DESCRIPTION

The Signetics 8X300 Microcontroller is a
monalithic, high-speed microprocessor im-
plemented with bipalar Schottky technolo-
gy. As the central processing unit, CPU, it
allows 16-bit instructions t0 be fetched,
decoded and executed in 250ns. A 250ns
instruction cycle requires maximum memao-
ry access of 65ns, and maximum 1/0 device
access of 35ns.

Microcontroller instructions operate on 8-
bit, parallel data. Logic is distributed along
the data path within the Microcontrolter.
Input data can be rotated and masked be-
fore being subject to an arithmetic orlogical
operation: and output data can be shifted
and merged with the inpul data, before
being output to axternal logic. Thisallows 1-
to 8-bit /0 and data memory fields 1o be
accessed and processed in a single instruc-
tion cycie.

PROGRAM STORAGE INTERFACE

Pragram Storage is typically connected to
the AD-A12 (A12 is least significant bit) and
10-115 signal lines. An address output on
AD-A12 identifies one 16-bit instruction
word in program storage. The instruction
word is subseguently input on 10-115 and
defines the Microcontroller operations
which are 10 foliow.

The Signetics 825115 PROM, or any TTL
compatible memory, may be usad for pro-
gram storage.

170 DEVICES INTERFACE

An 8-bit 170 bus, called the interface Vector
{IV! data bus, is used by the Microcontroller
to communicate with 2 fields of 1/O devices.
The complementary LB and RB signals
identify which figld of the I/O devices is
selected.

Both 1/0 data and 1/ address information
can be output onthe IV bus. The SCand WC
signals are typically used to distinguish
between /0 data and 1/0 address informa-
ticn as follows:

SC WG

1 ¢ I/O addraess is being ocutput on IV
bus

0 1 /O data s being output on |V bus
0 0 /O data is expected on the IV,
bus, as input to the Microconirotler
Not generated by the Microcontrol-
ler

The Signetics 823X XX series RAM, and the
8T32/33 may be attached to the [V bus.
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FEATURES

PIN CONFIGURATION

8X300-1
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PIN DESIGNATION
PIN S5YMBOL NAME AND FUNCTION TYPE
2-9, 45-49 | AD-A12: Instruction address lines. A high level equals | Active high
"1, These outputs directty address up to
8192 wards of program storage. A12 is least
significant bit.
13-28 - 10-115: Instruction lines. A high level equals “1." | Active high
Receives instructions from Program Storage.
li5 i3 least significant bit,
33-36, WBO-IVET | Interface Vector (IV) Bus. A low level equals | Three-state
38-41 “1." Bidirectional tri-state lines to communi- | Active low
cate with 1O devices. IVB7 is least significant
bit.
42 MCLK Master Clock. Qutput to clock 1O devices,
and/or provide synchronization for external
logic
30 WG Write Command. High level output indicates | Active high
data is being output on the IY Bus.
29 5C: Select Command. High level output indicates | Active high
that an address is being oulput on the IV
Bus.
]| LB Left Bank. Low level output to enable one of | Active low
two sets of /O devices (LB is the compie-
ment of RB).
32 AB: Right Bank. Low level output to enable cne of | Active low
two sets_of 1/0 davices (BB ig the comple-
ment of LB).
44 HALT; Low level is input 1o stop the Microcontrolier. | Active low
43 RESET: Low level is input to initialize the Microcon- | Active low
troller.
10-11 X1, X2: Inputs for an external frequency determining
crystal. May also be interfaced 10 logic or test
eguipment.
50 VR Reference voltage to pass transistor
1 VCR Regulated qutputvoltage fram pass transistor.
3r Vep! S5V power cannection,
12 GND: Ground.
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MICROCONTROCLLER ARCHITECTURE
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R1 - General working register
R2 — General working register
R3 — General working reglster
R4 — General working register
R5 — General working reglster
RE — General working register

A11 — General working register
AUX — General

logical operations.

waorking register. Con-
tains second term for arithmetic or

OWF — Tha least-significant kit of this reg-
ister is used to reflect overflow sta-
tus resulting from the most recent
ADD gperation {see Instruction Set
Summary}.

Instruction Register (IR}
— Holds the 16-bit instructlon word
currently being executed.

Program Counter (PC)
— Normally contains the address of
. the current Instructlon and is incre-
mented to obtain the next instrue-
tion address.

Address Register {AR)
— A 13-bit register containing the
address of the current instruction.

Table 1 INTERNAL REGISTERS

Sinetcs
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INSTRUCTION CYCLE

Each Microcontroller operation is executed
in 1 instruction cycle, which may be as
short as 2530ns. The Microcontroller genar-
ates MCLK to synchronize axternal togic to
the instruction cycle. Instruction cycles are
subdivided inte quarter ¢ycles. MCLK is an
output during the last quarter cycle.

During the third quarter cycle of an instruc-
tion, an address is outputon AD-A12, identi-
fying the location in program storageo ..e
nextinstruction word. This instruction word
defines the next instruction, which must be
input on 10-115 during the first quarter cycle
of the next instruction cycle (seg Table 2.

tnstruction Set Summary

The 1&-bit instruction word input on 10-115
Is decoded by the instruction decods logic
to impiement events that are to occur during
the remainder of the instruction cycle. Gen-
erally the 168-bit instruction word is decoded
as follows:

BitPosllen 0 1 2 1 1B

insiruchion Dparand(s) Specillcation
Clans

A detailed usage of the 13 “operand(s)
specification” bits is given in following sec-
tions.

Three oparation code bits allow for 8 in-
struction classes, The 8 instruction ¢lasses
are summarized in Table 3. Each entry is
referred to as an “instruction class” because
the unique architecture of the Interprater
allows a numbaer of powerful variations to be
specified by the 13 operand(s) specification
bits. A complete description of inglruction
farmats and some instruction examples are
pravided in the Micropracessar Applica-
tions manuat.

Data Proceasing

The Microcontrotter architecture includes
eight 8-bit working registers, an arithmetic
togic unit (ALW), an overflow register, and
the 8-bit IV Bus. Internai 8-bit data paths
cannect the registers and IV Bus to the
ALU inputs, and the ALY output to the
registars and IV Bus. Data processing logic
is distributed along these internal 8-bit data
paths. Rotate and mask logic precedes the
ALU on the data entry path. Shift and
merge logic follows the ALL on the data
output path. All 4 sets of logic can operate
on 8 data bits in a single instruction cycle
(See Figure 1},

When less than 8 bits of data are speciffed
for output to the IV bus by the ALU, the data
field (shifted if necessary) is inserted into
the prior contents of the IV bus latches. The
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IV bus latches contain data input at tha start
of an instruction. This data in the IV bus
fatches will be specified in the instruction as
a) IV bus source data or b) data from an
autormatic read when the 1V bus is specified
as a destination. Therefors, IV bus bit posi-
tions outside an ingerted bit field are un-
modified.

Data Addressing

Sources and destinations of data are speci-
fied using a 5-bit octal number, The source
and/or destination of data to be operated
upen is specified i a single instruction
word.

Referring to Figure 1, the Auxiliary ragister
faddress 00! is the implied source of the
second argument for ADD, AND or XOR
operations,

IVL and IVR are write-only registers used
only as a destination. They have addresses
and are treated as registers, but in reality
they do not exist. When VL is specified as a
destination or the D figld = 20-27,, then LB =
'low’, RB = 'high’ are generated: when IVR is
specified as a destination or the O field = 30-
37g, then RB = low, LB = ‘high' are generat-
ed.

When VL or IVR is specified as the destina-
tion in an instruction, SC is also activated

Sinotics

anddatais placed on the IV bus, [T IVL or IVR
is speclfied as a source of data, the source
data is all zeroes.

INSTRUCTION SEQUENCE
CONTROL

The Address-Register and Program Counter
are used to generate addresses for access-
ing an instruction. The Address Register is
used to form the instruction address, and in
all but 3 instructions {XEC, NZT. and JMP}
the address is copied into the Program
Counter. The instruction address is formed
in 1 of 3 ways:

1. For all instructions but the JMP, XEC,
and a satisfied NZT, the Program Coun-
ter is incremented by 1 andplaced inthe
Address Register.

2. For the JMP instruction, the full 13-bit
address fisld from the JMP instruction is
placed into the Address Register and
copied into the Program Counter,

3. For the XEC and NZT instructions, the
high order 5- or 8-bits of the Program
Counter are combingd with 8- or 5-
lowar-order bits of ALU cutput {XEGC or
NZT) and placed in the Address Regis-
ter. For the NZT instruction, it is alsg
copied into the Program Counter.



INSTRUCTION SET

The BX300 Microcontroller has a repertoire
of B instruction classes which allow the user
to test input status lines, set or reset output
control lines, and perform  high spead
input/output data transfers. All instruc-
tions are 16 bits in length and each is
fetched, decoded and executed in 230ns.

Data is respresented as an 8-bit byte, bit
positions are numbered from left 10 right,
with the least signmificant bit in position 7.

01234567

Within the 8X300, alt operations are per-
formed on B-bit bytes. Arithmetic opera-
tions use 8-bit, unsigned 2's complemsnt
arithmetic.

INSTRUCTION FORMATS

The general 8X300 instruction formal is:

0D12/34587 8910111213 1415

Op Operand(s}

Code

All instructions are specified by a 3-bit
QOperation (Op Codel field. The operand

MSB

LSB

may consist of the following figlds: Source

QOFERATION

FOHMAT

RESULT

NOTES

MOVE

ADD

AND

XOR

Content of data field specified by
i {S, R/L} replaces data in field
specified by{D, R/L }

Sum of AUX and data specified by
LIl {s,R/L} replacesdatan field spac-
ified by {D, R/L}.

Logical AND of AUX and data speci-
LI fied by {S, R/L} repiaces data in
field specified by {D, R/L.}

Logical exclusive OR of AUX and
i1 data specified by {S. RIL} replaces
data in field specified by {D. R/L}

It S and D both are
registers, then R/
specifies a right rotate
of the register specifi-
ed by 5.

XMIT

NZT

XEC

The literal value | replaces the data

LIV in the field specilied by {S,L_

If S is an /0 address
then | is limited to
range 00-37. Other-
wisg | is limited to
range 000-377.

If the data in the field specified by
{S, L} equals zero, perform the
next instruction in sequence. | the
data specified by {S,L is notegqual
1o zero, execule the instruction at
address determined by using the lit-
eral | as an offset to the Program
Counter.

14, 1Y

i S s an 1/Q addrass
then | is limited 1o
range 00-37. Other-
wise | i3 limited to
range Q00-377.

Perform the instruction at addrass
determined by applying the sum of
the literal | and the data specified by
{S, L } as an offsat to the Program
Caunter, If that instruction does hot
transfer control, the program se-
guence will continue from the XEG
instruction location.

11,1

The oftset operation is
performed by reduc-
ing the value of PC to
the nearest multiple of
32 {if | = 00-371 or 256 [if
{ = QQ0-377) and add-
ing the oifset,

JMP

The address value A replaces con-
tents of the Program Counier.

A limited to the range

0-177778.

Table 3 8X300 INSTRUCTION SUMMARY

snotics
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51 fiald, Destinatibn (D¢ tield, Rotate/
Length (R/L} field. lmmediate b field, or
(Program Storage) Address (Al field

The instructions are divided inlo 5 format
types, based on the Op Code and the Oper-
andtst, &5 shown in Figure 3.

INSTRUCTION FORMATS
OPERATIONS
(ALGISTER TO REGISTEA)
MOVE AN
ADD xOF
012346567 |8 2101112131215
ae H
CQDE 8 (ROTHIE; o
Type !
GPEAATIONS
(REGISTER TG 170, 140 TG REGISTER. 1-D TO 150}
. MDOVE abD
AND pal g
ci2|zase 2|89 0]|i11213180s
OF i
CODE s HLENGTH: e
' Type 1l
GPERATIONS
KEC  XMIT*
NZT
pi12|3 4 5 6 7B Y1011 1212148
oF
£oDE 5 '
Type b
GPERATIONS
XEC  XMIT'
Nzt
a1z |3 as e 7|9910]1112131218
oP s L ,
CODE |LENGTH)
Type IV
QPFRATIONS
JME
12 3485 & 7 &9 1011 1212 14 15
ae
GULE .
Type W
TNOTE
It XxMIT 2 actually represents the destinatron
Figure 3
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INSTRUCTION FiELDS

Op Code Field (3-Bit Field)
The Op Code field is used to specify 1 or 8
8X300 instructions as shown in Table 4,

OF CODE

OCTAL

VALUE INSTRUCTION
0 MOVE S.R/LD
1 ADD S.R/D
2 AND S,R/LD
3 XOR S.R/LD
4 XEC {R/LSor 15
5 NZT LR/LS or 1.§
[ XMIT LRAD or IO
7 JMP A

Table 4 OP CODE FIELD OCTAL
ASSIGNMENTS

5,0 Fields {5-Bit Fields)

The 5 and D fields specify the source and
destination of data for the operation defined
by the Op Code field. The Auxlliary Register
is an implied second source for the instruc-
tions ADD, AND and XOR, each of which
raquire two source fields. That g, instruc-
tions of the form,

ADD X, ¥

imply a third operand, say 2, located in the
Auxiliary Register so that the operation
which takes place is actuaily X + Z, with the
result stored in Y,

The S and/or D fields may specify a regisier,

or a 1 1o B-hit 170 field. § and D fieid value
assignments in octal are shown in Table 5,
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OCTAL

OCTAL

VALUE
AUX-Auxiliary Register 10
A1
R2 11
R3 12
A4 13
RS 14
A6 15
IVL Register-Lefi Bank I/Q address 16
register. Used only as adestination. 17

0e-179 is used to spacify 1 of 7 working registers (R1-R6, R11), the Auxiliary Register, the
Overtiow Register, or IVL and IVR write-cnly registers.

OVF-Overflow register-Used only

as a source
R11

Unassigned
Unassigned
Unassigned
Unassigned
Unassigned

VR Register-Right Bank 1/0 ad-
dress reqister. Used only as a desti-

natiarn.

e. Regisler Speclficallon

3
|
Field within previously selected Port; position of LB =0 -J
Field within previously selected Port; pesition of LSB =1
Field within previously selected Port; position of LSB =2
Field within previously selected Port; position of LSB =23
Field within previously selected Port; position of LSB = 4 .
Field within previously selected Port; position of LSB =5
Field within previously selected Porl; position of LSE =6
Field within previously selected Port; position of LSB = 7 -

[ 204- 274 s used to specify the least sigrificant bit of a variable length fisld within the 170
Port previously selected by the IVL register. The iength of the field is determined by R/L.

b. Leit Bank 1/0 Fleld Speclficalion

01234567

FEFHEAS

-
|

Field within previously selected Port; position of LSB =0 —
Field within previously selected Port; position of LSB = 1
Field within previously seiected Port; position of LSB =2
Field within previously selected Port; position of LSB =3
Field within previously selected Port; pasition of LSB =4
Field within previously selected Port; position of LSB =5
Field within previously selected Port; position of LSB =6
Field within previously selected Port; position of LSB = 7 —

308-3718 is used to specify the least significant bit of a variable length field within the 10
Port previously selected by the IVR Register. The length of the field is detarmined by R/L.

¢. Right Bank 1/Q Fleld Speclfication

01234567

([ILLTIT]
L

.

Table 5 S AND D FIELD OCTAL ASSIGNMENTS

Sinptics



R/L Field (3-Bit Field)
The R/L field performs cne of two functions,
specifying either a field length (L) or a right
rotation (R The function it specifias for a
given instruction depends upon the con-
tents of the S and D) fields:

A When both S and D specily registers, the R/L
field is used to specily a right rotation of the
data specified by the 3 field. (Relation opours
on the bus and not 6 1he source register) The
register source data is right rotated within one
instruction cycle lime Indepandent of the hum-
ber of bil positions specitied in the R/L fiald.

B. When either or both the § and D flelds specitva
vafiable length Y0 data figld, the R/L field is
used to specify the length of that data tisld,

C. R/L figld assignments are shown in Table 6,

R/L FIELD

OCTAL SPECIFICATION

VALUE
0 Field Length = B Bits
1 Field Length = 1 Bit
2 Field Length = 2 Bits
3 Field Length = 3 Bits
4 Field Length = 4 Bits
5 Field Length = 5 Bits
& Field Lenglh = & Bits
7 Figld Length = 7 Bits

Table 8 RA/L FIELD OCTAL

ASSIGNMENTS

| Fleld (5/8-Bit Fleld)

The | field is used te load a literal value
teontained in the instruction! into aregister,
ar a variable 1/0 data field, or to medify the
low order bits of the Program Counter,

The length of the | field is based on the &

field in XEC, N2T, and XMiT instructions, as

follows:

A. When 3 specifies a register, the literal | is an 8-
Git fiald (Type |1l format).

B. When S specifles varlable 1/0 data fiald, the
IHeral | s a S-bit field (Type IV format).

A Fleld {(13-Blt Fleld)

The A field is a 13-bit Program Storage
address field. This allows the 8X300 to di-
raGtly address 8192 instructions.

REGISTER OPERATIONS

When a register is specified as the source
and a vanable |/O data held is specified as
the destination, the 1ow order bits of the
results of the instructions MOVE, ADD. XOR
are merged with the original destination
data.

When an /0 data field of 1 to 8 hits is
specified as the source, and a registeraslhe
destination, the 8-bil result of the opera-
tions MOVE, ADD, AND. XOR is stored in
the register. The operations ADD, AND,
XOR actually use the 10 data field (T to 8
bits! with |eading zeros to obtain B-bit
source data for use with the S-bit AUX data
during the aperation.

VL and IVR are write-only pseudo registers,
and therefore can be specified as destination
fields only. Qperations Involving VL and
IVR asg sources are not possible. For exam-
ple, itis not possible toincrement IVR or IVL
irt a single instruction, and the contents of
IVL or IVR cannot be transferred 1c a work-
ing register, or 10 Port.

The QVF iOverflow! Register can only be
used as a source fleld; it is set or reset onfy
by the ADD instruction.

ADDRESSING DATA ON THE
INTERFACE VECTOR

140 datg fieids are implemented via general
purpose 8-bit 1/0 registers cailed Interface
Vector [iV] Bytes. The IV ragisters serve to
select IV bytes. [n order for ananstruction to
access (read or writet an 14O data field, the
address musl be output to the IVL or iVR
rogisters.

Thus, two instructions are required to oper-
ate un an Interface Vector byte.

XMIT
MOVE

ADDRESS, IVL
LB RB

siqnetics

Each of the two |V registers LIVL and IVR!
may be sel to selectan IV byte, therefore two
Y0 ports may be active at ong limea---ona on
the Right Bank (IVR! and one on the Left
Bank (VL) Data may be input and cutputin
one instruction following the selection of 1Y
bytes:

XMIT ADDRESSH, VL
XMIT ADDRESS2, IVR
ADD LB, RB

Once the IV byte is selected laddressed) it
will remain selected until anocther addressis
output to the same IV register. Since an IV
register (IVL, IVR) can be used only as a
deslination field of an instruction, any in-
struction sending data to IVL or IVR can be
used to select an IV byte,

From the user's standpoint, however, all IV
byte outpuls can be rerd by an external
device regardless of whether they are so-
lected ar not.

The address range of IVL and IVR is 0-25510.

INSTRUCTION DESCRIPTIONS
The following instruction descriptions am-
ploy MCCAP {the 8X300 Cross Assembly
Program! programming notation. This no-
tation varies somewhat from the instruction
descriptions provided in Tables 3through 5.
Thus, for example, explicit L field definition,
as shown in Table 3 and Table ¢ is not
required by MCCAF instructions; MCCAP
can create appropriate variable field ad-
dresses from information contained in Data
Declaralion statements which may be pro-
vided by the programmed at the beginning
of his program.

The BX300 instruction set is described be-
low with examples shown in Figures 4
through 11,
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MOVE S.D or
MOVE S(R),D

Format: Type |, Tvpe |l

Operation: (5)»(D)

Description

Move dgata. The contents of Sare transferred
to D: the contents of § are unaffected. If
both § and D are registers, R/L specifies a
right rotate of the source data before the
mova. Othaerwise, A/L specities the length of
the source and/or destination I/0 data field.
if the MOVE is between Lefl Bank and Right
Bank 140 field, an 8-bit figld must always be
moved.

Example

Stove the least significant 3 bits of register 5
(RS} in bits 4, 5 and § of the /O Port previ-
ously addressed by the IVL register. See
Figure 4.

ADD 8,0 or
ADD S{R),D

Format: Type |1, Type Il

Operation: {8) + {(AUX)—D
Carry—= OVF
Description
Unsigned 2's complement B-bit addition.
The contents of S are added 10 the contents
of the Auxiliary Register. The resuitis stored
in O; OVF is set to the value of the carry. If
both S and D are registers, R/L specifies a
right rotate of the source {(5idatabefore the
operation. Otherwisa, B/L specifies the
length of the source and/or destination 1/0
data fields. 5and AUX are unaffected uniless
specified as the destination.

Example

Add the contents of Rt rotated 4 places to
AUX and store the resultin R3. See Figure 5.
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MOVE 8,0 or MOVE 5(R),D

MOVE A5, IV

9 1 2 3 4 5 87 B3I011121314 15
oo aldo1B1|oev|r 1D BINARY REFAESENTATION

1] o : B 3 2 l i) OCTAL REPRESENTATION

| I— SRECIFIES LGB OF 170 FIELD A5 BiT 8
SPECIFIES LEFT BANK |/ FIELD
SPECIFIES 3 BIT 1-0 FIELD

SPECIFIES REGISTER 5

9 1 2 3 a bk &7
o1 100130 RS

SELECTED LEFT BANK (D FIELD AFTER ORERATION

NOTE
*®'s in the field denote hits unatfactod by the move oparation.

Figure 4

ADD 5,0 or ADD S({R},D

ADD R4} R
4 i
/ / B
pgi1|lodoo1froojo o o1 BINARY REPRESENTATION
1 L = 1 4 o : 3 QCTAL AEFAESENTATION
1 H
DT @111 10D R1
1t 11 001 01 CONTENTS OF R1 ROTATED RIGHT 4 PLAGES

& 1 D1 001 R3 AFTER DFERATION

Figure 5
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AND S.D or
AND S(R),D

Format: Type |, Type Il
Operation: (S} A (AUX)»D
Description

Logical AND. The AND of the source fleld
and the Auxitiary Register is stored Into the
destination. If both § and D are registers,
R/L specifies a right rotate of the source (S)
data before the AND operation. Otherwise
R/L specifies the length of the source and/
or destination 170 data fields. Sand AUX are

unaffected unless speclfied as a destina-
tion.

Example

Store the AND of the selected right bank /0
fisld and ALIX in R4. The right bank data
field is called WSBCD and is 4 blts long and
Jocated in bits 2, 2, 4 and 5. See Figurs 6.

XOR S,D or
XOR S{R),D

Format: Type I, Type Il

Operation: ($) ® (AUX)}»D
Description

Exclusive-OR. The Exclusive-OR of the
source field and the Auxiliary Register is
stored in the destination. If both Sand Dare
registers, R/L specifies a right rotate of the
source (S} data before the XOR operation.
Otherwise R/L specifies the length of the
source and/or destination 1/Q data fields. $
and AUX are unaffected unless specified as
a destination,

Example

Replace the selected /D data field with the
XOR of the field and AUX. The (/0 data field
is called STATUS and is 5 bits in length and
located in bits 3, 4, 5, 6 and 7 of left bank. See
Figure 7.

833001

-
AND 5,D or AND S(R),D
AND WSBCD, M\
o 1 ol t1o01l1o0o0]o o 1 0 0 BINARY REFAESENTATION
2 31 b 4 ol 4 GOTAL REPRESENTATION
-—-—--'»—.— —— '-;.V—-r
|— SPECIFIES REGISTER 4
b —— e SPECIFIES 4.BIT |/0 FIELD
SPECIFIES LEB OF RE FIELD A5 BITE
SPECIFIES RE FIELD
0t 2346 &7
10107 00 SELECTED RIGHT BAMK )0 FIELD
50 gD a1 D SELECTED FIELD RIGHT JUSTIFIED WITH LEADING ZEROS ADDED.
AND OPERATION
LI I I R T EATES
...,
6000604 ¢ R4
Figure 6
XOR S.D or XOR S{R),D
KOR STATUS STATUS
o o1 1 LT I | 1901010 1 1 1 RINARY AEPAESENTATION
a 21 7 5 ] E 7 OCTAL REPAESENTATION
|
01 2 3 45 6 7
0111 86811 SELECTED 10 DATA FIELD—~BEFORE OFENATION
D001 e a1 SELECTED FIELD AIGHT JUSTIFIED WITH LEADING ZEAOS ADDED
XOR OPERATION
O o008 101D ALIX
0G0 110 @1
[ I TS T T S O SELECTED 140 -BEFORE OPERATION
p——
UNAFFECTED
Figure 7
-
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XEC I(5)
Format: Type lll, Type IV

Operation

Execute instruction at the address specified
by the Address Register with lower 5 or 8
bits reptaced by (S} + |

Description

Executs the instruction at the address de-
termined by replacing thea low order bita of
the Address Register (AR with the low order
bits of the sum of the literal | and the con-
tents of the source field. I S1s5a register, the
low arder 8 hits of AR are replaced; if Sisan
/0 data field, the low order 5 bits of AR are
repiaced, resulting in an execute range of
256 and 32 respectively. The Program
Counter is not affected unigss the instruc-
tion executed is a JMP or NZT iwhose
oranch ig taken).

Example

Executa cne of n JMPs in a table of JMP
instructions determined by the value of the
selacted 10 data field on the left bank. The
table follows immediately after the XEC
instruction and the /O lield is called IN-
TERPT and is a 3-bit field located in bits 4, 5
and 6. See Figure 8.

XMIT 1,D

Format: Type I, Type IV
Operation: 1~ (D)

Description

Transmit literal. The literal figld lis stored in
D. If D is a register, an B-bit field is trans-
ferreq, if D is an )/O data field, up to a 5-bit
field is transterred.

Example

Store the bit pattern 110 in the selacted /0
data field gn the right bank. The field name
is VALUE and is located in bits 3, 4 and 5.
See Figure 9.

58

8X300-1

XEC I{S)

XEC *+1 (INTERPT|

VA

"o ofjrortofjor 1|11 0Q

BINARY AEFAESENTATION

DCTAL REFRESENTATION

¥ 1
4 2‘6 3 2!&

q 13
|O o o1y 011001 1] ADDRESS AEGISTER- BEFORF DPEHATION

g1 2 3 4 6 8 7

SELECTED 10 DATA FIELD

o0 oa a0 ¢ 1 ¥ SELECTED FIELD RIGHT JUSTHHIED WiTH LEALNNG ZEAQS ADDED
1 e 100
| FIELD
¢ 010013
e ""\\
FEEEEERX: V1D 11 1] ADDRESS REGISTER AFTER DPERAON
———
UNAFFECTED
ADDRESS INSTALCTION
0000116110011 XEG * + (INTERPT|
0o064 10110100 Pl
-
-
.
Qo001131137111 JMF A4 JMP TABRIF
L
»
-
0009110111011 amp 4n

JMP Ad 13 EXECLITEQ BECALSE /0 FIELD \NTERPT =

Figure 8

XMIT LD

AMIT B, VALUE

1 10|11 01leraje 01 BINARY AEPRESENTATION

OCTAL REPRESENTATION

g1 2146 &7

110 01 Q0D BELECTED I3 DATA—BEFORE OPERATION

46000110 I FIELD

m SELECTED I/0 DATA—AFTER GPERATION
\UNﬂFFECTED/
Figure 9
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NZT s,
Format: Type [ll, Type IV

Operation: _
Non-Zero Transfer. [T18) # 0, PC offset by !
—~ PC, otherwise FC + 1 — PC,

Description

If the data specified by the S field is non-
2ero, replace the low order bits of the Pro-
gram Counter with I. Otherwise, processing
continues with the next instruction in se-
quence. If 5is a register, the low order 8 bits
of the PC are replaced; if S is an |/0 data
field, the low order 5 bits of the PC are
replaced, resuiting in an NZ2T range of 256
and 32 respectively.

Example

Jump to Program Address ALPHA if the
selected right bank 110 figld is non-zero,
The field name iz OVERFLO and it is & 1-bit
field located n bit 3. See Figure 10.

JMP A
Farmat: Type V
Operation: A - PC

Description

The literal value A is placed in the Program
Counter and Address Register, and proc-
essing continbes at Iocation A.'A has a
range of 0-177775 (0-B191.,

Example
Jump to tecation ALPHA 10000101110001)
sea Figure 11.

NZT 5,1

NZIT OVFRFLO. ALPHA
; .

[ SN

1T or|ro0 1ot 1Tt D BINARY REPREBENTETION

B PEE 1 31 2 auTaL REPRESENTATION
A

¢ 13 3 4 6 B 7

EodoxX 1 X X xox SELECTED I/O DATA

OVERFLO

ADDRESS INSTRAUCTION
-
-
-
0000110110011 NZIT QVERFLO. ALPHA
L]
L]
L]
ALPHA 0000110111040 INSTAUCTION
OFFSET
Figure 10
JMP A
Jrae ALPHA
| \
11 ¢C 000101110000 BINARY REPRESENTATION
T ¥ T T
7 o l o : B I B l 1 OCTAL REPRESENTATION
ADDRESS [MSTRULCTION
-
-
-
00DOOao01161 1 JMP ALPHA
-
-
-
ALPHA 0020131110007 INSTRUCTION

|0|0I0|D[Oll}]ﬂlﬂl‘l\lolilll FROGAAM COUNTER BEFORF OFFRATHON

lelelafe]1 a1 Ji]s]efc]o] ] emonamcounten arren arernrion

Flgure 11
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SYSTEM DESIGN USING THE
8X300 MICROCONTROLLER

Designing hardware around the BX300 In-
terpreter reduces to selecting a program
storage devicer (ROM, PROM, etc .}, select-
ing 10 devices (IV byte, multiplexers, RAM,
ate.}), selecting clock mode (aystem driven
or crystal controlled) and interfacing the
Microcontrcllsr to these components,

A specific example of a control system
using the 8X200 Micracontrgileris shown in
Figure 12. Only 8 components—four 8T32
I/O Ports, one 825208 RAM, two 825215
RCMs, and an BX300 are reguired to build
this system which containg 512 words of
program storage, 32 TTL IO connection
points, 256 bytes of working storage, and
aperates at a 250ns instruction cycle time.

Halt, Reset Signals

HALT:

A low level at the HALT input stops internal
operation of the Microcontrolier at the start
of the next instruction after HALT is applied
{quarter cycle after MCLKY. Since HALT is
sampled at the start of sach instruction
cycle it is possible to prevent a ¢ycle by
applying HALT early in that cycle. HALT
does not inhibit MCLK or affect any inter-
nal registers. Narmal operation begins with
the next complete cycle after the HALT
tnput goes high.

8Xx300-1

RESET:

A low level at the RESET input sets the
program counter and address register to
zero. While RESET is low MCLK is inhibit-
ad. If RESET is applied during the last 2
guarter cyctes, the MCLK during that cycle
may be shortened. AESET should be ap-
plied for 1 full instruction cycle time to as-
sure proper operation. When RESET input
goes high an MCLK occurs prior {o the re-
sumption of normal processing. RESET
dees not affact the other internal registers.

SYSTEM TIMING

In systermns with fast instruction cycle times,
most Microcontroller delays are strictly de-
termined by internal gate propagation de-
lays.

EXAMPLE OF CONTROL SYSTEM
_ SIGNETICS
F5Y RESET HALT BT3zZ
Q
Ad—A12
R
L] [r——— VI0=UD?
SIGNETICS _E‘ /0 FPORT
BZ5215 — 2NS3
512xB -
ROM n-17 1
Yee| VA VER :;E ME
— Ad- 212 = | 1—o BIC
cey | TE, o 5oc
STROBE VBO-TVB7?
a-az T 8X300
-— MICACCONTROLLER MCLK, =
— ST, We
I uoo-un?
= ECAAUUN o—
RE E
e 5
x,L );j GNIj_ ME o %
SIGNETICS i [ ;—0 ac 2
25215 = O B6C &
51268 B.00MHz £
ROM =
e uUDg-uD7
— 140 PORT
cE,|CE;
WE
L L o
-0 &8¢
—y
8150 < > uon-uo3?
5axe 10 PORT
w0 = AaM
— L.
ME M_E
[__‘___o Bie
0 BOC
Figure 12



Singe some events are constrained to occur
in certain quarter cycles, as system cycle
times become slower, the delays will appear
to increase due to gating with internal
ciocks. In the table of AC Elactrical Charac-
teristics, 2 columns are used: 1 to denote
times which occur due to internal clock
intervantion and 1 to denote minimum de-
lays for fast cycle times.

When using Signetics BT32 10 Ports, selec-
tion of Instruction cycle time involves calcu-
lating the maximum program storage ac-
cess time. Assuming the instruction is
available when MCLK falls, the 110 control
lines are stable 35ns later. Signetics 87T32's
require another 35ns to disable a praviously
selected port and enable the desired port
(assumes a change in bank signals). A 10ns
margin has been added to the 8T32 anable
for this gvaluation to reflect the fact that
most systems will have more capdcitive
ioading than the S0pF test condition in the
8T32 specification and to allow for line de-
lays,

The system instruction cycle time for nor-
mal systems such as shown in Flgure 12 is
determined by Microcontroller prapagation
delays, program storage access time, and
port cutput enable times. Instruction cycle
time is normally constrained by gne or more
of the following conditlons:

1. Instruction to LB/RB {input phase} and 173 Port
autput anable:

TOE = % cycle - 55ns {Figura 13},

2. Program starage acoess time and instruction to
LB/RB {Input phase) and 170 Port gutput en-
able and IV data {input phase) to address =
instruction cycle time (Figure 143,

3. Program storage eccess time and instructionto
address = instruction eycle time {Figure 15}.

The first constraint can be used to deter-
mine the minimum cycle time, Using the
inequality 35ns + 35n8 = 1 cycle - 55ns
implies %4 cygle = 125ns or an instruction
time of 250ns.

Program storage access timeg for a 250ns
instruction cycle can be calculated from the
second constraint. Noting that the specifi-
cation for IV data {input phasa) to addrass is
118ns: Program storage access time + 35ns
+35ns + 115ns’ = 250ns implies program
storage access time = B5ns.

The third constraint can be used to verify
the maximum program storage access time.
Noting that the specification for instruction
to address is 185ns: Program storage ac-
cess time + 185ns = 250ns confirms that
program storage access time 65ns is satis-
factory.

BX300-1

| |

|

_/_\ |
MCLK L
!

wo-?

SYSTEM INSTRUCTION CYCLE TIME
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|
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|
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|
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|
|
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1
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or instruction ta LB/AB
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SYSTEM INSTRUCTION CYCLE TIME

XX

| 1
Figure 14

&3

B o

Program siofage access time.

MCLK ta LB/AB (mput phage)
or nglrustinn o LE/HE
linput phase),

140 Port outpul enabie (T gk
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System Clock

The Micrcontreller has an integrated oscil-
lator which generates all necgssary clock
signals. The oscillator is designed to con-
nect directly to a series resonant gquartz
crystal via ping X1 and X2. The crystai reso-
nant frequency, §, is related to the desired
cycletime, T, by the relationship { = 2/T. Far
a 250ns system, f = 8.00MHz.

S
8X300-1

Fundamental mode,
series resonant

Typea:

Impedance at

Fundamental: 35 ohms maximum

Impedance af

harmonics and 50 ohms minimum

CLOGKING WITH A PULSE GENERATOR

spurs:

Table 7 CRYSTAL CHARACTERISTICS

In lower speed applications where the cycle
time need not be precisely controlled, a
capacitar may be connected bhetween X1
and X2 to drive 1he osgillator. Approximate
capacitor values are given in Table 8 If
cycle time is to be varied, X1 and X2 should
be driven from complementary cutputs of a
pulse generator. Figure 16 shows a typical
configuration. For systems where the Inter-
preter is to be driven from a master clock the
X1 and X2 lines may be interfaced to TTL
logic as shown in Figure 17,

Cx.pF CYCLE TIME
100 300ns
200 500ns
500 11us
1000 2.0us

Table 8 CLOCK CAPACITOR VALVES
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- Ky
PULSE 50 BX300
GENERATCR MICROCONTROLLER
- 2 %y
50
Pulsz generator characteristics:
ZOUT =504 YOUT =0-1 vull =
Risetime = 10ng = Skaw < 10ns
Complemantary culputs
NOTE: All resistors valuas are typical and in ohms.
Figure 16
CLOCKING WITH TTL
1001
X
arn AX3DD
CLOCK O—9 MICROCONTAQLLER
I~ N
| P 2

TTL drver characteristics:
Risetima and Falltime < 1003
Skew betwasn complemontary
outputs = 10ns

Flgure 17

AAA——¢

AC ELECTRICAL CHARACTERISTICS voc =5V 15%and 0°C < T4 <70°C

PROPAGATION CYCLE TIME
DELAY DESCRIPTION DELAY TIME LIMIT

X1 falling edge to MCLK (driven from external

pulse generator; 75ns
MCLK to SC/WC falling edge (input phase) 28ns
MCLK to SC/WC rising edge (output phase)] 5 cyele + 25ns
MCLK to LB/RB {input phase) 3518
Instruction to LE/RB output {input phase} 35ns
MCLK to LB/RE (cutput phase) 7, cycle + 36ns
MCLK to |V data {output phase) 185ns % cycle + 60ns
| data [input phase) to IV data (output phase} 115ns
instruction to Address 185ns Yy cycle +40ns
MCLK to Address 185ns 15 aycle + 40ns
1Y data {input phasé) to Address 115ns
MCLK to IV data {input phase) % cyecle - 55ns
MCLK to Halt falling edge to prevent

current cycle Yy cysle - 40ns
Rezet rising edge to first MGLEK Oto 1 cycle

NOTE
1 Aeferance to MCLK is to tha falling adge whan loaded wrth 3000F
2. Loading an Addrass lines 1s 150pF




TYPICAL INSTRUCTION CYCLE TIMIN
e INSTRULCTICA EYELL - -

|
[ INPUT PHASE [ QUTPUT FHASE ————— % —IFUT PHASE
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ArMIHESS & 1y
BUS DUTPUT §Tab_E
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DATA
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|
|
I |
| |
|
! |
' |

|
|
|
L

N/ v

MCLE L
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-——t+—k-

|
|
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1
1
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| 0
= IRSTRUCTICH TO ADDRESS 5TABLE -

PREGRAM
STORACE -
ACCESS
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I
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Figure 18
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PARAMETER

Vi High level inpui voltage
X1.X2
All others

Vi Low level input valtage
X1.X2
All others

V¥ Input clamp voltage
(Mote 1)

Iy High level input current

All others

I“_ Low level input current
X1,X2
VBG-7

10-115
HALT, RESET

¥ oL Low level output voltage

All others
VOH High level output voltage

log Short ¢ircuit output current
{Note 2}

VCC Supply voltage
lee Supply current
'RE Regulator control

lag Regulator current (Note 3}
Vropr Regulator voltage (Note 3}

TEST CONDITIONS

V = 475V
cc

o
ccn

toL 16mA

Veo _= 475V
lon = 3mA

Vg 525V
Vg = 5.0V

8X300-1

ABSOLUTE MAXIMUM RATINGS

LIMITS

Min | Typ Max
6
2
.4
8
-1.5
2700
<1 50
—-2500
-140 | -200
-880 | -160D
-230 | -400
35 55
35 55
2.4
-a0 -140
4.75 5 5.25
1.60
-14 -21
290
22 32

< o

5 %

5 % 5%

mA

ma.
mé&

méA,
v

NOTES

1 Crystal inputs X1 and X2 do not have clamp dicdes.

2. Only one output may be groundsd at 8 time.

3. {Lrits apoly for Ve - 3V 2 3% and 090 « T 4« 70°C unless spacifiad otherwise.}
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voltage

PARAMETER RATING|UNIT
Voo Suppry voltage 7 Y

Logic input voitage| 5.5 v

Crystal input 2 v
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