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Preface

The purpose of this MRAM8051 Designer's Reference is to provide an overview of the 
features of the MRAM8051 and its architecture.  This guide also provides information 
about the MRAM8051 Verilog RTL source code library used to create the MRAM8051 
OLED reference design implemented in the MRAM8051 OLED card's Actel ProASIC3 
FPGA.  

This guide is not intended to teach you how to program in Verilog HDL, as there are 
numerous references on the subject that can be downloaded off the Internet or 
purchased at the bookstore.  In other words, this document assumes that the designer 
already has a grasp of Verilog HDL design.

However, if you need assistance in getting up and running with your customized 
MRAM8051 design, please don't hesitate to contact me by email, phone, or SKYPE.  I 
will be happy to assist you.  

Jerrry D. Harthcock
Silicon Laude 
Building III, Suite 400
1250 S. Capital of Texas Highway
Austin, TX  78746
(512) 329-2165
SKYPE:  siliconlaude

jerry@siliconlaude.com 
www.siliconlaude.com
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1  Introduction

Introduction

This section provides an overview of the basic MRAM8051 and development kit for 
Actel brand FPGAs.

1.1  Why MRAM8051

The Silicon Laude MRAM8051 microcontroller core gets its name from the fact that it is 
the only synthesizable 8-bit microcontroller of any kind that can be readily adapted to 
interface directly to not only standard 8-bit EPROM, EEPROM, flash, and SRAM 
memory devices, but also a broad range of 16-bit memory devices, including 
Freescale's MR2A16A asynchronous 256 kword x 16-bit MRAM, Honeywell's radiation 
hardened HXNV0100 synchronous 64 kword x 16-bit MRAM, and SST's 32HFX02 16-
bit wide flash/SRAM combo memories.

Although still slightly more expensive than traditional flash/EPROM memory 
approaches, Silicon Laude 8051 microcontroller applications which incorporate MRAM 
for program and/or data storage have many advantages.  First, MRAM is non-volatile—
meaning that once power is lost, the contents of external program/data memory are 
retained.  

Second, MRAM access times for both read and write cycles are essentially the same 
and are typically much faster than flash or EPROM memory, allowing the MRAM8051 
microcontroller core to clock at almost twice the speed of designs using traditional flash 
or EPROM memories.  Moreover, there is no wearing, meaning that MRAMs may be 
written an infinite number of times without wearing out memory cells, as is the case with 
flash memories.

Third, the same MRAM can be used as both a program storage device and a data 
storage device, eliminating the need for separate program memory device (typically 
flash or EPROM) and a separate external (extended) data memory device (typically 
SRAM), thereby reducing, among other things, component count and PCB real estate.  
Finally, by using MRAM for program storage, the software application is easier to debug 
during development.  This is because programs can be directly downloaded into MRAM 
as if the memory were actually SRAM, but with non-volatile retention of its contents after 
power is removed.  Moreover, once the program is downloaded into MRAM, the 
debugger can easily set/clear unlimited software breakpoints anywhere in program 
memory.
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1.2  Silicon Laude MRAM8051 features

The MRAM8051 microcontroller is based on a patented, real-time  Hardware Monitor 
and Data Exchange (HMDX) architecture.  The Silicon Laude SL8051 CPU is 
fundamentally a single-clock, pipelined design, meaning that, where one-byte opcodes 
are involved (there are 125 of them), it decodes and executes the instruction while 
simultaneously fetching the next opcode.  Moreover, where multi-byte opcodes are 
involved, it can execute most instructions in one clock per instruction byte, compared to 
twelve or twenty-four clocks of the standard MCS8051 (see opcode map in Table 1—1).

Among its many features:

 Single-clock, pipelined architecture

 Hardware Monitor and Data Exchange permits monitoring/debugging of the 
target application (including memory, CPU registers, and Special Function 
Registers (SFRs), on-the-fly, while the application is running in real-time or 
stopped at a breakpoint

 Relatively small logic footprint

 Easily customizable at the top level of the design or with its separate, easily 
modifiable user SFR block

 No netlists—with exception to the CPU, CPU SFRs, and debug modules being 
provided in obfuscated Verilog RTL source code, all other modules are provided 
in original synthesizable Verilog RTL format

 Peripherals include MCS8051 style parallel port, serial port, dedicated baudrate 
generator, timer/counter0/1, 7-channel interrupt prioritizer and enable register, all 
in original Verilog RTL source code

 Additional modules include easily modifiable internal data RAM block for use in 
Actel ProASIC+, ProASIC3, Axcelerator, and RTAX brand FPGAs

 A user modifiable Triple Module Redundancy (TMR) internal data memory RAM 
block with error detection and correction capability is also provided for high 
reliability applications

Figure 2—1 shows a block diagram of the MRAM8051 reference design implemented in 
the MRAM8051 OLED card when shipped with the kit.
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Table 1—1.  SL8051 CPU OPCODE MAP (see key below)

SL8051 CPU OPCODE MAP
MSN

0 1 2 3 4 5 6 7 8 9 A B C D E F

L
S 0
N

1           
NOP

1         12

3    bit,rel
JBC

3        24 

3   bit,rel
JB

3        24

3    bit,rel
JNB

3         24

2    bit,rel
JC

2        24 

2    bit,rel
JNC

2         24 

2    bit,rel
JZ

2        24 

2    bit,rel
JNZ

2        24 

2        rel
SJMP

2        24

3     bit,C 
MOV

3        24 

2   C, / bit
ORL

2         24

2  C, / bit
ANL

2        24 

2        dir
PUSH

2         24

2        dir
POP

2        24

3   A, @dp 

MOVX
1        24

5    @dp,A 

MOVX
1         24

1
2     ad11 

AJMP
2         24

3     ad11 
ACALL

2        24

2     ad11
AJMP

2        24

3     ad11 
ACALL

2         24

2     ad11
AJMP

2        24

3     ad11 
ACALL

2        24

2     ad11
AJMP

2        24

3     ad11 
ACALL

2        24

2     ad11
AJMP

2        24

3     ad11 
ACALL

2        24 

2     ad11
AJMP

2         24

3     ad11 
ACALL

2        24 

2     ad11
AJMP

2         24 

3     ad11 
ACALL

2        24

2     ad11
AJMP

2        24

3     ad11 
ACALL

2         24

2
3     ad16 

LJMP
3         24

4    ad16 
LCALL

3        24

3
RET

1        24

3
RETI

1         24

2    dir, A 
ORL

2        12

2    dir, A 
ANL

2        12

2    dir, A 
XRL

2        12

2     C,bit
ORL

2     24

2     C,bit 
ANL

2        24

2     bit,C
MOV

2        24 

2     C,bit
MOV

2        12

2        bit
CPL

2        12

2         bit
CLR

2        12

2         bit
SETB

2        12

3   A,@R0 

MOVX
1       24

5    @R0,A

MOVX
1        24

3
1          A 

RR
1         12 

1         A 
RRC

1        12

1          A 
RL

1        12

1          A 
RLC

1        12

3   dir, #8
ORL

3        24

3  dir, #8
ANL

3        24

3  dir, #8
XRL

3        12

2  @A+dp 

JMP
1        24

3  @A+pc 

MOVC
1        24 

3  @A+dp 

MOVC
1        24 

3       DP 
INC

1         24

1          C
CPL

1        12

1          C
CLR

1        12

1          C
SETB

1        12

3   A,@R1 

MOVX
1        24

5    @R1,A 

MOVX
1        24

4
1          A 

INC
1         12 

1         A
DEC

1        12

1    A, #8
ADD

1        12

2    A, #8
ADDC

2        12

2    A, #8
ORL

2        12

2    A, #8
ANL

2        12

2    A, #8
XRL

2        12

2    A, #8
MOV

2        12

4       A/B 
DIV

1        48

2    A, #8
SUBB

2        12

4      A*B 
MUL

1      48

3  A,#8,rel
CJNE

3        24

1          A
SWAP

1        12

1          A
DA

1        12

1          A
CLR

1        12

1          A
CPL

1         12

5
2         dir

INC
2         12

2        dir
DEC

2        12

2     A,dir
ADD

2        12

2     A,dir
ADDC

2        12

2     A,dir
ORL

2        12

2     A,dir
ANL

2        12

1     A,dir
XRL

1        12

3    dir,#8 
MOV

3         24 

2    dir,dir
MOV

3         24 

2     A,dir
SUBB

2        12
RESRV

1

3  A,dir,rel
CJNE

3      24

2     A,dir
XCH

2        12

3   dir, rel
DJNZ

3        24

2     A,dir
MOV

2        12

2    dir, A
MOV

2         12

6
1     @R0

INC
1         12

1    @R0
DEC

1        12

2    @R0
ADD

2        12

1    @R0
ADDC

1        12 

1    @R0
ORL

1        12

1    @R0
ANL

1        12

1    @R0
XRL

1        12

2  @R0,#8

MOV
2        12

2  dir,@R0

MOV
2        24 

1    @R0
SUBB

1        12

2  @R0,dir 

MOV
2         24 

3  @R0,#8

CJNE
3        24

1    @R0
XCH

1        12

1    @R0
XCHD

1        12

1   A, @R0

MOV
1        12 

1   @R0,A 

MOV
1         12 

7
1     @R1

INC
1         12

1    @R1
DEC

1        12

1    @R1
ADD

1        12 

1    @R1
ADDC

1        12

1    @R1
ORL

1        12

1    @R1
ANL

1        12

1    @R1
XRL

1        12

2  @R1,#8

MOV
2        12 

2  dir,@R1

MOV
2        24 

1     @R1
SUBB

1        12

2  @R1,dir 

MOV
2         24 

3  @R1,#8

CJNE
3        24

1    @R1
XCH

1        12

1    @R1
XCHD

1        12

1   A, @R1

MOV
1        12 

1   @R1,A 

MOV
1         12

8
1        R0

INC
1         12

2        R0 
DEC

2        12

1       R0
ADD

1        12

1       R0
ADDC

1        12

1       R0
ORL

1        12

1        R0
ANL

1        12

1        R0
XRL

1        12

2   R0,#8
MOV

2        24 

2   dir,R0
MOV

2        12

1        R0
SUBB

1        12

2   R0,dir
MOV

2        12

3     R0,#8

CJNE
3        24

1       R0
XCH

1        12

2   R0,rel
DJNZ

2        24

1    A, R0
MOV

1        12

1     R0,A
MOV

1         12

9
1        R1

INC
1         12

1        R1
DEC

1        12

1       R1
ADD

1      12

1        R1
ADDC

1        12

1        R1
ORL

1        12

1        R1
ANL

1        12

1        R1
XRL

1        12

2   R1,#8
MOV

2        24 

2   dir,R1
MOV

2        12

1        R1
SUBB

1        12

2   R1,dir
MOV

2        12

3     R1,#8

CJNE
3        24

1       R1
XCH

1        12

2   R1,rel
DJNZ

2        24

1    A, R1
MOV

1        12

1     R1,A
MOV

1         12

A
1        R2

INC
1         12

1        R2
DEC

1        12

1       R2
ADD

1      12

1        R2
ADDC

1      12

1        R2
ORL

1        12

1        R2
ANL

1        12

1        R2
XRL

1        12

2   R2,#8
MOV

2        24 

2   dir,R2
MOV

2        12

1        R2
SUBB

1        12

2   R2,dir
MOV

2         24

3     R2,#8

CJNE
3        24

1       R2
XCH

1        12

2   R2,rel
DJNZ

2        24

1    A, R2
MOV

1        12 

1     R2,A
MOV

1         12

B
1        R3

INC
1         12

1        R3
DEC

1        12

1        R3
ADD

1        12

1        R3
ADDC

1        12

1        R3
ORL

1      12

1        R3
ANL

1        12

1        R3
XRL

1        12

2   R3,#8
MOV

2        24 

2   dir,R3
MOV

2        12

1        R3
SUBB

1        12

2   R3,dir
MOV

2         24

3     R3,#8

CJNE
3        24

1       R3
XCH

1        12

2   R3,rel
DJNZ

2        24

1    A, R3
MOV

1        12

1     R3,A
MOV

1         12

C
1        R4

INC
1         12

1        R4
DEC

1        12

1        R4
ADD

1       12

1        R4
ADDC

1        12

1        R4
ORL

1      12

1        R4
ANL

1        12

1        R4
XRL

1        12

2   R4,#8
MOV

2        24 

2   dir,R4
MOV

2        12 

1        R4
SUBB

1        12

2   R4,dir
MOV

2         24

3     R4,#8

CJNE
3        24

1       R4
XCH

1        12

2   R4,rel
DJNZ

2        24

1    A, R4
MOV

1        12

1     R4,A
MOV

1         12

D
1        R5

INC
1         12

1       R5
DEC

1      12

1       R5
ADD

1        12

1        R5
ADDC

1        12

1        R5
ORL

1        12

1        R5
ANL

1        12

1        R5
XRL

1        12

2   R5,#8
MOV

2        24 

2   dir,R5
MOV

2        12

1        R5
SUBB

1        12

2   R5,dir
MOV

2         24

3     R5,#8

CJNE
3        24

1       R5
XCH

1        12

2   R5,rel
DJNZ

2        24

1    A, R5
MOV

1        12

1     R5,A
MOV

1         12

E
1        R6

INC
1         12

1       R6 
DEC

1      12

1        R6
ADD

1        12

1        R6
ADDC

1        12

1        R6
ORL

1        12 

1        R6
ANL

1        12

1        R6
XRL

2        24

2   R6,#8
MOV

2        24 

2   dir,R6
MOV

2        12

1        R6
SUBB

1        12

2   R6,dir
MOV

2         24 

3     R6,#8

CJNE
3        24

1       R6
XCH

1        12

2   R6,rel
DJNZ

2        24

1    A, R6
MOV

1        12 

1     R6,A
MOV

1         12

F
1        R7

INC
1         12

1       R7
DEC

1        12

1        R7
ADD

1        12

1        R7
ADDC

1        12

1        R7
ORL

1        12

1        R7
ANL

1        12

1        R7
XRL

1        12

2   R7,#8
MOV

2        24 

2   dir,R7
MOV

2        12 

1        R7
SUBB

1        12

2   R7,dir
MOV

2         24 

3     R7,#8

CJNE
3        24

1       R7
XCH

1        12

2   R7,rel
DJNZ

2        24

1    A, R7
MOV

1        12 

1     R7,A
MOV

1         12 

OPCODE KEY
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1.3  MRAM8051 Development Kit features

To assist developers in evaluating and quickly creating customized MRAM8051 
microcontroller applications, Domain Technologies and Silicon Laude have collaborated 
to put together the MRAM8051 development kit for Actel brand FPGAs.  The kit 
provides a ready platform for not only evaluating the MRAM8051 core and the Domain 
Technologies BoxView IDE and debugger in an actual application, but also to 
immediately begin development and debugging of customized MRAM8051 designs and 
software.  The MRAM8051 development kit for Actel ProASIC+, ProASIC3, Axcelerator, 
and RTAX brand FPGAs features:

 MRAM8051 OLED card
• Actel A3P1000 reprogrammable FPGA
• Freescale MR2A16A 35ns 256 kword x 16-bit MRAM for non-volatile program 

and data memory storage
• On-board USB-JTAG interface for programming the FPGA and for real-time 

monitoring and debugging the resulting design
• Dual-channel MAX232 RS-232 level translators for implementing up to two 

serial ports
• USB-powered or optionally powered from an external +5V supply
• 128 x 128 x 18 color OLED display with +12.5V charge pump
• 4-position navigation switch
• USB or externally powered on-board +1.5V and +3.3V regulators
• On-board 24 MHz clock source
• FPGA pre-programmed with 9.216 MHz (9 MIPS) MRAM8051 OLED 

reference design
• Up to 36 user-definable I/Os

 Silicon Laude synthesizable Verilog RTL source code library (no netlists)
 Domain Technologies BoxView IDE and C source code debugger
 Domain Technologies USB-JTAG debug pod for debugging designs in the 

customer's own target hardware
 Original OLED driver C source code that includes drivers for initializing the 

display, displaying color bit-mapped images, text, and graphics
 Desk-top image download and management GUI for downloading color bit-

mapped images to the OLED card's MRAM
 Small Device C Compiler (SDCC) executable
 Mini-B USB cable

Figure 1—2 shows an annotated photograph of the MRAM8051 OLED reference design 
card that is shipped with the MRAM8051 development kit.
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Figure 1—2.  MRAM8051 OLED Card
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2  MRAM8051 Verilog RTL Library

MRAM8051 Verilog RTL Library

This chapter describes the MRAM8051 Verilog RTL library.

2.1  Overview

Table 2—1 lists the various Verilog RTL modules that comprise the MRAM8051 library. 
With these basic building blocks, you can create your own customized MRAM8051 
microcontroller for implementation in an Actel ProASIC+, ProASIC3, Axcelerator, or 
RTAX brand FPGA.  They are described briefly in the following sections. 

Table 2—1.  MRAM8051 Synthesizable Verilog RTL Source Code Library

File Name Description Used by

SL8051.v MRAM8051 top-level design in Verilog RTL This is the top level

SL8051_cpu.v Obfuscated SL8051 CPU Verilog RTL module SL8051.v

cpu_sfr_s.v Obfuscated SL8051 CPU SFR block Verilog RTL SL8051_cpu.v

USR_SFRs.v User SFR module in Verilog RTL SL8051.v

ADDER_8051.v 8-bit adder for CPU in Verilog RTL SL8051_cpu.v

BRG.v Dedicated 8-bit baudrate generator in Verilog RTL USR_SFRs.v

CNTR_TIMR01.v Dual 16-bit counter/timer module in Verilog RTL USR_SFRs.v

INST_EXT.v CPU cycle type prioritizer in Verilog RTL SL8051_cpu.v

PRI_ENC.v 7-channel interrupt priority encoder in Verilog RTL USR_SFRs.v

Serial.v MCS8051 style serial port in Verilog RTL USR_SFRs.v

TMR_RAM256x8_A3P.v Triple Module Redundant internal data RAM module ram_block.v

RAM256x8.v Standard 8-bit internal data RAM module ram_block.v

RAM256x24.v TMR 24-bit internal data RAM module TMR_RAM256x8_A3P.v

PLL9_216MHz.v PLL module converts 24 MHz to 9.216MHz SL8051.v

debug.v Obfuscated HMDX real-time monitor and debug Verilog 
RTL module SL8051_cpu.v

HJTAG.v Functional clone of ProASIC+/3 User JTAG module in 
Verilog RTL debug.v

tap.v JTAG tap controller for HMDX port HJTAG.v

SL8051_MRAM_OLED_tf.v Test fixture for MRAM8051 OLED reference design ModelSim

SL8051TST1.v Converted 8051 assembly language listing file SL8051_MRAM_OLED_tf.v

MRAM8051_OLED_9MHz
_A3P1000.stp

Reference design STAPL file for programming the 
OLED card A3P1000 FPGA BoxView STAPL player

Pin.rpt FPGA pin assignment report For reference

MRAM8051_OLED.pdf Schematic for MRAM8051 OLED card For reference
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2.1.1 SL8051.v Top Level MRAM8051 OLED Reference Design

The SL8051 CPU architecture is unique in the industry in that it is the only MCS8051 
instruction compatible microcontroller core that can be monitored, debugged, and data-
exchanged in real-time without first having to halt the microcontroller with a breakpoint, 
all without the use of monitor routines on the target side.  That is, via the core's on-chip, 
IEEE 1149.1 compliant HMDX interface, CPU registers, internal/external program or 
data memory can be monitored and data exchanged, on-the-fly, while the CPU is 
executing the target application.  Also unique in the industry is the fact that 125 of its 
255 instructions execute in a single clock cycle, with almost all two and three-byte 
instructions executing withinin as many clock cycles.  One of the things that enable this 
core to do this is the use of dual ported internal data memory, allowing for simultaneous 
read-modify-write operations in a single clock cycle.  

As concerns external program/data memory interfacing, the SL8051 is presently the 
only MCS8051 microcontroller core that can interface to Freescale 16-bit wide 
asynchronous MRAMs, Honeywelll synchronous MRAMs, and/or SST's 16-bit wide 
flash/SRAM combo memories.

To demonstrate this capability the MRAM8051 OLED card included in the kit 
incorporates a Freescale (35ns) 256 kword x 16-bit wide MRAM for both program and 
extended external data memory.  Figure 2—1 is a block diagram of the customized 
MRAM8051 used in the MRAM8051 OLED card that is shipped with the development 
kit. 

SL8051.v is the top level Verilog design file that connects the user SFR block 
(USR_SFRs.v) to the CPU (SL8051_cpu.v).  It also has a 'define statement that allows 
the designer to choose whether the design will be based on a x4 clock or a x1 clock. 
For use with Honeywell synchronous MRAMs, a x4 clock is required.  The x4 clock is 
needed to generate the synchronous MRAM control signals needed for interfacing to 
Honeywell synchronous MRAMs when designing for hardware that uses them.

Table 2—1 is a block diagram showing the customized MRAM8051 yielded by the 
example SL8051.v top level design that is based on a x1 clock for interfacing to the 
Freescale 256 kword by 16-bit asynchronous MRAM.

Table 2—2 lists all the module ports for the SL8051.v file along with the OLED card pins 
and FPGA balls they are related to.
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Figure 2—1.  MRAM8051 OLED Reference Design Block Diagram

Standard function

Custom function

www.siliconlaude.com 8

JTAG-Accessible Real-Time
Monitor and Debug with

128 Sample x 144-Channel Trace
Buffer (optional)

ADDRS [17:0]

USER SFR BLOCK

CPU SFR BLOCK

A REG

B REG

SP

PSW

DPH

DPL

96 Bytes
Directly or Indirectly Addressable

Internal Data RAM
(locations 20h - 7Fh)

128 Bytes
Indirectly Addressable

Internal Data RAM
(locations 80h -FFh)

INDIRECT DATA MEMORY

DIRECT/INDIRECT  DATA MEMORY

Registers R0 thru R7
(four banks at

 locations 00h - 1Fh)

HTCK

HTMS

HTDI

HTRSTB

HTDO

HMDX DEBUG BLOCK

ClockIn

XRESETn

SL8051 CPU BLOCK

PBRESETn

CPUClock

OP_FETCHn

MRAM_CSn

OEn

WRn

UBSn

LBSn

XDBUS[7:0]

DBHI[7:0]

WR_DATA[7:0]

USR_WR_ADDRS

USR_RD_ADDRS

RESET

WR_EN

DIRECT_RD

CPUClock

DIRECT_WR

R T I

IACK
R M W

I N T
PORT0

PORT1

PORT2

PORT3

PORT4

PORT5

PORT7

PCON

CNTR/TMR
1/0

IE

IP

PORT7

TOT7

PORT5

TOT5

PORT4

TOT4

PORT3

TOT3

PORT2

TOT2

PORT1

TOT1

PORT0

TOT0

SERIAL1

BRG1

SERIAL0

BRG0

PPAGE

DPAGE

TxD1

RxD1

TxD0

RxD0

INT1

INT0

T1

T0

RD_DATA[7:0]

VECTOR[2:0]

http://www.siliconlaude.com/


MRAM8051  Designer's Reference 

Table 2—2.  SL8051.v Top Level Design Module Ports

Signal Name Card Pin FGBA 
Ball Dir Description

ADDRS[17] N/A R4 O External word address bus for prog/data memory

ADDRS[16] N/A T3 O External word address bus for prog/data memory

ADDRS[15] N/A T14 O External word address bus for prog/data memory

ADDRS[14] N/A T13 O External word address bus for prog/data memory

ADDRS[13] N/A R13 O External word address bus for prog/data memory

ADDRS[12] N/A T5 O External word address bus for prog/data memory

ADDRS[11] N/A R5 O External word address bus for prog/data memory

ADDRS[10] N/A T4 O External word address bus for prog/data memory

ADDRS[9] N/A M15 O External word address bus for prog/data memory

ADDRS[8] N/A M16 O External word address bus for prog/data memory

ADDRS[7] N/A L15 O External word address bus for prog/data memory

ADDRS[6] N/A L16 O External word address bus for prog/data memory

ADDRS[5] N/A K15 O External word address bus for prog/data memory

ADDRS[4] N/A M1 O External word address bus for prog/data memory

ADDRS[3] N/A N3 O External word address bus for prog/data memory

ADDRS[2] N/A N1 O External word address bus for prog/data memory

ADDRS[1] N/A N2 O External word address bus for prog/data memory

ADDRS[0] N/A P1 O External word address bus for prog/data memory

DATA[15] N/A R11 I/O/Z Bi-directional program/data memory bus

DATA[14] N/A T10 I/O/Z Bi-directional program/data memory bus

DATA[13] N/A R10 I/O/Z Bi-directional program/data memory bus

DATA[12] N/A T9 I/O/Z Bi-directional program/data memory bus

DATA[11] N/A R9 I/O/Z Bi-directional program/data memory bus

DATA[10] N/A P16 I/O/Z Bi-directional program/data memory bus

DATA[9] N/A N15 I/O/Z Bi-directional program/data memory bus

DATA[8] N/A N16 I/O/Z Bi-directional program/data memory bus

DATA[7] N/A R1 I/O/Z Bi-directional program/data memory bus

DATA[6] N/A T2 I/O/Z Bi-directional program/data memory bus

DATA[5] N/A R2 I/O/Z Bi-directional program/data memory bus

DATA[4] N/A T8 I/O/Z Bi-directional program/data memory bus

DATA[3] N/A R8 I/O/Z Bi-directional program/data memory bus
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Table 2—2.  SL8051.v Top Level Design Module Ports (continued)

Signal Name Card Pin FGBA 
Ball Dir Description

DATA[2] N/A T7 I/O/Z Bi-directional program/data memory bus

DATA[1] N/A R7 I/O/Z Bi-directional program/data memory bus

DATA[0] N/A T6 I/O/Z Bi-directional program/data memory bus

MRAM_CSn N/A R6 O Freescale 256 kword MRAM chip select (active low)

OEn N/A T12 O Memory output enable (active low)

WRn N/A P2 O Memory write enable (active low)

UBSn N/A R12 O Memory upper byte select (active low)

LBSn N/A T11 O Memory lower byte select (active low)

ClockIn N/A A13 I 24 MHz SL8051 raw clock input from USB controller

CPUClock N/A B2 O SL8051 CPU clock output

OP_FETCHn N/a M3 O CPU opcode fetch (active low)

XRESETn N/A B12 I CPU master reset input from USB controller (active low) with weak pull-up

PBRESETn N/A C12 I Push-button reset input (active low) with weak pull-up

TxD1 J3.1 C11 O Serial port 1 TxD output

RxD1 J3.2 D11 I/O Serial port 1 RxD input (and output in Mode 0)

TxD0 J2.1 D10 O Serial port 0 TxD output

RxD0 J2.2 C10 I/O Serial port 0 RxD input (and output in Mode 0)

T1 J4.1 B6 I Timer 1 input with weak pull-up

T0 J4.2 A6 I Timer 0 input with weak pull-up

INT1 J4.3 B5 I INT1 interrupt input with weak pull-up

INT0 J4.4 A5 I INT0 interrupt input with weak pull-up

PORT7[7] N/A B13 I/O Navigation switch contact D with weak pull-up

PORT7[6] N/A A14 I/O Navigation switch contact C with weak pull-up

PORT7[5] N/A C13 I/O Navigation switch contact B with weak pull-up

PORT7[4] N/A A15 I/O Navigation switch contact A with weak pull-up

PORT7[3] N/A B4 I/O LED3 on/off control (0 = LED on, 1 = LED off)

PORT7[2] N/A A4 I/O LED2 on/off control (0 = LED on, 1 = LED off)

PORT7[1] N/A A3 I/O LED1 on/off control (0 = LED on, 1 = LED off)

PORT7[0] N/A A2 I/O LED0 on/off control (0 = LED on, 1 = LED off)

PORT5[7] N/A A12 I/O General purpose signal between SL8051 and USB controller  with weak 
pull-up

PORT5[6] N/A G3 I/O OLED light on/off control (1 = on, 0 = off) with weak pull-down

PORT5[5] N/A P9 I/O OLED Enable (E)/ Read (RDn) (MOTEL) control with weak pull-up

PORT5[4] N/A N10 I/O OLED Read (R) / Write (WRn) (MOTEL) control with weak pull-up
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Table 2—2.  SL8051.v Top Level Design Module Ports(continued)

Signal Name Card Pin FGBA 
Ball Dir Description

PORT5[3] N/A P10 I/O OLED Chip Select (active low) with weak pull-up

PORT5[2] N/A N11 I/O OLED Control/Data control with weak pull-up

PORT5[1] N/A P11 I/O OLED reset control (active low) with weak pull-up

PORT5[0] N/A M4 I/O OLED data bus bit 8

PORT4[7] N/A P5 I/O OLED data bus bit 7

PORT4[6] N/A N6 I/O OLED data bus bit 6 

PORT4[5] N/A P6 I/O OLED data bus bit 5

PORT4[4] N/A N7 I/O OLED data bus bit 4

PORT4[3] N/A P7 I/O OLED data bus bit 3

PORT4[2] N/A N8 I/O OLED data bus bit 2

PORT4[1] N/A P8 I/O OLED data bus bit 1

PORT4[0] N/A N9 I/O OLED data bus bit 0

PORT3[7] JP1.1 C2 I/O PORT3 bit 7 with weak pull-up

PORT3[6] JP1.2 D2 I/O PORT3 bit 6 with weak pull-up

PORT3[5] JP1.3 D1 I/O PORT3 bit 5 with weak pull-up

PORT3[4] JP1.4 E1 I/O PORT3 bit 4 with weak pull-up

PORT3[3] JP1.5 F2 I/O PORT3 bit 3 with weak pull-up

PORT3[2] JP1.6 F1 I/O PORT3 bit 2 with weak pull-up

PORT3[1] JP1.7 G2 I/O PORT3 bit 1 with weak pull-up

PORT3[0] JP1.8 G1 I/O PORT3 bit 0 with weak pull-up

PORT2[7] JP3.1 H2 I/O PORT2 bit 7 with weak pull-up

PORT2[6] JP3.2 H1 I/O PORT2 bit 6 with weak pull-up

PORT2[5] JP3.3 J2 I/O PORT2 bit 5 with weak pull-up

PORT2[4] JP3.4 J1 I/O PORT2 bit 4 with weak pull-up

PORT2[3] JP3.5 K2 I/O PORT2 bit 3 with weak pull-up

PORT2[2] JP3.6 K1 I/O PORT2 bit 2 with weak pull-up

PORT2[1] JP3.7 L2 I/O PORT2 bit 1 with weak pull-up

PORT2[0] JP3.8 L1 I/O PORT2 bit 0 with weak pull-up

PORT1[7] JP2.1 B15 I/O PORT1 bit 7 with weak pull-up

PORT1[6] JP2.2 C15 I/O PORT1 bit 6 with weak pull-up

PORT1[5] JP2.3 C16 I/O PORT1 bit 5 with weak pull-up

PORT1[4] JP2.4 D14 I/O PORT1 bit 4 with weak pull-up

PORT1[3] JP2.5 D16 I/O PORT1 bit 3 with weak pull-up

PORT1[2] JP2.6 E14 I/O PORT1 bit 2 with weak pull-up
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Table 2—2.  SL8051.v Top Level Design Module Ports (continued)

Signal Name Card Pin FGBA 
Ball Dir Description

PORT1[2] JP2.6 E14 I/O PORT1 bit 2 with weak pull-up

PORT1[1] JP2.7 E16 I/O PORT1 bit 1 with weak pull-up

PORT1[0] JP2.8 F15 I/O PORT1 bit 0 with weak pull-up

PORT0[7] JP4.1 F16 I/O PORT0 bit 7 with weak pull-up

PORT0[6] JP4.2 G15 I/O PORT0 bit 6 with weak pull-up

PORT0[5] JP4.3 G16 I/O PORT0 bit 5 with weak pull-up

PORT0[4] JP4.4 G14 I/O PORT0 bit 4 with weak pull-up

PORT0[3] JP4.5 H16 I/O PORT0 bit 3 with weak pull-up

PORT0[2] JP4.6 H14 I/O PORT0 bit 2 with weak pull-up

PORT0[1] JP4.7 J16 I/O PORT0 bit 1 with weak pull-up

PORT0[0] JP4.8 J14 I/O PORT0 bit 0 with weak pull-up

HTCK N/A L13 I HMDX TCK input

HTMS N/A K13 I HMDX TMS input with weak pull-up

HTDI N/A L14 I HMDX TDI input with weak pull-up

HTDO N/A K14 O/Z HMDX TDO output

HTRSTB N/A M14 I HMDX TRSTn input (strong pull-down on OLED card)

2.1.2 SL8051_cpu.v  Obfuscated Verilog RTL CPU Core Module

SL8051_cpu.v is the CPU core module.  The core is 100% instruction set compatible 
with the MCS8051 microcontroller core.  It is a fully synchronous, single-clock design 
and contains no transparent latches.  For synthesis, it references the following modules, 
which are instantiated inside it:

● INST_EXT.v
● debug.v (or optionally debug_rt.v with real-time trace buffer), which references:
– HJTAG.v, which references
— tap.v

● ADDER_8051.v
● CPU_SFR_S.v
● RAM_BLOCK.v, which optionally references
– RAM256x8.v, or
– TMR_RAM256x8_A3P.v, which references
— RAM256x24.v

Table 2—3 lists the SL8051_cpu.v module ports along with a brief description of each 
signal.
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Table 2—3.  SL8051_CPU Module Ports

Signal Name Dir Description

PC[15:0]             O Program counter

PROG_DIN[7:0     I Program instruction read bus input

XDBUS_IN[7:0] I Data memory read bus input

XDBUS_OUT[7:0]      O Program/data memory write bus output

USR_RD_ADDRS[7:0]   O User SFR read address

USR_WR_ADDRS[7:0]  O User SFR write address

USR_RD_DATA[7:0]     I User SFR read data bus input to the core

USR_WR_DATA[7:0]     O User SFR write data bus output from the core

DIRECT_WR       O 1 = Direct write cycle, 0 = indirect write cycle

DIRECT_RD       O 1 = Direct read cycle, 0 = indirect read cycle

DIR_CONTROL     O Direction control for external data bus. 1 = write, 0 = read

WR_EN           O User SFR write enable.  1 = write enabled

PCEq             O Program memory external chip enable, active high

DCEq             O Data memory external chip enable, active high

WRq             O External program/data memory write enable, active high

OE             O External program/data memory output enable, active high

OES O External synchronous program/data memory output enable for Honeywell 
MRAM interface, active high

WE O External synchronous program/data memory write enable for Honeywell 
MRAM interface, active high

WE_ASYN O Asynchronous program/data memory write enable for Honeywell MRAM 
interface, active high

PORT2q[7:0]          I PORT2 register output, may be used by MOVX  @Rn instructions

CPUClock        I CPU clock input

OP_FETCH        O 1 = opcode fetch cycle

WAIT             I 1 = CPU wait

MONITOR_REQUEST  O 1 = HMDX hardware monitor cycle request

HW_BREAK_REQUEST O 1 = Hardware breakpoint request

RMW             O 1 = read-modify-write cycle

IACK            O 1 = interrupt acknowledge cycle (first opcode fetch of interrupt service routine)
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Table 2—3.  SL8051_CPU Module Ports (continued)

Signal Name Dir Description

RTI             O 1 = 1st op-fetch after a RTI instruction is executed

INT_REQ         I 1 = an interrupt is pending

VECTOR[2:0]          I Vector of the interrupt requester

RESET_IN        I 1 = reset

RESET_OUT       O Global reset output to the rest of the core

MONITOR_CYCL    O 1 = the current cycle is a HMDX hardware monitor cycle

BREAK_FLAG      O 1 = a software or hardware breakpoint is active

XDATA_CYCL      O 1 = the current cycle is an external data cycle (MOVX)

TMR_ERROR        O 1 = an error has been detected in the 256-byte internal data memory

HTCK            I HMDX JTAG TCK input

HTDI            I HMDX JTAG TDI input

HTDO            O/Z HMDX JTAG TDO input

HTMS             I HMDX JTAG TMS input

HTRSTB         I HMDX JTAG TRST input

2.1.3 USR_SFRs.v  User Special Function Registers (SFR) Module

USR_SFRs is where most of a given design's customization will take place.  In its 
minimum configuration, most of the contents of this module can be removed.  For 
instance, if an application will not be using interrupts, there is no need for the Interrupt 
priority (IP) or interrupt enable (IE) registers.  If no serial ports or timers are needed, 
these can be removed also, thereby freeing of FPGA fabric for other uses, or for 
enabling implementation in a smaller, lower-cost device.

USR SFRs are mapped in the CPU's direct address range 0x80 through 0xFF.  USR 
SFRs do not include the ACC, B, SP, PSW, DPH, or DPL registers.  These are 
instantiated separately with the cpu_sfr_s.v module, which itself is instantiated with the 
obfuscated SL8051_cpu.v module.

Having the standard MCS8051 style timer/counter, serial ports, interrupt priority and 
enable registers located within the USR SFR block, gives the designer complete 
freedom to remove, add, modify an application's I/O function.

Table 2—4 gives the SFR memory map of the MRAM8051 OLED reference design.
Table 2—5 lists the USR_SFRs.v module ports for the MRAM8051 OLED design.
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Table 2—4.  SL8051 SFR MAP

Function Address Bit-Addressable Description
P0 0x80 Yes Port0 

SP 0x81 No Stack Pointer

DPL 0x82 No Data Pointer Low

DPH 0x83 No Data Pointer High

TOT0 0x86 No Port 0 totem-pole output enable

PCON 0x87 No Power control register

TCON 0x88 Yes Timer/Counter1/0 control register

TMOD 0x89 No Timer/Counter1/0 mode register

TL0 0x8A No Timer 0 low register

TL1 0x8B No Timer 0 high register

TH0 0x8C No Timer 1 low register

TH1 0x8D No Timer 1 high register

P1 0x90 Yes Port1

TOT1 0x91 No Port 1 totem-pole output enable

SCON0 0x98 Yes Serial port 0 control register

SBUF0 0x99 No Serial port 0 transmit/receive data register

BRG0 0x9A No Baud rate generator dedicated to serial port0

P2 0xA0 Yes Port2

TOT2 0xA1 No Port 2 totem-pole output enable

IE 0xA8 Yes Interrupt enable register

P3 0xB0 Yes Port3

TOT3 0xB1 No Port 3 totem-pole output enable

IP 0xB8 Yes Interrupt priority register

SCON1 0xC0 Yes Serial port 1 control register

SBUF1 0xC1 No Serial port 1 transmit/receive data register

BRG1 0xC2 No Baud rate generator dedicated to serial port1

P4 0xC8 Yes Port4

TOT4 0xC9 No Port 4 totem-pole output enable

OLED_CTL 0xCA No OLED write control

OLED_DAT 0xCB No OLED write data

PSW 0xD0 Yes Program Status Word

P5 0xD8 Yes Port5

TOT5 0xD9 No Port 5 totem-pole output enable

ACC 0xE0 Yes Accumulator

PPAGE 0xEE No Program memory paging window

DPAGE 0xEF No Extended Data memory paging window

B 0xF0 Yes B register

P7 0xF8 Yes Port7

TOT7 0xF9 No Port 7 totem-pole output enable

Standard function

Custom function

Modified function
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Table 2—5.  USR_SFRs.v Module Ports for MRAM8051 OLED Reference Design

Signal Name Dir Description

DIR_RD_ADDRS[7:0] I User SFR read address

DIR_WR_ADDRS[7:0]  I User SFR write address

WR_DATA[7:0]  I User SFR write data bus

RD_DATA[7:0]  I user SFR read data bus

DIRECT_WR I 1 = direct data/SFR write cycle; 0 = indirect write

CPUClock  I Global CPU clock input

WR_EN I 1 = user SFR write enable (write cycle)

RMW I 1 = read-modify-write instruction is in the instruction decoder

RESET I Buffered and gated (by debug module in CPU) global reset 

RTI I 1 = 1st op-fetch after a RTI instruction is executed

INT_REQ I Interrupt request output to CPU

VECTOR[2:0] O 3-bit interrupt vector to CPU 

IACK  I Interrupt acknowledge indicates first opcode fetch of interrupt routine

INT0 I Standard Interrupt channel 0 input

INT1 I Standard Interrupt channel 1 input

T0  I Timer/counter trigger 0 input

T1 I Timer/counter trigger 1 input

STOP O PCON[0] output

IDLE O PCON[1] output

MONITOR_REQUEST I 1 = Monitor Request

HW_BREAK_REQUEST I 1 = Hardware Breakpoint request

RxD_In_0 I Receive input to Serial Port0

TxD_Out_0 O Transmit output from Serial Port0

RECEIVE_0 O 1 = Serial Port0 receiver is in Mode0 and receiving

SEND_0 O 1 = Serial Port0 transmitter is in Mode0 and transmitting

SHIFT_CLOCK_0 O Serial Port0 Mode0 Shift Clock

TxD_Out_Mode0_0 O Serial Port0 Mode0 transmit data output

TxD_Send_0 O 1 = Serial Port0 transmitting in Modes 1, 2, or 3

REN_0 O Serial Port0 receiver enable flag from SCON
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Table 2—5.  USR_SFRs.v Module Ports for MRAM8051 OLED Reference Design
 (continued)

Signal Name Dir Description

RxD_In_1 I Receive input to Serial Port1

TxD_Out_1      O Transmit output from Serial Port1

RECEIVE_1 O 1 = Serial Port1 receiver is in Mode0 and receiving

SEND_1 O 1 = Serial Port1 transmitter is in Mode0 and transmitting

SHIFT_CLOCK_1 O Serial Port1 Mode0 Shift Clock

TxD_Out_Mode0_1 O Serial Port1 Mode0 transmit data output

TxD_Send_1 O 1 = Serial Port1 transmitting in Modes 1, 2, or 3

REN_1 O Serial Port1 receiver enable flag from SCON

PORT0 I/O/Z PORT0 8-bit bi-directional 

PORT1 I/O/Z PORT1 8-bit bi-directional 

PORT2 I/O/Z PORT2 8-bit bi-directional

PORT3 I/O/Z PORT3 8-bit bi-directional 

PORT4 I/O/Z PORT4 8-bit bi-directional 

PORT5 I/O/Z PORT5 8-bit bi-directional

PPAGE I/O/Z 8-bit Program Memory Page Register

DPAGE  I/O/Z 8-bit Data Memory Page Register

PORT7 I/O/Z PORT7 8-bit bi-directional

PORT2q         O PORT2 data register output for use with MOVX @Ri

2.2  User Special Function Registers (SFR) Modules

In addition to the standard MCS8051 style peripherals such as the serial port, parallel 
ports, 16-bit timer/counters, and interrupt priority and enable registers, the MRAM8051 
OLED reference design has been customized to include totem-pole enable registers for 
each parallel port, an extra serial port, dedicated baudrate generators, and 
program/data page registers to extend the physical reach of both program and data 
memory address space from 64k bytes to 512k bytes.  This section gives a brief 
functional description of each special function register included in the library.
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2.2.1 Power Control (PCON) Register

The SL8051 PCON register has been modified to accommodate the addition of Serial 
Port1, BRG0, and BRG1.  Table 2—6 gives a description of each bit in PCON.  

Figure 2—2 shows how the x16 Clock source is determined.  

Note that the power down (PD) bit D1 found on HCMOS 8051s, and the idle (IDLE) bit 
D0 functions have been left off this design.  

Table 2—6.  Power Control Register (PCON), SFR Address 0x87

Bit No. D7 D6 D5 D4 D3 D2 D1 D0

Function SCON0 BRG 
ENABLE0 SCON1 BRG 

ENABLE1 GF1 GF0 STOP IDLE

Reset 0 0 0 0 0 0 0 0

PCON Register Bit Definitions
SCON0 0 = Either Timer1 overflow output or BRG0 overflow output to Serial 

Port0 is divided by 2.
1 = Either Timer1 overflow output or BRG0 overflow output to Serial 

Port0 is divided by 1.
BRG  ENABLE0 0 = Timer1 overflow is used as the source for the x16 clock to Serial 

Port0.
1 = Baud-rate generator for Serial Port0 is enabled.  Setting it to 1 

selects the BRG0 overflow output as the x16 clock source to 
Serial port0.

SCON1 0 = Either Timer1 overflow output or BRG1 overflow output to Serial 
Port1 is divided by 2.

1 = Either Timer1 overflow output or BRG1 overflow output to Serial 
Port1 is divided by 1.

BRG  ENABLE1 0 = Timer1 overflow is used as the source for the x16 clock to Serial 
Port1.

1 = Baud-rate generator for Serial Port1 is enabled.  Setting it to 1 
selects the BRG1 overflow output as the x16 clock source to 
Serial port1.

GF1 This is a general purpose flag.
GF0 This is a general purpose flag.
STOP 1 = This readable and writable bit is traditionally used to stop the 

CPU and SFR clocks when set.  The MRAM8051 design 
presently does not connect it to such clock control circuitry.

0 = This is the default after reset. 
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IDLE 1 = This readable and writable bit is traditionally used to stop the 
CPU clock without affecting the SFR clock when set.  The 
MRAM8051 design presently does not connect it to such clock 
control circuitry.

0 = This is the default after reset. 

Figure 2—2.  X16 Baud-Rate Clock Source Selection 

Div/2

SCONx

BRG ENABLEx

TIMER1 OVFL

BRGx OVFL

X16 CLOCK

2.2.2 Interrupt Enable (IE) Register

The SL8051 IE register is identical to the industry standard IE register except that IE.6 functions as 
the interrupt enable bit for Serial Port1 as shown in Table 2—7 below.  Note that the interrupt vector 
address for Serial Port1 interrupts is 0x0033.

Table 2—7.  Interrupt Enable Register (IE), SFR Address 0xA8

Bit No. D7 D6 D5 D4 D3 D2 D1 D0

Source EA ES1 spare ES0 ET1 EX1 ET0 EX0

Vector 
Address -- 0x0033 0x002B 0x0023 0x001B 0x0013 0x000B 0x0003

Reset 0 0 0 0 0 0 0 0

IE Register Bit Definitions
EA 1 =  Globally enable interrupts from all enabled sources.
ES1 1 =  Enable interrupts from Serial Port 1.
ES0 1 =  Enable interrupts from Serial Port 0.
ET1 1 =  Enable interrupts from Timer1.  
EX1 1 =  Enable interrupts from External Interrupt INT1.
ET0 1 =  Enable interrupts from Timer0.
EX0 1 =  Enable interrupts from External Interrupt INT0.
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2.2.3 Interrupt Priority (IP) Register

The SL8051 IP register is functionally the same as the industry standard IP register 
except that IP.6 functions as the priority selection for Serial Port1.  The name and 
function of each bit is described in Table 2—8 below.  With all IP bits cleared to 0, the 
function with the highest priority level is IP.0 (PX0) with IP.1 (PT0) being the next 
highest priority in succession and IP.6 (PS1) being the lowest priority of them all.  By 
setting a bit in the IP register, the associated function becomes the highest priority.  If 
yet another bit is set, then that function becomes the highest priority, but only if it would 
normally be a higher priority than any other function that also has its corresponding IP 
bit set.  In that case, it only has higher priority than functions that do not have their IP bit 
set.

Table 2—9 lists the interrupt source, default priority, and respective vector location for 
each interrupt source.

Table 2—8.   Interrupt Priority Register (IP), SFR Address 0xB8

Bit No. D7 D6 D5 D4 D3 D2 D1 D0

Function reserved PS1 spare PS0 PT1 PX1 PT0 PX0

Reset 0 0 0 0 0 0 0 0

IP Register Bit Definitions

PS1 1 =  Place Serial Port 1 on higher priority level.

PS0 1 =  Place Serial Port 0 on higher priority level.

PT1 1 =  Place Timer1 on higher priority level.

PX1 1 =  Place External Interrupt INT1 on higher priority level.

PT0 1 =  Place Timer0 on higher priority level.

PX0 1 =  Place External Interrupt INT0 on higher priority level.

Table 2—9.   Interrupt Priority Levels and Vector Locations

Source
Priority

0 = Highest
Vector

Location
INT0 0 0003h

T0OV 1 000Bh

INT1 2 0013h

T1OV 3 001Bh

T0/R0 4 0023h

spare 5 002Bh

T1/R1 6 0033h
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2.2.4 Baud Rate Generators 0 and 1 (BRGx)

Unlike the industry standard 8051, this customized implementation of the SL8051 has 
two dedicated baud-rate generators (BRG0 and BRG1) that can be used to generate 
the x16 baud-rate clock needed for asynchronous serial communications.  BRG0 is for 
exclusive use by Serial Port0.  BRG1 is for exclusive use by Serial Port1.  Although the 
Timer1 overflow output can be used to generate the x16 baud-rate clock by running 
Timer1 in Mode 2, the inclusion of BRG0 completely frees up Timer/Counter 1 so it can 
be used to generate interrupt driven timing and counting functions.  To enable a 
respective serial port’s baud-rate generator, simply set the corresponding bit in the 
PCON register (see Table 2—6).  Table 2—10 shows the bit numbers, function, and 
SFR address of each BRG.

Table 2—10.  Baud Generator (BRGx), SFR Addresses 0x9A (BRG0) and 0xC2 (BRG1)

Bit No. D7 D6 D5 D4 D3 D2 D1 D0

Function BRGD7 BRGD6 BRGD5 BRGD4 BRGD3 BRGD2 BRGD1 BRGD0

Reset 0 0 0 0 0 0 0 0

2.2.5 Parallel Ports 0 (P0), 1 (P1), 2 (P2), and 3 (P3)

Included in the design is a single 8-bit, bi-directional parallel port, Port0.  This port has 
open-drain outputs and therefore requires external pull-up resistors.  Also note that 
certain 8051 instructions (read-modify-write instructions) read the corresponding port’s 
output register and not the actual pin.  Non-RMW instructions will read the port pin. 
Table 2—1 shows how the open-drain ports are configured.

Table 2—11.  Parallel Portx (Px)

Bit No. D7 D6 D5 D4 D3 D2 D1 D0

Function Px.7 Px.6 Px.5 Px.4 Px.3 Px.2 Px.1 Px.0

Reg Write 0 (Pin) 0 0 0 0 0 0 0 0

Reg Write 1 (Pin) Z Z Z Z Z Z Z Z

RMW Reads Reg[7] Reg[6] Reg[5] Reg[4] Reg[3] Reg[2] Reg[1] Reg[0]

Read Pin[7] Pin[6] Pin[5] Pin[4] Pin[3] Pin[2] Pin[1] Pin[0]

Reset (Register) 1 1 1 1 1 1 1 1

Notes:  1.  RMW = read-modify-write instructions.
 2.  Ports P1, P2, and P3 are not implemented in this design.
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2.2.6 Totem-Pole Output Enable Registers

Unlike the standard MCS8051 style parallel ports, the SL8051 parallel ports have 
associated with each a totem-pole enable enable register.  Each bit of a given port can 
be configured for totem-pole output mode or left in its default open-drain mode.  By 
setting a given totem-pole enable bit to 1, the port bit is configured as a totem-pole 
output.  Table 2—12 lists the bits and their function.  Figure 2—3 shows the logic 
diagram for parallel ports that include the totem-pole function.  Refer to Table 2—4 for 
their respective locations in the SFR map.

Table 2—12.  Totem-Pole Enable (TOTx)

Bit No. D7 D6 D5 D4 D3 D2 D1 D0

Function Mx.7 Mx.6 Mx.5 Mx.4 Mx.3 Mx.2 Mx.1 Mx.0

Reg Write 0 (Pin) O.D. O.D. O.D. O.D. O.D. O.D. O.D. O.D.

Reg Write 1 (Pin) T T T T T T T T

Reset (Register) 0 0 0 0 0 0 0 0

Notes: 1.  O.D.  = Open drain (default) mode.
2.  T    = Totem-pole mode.

Figure 2—3.   Configuration of the Parallel Ports' Outputs
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2.2.7 Serial Ports 0 (SCON0, SBUF0) and 1 (SCON1, SBUF1)

An additional serial port has been incorporated into this particular design.  The extra 
serial port occupies locations 0xC0 (SCON1) and 0xC1 (SBUF1).  SCON0 and SBUF0 
for Serial Port0 reside at their usual locations, 0x98 and 0x99 respectively.  Serial Port1 
is identical to Serial Port0.  Either, or both, serial ports may be configured to use the 
Timer1 overflow output as the x16 input clock, or they can be configured to take their 
x16 clock from their own dedicated baud-rate generator (BRGx) by setting or clearing 
the appropriate bit(s) in the PCON register.  For information on how to select the x16 
baud-rate source, refer to Section 2.2.1. 

Reading from SBUFx reads the receive data register and may be read while new data is 
being shifted into the receive shift register.  Thus, the receiver function is buffered. 
Upon completion of the receiver shift operation, if configured for nine-bit operation, the 
ninth data bit is automatically loaded into RB8 (SCONx.2), and the receiver interrupt 
flag, RI (SCONx.0), is set when the shift is complete.   

Both the receiver and transmitter of a given serial port share the same interrupt line (TI 
“OR” RI) and vector location.  Thus the TI and RI flags must be polled within the serial 
port’s interrupt service routine to determine the source of the interrupt.  Also, the source 
that caused the interrupt must be cleared in software by clearing its respective TI or RI 
flag.  Please note that it is also permissible to set the TI and/or RI flags in software to 
create a software-generated interrupt. 

The serial ports each have four modes of operation, including 8-bit synchronous with 
fixed baud-rate (Mode 0), 8-bit asynchronous with variable baud-rate (Mode 1), 9-bit 
asynchronous with fixed baud-rate (Mode 2), and 9-bit asynchronous with variable 
baud-rate (Mode 3).  When operated in either Mode 2 or Mode 3, the serial port can be 
configured for multiprocessor communications by setting the SM2 bit (SCONx.5).  If 
SCONx.5 is set, then an the RI flag will not be set and no interrupt generated if the 9th 

data bit is 0 when operated in either Modes 2 or 3.  When operated in Mode 1 (8-bit 
mode) RI will not be set and no interrupt generated if a stop bit of 0 is received in the 
receive data register

Note that since these serial ports support Mode 0 operation, the RxD pins are open-
drain configuration.  That is, in Mode 0, when the transmitter is loaded with data, the 
RxD pin becomes an output and must be pulled up externally with a resistor.  

Tables 2—13 and 2—14 describe the function of the SCONx and SBUFx registers, 
respectively.
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Table 2—13.  Serial Control (SCONx) Register, SFR Addresses 0x98 (SCON0) and 0xC0 
   (SCON1)

Bit No. D7 D6 D5 D4 D3 D2 D1 D0

Function SM0 SM1 SM2 REN TB8 RB8 TI RI

Reset 0 0 0 0 0 0 0 0

SCONx Register Bit Definitions

SM0 SM1 00 = Mode0, 8-bit synchronous at 1/12 the CPU clock rate.  When 
transmitting, the transmit shift clock appears on the serial port TxD 
pin and data is shifted out the RxD pin.  When receiving, the receive 
shift clock appears on the TxD pin and receive data is shifted in from 
the RxD pin.

01 = Mode1, 8-bit asynchronous with x16 baud clock source determined 
by the configuration of SCONx and BRGx in the PCON register.

10 = Mode2, 9-bit asynchronous with the x16 baud clock source equal to 
1/16 or 1/32 the CPU clock rate, depending on the setting of SCONx 
in the PCON register.

11 = Mode3, 9-bit asynchronous with the x16 baud clock source 
determined by the configuration of SCONx and BRGx in the PCON 
register.

SM2 1   = Not used in Mode0.  In Mode1, no interrupt is generated if there is a 
framing error, i.e., the stop bit received is 0.  In Modes 2 and 3, no 
interrupt is generated (RI is not set) if RB8 receives a zero.

REN 1   = Receiver is enabled.
TB8 1   = 9th bit of the transmit shift register in 9-bit Modes 2 and 3.
RB8 1   = 9th bit received in Modes 2 and 3, and stop bit in Mode 1.
TI 1   = Transmission complete (interrupt request) flag—must be cleared in 

software.  May be set in software to generate interrupts.
RI 1   = Reception complete (interrupt request) flag—must be cleared in 

software.  May be set in software to generate interrupts.

.
Table 2—14.  Serial Buffer (SBUFx) , SFR Addresses 0x99 (SBUF0) and 0xC1 (SBUF1)

Bit No. D7 D6 D5 D4 D3 D2 D1 D0

Function SBUF7 SBUF6 SUBF5 SBUF4 SBUF3 SBUF2 SBUF1 SBUF0

Write TxD7 TxD6 TxD5 TxD4 TxD3 TxD2 TxD1 TxD0

Read RxD7 RxD6 RxD5 RxD4 RxD3 RxD2 RxD1 RxD0

Reset 0 0 0 0 0 0 0 0
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2.2.8 Timer/Counters 1 and 0

The SL8051 has an MCS8051 style timer/counter module that comprises two 16-bit 
counter/timers that can each be operated in one of four counter or timer modes 
determined by the settings in the TCON (SFR location 0x88) and TMOD (SFR location 
0x89) registers.  Each counter/timer can be configured to generate an interrupt on 
overflow, depending on the setting of their respective interrupt enable flags and the 
global interrupt enable fag in the IE register.  

In Mode 0, the timer/counters act like an 8-bit counter (THx) with 5-bit prescaler (Tlx).

In Mode 1 they operate as a 16-bit timer/counter {THx,TLx}.  

Mode 2 configures them as an 8-bit timer/counter (TLx) with automatic reload using 
(THx) each time TLx overflows.  When timer/counter0 is configured for Mode 3 
operation, TH0 becomes an 8-bit timer that simply counts CPU clock cycles while using 
control/status TR1 and TF1 of Timer/Counter1.  In this mode, TL0 uses all the 
control/status bits of Timer/Counter0 for either counter or timer operation.  

If the Mode bits of Timer/Counter1 are configured for Mode3, then Timer/Counter1 
suspends its counting of CPU Clock cycles.  This means that if Timer/Counter0 is 
operating in Mode 3, it loses use of its control/status flags other than its own mode bits. 
Thus, when the mode bits of Timer/Counter0 are set for Mode3 and the mode bits of 
Timer/Counter1 configured for Mode 2, Timer/Counter1 can be used for baud-rate 
generation while TH0 is counting CPU clock cycles and TL0 functions as either a 
counter or timer.  Setting the mode bits of Timer/Counter1 to Mode 3 will stop 
Timer/Counter1 from counting but will hold its count value.  Tables 2—15 and 2—16 
show the bit arrangements and their function of the TCON, TMOD, TL0, TH0, TL1, and 
TH1 registers.

Table 2—15.  Timer/Counter Control (TCON) Register, SFR Address 0x88

Bit No. D7 D6 D5 D4 D3 D2 D1 D0

Function TF1 TR1 TF0 TR0 IE1 IT1 IE0 IT0

Reset 0 0 0 0 0 0 0 0

TCON Register Bit Definitions

TFx 1 =  Timer/Counterx overflow detected.  Automatically cleared when interrupt is 
acknowledged.

TRx 1 =  Enable Timer/Counterx.
IEx 1 =  Active transition or level detected on external INTx pin.  Automatically 

cleared when interrupt is acknowledged.
ITx 0 =  External interrupt is activated when INTx is low for at least one CPU clock 

cycle and need not return to a high level to generate subsequent interrupts.
1 =  External interrupt is activated when INTx makes a high-to-low transition.  The 

input must remain low for at least one CPU clock cycle. 
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Table 2—16.  Timer/Counter Mode Register, SFR Address 0x89

Bit No. D7 D6 D5 D4 D3 D2 D1 D0

Function GATE1 C/T1 M1T1 M0T1 GATE0 C/T0 M1T0 M0T0

Reset 0 0 0 0 0 0 0 0

TMODE Register Bit Definitions

GATEx 0 = Timer/Counter counts when TRx is set.
1 = Timer/Counter counts when TRx is set and external INTx is 

high.
C/Tx 0 = Timer/Counter counts CPU Clock cycles when TRx is set.

1 = Timer/Counter counts low-to-high transitions on the respective
  external Tx pin.

M1Tx  M0Tx 0 0 = 8-bit timer/counter (THx) with 5-bit prescaler (TLx).
0 1 =  16-bit timer/counter {THx, TLx}.
1 0 =  8-bit timer/counter (TLx) with auto-reload with THx.

M1T0 M0T0 1 1 = TL0 is fully functional 8-bit counter/timer.  TH0 simply counts 
CPU clock cycles and barrows Timer/Counter1 TR1 and TF1 
flags in the TCON register.

M1T1 M0T1 1 1 = Timer/Counter1 stops counting and holds its value.
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2.2.9 PPAGE Register for Extended Program Memory Addressing

To extend the physical program memory address reach of the SL8051 from 64 kbytes to 
the 512 kbytes of the Freescale MRAM, the PPAGE register was added to the USR 
SFR block.  Logical program memory accesses within the range 0x8000 to 0xFFFF will 
map to the physical 32 kbyte page pointed to by the contents of the PPAGE register. 

For SST flash/SRAM combo chip support, the SWAP bit has been added.  This bit can 
be used to map SRAM, normally used for extended data memory, into the program 
memory address space.  This is useful for software development in that an unlimited 
number of software breakpoints can be set in SRAM. 

Table 2—17 shows the PPAGE register and the function of the bits.
Figure 2—4 shows the relationship between the logical PPAGE window and the physical 
address.

Table 2—17.  PPAGE Register, SFR Address 0xEE

Bit No. D7 D6 D5 D4 D3 D2 D1 D0

Function reserved reserved reserved SWAP PG3 PG2 PG1 PG0

Reset 0 0 0 0 0 0 0 1

Figure 2—4.    Extended Program Memory Addressing
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2.2.10 DPAGE Register for Extended Data Memory Addressing

To extend the physical data memory address reach of the SL8051 from 64 kbytes to the 
512 kbytes of the Freescale MRAM, the DPAGE register was added to the USR SFR 
block.  Logical program memory accesses within the range 0x8000 to 0xFFFF will map 
to the physical 32 kbyte page pointed to by the contents of the DPAGE register. 

For SST flash/SRAM combo chip support, the SWAP bit has been added.  This bit can 
be used to map flash memory, normally used for program memory, into the data 
memory address space.  

Table 2—18 shows the DPAGE register and the function of the bits.
Figure 2—5 shows the relationship between the logical DPAGE window and the 
physical address.

Table 2—18.  DPAGE Register, SFR Address 0xEF

Bit No. D7 D6 D5 D4 D3 D2 D1 D0

Function reserved reserved reserved SWAP PG3 PG2 PG1 PG0

Reset 0 0 0 0 1 0 0 1

Figure 2—5.    Extended Program Memory Addressing
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3  External Program and Data Memory Interface

External Program and Data Memory Interface

This chapter describes the MRAM8051 program and data memory interface.

3.1  Overview

The MRAM8051 OLED reference design is customized at the top level to interface 
directly with the Freescale  MR2A16A asynchronous 256 kword x 16-bit MRAM. 
However, the SL8051_cpu.v module provides the necessary signals (CEs, WE, and 
WE_ASYN) to interface to Honeywell's radiation hardened HXNV0100 synchronous 64 
kword x 16-bit MRAM as well.  That is, with the basic interface signals provided at the 
SL8051_cpu.v module ports, the SL8051 core can be readily adapted at the top level of 
the design to interface to a wide variety of 16-bit wide memories.

3.1.1 Freescale  MR2A16A MRAM Interface

Due to the abundance of pins typically found on modern FPGAs, there is really no need 
to multiplex the lower address and data bus as is commonly the case with MCS8051 
style microcontrollers.  Instead, the MRAM8051 OLED reference design simplifies the 
external memory interface problem by a traditional generic memory interface.  That is, 
an active low chip select (MRAM_CSn), active low output enable (OEn), and active low 
write enable (WRn) for direct connection to the Freescale MRAM device.  Also provided 
is a 16-bit data bus (as opposed to the standard 8-bit bus), and active low upper byte 
select (UBSn) and lower byte select (LBSn) lines.  The UBSn and LBSn lines are never 
both active at the same time, since only 8-bits are accessed at any given time.

The basic schema in this specific application is that program and data memory 
physically overlay each other.  In other words, by manipulating the DPAGE register, 
MOVX instructions can access program memory, and by manipulating the PPAGE 
register, MOVC instructions can access data memory.  This approach offers the 
greatest flexibility in partitioning a single MRAM device.

Figures 3—1 and 3—2 show the timing relationships for external Freescale MRAM 
accesses.  Note that the Freescale MRAM device requires that its chip select return to 
the inactive logic high state prior to write enable going low.  Otherwise, the write 
address will not be properly latched for the write cycle.
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Figure 3—1.    Freescale MRAM Read Cycle External Bus Interface Timing

Figure 3—2.    Freescale MRAM Write Cycle External Bus Interface Timing

3.1.2 Honeywell HXNV0100 Synchronous MRAM Interface

Interfacing to the Honeywell HXNV0100 synchronous MRAM is somewhat more 
problematic than interfacing to the Freescale MRAM.  First, the Honeywell device is 
synchronous, meaning that for both read and write cycles, the address must be set up in 
time prior to the rising edge of its chip enable (CEs) input.  Second, the Honeywell 
device does not provide separate low byte and high byte select inputs for reading or 
writing individual bytes.  Third, synchronous writes require that the data to be written be 
set up in time for the write operation, which, without adding a hi-z state to the bus cycle 
immediately prior to the write, may cause a bus contention scenario.

To overcome these problems, a x4 clock must be used for generating the proper timings 
required for the Honeywell synchronous MRAM interface.  With the x4 clock, the 
CPUClock signal is phase shifted by 1/8 clock period to generate the CEs signal.  This 
provides enough address setup time.  Next, the direction control line which enables the 
SL8051 external data bus drivers during a write cycle, is delayed or held off for 1/8 clock 
cycle to allow enough time to switch the bus around.

To overcome the problem of no upper byte and lower byte select lines, there is a 
dummy read that takes place prior to the write at the write address.  The value read 
during this cycle is appropriately modified by byte insertion before being written back out 
during the write cycle.  All this magic takes place at the top level of the SL8051.v design.

Figures 3—3 and 3—4 show the timing relationships for external Honeywell 
synchronous  MRAM accesses.
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Figure 3—3.    Honeywell MRAM Read Cycle External Bus Interface Timing

Figure 3—4.    Honeywell MRAM Write Cycle External Bus Interface Timing
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Hardware Monitor and Data Exchange (HMDX)

The SL8051 is based on the patented Hardware Monitor and Data Exchange (HMDX) architecture 
that gives applications developers the ability to monitor and debug their applications in real time by 
way of an on-chip, JTAG-accessible, HMDX logic module.  When incorporated into the design, 
applications developers can download directly to program MRAM, SRAM, or flash memory from 
within Domain Technologies IDE or stand-alone debugger.  Once downloaded, programs can be run 
and monitored in real time.  Multiple software breakpoints can be set and the core single-stepped 
through the application software.  Internal and external data RAM, SFR registers, and program 
memory can be examined and edited on-the-fly while the CPU is running.

The HMDX module is presently available in three versions: null, standard, and real-time trace.  The 
null version of the debug module is as the name implies in that it completely dissolves away during 
synthesis, leaving the resulting SL8051 implementation without any debug capability whatsoever. 
The standard version supports real-time monitoring, software breakpoints, single-steps, program/data 
memory uploading and downloading, as well as external flash memory programming.  Finally, the 
real-time trace version includes all the capabilities of the standard version in addition to a 144-
channel x 128 sample deep real-time trace buffer and three programmable hardware breakpoints. 
The trace buffer traces all CPU SFR registers, program counter, interrupt, internal SFR read and write 
address buses and data buses, and 36-bit timestamps.

This particular implementation of the SL8051 was synthesized with the “debug.v” file and therefore 
does not have real-time trace capability.   However, a special emulator version of the design with the 
“debug_rt.v” logic module can be implemented.

To enable the real-time monitoring capability so that you can change values in run mode, make sure 
that the “Enable access in RUN mode” box is checked in the “Options ==> Preferences” menu in 
BoxView.  The BoxView debug windows can be refreshed with real-time data while the CPU is in run 
mode by typing in the “REF 100” command in the BoxView command window.  To turn off refresh, 
enter the “REF off” command.
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APPENDIX A    MRAM8051 OLED Reference Design PCB Schematic

www.siliconlaude.com 33

http://www.siliconlaude.com/


5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A ASilicon Laude

OLED

MOD1: 2007-01-24

A3P-OLED BA

7 7Monday, February 12, 2007

Title

Size Document Number Rev

Date: Sheet of

OLEDVCC

OLEDD1

OLEDD8

OLEDD6

OLEDCSn

OLEDD0

OLEDC/Dn

OLEDD5

OLEDE/RDn

OLEDD7

OLEDD2

OLEDRESn

OLEDR/Wn

VBREF

VPC
VPB
VPA

IREF

VSL
VCCIO

GND

VCOMH

OLEDD3
OLEDD4

VCCIO

OLEDR/Wn

OLEDD6

OLEDCSn

OLEDE/RDn

OLEDD4

OLEDD2
OLEDD1

OLEDD8

OLEDD5

OLEDD0

OLEDC/Dn

OLEDD7

OLEDRESn

OLEDD3

GND

OLED_ON

VCCIO

R18
910k

L1

3.3uH

D8

30V, .1A
U10

LT1930A

1

34

5 SW

FBSHDN

VIN

R17
50

D7

3.6V, .5W

1
3

C24

1uF

1
2

C23

1uF

1
2

C22

1uF
1

2

C25

1uF

1
2

C28

2.2uF, 25V
1

2

R23

5.1

R19
131k

J7

CON30

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

R20
14k

C29

4.7uF

1
2

C4
1uF

C27

10uF, 16V

1
2

C26

10uF, 16V

1
2


	Revision History
	1  Introduction
	1.1  Why MRAM8051
	1.2  Silicon Laude MRAM8051 features
	1.3  MRAM8051 Development Kit features

	2  MRAM8051 Verilog RTL Library
	2.1  Overview
	2.1.1	SL8051.v Top Level MRAM8051 OLED Reference Design
	2.1.2	SL8051_cpu.v  Obfuscated Verilog RTL CPU Core Module
	2.1.3	USR_SFRs.v  User Special Function Registers (SFR) Module

	2.2  User Special Function Registers (SFR) Modules
	2.2.1	Power Control (PCON) Register
	2.2.2	Interrupt Enable (IE) Register
	2.2.3	Interrupt Priority (IP) Register
	2.2.4	Baud Rate Generators 0 and 1 (BRGx)
	2.2.5	Parallel Ports 0 (P0), 1 (P1), 2 (P2), and 3 (P3)
	2.2.6	Totem-Pole Output Enable Registers
	2.2.7	Serial Ports 0 (SCON0, SBUF0) and 1 (SCON1, SBUF1)
	2.2.8	Timer/Counters 1 and 0
	2.2.9	PPAGE Register for Extended Program Memory Addressing
	2.2.10	DPAGE Register for Extended Data Memory Addressing


	3  External Program and Data Memory Interface
	3.1  Overview
	3.1.1	Freescale  MR2A16A MRAM Interface
	3.1.2	Honeywell HXNV0100 Synchronous MRAM Interface


	4  Hardware Monitor and Data Exchange (HMDX)
	APPENDIX A MRAM8051 OLED Reference Design PCB Schematic



