DESCRIPTION

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

Microcontroller instructions operate on 8-
bit, paralle! 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 or logical
operation; and output data can be shifted
and merged with the input data, before
being output to external logic. This allows 1-
to 8-bit 1/0 and data memory fields to be
accessed and processed in a single instruc-
tion cycle.

PROGRAM STORAGE INTERFACE

Program Storage is typically connected to
the A0-A12 (A12 is least significant bit) and
10-115 signal lines. An address output on
AO0-A12 identifies one 16-bit instruction
word in program storage. The instruction
word is subsequently input on 10-115 and
defines the Microcontrolier operations
which are to follow.

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

I1/0 DEVICES INTERFACE

An 8-bit I/0 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 field of the 1/0 devices is
selected.

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

SC WC

1 0 1/0 address is being output on IV
bus

1/0 data is being output on IV bus
1/0 data is expected on the IV,
bus, as input to the Microcontroller
Not generated by the Microcontrol-
ler

The Signetics 82SXXX series RAM, and the
8T32/33 may be attached to the {V bus.
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FEATURES

o 185ns instruction decode and execute 1ZA PACKAGE
delay (with Signetics 8T32/33 1/0 port) ver 7 50
e Eight 8-bit working registers =
¢ Single instruction access to 1-bit, 2-bit, 3- as ]
bit or 8-bit field on 1/0 bus o E
e Separate instruction address, instruc- Az O
tion, and 1/0 data buses =
e On-chip oscillator X1 E
e Bipolar Schottky technology o=
e TTL inputs and outputs rl? E
e Tri-state output on I/O data bus =
* +5 volt operation from 0° to 70°C s E
15 ]
e [
17
18 3
19 O
110
s =25 26

PIN DESIGNATION

PIN CONFIGURATION

8X300-I

OooouoooooooooogoooioTid
z

PIN SYMBOL NAME AND FUNCTION TYPE
2-9, 45-49 | AO-A12: Instruction address lines. A high level equals | Active high
“1.” These outputs directly address up to
8192 words 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.
l15 is least significant bit.
33-36, [VBO-IVB7 | Interface Vector (IV) Bus. A low level equals | Three-state
38-41 “1.” Bidirectional tri-state lines to communi- | Active low
cate with 1/O devices. IVB7 is least significant
bit.
42 MCLK: Master Clock. Output to clock I/O devices,
and/or provide synchronization for external
logic
30 WC: Write Command. High level output indicates | Active high
data is being output on the IV Bus.
29 SC: Select Command. High level output indicates | Active high
that an address is being output on the IV
Bus.
31 LB: Left Bank. Low level output to enable one of | Active low
two sets of 1/0 devices (LB is the comple-
ment of RB).
32 RB: Right Bank. Low level output to enable one of | Active low
two sets_of 1/0 devices (RB is the comple-
ment of LB).
44 HALT: Low level is input to stop the Microcontroller. | 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 to logic or test
equipment.
50 VR Reference voltage to pass transistor.
1 VCR Regulated outputvoltage from pass transistor.
37 Veo! 5V power connection.
12 GND: Ground.
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MICROCONTROLLER ARCHITECTURE

SHIFT | MERGE

OVF
0 7
R1
R2
R3
gl’ > B R4
" RS
Rr6
R11
AUX
ALU
L, <:
@
w
RIGHT \} 5 VB0_ Va7
MASK <: ROTATE '< = IV BUS
-
>
INTERNAL CONTROL | =
-——q SIGNALS
(s)=0 A
| pb——————0 &8
| o
'3 o———————O LB
| & .
« ———— 0 WC
DECODE
! ARO-AR4 AND sc
CONTROL 0
AR5—AR12 LOGIC L O MCLK
o——————O0 HALT
jb——— 0 RESET

I r | IR0—IR2 fe——————————0 X3

45— e

GND ————
AD-A12 10115 VR—

INSTRUCTION ADDRESS : INSTRUCTION DATA v
CR

Figure 1
R1 — General working'register_ OVF — The least-significant bit of this reg- Program Counter (PC)
R2 — General working register ister is used to reflect overflow sta- — Normally contains the address of
R3 — General working register tus resulting from the most recent . the current instruction and is incre-
R4 — General working register ~: ADD operation (see Instruction Set mented to obtain the next instruc-
R5 - General working register Summary). tion address. .
R6 — General working register
R11 — General working register Address Register (AR)
AUX — General working register. Con- Instruction Register (IR) — A 13-bit register containing the
tains second term for arithmetic or — Holds the 16-bit instruction word address of the current instruction.
logical operations. currently being executed.

Table 1 INTERNAL REGISTERS
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INSTRUCTION CYCLE

Each Microcontroller operation is executed
in 1 instruction cycle, which may be as
short as 250ns. The Microcontroller gener-
ates MCLK to synchronize external logic to
the instruction cycle. Instruction cycles are
subdivided into quarter cycles. MCLK is an
output during the last quarter cycle.

During the third quarter cycle of an instruc-
tion, an address is outputon A0-A12, identi-
fying the location in program storage o ..ie
next instruction 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 (see Table 2).

Instruction Set Summary

The 16-bit instruction word input on 10-115
is decoded by the instruction decode logic
to implement events that are to occur during
the remainder of the instruction cycle. Gen-
erally the 16-bit instruction word is decoded
as follows:

BitPositon 0 1 2 3 15

|

——
Instruction
Class

- o
Operand(s) Specification

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

Three operation code bits allow for 8 in-
struction classes. The 8 instruction classes
are summarized in Table 3. Each entry is
referred to as an “instruction class” because
the unique architecture of the Interpreter
allows a number of powerful variations to be
specified by the 13 operand (s) specification
bits. A complete description of instruction
formats and some instruction examples are
provided in the Microprocessor Applica-
tions manual.

Data Processing

The Microcontrolier architecture includes
eight 8-bit working registers, an arithmetic
logic unit (ALU), an overflow register, and
the 8-bit IV Bus. Internal 8-bit data paths
connect the registers and IV Bus to the
ALU inputs, and the ALU output to the
registers 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 ALU 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 specified
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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TYPICAL SYSTEM CONFIGURATION
+5V
0 .
X ®  USER
. <" ®  CONNECTION
L o320 .
- A
PROGRAM STORAGE l—_|7_ 1 czo
: A0-A12 Ve VR VCR :m 2 8732
10-115 SC » -—
ROM/PROM/RAM -——_—_b 8X300 M‘ng ae
TTL COMPATIBLE Bic
uP !;'ogxx 16 BITS Xq colezno?L-En —= —1[TT L [ A1
S -
(825115) I RB 55¢
MHz D
- .
Xo k)
8733 c:>
AALT —f J_ —+
RESET = -
GND
L BIC
<~ . P
L)
Figure 2
INSTRUCTION ADDRESS AND
AND IV ADDRESS IV BUS DATA
BUS DATA DATA AND IV VALID
INPUT PROCESSING | BUS CHANGING | MCLK=HIGH'
«— Yacycle — | < Y4 cycle ~— | < Y cycle — <« Y cycle —
Table 2 INSTRUCTION CYCLE

IV bus latches contain data input at the start
of an instruction. This data in the IV bus
latches will be specified in the instruction as
a) IV bus source data or b) data from an
automatic read when the IV bus is specified
as a destination. Therefore, IV bus bit posi-
tions outside an inserted 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
upon is specified ih a single instruction
word.

Referring to Figure 1, the Auxiliary register
(address 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 IVL is specified as a
destination or the D field = 20-27¢, then LB =
‘low’, RB = ‘high’ are generated; when IVR is
specified as a destination or the D field = 30-
373, then RB = low, LB = ‘high’ are generat-
ed.

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

Sinotics

and datais placed on the IV bus. If IVL or IVR
is specified as a source of data, the source
data is all zeroes.

INSTRUCTION SEQUENCE
CONTROL

The AddressiRegister 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-
teris incremented by 1 and placedin the
Address Register.

2. For the JMP instruction, the full 13-bit
address field 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 combined with 8- or 5-
lower-order bits of ALU output (XEC or
NZT) and placed in the Address Regis-
ter. For the NZT instruction, it is also
copied into the Program Counter.
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INSTRUCTION SET

The 8X300 Microcontroller has a repertoire
of 8 instruction classes which allow the user
to test input status lines, set or reset output
control lines, and perform high speed
input/output data transfers. All instruc-
tions are 16 bits in length and each is
fetched, decoded and executed in 250ns.

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

INSTRUCTION FORMATS
The general 8X300 instruction format is:
012/3456789101112131415

(S) field, Destination (D) field, Rotate/
Length (R/L) field, immediate (I field, or
(Program Storage) Address (A) field.

The instructions are divided into 5 format
types, based on the Op Code and the Oper-
and(s), as shown in Figure 3.

Data is respresented as an 8-bit byte; bit Op o d
positions are numbered from left to right, | code perand(s) INSTRUCTION FORMATS
with the least significant bit in position 7. OPERATIONS
01234567 All instructions are specified by a 3-bit KHEG,\I,,SOT:: TOR;,:;SYER)
Operation (Op Code) field. The operand ADD XOR
MSB LSB may consist of the following fields: Source T35 e 5571500 111215415
or s R D
CODE (ROTATE)
OPERATION | FORMAT RESULT NOTES Type |
Content of data field specified by
MOVE LIl {S. R/L} replaces data in field OPERATIONS
specified‘ by{D' R/L‘} (REGISTER TO 1/0, 170 TO REGISTER, I/0 TO 170)
. MOVE ADD
Sum of AUX and data specified by AND XOR
ADD LI {S,R/L} replacesdatain fieldspec- | If S and D both are
Ifled by {D, R/L} registers, ‘hen R/L 012 34567 8 9 10 |11 12 13 14 15
' " opP L
Logical AND of AUX and data speci- z)iﬁ:'e:: ai‘srtfrh; rg::ftie_ CODE : (LENGTH) °
AND L | fied by {S, R/L) replaces data in | 0\ g o P Type Il
field specified by {D, R/L.} vy
Logical exclusive OR of AUX and OPERATIONS
XOR 1,1 data specified by {S, R/L ¢ replaces .
data in field specified by {D, R/L.} xec  xwir
" S iS an I/O address 0123 4 56 7 8 9 10 11 12 13 14 15
YMIT jiy | The literal value | replaces the data then | is limited to =
: in the field specified by {S.L. range 00-37. Other- cope s '
wise | is limited to
Type Il
range 000-377.
If the data in the field specified by OPERATIONS
S, L} equals zero, perform the | if 5 is an 1/O address xec  xmir
- ze;(t mstr.L;'ct(njoS iseLqu.encet. Ifthe' then | is limited to NZT
v ata specified by \S.L. jisnotequal| range 00-37. Other-
to zero, execute the instruction at wisg | is limited to "O‘PZ 3456718 SL“’ 11121371878
address determined by using the lit- range 000-377. CODE s (LENGTH) !
eral | as an offset to the Program T Y
Counter. ype
Perform the instruction at address | The offset operation is OPERATIONS
determined by applying the sum of | performed by reduc-
the literal | and the data specified by | ing the value of PC to JMP
XEC "1,V S, L} as an offset to the Program | the nearest multiple of
Counter. If that instruction does not | 32 (if | =00-37) or 256 (if 012 ]| 3458678910 11 12 13 14 15
transfer control, the program se- | { = 000-377) and add- op N
quence will continue from the XEC | ing the offset. cops
instruction location. Type V
i limi
oMP Ve e Goter " 07T | | e
' If XMIT. S actually represents the destination
Table 3 8X300 INSTRUCTION SUMMARY 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.

OP CODE

OCTAL

VALUE INSTRUCTION
0 MOVE S,R/L,D
1 ADD S,R/L,D
2 AND S,R/L,D
3 XOR S,R/L.D
4 XEC LR/LSor I,S
5 NZT ILR/L,S or |,S
6 XMIT LR/L,D or I,.D
7 JMP A

Table 4 OP CODE FIELD OCTAL
ASSIGNMENTS

S,D Fields (5-Bit Fields)

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

ADD X, Y

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

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

or a 1 to 8-bit I/0 field. S and D field value
assignments in octal are shown in Table 5.
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08-178 is used to specify 1 of 7 working registers (R1-R6, R11), the Auxiliary Register, the

Overflow Register, or IVL and IVR write-only registers.

OCTAL
VALUE

OCTAL
VALUE
AUX-Auxiliary Register 10 OVF-Overflow register-Used only
R1 as a source
R2 11 R11
R3 12 Unassigned
R4 13 Unassigned
R5 14 Unassigned
Ré 15 Unassigned
IVL Register-Left Bank I/0 address 16 Unassigned
register. Used only as adestination. 17 IVR Register-Right Bank 1/0 ad-

dress register. Used only as a desti~

nation.

a. Register Specification

208- 27gis used to specify the least significant bit of a variable length fieid within the I/0
Port previously selected by the IVL register. The length of the field is determined by R/L.

01234567

[YYYY)
R

Field within previously selected Port; position of LSB =0 J

Field within previously selected Port; position of LSB = 1

Field within previously selected Port; position of LSB =2

Field within previously selected Port; position of LSB =3

Field within previously selected Port; position of LSB = 4 —_.J
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 -

b. Left Bank 1/0 Fleld Specification

144

308-378 is used to specify the least significant bit of a variable length field within the I/0
Port previously selected by the IVR Register. The length of the field is determined by R/L.

01234567

[TILIIIT]
FEEFER

Field within previously selected Port; position of LSB = 0—”
Field within previously selected Port; position of LSB = 1

Field within previously selected Port; position of LSB = 2 —
Field within previously selected Port; position of LSB =3

Field within previously selected Port; position 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 —

c. Right Bank 1/0 Field Specification

Table 5 S AND D FIELD OCTAL ASSIGNMENTS

SinOtCS



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

A .When both S and D specify registers, the R/L
field is used to specify a right rotation of the
data specified by the S field. (Rotation occurs
on the bus and not in the source register.) The
register source data is right rotated within one
instruction cycle time independent of the num-
ber of bit positions specified in the R/L field.

B. When either or both the S and D fields specify a
variable length I/0 data field, the R/L field is
used to specify the length of that data field.

C. R/L field assignments are shown in Table 6.

R/L FIELD

OCTAL SPECIFICATION

VALUE
(4] Field Length = 8 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
6 Field Length = 6 Bits
7 Field Length = 7 Bits

Table 6 R/L. FIELD OCTAL

ASSIGNMENTS

| Field (5/8-Bit Field)

The | field is used to load a literal value
(contained in the instruction) into aregister,
or a variable 1/0 data field, or to modify the
low order bits of the Program Counter.

The length of the | field is based on the S

field in XEC, NZT, and XMIT instructions, as

follows:

A. When S specifies a register, the literal t is an 8-
bit field (Type Il format).

B. When S specifies variable I/0 data field, the
literal | is a 5-bit field (Type IV format).

A Field (13-Bit Field)

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

REGISTER OPERATIONS

When a register is specified as the source
and a variable /0O data field is specified as
the destination, the low order bits of the
results of the instructions MOVE, ADD, XOR
are merged with the original destination
data.

When an /O data field of 1 to 8 bits is
specified as the source, and a register as the
destination, the 8-bit result of the opera-
tions MOVE, ADD, AND, XOR is stored in
the register. The operations ADD, AND,
XOR actually use the I/0 data field (1 to 8
bits) with leading zeros to obtain 8-bit
source data for use with the 8-bit AUX data
during the operation.

IVL and IVR are write-only pseudo registers,

and therefore can be specified as destination
fields only. Operations involving IVL and

IVR as sources are not possible. For exam-

ple, itis not possible toincrement IVR or IVL

in a single instruction, and the contents of

IVL or IVR cannot be transferred to a work-

ing register, or 1/0O Port.

The OVF (Overflow) Register can only be
used as a source field; it is set or reset only
by the ADD instruction.

ADDRESSING DATA ON THE
INTERFACE VECTOR

1/0 data fields are implemented via general
purpose 8-bit I/0 registers called Interface
Vector (IV) Bytes. The IV registers serve to
select IV bytes. In order for an instruction to
access (read or write) an 1/0 data field, the
address must be output to the IVL or IVR
registers.

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

XMIT
MOVE

ADDRESS, IVL
LB, RB

Sifetics

8X300-1

Each of the two IV registers (IVL and IVR)
may be setto selectan IV byte, therefore two
1/0 ports may be active at one time—one on
the Right Bank (IVR) and one on the Left
Bank (IVL). Data may be input and output in
one instruction following the selection of IV
bytes:

XMIT ADDRESS1, VL
XMIT ADDRESS?, IVR
ADD LB, RB

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

From the user’s standpoint, however, all IV
byte outputs can be read by an external
device regardless of whether they are se-
lected or not.

The address range of IVL and IVR is 0-2551¢.

INSTRUCTION DESCRIPTIONS
The following instruction descriptions em-
ploy MCCAP (the 8X300 Cross Assembly
Program) programming notation. This no-
tation varies somewhat from the instruction
descriptions provided in Tables 3 through 5.
Thus, for example, explicit L field definition,
as shown in Table 3 and Table 4 is not
required by MCCAP instructions; MCCAP
can create appropriate variable field ad-
dresses from information contained in Data
Declaration statements which may be pro-
vided by the programmed at the beginning
of his program.

The 8X300 instruction set is described be-
low with examples shown in Figures 4
through 11.
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MOVE $,D or
MOVE S(R),D

Format: Type |, Tvpe Il

Operation: (S)»(D)

Description

Move data. The contents of S are transferred
to D; the contents of S are unaffected. If
both S and D are registers, R/L specifies a
right rotate of the source data before the
move. Otherwise, R/L specifies the length of
the source and/or destination I/0O data field.
If the MOVE is between Left Bank and Right
Bank 1/0 field, an 8-bit field must always be
moved.

Example

Store the least significant 3 bits of register 5
(RS5) in bits 4, 5 and 6 of the |/O Port previ-
ously addressed by the IVL register. See
Figure 4.

ADD S,D or
ADD S(R),D

Format: Type |, Type Il

Operation: (S) * (AUX)—>»D
Carry—»OVF
Description
Unsigned 2's complement 8-bit addition.
The contents of S are added to the contents
of the Auxiliary Register. The resultis stored
in D; 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 (S) data before the
operation. Otherwise, R/l specifies the
length of the source and/or destination I/O
data fields. Sand AUX are unaffected uniess
specified as the destination.

Example

Add the contents of R1 rotated 4 places to
AUX and store the resultin R3. See Figure 5.
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MOVE 8,D or MOVE S(R),D

MOVE RS, IV

0 1 2 3 465 6 7891011121314 15

c 0 o0

00101011

170110 BINARY REPRESENTATION

[}

H
o1 5 3
i

21 6 OCTAL REPRESENTATION
H

NOTE

RS S —

| l— SPECIFIES LSB OF 1/0 FIELD AS BIT 6
SPECIFIES LEFT BANK 1/0 FIELD
SPECIFIES 3-BIT 1/0 FIELD

SPECIFIES REGISTER 5

SELECTED LEFT BANK IO FIELD AFTER OPERATION

X's in the field denote bits unaffected by the move operation.

Figure 4

ADD

S,D or ADD S$(R),D

olo o o 11 BINARY REPRESENTATION

3 OCTAL REPRESENTATION

1011110

11

1001 01

100 00100
0Ot 1 01001

]

R1

CONTENTS OF R1 ROTATED RIGHT 4 PLACES

AUX

R3—AFTER OPERATION

OVF

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

Format: Type I, Type Il
Operation: (S) A (AUX)>D
Description

Logical AND. The AND of the source field
and the Auxiliary Register is stored into the
destination. If both S 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 I/0O data fields. S and AUX are

unaffected unless specified as a destina-
tion.

Example

Store the AND of the selected right bank 1/0
field and AUX in R4. The right bank data
field is called WSBCD and is 4 bits long and
located in bits 2, 3, 4 and 5. See Figure 6.

XOR S,D or
XOR S(R),D

Format: Type |, Type Il

Operation: (S) ® (AUX)»D
Description

Exclusive-OR. The Exclusive-OR of the
source field and the Auxiliary Register is
stored in the destination. If both Sand D are
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 I/O data fields. S
and AUX are unaffected unless specified as
a destination.

Example

Replace the selected 1/0 data field with the
XOR of the field and AUX. The I/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.

o i =
8X300-1
AND S,D or AND S(R),D
AND WSBCD, R4
0 1 0|]11t101]100]00 1 0 0 BINARY REPRESENTATION
2 3 I 5 4 0 = 4 OCTAL REPRESENTATION
-.,-«.‘—4 —— -
l—_ SPECIFIES REGISTER 4
I* SPECIFIES 4-BIT 1/0 FIELD
SPECIFIES LSB OF RB FIELD AS BIT 5
SPECIFIES RB FIELD
012345667
10010 1 01 SELECTED RIGHT BANK 1/0 FIELD
000001 01 SELECTED FIELD RIGHT JUSTIFIED WITH LEADING ZEROS ADDED.
AND OPERATION
00000011 AUX
00 0O0O0O0GO0CT™1 R4
Figure 6
XOR S,D or XOR S(R),D
x/oa STATUS STATUS
o 1 1 1T0111]101)]101 11 BINARY REPRESENTATION
3 2 l 7 5 2 ! 7 OCTAL REPRESENTATION
1.
01 2345867
01110011 SELECTED I/0 DATA FIELD—BEFORE OPERATION
00010011 SELECTED FIELD RIGHT JUSTIFIED WITH LEADING ZEROS ADDED
XOR OPERATION
00001010 AUX
00011001
01111001 SELECTED 1/0 —BEFORE OPERATION
——
UNAFFECTED
Figure 7
- ]
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XEC I(S)

Format: Type Ili, Type IV

Operation

Execute instruction at the address specified
by the Address Register with lower 5 or 8
bits replaced by (S) + 1.

Description

Execute the instruction at the address de-
termined by replacing the low order bits of
the Address Register (AR) with the low order
bits of the sum of the literal | and the con-
tents of the source field. If Sisaregister, the
low order 8 bits of AR are replaced; if Sisan
170 data field, the low order 5 bits of AR are
replaced, resulting in an execute range of
256 and 32 respectively. The Program
Counter is not affected unless the instruc-
tion executed is a JMP or NZT (whose
branch is taken).

Example

Execute one of n JMPs in a tabie of JMP
instructions determined by the value of the
selected I/0 data field on the left bank. The
table follows immediately after the XEC
instruction and the 1/0 field is called IN-
TERPT and is a 3-bit field located in bits 4,5
and 6. See Figure 8.

XMIT I,D

Format: Type lll, Type IV
Operation: 1= (D)

Description

Transmit literal. The literal field | is stored in
D. If D is a register, an 8-bit field is trans-
ferred; if D is an 1/0 data field, up to a 5-bit
field is transferred.

Example

Store the bit pattern 110 in the selected I/0
data field on the right bank. The field name
is VALUE and is located in bits 3, 4 and 5.
See Figure 9.
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XEC I(S)
XEC 41 (INTERPT)
T o o]1o0110]o11]1 010 0] BINARYREPRESENTATION
It 21 6 3 21 4 OCTAL REPRESENTATION
H
0 13

lo 00011*To0o110 01 1] ADDRESS REGISTER--BEFORE OPERATION

1 2 3 4 5 6 7
010 1 10 SELECTED i/0 DATA FIELD

0000 OO0 1 1 SELECTED FIELD RIGHT JUSTIFIED WITH LEADING ZEROS ADDED

ettt | F|E LD

[oooo1 10 1510 1711 ADDRESS REGISTER. AFTER OPERATION

— —

UNAFFECTED
ADDRESS INSTRUCTION
0000110110011 XEC *+1 (INTERPT)
0000110110100 JMP A1
L]
[ ]
L]
0000110110111 JMP A4 JMP TABLE
[ 4
L]
L]
0000110111011 JMP AB

JMP A4 1S EXECUTED BECAUSE I/0 FIELD INTERPT = 3

Figure 8

XMIT I,D

XMIT 6, VALUE

11 0110101100110 BINARY REPRESENTATION

6 31 65 3 o 6 OCTAL REPRESENTATION

012345 67

11001001 SELECTED I/0 DATA—-BEFORE OPERATION

0000O0OOI110 | FIELD

SELECTED 1/0 DATA—AFTER OPERATION
~—

Y 7

UNAFFECTED'

Figure 9
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NZT sl
Format: Type Ill, Type IV

Operation:

Non-Zero Transfer. If (S) # 0, PC offset by
— PC; otherwise PC + 1 — PC.

Description

If the data specified by the S field is non-
zero, replace the low order bits of the Pro-
gram Counter with |. Otherwise, processing
continues with the next instruction in se-
quence. If S is a register, the low order 8 bits
of the PC are replaced; if S is an 1/0O data
field, the low order 5 bits of the PC are
replaced, resuiting in an NZT range of 256
and 32 respectively.

Example

Jump to Program Address ALPHA if the
selected right bank I/0 field is non-zero.
The field name is OVERFLO and it is a 1-bit
field located in bit 3. See Figure 10.

JMP A
Format: Type V
Operation: A ~ PC

Description

The literal value A is placed in the Program
Counter and Address Register, and proc-
essing continues at location A.'A has a
range of 0-17777g (0-8191).

Example »
Jump to tocation ALPHA (0000101110001).
See Figure 11.

NZT S|

NZT OVERFLO, ALPHA

10 1110

1100111010 BINARY REPRESENTATION

3 1 31 2 OCTAL REPRESENTATION
1

0 12 3 4 5 6 7

X X X 1 X X XX SELECTED I/0 DATA

w— OVERFLO

ADDRESS INSTRUCTION
L]
L]
L]
0000110110011 NZT OVERFLO, ALPHA
B L]
L]
L]
ALPHA 0000110111010 INSTRUCTION
———
OFFSET
Figure 10
JMP A
JMP ALPHA

- |—23

0000101110001 BINARY REPRESENTATION

T T T T
7 o: 0 jI 5 ! [3 I 1 OCTAL REPRESENTATION
ADDRESS (NSTRUCTION

L]

.

L]
0000000011011 JMP ALPHA

L]

.

.
ALPHA 0000101110001 INSTRUCTION

JoJo]o]ofe]o]o]e] ]1][e]1]1] eprosmam counter serone oreraTiON

lolo]olo]1]of 11 1]o]ofo]s] procram counter aFTER OPERATION

Figure 11
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SYSTEM DESIGN USING THE
8X300 MICROCONTROLLER

Designing hardware around the 8X300 In-
terpreter reduces to selecting a program
storage devicer (ROM, PROM, etc.), select-
ing I/0 devices (IV byte, multiplexers, RAM,
etc.), selecting clock mode (system driven
or crystal controlled) and interfacing the
Microcontroller to these components.

A specific example of a control system
using the 8X300 Microcontrolleris shown in
Figure 12. Only 8 components—four 8T32
1/0 Ports, one 825208 RAM, two 82S215
ROMSs, and an 8X300 are required to build
this system which contains 512 words of
program storage, 32 TTL I/O connection
points, 256 bytes of working storage, and
operates at a 250ns instruction cycle time.

Halt, Reset Signals

HALT:

A low level at the HALT input stops internal
operation of the Microcontroller at the start
of the next instruction after HALT is applied
(quarter cycle after MCLK). Since HALT is
sampled at the start of each instruction
cycle it is possible to prevent a cycle by
applying HALT early in that cycle. HALT
does not inhibit MCLK or affect any inter-
nal registers. Normal operation begins with
the next complete cycle after the HALT
input goes high.

8X300-1

RESET: o

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

SYSTEM TIMING

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

EXAMPLE OF CONTROL SYSTEM
_ SIGNETICS
45V RESET HALT 8T32
(o]
Ad-A12
] —— UDO_UD7
SIGNETICS E‘H
825215 L 2N5320 170 PORT
512x8 -
ROM
1017 p
Vee| VR VCR :;E ™ME
— Ad-A12 — | L o6
CcE, | CEy Jugtey
STROBE -— _ 1VBO-IVB7
AD-A3 —— 8X300
P — MICROCONTROLLER MCLK, s>
] SC, WC
— — uDO-UD7
B LCLC LU Ge—
" 0115
> RE 8
=
S Q
x,L );j Gmil_ ME g
alc 2
7 I————o BIC 3
SIGNETICS AT 1 l 8 g
825215 = O BOC
512x8 8.00 MHz a
ROM
0 18115 =
™~ UD0-UD7
170 PORT
CE,| CEy
ME
L l——o BIC
O BOC
L—g
8X350 < > ¢ edicamlo) :
1 256X8 170 PORT
60 = RAM
ME E
L__.__o BIC
-O BOC
Figure 12
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Since some events are constrained to occur ]

in certain quarter cycles, as system cycle SYSTEM INSTRUCTION CYCLE TIME
times become slower, the delays will appear
to increase due to gating with internal I

|

clocks. In the table of AC Electrical Charac- ' '

teristics, 2 columns are used: 1 to denote [ :
MCLK

|

times which occur due to internal clock

{
intervention and 1 to denote minimum de- =0 = : :
lays for fast cycle times. % | | |

S§C, WC, LB, or RB
When using Signetics 8T32 I/0 Ports, selec- ' : :
| [
| |
| |
I [
| |
| [
I |

tion of instruction cycle time involves calcu- : = @ MCLK to LB/RB (input phase)
lating the maximum program storage ac- | o Instruction to LB/RG
cess time. Assuming the instruction is Vo7 | @ 170 Port output anable (T o)
available when MCLK falls, the 1/0 control | ) ® 1/2 cycla - §5ns,
lines are stable 35ns later. Signetics 8T32's | |
require another 35ns to disable a previously [ @55 o

|

selected port and enable the desired port
(assumes a change in bank signals). A 10ns
margin has been added to the 8T32 enable Figure 13
for this evaluation to reflect the fact that
most systems will have more capacitive
loading than the 50pF test condition in the SYSTEM INSTRUCTION CYCLE TIME
8T32 specification and to allow for line de-

lays. |
. . R I ’
The system instruction cycle time for nor- MCLK |

mal systems such as shown in Figure 12 is | \ :
determined by Microcontroller propagation ™ T
delays, program storage access time, and % | |

AD-A12 | [l

port output enable times. Instruction cycle

:

|
T
|
1
time is normally constrained by one or more | e——O—— 1 |
of the following conditions: I | | |
| | | | [ Program storage access time.
| MCLK LB/RB (i t phase)
1. Instruction to LB/RB (input phase) and I/O Port s ! l ! 1@ or instr;‘;uon to Lg'/%lsp o
output enable: | [ i @ |- ! | I (input phase).
TOE =<' cycle - 55ns (Figure 13). l : : : :Cs) 170 Port output enabie {T o)
2. Program storage access time and instruction to LB, RB : | ! | | I® I\éddata (input phase) to
LB/RB (input phase) and 1/O Port output en- . address.
able and IV data (input phase) to address < : : : Qb t—@— : :
instruction cycle time (Figure 14). | " | |
3. Program storage access time and instruction to | | l | \
address < instruction cycle time (Figure 15). Vo7 : | : | |

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

Figure 14

SYSTEM INSTRUCTION CYCLE TIME

Program storage access time for a 250ns | |
instruction cycle can be calculated from the _/_\
second constraint. Noting that the specifi-

cation for IV data (input phase) to address is mCLK | I
115ns: Program storage access time + 35ns ]

—
+ 35ns + 115ns < 250ns implies program %/
storage access time < 65ns. 10-115

I A W

B

|
|
' ' '
INSTRUCTION TO PROGRAM STORAGE
ADDRESS —p»|-—| ACCESS |—»

:

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.

A0-A12

|
!
I
i
| |
I |
I I
f f
1 I
[ I
I I
-+ I
I !
I !
. !
t
!

T
|
!
|
|
|
|
|
|
|

Figure 15
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System Clock

The Micrcontroller has an integrated oscii-
lator which generates ail necessary clock
signals. The oscillator is designed to con-
nect directly to a series resonant quartz
crystal via pins X1 and X2. The crystal reso-
nant frequency, f, is related to the desired
cycle time, T, by the relationship f =2/T.For
a 250ns system, f = 8.00MHz.

Type: Fundamental mode,
series resonant

Impedance at

Fundamentai: 35 ohms maximum

Impedance at
harmonics and 50 ohms minimum
spurs:

Table 7 CRYSTAL CHARACTERISTICS

In lower speed applications where the cycle
time need not be precisely controlled, a
capacitor may be connected between X1
and X2 to drive the oscillator. Approximate
capacitor values are given in Table 8. If
cycle time is to be varied, X1 and X2 should
be driven from complementary outputs 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 1.us
1000 2.0us

Table 8 CLOCK CAPACITOR VALVES
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+ X1
PULSE 50 8X300
GENERATOR MICROCONTROLLER
_ »> Xo
50
Pulse generator characteristics:
ZOUT =509 VOUT = 0-1 volt =
Risetime < 10ns < Skew < 10ns
Complementary outputs
NOTE: All resistors values are typical and in ohms.
Figure 16
CLOCKING WITH TTL
1000
S
470 8X300
CLOCK O— MICROCONTROLLER
Xz
TTL driver characteristics: 470
Risetime and Falltime < 10ns
Skew between complementary -
outputs < t0ns
Figure 17

AC ELECTRICAL CHARACTERISTICS V=5V £5%and 0°C < Tp <70°C

DELAY DESCRIPTION pggr:s ?;::‘CéN CY?_II';;I.;.IME

X1 falling edge to MCLK (driven from external

pulse generator) 75ns
MCLK to SC/WC falling edge (input phase) 25ns
MCLK to SC/WC rising edge (output phase) 5 cycle + 25ns
MCLK to LB/RB (input phase) 35ns ;
Instruction to LB/RB output (input phase) 35ns
MCLK to LB/RB (output phase) Y4 cycle + 35ns
MCLK to IV data (output phase) 185ns 2 cycle + 60ns
IV data (input phase) to IV data (output phase) 115ns
Instruction to Address 185ns Y, cycle + 40ns
MCLK to Address 185ns % cycle + 40ns
IV data (input phase) to Address 115ns
MCLK to IV data (input phase) % cycle - 55ns
MCLK to Halt falling edge to prevent

current cycle s cycle - 40ns
Reset rising edge to first MCLK 0to 1 cycle

NOTE

1. Reference to MCLK is to the falling edge when loaded with 300pF.
2. Loading on Address fines is 150pF.

S{fnotics
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TYPICAL INSTRUCTION CYCLE TIMING
—

|
OUTPUT PHASE ~————— +— INPUT PHASE
t

————— INSTRUCTION CYCLE

INPUT PH

INST & IV BUS

|

|

! ADDRESS & IV
! INPUTS ACCEPTED

I

[

BUS CHANGING

ADDRESS & IV
BUS OUTPUT STAB ITE
T

DATA
PROCESSING

: s
i | |
| l :
x [ I | [
[ Y A N A N
I | I

. T )

|
[
|
| eroGRAM
t
|
|

i
'
+
|
|
|
|
[
|

INSTRUCTION
ADDRESS
(A0-A12)

—

| |
+—————~—MCLK TO ADDRESS STABLE

STORAGE
ACCESS

[« INSTRUCTJON TO ADDRESS STABLE ———=

INSTRUCTION | T
DATA |

(10-115) |

I

|

|
I
I
|
|
|
|

1
o MCLK TO SCWC !
OUTPUT CONTROL
—l «—  wmcLK TO scwe
INPUT CONTROL

|
|
scwe I \ I { /
|
|

g

|
—+| Ik INSTRUCTION TO
| LB/RB INPUT CONTROL
|~————— MCLK TO LB/RB __A—__-—.}

| OUTPUT CONTROL |

w I T X

«— MCLK TO LB/RB
INPUT CONTROL

‘ |
!<7 INSTRUCTION TO IV BUS STABLE

|
|
|
|
|
|
|
|
|
f
|
T
!
|
|
|

il
ryeus | |
{IVBO~-IVB7) | .
|‘77 IV BUS TO ——] l
ADDRESS STABLE I
[« MCLK TO IV BUS STABLE | I
|
IR** 1V BUS — -~ IV BUS
" INPUT ACTIVE | OUTPUT ACTIVE
o]

DEVICE CROSS HATCHED y
ACCESS AREA INDICATES /A
IV BUS TRI-STATE zd
SOLID AREA
INDICATES
CHANGING
Figure 18 DATA

sifietics 63




DC ELECTRICAL CHARACTERISTICS

8X300-I

ABSOLUTE MAXIMUM RATINGS

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min | Typ Max
Vg High level input voltage
X1,X2 6 Vv
All others 2 \
VL Low level input voltage
X1,X2 4 \
All others .8 \%
Vic Input clamp voltage Voo =475V -1.5
(Note 1) II = -10mA
Iy High level input current
X1,X2 Ve =525V 2700 MA
Viy = 8v
All others Veg =525V <1 50 A
Vi =45V
'IL Low level input current
X1,X2 VCC = 5.25V -2500 A
IVBO-7 Vi =4V -140 | -200 UA
Voo =525V
10-115 V=4V -880 { -1600 | WA
Vg =5.25V
HALT, RESET V=4V -230 | -400 LA
Vg =5.25v
VL= 4V
VoL Low level output voltage
AO0-A12 Veg =475V .35 .55 Vv
gL = 4.25mA .
All others Veg =475V .35 .55 "
'OL = 16mA
Von High level output voltage VCC_= 4.75V 2.4 v
|OH = 3mA
tog Short circuit output current
(Note 2) Veg =525V -30 -140 mA
Voo Supply voltage 4.75 5 5.25 \Y
Icc Supply current VCC = 5.25V 1.60 mA
!reg Regulator control VCC =5.0V ~-14 -21 mA
'CR Regulator current (Note 3) 290 mA
Vcr Regulator voltage (Note 3) 22 3.2 \

PARAMETER RATING|UNIT
vVece Suppfy voltage 7 \Y

Logic'input voitage| 5.5 \

Crystal input 2 Vv

voltage

NOTES

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

2. Only one output may be grounded at a time.

3. (Limits apply for Vo = 5V £ 5% and 0°C < T 5 < 70°C unless specified otherwise.)
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