


































































































































































































































































































































































































































































































































































































































































































































































































































• Serially linked toIBM PC or 100% 
compatible hosts 

• Advanced menu driven human interface 

• Real time and transparent emulation up to 
16 MHz 

• Disassembler and Single Line Assembler 

• Examine/Modify Memory capabilities 

• 14 Break and Trace Trigger Conditions 

• Supports 83C751 

• 9 Probe Clips 
7 External Events 
1 External Trigger Input 
1 External Trigger Output 

System Overview 
Signetics-83C751 
In-Circuit Emulator for 
83C751 Microcontroller 

• Opcode Class Editor 

• Break and Trace Triggers 

• Emulation Memory: 
- 2K Program 

• Fuil symbolic Debug Capability 

• Up to 64K Pass Counts 

• Program Mapping in 16 byte blocks 

• Experiment Editor/Compiler 

• Trace with 4K 4ames 

PHILIPS 
5-12 

98-8270-040 
1028-000J688/1M 



Functional Description Support 
The Signetics-83C751 is an in-circuit emulator which is designed for 
use in developing, testing and debugging designs based on an 83C751 
single chip microcontroller. The Signetics-83C75I allows the 
development of hardware and software designs to occur simultaneously. 
The Signetics-83C75I emulator assists in the following design phases: 

The Signetics-83C751 emulator not only assists the designer in developing, testing 
and debugging 83C751 microcontroller designs, but is also backed by Signetics 
with an extensive service and support policy that includes: 

• Updates to the Signetics User's Manual and Signetics host Operating System 
software that are provided at no charge for a ninety (90) day period. 

• Software Development 
• Manufacturing 

• Toll free phone number (l-800-A-HLP-4-51) to resolve system hardware and 
software concerns. 

• Integration of target software and system hardware • A 72-hour repair on disabled systems under warranty. 
• Field Service 

Features Description 
Emulator Functions 

• Microcontrollers supported: 
83C751, 87C751 

• Performance 
Real-time 3.5 MHz to 16 MHz 

• Transparency: 
Operational and electrical 

• Examine and modify: 
Program 
Internal data 

User Interface 
• Advanced menu driven operating system 
• 11 functional capabilities: 

Load OS-Escape 
Upload Help 
Download Configure 
Store Restore 
Interrogate Exit 
Macro 

Interrogation 

• Allows the user to: 
Run experiments 
Examine the system status 
Set break and trace triggers 
Examine/modify data 

• 14 functional capabilities: 
Run 
Single-step 
Reset 
OS-Escape 
Set pass count 
Set simple break and trace triggers 
Set repetition counter 
Set phantom break and trace triggers 
Set trace triggers (start, end & center) 
View up to 4K of trace buffer 
Examine/modify: 

Special Function Registers 
Internal data memory 
Program memory 
Emulator experiments 

MClaLink is a trademark of MctaLink Corporation. 
PC-DOS, PC, PC XT and PC AT are trademarks of IBM. 
IBM is a registered trademark of IBM Corporation 
Intel is a registered trademark of Intel Corporation 
fJMETALINK CORPORATION 1988 

Experiment 

• Used to specify break and trace triggers 
• Uses the if-then construct 
• Allowable trigger conditions are: 

PC address 
PC address range 
Opcode value 
Opcode class 
Special function registers 
Direct byte address 
Direct byte address range 
Direct bit address 
Direct bit address range 
Immediate operand value 
Read/write to bit or direct addresses 
Logical AND or OR of any of the above 
Pass count overflow 
External input 

• Break and trace triggers 
• Experiment Editor allows user to create or 

modify experiments by: 
Edit Delete 
Compile Store 
Load Specify Ope ode Class 

• Opcode class is collection of 83C751 
instructions that make up a set. 

Set is user defined 
Opcode class editor allows user to create, 
delete or edit Opcode classes 

Examine/Modify Memory 

• Program memory operations: 
Disassemble 
Single line assemble 
Examine/modify raw data 
Mapping 

• Microcontroller internal memory operations: 
Dump 
Scan and modify 
Fill 
Move 
Search 
Compare 
Examine/modify addressable bits 

5--13 

Macro 

• Repetitive routine 
• User created, edited and callable at any time 

Symbolic Debug 

• User and Pre-Defined Symbols 
• Supports MetaLink, Enertec, IAR, Signetics, 

Archimedes, Microtec Research or Intel OMF 
files 

• Use a name not address to alter content of: 
bits, bytes, code 

Electrical Specification 
Input Power (typical): 

I amp @ + 23 volts DC + / - 5% 

Mechanical Specification 
Emulator dimensions: 

2.0" x 11.0" x 7.62" 
5.lcm x 27.9cm x 19.3cm 

Target system cable length: 
14.0" 
35.6cm 

Emulator and target system cable weight: 
5.0Ibs. 
2.2 kg 

Emulator probe head: 
Compatible with 24 lead 300 mil wide DIP 
on 100 mil centers 

Host Specification 
An IBM PC, PC XT, PC AT or 100% 
compatible system with 640K bytes of RAM. 
PC-DOS 2.0 or later. 
Two (2) floppy disk drives. 
One (I) RS232C interface card for the PC 
and cable, 

warranty 
Ninety (90) days limited warranty, parts and 
labor. 

Signetics 
a division of North American Philips Corporation 

Signetics Company 
811 E. Arques Avenue 

P.O. Box 3409 
Sunnyvale, California 94088-3409 

Telephone 408/991-2000 



• IBM PC or 100% Compatible Host 

• Supports All Members of the MCS-Sl Family 

• Supports All S Memory Spaces 

• Uses Standard Mnemonics and Syntax 

• Generates Intel HEX and MetaLink or 
Signetics Debug Format for use with 
Signetics emulators 

• Conditional Assembly and Full Macro 
Capability including Nesting 

System Overview 
Signetics-ASM51 
8051 Macro 
Cross Assembler 

• Symbolic Access to Predefined Hardware 
Registers 

• Fast Assembler Execution Time 

• Full Range of Assembly Time Operators, 
Complete Listing and Output Controls and 
choice of Radix 

• INCLUDE Statement Allows Development of 
Code In Modules 

PHILIPS 
98-8270-050 

5-14 l032-o00!688flM 



Functional Description 
The Signetics-ASM5! Macro Cross Assembler takes an assembly language source file created with a text editor and translates it into a machine language object 
file. This translation process is done in two passes over the source file. The Signetics-ASM51 Macro Cross Assembler is supported on IBM PCs and as such 
has faster assembly times than traditional methods. The Signetics-ASMS t Macro Cross Assembler supports modular code development or will assemble 
previously developed code modules through the use of the INCLUDE capability that brings together these code modules at assembly time. 

Features Description 
Products Supported 

8052 8051 80C51 
8032 8031 80C31 

87C51 

83C75 I 80C45 I 
87C75 I 83C451 

87C451 

80C552 80C652 
83C552 83C652 
87C552 87C652 

Symbols 

• Symbols can be up to 255 characters long, with 
the first 32 being significant 

• Symbols character set include: 
? and _ (underline) 
A ... Z 
a ... Z 

0 ... 9 

Numbers 
• Numbers can be entered in decimal (default), 

binary, hexadecimal or octal. 

Predefined Addresses 

• All MCS-51 architecturally defined Special 
Function Registers (SFR) are symbolically 
defined in the Signetics-ASM51 Macro Cross 
Assembler. 

Memory Spaces Supported 
• Code, Data, Bit, External and Indirect. 

MetaLink is a trademark of MetaLink Corporation 
PC-DOS, PC, PC XT and PC AT are trademarks of IBM. 
IBM is a registered trademark of IBM Corporation. 
Intel is a registered Irademark of Intel Corporation. 
©METALINK CORPORATION 1988 

Instructions Supported 
• Standard mnemonics plus generic CALL/IMP. 

Assembly Time Operators 

• Operations supported are: +, -, HIGH, LOW, 
MOD, /, *, SHR, SHL, NOT. AND, OR, 
XOR, =, <, >, <>, <=, >=. 

• Operations are done in 16-bit 2's complement 
arithmetic. 

Listing Controls 

• Controls supported: Title, Date, List, Nobst, 
Paging, Nopaging, Eject, Pagelength and 
Pagewidth. 

Output Controls 

• Controls supported: Object, Noobject, Print, 
Noprint, Symbols, Nosymbols and Debug. 

Object File Format 

• Standard Intel Hexadecimal Object Code 
Format. 

• MetaLink or Signetics Debug Format for use 
with Signetics emulators. 

Include Capability 

• Any number of files can be included in the 
source file, nested up to eight (8) levels deep. 

Conditional Assembly 

• IF-THEN-ELSE conditional capability, nested 
up to 255 levels. 

Macro Capability 

• Full macro capability exists with up to nine (9) 
levels of nesting. 

• Up to 16 parameters can be specified in a 
macro. 

Assembler Type 

• Two (2) pass, absolute assembler. 

Minimum System Requirements 

An IBM PC, PC XT, PC AT or 100% 
compatible system with 96K bytes of RAM. 
PC-DOS 2.0 or later. 
One (I) ftoppydisk drive. 

Warranty 
Ninety (90) days free update service. 

Signetics 

!'>-15 

a division of North American Philips Corporation 

Signetics Company 
811 E. Arques Avenue 

P.O. Box 3409 
Sunnyvale, Califomia 94088-3409 

Telephone 408/991-2000 



Universal EPROM Programmer 

SPGM-100 EPROM Microcontroller 
and Standard EPROM Programmer 

FEATURES 
o Supports standard EPROMs 
o Modules Available for Micro­

controller Support 
lEt 87C751 
lEt 87C752 
lEt Others to follow 

o Connects to IBM PC or 100% 
Compatibles 

o Uses standard, intelligent and 
quick pulse programming algo­
rithms 

o 8K x 8 Data Buffer Standard 
(32K, 64K Optional) 

o Supports Intel Hex Format 
o System Includes Power Supply, 

RS-232 Cable, System Software, 
Documentation and Programmer 

SPGM-100 

PROGRAMMING 
SITE 

SPGM-100 System Block Diagram 

OPERATIONS 
o Select EPROM Type 
o Blank Check 
o Program EPROM array 
o Display! Alter Data Buffer 
o Fill Buffer with Constant 
o Copy EPROM to Buffer 
o Verify EPROM Versus Buffer 
o Error Display (Program/Verify) 
o Help 

5-16 
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Signetics 

Microprocessor Products 

FEATURES 
• Fetch, Decode, and Execute a 

16-bit instruction in a minimum 
of 200 ns (one machine cycle) 

• Bit-oriented instruction set 
(addressable single-or-multiple bit 
subfields) 

• Separate buses for Instruction, 
Instruction Address and Three­
State I/O 

• Thirteen 8-bit general-purpose 
working registers 

• Source/destination architecture 
• Bipolar low-power Schottky 

technology/TTL inputs and 
outputs 

• On-chip oscillator and timing 
generation 

• Single + 5V supply 
• 0.9-in. 50-pin DIP 
• 68-Pin PLCC 

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

8X305 
Microcontroller 
Product Specification 

mum of 200ns. Within one instruction 
cycle, the 8-bit data-processing path can 
be programmed to rotate, mask, shift, 
and/or merge single or multiple bit sub­
fields and, in addition, perform an ALU 
operation. In the same instruction, an 
external data field can be input, pro­
cessed, and output to a specified desti­
nation -likewise, single or multiple bit 
data fields can be internally moved from 
a given source to a given destination. To 
summarize, fixed or variable-length data 
fields can be fetched, processed, oper­
ated on by the ALU, and moved to a 
different location - all in a timeframe of 
200ns. To interface with I/O and pro­
gram memory, the 8X305 uses a 13-bit 
instruction address bus, a 16-bit instruc­
tion bus, an 8-bit bidirectional multi­
plexed I/O data/address bus and a 5-bit 
I/O control bus. 

A wide selection of I/O devices, inter­
face chips, and special-purpose parts 
are available for systems use. In most 
applications, the more powerful 8X305 is 
functionally interchangeable with its pre­
decessor-the 8X300. 

ASSOCIATED DOCUMENTATION 
Other documents directly relating to de­
sign and applications use of the 8X305 
Microcontroller are: 
• Product Capabilities Manual 

• 8X305 Users Manual 

These documents and other current lit­
erature (Data Sheets, Product Bulletins, 
Applications Notes, etc.) are available at 
all Signetics Sales and Service Of­
fices - see rear cover of this data sheet 

The 8X305 can fetch, decode, and exe- for the office in your locality. 
cute a 16-bit instruction word in a mini-

ORDERING INFORMATION 

DESCRIPTION ORDER CODE 

50-Pin plastic DIP N8X305N 

50-Pin ceramic DIP N8X3051 

68-Pin PLCC N8X305A 
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NOTES: 
1. Registers R1-R6, All and A14-R16 are general-purpose working registers. 
2. In any instruction where R7 (IVL) or Rll (IVA) is specified as the destination, the a-bit value is output on the IV bus as an IV device enable address (SC "" High) - R7 = left bank and Rll = right bank; the results are also stored into the 

specified internal register and may later be accessed as source data. 
3. R12 and R13 are general-purpose working registers for all operations except transmit (XMIT). 
4. The feast significant bit of register R10 (OVF) is used to reflect the carryout status resulting from the most recent ADD operation. 
5. Auxiliary register RO # 1 is a general-purpose working register that holds the implied operand for Arithmetic and Logical operations; the content of this register is repeated in AUX # 2 (shown dotted). The duplicate register is physically 

part of the ALU and is shown separate only for layout convenience. 
6. Internal working registers cannot be operated on by the MASK logic. 
7. During NZT instructions the ALU tests for all bits equal to "0" (Transfer if A '* 0) -refer to BASIC OPERATIONS that follow. 

Figure 1. Architecture and· Pin Designations for 8X305 Microcontroller 
Pin Numbers Shown are for DIP Packaging 
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M icrocontroller 8X305 

VCRQ ~VR 

"Q ~ .. 
.. [1 ~ .. 
.. ~ ~"'10 
.. [! ~Al1 
A3~ ~Al1 
A2[! ~HALT INDEX 

Al~ 19 RESET 
CORNER 

9 1 61 
.. [! ~MCLK 
X1§ ~iYO 10 0 60 
X2~ ~iV1 

GND@ ~iV2 
PLCC ~~ ~iVa 

11~ ~vcc 
12@ ~iV4 
la§ ~iVs 26 44 

I.~ ~iVi 
27 43 15~ ~M 

.@ ~RB TOP VIEW 
11~ !!lUi COOO68PS 

I.~ ~wc 
,,~ ~sc 
hO~ ~115 
111~ !!1h4 
112~ ~113 

CD09<l61S 

PLCC DIP 
IDENTIFIER FUNCTION 

PIN NO. PIN NO. 

1, 68 1 VCR Regulated voltage input from series-pass transistor (2N5320 or equivalent). 

4-11,62-66 2-9, 45-49 Ao-A12 Program Address Lines: These active-high outputs permit direct addressing of up to 8192 words 
of program storage; A12 is least significant bit. 

12, 13 10, 11 Xl, X2 Timing generator connections for a capacitor, a series resonant crystal, or an external clock 
source with complementary outputs. 

2,3, 14-16 12 GND Ground. 

17-23, 13-28 10 -115 Instruction Lines: These active-high input lines receive l6-bit instructions from program storage; 
28-36 115 is least significant bit. 

37 29 SC Select Command: When high (binary 1), an address is being output on pins IVO through IV7. 

38 30 WC Write Command: When high (binary 1), data is being output on pins IVO through IV7. 

39 31 LB Left Bank Control: When low (binary 0), devices connected to the Left Bank are accessed. (Note: 
Typically, the LB Signal is tied to the ME input pin of 110 peripherals). 

45 32 RB Right Bank Control: When low (binary 0), devices connected to the Right Bank are accessed 
(Note. Typically, the RB signal is tied to the ME input pin of liD peripherals). 
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M icrocontroller 8X305 

PLCC DIP 
IDENTIFIER FUNCTION 

PIN NO. PIN NO. 

46-49, 33-36, IVO-IV? Interface Vector (Input/Output Bus) - these bidirectional active-low three-state lines 
55-58 38-41 communicate data and/or addresses to I/O devices and memory locations. A low voltage level 

equals a binary "1"; IV? is Least Significant Bit. 

50-52 3? Vcc + 5Vpower supply. 

59 42 MCLK Master Clock: This active-high output signal is used for clocking I/O devices and/or 
synchronization of external logic. 

60 43 RESET When RESET input is low (binary 0), the 8X305 is initialized - sets Program Counter/Address 
Register to zero and inhibits MCLK. For the period of time RESET is low, the Left Bank/Right Bank 
(IJ3IRB) Signals are forced high asynchronously. 

61 44 HALT When HALT input is low (binary 0), internal operation of the 8X305 stops at the start of next 
instruction; MCLK is not inhibited nor is any internal register affected. However, both the Left 
Bank/Right Bank (LB/RB) signals are synchronously driven high during the first quarter of the 
instruction cycle time and remain high during the time HALT is low. 

6? 50 VR Internally-generated reference output voltage for external series-pass regulator transistor. 

24-2?, - No Connect 
40-44, 
53, 54 

NOTE: 
Multiple Vcc, GND, and VCA pins must be externally connected. 

Figure 2. Designations and Descriptions for Pins of 8X305 Microcontroller. 
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Microcontroller 

FUNCTIONAL OPERATION 

Typical System Configuration 
Although the system hookup shown in Figure 
3 is of the simplest form, it provides a 
fundamental look at the 8X305 Microcontral­
ler and peripheral relationships. As indicated, 
the 8X305 can directly address up to 8K 

PROGRAM STORAGE 
(READ ONLY MEMORy) 

8K)C 18 ROMIPROM 

December 17, 1986 

words of program storage - either ROM or 
PROM. The user interface (IVO through IV7) is 
capable of uniquely addressing 256 Input! 
Output locations and, with additional bank 
bits (LB, RB), this number is expanded to 
512 - each bank comprising 256 address­
able locations. The addressable locations of 
each bank can be used in a variety of ways; a 

X2 

GND 

a: 
w 
-' 
-' o 

",a: 
01-
..,Z 
><0 
<0(,) 

o a: 
(,) 

i 

) 
USER 
CONTROLLED 
INPUTS 

Product Specification 

8X305 

simple method of implementation is shown in 
Figure 3. When LB is active low, the left bank 
is enabled and anyone of 256 locations 
within the RAM memory can be accessed for 
input! output operations. A similar set of "en­
able/access" conditions are applicable to the 
right bank when RB is active low. 

LeQand: 

• = 110 DATA AND ADDRESS 
Wi; - INSTRUCTION ADDRESS 
0, = INSTRUCTION 

8X450 RAM 
(258.8) 

LEFT BANK 

RIGHT BANK 

1-0F·258 
I/'.'---::---I~ ADDRESSABLE 

LOCA110NS 

Figure 3. Typical 8X305 System Hookup 
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BASIC OPERATIONS OF 8X305 
Refer to a later discussion of "Instruction Fields" for a detailed examination of ali operand fields and subdivisions thereof - "S" (So, S1), "0" 
(Do, 0 1), "R", "L", "J", and "A". 

MOVE OPERATIONS 

I---------------REGISTER-TO-REGISTER--------------

SOURCE 

RD-R 1? as specified by _ 
"8" field of instruction. 

DATA PROCESSING 
(PRE-ALU) 

Right rotate as specified r. 
by "R" field of 
instruction. 

ALU 

No operation. 

DATA PROCESSING 
(POST-ALU) 

No operation. 

DESTINATION 

RD-R?, R11-R17 as 
specified by "0" field of 
instruction. 

1----------------REGISTER-TO·W BUS ----------------

SOURCE DATA PROCESSING 
(PRE-ALU) 

RD-R17 as specified by _ No operation. 
"8" field of instruction. 

ALU 

_ No operation. 

DATA PROCESSING 
(POST-ALU) 

r- Shift and merge as -
specified by "Do" and 
"L" fields of instruction. 

DESTINATION 

Variable length field of iV 
bus - Left Bank (03) or 
Right Bank (RB) as 
specified by "Do" and 
"01" fields of instruction. 

I---------------IV BUS-TO-REGISTER ---------------

SOURCE 

Variable length field of iV _ 
bus - Left Bank (03) or 
Right Bank (RB) as 
specified by "S,' and 
"SO" fields of instruction. 

DATA PROCESSING 
(PRE-ALU) 

Right rotate and mask ,.. 
as specified by "So" and 
ilL" fields of instruction. 

ALU 

No operation. 

1---------------- IV BUS-TO-IV BUS 

SOURCE 

Variable length field of iV r­
bus - Left Bank (03) or 
Right Bank (RB) as 
specified by "S,' and 
"So" fields of instruction. 

December 17, 1986 

DATA PROCESSING 
(PRE-ALU) 

Right rotate and mask r­
as specified by ,r So " and 
ilL" fields of instruction. 

ALU 

No operation. 

6-8 

-

DATA PROCESSING 
(POST-ALU) 

No operation. 

DATA PROCESSING 
(POST-ALU) 

-

Shift and merge as .... 
specified by "Do" and 
"L" fields of instruction. 

DESTINATION 

RD-R?, R11-R17 as 
specified by "0" field of 
instruction. 

DESTINATION 

Variable length field of iV 
bus - Left Bank (03) or 
Right Bank (RB) as 
specified by "Do" and 
"01" fields of instruction. 



Signetics Microprocessor Products 

Microcontroller 

ADD OPERATIONS 

REGISTER-to-REGISTER -..ISOURCEI-..lpRE-ALUf--1 

REGISTER-to-IV BUS -"ISOURCEI-"lpRE-ALU~_1 

IV BUS-to-REGISTER -"ISOURCEI-"lpRE-ALU~_1 

IV BUS-to-IV BUS -..ISOURCEI-..lpRE-ALUf--1 

AND OPERATIONS 

REGISTER-to-REGISTER -..ISOURCEI-..lpRE-ALUf--1 

REGISTER-to-IV BUS -..ISOURCEI-..lpRE-ALUf--1 

IV BUS-to-REGISTER -..ISOURCEI-..lpRE-ALUf--1 

IV BUS-to-IV BUS -..ISOURCEI-..lpRE-ALUf--1 

EXCLUSIVE OR (XOR) OPERATIONS 

REGISTER-to-REGISTER -..ISOURCEI-..lpRE-ALUf--1 

REGISTER-to-IV BUS -..ISOURCEI-..lpRE-ALUf--1 

IV BUS-to-REGISTER -..ISOURCEI-..lpRE-ALUf--1 

IV Bus-to-IV BUS -..ISOURCEI-..lpRE-ALUf--1 

EXECUTE (XEC) OPERATIONS 

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

Same as MOVE operations, except source 
data is ANDed with contents of AUXiliary 
Register RO via the ALU. 

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

XEC, REGISTER 

Product Specification 

8X305 

I~POST-ALUI-"1 DEST 1 

l~ POST-ALU 1-..1 DEST 1 
I~POST-ALUI-"1 DEST 1 

I~POST-ALUI-"1 DEST 1 

l~ POST-ALU 1-..1 DEST 1 
l~ POST-ALU 1-..1 DEST I 
I~POST-ALUI-"1 DEST 1 

l~ POST-ALU 1-..1 DEST 1 

I~POST-ALUI-"1 DEST 1 

I~POST-ALUI-"1 DEST 1 

I~POST-ALUI-"1 DEST 1 

I~POST-ALUI-"1 DEST 1 

SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 
(PRE-ALU) (POST-ALU) 

RO - R 17 as specified by - No operation. - Add source data to 8-bit - No operation. r- Replace 8 LSB of 
"S" field of instruction. field specified by Address Register with 

instruction literal 8-bit sum from ALU. 
(0 < J < 377.). 

• PG M eTR unchanged. 

XEC, IV BUS 

SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 
(PRE-ALU) (POST-ALU) 

Left or Right Bank of 117 - Rotate and mask as - Add masked field of - No operation. I- Replace 5 LS~ of 
bus as specified by "S" specified by "So" and source data to 5-bit Address Register with 
field of instruction. "L" fields of instruction. literal specified by "J" 5-bit sum from ALU. 

field of instruction 
(0 <J <37.). 'PGM eTR unchanged. 
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NON-ZERO TRANSFER (NZT) OPERATIONS 

NZT, REGISTER 

SOURCE DATA PROCESSING ALU DESTINATION 
(PRE-ALUl 

RO-R17 as specified by - No operation. - Test contents of source - - - - - - - If S = 0, increment PC 
"S" field of instruction. register for all zeroes. by 1; if S*O, replace 8 

LSB of AR and PC with 
literal specified' by "J" 
field of instruction. 

NZT, W BUS 

SOURCE DATA PROCESSING ALU DESTINATION 
(PRE-ALUl 

Left or Right Bank of iV - Rotate and mask as - Test contents of masked - - - - - - - If S = 0, increment PC 
bus as specified by "S" specified by "So" and field for all zeroes. by 1; if S *0, replace 5 
field of instruction. "L" fields of instruction. LSB of AR and PC with 

literal specified by "J" 
field of instruction. 

TRANSMIT (XMIT) OPERATIONS 

I XMIT, REGISTER 

SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 
(PRE-ALUl (POST-ALUl 

0 .. J .. 3778 - value >. No operation. - No operation. r- No operation. r- RO-R7, R11, R14-R1·7. 
specified by "J" field of Load a-bit integer 
instruction. specified by "J" field 

into register specified by 
"0" field. 

XMIT 8-BIT IMMEDIATE, W BUS 

SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 
(PRE-ALUl (POST-ALUl 

0 .. J .. 3778 - value r- No operation. r- No operation. r- No operation. r- Left (R12) or Right (R13) 
specified by "J" field of Bank of iV bus as 
instruction. specified by "0" field of 

instruction. 

XMIT VARIABLE-BIT FIELD IMMEDIATE W BUS 

SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 
(PRE-ALUl (POST-ALUl 

o .. J .. 378 - value r- No operation, r- No operation. - Shift and merge source - Left or Right Bank of iV 
specified by "J" field of data as specified by bus as specified by "0" 
instruction. "00" and "L" fields of field of instruction. 

instruction. 
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Table 1. 

LB RB FUNCTION 

Low Low This state is not generated by the 8X305. 

Low High Enable left bank devices. 

High Low Enable right bank devices. 

High High Disable all devices; IV bus is 3-State. 

Table 2. 

LB/RB SC WC FUNCTION 

High Low Low The IV bus is 3-State and not looking for 
input data. 

Low Low Low The IV bus is reading input data. 

Low Low High Data is being output. 

Low High Low Address is being output. 

X High High This condition is never generated. 

Program Storage Interface 
As shown in Figure 3, program storage is 
connected to output address lines Ao through 
A12 (A12 = LSB) and input instruction lines 10 
through 115. An address output on Aol A12 
identifies one 16-bit instruction word in pro­
gram storage. The instruction word is subse­
quently input on 10/115 and defines the Micro­
Controller operation which is to follow - one 
instruction word equals one completed opera­
tion. Any TIL-compatible memory can be 
used for program storage provided the worst­
case access time is compatible with the 
instruction cycle time used for the applica­
tion - see timing section for appropriate cal­
culations. 

I/O Interface and Control 
An 8-bit bidirectional I/O bus, referred to as 
the Interface Vector (TV) bus, provides a 
communication link between the Microcon­
troller and the two banks of I/O devices. The 
LB (Left Bank) and RB (Right Bank) control 
signals identify which bank is enabled; when 
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both LB and RB are high (inactive), neither 
bank is enabled and the TV bus is inactive 
(three-state). A functional analysis of the Left 
and Right Bank signals is shown in Table 1. 

Both data and I/O address information are 
multiplexed on the TV bus. The SC (Select 
Command) and WC (Write Command) signals 
distinguish between data and I/O address 
information as shown in Table 2. 

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

Instruction Cycle 
Each operation of the 8X305 is executed in a 
single instruction cycle. The instruction cycle 
is internally divided into four equal parts­
each part being as short as 50ns. Figure 4 
shows the general functions that occur during 
each quarter cycle; specifics regarding mini­
mum/maximum timing and other critical val­
ues are described later in this data sheet. 
During the first quarter cycle, a new instruc­
tion from program storage is input via 10 - 115 
and decoded. If an I/O operation is indicated, 
new data is fetched from a specified internal 
register or via the TV bus. At the end of the 
first quarter cycle, the new instruction is 
latched into the instruction register. 

In the second quarter cycle, the I/O input 
data stabilizes and preliminary processing is 
completed. At the end of this quarter, the TV 
latches close and final processing can be 
accomplished, thus completing the input 
phase of the instruction cycle. During the third 
quarter cycle, the address for the next in­
struction is output to the instruction address 
bus, TV control signals are generated, and 
both data and destination are setup for the 
remainder of the output phase. During the 
fourth quarter cycle, a master clock signal 
(MCLK) generated by the 8X305 is used to 
latch either the I/O-enabling address or the 
I/O data into peripheral devices connected to 
the TV bus. MCLK can also be used to 
synchronize any external logic with timing 
circuits of the 8X305. 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. 



Signetics Microprocessor Products 

M icrocontroller 

NOTES: 

r--INPUTPHASE "II- OUTPUTPHASE~ 

.J ~I __ --' ----.r 
I 101 I 2nd I 31d I 41h I 
j-4-QUARTER--f--QUARTER~QUARTER~QUARTER~ 

sons SOnl SOna SOns 

INPUT LATCH AND NEXT LATCH I/O 
INSTRUCTION, PROCESS INSTRUCTION ENABLING 

DECODE INPUT DATA ADDRESS, ADDRESS OR 
INSTRUCTION GENERATE 110 DATA INTO 

AND, IF CONTROL SELECTED 
REQUIRED, SIGNALS, AND PERIPHERAL. 

FETCH NEW SETUP 1/0 
DATA DATA FOR 

OUTPUT 

~~-------------~I L f- IICLK I 
(ACTIVE--I 
STATE) 

1. New instruction must be accepted and latched at end of first quarter cycle. 
2. The 1/0 data latches are open for the first two quarter cycles, that is, for 1 DOns. 
3. The address changes during third quarter cycle. 
4. iV bus drivers are active (turned on) during third and fourth quarter cycles. 

Table 3. 

Figure 4. Instruction Cycle and MCLK with: Crystal = 10MHz and 
Cycle Time = 200ns. 

! MSB LSB ! 
BIT POSITIONS --> 3 4 678 10 11 12 13 14 15 

Table 4 . 
• Data Control­

ADD 
AND 
XOR 1 
MOVE 1 
XMIT 

• Program 

XEC 1 
NZT 
JMP 

Arithmetic and Logic Operations 

Movement of Data and Constants 

Control-

Branch or Test 
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INSTRUCTION SET 

General Format and Operating 
Principles 
The 16-bit instruction word (10 through 115) 
from program storage is input to the instruc­
tion register (Figure 1) and is subsequently 
decoded to implement the events to occur 
during the current instruction cycle. 

The general format for each instruction word 
is shown in Table 3. 

The 3-bit operation code (OPCODE) define 
anyone of eight classes of instructions; 
variations within each class are specified by 
the remaining thirteen operand bits. The eight 
instruction classes can be separated into two 
control areas - data and program; general 
functions within these areas are as shown in 
Table 4. 

Instruction Fields 
As shown in Table 5, each instruction word 
consists of an operation code (OPCODE) 
field and from one to three operand fields. 
The possible operand fields are: Source (S), 
Destination (D), Rotate/Length (R/L), Literal 
(J), and Address (A). The OPCODE and 
operand fields are described in the para­
graphs that follow the table. 
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Table 5. Functional Description of Instruction Set 

STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE -

INSTRUCTION WORD DESCRIPTION SEE FIGURE 4 

CONTROL 
INPUT PHASE OUTPUT PHASE 

SIGNAL 

CLASS = MOVE OPCODE = 0 OPERATION = (5) ~ D 
Reglster-ta-Register Move content of internal register specified by 5e L H if D-07., 17. 

1 ~!c:o~: 1 3141 : 1617181: 1,01"1'21~HI5! 5-field to internal register specified by D-field. we L L 
Prior to the "MOVE" operation, right-rotate 

Ui H L if D-07. contents of internal source register by octal 
5-00.-17. D-00.-07., 11.-17. value (0 through 7) defined by the R-field. ~ H L if D-17. 

Register·to-IV Bus (Note) Move contents of internal register specified by SC L L 

10 1'12131415161718191'01"1'21'31'41'51 the 5-field to the iV bus. Before outputting on we L H 

I opeODE I 5 

I 
L I D I iV bus, data is shifted as spec~ied by the least 

LB L if D-20.-27. LifD-20.-27. significant octal dign of the D-field and the bits 
I D, Do I specified by the L-field are merged with the liB L il D-30.-37. L if D-30.-37. 

5-00.-17. D-20.-37. latched 110 data. 

IV Bus-ta-Reglster (Note) Move right-rotated iV bus (source) data SC L H H D=07., 17. 

10 1'12131415161718191'01"1'21'31'41'51 specified by the 5-field to internal register we L L 

I opeODE I 5 I L 

I 
D 

I 
specified by \he D-field. The L-field specHies Ui Lit 5-20.-27. LHD-07. the length of source data starting from the 

I 5, So I L5B-position and, if less than B bits, the "FiB L H 5-30.-37. L H D-17. 

5=20.-37. D=00.-07., 11.-17. 
remaining bits are filled w:ith zeros. 

IV Bus-ta-IV Bus (Note) Move right-rotated iV bus (source) data SC L L 

101'12131415161718191'01"1'21'31'41'51 specified by the 5-fietd to the 110 latches. we L H 

10PCODE I 5 I L I D I 
Before outputting on 1i7 bus, shift data as 

Ui L if 5 = 20.-27. L H D-20.-27. specified by the D-field; then merge source 
I 5, So I L D, Do I end latched 110 data as specified by the L "1m L H 5-30.-37. L H D - 30.-37. 

5 - 20.-37. D-20.-37. 
(length) field. 

CLASS = ADD OPCODE = 1 OPERATION = (S) + (AUX) ~ 0 
Same as MOVE instruction class Same as MOVE instruction class except that Same as MOVE instruction class 

contents of AUX (RO) register are ADDed to 
the source data. If there is a "carry" from 
MSB, then RIO (OVF) = 1 (overflow), 
otherwise OVF = O. 

CLASS = AND OPCODE = 2 OPERATION = (5) /\ (AUX) --+ 0 
Same as MOVE instruction class Same as MOVE instruction class except that Same as MOVE instruction class 

contents of AUX (RO) register are ANDed 
with source data. 

CLASS = XOR OPCODE = 3 OPERATiON = (5) Ell (AUX) --+ 0 
Same as MOVE instruction class Same as MOVE instruction class except that Same as MOVE instruction class 

contents of AUX (RO) register are Exclusively 
ORed with source data. 

CLASS = XEC OPCODE = 4 OPERATION = Refer to Description 

Register Immediate Execute instruction at current page address SC L L 

1 ~!e~~: 13141 : 1617IBI9110111!'21'3HI5! 
oIIset by J (literal) + (5). Return to normal we L L instruction flow unless a branch is 
encountered. LB H H 
Execute instruction at an address determined 

S - 00.-17. J-000.-377. by replacing the low-order B bits of the RB H H 
Address Register with the following derived 
sum: 

Value of Ineral (J-field) plus contents of 
internal register specified by S-field 

The PC is not incremented and the overflow 
status (OVF) is not changed. 

IV Bus Immediate (Note) 

10 1'12131415161718191'01"1'21'31'41'51 
Execute instruction at an address determined 

5e L L by replacing the low-order 5 bits of Address I OPCODE I 5 I L 

I 
J 

I 
Register with the following derived sum: we L L 

I s, So I 5-b~ value of literal (J-field) plus value of 
LB L if 5- 203-27. H rotated source data specified by S-field. 

5=20.-37. J-00.-37. The L-field specifies the length of source RB L if 5-30.-37. H 
data starting from the LSB position and, if 
less than B bits, the remaining bits are filled 
with zeros; the Program Counter is not 
incremented and the overflow status (OVF) 
is not changed. 
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Table 5. Functional Description of Instruction Set (Continued) 

INSTRUCTION WORD DESCRIPTION 

CLASS = NZT OPCODE = 5 OPERATION = Refer to Description 

Register Immediate 
If data specified by the 8-field is not equal to 

1 ~le~l: 13141 : 161718191101ll~12113H151 zero, jump to current page address offset by 
value of J~field; otherwise, increment the 
Program Counter. 

S~00.-17. J ~ ODD. - 377. 
If contents of internal register specified by S-
field is non-zero, transfer to address 
determined by replacing the low-order 8 bits 
of Address Register and Program Counter 
with "J", otherwise, increment PC. 

IV Bus Immediate (Note) 
If right-rotated and masked IV bus is nan-

D 11 I 2 31 4 1 5 16 1 7 81 9 110 11112113114115 zero, transfer to address determined by 

OPCODE 5 L J replacing low-order 5 bits of Address 

5, 50 
Register and Program Counter with "J", 
otherwise, increment PC. (The L-field 

5 ~ 20.-37, J ~ 00, - 37. specifies the length of source liD data 
starting from the LSB-position and, if less 
than 8 bits, the remaining bits are filled with 
zeros.) 

CLASS = XMIT OPCODE = 6 OPERATION = J ~ D 

XMIT, Register Store a-bit value specified by "J" into 

1 ~le~l: 13141 ~ 161718191101ll~12113H15i register specified by "D". 

D~00,-06,. 11,. 14.-16. J ~ ODD. - 377. 

XMIT, IV Bus Address Enable 110 device on the bank specified by 
oj 1"[2 31 4 1 5 16J7 8 J 9 LlO 11112]13114]15 "0". whose address is the 6-bit integer 

OPCODE D J 
specified by "J". Address "J" is stored in 
register "0". 

D = 078. 178 J ~ 000,-377. 

XMIT 8 Bits Immediate, IV Bus (Note) Store value of a-bit integer in the previously 
o 11 12 31 4 1 5 16 17 819110 111121131141151 enabled 110 port, at the bank destination ([8 

OPCODE D J 
or RB) specified by "0". Contents of R12 or 
R 13 remain unchanged. 

D~12.-13. J ~ ODD. - 377, 

XMIT Variable Bit Field Immediate, IV Bus (Note) Transmit Least SignificE!!:!.t "L" bits of "J" 
011 12 31 4 15 16 17 8 19110 11112113114115 field to "L -bit" field of IV bus specified by 

OPCODE D L J "0"; if "L" is greater than 5 bits, the M8B 
bits of destination field is filled with zeros. 

D, Do 
D - 20.-37. J-00.-37. 

CLASS = JMP OPCODE = 7 OPERATION = Refer to Description 

Address Immediate Jump to address in program storage 

10 11 1213141s1617161elfOlni12113H1Si specified by A-field; this address is loaded 
into the Address Register and the Program OPCODE A Counter. 

A ~ 00000, - 17777. 

NOTE: 
So specifies the L8B of rotated input data field 
81 specifies the bank of iV bus from which source data will be input 
00 specifies bit position in 1/0 device with which L8B of processed data will be aligned, and 
01 specifies the bank of iV bus which will be the destination. 
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STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE -

SEE FIGURE 4 

CONTROL 
INPUT PHASE OUTPUT PHASE 

SIGNAL 

se L L 

we L L 

LB H H 

RB H H 

5C L L 

WC L L 

LB L if S=208-278 H 

RB L if 5~30,-37, H 

5e L L 

we L L 

LB H H 

RB H H 

8e L H 

we L L 

LB H L if D~07, 

RB H L if D~17. 

SC L L 

WC L H 

LB H LifD~12. 

RB H L if D~13, 

5C L L 

WC L H 

LB L if D~20,-27. L if D-20.-27. 

RB L if D~30,-37. L if D-30,-37. 

8C L L 

WC L L 

LB H H 

RB H H 
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Table 6. Octal Addresses and Source/Destination Fields for 8X305 Registers 

ADDRESS REGISTER DESIGNATION SOURCE 
DESTI· 

ADDRESS REGISTER DESIGNATION SOURCE 
DESTI· 

NATION NATION 

008 
RO (AUX) - General 

X X 108 
R10 (OVF-Overflow 

X purpose register register) 

01 8 
R1-General purpose 

X X 118 
R11 - General purpose 

X X 
register register 

028 
R2-General purpose 

X X 128 
R12-General purpose 

X X 
register register (Note) 

038 
R3-General purpose X X 138 

R 13 - General purpose 
X X 

register register (Note) 

048 
R4-General purpose 

X X 148 
R 14 - General purpose 

X X register register 

058 
R5-General purpose 

X X 158 
R15 - General purpose 

X X register register 

068 
R6-General purpose 

X X 168 
R16 - General purpose 

X X 
register register 

R7 - Special purpose R17 - Special purpose 
078 register (refer to next X X 17a register (refer to next X X 

paragraph) paragraph) 

NOTE: 
R12 and R13 function as general purpose working registers for all operations except transmit (XMIT). During a transmit instruction where R12 or R13 is the 
destination, the a-bit "J" field is immediately transferred to the TV bus; for this operation, the contents of the designated register remain unchanged. 

Operations Code Field. The 3-bit OPCODE 
field specifies one of eight classes of 8X305 
instructions; octal designations for this field 
and operands for each instruction class are 
shown in Table 5. 

Source (S) and Destination (D) Fields. The 
5·bit "S" and "D" fields specify the source 
and destination, respectively, for whatever 
operation is defined by the OPeration CODE. 
The "S" andlor "D" fields can specify an 
internal 8X305 register or any one-to-eight bit 
field within an 1/0 device; octal values and 
sourcel destination field assignments for all 
internal registers are shown in Table 6. 

In instructions where R7a (IVL) or R17a (IVR) 
is specified as the destination, the 8-bit value 
is output on the iV bus as an 110 device 
address or memory location; register R7 se­
lects the Left Bank and register R 17 selects 
the Right Bank. The results are also stored 
into the specified internal register (R78 or 
R178) and may later be accessed as source 
data. When the iV bus is specified as a 
source and lor destination, the "S" and "D" 
fields are split into two parts, that is, 
• Source (S) = S1, So and Destination 

(D) = D1, Do where, 
So specifies the LSB of rotated input 
data field 
S1 specifies the bank of iV bus from 
which source data will be input 
Do specifies bit position in 1/0 device 
with which LSB of processed data will 
be aligned and 
D1 specifies the bank of iV bus which 
will be the destination. 
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DESIGNATES LEFT DESIGNATES LSB OF 

(2) OR RIGHT (3)~ ~1I0 DATA-REFER BANK OF ill BUS TO TEXT DESCRIPTIONS 

S, So :l 
OR OR IE 
0, Do 10111213141518171 

ttl 

NOTES: 

20a 
21. 
22a 
23e 
24a 
25a 
280 
278 

1. The field length of O-to-8 bits is specified by the "L" field. 
2. For the Right Bank, 308 - 378 perform equivalent 110 functions. 

RIGHT·ROTATE FUNCTION 

2 3 4 567 

Rotate (R) and Length (L) Field. The 3-bit 
R/L field performs one of two functions, 
specifying either the field length (L) for I/O 
operations or a right-rotate (R) for internal 
operations. For a given instruction, the speci· 
fied funr.tion depends upon the contents of 
the Source (S) and Destination (D) fields. 

When an internal register is specified by both 
the source and destination fields, the "R" 
field is invoked and it specifies a right-rotate 

6-"\.5 

of the data specified in the "S" field (see 
accompanying diagram.) The source-register 
data (up to 8 bits) is right-rotated during the 
"input phase" of the instruction cycle (Figure 
4). This function is always performed prior to 
any ALU operation. (Note: The right-rotate 
function is implemented on the bus and not in 
the source register.) 

When either or both of the source and desti­
nation fields specify a variable·length I/O 
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data field, the" L" field specifies the length of 
the I/O data field (see following diagram). If 
the source field specifies an IV address 
(20e - 37 e) and the destination field specifies 
an internal register (00e-07e, 11a-17a), the 
"L" field specifies the length of source data; 
the source data is formed by right-rotating the 
IV bus data according to the source address 
and then masking result as specified by the 
"L" field. If length is less than 8 bits, all 
remaining bits are set to zero prior to pro­
cessing data in the ALU. If the source field 
specifies an internal register (OOa - 17 a) and 
the destination field specifies IV bus data 
(20e - 37 e), the" L" field specifies the length 
of the destination data. To form the destina­
tion data, the ALU output is left-shifted ac­
cording to the destination address and then 
masked to the required length (see IV DATA 
LENGTH SPECIFICATION). The destination 
data is merged with data in the I/O latches to 
finalize the IV bus data. Hence, a one-to-eight 
bit destination data field can be inserted into 
the existing 8-bit I/O port without modifying 
surrounding bits. If both the source and desti­
nation fields specify IV bus data (20e - 37 a), 
the "L" field specifies the length of both the 
source and destination data. 

To form the source data, the IV bus input data 
is right-rotated according to the source ad­
dress and then masked to the required 
length-see IV DATA LENGTH SPECIFICA­
TION. If length is less than 8 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 according to the 
destination address and masked to the re­
quired length specification. The destination 
data is then merged into the IV bus data that 
was used to obtain the source; thus, if the 
source and destination addresses are on the 
same bank, the IV bus data written to the 
destination I/O Port appears unmodified, ex­
cept for bits changed during the shift-and­
mask operations. If the source and destina­
tion addresses refer to different banks, the 
destination I/O Port is changed to contain the 
contents of the source 110 Port 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 value (coritained in the instruc­
tion) into a register, into a variable I/O data 
field, or to modify the low-order bits of the 
Program Counter. The bit length of the" J" 
field is implied by the "S" and "L" fields in 
the XEC, NZT, and XMIT instructions, based 
on the following conditions: 
• When the Source (S) field specifies an 

internal register, the literal value of the 
"J" field is an 8-bit binary number. 

• When the Source (S) field specifies a 
variable I/O data field, the literal value 
of the "J" field is a 5-bit binary 
number. 
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01234567 

I I I I I I I I 
I I I I I I I ~1<------L=1 
I I I I I I I< L=2 

I I I I I I< L = 3 

I I I I I( L = 4 

I I I I< L = 5 

I I I< L=6 

I I< L=7 

I< L=O 

IV DATA LENGTH SPECIFICATION 
(No Rotate Function Specified) 

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

Formation of Instruction 
Address 
The Address Register and Program Counter 
are used to generate addresses for acceSSing 
an instruction from program storage. The 
instruction address is formed in one of the 
following ways: 
• For all except the JMP, XEC, and a 

"satisfied" NZT instruction, the Program 
Counter is incremented by one and 
placed in the Address Register. 

• For the JMP instruction, the 13-bit "A" 
field contained in the JMP instruction 
word replaces the contents of both the 
Address Register and the Program 
Counter. 

• For the XEC instruction, the Address 
Register is loaded with bits from the 
Program Counter modified as follows: 

XEC using IV Bus Data - low-order 5 
bits of ALU output replaces counterpart 
bits in Address Register. 

XEC using Data from Internal Register­
low-order 8 bits of ALU output replaces 
counterpart bits in Address Register. 

The Program Counter is not modified for 
either of the above conditions. 

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

Data Addressing 
The source and/or destination addresses of 
the data to be operated upon are specified as 
part of the instruction word. As shown earlier, 
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source/destination addresses are specified 
using a 5-bit code (OOa - 378), When the most 
significant octal digit is a "0" or "1", the 
source and/or destination address is an inter­
nal register; if the most significant digit is a 2 
or 3, an IV bus operation is indicated - 2 
specifying a Left-Bank (LB) operation and 3 
specifying a Right-Bank (RB) operation. The 
least significant octal digit (0 through 7) 
indicates either a specific internal register 
address or positioning information for the 
least significant bit when specifying IV bus 
data. Referring to Table 5, AUXiliary register 
RO (008) is the implied source of the second 
argument for the ADD, AND, and XOR opera­
tions. IVL register R7 and IVR register R 17 
(destination addresses 078 and 17a, respec­
tively) provide a means of routing enabling 
address information to I/O peripherals. With 
IVL or IVR specified as the destination ad­
dress, data is placed on the IV bus during the 
output phase of the instruction cycle; simulta­
neously, a Select Command (SC) is generat­
ed to inform all I/O devices that information 
on the IV bus is to be considered as an I/O 
address. Since the contents of IVL and IVR 
are preserved, either register may later be 
accessed as a source of data. 

Control outputs LB and RB are used to 
partition I/O bus devices into two fields of 
256 addresses. With LB in the active-low 
state and a source address of 20a - 27 a, the 
left bank of I/O devices are enabled during 
the input phase of the instruction cycle. With 
RB in the active-low state and a source 
address of 30a - 37 a, the right bank of de­
vices are enabled. During the output phase, 
LB is low if the destination address is 07 a or 
20a - 27 a, whereas RB is low if the destina­
tion address is 17 a or 30a - 37 a. Each ad­
dress field (LB and RB) can have a different 
I/O device selected, that is, data can be 
transferred from a device in one bank to a 
device in the other in one instruction cycle. 
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T :r:-::-.
1I'F. V_CR 

NOTE: 
Typical approved parts - 2N5320, 2N5337 

PARAMETER CONDtTIONS LIMITS 

hie VCE:2V; > 50 
100mA < Ie < SOOmA 

VB EON VCE=5V; Ie = 500mA < 1V 

VCESAT IC=500mA; IB=50mA < O.SV 

BVCEO > 15V 

't > 30MHz 

Voltage Regulator 

DESIGN PARAMETERS 
Hardware design of an 8X305-based system 
largely consists of the following operations: 
• Selecting and interfacing a Program 

Storage device - ROM, PROM, etc. 

• Selecting and interfacing input! output 
devices - RAM, Ports, and other B-bit 
addressable I/O devices. 

• Choosing and implementing System 
Clock - Capacitor-Controlled, Crystal­
Controlled, or Externally-Driven. 

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

December 17, 1986 

VOLTAGE REGULATOR 
All internal logic of the 8X305 is powered by 
an on-Chip voltage regulator that requires an 
external series-pass transistor. Electrical 
specifications for the off-chip power transistor 
and a typical hook-up are shown in the 
accompanying diagram. To minimize lead 
inductance, the transistor should be as close 
as possible to the 8X305 package and the 
emitter should be AC-grounded via a 0.1 Ilf 
ceramic capacitor. 

All information required for easy implementa­
tion of these design requirements is provided 
under the following captions: 
• Ordering Information 

• Voltage Regulator 

• DC Characteristics 

• AC Characteristics 

• Timing Considerations 

• Clock Considerations 

• HALT/RESET Logic 

6-17 
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ABSOLUTE MAXIMUM RATINGS Storage Temperature (TsTG) rating are from -65°C to +150oG 

SYMBOL PIN DESCRIPTION RATING UNIT 

Vee Vee Supply voltage +7.0 V 

X1, X2 Crystal input voltage 2.0 V 

All other pins logic input voltage 5.5 V 

DC ELECTRICAL CHARACTERISTICS (Commercial Part) 4.75V';;; Vee';;; 5.25V, OOG';;; T A';;; 70 0 G 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT COMMENTS 

Min Typ Max 

Vee Supply voltage 4.75 5 5.25 V 

V,H High-level input voltage 
0.9 2 

V 
X1 and X2 

2 5.5 All other pins 

V,L Low-level input voltage 
0.5 

V 
X1 and X2 

0.8 All other pins 

VOH High-level output voltage Vee =min; IOH = -3mA 2.4 V 

VOL Low-level output voltage 
Vee = min; 10L = 6mA 0.55 

V Ao through A12 
Vee = min; 10L = 16mA 0.55 All other outputs 

VeR Regulator voltage Vee = 5V 
3.1 

V 
TA = OOG 

2.9 TA = 700 G 

Grystal inputs X1 and X2 
Vie Input clamp voltage Vee = min; liN =-10mA -1.5 V do not have internal 

clamp diodes 

I'H High-level input current Vec = max 
V,H = 0.9V 4 mA X1 and X2 
V,H = 4.5V 50 p.A All other pins 

-3 X1 and X2 

I,L Low-level input current Vee = max; V,L = O.4V 
-0.2 

mA 
IVO-IV7 

-1.6 10-115 
-0.4 HALT and RESET 

Vee = max; (Note: At any 

los Short circuit output current 
time, no more than 

-30 -140 mA All output pins 
one output should be 
connected to ground.) 

Ice Supply current Vce= max 
180 

mA 
TA = 70 0 G 

195 TA = OOG 

IREG Regulator control Vee = 5.0V -10 -25 mA 
Max available base drive 
for series-pass transistor 

leR Regulator current Vce= max 
200 

mA 
TA = 700 G 

230 TA = OOG 

NOTES: 
1. Operating temperature ranges are guaranteed after thermal equilibrium has been reached. 
2. All voltages measured with respect to ground terminal. 
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AC ELECTRICAL CHARACTERISTICS (Commercial Part) Conditions: 4.75V~Vcc~5.25V; O°C~TA~70°C 
Loading: (See test circuits) 

LIMITS (INSTRUCTION LIMITS (INSTRUCTION 

SYMBOL PARAMETER (NOTE 1) CYCLE TIME = 200ns) CYCLE TIME> 200ns) UNITS 

Min Typ Max Min Typ Max 

tpc Processor cycle time 200 200 ns 

tcp X1 clock period 100 100 ns 

tCH X1 clock high time 50 50 ns 

tCl X1 clock low time 50 50 ns 

tMCl MCLK low delay 15 40 15 40 ns 

tw MCLK pulse width 35 55 T40 -15 T40 + 5 ns 

too Input data to output data 70 105 70 105 ns 

tMHS 
MCLK falling edge to HALT 30 TlQ - 20 ns falling edge 

tMHH 
HALT hold time 65 TlQ + 15 ns (MCLK falling edge) 

tACC Program storage access time 60 ns 

t,O 
I/O ~ output en~ble time 30 ns (LR/RB to val ide IV data input) 

tMAS 
MCLK falling edge to address 140 TlQ + ns stable T 20 + 40 

t'A Instruction to address 140 T20 + 90 ns 

t,VA Input data to address 85 85 ns 

tMIS 
MCLK falling edge to instruction 25 TlQ - 25 ns stable 

tMIH 
Instruction hold time 55 T,o+5 ns (MCLK falling edge) 

tMWH 
MCLK falling edge to SC/WC 105 125 T,o+ TlQ + ns rising edge T20 + 5 T 20 + 25 

tMWl 
MCLK falling edge to SC/WC 2 15 2 15 ns falling edge 

tMIBS 
MCLK falling edge to LB/RB 5 25 5 25 ns (Input phase) 

tllBS 
Instruction to LB/RB 
(Input phase) 25 25 ns 

tMOBS 
MCLK falling edge to LB/RB 115 145 TlQ + TlQ + ns (Output phase) T20 + 15 T20 + 45 

tMIOS 
MCLK falling edge to input data 

55 TlQ + ns stable T20 - 45 

tMIDH 
Input data hold time 115 TlQ + ns (MCLK falling edge) T20+15 

tMOOH 
Output data hold time 11 11 ns (MCLK falling edge) 

tMooS 
Output data stable 123 150 TlQ + TlQ + ns (MCLK falling edge) T20 + 23 T20 + 50 

toOSM 
Output data stable 10 t30- 4O ns (MCLK rising edge) 

NOTES: 

8X305 

COMMENTS 

Note 2 

Note 2 

Note 2 

Notes 2, 3, & 4 

Notes 2, 3 & 5 

Notes 3 & 6 

Notes 2 & 7 

Notes 2 & 8 

Note 2 

Note 2 

Note 2 

Note 2 

Note 2 

Note 2 

1. X1 and X2 inputs are driven by an external pulse generator with an amplitude of 1.5 volts; all timing parameters are measured at this voltage level. 
2. Respectively, T 1Q, T 20, T 30. and T 4Q represent time intervals for the first, second, third, and fourth quarter cycles. 
3. Capacitive loading for the address bus is 150 picofarads. 
4. T MAS is obtained by forcing a valid instruction and an 1/0 bus input to occur earlier than the specified minimum set up time. 
5. TIA is obtained by forcing a valid instruction input to occur earlier than the minimum set up time. 
6. TlvA is obtained by forcing a valid 1/0 bus input to meet the minimum set up time. 
7. T MIS represents the setup time required by internal latches of the 8X305. In system applications, the instruction input may have to be valid before the worst·case 

set up time in order for the system to respond with a valid 1/0 bus input that meets the 1/0 bus input set up time (TlDs and T MIDS). 
8. T MIH represents the hold time required by internal latches of the 8X305. To generate proper IS/RB signals, the instruction must be held valid until the address 

bus changes. 
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AC TEST CIRCUITS 

NOTE: 

OUTPUT 
UNDER TEST 

5V 

787H 

374U 150pF 

OUTPUT 
UNDER TEST 

5V 

169!l 

Product Specification 

8X305 

237n 

300pF 

Load capacitance includes Test Jig and Probe Capacitance 

TIMING CONSIDERATIONS 
(Commercial Part) 
As shown in the AC CHARACTERISTICS 
table for the commercial part, the minimum 
instruction cycle time is 200ns; whereas, the 
maximum is determined by the on-chip oscil­
lator frequency and can be any value the user 
chooses. With an instruction cycle time of 
200ns, the part can be characterized in terms 
of absolute values; these are shown in the 
first" LIMITS" column of the table. When the 
instruction cycle time is greater than 200ns, 
certain parameters are cycle-time dependent; 
thus, these parameters are specified in terms 
of the four quarter cycles (T 10, T 2Q, T 3Q, and 
T 4Q) that make up one instruction cycle­
see 8X305 TIMING DIAGRAM. As the time 
interval for each instruction cycle increases 
(becomes greater than 200ns), the delay for 

I I I I , 

,----v. 1 : ~ 
MClK-.i ~ ~ -a:c' I I SC,WC,lB I \ I t 

orRB I~@:~ i 1 : 

IVO-1V7 'E='" I I I I 
I I I I r 
I 11 I I I 

:-0-fi : l : 
I I I I I 

NOTES: 
CD MCLK to IS/AB (input phase) or instruction to 

[BlAB (input phase). 
® I/O port access (TIO). 
® TV data setup time (referenced to MCLK). 

a_ Condition # 1 

all parameters that are cycle-time dependent 
is likewise increased. In some cases, these 
delays have a significant impact on timing 
relationships and other areas of systems 
design; subsequent paragraphs describe 
these timing parameters and reliable methods 
of calculation. 

Timing parameters for the 8X305 are normal­
ly measured with reference to MCLK. 

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

• Access time of Program Storage 

• Enable time of the I/O port 

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

~
I"'II , " , , 

MCLK I I I I I 1 

AO-A12~! i ! ~i 
I f-T-CD---I.j I I I I 

: l~-::' \ 

Condition 1 - Instruction or MCLK to LB/RB 
(input phase) plus I/O port ac­
cess time (TIO) < fV data set­
up time (Figure 5a). 

Condition 2 - Program storage access time 
(TACC) plus instruction to LS/ 
RS (input phase) plus I/O port 
access time (TIO) plus fV data 
(input phase) to address < in­
struction cycle time (Figure 
5b). 

Condition 3 - Program storage access time 
plus instruction to address 
< instruction cycle time (Fig­
ure 5c). 

H!: H 1 
----Jj ~~ ~ MCLK ~' : ' 

10-115 
I I I I I I I 

10-1151 I~ I II I 

::~: i 
"~" I I: I I I I I 

AO-A12 I I I ~ I I I I:: 
: ~ :INSTRUCTlON: I I I I 

LB,RBI : ~ I I I 

: : \ -i (Ii ~L-..j ~ 
",~ , 1VO-1V7 r I I I I 
" I 

NOTES: 
CD Program s~a~ access time. 
® MCLK to LB/RS (input phase) or instruction to 

03/R8 (input phase). 
® !fO port access (TIO). 
@ iV data (input phase to address.) 

b_ Condition # 2 

I : ITO ADDRESS I : l:: 
I I I I I ------+--r I 
I I I I PROGRAM I 

STORAGE 
ACCESS 

c. Condition #3 

Figure 5_ Constraints of 8X305 Instruction Cycle Time 
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8X305 TIMING DIAGRAM 

I--C----�PC----.. 1 

r=ICl~_ICP~ 
XI ______________ , 

I 

MClK -----'I I~----------------------~I I~ _________ ___ 
I• IMAS~ I--IW--j 

ADDRESS ;' 

<Aa-Au) ------------------------,.-----------------------------

: 1-1 ........ ------------------- 1,... : IACC 1 .. I 
I. tVA - I 

lNS(~:~I~:;ON ?~===========,;17"" I I ~' ~~----------
TM'S _I. 1,- II ,I 

IMI .. II---------<.~ : -..J IMWL 

hg'~~ .~" J! \ 
(j/iil! ==--=---=---=---------,-,-'--".~~E I~ t: I X 

~S I MOBS J : -I I MODH f--
Pm-1V'1 ~ OUTPUT INPUT 

SCIWC 

OUTPUT 

H.UT ________ ~IM~H~S_~~·_,I rl::M:,:DH::::~,D~D~::l::::::~---1i-----------------------
~

~ t : 

IMHH_I i 
1-_1--_________________ 1MOOS -------------001 ~ t OOSIl 

• INDtCATES CHANGING DATA 

• INDtCATES 3·STATE :. INPUT PHASE • : .. OUTPUT PHASE -,' 
I I I I 

~ IMtruction , .. -.J t..- IMtruction 1ICtdr •• ~MCLK .... -----1 
I open I I cMIIgM I I 

: : I SC=-1~torI/O : 
... sc ==wc ="0" .. :_ eddreM.wc=~,-fot' .. I 
: I I I/OdMII I 

Iii Ili .• _t~lnputo.t. ..! iii [I,JlI ... ,~autput .. ------i 
: i : i I 
:... I/O drtweN; ttw' .... tMe ----...... o-l~ 1/0 drfv.,. acthl~ If output UIII 01 ~ 
I I I eddr ... to 1/0 BUS;~"""" ottwwi.. I 

:_ tlO'~;w.,.open _: :: : 
I I I ..... --~I/Obul ... ~ 

: i : ~ : 
.. : ......... -----------.... : -------- ONE ~YCLE -------+: -------..., .. : 
I I I , I 

NOTE: 
For an instruction cycle time greater than 200n5, the 1/0 bus can be stable sometime within the third quarter (T 3Q) cycle. 
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From condition # 1 and with an instruction 
cycle time of 200ns, the 1/0 port access time 
(TIO) can be calculated as follows: 

TMIBS + TIO ,,;;; TMIDS 
transposing, TIO";;; TMIDS = TMIBS 
substituting, TIO";;; 55ns - 25ns 

result, TIO";;; 30ns 

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

TMIBS + TIO";;; TMIDS 
thus, 25ns + 30ns ,,;;; T 10 + T 2Q - 45 

25ns + 30ns";;; 1 12 cycle - 45 

therefore, the worst-case instruction cycle 
time is 200ns. With subject parameters refer­
enced to X1, the same calculations are valid: 

TIBS+ TIO + TlDS';; 1/2 cycle 
thus, 45ns + 30ns + 25ns';; 112 cycle 

therefore, the worst-case instruction cycle 
time is again 200ns. From condition # 2 and 
with an instruction cycle time of 200ns, the 
program storage access time can be calculat­
ed: 

TACC + TIIBS + TIO + TIVA 
,,;;; 200ns 

transposing, TACC';; 200ns - TIIBS - TIO 
-TIVA 

substituting, TACC';; 200ns - 25ns - 30ns 
-85ns 

thus, TACC';; 60ns 

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

TIA + TACC .;; Instruction Cycle 
thus, TACC';; 200ns - 140ns 
and, TACC";;; 60ns 

confirming that a program storage access 
time of 60ns is satisfactory. 

For an instruction cycle time of 200ns and a 
program storage access time of 60ns (Condi­
tion # 2/Figure 5b), the instruction should be 

December 17, 1986 

valid at the falling edge of MCLK. This rela­
tionship can be derived by the following 
equation: 

200ns - TMAS - T ACC 
= 200ns - 140ns - 60ns 
= Ons 

It is important to note that, during the input 
phase, the beginning of a valid LB/RB signal 
is determined by either the instruction to LBI 
RB delay (TIIBS) or the delay from the falling 
edge of MCLK to LB/RB (TMIBS). Assuming 
the instruction is valid at the falling edge of 
MCLK and adding the instruction-to-LB/RB 
delay (TIIBS = 25ns), the LB/RB signal will 
be valid 25ns after the falling edge of MCLK. 
With a fast program storage memory and with 
a valid instruction before the falling edge of 
MCLK - the LB/RB signal will, due to the 
TMIBS delay, still be valid 25ns after the 
falling edge of MCLK. Using a worst-case 
instruction cycle time of 200ns, the user 
cannot gain a speed advantage by selecting a 
memory with faster access time. Under the 
same conditions, a speed advantage cannot 
be obtained by using an 1/0 port with fast 
access time (TIO) because the address bus 
will be stable 55ns (TAS) after the beginning 
of the third quarter cycle - no matter how 
early the 1\7 data input is valid. 

CLOCK CONSIDERATIONS 
The on-chip oscillator and timing-generation 
circuits of the 8X305 can be controlled by any 
one of the following methods: 

Capacitor - if timing is not critical 
Crystal - if precise timing is required 
External Drive - if application requires that 

the 8X305 be driven from 
a system clock 

Capacitor Timing_ A non-polarized ceramic 
or mica capaCitor with a working voltage 
equal to or greater than 25V is recom­
mended. The lead lengths of capacitor should 
be approximately the same and as short as 
possible; also, the timing circuits should not 
be in close proximity to external sources of 
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noise. For various capacitor (Cx) values, the 
cycle time can be approximated as: 

Cx (in pF) 
APPROXIMATE CYCLE 

TIME 

100 300ns 
200 500ns 
500 1.1I'S 

1000 2.01's 

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

Type - Fundamental mode, series reso-
nant 

Impedance at Fundamental- 35n max. 
Impedance at Harmonics and Spurs-
50n min. 

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

HALT Logic 
The HALT signal is sampled via internal chip 
logic at the end of the first int<;lrnal quarter of 
each instruction cycle. If, when sampled, the 
HALT signal is active-low, a halt is immediate­
ly executed and the current instruction cycle 
is terminated. However, the halt cycle does 
not inhibit MCLK nor does it affect any 
internal registers of the 8X305. As long as the 
HALT line is active-low, the SC and WC lines 
are low (inactive), the Left Bank (LB)/Right 
Bank (RB) signals are high (inactive), and the 
1\7 bus remains in the 3-State mode of opera­
tion. Normal operation resumes at the next 
cycle in which HALT is high when sampled 
(see HALT TIMING DIAGRAM.) 
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HALT TIMING DIAGRAM 

x, 

Note 1 

:~~--- HALT CYCLE 

------I i~THH 

1 1 
THS----...! I.-! 

----I 
I 

Note 2 
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HALT------------------~~\~,~~~,~,~,~,~,~,;,~,~,,~,~,~,~,~,I : ~~-r-r-r--r-r-r~r-r--r-r-r--r-r-,~-------------------------
'\ '\ '\ \ '\ '\ '\ \ '\ '\ \ \ \ '\ '\ '\ '\ I / / / / / / / / / / / / / It. 
\\\"\\\\\\\'\\\\'\ /l /////1/111///// 
'-'-'-'-'-'-'-'-'-'-'-'-'-'-"-1'-'--...1 -y'......I ../.J...J-/../...J .../J"/-/..../-/-I 

! 

TMHS -------.1 1-4------

TMHH----..: !~ 

ou%~~~_~~~1i<~~:~~~~ __ 
1 

SC & we ----------___ 

\ / :\ 
1 

X X :1 
MeLK 

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

TIMING DESCRIPTIONS: 
T HS - setup time from R'ACf to X1 (independent of instruction cycle time) 
T HH - hold time from X1 to HALT (independent of instruction cycle time) 
T MHS - setup time from MCLK to HALT (dependent upon instruction cycle time) 
T MHH - hold time from MCLK to HALT (dependent upon instruction cycle time) 
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QUARTE:6~~~:~---1-------~------~------~~~----~------~-------

MeLK 

ADDRESS---------~----------~~-~-~.~~~r----------------
AO-A12-----------t----------~---t_-I~~~~~~~~------------

sc'wc-----------1~~~ 

[Bd," __________ -.:..,-~'_ __ __i-_+_--"::::O ___ -J' '-/_-+ _________ -"'-__ _ 

NOTES 

~ DENOTES CHANGING DATA 

m.m DENOTES HI-Z 

Figure 7. Timing Relationships of 8X305 1/0 Signals 
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Using an External Clock. The 8X305 can be 
synchronized with an external clock by simply 
connecting appropriate drive circuits to the 
X1/X2 inputs. Figure 8 shows how the on­
chip oscillator can be driven from the comple­
mentary outputs of a pulse generator. In 
applications where the Microcontroller must 
be driven from a master clock, the X1/X2 
lines can be interfaced to TTL logic as shown 
in Figure 9. 

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

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

-

PULSE GENERATOR CHARACTERISTICS: 
ZOUT = 50D 
RISETIME ~ 10ns 
VOUT = 0 to 1.5V 
Skew < 10ns 

SOil 

h 
soil 
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Xl=~ 

8X305 
MICROCONTROLLER 

X2=~ 

Figure 8. Clocking With a Pulse Generator 

• The input! output (iV) bus goes 3-State 
and remains in that condition as long 
as the RESET line is low. 

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

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

6-25 

During the time RESET is active-low, MCLK is 
inhibited. Moreover, if the RESET line is 
driven low during the last two quarter cycles, 
MCLK may be shortened for that particular 
machine cycle. When RESET line is driven 
high (inactive) - one quarter to one full in­
struction cycle later, MCLK appears just be­
fore normal operation is resumed. The RE­
SET /MCLK relationship is clearly shown by 
"B" in the timing diagram. As long as the 
RESET line is active-low, the HALT signal 
(described next) is not sampled by internal 
logic of the 8X305. 

e­
I 
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1. Using a 74LS136 Quad Execlusive-OR gate (open collector). 2. Using a 74LS266 Quad Exclusive-NOR gate (open collector) 

+5V +5V 8X305 

lk 

)--.... - .. X2 
SYSCLK 

lk 

)--4----1 Xl 

3. Using a 74F38* Quad NAND gate (open collector). 

SYSCLK 

TTL DRIVER CHARACTERISTICS, 
Fall Time.o;;;;; 1 Dns 
Skew Between Complementary Outputs.o;;;;; 1 Dns 

NOTES, 

+5V 

lk 

lk 

1. All circuits, as drawn, preserve the phase relationship of SYSCLK to X1. 

8X305 

X2 

Xl 

+5V BX305 

lk 
SYSClK 

)O--.... --IX2 

lk 

)o---+--i Xl 

4. Using a 74LS286 Quad Exclusive-OR gate. 

+5V 8X305 

500 
X2 

SYSCLK 

500 
Xl 

-= 

2. The resistor values of 1 k ohms for open-conector pull-ups and 500 ohms for active pull-up series resistors are calculated to be optimum for all opening conditions and silicon 
varations. 

3. The BX305 clock may be driven by circuits other than those shown here. The circuits shown however, have been tested under conditions in excess of those that will be found in a 
normal system. Exclusive-OR/NOR type gates were selected to minimize the skew between the X1 and X2 inputs. 

4. 74LS38 and 74S38 gates were tested in addition to the 74F38 chip. These were found to be the least robust configurations of all those tested, although they did work over normal 
operating conditions abd beyond. When failure occured it was due to excessive skew between X1 and X2 caused by the inverting gate in the X1 leg. 

Figure 9. Clocking With TTL 
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RESET TIMING DIAGRAM 

"_ 
Note 2 

Note 1 -,-rrryrr 
11//1/" 
//1/11 1 ,' 

~----------------------~r------------~/~~~~J~~I 

W.BUS 
OUTPUTS ----. 

------./ 
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RESUME NORMAL OPERATION , 

L 

--~----~~~~\ ------------~I 
"<'------)( 

SC&WC 

~- n 
----------------------------------------------~ ~-----------

NOTES: 
1. A High to Low transition of the RESET signal will force the Address Bus to an all-zero configuration. 
2. The RESET signal can switch from Low to High at any point within this time interval and, in all cases, MCLK will occur at least one-quarter cycle time later as shown. 
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DESCRIPTION 
The Signetics 8X401 Microcontroller is a 
very high-speed bipolar microprocessor 
implemented with internal Eel technolo­
gy. The 8X401 Microcontroller combines 
speed, flexibility, and a bit-oriented in­
struction set to accommodate many so­
phisticated applications. It excels in sys­
tems that require high-speed bit or byte 
manipulations, such as high-speed con­
trollers and data communications. 

The 8X401 can fetch, execute, and gen­
erate the next instruction address for a 
20-bit instructio(1 in a minimum of 150ns. 
Within one instruction cycle, the 8X401 
can be programmed to input, right-rotate 
and mask single or multiple bit subfields, 
perform an AlU operation, left-rotate, 
merge the subfield into the destination, 
and output. 

To interface with program memory, the 
8X401 uses a 13-bit address bus and a 
20-bit instruction bus. An 8-bit bidirec­
tional data/address bus, and an I/O 
control and timing bus is used to access 
external peripheral devices. 

ORDERING INFORMATION 

DESCRIPTION 

64-pin Ceramic DIP - 900 Mil Wide 

64-pln Plastic DIP - 900 Mil Wide 

December 17, 1966 

8X401 
Microcontroller 
Product Specification 

FEATURES 
• Fetches and executes all 

instructions in a minimum of 
150ns 

• Bit manipulation-oriented 
instruction set 

• Separate buses for instruction, 
instruction address and I/O 

• Sixteen 8-bit registers 
• On-chip interrupt control 
• TTL compatible I/O 
• Single + 5V supply 
• 0.9-inch 64-pin DIP, 68-pin plastic 

leaded chip carrier 
• Two user-definable status flags 

• Single TTL clock input 
• Three independent I/O banks 
• On-board control sequencer 
• On-chip subroutine capabilities 
• Fixed instruction set - 32 

Instructions 
• Complete development support 

ORDER CODE 

N8X4011 

N8X401N 
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PIN DESCRIPTION 

PIN NO. IDENTIFIER FUNCTION 

1, 17, 47 GND Ground. 

2-14 A12-AO 
Program Address Lines: These active-high outputs permit direct addressing of up to 8192 
locations of program storage; AO is LSB. 

15 NMI 
Non-Maskable Interrupt: The falling edge of this active-low input pin generates a non-
maskable interrupt. 

Interrupt: This active-low input pin is tested during the fourth quarter of each instruction cycle. 
16 INT If an interrupt is indicated and if interrupts are enabled, the address of the next instruction that 

was to be executed is stored onto the program counter stack before the interrupt is serviced. 

18-37 119-10 
Instruction Lines: These active-high input lines receive 20-bit instructions from program 
storage; 10 is LSB. 

38 A Bank A: When low, devices connected to bank A are accessed. (Note: Typically, the A signal 
is tied to the ME input pin of 1/0 peripherals.) 

39 B Bank B: When low, devices connected to bank B are accessed. (Note: Typically, the B signal 
is tied to the ME input pin of 1/0 peripherals.) 

40 C Bank C: When low, devices connected to bank C are accessed. (Note: Typically, the C signal 
is tied to the ME input pin of 1/0 peripherals.) 

41 SC Select Control: When high, an address is being output on pins DA7 through DAO. 

42 WC Write Control: When high, data is being output on pins DA7 through DAO. 

43-46 
DA7-DAO 

Data Address Bus: These active-low, bidirectional, three-state lines are used for 1/0; DAO is 
48-51 LSB. 

52,64 Vcc + 5V power supply. 

Master Clock: This active-high output signal is used to strobe data into data peripherals for 
53 MCLK clocking 110 devices andlor synchronization of external logic. MCLK is active-high in the fourth 

quarter cycle. 

54 RWC 
Read/Write Clock: This active-high output signal is used for synchronization of external logic 
and is active-high during the third and fourth quarter cycles. 

55 RESET Reset: The RESET input pin is used to initialize the 8X401. 

56 HALT 
Halt: The HALT input is sampled during the first quarter cycle of each instruction cycle. When 
the HALT input is low, the instruction cycle is not executed. 

Slow Clock Request: This active-low control input is sampled during the first quarter cycle of 
each instruction. When SCR is asserted, it will cause the current instruction to be executed at 

57 SCR half of the normal clock rate. This control input is necessary to accommodate 1/0 devices that 
cannot operate at the 8X401's full speed, without having to continuously run ihe 8X401 at half 
speed. 

58 CP Clock Pulse: Each 8X401 quarter cycle will correspond to one full cycle of the clock pulse. 

59 SI 
Status Input: The value of the SI pin during the fourth quarter cycle is transferred to SI bit in 
the status register. 

60 PS Programmable Status: The programmable status pin is controlled entirely by the user program. 

61 NZ Non-Zero: The NZ bit of the status register is reflected on this pin. 

Interrupt Receivable: The IR pin indicates whether an interrupt applied at any point in time 
62 IR will be serviced. Interrupts are receivable when the interrupt mask (status register, bit 0) is 

clear and the stack is not full (1M = 0 and SF = 0). 

63 CY Carry: Carry bit from R10 is output on this pin. 
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SMALL SYSTEM 
CONFIGURATION 
The system hookup shown on the next page, 
although of the simplest form, provides a 
fundamental example of the 8X401 Microcon­
troller and compatible peripheral relation­
ships. As shown, the 8X401 can directly 
address up to 8K locations of program stor­
age. 

Each of the three bank pins (A, B, or C) are 
capable of uniquely addressing 256 input! 
output locations via the Data Address bus 
(DA7-DAO). 

The addressable locations for each bank can 
be used in a variety of ways. The hookup 
shown below is just one method of implemen­
tation. 

When a particular bank signal is asserted, 
that bank is enabled and anyone of 256 
locations on that bank can be accessed for 
input! output operations. 

PROGRAM STORAGE 
INTERFACE 
As shown in the 8X401 small system hookup, 
program memory is connected to output ad­
dress lines A12 through AO (AO = LS8) and 
input instruction lines 119 through 10 
(10 = LS8). An address output on AI2-AO 
identifies one 20-bit instruction word in pro­
gram memory. The program memory outputs 
an instruction word on 119 -10 which defines 
the microcontroller operation which is to fol­
low. One instruction word equals one com-
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pleted operation. Any TTL-compatible memo­
ry can be used for program storage, provided 
the worst-case access time is compatible with 
the instruction cycle time used for the appli­
cation. See timing section for appropriate 
calculations. 

110 INTERFACE AND CONTROL 
The Data Address (DA) bus is an 8-bit bidirec­
tional I/O bus which provides a communica­
tion link between the 8X401 and the three 
banks of the I/O devices. The A (A bank), B 
(8 bank), and C (C bank) control signals 
identify which bank is enabled. When all three 
banks go high (inactive), neither bank is 
enabled and the DA bus is inactive (three­
state). A functional analysis of the three bank 
signals is shown below: 

A B C FUNCTION 

Low Low Low This state is not 
generated by the 
8X401. 

Low High High Enable A bank 
devices. 

High Low High Enable 8 bank 
devices. 

High High Low Enable C bank 
devices. 

High High High Disable all devices; 
DA bus is three-
state 
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80th data and I/O address information are 
multiplexed on the DA bus. The SC (Select 
Command) and WC (Write Command) signals 
distinguish between data and I/O address 
information as shown in the table below. 
Although the table shows bank A only, the 
same conditions apply to banks 8 and C. 

BANK 
SC WC FUNCTION 

A 

High Low Low DA bus is three-
state and not 
looking for input 
data. 

Low Low Low The DA bus is 
reading input data. 

Low Low High Data is being 
output. 

Low High Low Address is being 
output. 

X High High This condition is 
never generated. 

I 
r 
I 
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DATA PROCESSING 
The data processing section of the BX401 
consists of a number of logical subsections. 
In order of processing, the data sees the right 
rotator, the ALU, the left rotator, and the 
merge circuits. Data sources and destinations 
can be various on-chip registers, the bidirec­
tional DA bus, or immediate subfields. The 
data processing paths are shown below. 

DATA REGISTERS 

General-Purpose Storage 
There are 13 source/destination general-pur­
pose registers available on the BX401. Three 
of these registers, specifically Registers 0, B, 
and F, have other special functions in addi-

IR 

tion to being general purpose. A summary of 
the registers is listed below: 
• RO (Auxiliary Register) - Register 0 is 

also used as the implied second 
operand for two operand instructions 
(ADD, ADD with CARRY, XOR, AND). 
The primary operand is specified in the 
source field of the instruction word and 
the AUX register is the implied second 
operand. Prior to performing arithmetic 
or logical operations (other than the 
IMMEDIATE operation), it is assumed 
that RO contains the appropriate data. 
In order to reduce the possibility of 
erroneous results and to minimize the 
number of instructions required to 
transfer a right-justified second operand 

NZ PS cY SI 

I Itt 1 

December 17, 19B6 

GENERAL PURPOSE fIOoR8, RF A 

I!!Pi iI!W ADDRESS REGS RC-RE 
CARRY R10 ~ 

ALU 
SOURCE 

MUX 

t-~S~TA=IVS~~R~17~----------------~ 

I/O INTERFACE 
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into the AUX, the left-rotate and merge 
functions are inhibited when specifying 
the AUX as a destination address. This 
allows subfields from any internal 
register or I/O bank to be transferred 
to the AUX with the subfield LSB right­
justified and unspecified bits set to zero. 

• R1 through RA - These 10 addresses 
specify general-purpose, on-chip storage 
registers. 

• RB - Register B is also used as the 
implied source for the XEC instruction. 

• RF - Register F is also used as the 
implied destination for the XOR 
IMMEDIATE and AND IMMEDIATE 
instruction classes. 

REGISTER 
MERGE 
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Enabled 1/0 Addresses 
These three registers (RC RD, and RE) al­
ways contain the address of the most recent­
ly enabled 110 device for each of the three 1/ 
o banks. When register C, 0, or E is the 
specified destination address, the destination 
data is sent to both the on-chip register and 
the corresponding bank on the DA bus. The 
relationship between the register addresses 
and I/O banks is shown below: 

REGISTER BANK 

C A 
o B 
E C 

When these registers are specified as a 
destination address, the L field must be set to 
o (full 8-bit operation). Also, note that regis­
ters C, 0, and E may not be used with the 
XMIT 5 or ADD IMMEDIATE 5 instructions. 

Carry 
Register 1 0 contains the Carry bit. Bit position 
o (LSB) is the Carry bit, and positions one 
through seven are always zero. The Carry bit 
is updated each time an ADD, ADD IMMEDI­
ATE, or ADD WITH CARRY instruction is 
performed. When specifying address 10 as a 
destination, only bit 0 (the Carry bit) will be 
written to. Data written to the Carry bit will be 
the LSB of the right-rotated data after any 
specified operation. 

When the Carry register is the explicit desti­
nation of any ADD instruction, it will contain 
the carry resulting from the add operation 
rather than the LSB of the sum. Carry can 
also be affected via the Return and Set Carry 
or Return and Clear Carry instructions. 

Status Register 
This address specifies the current condition 
of the 8X401 system. The status register may 
be either a source or destination; however, 
certain bits in the status register are read­
only. Four status outputs are available on 
8X401 pins. They are NZ (Not Equal to Zero), 
PS (Programmable Status), IR (Interrupts Re­
ceivable), and Carry (Rl0, bit 0). The IR pin 
goes high when the interrupt mask is clear 
and the stack is not full. The IR output is 
updated during the 4th quarter cycle. The 
following descriptions define the bits within 
the status register. 

Bit 0: (1M) - This bit represents the Interrupt 
Mask control. When 1M is set, the interrupt is 
inhibited. This bit is set automatically by a 
response from a standard or non-niaskable 
interrupt, or RESET. 1M can also be set or 
cleared by a write to the status register. 

Bit 1: (HZ) - This bit is set whenever the 
ALU output data is not equal to zero after any 
of the following instructions: MOVE, ADD, 
AND, XOR, ADD IMMEDIATE, AND IMMEDI­
ATE, XOR IMMEDIATE, or ADD WITH CAR-
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RY. NZ can also be written to directly when 
specified in the destination field. This opera­
tion will negate and take priority over the 
normal setting by the ALU output. NZ is not 
affected after an XMIT instruction, or after a 
write to R17. 

Bit 2: (PS) - This is the Programmable Sta­
tus bit. The contents are reflected on the PS 
output pin. This status is controlled entirely by 
the user program. 

Bits 3 and 4: (UFO, UF1) - These two bits 
represent user flags and have no assigned 
functions. They can be used as l-bit internal 
flags and are entirely under control of the 
user program. 

Bit 5: (51) - This bit reflects the state of the 
status input pin. This read-only bit is updated 
during the 4th quarter cycle. 

Bits 6 and 7: (SE, SF) - These read-only bits 
indicate Stack Empty and Stack Full, respec­
tively. The bits are updated during the 3rd 
quarter cycle within the instruction thaI. alters 
the stack status. 

INSTRUCTION WORD (See 
Table 3) 
Operations Code Field - The 4-bit opcode 
specifies one of 16 classes of instructions. 
Some instructions require two additional su­
bopcode fields, X and XS. Variations and 
interpretations are displayed in Table 2. 

Source (5) and Destination (D) Fields­
The 5-bit "S" and "D" fields specify the 
source and destination, respectively, for the 
operation that is defined by the opcode. The 
"S"· and/or "D" fields specify an internal 
8X401 register or a variable length field from 
an 110 device. Hexadecimal values and 
source/destination field assignments for all 
internal registers are shown in Table 1. 

When RC-RE (banks A, B, or C, respectively) 
are specified as the destination, the data is 
output onto the DA bus using the specified 
bank. The data is also stored in the specified 
register and may be later accessed as source 
data. 

Rotate (R) and Length (L) Fields - The R 
field is used in conjunction with the L field to 
define the desired data within a register or 1/ 
o device. The source data is right-rotated 
prior to ALU operations, such that the bit 
specified by the R field is right-justified. The L 
field specifies the number of bits of data to be 
used for the operation. After the ALU opera­
tion, the data is left-rotated back to the 
original position prior to merging the data in 
the destination register. 

When the L field specification is 0 Ondicating 
a full 8-bit operation), the left-rotate. is sup-
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pressed. This allows byte rotate operations to 
be performed. The left-rotate is also sup­
pressed when the destination is register O. 
This is the AUX register and is used as the 
implied second operand in· certain instruc­
tions. 

It should also be noted that subfields are 
defined at the ends of a register; for example, 
bit positions 1, 0, 7, and 6 constitute a 
contiguous 4-bit subfield. 

Data Field - The data field holds data that 
can be processed directly from the instruction 
word. 

LEFT-ROTATE OVERRIDE 
BLOCK 
Register addresses 18-1 F are destination 
only and are used to independently control 
left rotation of data prior to storage in the 
destination. Specifying 18-1 F as a destination 
causes the data to be returned to the source 
address. 

In order to move a processed subfield within 
the same register but in different bit positions 
(the LSB of the contiguous subfield can vary), 
it is necessary to independently specify the 
LSB for both the source and destination. The 
order of operation is as follows: 
• Register or I/O source data is right­

rotated as specified by the "R" field. 
Along with the "L" field, the subfield 
data is defined. 

• Subfield data is processed via the ALU. 

• Data is left-rotated 0 - 7 bits, depending 
on the corresponding register addresses 
18-1 F as specified in the destination 
field rather than using the "R" field. 

• After left-rotation the specified subfield 
is merged into those bits of the original 
source data. The unspecified bits of the 
original source data remain unchanged. 

• Result is stored in the register address 
specified by the source field. 

Note that the left-rotate is always inhibited if 
the "L" field is zero. Also, addresses 18-1 F 
may not be used in the destination field for 
the XMIT or ADD IMMEDIATE instructions. 
The destination addresses and correspond­
ing left-rotate values are shown in Table 2. 

DA BUS CONTROL BLOCK 
Register addresses 11 - 16 are used by the 
8X401 to access I/O devices for either a 
source or destination specified within the 
instruction. Register addresses 13, 15, and 
16 specify banks A, B, and C, respectively, 
whereas addresses 11, 12, and 14 specify 
bank pairs AB, CA, and BC, respectively 
(Table 4). One bank of each pair is known as 
the preferred bank. The preferred banks for 
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pairs AB, CA, and BC are banks A, C, and B, 
respectively. The first letter from each bank 
pair can serve as a mnemonic aid as to which 
bank is the preferred bank. Having a pre­
ferred bank is simply a method of determining 
which bank to read when an instruction would 
otherwise indicate that two banks should be 
read at once. 

When used as a source, the appropriate If a 
bank is enabled and data is read from the 
activated If a device on that bank. The If a 
device may have been activated by a previ­
ous address select instruction where regis­
ters C-E were the specified destination. If a 
bank pair (addresses 11, 12, or 14) is speci­
fied as a source, only data from the preferred 
bank of that pair will be read in. 

When addresses 11 - 16 are specified as the 
destination address, the destination data is 
sent to the DA bus. The Write Control (WC) 
signal goes high, indicating data (as opposed 
to an address) is on the DA bus and is to be 
written to the activated If a device on the 
selected bank(s). 

When addresses 11 - 16 are specified as the 
destination and the "L" field is not zero, the 
following statements apply: If the source is a 
register and the destination is a single bank, 
the bank will be read (or the preferred bank of 
a bank pair will be read) to obtain the data 
required to perform the merge operation. The 
result is that processed data from the speci­
fied subfield of the source register is returned 
to that selected field of the destination bank 
and any bits outside of the specified subfield 
will be loaded with unprocessed data from the 
If a device just read. If the destination is a 
bank pair, the data from the procedure just 
described is sent to both banks. Below is an 
example of the outcome of an ADD instruc­
tion with Length = 4, Rotate = 2, 
Source = R1, and Destination = R11 (bank 
pair AB). 

December 17, 1986 

Example 1: 

OPCODE L 

ADD I 4 

R1 I 

S 

R1 

6 

a I c I 

R 0 

R11 

Bank Pair 

2 

Ie 

Specified 
Subfield 

AB 

Source register R1. Note specified 
subfield from L ~ 4 and R ~ 2. 

R1+ RO I a' I b' I c' I d' I e' I f' I g' I h' I 

Add R 1 with RO (AUX). Result after 
left~rotate. 

Bank A I iii Ikl1lmlnlolp I 

Bank A 

Bank B 

Read preferred bank A of AB. 

Result after merge. Data put out 
on both banks A and B. 

If, however, the specified source is a bank or 
bank pair, any unspecified bits will contain 
unprocessed data from the source If a de­
vice. Below is an example of the outcome 
with Source = R 14 (bank pair BC) and Desti­
nation = R 13 (bank A). 

Example 2: 

OPCODE L S R 0 

ADD I 4 R14 R13 

Bank Pair Bank A 
BC 

7 6 5 4 3 2 0 

Bank B I a I b I c I die I f I I h I 

Specified 
Subfield 

Read Preferred bank B of Be. Note 
specified subfield from L = 4 and 
R ~2. 

Bank B + RO I a' I b' I c' I d' I e' I f' I g' I h' I 

Add bank B data with RO (AUX). 
Result after left-rotate. 

Bank A I a I b I c' I d' I e' I f' I g I h I 

Result after merge. Unspecified 
bits contain original source data. 
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PROGRAM COUNTER STACK 
The 8X401 stack is capable of saving up to 
four return addresses for subroutines and 
interrupts. Addresses are pushed onto the 
stack as a result of a call or a maskable or 
non-maskable interrupt. Addresses are 
popped from the stack as a result of an 
unconditional RETURN, a satisfied condition­
al RETURN, or a Pop Stack and Jump 
instruction. The status of the stack (whether 
empty, full, or neither) is available from the SE 
and SF flags in the status register and the 
Interrupts Receivable (IR) output pin. 

INTERRUPTS 

Interrupt (INT) 
The interrupt input is tested once each in­
struction cycle, during the fourth quarter cycle 
(see Figure 1). When the interrupt input is 
taken low and is enabled, the address of the 
next instruction is pushed onto the program 
counter stack. 

Program flow is transferred to address 2 for 
the start of the service routine (Figure 2). This 
is accomplished by inserting a dummy in­
struction cycle after the interrupt is accepted. 

The interrupt mask bit (R17, bit 0) is set 
automatically as part of the interrupt re­
sponse. 

The Interrupts Receivable (IR) pin indicates 
whether an interrupt applied at any point in 
time will be serviced. Interrupts are receivable 
when the interrupt mask is clear and the 
stack is not full (1M = 0 and SF = 0). 

Non-Maskable Interrupt (NMI) 
The function of the non-maskable interrupt is 
similar to the standard interrupt, except that 
the interrupt receivable status has no effect 
on its operation and the address jumped to is 
1 rather than 2 (Figure 2). Address 1 should 
contain an unconditional JUMP to the start of 
the NMI service routine. An NMI is triggered 
by a falling edge on the NMI input. The 
interrupt mask is set to prevent normal inter­
rupts from interfering with the NMI service 
routine. Note that it may not always be 
possible to recover from an NMI, since the 
condition of the interrupt mask prior to the 
NMI is not known, and the NMI response may 
overflow the stack. 

SLOW CLOCK REQUEST (SCR) 
This control input is sampled during the first 
quarter cycle of each instruction along with 
the instruction data. If the input is low, it will 
cause the current instruciion to be executed 
at half of the normal clock rate. The purpose 
of this function is to facilitate accesses to I/O 
devices that cannot operate at the 8X401's 
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full speed, without the need to run the 8X401 
continuously at half speed. 

HALT 
The HALT input is sampled during the first 
quarter cycle of each instruction. If the HALT 
input is low, the instruction cycle is not 
executed. The MCLK continues to operate 
normally (high every fourth quarter cycle), 
even though program execution has ceased. 
When the HALT input goes high, program 
execution will resume at the next falling edge 
of MCLK. The DA bus is also inactive during a 

HALT operation. Like MCLK, RWC continues 
to operate during a HALT operation. 

RESET LOGIC 
The RESET pin is used to initialize the 8X401. 
When RESET is low, the address outputs 
(A 12 - AO) are high impedance, the stack 
pointer is set to the top of the stack (empty), 
MCLK is inhibited, RWC is low, and the 
interrupt mask (bit 0, register 17) is se\. 

When RESET is released, the address out­
puts all go low (program address 0). A dummy 
instruction cycle occurs to allow time to fetch 
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the first instruction from program storage at 
address O. Only MCLK, RWC, and the ad­
dress bus are in operation during the dummy 
cycle. The first active instruction cycle will 
begin following the first MCLK after RESET is 
released. The instruction at address 0 should 
be an unconditional jump to the beginning of 
the main program (which may be proceeded 
by a power-up sequence to initialize the 
system (Figure 2). 

If RESET is applied during program execu­
tion, its effect is immediate. That is, if MCLK is 
high, it may be prematurely terminated by 
RESET. 

Table 1_ Hexadecimal Addresses and Source/Destination Specification 

ADDRESS DESIGNATION S D ADDRESS DESTINATION S D 

00 RO (AUX) - General Purpose 1 X X 10 R10 -Carry6 X X 

01 R1 - General Purpose X X 11 R11 - Bank Access Command (Bank Pair AB) X x 

02 R2 - General Purpose X X 12 R12 - Bank Access Command (Bank Pair CAl X x 

03 R3-General Purpose X X 13 R13 - Bank Access Command (Bank A) X x 

04 R4-General Purpose X X 14 R 14 - Bank Access Command (Bank Pair BC) X x 

05 R5-General Purpose X X 15 R15 - Bank Access Command (Bank B) X x 

06 R6-General Purpose X X 16 R16 - Bank Access Command (Bank C) X x 

07 R7-General Purpose X X 17 Rl? - Status4 X X 

08 R8-General Purpose X X 18 R18 - Suppress Left-Rotate5 X 

09 R9-General Purpose X X 19 R19 - Left-Rotate 1 Place5 X 

OA RA - General Purpose X X 1A R1A - Left-Rotate 2 Places5 X 

OB RB - General Purpose2 X X 1B R 1 B - Left-Rotate 3 Places5 X 

OC RC - Address Reg (Bank A) X X 1C R 1 C - Left-Rotate 4 Places5 X 

00 RD-Address Reg (Bank B) X X 10 R1 0 - Left-Rotate 5 Places5 X 

OE RE - Address Reg (Bank C) X X 1E R 1 E - Left-Rotate 6 Places5 X 

OF RF - General Purpose3 X X 1F R 1 F - Left-Rotate 7 Places5 X 

NOTES: 
1. Also used as implied second operand for two operand instructions. 
2. Also used as implied source for XEC instructions. 
3. Also used as implied destination for XOR IMMEDIATE and AND IMMEDIATE instructions. 
4. Certain bits in the status register are read-only. (See Status Register within text.) 
5. The result is returned to the register address specified by the source field. 
6. Carry register, bit 0 is the carry bit. Bits 1 - 7 are always set to zero. 
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Table 2. Various of Instruction Types 

INSTRUCTION 
VARIATION OPCODE 

TYPE 

MOVE MOV 0000 

ADD ADD 0001 
ADC 0101 
AD8 1000 
AD5 1001 

AND AND 0010 
AN8 1010 
AN5 1011 

XOR XOR 0011 
XR8 1100 
XR5 1101 

XEC XEC 0100 

XMIT XT8 0110 
XT5 0111 

RETURN RIF NS 1110 
RIF S 1110 
RIF NC 1110 
RIF C 1110 
RIF Z 1110 
RIF NZ 1110 
PSJ 1110 
RTN 1110 
RCC 1110 
RSC 1110 

JUMP JIF NS 1111 
JIF S 1111 
JIF NC 1111 
JIF C 1111 
JIF Z 1111 
JIF NZ 1111 
JSR 1111 
JMP 1111 

December 17, 1986 

X XS 

- -
- -
- -
- -
- -

- -

- -
- -

- -

- -
- -

- -

- -
- -

000 -
001 -
010 -
011 -
100 -
101 -
110 -
111 00 
111 10 
111 11 

000 -
001 -
010 -
011 -
100 -
101 -
110 -
111 -

DESCRIPTION 

MOVE 

ADD 
ADD with CARRY 
ADD IMMEDIATE 8 
ADD IMMEDIATE 5 

AND 
AND IMMEDIATE 8 
AND IMMEDIATE 5 

Exclusive-OR 
Exclusive-OR IMMEDIATE 8 
Exclusive-OR IMMEDIATE 5 

EXECUTE 

Transmit IMMEDIATE 8 
Transmit IMMEDIATE 5 

RETURN IF SI = 0 
RETURN IF SI = 1 
RETURN IF CARRY = 0 
RETURN IF CARRY = 1 
RETURN IF ALU = 0 
RETURN IF ALU '* 0 
POP STACK and JUMP 
RETURN 
RETURN and CLEAR CARRY 
RETURN and SET CARRY 

JUMP IF SI =0 
JUMP IF SI = 1 
JUMP IF CARRY = 0 
JUMP IF CARRY = 1 
JUMP IF ALU = 0 
JUMP IF ALU '* 0 
JUMP to SUBROUTINE 
JUMP 
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Instruction Set Overview: The 8X401 in­
struction set is summarized in Table 2. Sub­
sets of each instruction type are grouped 
together showing the variations of each in­
struction type. The hardware and software 
descriptions can be found in the data opera­
tions section. 

! .... 
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Table 3. 8X401 Instruction Formats Table 4. I/O Acess Register 

1. Format for the MOVE, ADD, XOR, and ADD with Carry Instructions: 

I I I I I I I I I I I I I I I I I I I 
OPCODE L SOURCE R DESTINATION 

2. Format for the XMIT 8 and ADD Immediate 8 Instruction: 

I I I I I I I I I I I I I 
?PCODE L DESTINATION 

I I I 
DATA8 

3. Format for the XMIT 5 and ADD Immediate 5 Instruction: 

I I I I I I I I I I I I I I I I I I I 
OPCODE L DESTINATION R DATA5 

4. Format for the AND Immediate 8, and XOR Immediate 8 Instruction: 

I I I I I 
?PCODE 

I I 
L 

I I I I 
SOURCE 

I I I 
DATA8 

5. Format for the AND Immediate 5 and XOR Immediate 5 Instruction: 

I I I I I 
OPCODE 

I I 
L 

I I I I 
SOURCE 

6. Format for the JUMP, Subroutine Jump, 
Return Instruction: 

I I I I I I I 
OPCODE X 

I I 
R 

I I I I 
DATA5 

Conditional Jump, and Conditional 

I I I I 
ADDRESS 

7. Format for the Unconditional Return, Return and Set Carry, and Return and Clear 
Carry Instruction: 

I I I I I I I 
OPCODE X 

8. Format for the XEC 

I I I I I 
OPCODE 

Instruction: 
I I 
L 

I I I 
(UNUSED 

I I I I 
ADDRESS 

REGISTER 

11 
12 
13 
14 
15 
16 

I----INPUT PHASE---+---OUTPUT PHASE-j 

I tst I 2nd I 3rd I 4th-l 
I--QUARTER -I--QUARTER -I---QUARTER -I---QUARTER 

INPUT INSTRUC­
TION, DECODE 
INSTRUCTION, 
AND IF 
REQUIRED, 
FETCH NEW 
DATA. 

GENERATE NEW 
ADDRESS FOR 
NEXT INSTRUC­
TION, LATCH AND 
PROCESS INPUT 
DATA. 

PROCESS DATA 
THRU ALU, GEN­
ERATE SIGNALS, 
AND SETUP 110 
DATA FOR OUT· 
PUT. STACK 
OPERATION 
(EITHER PUSH, 
POP, OR NOP). 

LATCI:t 110 ENA· 
BLlNG ADDRESS 
OR VO DATA IN10 
saECTED 
PERIPHERALS. 
PC UPDATED. 

INPUT 
BANK 

A 
C 
A 
B 
B 
C 

Figure 1. Instruction Cycle and MCLK with: Clock Input = 26.67MHz and Cycle Time = 150ns 
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DATA OPERATIONS OF THE 8X401 (See Tables 2 and 3) 

MOVE, ADD, AND, XOR, ADD with CARRY 

SOURCE 

AO ~ A 17 as specified by 
"5" field of instruction. -

PRE-ALU 

Right rotate as specified 
by "R" field of instruction. -

ALU 

Perform appropriate ALU 
operation. (Note 1) -

POST-ALU 

Left-rotate and mask as 
specified by the "R" and 
"L" fields of instruction. -

Product Specification 

8X401 

DESTINATION 

RO - R 17 as specified by 
the "Destination" field of 
instruction. (Notes 2 & 3) 

MOVE, ADD, AND, XOR, ADD with CARRY (Using left-rotate override R18 - R1 F) 

SOURCE 

RO - R 17 as specified by 
"S" field of instruction. -

PRE-ALU 

Right-rotate as specified 
by "R" field of instruction. -

ALU 

Perform appropriate ALU 
operation. (Note 1) -

,---------, 
POST-ALU 

Left-rotate and mask as 
specified by the "D" and 
"L" fields of instruction. 
(Note 4) 

DESTINATION 

When R18-R1F are 
specified in the "D" field, 
data is returned to the 
address specified in the 
"Source" field. 

XMIT 8 (XT8), ADD IMMMEDIATE 8 (AD8), AND IMMEDIATE 8 (AN8), XOR IMMEDIATE 8 (XR8,..:-) _____ --, 

SOURCE 

One to eight bit constants 
from data field of 
instruction and register! 
address specified by either 
the source or destination 
field. 

-
PRE-ALU 

NOP. -
ALU 

Perform appropriate ALU 
operation. (Note 5) -

POST-ALU 

Mask as specified by the 
"L" field. -

DESTINATION 

XT8, AD8: Results are 
sent to register! address, 
starting from LSB, 
specified by the destination 
field of the instruction 
word. 
AN8, XR8: Results are sent 
to RF, starting from LSB. 

XMIT 5 (XT5), ADD IMMMEDIATE 5 (AD5), AND IMMEDIATE 5 (AN5), XOR IMMEDIATE 5 (XR5) 

SOURCE 

One to five bit constants 
from data field of 
instruction and register! 
address specified by either 
the source or destination. 

-
PRE-ALU 

Right-rotate as specified 
by "R" field, the data 
defined in either the 
source or destination field. 

-
ALU 

Perform appropriate ALU 
operation. (Note 6) -

POST-ALU 

Left·rotate and mask as 
specified by the "R" and 
"L" fields. -

,----------, 
DESTINATION 

XT5, AD5: Subfield is 
merged into register! 
address specified by 
destination field. LSB of 
data field is sent to bit 
position of destination 
defined by "A" field. 
AN5, XR5: Subfield is 
merged into register! 
address specified by 
source field. The "A" field 
specifies the LSB position 
of source and RF. Results 
are returned to RF. 

ALL CONDITIONAL AND UNCONDITIONAL RETURNS 

ADDRESS REGISTER (AR) PROGRAM COUNTER (PC) STACK 

Conditional Returns: If condition is true. PC~AR. Conditional Returns: If condition is true. 
AR = address from top of stack, else load address from POP stack, else NOP. 
instruction word. Unconditional Returns: POP stack. 
Unconditional Returns: AR = address from top of 
stack. 

ALL CONDITIONAL JUMPS, POP STACK AND JUMP (PSJ), and JUMP (JMP) 

ADDRESS REGISTER PROGRAM COUNTER STACK 
Conditional Jumps: If condition is true. PC=AR. Conditional Jumps: NOP. 
AR = instruction word address, else AR = PC + 1. PSJ: POP stack. 
PSJ and JMP: AR = instruction word address. JMP, NOP. 
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DATA OPERATIONS OF THE 8X401 (Continued) 

CALL (JSR), INTERRUPT (INT), NON-MASKABLE INTERRUPT (NMI) 

ADDRESS REGISTER 
JSR: AA .. instruction address. 
INT: AR = address 2. 
NMI: AR '" address 1. 

XEC 

ADDRESS REGISTER 

Right-most L bits of RS merged into corresponding bits 
in instruction address 

NOTES: 
1. ALU Descriptions: 

MOVE: • No operation 

STACK 

PUSH PC + 1. (Note 6) 

PROGRAM COUNTER 

PC not updated. 

Product Specification 

8X401 

PROGRAM COUNTER 
PC~AR. 

STACK 

NOP. 

ADD: • Source data ADDed to contents of auxiliary register (RD - AUX). Carry bit set if carry is generated at MSB of selected data field. 
NZ status bit set jf specified bits are not zero after ALU add. 

AND: • Source data ANDed to contents of AUX register. NZ status bit updated accordingly. 
XOR: • Source data Exclusive-ORed with contents of AUX register. NZ status bit set accordingly. 
ADD with CARRY: • Sum is formed from source data. AUX register, and carry bit (register 10, bit 0). Carry and NZ status bits are set when 

appropriate. 
2. Left-rotate is suppressed when destination is AO (AUX). 
3. When address registers Re, AD and RE are specified in the destination, source data will also go out on banks A, B, C, respectively. The L-field 

should be zero (a full a-bit operation) to ensure duplication of the two outputs. 
4. A left-rotate of 0 - 7 bits will correspond to R18 - R1F as specified in the "Destination" field of instruction word. 
5. ALU Descriptions: 

XMIT: • Input constants from the instruction word to specified destination. NZ flag is not updated when an XMIT is performed: however, 
NZ can be written to by an XMIT if R17 bit 1 is within the destination field. 

ADO IMMEDIATE: • Instruction word data is ADDed to data specified by destination tied. The carry bit is set if a carry is generated at the MSB of 
the selected data field. NZ status bit is updated to reflect the value of "L" bits of data atter the addition. 

AND IMMEDIATE: • Instruction word data is ANDed to data specified by source field. Returning the destination data to RF allows the operation to 
be performed without destroying the original data field. This will facilitate testing of data for certain pre~defined values while still 
preserving the original data for other uses. NZ status bit updated accordingly. Unspecified bits in RF remain unchanged. 

XOR IMMEDIATE: • Sarne as AND IMMEDIATE, except the logical operation performed is Exclusive-OR. 
6. Note that the stack operation IS show before the PC in the CALL and INTERRUPT formats. This is because the stack is actually in operation in 

cycle 3, and the PC is updated in cycle 4 (see Figure 1). In fact, for the Call (JSR) instruction and interrupt servicing, cycle order is important for 
the user to understand the current status of the PC. The other instructions are in reverse order for visual simplicity in keeping with block diagram 
flow, and cycle order is irrelevant. 

8K 

December 17, 1986 

RESET VECTOR 

NUl VECTOR 

INTERRUPT 
SERVICE ROUTINE 

NIII SERVICE 
ROUTlN~ 

MAIN 
PIIOGIIAII 

• The RESET VECTOR. LOCATED AT ADDRESS 0, WILL BE 
AN UNCONDmONAL JUUP TO THE BEGINNING OF THE 
UAlN PROGRAU. 

• THE NON-UASKABLE INTERRUPT (NUI~ VECTOR, 
LOCATED AT ADORESS 1, IS A JUUP TO THE NUl SERV. 
SERVICE ROUTINE. 

• LOCATED AT ADDRESS 2 IS THE ROUTINE THAT 
SERVICES INTERRUPT (INT) CALLS. 

Figure 2. Typical 8X401 System Memory Map 
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Thermal Junction Temperature 
vs Airflow 
The ceramic package used for the 8X401 has 
no heat sink and a 8ia rating of 30.5°C/W in 
still air. Currently, to ensure operation at 
150ns, the junction temperature of the de­
vices must be kept below 115°C. The maxi­
mum power dissipation at that junction tem­
perature will be 2.4W so that airflow will be 
required for full commercial range operation. 
The 0ja versus Airflow curve is drawn here: 

'10 
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31 

30 

29 

28 

27 

26 

25 

2. 

23 

22 

21 

20 

19 

18 
100 200 300 400 500 600 700 800 

AIRFLOW (UNEAR FEET PER MINUTE) 

DC ELECTRICAL CHARACTERISTICS Commercial Part 4.75V';;; Vcc';;; 5.25V, O°C';;; TA ,;;; 70°C' 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT COMMENTS 

Min Typ Max 

Vee Supply voltage 4.75 5 5.25 V 

VIH High-level input voltage 2 V 

Vil Low-level input voltage 0.8 V 

Vee = Min, 10H = -3mA 2.4 V 
DAO through DA7, MCLK, 

VOH High-level output voltage SC, WC, AB, BB, CB 

Vee = Min, 10H = -4OOI1A 2.4 V All others 

Vee = Min, 10l = 16mA 0.5 V 
DAO through DA7, MCLK, 
RWC, SC, WC, A, S, C 

VOL Low-level output voltage 
AO through A 12, PS, NZ, 

Vee = Min, 10l = 8mA 0.5 V 
CY,IR 

Vie Input clamp voltage Vee = Min, liN = -10mA -1.5 V 

IIH High-level input current Vee = Max, VI = 2.7 20 I1A 

III Low-level input current Vee = Max, VI = O.4V -400 I.lA 

10ZH 
Off-state output current, 

Vee = Max, Vo = 2.7V 50 I1A DAO through DA7 
high-level voltage applied 

10Zl 
Off-state output current 

Vee = Max, Vo = O.4V -400 I1A DAO through DA7 
low-level voltage applied 

los 
Short circuit output cur-

Vee = Max, Vo = OV -30 -140 mA 
rent2 

500 mA T A = O°C; Cold start3 
Icc Supply Current Vee = Max 

430 mA TJ=115°C 

NOTES: 
1. 64-pin CDIP, airflow required for commercial operation. (The plastic 64-pin DIP with internal heatsink does not have this requirement.) 

See above for thermal characteristics. 
2. Not more than one output should be tested at a time. 
3. Guaranteed by operation to Icc measured at 25°C. 
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AC ELECTRICAL CHARACTERISTICS (Vcc=5V +5%, 0°C";;TA ";;70°C)1 

150n5 CYCLE > 150n5 CYCLE 
SYMBOL PARAMETER UNIT COMMENTS 

Min Typ Max Min Typ Max 

tpc Processor cycle time 150 ns 

tcp Clock pulse period 37.5 ns 

tCH Clock pulse high time 15 ns See Note 2 

tCl Clock pulse low time 15 ns 

tMCl CPl to MCLK low 30 ns See Note 2 

tMCH CP4 to MCLK high 40 ns 

tw MCLK pulse width 25 31 38 T40 -12 T40 ns 

tRWCl CPl to RWC low 34 40 ns 

tRWCH CP3 to RWC high 40 ns 

tRWCW RWC pulse width 65 75 80 T30 +T40 T30 + T40 ns -10 +5 

tAS CP2 to address stable 52 ns 

tMAS MCLK to address stable 62 Tl0 + 24 ns 

tiS Instruction setup to CPl 0 ns See Note 3 

tMIS Instruction setup to MCLK 25 ns 

tlH Instruction hold from CP2 20 ns 

tMIH Instruction hold from MLCK 25 Tl0-12 ns 

tSCH CP3 to SC rising edge 45 ns 

tMscH MCLK to SC rising edge 95 Tl0 + T20 
+20 

ns 

tWCH CP3 to WC rising edge 55 ns 

tMWCH MCLK to WC rising edge 105 
Tl0 +T20 ns 

+20 

tWl CPl to SC/WC falling edge 35 ns See Note 4 

tMWl MCLK to SC/WC falling edge 0 ns 

tlBSl 
CPl to input phase bank signal 

60 ns 
falling edge 

tMIBSl 
MCLK to input phase bank signal 

33 ns 
falling edge 

tlBSH 
CP3 to input phase bank signal 

45 ns rising edge 

tMIBSH 
MCLK to input phase bank signal 

95 
Tl0+ T20 ns rising edge + 20 

tOBSl 
CP3 to output phase bank signal 

53 ns falling edge 

tMOBSl 
MCLK to output phase bank signal 

105 
Tl0 +T20 ns falling edge +30 

tOBSH 
CPl to output phase bank signal 46 ns rising edge 

tMOBSH 
MCLK to output phase bank signal 0 20 ns 
rising edge 

tlDS Input data setup to CP3 -3 ns 

tMIDS Input data setup to MCLK -50 
25 - T10 

ns -T20 

tlDH Input data hold from CP3 28 ns 

tMIDH Input data hold from MCLK 78 
T10 +T20 

ns +3 

toDH Output data hold from CPl 35 55 ns 

tMODH Output data hold from MCLK 10 25 ns 
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AC ELECTRICAL CHARACTERISTICS (Continued) 

150ns CYCLE > 150ns CYCLE 
SYMBOL PARAMETER UNIT COMMENTS 

Min Typ Max Min Typ Max 

taos CP3 to output data stable 70 ns 

tMOOS MCLK to output data stable 120 
T1Q+T2Q 

+45 
ns 

tOI 
SC/WC rising edge to output driver 

18 ns turn on 

tHS Halt setup to CP2 0 ns 

tMHS Halt setup to MCLK -10 ns 

tHH Halt hold from CP2 50 ns 

tMHH Halt hold from MCLK 60 T1Q + 22 ns 

tSIS Status input setup to CP1 10 ns 

tMSIS Status input setup to MCLK 40 ns 

tglH Status input hold from CP1 20 ns 

tMSIH Status input hold from MCLK 0 ns 

tscRS SCR setup to CP1 0 ns 

tMSCRS SCR setup to MCLK 25 ns 

tSCRH SCR hold from CP2 (Slow CP2) 20 ns See Diagram 
for CP2 

tMSCRH SCR hold from MCLK 63 ST1Q-12 ns Slow T1Q 

tiNTS INT setup to CP1 10 ns 

tMINTS INT setup to MCLK 40 ns 

tlNTH INT hold from CP1 10 ns 

tMINTH INT hold from MCLK -10 ns 

leyU CP4 to CY update 60 ns 

tMCYU MCLK to CY update -10 28-T4Q ns 

tNZU CP4 to NZ update 60 ns 

tMNZU MCLK to NZ update -5 33-T4Q ns 

tlRU CP4 to IR update 75 ns 

tMIRU MCLK to IR update 20 58-T4Q ns 

tpsu CP4 to PS update 60 ns 

tMPSU MCLK to PS update -10 28-T4Q ns 

tACC 
Program memory access time 

60 
T2Q+T3Q 

ns (address stable to valid instruction) + T4Q-52 

tlO 
I/O port output enable time 24 T1Q+T2Q ns (bank signal to valid data on bus) -51 

tRW Reset pulse width 150 tpc ns 

tNMIW NMI pulse width 50 ns 

tNMIS NMI setup to CP2 15 ns See Note 5 

tMNMIS NMI setup to MCLK 10 ns See Note 5 

NOTES: 
1. Inputs swing between OV and 3V. All outputs are measured at 1.5V with loading as specified in the test circuits. 
2. CP1, CP2, CP3, and CP4 refer to the clock pulse that causes the first. second, third, and fourth 8X401 quarter cycles, respectively. Parameters 

referenced to MCLI<, CP1, CP2, CP3, and CP4 are measured to the falling edge of those signals. Tl Q, T2Q, T3Q, and T 4Q represent time intervals 
for the first, second, third, and fourth 8X401 quarter cycles. respectively. Duty cycle can be from 40% to 80%. 

3. Instructions must be setup before CPl. 
4. tWL represents IscL and tWCL' iMWL represents tMSCL and tMWCL· 
5. This guarantees NMI is serviced in the current cycle. 
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TEST CIRCUIT 

VL=2.3 VL=2.1V 

~ R' 
2260 

OUTPUT 
UNDER 

TEST 

~50PF 

~ R' 
'000 

OUTPUT 
UNDER 

TEST 

~'OOPF 

TC11240S 

MAIN TIMING DIAGRAM 

CP1 CP2 CP3 CP4 CP1 CPa CPa CP4 CP1 CPa CP3 CP4 CP1 CPa CPa 

I I I I I I I I I I I I I I I 
CP 

IICLK ---+J 
AWe 

I 
I 1ou.s-l 

ADDRESS 
(A12-AO) ________ '--------...JI'----o:----.~- '-__ ..... ___ _ 

INSTRUCTION 

(119-10) "" .......... .., 

sc 
--------+-~--~ 

~~ --------~-~----<'_~_A_~_~_J 

ii 

THE 3 CYCLES REPRESENT THE FOUOWING INSTRUCTIONS: 
- -.r IIIIIEDIATE ADDRESS 10 BANK B (SELECT A PORT ON BANK B) 
-IIOI/E BANK A DATA 10 BANK B 
- ADD _TE DATA 10 BANK A 
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TIMING SUPPLEMENT: STATUS 

CP2 CP3 CP4 CP1 CP2 CP3 CP1 CP2 CP3 CP4 CP1 CP2 

I I I I I I I I I I I I 
CP 

MCLK 

~~§ 
SI 

~IsH ~"'~H I-t"su- I-typsu 

PS } 

!--tNZU - I- tyNZU : : 
NZ j 

1-~~1 I-- tllC~ 

CY 

I-~RUj ~""RU 
IR 

TIMING SUPPLEMENT: RESET 

CP1 CP2 CP3 CP4 CP1 
I I I I I 

MCLK " 1_~1 

RESET AWC ---1 '---' _'\1 ASSERTED 

RESET 
, c.-----

I tRW 

ADDRESS X ) 
CP1 CP2 CP3 CP4 CP1 CP2 CP3 CP4 CP1 

I I I I I I I I I 
CP 

f-:~~=~TRUCTION-I 
MCLK 

" "---
RESET AWC I \ I '---RELEASED 

RESET I 

ADDRESS \ ADDRESS = 0 L )( 
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TIMING SUPPLEMENT: HALT 

CPl CP2 CP3 CP4 CPl CP2 CP3 CP4 CPl CP2 CP3 CP4 CPl 

I I I I I I I I I I I I I 
CP 

I I 
MCLK M "--I I 

I I 
RWC--i " I I , I \..-

-l ~~HS ~tMHH~ 
tHS-j I-tHH 

HALT " r---------""\ I I 

SCORWC I \ I '--
DA BUS < > ( )-

A.B.ORC X 7 \ X )( 

TIMING SUPPLEMENT: INT 

CP2 CP3 CP4 CPl CP2 CP3 CP4 CPl CP2 CP3 CP4 CPl 

I I I I I I I I I I I I 
CP 

MCLK 

I~ ________ ~ __ -L ____________________________________________________________ __ 

ADDRESS 

IR 

ADDRESS OF INSTRUCTION NOT 
EXECUTED DUE TO INTERRUPT. 

December 17. 1986 
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TIMING SUPPLEMENT: NMI , .. 

CPl CP2 CP3 CP4 CPl CP3 CP4 CPl CP2 CP3 CP4 CPl 

I I I I I I I I I I I I 
CP 

UCLK 

NMi 

t,.1IIW--j 
ADORESS *ESS OF INSTRUCTION H!li)( 

l1TED DUE TO NUl. ADDRESS = 0001,. X >C 
IR ~ 

TIMING SUPPLEMENT: seR 

CPl CP2 CP3 CP4 CPl CP2 CP3 CP4 CPl 

1 1 1 I 1 1 1 1 1 

CP 

UCLK ___ i:.Jrl,..1 --;.: _______ --J,r-------.'I--___ ""---

fMC.! : ~I l __ ~+---...JI \: 
I~RS 11+-!seR: !seRS 'I IUSCR" 

5 ______ .'1 ,;-__ -_-_-_--_-_-_-J-r---TC-_-_-_-_-J-,-------
ADDRESS X ~ ________ ~X~ _________ x= 
SCORWC---, \ I \~-------------------

DABUS ( ) ( ~-----)~-------------
A.B.ORC~ I \ _________ JI 
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DESCRIPTION 
The Signetics SCN8049 Series micro­
controllers are self-contained, 8-bit pro­
cessors which contain the system tim­
ing, control logic, RAM data memory, 
ROM program memory (8048/49/50 
only), and 1/0 lines necessary to imple­
ment dedicated control functions. All 
SCN8049 Series devices are pin and 
program compatible, differing only in the 
size of the on-board program ROM and 
data RAM, as follows: 

TYPE RAM SIZE ROM SIZE 

SCN8049 128 X 8 2K x 8 
SCN8050 256 X 8 4K X 8 
SCN8039 128 X 8 -
SCN8040 256 X 8 -

Program memory can be expanded ex­
ternally up to a maximum total of 4K 
bytes without paging. Data memory can 
also be expanded externally. 110 capa­
bilities can be expanded using standard 
devices or the 8243 1/0 expander. 

The SCN8049 Series processors are 
designed to be efficient control proces­
sors as well as arithmetic processors. 
They provide an instruction set which 
allows the user to directly set and reset 
individual lines within its 110 ports as 
well as test individual bits within the 
accumulator. A large variety of branch 
and table look-up instructions make 
these processors very efficient in imple­
menting standard logic functions. Also, 
special attention has been given to code 
efficiency. Over 70% of the instructions 
are a single byte long and all others are 
only 2 bytes long. 

An on-chip 8-bit counter is provided 
which can count, under program control, 
either internal clock pulses (with a divide 
by 32 prescaler) or external events. The 
counter can be programmed to cause an 
interrupt on terminal count. 

August 26, 1986 

SCN8049 Series 
SCN8049, SCN8050, SCN8039, 
SCN8040 Single-Chip 8-Bit 
M icrocontroller 
Product Specification 

FEATURES 
• a-bit CPU, ROM, RAM, 1/0 in a 

40-pin package 

• 24 quasi bidirectional 1/0 lines 
• Two test inputs 
• Internal counterltimer 
• Single-level vectored Interrupts: 

external, counterltimer 
• Over 90 instructions, 70% single 

byte 

• 1.3611S or 2.5!lS instruction cycle, 
all instructions one or two cycles 

• Expandable memory and 1/0 
• Low voltage standby 
• TTL compatible inputs and 

outputs 

• Single + 5V power supply 

LOGIC SYMBOL 

XTAL t: PORT 

PORT 
RESET ........ 2 

SINGLE 
STEP -

EXTERNAL 
MEM-

TEST f: 
INTERRUPT ........ 

BUS 
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PIN CONFIGURATIONS 

PI" 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

XTAL1 

DBO 

DB2 

DB3 

DB4 

DBS 

DB6 

DB7 

Vss 

INDEX 
CORNER 

17 

Function 
NC 
TO 
XTALl 
XTAL2 
RESET 
ss 
INT 
EA 
l'iil 
j5SEfii 
WI! 
NC 
ALE 
DBO 
081 
DB2 
083 
084 
085 
086 
087 
Vss 

18 

0 

PLCC 

Tl 

P27 

P25 

P24 

P17 

P16 

P15 

P14 

P13 

P12 

P11 

Pl0 

PROG 

P23 

P22 

P21 

P20 

40 

39 

29 

28 

TOP VIEW 
CD0044PS 

PI" Function 
23 NC 
24 P20 
25 P21 
26 P22 
27 P23 
28 PRoo 
29 VDD 
30 Pl0 
31 P11 
32 P12 
33 P13 
34 NC 
35 P14 
36 P15 
37 P16 
38 P17 
39 P24 
40 P25 
41 P26 
42 P27 
43 Tl 
44 Vee 

853-0095 85292 
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ORDERING INFORMATION 

SCN8000 HoODOO (CPxxxx) 

35 = EXT /64 48 = 1 K/64 Applies to masked ROM versions only. 
39 = EXT/128 49 = 2K/128 Number will be assigned by Signetics. 
40 = EXT /256 50 = 4K/256 Contact Signetics sales office for ROM 

pattern submission requirements. 

ROM/RAM (bytes) J 1 [ CUSTOM RO" PAnE'N NUMBER 

OPERATING TEMPERATURE RANGE 40 = Pin DIP 

PIN DESCRIPTION 

PIN NO. 
MNEMONIC 

DIP PLCC 

Vss 20 22 

VDD 26 29 

Vee 40 44 

PROG 25 28 

P10 - P17 27 -34 30 - 33, 
35-38 

P20 - P27 21-24, 24 - 27, 
35-38 39-42 

DBO-DB7 12 -19 14- 21 

TO 1 2 

T1 39 43 

XTAl1 2 3 

XTAl2 3 4 

INT 6 7 

RESET 4 5 

RD 8 9 

WR 10 11 

ALE 11 13 

PSEN 9 10 

55 5 6 

EA 7 8 

NOTE: 

A = -40°C to + 85°C 44 = Pin LCC 
C = O°C to +70°C 

SPEED -----' 
B = 11MHz clock 

'------ PACKAGE 
N = Plastic 01 P 

6 = 6MHz clock I = Ceramic DIP 
A = Plastic lCC 

TYPE NAME AND FUNCTION 

Circuit ground potential. 

low power standby. 

Main Power Supply: + 5V during operation. 

0 Output strobe for 8243 I/O expander. 

I/O Port 1: 8·bit quasi·bidirectional port. 

I/O Port 2: 8·bit quasi·bidirectional port. P20·23 contain the four high·order program counter bits 
during an ex1ernal program memory fetch and serve as a 4·bit I/O expander bus for 8243. 

I/O Data Bus: True bidirectional port which can be written or read synchronously using the RD, 
WR strobes. The port can also be statically latched. Contains the eight low·order program 
counter bits during an ex1ernal program memory fetch and receives the addressed instruction 
under the control of PSEN. Also contains the address and data during an external RAM data 
store instruction, under control of ALE, RD and WR. 

I Input pin testable using the conditional transfer instructions JTO and JNTO. TO and be 
designated as a clock output using the ENTO ClK instruction. 

I Input pin testable using the JT1 and JNT1 instructions. Can be designated the timer/counter 
input using the STRT CNT instruction. 

I Crystal 1: One side of the crystal input for internal oscillator. Also input for external source 
(non-TTL VIH). 

I Crystal 2: Other side of crystal input. 

I Interrupt: Initiates an interrupt if interrupt is enabled. Interrupt is disabled aiter a reset. Also 
testable with conditional jump instruction. Interrupt must remain low for at least three machine 
cycles for proper operation. 

I Reset: Used to initialize the microcomputer. Active low. Internal pullup -75Kr!. During 
program verification the address is latched by a "0" to "1" transition on RESET and the 
data at the addressed location is output on BUS. 

0 Read: Output strobe activated during a bus read. Can be used to enable data onto the bus 
from an ex1ernal device. Used as a read strobe to ex1ernal data memory. 

0 Write: Output strobe during a bus write. Used as write strobe to ex1ernal data memory. 

0 Address Latch Enable: Occurs once during each cycle and is useful as a clock output. The 
negative edge of ALE strobes address into ex1ernal data and program memory. 

0 Program Store Enable: Output occurs only during a fetch to ex1ernal program memory. 

I Single Step: Can be used in conjunction with ALE to "single step" the processor through 
each instruction. 

I External Access: Forces all program memory fetches to reference ex1ernal memory. Useful 
for emulation and debug, and essential for testing and program verification. 

Each pin on these ports can be assigned, under program control, to be an input or an output. A pin is deSignated as an input by writing a logic" 1" to the pin. RESET 
sets all pins to the input mode. Each pin has an internal pullup of approximately SOkn. 
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FUNCTIONAL DESCRIPTION 
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The following is a general functional description of the SCNB049 Series microcomputers. Refer to the block diagram below. 

BLOCK DIAGRAM 

P!" 

RESIDENT 
ROM 

(8048149150 ONLy) 

PQRTl 
8US 

r--------,~----~ __ ----~~----~~----~~----------~--~ B~:~R 

BDD 
-. RAM SUPPLY 

POWER v~ +5V MAIN SUPPLY 
SUPPLY V 

!!..OND 

TIMING INTERRUPT INITIALIZE EXPANDER 
OUTPUT STROBE 
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XTAL MEMORY STEP STROBES 

ENABLE 
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LATCH 
ENABLE 

LATCH 

AEGISTEA2 

REGISTER 3 

REGISTER .. 

REGISTER 5 

REGISTER 6 

REGISTER 7 

8 LEVEL STACK 
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REGISTER BANK 

DATA STORE 

RESIDENT 
RAM ARRAY 
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PROGRAM MEMORY 
Resident program memory consists of up to 
4K bytes of ROM. The program memory is 
divided into pages of 256 bytes each. As 
shown in the memory map, Figure 1, program 
memory is also divided into two 2046-byte 
banks, MBO and MB1. A total of 4096 bytes 
can be addressed directly. If more memory is 
required, an I/O port can be used to address 
locations over 4095. 

There are three locations in program memory 
of special importance. These locations con­
tain the first instruction to be executed upon 
the occurrence of one of three events. 

LOCATION EVENT 

0 Activation then deactivation 
of the "FfEm line. 

3 Activation of the liiIf line 
when the external interrupt 
is enabled. 

7 An overflow of the timer/ 
counter if the T /C interrupt 
is enabled. 

DATA MEMORY 
Resident data. memory, as shown in Figure 2, 
consists of up to 256 bytes of RAM. All 

locations are indirectly addressable by either 
of two RAM pointer registers at locations 0 
and 1. The first eight locations of RAM (0-7) 
are designated as working registers and are 
directly addressable by several instructions. 

By selecting register bank 1, RAM locations 
24-31 become the working registers, replac­
ing those in register bank 0 (0-7). 

RAM locations 6-23 are designated as the 
stack. Two locations (bytes) are used per 
CALL, allowing nesting of up to eight subrou­
tines. 

If additional RAM is required, up to 256 bytes 
may be added and addressed directly using 
the MOVX instructions. If more RAM is re­
quired an I/O port can be used to select one 
(256-byte) bank of external memory at a time. 

PROGRAM COUNTER AND 
STACK 
The Program Counter (PC) is a 12-bit count­
er/register that points to the location from 
which the next instruction is to be fetched. 
The 6046 and 6049 will automatically address 
external memory when the boundary of their 
internal memory is exceeded. All processors 
access external memory if EA is high. 

25 5 

128 
127 -D 

-B'~-r---2047 - j SELMBO 

64 
63 

32 
31 
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An interrupt or CALL to a subroutine causes 
the contents of the program counter to be 
stored in one of the 6 register pairs of the 
program counter stack. The pair to be used is 
determined by a 3-bit stack pointer which is 
part of the Program Status Word (PSW). Data 
RAM locations 6 through 23 are available as 
stack registers and are used to store the 
program counter and 4 bits of PSW. The 
stack pointer, when initialized to 000, points 
to RAM locations 6 and 9. The first subroutine 
jump or interrupt results in the program count­
er contents being transferred to locations 6 
and 9 of the RAM array. The stack pointer is 
then incremented by one to point to locations 
10 and 11 in anticipation of another CALL. 
Nesting of subroutines within subroutines can 
continue up to eight times without overflowing 
the stack. If overflow does occur the deepest 
address stored (location 6 and 9) will be 
overwritten and lost since the stack pointer 
overflows from 111 to 000. It also underflows 
from 000 to 111. 

The end of a subroutine, which is Signalled by 
a return instruction (RET or RETR), causes 
the stack pointer to be decremented and the 
contents of the resulting register pair to be 
transferred to the program counter. 

8040/8050 
USER RAM 

128)(8 

8039/8049 
USER RAM 

64K8 

8035/8046 
USER RAM 

32)(8 

BANK 1 ~ 
WORKING DIRECTLY 

~ '-B REGISTERS ADDRESSABLE 

0- 1023 :;: 

~ i 0 
0- ~ :;: 
9 z 

i 
8 LOCATION 7 - TIMER 

0 
7 -I-- INTERRUPT VECTORS 

0- 6 PROGRAM HERE 
:;: 5 1./ z 4 
0 LOCATION 3-EXTERNAL 

3 ~ I-- INTERRUPT VECTORS 
2 PROGRAM HERE 
1 

716151413121110 _ ~:~~TR~~C~~=~ '-- '-- ,-0 

ADDRESS 

p""""", 

Figure 1. Program Memory Map 
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OSCILLATOR AND CLOCK 
The processor contains its own internal oscil­
lator and clock driver. A crystal, inductor, or 
external pulse generator may be used to 
determine the oscillator frequency (see Fig­
ure 3). The output of the oscillator is divided 
by three and can be output on the TO pin by 
executing the ENTO ClK instruction. This 
ClK signal is divided by 5 to define a machine 
(instruction) cycle. It is available on Pin 11 as 
ALE. 

...-....... =:'1XTALI 

c= 15-25pF C 
(INCLUDES SOCKET, I 

STRAY) -= 

XTAL2 

SERIES RESONANT, AT CUT CRYSTAL 

INTERNAL 
BUs-+--t D 
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+5V 

Q 

D 
FLIP 
FLOP 

CLK Q 

IN 
DRIVING 

FROM EXTERNAL 
SOURCE Figure 4_ "Quasi Bidirectional" Port Str~cture 

+5V 

470'l 

Jo-<f----...:2'1 XTAL I 

470n 

BOTH XI AND X2 SHOULD BE DRIVEN. 
RESISTORS TO VCC ARE NEEDED TO ENSURE 

~Ill =':i:YJ~~T~lg~~~IJ~~~S ~I~~~UM LOW 
TIMES ARE 45%. 

LC 
OSCILLATOR 

MODE 

C NOMINAL I 

45.H 20pF ---s:2iiiiZ f I 

'-~' rr ,:::::;, 
-= c CPP _ 5-IOpF 

3 XT AL2 PIN· TO.PIN 
CAPACITANCE 

EACH C SHOULD BE APPROXIMATELY 2OpF, 
INCLUDINCl STRAY CAPACITANCE. 

Figure 3, Crystal Oscillator Mode 

TIMER/EVENT COUNTER 
An internal counter is available which can 
count either external events or machine cy­
cles (7 32). The machine cycles are divided 
by 32 before they are input to the 8-bit 
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counter. External events are input directly to 
the counter. The maximum frequency that 
can be counted is one third of the frequency 
of the cycle counter. The minimum positive 
duty cycle that can be detected is 0.2 tCY. 
The counter is under program control and can 
be made to generate an interrupt to the 
processor when it overflows. 

INTERRUPT 
An interrupt may be generated by either an 
external input (I NT, Pin 6) or the overflow of 
the internal counter, when enabled. In either 
case, the processor completes execution of 
the present instruction and then does a CAll 
to the interrupt service routine. After service, 
a RETR instruction restores the machine to 
the state it was prior to the interrupt. The 
external interrupt has priority over the internal 
interrupt. 

INPUT/OUTPUT 
The processor has 27 lines which can be 
used for input or output functions. These lines 
are grouped as 3 ports of 8 lines each which 
serve as either inputs, outputs or bidirectional 
ports and 3 "test" inputs which can alter 
program sequences when tested by condi­
tional jump instructions. 

Ports 1 and 2 
Ports 1 and 2 are each 8 bits wide and have 
identical characteristics. Data written to these 
ports is statically latched and remains un­
changed until rewritten. As input ports these 
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lines are non-latching; i.e., inputs must be 
present until read by an input instruction. 
Inputs are fully TTL compatible and outputs 
will drive one standard TTL load. 

The lines of ports 1 and 2 are called quasi­
bidirectional because of a special output 
Circuit structure which allows each line to 
serve as an input, an output, or both even 
though outputs are statically latched. Figure 4 
shows the circuit configuration. Each line is 
continuously pulled up to + 5V through a 
resistive device of relatively high impedance 
(--SOK). This pullup is sufficient to provide the 
source current for a TTL high level yet can be 
pulled low by a standard TTL gate thus 
allowing the same pin to be used for both 
input and output. To provide fast switching 
times in a "0" to "1" transition a relatively 
low impedance device (--SOKQ) is switched 
in momentarily (--SOOns) whenever a "1" is 
written to the line. When a "0" is written to 
the line, a low impedance (--{3000Q) device 
overcomes the light pullup and provides TTL 
current sinking capability. 

Since the pulldown transistor is a low imped­
ance device a "1" must first be written to any 
line which is to be used as an input. Reset 
initializes all lines to the high impedance "1" 
state. This structure allows input and output 
on the same pin and also allows a mix of 
input lines and output lines on the same port. 
The quasi-bidirectional port in combination 
with the ANL and ORl logical instructions 
provide an efficient means for handling single 
line inputs and outputs within an 8-bit proces­
sor. 
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ACTIVE 
PULLUP 

+5V 

EXTERNAL RESET 

POWER ON RESET 

+5V 

Figure 5. Reset Circuits 

BUS 
BUS is also an 8·bit port which is a true 
bidirectional port with associated input and 
output strobes. If the bidirectional feature is 
not needed, BUS can serve as either a 
statically latched output port or non-latching 
input port. Input and output lines on this port 
cannot be mixed. 

As a static port, data is written and latched 
using the OUTL instruction and input using 
the INS instruction. The INS and OUTL in­
structions generate pulses on the corre­
sponding RD and WR output strobe lines; 
however, in the static port mode they are 
generally not used. As a bidirectional port, the 
MOVX instructions are used to read and write 
to the port. A write to the port generates a 
pulse on the WR output line and output data 
is valid at the trailing edge of WR. A read of 
the port generates a pulse on the RD output 
line and input data must be valid at the trailing 
edge of RD. When not being written or read, 
the BUS lines are in a high impedance state. 

Test and INT inputs 
Three pins serve as inputs and are testable 
with the conditional jump instruction. These 
are TO, Tl, and INT. These pins allow inputs 
to cause program branches without the ne­
cessity to load an input port into the accumu­
lator. The TO, Tl, and INT pins have other 
possible functions as well. 
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POWERSUPPLY ~ 
PROCESSOR I , 

INTERRUPTED I I 
POWER SUPPLY -----, i I NORMAL POWER 

FAIL SIGNAL L--...i..--..I----- ON SEQUENCE 
I I I FOLLOWS 
I I I 

RESET 1 ___ Li-----­
DATA SAVE ACCESS TO 
ROUTINE DATA RAM 

EXECUTED INHIBITED 

Figure 6. Power Down Sequence 

RESET INPUT 
The reset input provides a means for initial­
ization for the processor. This Schmitt-trigger 
input has an internal pullup resistor which in 
combination with an external 1 j.lF capacitor 
provides an internal reset pulse of sufficient 
length to guarantee all circuitry is reset. If the 
reset pulse is generated externally, the reset 
pin must be held at ground (0.5V) for at least 
10 milliseconds after the power supply is 
within tolerance. Only five machine cycles 
(12.5j.ls @ 6MHz) are required if power is 
already on and the oscillator has stabilized. 
Typical circuitry is shown in Figure 5. 

SINGLE STEP 
By proper control of the SS line, the mircro­
computer can be made to execute one in­
struction and then pause or wait until the 
single step switch is activated again. 

POWER DOWN MODE 
The SCN8049 Series devices permit power to 
be removed from all but the data RAM array 
for low power standby operation. In the power 
down mode the contents of data RAM can be 
maintained while drawing typically 5 % of 
normal operating power. 

Vee serves as the 5V supply pin for the bulk 
of the circuitry while the VDD pin supplies only 
the RAM array. In normal operation both pins 
are at + 5V. In standby, Vee is at ground and 
only VDD is maintained at its specified volt­
age. Applying RESET to the processor 
through the RESET pin inhibits any access to 
the RAM by the processor and guarantees 
that RAM cannot be inadvertently altered as 
power is removed from V ce. 
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A typical power down sequence occurs as 
shown in Figure 6. 

INSTRUCTION SET 
The SCN8049 Series instruction set consists 
of over 90 one and two byte instructions (see 
Table 1). Program code efficiency is high 
because: (1) working registers and program 
variables are stored in RAM, which require 
only one byte to address and (2) program 
memory is divided into pages of 256 bytes 
each, which means that branch destination 
addresses require one byte. 

The instruction set efficiently manipulates and 
tests bits in addition to performing logical and 
arithmetic operations upon and the testing of 
bytes. A set of move instructions operates 
indirectly upon either RAM or ROM, which 
permits efficient access of pointers and data 
tables. The indirect jump instruction performs 
a multi (up to 256) way branch upon the 
content of the accumulator to addresses 
stored in a lookup table. The "decrement 
register and jump if not zero" instruction 
saves a byte every time it is used versus 
using separate increment and test instruc­
tions. 

The on-chip counter enables either external 
events or time to be counted off-line from the 
main program. The processor can either test 
the counter (under program control) or cause 
its overflow to generate an interrupt. These 
features are highly desirable for real time 
applications. See Table 2 for instruction tim­
ing. 
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ABSOLUTE MAXIMUM RATINGS 1 

SYMBOL PARAMETER RATING 

TA Operating ambient temperature2 range 
SCN80xxHC o to + 70 
SCN80xxHA -40 to +85 

TSTG Storage temperature range -65 to + 150 

VIN Input voltages with respect to Vss3 -0.5 to + 7 

Po Power dissipation 1.5 
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UNIT 

"C 
"C 

"C 

V 

W 

DC ELECTRICAL CHARACTERISTICS TA = O"C to 70"C, Vee = Voo = 5V ± 10%, Vss = OV4 , 5, 6 

SYMBOL PARAMETER TEST CONDITIONS7 
LIMITS 

UNIT 
Min Typ Max 

VIL Input low-voltage 
All except XT AL 1, XT AL2 -0.5 0.8 V 

VIU XTAL1, XTAL2 -0.5 0.6 V 

VIH Input high voltage 
All except RESET, 2.0 Vee V 

XTAL1, XTAL2 
VIH1 RESET, XTAL1, XTAL2 3.8 Vee V 

VOL Output low-voltage IOL = 2,OmA 0.4 V 

VOH Output high-voltage 
All except BUS IOH = -125iJA 2.4 V 
BUS IOH = -400/lA 2.4 V 

ILl1 Port1, Port2, EA, SS Vss + 0.45 < VIN < Vee -500 /lA 
Iu Tl, Tnt Vss + 0.45 < VIN < Vee ±10 /lA 
ILl2 RESET Vss + 0.45 < VIN < Vee -10 -300 /lA 

IOL Output leakage current 
BUS, TO (high inpedance state) Vss + 0.45 < VIN < Vee ±10 /lA 

100 Standby supply current RESET<VIL 
8035/8048 All inputs = OV 2.5 mA 
8039/8049 Vee = OV 4.5 mA 
8040/8050 8,5 mA 

100 + Icc Total supply current RESET <VIL 
8035/8048 45 80 mA 
8039/8049 50 95 mA 
8040/8050 60 110 mA 

Voo Standby power supply 2.5 V 

T A = -40 to 85"C, Automotive temperature range8 

VIH Input high voltage 
All except XTAL 1 and XT AL2 2.2 V 

VIH1 RESET, XTAL 1, XTAL2 4.0 V 

I nput leakage current 
Ilu Portl, Port2, EA, SS Vss +.45 < VIN < Vee -750 /lA 
ILl2 RESET Vss + .45 < VIN < Vce -5 -300 iJA 
100 Standby supply current 

8035/8048 RESET <VIL 3.75 mA 
8039/8049 All inputs = OV 6.75 mA 
8040/8050 Vee = OV 12.75 mA 

Icc + 100 Total supply current 
8035/8048 RESET <VIL 90 mA 
8039/8049 105 mA 
8040/8050 120 mA 
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AC ELECTRICAL CHARACTERISTICS TA = O·C to 70·C, vcc = voo = 5V ± 10%, Vss = Ov4, 5, 6 

11 MHz 6 MHz 

SYMBOL PARAMETER 
TEST VERSIONS VERSIONS UNIT CONDITIONS7 

Min Max Min Max 

(Refer to Figures 7, 8 and 9) 

tLL ALE pulse width 150 400 ns 
tAL Address setup to ALE 70 150 ns 
tLA Address hold from ALE 50 80 ns 
tcc Control pulse width (PSEN, 300 700 ns 

RD, WR) 
tow Data setup before WR 250 500 ns 
two Data hold after WR 40 120 ns 
tCY Cycle time 1.36 3.75 2.5 15.0 Ils 
tDR Data hold 0 100 0 200 ns 
tRO PSEN, RD to data in 200 500 ns 
tAW Address setup to WR 200 230 ns 
tAO Address setup to data in 400 950 ns 
tAFC Address float to RD, PSEN -10 0 ns 
tCA Control pulse to ALE 10 10 ns 

(Refer to Figure 10) 

tcp Port control setup before 100 110 ns 
falling edge of PROG 

tpc Port control hold after falling 60 130 ns 
edge of PROG 

tpR PROG to time P2 input must 650 810 ns 
be valid 

top Output data setup time 200 250 ns 
tpo Output data hold time 20 65 ns 
tPF Input data hold time 0 150 0 150 ns 
tpp PROG pulse width 700 1200 ns 
tpL Port 2 110 data setup 250 350 ns 
tLP Port 2 110 data hold 20 150 ns 

NOTES: 
1. Stresses above those listed under absolute maximum ratings may cause permanent damage to the device. This is a stress rating only and functional operation of 

the device at these or any other condition above those indicated in the operation section of this specification is not implied. 
2. For operating at elevated temperatures. the device must be derated based on + 150°C maximum junction temperature. 
3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. Nonetheless, it is 

suggested that conventional precautions be taken to aviod applying any voltages larger than the rated maximum. 
4. Parameters are valid over operating temperature range unless otherwise specified. 
5. All voltage measurements are referenced to ground (VsS>. For testing, all input signals swing between 0.4V and 2.4V with a transition time of 20ns maximum. All 

time measurements are referenced at input voltages of 0.8V and 2.0V and output voltages 0.8V and 2.0V as appropriate. 
6. Typical values are at + 25·C, typical ssupply voltages and typical processing parameters. 
7. Control outputs: CL - 80pF 

Bus outputs: CL = 150pF 
Icv = 1.36jlS for 11 MHz versions 
lev = 2.5jlS for 6 MHz versions 

S. Where no specification is shown, the commercial temperature range specification applies. 
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TIMING DIAGRAMS 
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-tLL-! 
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Figure 7. Instruction Fetch From External Program Memory 

ALE .J \'------
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Figure 8. Read From External Data Memory 

ALE J \'------- \ 

BUS FLOATING FLOATING 

Figure 9. Write to External Data Memory 
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TIMING DIAGRAMS (Continued) 
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Figure 10. Port 2 Timing 
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Table 1 Instruction Set 

MNEMONIC FUNCTION DESCRIPTION 

Accumulator 

ADD A, # data (A) <- (A) + data Add immadiate the specified data 
to the accumulator. 

ADD A, Rr (A) <- (A) + (Rr) Add contenta of designated 
for r=0-7 register to the accumulator. 

ADD A, @ Rr (A) <- (A) + «Rr)) Add indirect the contenta the data 
for r=O-1 memory location to the 

accumulator. 
ADDC A, # data (A) <- (A) + (C) + data Add immediate with carry the 

specified data to the accumulator. 
ADDC A, Rr (A) <- (A) + (C) + (Rr) Add with carry the oontents of the 

for r=0-7 designated register to the 
accumulator. 

ADDC A, @ Rr (A) <- (A) + (C) + «Rr)) Add indirect with carry the 
for r=O-1 oontenta of data memory location 

to the accumulator. 
ANL A, # data (A) <- (A) AND data Logical AND specifiad immediate 

data with accumulator. 
ANL A, Rr (A) <- (A) AND (Rr) Logical AND oontenta of 

for r-0-7 designated register with 
accumulator. 

ANL A, @ Rr (A) <- (A) AND «Rr)) Logical AND indirect the oontents 
for r=O-1 of data memory with accumulator. 

CPL A (A) <- NOT (A) Complement the oontenta of the 
accumulator. 

CLR A (A) <- 0 Clear the oontenta of the 
accumulator. 

DA A Decimal adjust the oontenta of the 
accumulator. 

DEC A (A) <- (A)-1 Decrement the accumulator's 
contenta by 1. 

INC A (A) <- (A) + 1 Increment the accumulato~s 
oontenta by 1. 

ORL A, # data (A) <- (A) OR data Logical OR specified Immadiate 
data with accumulator. 

ORL A, Rr (A) <- (A) OR (Rr) Logical OR oontenta of designated 
forr-0-7 register with accumulator. 

ORL A, @ Rr (A) <- (A) OR «Rr)) Logical OR indirect the oontenta of 
for r-O-l data memory location with 

accumulator. 
RL A (An + 1) <- (An) Rotate accumulator left by l-bR 

(Ao) <- (A7) withOut carry. 
forN-0<-6 

RLC A (An + 1) <- (An); Rotate accumulator left by l-bR 
n-0-6 through carry. 
(Ao) <- (C) 
(C) <- (A7) 

RR A (An) <- (An + 1); Rotate accumulator right by l-bR 
n-0-6 withOut carry. 
(A7) <- (Ao) 

RRC A (An) <- (An + 1); Rotate accumulator right by I-bit 
n-0-6 through carry. 
(A7) <- (C) 
(C) <- (Ao) 

&NAPA (~7) <- (Ao - 3) Swap the 2 4-bit nibbles in the 
accumulator. 

XRL A, # data (A) <- (A) XOR data Logical XOR specifiad immediate 
data with accumulator. 

XRL A, Rr (A) <- (A) XOR (Rr) logical XOR Contenta of 
for r-0-7 designated register with 

accumulator. 
XRL A, @ Rr (A) <- (A) XOR «Rr)) Logical XOR indirect the oontenta 

for r-O-l of date memory location with 
accumulator. 
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INSTRUCTION CODE FLAGS 
CYCLES BYTES 

D-,DsDsD.D3 DID1 DO C AC FO Fl F2 

0 0 0 0 0 0 1 1 2 2 · · IIrdsds~dad2d1 do 
0 1 1 0 1 r r r 1 1 · · 
0 1 1 0 0 0 0 r 1 1 · · 
0 0 0 1 0 0 1 1 2 2 · · d7 de ds d. da d2 d1 do 
0 1 1 1 1 r r r 1 1 · · 
0 1 1 1 0 0 0 r 1 1 · · 
0 1 0 1 0 0 1 1 2 2 
d7 de ds d. da d2 d1 do 
0 1 0 1 1 r r r 1 1 

0 1 0 1 0 0 0 r 1 1 

0 0 1 1 0 1 1 1 1 1 

0 0 1 0 0 1 1 1 1 1 

0 1 0 1 0 1 1 1 1 1 · · 
0 0 0 0 0 1 1 1 1 1 

0 0 0 1 0 1 1 1 1 1 

0 1 0 0 0 0 1 1 2 2 
d7 de de d. da d2 d1 do 
0 1 0 0 1 r r r 1 1 

0 1 0 0 0 0 0 r 1 1 

1 1 1 0 0 1 1 1 1 1 

1 1 1 1 0 1 1 1 1 1 · 
0 1 1 1 0 1 1 1 1 1 

0 1 1 0 0 1 1 1 1 1 · 
0 1 0 0 01 1 1 1 1 

1 1 0 1 0 0 1 1 2 2 
d7dsde~dad2d1 do 
1 1 0 1 1 r r r 1 1 

1 1 0 1 0 0 0 r 1 1 
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Table 1. Instruction Set (Continued) 

MNEMONIC FUNCTION DESCRIPTION 

Branch 

DJNZ Rr, addr (Rr) +- (Rr)-I; r~0-7 Decrement the specified register 
if (Rr) *0: and test contents. 
(PC 0 - 7) +- addr 

JBb addr (PC 0-7) <- addr if Jump to specified address if 
Bb~ 1 accumulator bit is set. 
(PC) +- (PC) + 2 if Bb 
~O 

JC addr (PC 0 - 7) +- addr if Jump to specified address if carry 
C~ 1 flag is set. 
(PC) <- (PC) + 2 if C ~ 0 

JFO addr (PC 0 - 7) +- addr if Jump to specified address if flag 
FO~ 1 FO is set. 
(PC) <- (PC) + 2 if 
FO~O 

JFl addr (PC 0 - 7) +- addr if Jump to specified address if flag 
Fl ~ 1 Fl is set. 
(PC) +- (PC) + 2 if 
Fl ~ 0 

JMP addr (PC 8 -10) .... addr Direct jump to specified address 
8-10 within the 2K address block. 
(PC 0-7) +- addr 0-7 
(PC 11) .... (DBF) 

JMPP @ A (PC 0 - 7) .... «A» Jump indirect to specified address 
within address page. 

JNC addr (PC 0 - 7) +- addr if Jump to specified address if carry 
C~O flag is low. 
(PC) .... (PC)+2 if C~1 

JNI (PC 0 - 7) +- addr if Jump to specified address if INT 
iNi=O input is low. 
(PC) .... (PC) + 2 if 
INT~ 1 

JNTO addr (PC 0 - 7) +- addr if Jump to specified address if test 0 
TO~O is low. 
(PC) .... (PC) + 2 if 
TO ~ 1 

JNTI addr (PC 0-7) .... addr if Jump to specified address if test 1 
T1 -0 is low. 
(PC) .... (PC) + 2 if 
T1 ~ 1 

JNZ addr (PC 0 - 7) .... addr if Jump to specified address if 
A~O accumulator is non~zero. 
(PC) .... (PC) +2 if A~O 

JTF addr (PC 0 - 7) .... oddr if Jump to specified address if timer 
TF~ 1 flag is set to 1. 
(PC) .... (PC) + 2 if 
TF~O 

JTO addr (PC 0-7) .... addr if Jump to specified address if test 0 
TO~ 1 is a 1. 
(PC) .... (PC) + 2 if 
TO-O 

JTl addr (PC 0-7) .... addr if Jump to specified address if test 1 
Tl ~ 1 is a 1. 
(PC) .... (PC) + 2 if 
Tl =0 

JZ addr (PC 0 - 7) .... addr if Jump to specified address if 
A~O accumulator is O. 
(PC) +- (PC) +2 if A*O 

Control 

EN I Enable the external (INn intemupt. 
DIS I Disable the external (INn interrupt. 

SEL RBO (BS) .... 0 Select bank 0 (locations 0 - 7) of 
data memory. 
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INSTRUCTION CODE FLAGS 
CYCLES BYTES 

07 0. Os D. 03 O2 0, Do C AC FO Fl F2 

1 1 1 0 1 r r r 2 2 
87 a6 8S 84 83 82 81 "0 

b2b,bol 0 0 1 0 2 2 
87 86 85 84 83 82 81 as 

1 1 1 1 0 1 1 0 2 2 
a7asa5~a3 82 81 as 

1 0 1 1 0 1 1 0 2 2 
87 86 858.483 82 81 "0 

0 1 1 1 0 1 1 0 2 2 
87 as 85 84 83 82 81 ao 

81089 88 0 0 1 0 0 2 2 
87 as 8S .. "3 82 81 as 

1 0 1 1 0 0 1 1 2 1 

1 1 1 0 0 1 1 0 2 2 
"7as aS .... 82 81 as 

1 0 0 0 0 1 1 0 2 2 
a7 as a5 .. "3 a2 ", as 

0 0 1 0 0 1 1 0 2 2 
a7 as 8S 8.4 a3 82 81 ao 

0 1 0 0 0 1 1 0 2 2 
87 as 8S 14 83 82 81 as 

1 0 0 1 0 1 1 0 2 2 
"7 as os .... 02 0, as 

0 0 0 1 0 1 1 0 2 2 
a7 as as .... a2 a, as 

0 0 1 1 0 1 1 0 2 2 
87 as as B4 83 82 81 as 

0 1 0 1 0 1 1 0 2 2 
87 as 85 B4 83 82 81 as 

1 1 0 0 0 1 1 0 2 2 
"7 as as .. a3 a2 a, as 

0 0 0 0 0 1 0 1 1 1 
0 0 0 1 0 1 0 1 1 1 

1 1 0 0 0 1 0 1 1 1 . 
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Table 1. Instruction Set (Continued) 

MNEMONIC FUNCTION DESCRIPTION 

Control (Cont.) 

SEL RBI (BS) +- 1 Select bank 1 (locations 24 - 31) 
of data memory. 

SEL MBO (DBF) +- 0 Select program memory bank 0, 
addresses 0 - 2047. 

SEL MBI (DBF) +- 1 Select program memory bank I, 
addresses 2048 - 4095 

ENTO CLK Enable clock output on TO pin. 

Data moves 

MOV A, # data (A) +- data Move immediate the specified data 
into the accumulator. 

MOV A, Rr (A) ...... (Rr); r=0-7 Move the contents of the 
designated register into the 
accumulator. 

MOV A, @ Rr (A) ...... «Rr)); r=O-1 Move indirect the contents of data 
memory location into the 
accumulator. 

MOV A, PSW (A) ...... (PSW) Move contents of the program 
status word into the accumulator. 

MOV Rr, # data (Rr) ...... data; r=0-7 Move immediate the specijied data 
into the designated register. 

MOV Rr, A (Rr) ...... (A); r=0-7 Move accumulator contents into 
the designated register. 

MOV @ Rr, A «Rr)) ...... (A); r - 0 - 1 Move indirect accumulator contents 
into data memory location. 

MOV @ Rr, # data «Rr)) +- data; r = 0 - 1 Move indirect the specified data 
into data memory. 

MOV PSW, A (PSW) ...... (A) Move contents of accumulator into 
the program status word. 

MOVP A, @ A (A) ...... «A)) Move data in the current page into 
the accumulator. 

MOVP3 A, @ A (A) ...... «A)) Move data in page 3 into the 
in page 3 accumulator. 

MOVX A, @ Rr (A) +- «Rr)); r=O-1 Move indirect the contents of 
external memory location into the 
accumulator. 

MOVX @ Rr, A «Rr)) ...... (A); r=O-1 Move indirect the contents of the 
accumulator into external memory. 

XCH A, Rr (A) " (Rr); r-0-7 Exchange the accumulator and 
designated register's contents. 

XCH A, @ Rr (A)"«Rr)); r-O-l Exchange indirect contents of 
accumulator and location in data 
memory. 

XCHD A, @ Rr (A 0-3)~(Rr)(0-3) Exchange indirect 4·b~ contents of 
r-O-l accumulator and data memory. 

Flags 

CPL C (C) +- NOT (C) Complement content of carry btt. 
CPL FO (FO) ...... NOT (FO) Complement content of flag FO. 
CPL Fl (Fl) ...... NOT (Fl) Complement content of flag Fl. 
CLR C (C) ...... 0 Clear content of carry bit to O. 
CLR FO (FO) +- 0 Clear content of flag 0 to O. 
CLR Fl (Fl) ...... 0 Clear content of flag 1 to O. 

Input/output 

ANL BUS, # data (BUS) +- (BUS) AND Logical AND immediate specified 
data data with BUS. 

ANL Pp, # data (Pp) ...... (Pp) AND data Logical AND immediate specified 
p= 1-2 data with deSignated pori (lor 2). 

ANLD Pp, A (Pp) +- (PP) AND (A Logical AND contents of 
0-3) accumulator wtth deSignated pori 
p=4-7 (4-7). 
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INSTRUCTION CODE FLAGS 
CYCLES BYTES 

D-rDeD.D.D3 D2 D, Do C AC FO Fl F2 

1 1 0 1 0 1 0 1 1 1 · 
1 1 1 0 0 1 0 1 1 1 

1 1 1 1 0 1 0 1 1 1 

0 1 1 1 0 1 0 1 1 1 

0 0 1 0 0 0 1 1 2 2 
d7 d6 d5 do da d2 d, do 
1 1 1 1 1 r r r , 1 

1 1 1 1 0 0 0 r 1 1 

1 1 0 0 0 1 1 1 1 1 

1 0 1 1 1 r r r 2 2 
d7 d6 d5 d. da d2 d, do 
1 0 1 0 1 r r r 1 1 

1 0 1 0 0 0 0 r 1 1 

1 0 1 1 0 0 0 r 2 2 
d7 de d5 do da d2 d, do 
1 1 0 1 0 1 1 1 1 1 · . · · 
1 0 1 0 0 0 1 1 2 1 

1 1 1 0 0 0 1 1 2 1 

1 0 0 0 0 0 0 r 2 1 

1 0 0 1 0 0 0 r 2 1 

0 0 1 0 1 r r r 1 1 

0 0 1 0 0 0 0 r 1 1 

0 0 1 1 0 0 0 r 1 1 

1 0 1 0 0 1 1 1 1 1 · 1 0 0 1 0 1 0 1 1 1 · 1 0 1 1 0 1 0 1 1 1 . 
1 0 0 1 0 1 1 1 1 1 · 1 0 0 0 0 1 0 1 1 1 · 1 0 1 0 0 1 0 1 1 1 · 
1 0 0 1 1 0 0 0 2 2 
d7 do d5 do da d2 d, do 
1 0 0 1 1 0 P P 2 2 
d7 de d5 do da d2 d, do 
1 0 0 1 1 1 P P 2 1 
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Table 1. Instruction Set (Continued) 

MNEMONIC FUNCTION DESCRIPTION 

Input/output (Cant.) 

IN A, Pp (A) ..... (Pp); p = 1 - 2 Input data from designated port 
(1 - 2) into accumulator. 

INS A, BUS (A) ..... (BUS) Input strobed BUS data into 
accumulator. 

MOVO A, Pp (A 0-3) ..... (Pp); Move contents of designated port 
p=4-7 (4 - 7) into accumulator. 
(A4-7) ..... 0 

MOVO Pp, A (Pp) ..... A 0-3; p=4-7 Move contents of accumulator to 
designated port (4 - 7). 

OAlO Pp, A (Pp) ..... (Pp) OA (A logical OA contents of 
0-3) accumulator with designated port 
p =4-7 (4-7). 

ORl BUS, # data (BUS) .... (BUS) OA data logical OA immediate specified 
data with BUS. 

OAl Pp, # data (Pp) ..... (Pp) OA data logical OA immediate specified 
P = 1-2 data with designated port (1 - 2). 

OUTl BUS, A (BUS) ..... (A) Output contents of accumulator 
onto BUS. 

OUTl Pp, A (Pp) .... (A); p = 1-2 Output contents of accumulator to 
designated port (1 - 2). 

Registers 

DEC Ar (Ar) ..... (Ar)-l; r=0-7 Decrement contents of designated 
register by 1. 

INC Ar (Ar) ..... (Ar) + 1; r=0-7 Increment contents of designated 
register by 1. 

INC @ Ar «Ar» ..... «Ar» + 1; Increment indirect the contents of 
r=O-l data memory location by 1. 

Subroutine 

CAll addr «SP» ..... (PC), (PSW Call designated subroutine. 
4-7) 
(SP) ..... (SP) + 1 
(PC 6-10) ..... addr 
6-10 
(PC 0-7) ..... addr 0-7 
(PC 11) ..... OBF 

AET (SP) ..... (SP) - 1 Return from subroutine without 
(PC) ..... «SP» restoring program status word. 

AETR (SP) ..... (SP) - 1 Return from subroutine restoring 
(PC) ..... «SP» program status word. 
(PSW 4 - 7) ..... «SP» 

Timer I counter 

EN TCNTI Enable timer/counter interrupt. 
DIS TCNTI Disable timer/counter interrupt. 

MOV A, T (A) ..... (T) Move contents of timer/counter 
into accumulator. 

MOV T, A (T) ..... (A) Move contents of accumulator into 
timer/counter. 

STOP TCNT Stop count for event counter or 
timer. 

STRT CNT Start count for event counter. 

STRT T Start count for timer. 

Miscellaneous 

NOP No operation performed 

NOTES: 

INSTRUCTION CODE 

D7 D6 D. D. D3 D2 D, Do 

a a a a 1 a p p 

a a a a 1 a a a 

a a a 0 1 1 P P 

a a 1 1 1 1 P P 

1 a a a 1 1 P P 

1 a a a 1 a a a 
d7 ds ds d4 do d2 d, do 
1 a a a 1 a p p 
d7 ds ds d4 do d2 d, do 
0 a a a a a 1 a 

0 a 1 1 1 a p p 

1 1 a a 1 r r r 

a a a 1 1 r r r 

a a a 1 0 a a r 

a'Oa9 .. 1 a 1 a a 
87 as 8S 84 a3 82 81 ao 

1 a a a a a 1 1 

1 a a 1 a a 1 1 

a a 1 a a 1 a 1 
a a 1 1 a 1 a 1 
a 1 a a a a 1 a 

a 1 1 a a a 1 a 

a 1 1 a a 1 a 1 

a 1 a a a 1 0 1 
a 1 a 1 a 1 a 1 

a a a a a a a a 

1. Instruction code designations rand p form the binary representation of the registers and ports involved. 
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FLAGS 
CYCLES BYTES 

C AC FO Fl F2 

2 1 

1 2 

2 1 

1 1 

1 1 

2 2 

2 2 

1 2 

1 1 

1 1 

1 1 

1 1 

2 2 

2 1 

2 1 

1 1 
1 1 
1 1 

1 1 

1 1 

1 1 
1 1 

1 1 

2. The dot under the appropriate flag bit indicates that its content is subject to change by the instruction in which it appears. 
3. Numerical subscripts appearing in the FUNCTION column reference the specific bits affected. 
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SYMBOL DEFINITIONS 

SYMBOL DESCRIPTION P 

A The accumulator Pp 

AC The auxiliary carry flag PSW 

addr Program memory address (11 bits) Rr 

Bb Bit designator (b = ° -7) SP 

BS The bank switch T 

C Carry flag TF 

ClK Clock signal TO, Tl 

CNT Event counter # 

0 Nibble designator (4 bits) @ 

DBF Program memory bank flip-flop $ 

data Number or expression (8 bits) -
Fa, Fl Flags 0, 1 .... 

I Interrupt 

INT External interrupt 

Table 2. Instruction Timing"" 

CYCLE 1 

INSTRUCTION 51 52 53 54 55 

IN A,P Fetch Increment - Increment -Instruction Program Counter Timer 

OUTL P,A Fetch Increment - Increment Output 
Instruction Program Counter Timer To Port 

ANL P, # data Fetch · Increment - Increment 
Read Port Instruction Program Counter Timer 

ORL P, '* data 
Fetch · Increment - Increment 

Read Port Instruction Program Counter Timer 

INS A, BUS Fetch Increment - Increment -Instruction Program Counter Timer 

OUTl BUS, A Fetch Increment - Increment Output 
Instruction Program Counter Timer To Port 

ANL BUS, #: data Fetch · Increment - Increment Read Port Instruction Program Counter Timer 

ORl BUS, # data Fetch · Increment - Increment 
Read Port Instruction Program Counter Timer 

Fetch Increment Output RAM Increment Output 
MOVX @R,A Instruction Program Counter Address Timer Data to 

RAM 

MOVX A,@R Fetch Increment Output RAM Increment -Instruction program Counter Address Timer 

MOVD A, Pi Fetch Increment Output Increment -Instruction Program Counter Opcodel Address Timer 

Fetch Increment Output Increment Output Data 
MOVO Pj, A Instruction Program Counter Opcodel Address Timer TO P2 

Lower 

ANlD P, A Fetch Increment Output Increment Output 
Instruction Program Counter Opcodel Address Timer Data 

CRlO P, A Fetch Increment Output Increment Output 
Instruction Program Counter Opcodel Address Timer Data 

J (CONDITIONAL) Fetch · Increment Sample Increment -Instruction Program Counter Condition Timer 

9T ART CNT ISTAT T Fetch · Increment - - Start 
Instruction Program Counter Counter 

STOP TCNT Fetch · Increment - - Stop 
Instruction Program Counter Counter 

EN I Fetch · Increment - Enable -Instruction Program Counter Interrupt 

DIS I Fetch · Increment - Disable -
Instruction Program Counter Interrupt 

ENTO ClK Fetch · Increment - Enable -Instruction Program Counter Clock 

NOTES: 

Product Specification 

SCN8049 Series 

"In-Page" operation designator 

Port designator (p = 1, 2 or 4 - 7) 

Program status word 

Register designator (r = 0, 1 or 0-7) 

Stack pointer 

Timer 

Timer flag 

Testable inputs 0, 1 

Prefix for immediate data 

Prefix for indirect address 

Program counter's current value 

Replaced by 

Exchanged with 

CYCLE 2 

51 52 53 54 55 

- Read Port · - - -

· - - - - -

Fetch - · Increment Output -
Immediate Data Program Counter To Port 

Fetch - · Increment Output -
Immediate Data Program Counter To Port 

- Read Port · - - -

· - - - - -
Fetch - · Increment Output -Immediate Data Program Counter To Port 

Fetch - · Increment Output -
Immediate Data Program Counter To Port 

· - - - - -

- Read Data · - - -

Read · - P2 lower - - -

· - - - - -

· - - - - -

· - - - - -

Fetch - · Update - -Immediate Data Program Counter 

'Valid instruction address are output at this time if extemal program memory is being accessed, 
.. See figures 11 and 12 for instruction cycle and cycle timing, 
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hone: (513) 294-7340 IOWA OREGON 
OREGON Cedar Rapids Beaverton 
Beaverton J.R. Sales Western Technical Sales 

Phone: (503) 627-{)110 Phone: (319) 393-2232 Phone: (503) 644-8860 

PENNSYLVANIA MARYLAND PENNSYLVANIA 
Plymouth Meeting Columbia Pittsbur~h 

Phone: (215) 825-4404 Third Wave Solutions, Inc. Bear arketing, Inc. 

TENNESSEE 
Phone: (301) 290-5990 Phone: (412) 531-2002 

Greeneville MASSACHUSETTS Hatboro 
Phone: (615) 639-{)251 Needham Heights Delta Technical 

Kanan Associates Sales, Inc. 
TEXAS Phone: (617) 449-7400 Phone: (215) 975-{)600 
Austin UTAH Phone: (512) 339-9944 MICHIGAN 

Houston 
Bloomfield Hills Salt Lake City 

Enco Marketing Electrodyne 
Phone: (713)668-1989 Phone: (313) 338-8600 Phone: (801) 264-8050 

Richardson MINNESOTA WASHINGTON 
Phone: (214) 644...,'3500 

Eden Prairie Bellevue 

CANADA High Technolo," Sales Western Technical Sales 

SIGNETICS CANADA, Phone: (612)9 4-7274 Phone: (206) 641-3900 

LTD. MISSOURI 
Spokane 

Etobicoke, Ontario Western Technical Sales 
Phone:(416)626-6676 Bridgeton Phone: (509)922-7600 

Centech, Inc. 
Ne~ean, Ontario Phone: (314) 291-4230 WISCONSIN 

hone: (613) 225-5467 Waukesha 
Raytown Micro-Tex, Inc. 

REPRESENTATIVES 
Centech, Inc. Phone: (414) 542-5352 
Phone: (816) 358-8100 

CANADA 
ARIZONA NEW HAMPSHIRE Burnaby, B.C. 
Scottsdale Hookset Tech-Trek, Ltd. 

Thorn Luke Sales, Inc. Kanan Associates Phone: (604) 439-1373 
Phone: (602)941-1901 Phone: (603) 645-{)209 Misslssauga, Ontario 

CALIFORNIA NEW JERSEY Tech-Trek, Ltd. 
Orangevale East Hanover Phone: (416) 238-{)366 

Webster Associates Emtec Sales, Inc. Ne~ean, Ontario 
Phone: (916) 989-{)843 Phone: (201) 428-{)600 ech-Trek, Ltd. 

CONNECTICUT NEW MEXICO Phone: (613) 225-5161 

Fairfield Albu~uerque Ville SI. Laurent, Quebec 
NRG, Limited F .. Sales Tech-Trek, Ltd. 
Phone: (203) 384-1112 Phone: (505) 345-5553 Phone: (514) 337-7540 

7...,'3 



Signetics 

Sales Offices, Representatives & Distributors 

DISTRIBUTORS DENMARK Philips Components Japan SOUTH AFRICA 

Contact one of our 
Philips Components AIS Tokyo SA Philigs (PTY), Ltd. 
Copenhagen S Phone: 81-3-280-2620 Rand urg 

local distributors: Phone: 45-1-54-11-33 Phone: 27-11-889-3911 
Anthem Electronics 

FINLAND 
KOREA 

Avnet Electronics Philips Industries, Ltd. SPAIN 
Aztech Electronics OyPhilipsAb Seoul Co~resa S.A. 
Hamilton/Avnet Electronics 

Espoo Phone: 82-2-794-5011 arcelona 

Marshall Industries 
Phone: 358-0-502-61 1213/4/5 Phone:34-3-301-63-12 

Schweber Electronics FRANCE MALAYSIA SWEDEN 
Wyle/LEMG R.T.C. Compelec Philips Malaysia SON Philips Components A.B. 
Zentronics, Ltd. Issy-ies-Moulineaux Bernhsd Cedex Stockholm 

Phone: 33-1-40-93-80-00 Pulau Penang Phone: 46-8--782-10-00 
FOR SIGNETICS Phone: 60-4-870-055 

PRODUCTS GERMANY 
MEXICO 

SWITZERLAND 
Valvo Philips Components A.G. 

WORLDWIDE: Hamburg Panamtek Zuerich 
ARGENTINA Phone: 49-40-3-296-0 Guadalajara. Jal Phone:41-1-488-2211 

Phone: 52-36-30-30-29 
Philips Argentina S.A. GREECE TAIWAN Buenos Aires Philips S.A. Hellenique Mexico. D.F. Philips Taiwan, Ltd. Phone: 54-1-541-7141 Athens Phone: 52-5-586-84-43 Taipei 
AUSTRALIA Phone: 30-1-4894-339 

NETHERLANDS Phone: 886-2-712-0500 
Philips Electronic HONG KONG Philips Nederland THAILAND Components & Mat'I Ltd. Philips Hong Kong, Ltd. Eindhoven Artarmon. N.SW. Kwai Chung. Kowloon Phone: 31-40-444-755 Philips Electrical Co. 

Phone: 61-2-439-3322 Phone: 852-0-245-121 of Thailand Ltd. 

AUSTRIA INDIA NEW ZEALAND Bangkok 

Osterrichische Philips Philips N_ Zealand Ltd. Phone: 66-2-223-6330/9 
Peico Electronics 

Wien & Elect. Ltd. Auckland TURKEY 
Phone: 43-222-60-1 01 Bombay Phone: 64-9-605-914 

Turk Philips 
-820 Phone: 91-22-493-0311 NORWAY Ticaret A.S. 

BELGIUM INDONESIA Norsk AlS Philips Istanbul 
S.A. MBLE Components P.T. Phlllcs-Raiin Oslo Phone: 90-1-179-27-70 

Brussels Electron cs Phone: 47-2-68-02-00 
UNITED KINGDOM Phone: 32-2-525-61-11 Jakarta Selatan 

BRAZIL Phone: 62-21-512-572 PERU Philips Components 
Cadesa London 

Philips Do Brasil, Ltda. IRELAND San Isidro Phone: 44-1-580-6633 
Sao Paulo Philips Electrical Ltd. Phone: 51-14-707-080 
Phone: 55-11-211-2600 Dublin UNITED STATES 

CHILE Phone: 353-1-69-33-55 PHILIPPINES Signetics International 
Philips Chilena S.A. ISRAEL Philips Industrial Dev., Inc. co~. 

Santiago Ra~ac Electronics, Ltd. Makati Metro Manila unnyvale, California 

Phone: 56-02-077-3816 elAviv Phone: 63-2-810-01-61 Phone: (408) 991-2000 

CHINA, Phone: 972-3-477115 PORTUGAL URUGUAY 
PEOPLES REPUBLIC OF ITALY Philips Portuguesa SA Luzllectron SA 
Philips Hong Kong, Ltd. Philips S.p.A. Lisbon Montevideo 

Kwai Chung, Kowloon Milano Phone:351-1-68-31-21 Phone: 598-91-56-411 
Phone: 852-0-424-5121 Phone: 38-2-67-52-1' 42/43/44 

SINGAPORE 
COLUMBIA JAPAN Philips Project Dev. VENEZUELA 
Iprelenso, Ltda. Philips Components Japan Pte., Ltd. Magnetica S.A. 

Bogota Osaka-Shi Singapore aracas 
Phone: 57-1-2497624 Phone: 81-6-389-7722 Phone: 65-350-2000 Phone: 58-2-241-7509 
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--INDEX 

"~'t:l PLCC 

26 44 

27 43 

TOP VIEW 

Pin Function PI, Function 
1 P5.0/ADCO 35 XTALl 

EAIVPP 1 64 AlE/PFiOG 

P2.0/A8 2 ~PS""EN 
P2.1/A9 3 t¥ P6.7 
P2.2/Al0~ 61 P6.6 

P2.3/All ~ 60 P6.5 

:~::;~~!~ 
59 P6.4 

58 P6.3 

P2.6/Al4 8 ~ P6.2 

:~ .. ;::~~~ 56 P6.1 

55 P6.0 

2 VoD 36 V" 
3 STADG 37 V" 
4 PwMo 38 NC 
5 PWMT 39 P2.0/A08 
6 f"W 40 P2.1/A09 

:~::;~~:~ 
54 AFLAG 

53 BFLAG 

PO.4/AD413 ~iOs 
PO.3/AD3 14 51 ODS 

7 P4,O/CMSr~O 41 P2.2/Al0 , P4.1/CMSfll 42 P2.3/Al1 
9 P4,?/CM:;f12 43 P2.4/A12 
10 r4.:1/CM:;\\J 44 P2.S/A13 
11 P4,4fCM::!!4 45 P2.6/A14 
12 1'4 !)/C:M~;H5 46 P2.71A1S 

PO.2/AD2~ 50 Vss 

:~:~;~~~~ 
49 XTALl 

DIP 
48 XTAL2 

Vee 18 47 P5.7 
13 f'4 n/c'Mll1 47 PSEN 
14 i'4.fICMll 4' ALE 

P4.319 46 PS.6 

" H~; ! 49 i'A P4.2 20 45 P5.5 
16 PI (J!C1UI 50 PO.7/AD? 
17 1'1, lie 1 II 51 PO.S/ADS 
1A l'I.:.'IC1;>1 52 PO.5/AD5 

P4.1 21 ~ P5.4 
P4.0 22 43 P5.3 

1,1 1'1,:l/C1:11 63 PC.4/AD4 Pl.0 23 42 PS.2 

" 1'1,4/1;> 54 PO.3/AD3 
21 Pl.f)/fH2 55 PO.2/AD2 Pl.! 24 41 P5.1 

22 pl.S/sel 56 PO.1/AD' 
23 P1.71SDA 57 PO.D/ADO 
24 P3.0/RXO 66 AVref-
25 P3.1/TXD 59 AVref+ 
26 P3.2/INTO 60 AVSS 
27 P3.3/TN'i'T 61 AVOD 
28 P3.4/TO 62 P5.7/AOC7 
29 P3.5/Tl 63 P5.6/ADC6 
30 P3.6/~ 64 P5.5/ADC5 
31 P3.7iRD 65 P5.4/ADC4 
32 NC 66 P5.3/ADC3 

P1.225 

~ :::~/Ro P1.326 

:~::~ 
38 P3.6/WR 

37 P3.5/T1 

Pl.629 

~ :::;;~:T1 Pl.7 30 

P3.0/::~~ 
34 P3.2/"'iNTO 

33 P3.1/TxD 
33 NC 67 PS.2/ADC2 
34 XTAl2 6' P5.1/ADCl TOP VIEW 

INDEX 
S83C652/S80C652 

PI,O 1 40 Vee 

PI,1 2 39 PO.D/ADO 

I'l" 3 38PO.l/AOl 

1'1 :1 4 37 PO.2/A02 

"~d 10 0 60 

LCC 

26 44 

1'1 4 5 36 PO.3/A03 27 43 
I' 1 .~, (} 35 PO.4/AD4 TOP VIEW 

:;CI./I'1.6 I 34 PO.5/AD5 Pin Function Pin Function Pin Function 

SDAfrl:~~~ ~PO.6/AD6 

¥.~.7/AD7 
RxD/DA1A/P:1.O 10 DIP 31 EA 

1 EAJVPP 24 P4.2 47 PS.3 
2 P2.0/A8 25 P4.l 48 PS.4 
3 P2.1/A9 26 P4.0 49 P5.5 
4 P2.2/Al0 27 Pl.0 50 P5.6 

TxD/ClOCK/P3.1 11 30ALE 5 P2.3/All 28 Pl.1 51 P5.7 

IN-rOIP3.2 12 29 PSEN 6 P2.4/AI2 29 Pl.2 52 XTAl2 
7 P2.5/A13 30 Pl.3 53 XTAL1 

IN~~;:::! H 28 P2.7/A1S 

gP2.6/A14 

Tl/P3.515 26 P2.5/A13 

WR/P3.616 25 P2.4/A12 

8 P2.6/A14 31 Pl.4 54 V" 
9 P2.7/A15 32 P1.S 55 ODS 

10 PO.7/AD7 33 Pl.6 56 iDS 
11 PO.6/AD6 34 Pl.? 67 BFLAG 
12 PO.5/ADS 35 RST 58 AFLAG 

RD/P3.7 H ~P2.3/A11 

XTAl218 gP2.2/Al0 

XTALl 19 22 P2.l/A9 

Vss 20 21 P2.0/A8 

'ToPViEW 
INDEX 

CORNER 6 1 40 

EJ PlCC 

1f 29 

13 PO.4/AD4 36 P3.0/RxD 59 P6.0 
14 PO.3/AD3 37 P3.l/TxD 60 P6.1 
15 PO.2/AD2 38 P3.2/ii\l'i'O 61 P6.2 
16 PO.l/AD1 39 P3.3/INTl 62 P6.3 
17 PO.O/ADO 40 P3.4/TO 63 P6.4 
18 Vee 41 

~~:~~W 64 P6.5 
19 P4.7 42 65 P6.6 
20 P4.6 43 P3.7/RD 66 ~~'~N 21 P4.5 44 PS.O 67 
22 P4.4 45 PS.1 68 ALE/Pi"fc5G 
23 P4.3 46 P5.? 

" " TOP VIEW 

Pin Function Pin Function 
1 NC 23 NC 
2 PLO 24 P2.0/A8 
3 PI.1 25 P2.1/A9 
4 P1.2 26 P2.2/Al0 
5 PI.3 27 P2.3/Al1 
6 P1A " P2.4/A12 
7 Pl.!> 29 P2.5/A13 
8 SCLlI'l.t; 30 P2.6/A14 
9 SDA/f'l.1 31 P2.7/A1S 

10 RST 32 rnN 
11 RxD/DA 1 A/P3.0 33 ALE 
12 NC 34 NC 
13 Tx[)IICII)CK/P3.1 35 ~ 
14 TNTr\/I':l;.1 36 PO.7/AD7 
15 mTill'.1 I 37 PO.6/AD6 
16 10!f':1·' 38 PO.5/AD5 
17 11/I'::!.!; 39 PO.4/AD4 
16 ~/P:1.r, 40 PO.3/AD3 
19 1'10/P3.7 41 PO.2/AD2 
20 XTAI.;> 42 PO.l/AD1 
21 XTAl.l PO.D/ADO 
22 V" " Vco 

PI, 
1 
2 
3 
4 , 
6 
7 , 
9 
10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 

SC80C4511SC83C451 
~ 

:~ 64 

63 

9 3 
~ o 4 61 

'F1, 60 

~ff 59 

58 

4 8 
~ 

~~ 56 

55 

61fi 54 

P2.0/A 

P2.l/A 

P2.2/Al 

P2.3/Al 

P2.4/Al 

P2.5/Al 

P2.6/Al 

P2.7/Al 

PO.7/AD 

PO.6/AD 

PO.5/AD 

PO.4/AD 

PO.3/AD 

PO.2/AD 

POol/AD 

PO.O/AD 

512 

413 

ALE 

PSEN 

P6.? 

P6.6 

P6.5 

P6.4 

P6.3 

P6.2 

P6.1 

P6.0 

AfLAG 

BFLAG 

~I DS 

~~ 
1 16 

017 

e 18 

!¥o 
121 

022 

023 

~¥S 
326 

427 

528 

~¥o 

Ye 

P4. 

P4. 

P4. 

P4. 

P1. 

P1. 

P1. 

P1. 

P1. 

P1. 

P1. 

P1. 

RS T31 

P3.0/RxD 32 

INDEX 
CORNER 9 

51 

50 

~ 
DIP 4' 

47 

46 

45 

44 
43 

42 

41 

40 

~ 36 

37 

36 

35 

~ 33 

TOP VIEW 

1 61 

ODs 
V" 
XTALl 

XTAL2 

PS.7 

P5.6 

PS.5 

P5.4 

PS.3 

P5.2 

P5.1 

PS.O 

P3.7IRo 

P3.6/WR 

P3.5/T1 

P3.4/TO 

P3.3/TNfi 

P3.2/1NTo 

P3.l/TxD 

'8' LCC 

26 44 

27 43 

TOP VIEW 

Function Pin Function Pin Function 

i'A 24 P4.2 47 P5.3 
P2.0/A8 25 P4.1 48 P5.4 
P2.1/A9 26 P4.0 49 P5.S 
P2.2/Al0 27 Pl.0 50 P5.6 
P2.3/A11 28 Pl.1 51 P5.7 
P2.4/A12 29 Pl.2 52 XTAL2 
P2.5/A13 30 Pl.3 63 XTALl 
P2.6/A14 31 P1.4 54 V" 
P2.7/A15 32 P1.5 55 ODs 
PO.7/AD7 33 Pl.6 56 iDS 
PO.6/AD6 34 Pt.7 57 BFLAG 
PO.5/AD5 35 RST 66 AFLAG 
POA/AD4 36 P3.0/RxD 59 P6.0 
PO.3/AD3 37 P3.1/!21L 60 P6.1 
PO.2/AD2 38 P3.21ltllQ 61 P6.2 
PO.I/AD1 39 P3.3/1NTl 62 P6.3 
PO.D/ADO 40 P3.4/TO 63 P6.4 
Vee 41 P3.5/Tl 64 P6.5 
P4.7 42 P3.6/!tZB 65 P6.6 
P4.6 43 P3.7/RD 66 ~~JN P4.5 44 P5.0 67 
P4.4 45 P5.l 66 ALE 
P4.3 46 P5.2 

SCN8032AH/SCN8052AH 
~ 

T2JP1.0~ 40 Vee 

T2EX/Pl.1 ~ ~ PO.O/ADO 

Pl.2 3 38 PO.l/AD1 

P1.3 4 37 PO.2/AD2 

P1.4 5 36 PO.3/AD3 

P1.5 6 35 PO.4/AD4 

P1.6~ 34 PO. 51 ADS 

:~~~ 
~ PO.6/AD6 

32 PO.7/AD7 -
RxD/P3.0 10 DIP 31 EA 

TxD/P3.1 11 30 ALE 

INTO/P3.2 12 29 PSEN 

INT1/P3.3~ 28 P2.7/A15 

TO/P3.4 14 ~ P2.6/A14 

T1/P3.5 15 26 P2.5/A13 

WR/P3.6 16 25 P2.4/A12 

RoJP3.7 17 24 P2.3/Al1 

XTAL2~ 23 P2.2/Al0 

XTAL1 ~ 22 P2.1/A9 

Vss 20 21 P2.0/A8 

TOP VIEW 
INDEX 

CORNER 6 1 40 

EJ PlCC 

17 29 

18 28 

TOP VIEW 

Pin Function Pin Function 
1 NC 23 NC 
2 T2/Pl.0 24 P2.0/A8 
3 T2EX/Pl.1 25 P2.1/A9 
4 Pl.2 26 P2.2/Al0 
5 P1.3 27 P2.3/Al1 
6 Pl.4 28 P2.4/A12 
7 P1.5 29 P2.5/A13 
8 P1.6 30 P2.6/A14 
9 P1.7 31 P2.7/A1S 

10 RST 32 rsEN 
11 RxD/P3.0 33 ALE 
12 NC 34 NC 
13 TxD/P3.1 35 EA 
14 rFrrO"/P3.2 36 PO.7/AD7 
15 mTi/P3.3 37 PO.6/AD6 
16 TO/P3.4 36 PO.5/AD5 
17 Tl/P3.5 39 PO.4/AD4 
18 V'i7!=l/P3.6 40 PO.3/AD3 
19 Ri5/P3.7 41 PO.2/AD2 
20 XTAL2 42 PO.1/AD1 
21 XTAL1 43 PO.O/ADO 
22 V" 44 Vee 
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