “J" 000g-377g
F4: 170 Bus Immediaie Transmit binary pattem in J-field to 1/0 bus. SC= L L
Betore putting data on 110 bug, shift literal \y_(': = i H
012 13 4 5 6 7[8 9 10| 1112131415 | ) yaiug "J"as specifiedbyha D-fiekiandmarge | [B= |LitD=204-27g |LHD = 20-275
oPCODE o L J bite specified by the L-fiald with existing /O LB = Hif D = 305-37g His O = 30g-37g
bus data. Il tha L-lield apecifias mora than 5-
Vaiid valuss of “D": 20g-374 Pltahai:arhng fr?n: the LSE-poaition, all remain-
Valid values of * J": O0g-37g ing bits are set to zero.
JMP 7 F5: Address Immadiata Jump to addresa in program sterage specified &G = L L
by A-field; this address is loaded into the Ad- We = L L
012 3466789101112 13 14 15 dreas Register and the Program Countar. LE= x X
OPCODE A
Valld values ol A: 00000~ 17777g
NOTES

* RE is complement of {H, X = Undsfined
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AND—data in source register or 1/0-bus input is ANDed
with content of AUX {RO) register end the result is placed in
the destination register or 1/0-bus outpui. Data can be
shifted and/or masked, as reguired.

XOR-—data in source register or |/ O-bus input is exclusively
ORed with contents of AUX (RO} register and the result is
placed in the destination register or 1/O-bus output. Data
can be shifted and/or masked, as raquired.

XMIT—immediate data field of instruction word replaces
data in destination register or 1/ O-bus output.

XEC—aexecutes instruction at the program address which is
formed by replacing the least significant bits of the last
address with the sum of:

* Literal (J} field value of instruction plus,
* Value of data in source register or 17/0O-bus input.

NZT—Ileast significant bits of program address are re-
placed by literal {J) field of instruction if the source register
or |/ 0-bus is not equal to zero.

JMP—program address is replaced by addreas field of the
instruction word. :

Instruction Flelds
As shown in Table 1, each instruction contains an operations
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code (OPCODE) field and from one-to-three operand fields.
The operand fields are: Scurce (8), Destination {D}, Rotate/
Length (R/L), Literal {J), .and Address {A). The OPCODE
and operand fields are briefly described in the following
paragraphs.

Operations Code Fleld: The three-bit OPCODE field speci-
fies one of eight classes of 8X300 instructions; octal desig-
nations for this field and operands for each instruction class
are shown in Table 1.

Source (S) and Destination (D) Flelds: The five-bit {S) and
(D) fields specify the source and destination of data for the
operation defined by the OPCODE field. The AUXiliary {RO)
registeris an implied second operand for the ADD, AND, and
XOR ingtructions, each of which require two source fields.
That is, instructions of the form:

ADD X, Y

imply a third operand, say Z, located in the AUX (RO) regis-
ter. Thus, the operation for the preceding expression is
actually (X + Z), with the result stored in Y. The (5) and/or
{D) fields can specity an internal 8X300 register or any one-
to-eight bit 1/0 field; octal values for these registers and
Source/ Destination field assignments are provided in Table
2.

Table 2. Octal Addresses of 8X300 Registers and Address/Bit Assignments of Source/Destination Fields

Qctal Valua 8X.300 Reglster Octal Value 8X300 Register
00 Auxiliary (R0} 10 OVF (Overflow Register}—
used only as a source

o1 Ri 11 R11

o2 R2 12 Unassignad

03 R3 13 Unassigned

04 R4 i4 Unassigned

05 R5 15 Unassigned

06 2153 16 Unassigned

o7 *IOL Regiater—Left Bank 17 *|OR Register—Right Bank
e Used oy s et

NOTE
*H IOL or IOR is spacilied as a sowrce of data, the scurce date is all zeroes.
NOTES:
Octal Valve 1. 20g-27q specifiss the LS of a variable length field within the 110 post praviously MSE %— BYTE —-1 SB
selected by the laft-bank {IOL) register. Length of fisld in determined by R/L.

i 2. 305-37p porforma ihe counterpart functioa far the right-hank ragister {IOR). 4 4 ' h h
20 — Field within previously salecied porl wilh LS8 position = 0
2t — Field within previausly seleciad pon wilh LSB position = 1 _'P
22 — Field within previously selecied ponl with LSB poaition = 2 —p—

Hote 1 23 — Field within previpusly salected port with LSB position = 3 —_——
24 — Field within previously selecied porl with LSB position = 4 — =] =
25 — Field wilhin previously gelecied poct with LSB posgition = § el e e B .
26 — Field wilhin previously selactad porl with LSB position = & e el e e el e,
27 — Field within previausly seleclad porl with LB position = 7 e B B B _J -4{
30 — Field within previcusly selected port with LSB position = ts g
31 — Figld wilhin previcusly selacted port with LSB position = 1
42 — Field within previcualy selacied port with L3E position = 2
33 ~— Field within previously selected port with LSE pasition = 3

Nole 2 24— Fiald within previously sslacted port with LSE posilion = 4
A5 — Field within previoualy selected port with LSEB posillon = §
36 — Field within previously selected port with L3B posilion = 6
37 — Field wilhin previoualy aalacted port with LSB posillon = 7

8 Sif[neties



Rotate (R) and Length {L} Field: The three-bit R/L field
performs one of two functions, specifying either the field
length (L.} or a right-rotate (R). For a given instruction, the
specified function 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 speci-
fies a right-rotate of the data specified in the (3) field—see
accompanying diagram. The source-register data (up to
eight-bits) is right-rotated within one instruction cycle. (The
right-rotate function is implemented on the bus and not in the
source register.)

RIGHT-ROTATE FUNCTION

Bit Position— 0 1 2 3 4 5 6 7

[EEEEER(Th

When either or both of the source and destination fields
specify a variable-tength 1/ 0 data field, the (L) field speci-
fies the length of the 110 data field—see accompanying
diagram. f the source field specifies an 1/0 address (20g-
37g) and the destination field specifies an internal register
(00g-08g, 07g, 11g, or 17g), the L-field specifies the length
of source data; the source data is formed by right-rotating
the |/ O bus data according to the source address (Table 2)
and then masking result as specified by L-field. If iength is
less than eight-bits, all remaining bits are set to zero prior to
processing data in the ALU. if the source field specifies an
internal register (00g,-08g, 10g,0r 11g) and the destination
field specifies 170 bus data (20g-37g), the L tield specifies
the length of the destination data. To form the destination
data, the ALU output is left-shifted according to the destina-
tion address (Table 2} and then masked to the required
length-—sgee DATA LENGTH SPECIFICATION. The destina-
tion data is merged with data in the 1/0Q latches to finalize
the 1/ 0 bus data. Hence, a one-to-eight bit destination data
field can be inserted into the existing eight-bit 1/0 port
without modifying surrounding bits. If both the source and
destination fields specity 1/0 bus data (20g-37g), the L-
field specifies the length of both the source and destination
data.

DATA LENGTH SPECIFICATION

0123 454867

A
Frrrrrrr
[T T T
O~N®;MbeaWwN

A

BIPOLAR LS| DIVISION

To torm the source data, the 170 bus data is right-rotated
according to the scurce addreas (Table 2) and then masked
to the required length—see preceding DATA LENGTH
SPECIFICATION. If length is less than eight-bits, all remain-
ing bits are set to zero before processing in the ALU. To
form the destination data, the ALU output is left-shifted ac-
cording to the destination address (Table 2) and masked to
the required length specification. The destination data is
then merged into the |/ O bus data that was used to obtain
the source; thus, if the source and destination addresses
are on the same bank, the I/Q bus data written to the desti-
nation register appears unmodified, except for bits changed
during the shift-and-mask operations. if the source and des-
tination addresses refer to different banks, the destination
register is changed to contain the contents of the source
register in those bit positions not affected by the destination
data.

J-Field: The 5-bit or 8-bit {J} field is used to load a literal
valve {(contained in the instruction) into a register, into a
variable 17O data field, or to modify the low-order bits of the
Program Counter. The bit-length of the (J) field is implied by
the (8) field in the XEG, NZT, and XMIT instructions, based
an the following considerations.

* When the source (8) 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 1/0 data
field, the literal value of the J-field is a 5-bit binary number.

A-Field: The 13-bit {A) field is an address field which allows
the 8X300 to directly address up 8192 locations in Program
Storage memory.

INSTRUCTION SEQUENCE CONTROL

Formation of Instruction Address

The Address Register and Program Counter are used to
generate addresses for accessing an instruction from pro-
gram storage. The instrection address is formed in any one
of four ways:

® For all except the JMP, XEC, and a “satisfied” NZT in-
struction, 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 bath the
Address Register and Program Countear.

# For the XEC instruction, the Address Register is loaded
with the high-order bits of the Program Counter modified
as follows:

XEC using 1/0 Bus Data: low order 5-bits of ALU output
replaces counterpart bits in Address Register.

XEC using Data from Internat Register: low order 8-bits
of ALU output replaces counterpart bits in Address Regis-
ter.

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 I/0O Bus Data) or low order 8/bits (NZT
source is an internal Register) of both the Address Regis-
ter and Program Counter are loaded with the literal value
specified by J-field of the instruction word.

Simatics 9



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 in Table 3, source/destination addresses are
specified using a five-bit address (00g through 37g). When
the most significant octal digit is & 0 or 1, the source and/or
destination address is an internal register; if the most signifi-
cant digit is a 2 or 3; an |/0Q bus address is indicated—2
specifying a left-bank {LB) address and 3 specifying a right-
bank (RB) address. The least significant octal digit (0
through 7) indicates either a specific internal register ad-
dress or positioning information for the least significant bit
when specifying 1/Q bus data. Referring to Table 1, the
AUXiliary register (00) is the implied source of the secend
argument for the ADD, AND, and XOR operations. IOL {desti-
nation address 07g) and IVR {destination address 17g) pro-
vide a means of routing address information to |/ O registers.
With 10L or IOR specified as the destination address, the
data is placed on the |/ O bus during the output phase of the
instruction cycle. Simultaneously, a select command (SC) is
generated to inform all 1/O devices that information on the
I/O bus is to be considered as an |/ O address. Since 10L
and IOR are not harware registers, they should never be
specified as a source address.

Control outputs LB and RB are used to partition /0 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 1/O devices are enabled during the input phase of
the instruction cycle. With RB in the active-low state and a
source address of 30g-37g, the right bank of devices are
enabled. During the output phass, RB is low if the destina-
tion address is IOR {17g) or 30g-37g; LB is low if the desti-
nation address is IOL (07g) or 20g-27g. Each address field

BIPGLAR LSI DIVISION

(LB and RB} can have a different |/ O device selected; thus,
two devices can be directly accessed within one instruction
cycle.

Table 3. Source/Destination Addresases
Source and/or

Destination Saurce/Destination
Field {Octal)
00 AUXiliary register (RO)
01-08 Working regiaters R1-R6, respec-
tively
or I0L Lsft-bank enable {Destination
only)
10 Overflow atatus—OVF (Source only)
1 Working register 811
17 IOR Right-bank enable (Destination
only)

ZN(N=10,1,2,3
4,5 6, 0r7)

if a source, 1/0O data is right-rotated
{7 — N} bits and then masked asg
specifiad by the L-field. LB = low and
RB = high generated during input
phase.
If a destination, |/O data i left-shift
{7 — N} bita and merged (specified
by L-field) with data contained in the
1/0 latches. LB = low and RE = high
generated during output phase.
It a source, |/ 0 data is right-rotated
{7 — N) bits and then masked as
specified by the L-field. LB = high
and RB = low generated during input
phase.

If & destination, 1/ 0O data is left-shift-
ed {7 -~ N} bita and merged (speci-
fied by L-field) with data contained in
the 1/0 latches. LB = high and RE =
low generated during output phase.

AN(N=10,1,2 3
4,5 6,0r7)

DESIGN PARAMETERS
Hardware design of an BX300-based system largely con-
sists of the following operations:

* Solecting and interfacing a Program Storage device—
ROM, PROM, etc. (Pins 2 through 9 and 45 through 48
for 13-bit address interface; Pins 13 through 28 for 16-
bit instruction interface.)

» Selecting and interfacing Input/Output devices—
RAM, Multiplexers, 1/0 Ports, and other eight-bit
addressable | /0 devices. (Pins 33 through 36 and pins
38 through 41 for eight-bit 1/ 0 interface.)

* Choosing and implementing System Clock —Capaci-
tor-Controlled, Crystal-Controlled, or Externally-Driv-
on. (Pins 10 and 11 for System Clock interface.)

» Selection of S-volt power supply and off-chip series-
pass transistor.

» External jogic, as required, to meet the control re-
quirements of a particular application.

All information required for easy implementation of these
design requirements is provided under the following cap-
tions.

DC Characteristics

AC Characteristics
Timing Considerations
Clock Considerations
HALT/RESET Logic
Voltage Regulator

« 4 8 090
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DC CHARACTERISTICS (Commercial Part) 4.75v =< vge =< 5.25V, 0°C = Tp =< 70°C

BIFOLAR LS| DIVISION

LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT COMMENTS
Voo Supply voltage 475 50 5.26 Vv 5V + 5%; pin 37 only
ViH High level 0.6 2.0 v X1 and X2
input voltage 2.0 All other pins
VIL Low level 0.4 v X1 and X2
input voltage 0.8 All other pins
VoH  High level VCC = min; Iy = —3mA | 2.4 3.0 v
output voltage :
VoL Low tevel Voo = min; gL = 6mA 0.39 0.55 AD through A12
output voltage Voo = min; lgL = 16mA 0.39 0.55 v All other outputs
VeoR Regulator voltage Voo = 5V 34 From series-pass
transistor
Vic input clamp voltage Voo = min; iy = —10mA -1.5 v Crystal inputs X1 and X2 do
not have internal clamp diodes.
Iy High-tevel input Voo = max; V| = 0.6V 1.0 1.7 3.0 mA X1 and X2
current YiH = 4.5V 1 50 BA All other pins
L Low-level input Voo = max; V) = 0.4V -3 mA X1 and X2
current -0.13 —-0.2 IVO-IV7
—067 | ~-1.6 10-115
-023 | —04 HALT and RESET
los Short circuit Voo = max; Vog = Vopy | —30 —140 ma All output pins
output current (Note: At any time, no more
than one output should bs
connected to ground.)}
lco Supply current Voo = max; Vor = VCRy 150 mA
IREG Regulator control Voo = 5.0V —-14 -21 ma
ICR Regulator current Voo = max 250 mA
NOTES:

1. Operating temporature ranges are guaranteed alter thermal equilibrium has hean

reached.

2. All voltages measurad with respact to ground 1erminal.

AC CHARACTERISTICS (Commercial Part) CONDITIONS: Vo = 5V (+5%), Viy = OV or 3V, 0°C < Tp < 70°C

LOADING: (See test circuits)
LIMITS {(INSTRUCTION LIMITS {INSTRUCTION
PARAMETER CYCLE TIME = 250 ns) CYCLE TIME > 250 ns) UNITS COMMENTS
{NOTE 1) Min Typ Max Min Typ Max
TP Processor cycle time 260 250 ns
TCcp X1 clock period 125 125 ng
TCH X1 clock high time 62 62 ng
TaoL X1 clock low time 62 62 ns
TMCH MCLK high delay 31 42 52 31 42 52 ns
| TMCL MCLK low delay 31 42 52 31 42 52 ng

Tw MCLK pulse width 55 62 69 Taq—7 Taq ng Note 2
Tas X1 falling edge to 50 63 ao 50 63 80 ns Note 7

address stable

Sifjntics
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BIPOLAR LSI DIVISION

AC CHARACTERISTICS {Commercial Part) CONDITIONS: Voo = SV (£5%), Vi = OV or 3V, 0°C =< Ta = 70°C

{Continued) LOADING: (See test circuits)
LIMITS (INSTRUCTION LIMITS (INSTRUCTION
(NOTE 1) Min Typ Max Min TYR Max

TMAS MCLK falling edge to 130 143 180 |T10+Teq | T1a+T2q |T1o+T2g| os Notes 2,3, &7
address stable +5 +18 +356

TiA Instruction to address 170 Tog+108 ns Notes 2, 3,4 8

TivA Input data to address 105 105 ns Notes 3 & 9

Tis Instruction set-up time -7 =7 ns Note 10
(X1 riging adge}

Tmis MCLK falling edge to 20 Tyg—42 na Notes 2, 4, & 10
instruction stable

TH Instruction hold time 45 45 ns Note 11
(X1 rising edge)

TMmIH Instruction hold time} 60 Tio—2 ng Notes 2 & 11
(MCLK falling edge)

TwH X1 talling edge to 40 43 58 40 49 58 ns
8C/WC rising edge

TMWH MCLX falling edge to 125 130 138 (Tyo+Tzq | T1a+T20|TigtT2g ns Nots 2
SC/WC riging edge +5 +10 ns

TwL X1 falling edge to 40 49 58 40 49 58 ns
SC/WC falling edge

TaawL MCLK falling edge to 5 7 16 5 7 15 ns
SC/WC falling edge

Ties X1 falling edge to 48 60 70 48 60 70 ng
LB/RB {Input phase)

TMIBS MCLK falling edge to 7 17 25 7 17 25 ns
LB/RB {Input phase)

Tigs Instruction to LB/RB 27 35 27 35 ns
{Input phaze)

ToBs X1 falling edge to 48 60 70 48 60 70 ns
LB/RB (Ouiput phase)

Tmoss  MCLK falling edge to 132 137 147  |T1Q+Taq |T1gtT2q | T1QtT20 ns Note 2
LB/RB (Cutput phase) +7 +12 +22

Tios Input data set-up time 25 16 25 16 ns
(X1 falling edge)

TMIDS MCLK falling edge to 65 65 Tig+T2a |T1g+T2q| ns Notes 2 & §
input data stable —-60 —70

TIDH input data hold time 40 30 40 30 ns
(X1 falling edge}

TMDIH Input data hold time 126 112 Tig+T2q [T1o+T20 ns Note 2
{MCLK falling edge) —13

TODH Qutput data hold time 55 65 75 55 65 75 ns
(X1 falling edge)

TmopH  Output data hold time 1 20 25 11 20 25 - ns
(MCLK falling edge)

Tobs Output data stable 74 84 84 74 84 94 ns Notes 12, 14, & 15
(X1 falling edga)

TMops  Output data stable 150 180 170 | Tyq+T2q (Tig+Teq |T11tT20 ns Notes 2, 12,
(MCLK falling edge) +25 +35 +45 14, & 15

12 SHwoLcs
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AC CHARACTERISTICS (Commercial Part) CONDITIONS: Voo = 5V (£5%), Viy = OV or 3V, 0°C < Tp =< 70°C

{Continued) LOADING: (See test circuits)
LIMITS (INSTRUCTION LIMITS {INSTRUCTION
PARAMETER CYCLE TIME = 250 ns) CYCLE TIME > 250 ns) UNITS COMMENTS
{NOTE 1} Min Typ Max Min Typ Max
Top Input data to output 104 120 138 104 120 136 ns Notes 13 & 15
data
THg HALT set-up time Q 0 ng
(X1 rising edge)
TMHS MCLK falling edge to 18 Tig—44 ns Notas 28 6
HALT falling edge
THH HALT hold time 32 32 ng
(X1 rising edge)
TMHH HALT hold time 50 Tig—12 na Note 2
{MCLK falling edge)
Tacc Program storage 80
access time
Tio 1/ 0 port output enable 30
time (LB/RB to valid
1V data input)
NOTES:
1. X1 and X2 inputs are driven by an exiernal pulae gensrator with an ampliiude of 1.5 TEST CIRCUITS
volis, all timing parameiera are measurad at 1his voltags level
2. Aespectively, Tyq. Tag. Tag. and Tyq repreaent time intervals for the first, second,
third, and fourth quarter cycles, ADORESS sV
3. Capacitive lpading for the addrass bue is 160 picolarads,
4. Same as TIS bul reteranced 1o falling edge of MCLK,
5. Same ag TIDS but refarsncad ta 1alling adpga of MCLK.
& Same as THS bul reteranced to falling edge of MGLK, e
7. TAS is obtained by forcing & valid instruction and an 10 bus input to occur aarlier than oUTPUT
tha specified minimum set-up time; the TAS par then repr ta the sarli UNDER TEST
time that the addreas bus is valid. "
8. TIA is obigined by forcing a valid instruction input to occur earlier than the minimum ran 150pt
sat-up timea.
9. TIVA is obieined by forcing a valid |/ G bus inpul to just meet the minimum set-up time.
10. TMIS represants tha sel-up time required by internal latches of the 8X300. In aystem
applications, tha instruction input may have 10 be valid before the worat-case set-up =
tirne in order for the system to respond with a valld 150 bus inpui 1hat meeis the L/ O OTHER
bus input set-up time (TIDS and TMIDS). 5¥
11. TiH reprasents the hold time required by internal latches of tha 8X300. To generate
proper LB/RE sighala, the inatructicn musi be hald valid uniil the address bus
changes, 2320
12. TODS ia abtained by forcing & valid /O bus inpul to occur sarlier than the /0 bus
input sat-up tima {TIDS); this timing parameter repreasnts the sarliaat time that 1he QUTRUT
1/0 output data can be valid. UNDER TEST
13. TDD is cbtained by tercing a valid )/ O bus input to just meet the minimum 170 bus input o 300pf
sat-up time; thug timing parameter representa the latest time that the ¢/ G output daie
can be valid.
14. The minimum figure for these paramaetars reprasants the earlieat lime that 1/ O bus
outpui drivers of the 8300 will turn on.
15. For TIDS = 35 ns, TODS or TMOD S should be usad to datermine whan the output data =
ia stable.
_!FII!I 13



DC CHARACTERISTICS (Military Part) $8x300-1 —40°C < TC < 100°C Vg = 5V + 5%

$8X300-2 —20°C = TC = 100°C Vo = 5V = 10%

BIPOLAR LSI DIVISION

LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT
VIH High level input voltage
X1, X2 0.6 v
All others 2.0 v
ViIL Low level input voltage
X1, X2 0.4 v
Alt others 0.8 v
Vic Input clamg voltage Voo = min -1.5 v
(Notes 1 & 5) | = —10mA
H High level input cwrent
X1, X2 Voo = max 3.0
ViH = 0.6V mA
All others Yoo = max 0.05
VIH = 4.5V
L Low level input current
X1, X2 Voo = max —-3.0 mA
VL = 0.4V
Vo-IV7 Voo = max
VL = 0.4V -0.3 mA
10-115 Vg = max
VL = 0.4V -1.8 mA
HALT, RESET Voo = max
VL = 0.4V 0.4 mA
VoL Low level output voltage
AD-A12 ' Voo = min 0.55 v
IL = 4.25mA
All others Voo = min 0.55 v
loL = 16mA
VoH High level output voltage Voo = min 2.4 v
loH = —3mA
los Short circuit output current Voo = max =30 =140 mA
(Note 2)
lce Supply current Voo = max 160 mA
(Note 4)
IREG Regulator control Voo = 5.0V —-14 -21 mA
IcR Regulator current Voo = max 285 mA
TC = 25°C
lcr Regulator current Voo = max 330 mA
TC < 25°C
Ver Regulator voltage {Note 3) 31 v
NOTES:

1.
2.
a

4.

Crystal Inputs X1 and X2 de not have clamp diodes.
Only cne cutput may ba grounded at a time.

From series-passed transigior ungdar the following conditicna:
YOG = Max, HALT = RESET = ADDRESS = IVX = 0.0V, all other ping epen.

Pin 37 enly.

14

5. Test each input one et a time,

. Al voltages are with reapect to ground ierminal,

7. The operating tamperatura rangas are guarantaed atter thermal equilibrium has basn

reached.

8. Storage tempecature —65°C to +160°C.
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AC CHARACTERISTICS (Military Part) CONDITIONS: $8X300-1—Vgg = 5V (£5%) -40°C < Tg < 100°C
S8X300-2—V(oe = BV {+10%) -20°C =< Tg = 100°C

PARAMETER “motes 1421 i e wex | O
Clock:
Tpe Processor cycle time 300 ns
Tep X1 clock period 1560 ns
TeH X1 ¢lock high time 62 ns
ToL X1 clock low time 62 ns
Controls: .
THS HALT set-up time (X1 rising edge} +] ns
THH HALT hold time (X1 rising edge) 50 ns
Instructions:
TAS X1 falling edge to address stable CL = 100pF as a2 ns
T Instruction set-up time {X1 rising edga} ] ns
TIH Instruction hold time (X1 rising edge) 50 ns
TMCH MCLK high delay X1 =20V 20 55 ns
TMCL MCLK low delay X1 = 20V 20 55 ns
TwH X1 talling edge to SC/WC rising edge 80 ns
TwL X1 falling edge to SC/WC falling edge 80 ns
Tugs Instruction to LB/RB {input phase) 52 ns
TiBS X1 talling edge to LB/RE (input phase) 24 ns
Tops X1 falling edge to LB/RB (output phase) 90 ns
Tios input data set-up time (X1 falling edge) 36 ns
TibH Input data hold time (X1 falling edge) 50 ns
ToDS OQutput data stable (X1 falling edge} 125 ns
TopH Qutput data hold time (X1 falling edge) 35 85 ns
Tace Instruction access time Provided by worst case timing 80 ns
Tio Data /O access time Provided by worst case timing 40 ns
NOTES:

1. Qperating lemparature ranges are guarantead after tharmal aquilibrium has been
reached.
2. Unless otherwise noted CL = 300 pF, VIN = 3V

TIMING CONSIDERATIONS (Commercial Part)

As shown in the “AC CHARACTERISTICS™ table for this part,
the minimum instruction cycle time is 25 ns, 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 250 ns, 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 great-
er than 250 ns, certain parameters are cycle-time depen-
dent; thus, these parameters ara specified in terms of the

four quarter cycles (T1Q. T2Q, Tag, and T4q) that make up
one instruction cycle—see 8X300 TIMING DIAGRAM. As the
time interval for each instruction cycle increases (becomes
greater than 250 ns), the delay for all parameters that are
cycle-time dependent is likewise increased. In some cases,
these delays have a significant impact on timing relation-
ships and other areas of systems design; subsequent para-
graphs describe these timing parameters and reliable meth-
ods of calculation.
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8X300 TIMING DIAGRAM
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Timing parameters for the 8X300 are normally measured
with reference to X1 or MCLK; those referenced to MCLK
are prefaced with an “M” in the mnemonic—TMAS, TMIH,
and so on. To determine the timing relationship between a
particular signal, say "A” and MCLK, the user should, at
all times, use the value specified in the table—DO NOT
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calculate the value by adding or subtracting two or more
parameters that are referenced to X 1. When deriving timing
relationships between two signals (A to B, etc.) by adding or
subtracting the parameter valves, the user must consis-
tently use the same parameter reference—MCLK or X1.




System determinants for the instruction cycle time are:

* Propagation delays within the 8X300

* Access time of Program Storage

®* Engble time of the 1/0 port

Normally, the instruction ¢ycle time is constrained by one or

more of the following conditions:

Condition 1—Instruction or MCLK to LB/RB (input phase)
plus 170 port access time (TIO) = IV data set-
up time (Figure 4a).

Condition 2—Program storage access time (TACC) plus
instruction to LE/RB (input phase) plus 110
port access time (TIO) plus IV data (input
phase) to address = instruction time {Figure
4b).

Condition 3—Program storage access time plus instruction
to address = instruction cycle time {Figure
4c).
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Figure 4. Constraints of 8X300 Instruction Cycle Time
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From condition #1 and with an instruction cycle time of
250 ns, the |/ O pott access time (TIO) can be calculated as
follows:

TMIBS + TIO =< TMIDS

TIO < TMIDS — TMIBS

TIO = 55n8 — 25ns

TIO = 30 ns

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

TMIBS + TIO < TMIDS

thus, 256ns + 30ns =Ty + T2q— 70

25ns + 30ns = % cycle — 70 thersfors, the
worst-case instruction cycle time is 250 ns. With subject
parameters referenced to X1, the same calculations are
valid:

trangposing,
substituting,
result,

TIBS + TIO + TIDS = % cycle
thus, 70ns + 30ns + 25ns < % ¢ycle therefore,
the worst-case instruction cycle time is again 250 ns. From
condition #2 and with an instruction cycle time of 250 ns,
the program storage access time can be calculated:

TACC + TIBS + FO + TIVA = 250ns
transposing, TACC =< 250ns — TIBS — TIO —TIVA
substituting, TACC =< 250ns — 35ns - 30ns —1056ns

thus, TACC = 80ns hence, for an instruction cy-
cle time of 250 ns, a program storage access time of 80 ns
is implied. The constraint imposed by condition #3 can be
used to verify the maximum program storage access time:

TIA + TACC = Instruction Cycle

thus, TACC =< 250ns — 170ns
and, TACC = 80ns, confirming that a program
storage access time of 80 ns is satisfactory.

For an instruction cycle time of 250 ns and a program stor-
age access time of 80 ns (Condition #2/Figure 4b), the
instruction should be valid 10 ns before the falling edge of
MCLK. This relationship can be derived by the following
equation:
250ns — TMAS — TACC
= 250ns — 160ns — 80ns
= 10ns

It is important to note that, during the input phase, the begin-
ning of a valid LB/RE signal is determined by either the
instruction to LB/RE delay (TIBS) or the delay from the
falling edge of MCLK to LB/RE (TMIBS). Assuming the in-
struction is valid 10 ns before the falling edge of MCLK and
adding the instruction-to-LB/RE delay (THBS) = 30ns), the
LB/RB signal will be valid 25 ns after the falling edge of
MCLK. With a fast program storage memory and with a valid
instruction more than 10 ns before the falling edge of
MCLK—the LE/RE signal will, due to the TMIBS delay, still
be valid 25 ng after the falling edge of MCLK. Using a worst-
case instruction cycle time of 250 ns, the user cannot gain a
speed advantage by selacting a memory with faster access
time. Under the same conditions, a speed advantage cannot
be obtained by using an 1/0 port with fast access time (TI1O)
because the address bus will be stable 80 ns (TAS) after the
beginning of the third quarter cycle—no matter how early
the IV data input is valid.
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Internal Timing and Timing Relationships

All timing and timing-control signals of the 8X300 are gener-
ated by the oscillator and sequencer shown in Figure 5, The
sequencer outputs direct and control all of the timing param-
eters specified in the TIMING DIAGRAM, Observe that each
input quarter cycle bears a fixed relationship to X1 via the
propagation delay.

General and interactive timing relationships pertaining to
110 signals of the 8X300 are shown in Figure 6. Example—in
the input phase, the switching point of the CE/BB signal is
caused by the worst-case delay from the instruction to
LB/REB or from the beginning of the first internal quarter
cycle to LB/RB; the two arrows pointing to the CB/RB tran-
sition indicate this "either/or” dependency. This information
coupled with tabular values and the TIMING DIAGRAM pro-
vides the user with the wherewithal to calculate any and all
system timing parameters.

CLOCK CONSIDERATIONS

The on-chip oscillator and timing-generation circuits of the
8X300 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 8X300 be
aynchronized with system c¢lock

Capacitor Timing: A non-polarized ceramic or mica capaci-
tor with a working voltage equal to or greater than 25-volts is
recommended. The lead lengths of capacitor should be ap-
proximately the same and as short as possible; also, the
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Figure 5. Timing and Timing Control Signals of the 8X300

timing circuits should not be in close proximity to external
sources of noise. For various capacitor (Cy) values, the
cycle time can be approximated as:

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

1
INTERNAL ] 4 ]

CQUARTER-CYCLES I I

w— ]

ADDRESS
Ao-A12

INSTRICTION
lo-l1s

A s

NOTES
777 DENOTES CHANGING DATA

B venoTes mz

Figure 6. Timing Relatlonships of 8X300 1/0 Signals
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Crystal Timing: When a crystal is used, the on-chip oscilla-
tor operates at the resonant frequency (fg) of the crystal;
the series-resonant quartz crystal connects to the 8X300
via pins 10 (X 1) and 11 (X2). The lead lengths of the crystal
should be approximately aqual and as short as possible;
also, the timing circuits should not be in close proximity to
external sources of noise. The crystal should be harmeti-
cally sealed (HC type can} and have the following electrical
characteristics:

Type: Fundamental mode, series resonant

Impedance at Fundamental; 35-ohms maximum
Impedance at Harmonics and Spurs: 50-ochms minimum

BIPOLAR LSt DIVISION

The resonant frequency (fg) of the crystal is related to the
desired cycle time (T) by the equation fg = 2/T; for a cycle
time of 250 ns, fo = 8MHz.

Using an External Clock: The 8X300 can be synchronized
with an external clock by simply connecting appropriate
drive circuits to the X1/X2 inputs. Figure 7 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 8.

PULSE

GENERATOR MICROCONTROLLER

e LI LT LI

PULSE GENERATOR CHARACTERISTICS:
ZouT = S0t YouT = -1 VOLTY
RISETIME =10SEC SKEW =10na

-
Pro - =t LT LI L
Yoo ® | IO N I O I |

CLOCK —
MICROCONTROLLER

= L

[
>

= = OFEN COLLECTOR

TTL DRIVER CHARACTERISTICS:
FALL TIME == t04SEC

SKEW BETWEEN COMPLEMENTARY QUTRUTS
=10ns

Figure 7. Clocking with a Pulse Generator

Figure B. Clocking with TTL

RESET Logic

The RESET line (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, the RESET line should be held fow
(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
tunction of the propagation delay for that particular event.
As shown in the acompanying RESET timing diagram, these
events are:

* The Program Counter and Address Register are set to
an all-zero configuration 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 re-
mains in that mode as tong as the RESET line is low.

* The Select Command and Write Command signals are
driven low and remaln Inactive as long as the
line is low.

* The Left Bank/Right Bank signals are undefined for
the perlod 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 can be shortened for that particular
machine cycle. When RESET line is driven high {inactive)—
one-quarter {0 one full ingtruction cycle later—MCLK ap-
pears 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 8X300.

HALT Logic

The HALT signal is sampled via internal chip logic at the end
of the first internal quarter of each instruction cycle, If, whan
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 8X300. As long as the
HALT line is active-low, the SC and WC lines are low (inac-
tive) and the input / output {IV} bus remains in the three-state
mode of operation. The halt cycle continues until, when
again sampled, the HALT line is found to be high; at this
time, normal operation is resumed. Timing for the halt signal
is shown in the accompanying diagram.
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1. The HALT signal can switch trom High to Low at any time during ihis interval. Ty —hald ime from X1 ta HALT (independent of instruction cycle time)

2. The HALT signal can awitch from Low to High at any time during this interval. ThaHs—set-up time from MCLK te HALT (dependent upon instruction cycle time)
Timing Daacriptions: Tpa—hold time from MCLK to HALT (dependent upen instruction cyole tima)

THg—set-up tima from HALT to X1 {indepandent of instruction cycle Hima)
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VOLTAGE REGULATOR

All internal logic of the 8X300 is powered by an on-chip
voltage regulator that requires an external series-pass tran-
sistor, Electrical specifications for the off-chip power tran-
sistor and & typical hook-up are shown in the accompanying
diagram. To minimize lead inductance, the transistor should
be as ciogse as posgible to the BX300 package and the
emitter should be ac-grounded via a 0.1-microfarad ceramic
capacitor.

T ———— e —
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PARAMETER  CONDITIONS LIMITS
Ma VCE = 2V; -1
100mA - Ig: = 500mA
BEaN YoE = 5V, Ig = S00mA AL
VOEGAT  Ic = 500ma; ig = S0mA 0.5V
BYCED = 15%
[ = 30MHZ
NOTE: =
Typical approved peris—2N56320, 2N5337
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