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ABSTRACT

In this research, programmable, microcontroller-based test hardware was designed,
constructed, debugged, and programmed. The wire-wrapped board will be used to test two custom
static random access memory (SRAM) chips, as well as other custom chips designed at the Naval
Postgraduate School. Components for the test hardware were selected to allow prototyping with
standard parts that can later be replaced with radiation hardened parts as budgets permit. Control
of the test hardware is via a RS-232 serial interface, which allows remote control programming

and monitoring of the test hardware and device being tested.
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I. INTRODUCTION

A. OVERVIEW

One of the major constraints in designing for the space environment is the ability of parts
to withstand radiation. Radiation hardened (RAD hard) parts are typically reengineered designs of
commercially available parts, which are adapted to a RAD hard fabrication process. Traditional
designs are reworked to assure immunity to such radiation effects as latchup and single-event
upsets (SEUs). The additional engineering and radiation hardened process significantly increases
cost and time to market. Ongoing research at the Naval Postgraduate School is developing a
process that should allow off-the-shelf gallium arsenide (GaAs) integrated circuits (IC) designs to
be fabricated on specially prepared wafers that contain buried, low-temperature grown, GaAs
buffer layers. The intent of the program is to run these specially prepared wafers through
commercial GaAs wafer processing lines to create radiation-hardened ICs, without additional IC
re-engineering and special IC processing steps.

The goal of this research is to create test hardware capable of testing ICs created using
low-temperature (LT) GaAs wafers for functionality, as well as immunity to single-event upsets in
a radiation environment. The original requirement was to test a Vitesse 256 X 4 static random
access memory (SRAM), but additional requirements to test a Motérola 256 x 16 SRAM and a
custom SEU detection IC were added. The test hardware is programmable through a RS-232
serial port and can be configured to read and write any desired data and address patterns for
devices with up to 80 I/O pins.

Current work in this area is sparse. Oregon State University uses a basic 8051 design for
teaching microprocessor basics and have developed very good monitor, which is used as part of
this design. A previous thesis by Chris Mooney[1] address interfacing these two SRAMs to a
satellite test board. The Mooney thesis design is only for these specific ICs and cannot be used
independent of the satellite. This thesis creates a design that is capable of testing these two

SRAMs, as well as a multitude of ICs, in a radiated environment.

B. THESIS ORGANIZATION
The goal of this thesis is to document the design, construction, testing, and programming
of hardware that is capable of testing ICs in a radiation environment. To this end, the following

organization will be followed. Chapter II will present an overview of the LT GaAs program, as

1



well as a brief overview of radiation effects. Chapter III discusses the various components selected
and their basic operation. Chapter IV will provide a detailed discussion of the design and operation
of the test hardware. Chapter V discusses the software involved to run the hardware, as well as the

code for specific tests. Chapter VI presents conclusions, as well as potential future improvements

and enhancements.




II. THE LOW TEMPERATURE GALLIUM ARSENIDE RESEARCH
PROGRAM

A. OVERVIEW

One of the most significant costs in developing systems to operate in the space
environment is that of radiation hardening electronic components. These RAD hard ICs are
specially engineered to a set of design rules that apply to a specific fabrication process. As a result
of this additional engineering, special fabrication processes, and relatively low demand, RAD hard
devices are typically 100 times more expensive that their commercial counterparts.

‘Some of the radiation effects of digital ICs include device degradation, latchup, and single
event upsets. Degradation is caused by both the depositing of charge within the device and actual
crystal lattice damage. Both will cause the device specifications to change and may eveﬁtually
result in total failure. Latchup is a condition where a temporary short from power to ground is
caused by the interaction between a transistor, a charged particle, and parasitic circuitry on the IC.
If this does not destroy the device or power supply, the circuit may be powered down and restarted.
A single-event upset is a condition where a particle passes through a transistor or memory element
and causes the associated bit to flip, producing a data error. After this temporary data upset, the
device will continue to function normally.[2]

To mitigate the effects of radiation, a number of technologies have been developed for
complementary metal oxide silicon (CMOS) ICs which require the reengineering of commercial
parts, as mentioned above. For high-speed applications gallium arsenide (GaAs) circuits have
proven to be superior to emitter coupled logic (ECL) and bipolar complementary metal oxide
silicon (BiCMOS) in resistance to degradation and latchup. However GaAs SEU rates are four to
seven times greater than most Department of Defense (DoD) requirements. A great deal of
research has been conducted at the Naval Postgraduate School and elsewhere to find a method of
improving the SEU characteristics of GaAs. One such research effort is called Low Temperature
Gallium Arsenide (LT GaAs); where a buffer layer of gallium arsenide is grown at low
temperatures, around 200° C, as opposed to the 600°C that is typically used for gallium arsenide
processes. It has been shown that this low-temperature buffer layer eliminates SEU effects in

GaAs ICs. If successful, this process will allow specially prepared wafers to be run through




traditional GaAs processing steps with commercially developed mask sets. This will significantly
reduce the cost of developing high-speed, low-power circuits for space-based applications.[3]

To this end, some L'T GaAs wafers were run through commercial processes at both Vitesse
and Motorola. Vitesse produced a 256 X 4 SRAM and Motorola produced a 256 X 16 SRAM,
both with existing commercial mask sets. These two memories need to be tested for both
functionality and resistance to single-event upsets. To this end, the design of a board capable of
performing such tests is examined in this thesis. The following two sections detail the electrical

characteristics and pin-outs of the LT GaAs chips to be tested.

B. VITESSE 256 X 4 SRAM

The Vitesse SRAM was produced with their commercial mask set and was packaged in a
28-pin dual flat pack. This SRAM operates in the 10 ns range and has separate data inputs and
outputs. The overall interface includes 8 address, 4 data in, 4 data out, read, write, and two chip
select pins, one active high and one active low. Vitesse no longer produces this SRAM as an off-
the-shelf part and a third party package was needed to package the die, which is the reason for the
somewhat unconventional pin-out of the package. Figure 1 shows the package pin out diagram of

the Vitesse SRAM.

1 C————1Opn D02 [ 28
2 1 GND ol ] 27
3 C———— Dpoil D3 ——————1 12
4 C——_———pn DO3 1 25
s 1 vul GND [ 24
6 "1 D00 vl ——— 77771023
7 /Do cs2 T2
8 C————1 A7 OE* ] 21
9 1 46 CSI* 1 20
10— A5 GND 1 19
11— A0 WE* 118
12 CC———————1 Al Ad [ ——— 17
BL———— A2 A3 [/ 16
14 CC————— it GND 1 15

Figure 1: Vitesse 256 X 4 SRAM

C. MOTOROLA 256 X 16 SRAM
This SRAM mask set is part of a library for digital signal processing (DSP) IC

development and does not have off-chip drivers, therefore requiring additional support circuitry.

Input and output voltage levels are 0 and 0.9 to 2.0 volts. Thus, voltage reduction 1s required for
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the inputs and amplification for the outputs. The voltage reduction can be accomplished using two
diodes with a resistor, and the amplification can be performed with high-speed comparators. This
interface circuitry is being developed by another student at the Naval Postgraduate School.

The interface of the chip, which drives the test setup on this board, consists of 8 address,
16 data in, 16 data out, write enable, and clock lines. There are also multiple power and ground
connections for the clock buffers, output drivers, and memory elements. The manufacture’s data
sheet states that the address and write enable lines should be changed during clock low. On a clock
high, the address is decoded and data is written if the write line is enabled, or read if the write line
is low.

This chip is mounted in a 68-pin leaded chip carrier, again a third party package as this is
not an off-the-shelf SRAM at Motorola. Figure 2 shows the pin outs of the 68-pin package.
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II1. COMPONENT SUMMARY

A. OVERVIEW
The intent of this project was to design and build test hardware that would allow functional

and radiation testing of a Vitesse 256 X 4 SRAM fabricated with the LT GaAs process. The test
fixture is required to be portable and capable of interfacing to a laptop computer via a RS-232

serial port. The original considerations for designs were as follows:

RS-232 controlled logic
Microprocessor Based Design

Microcontroller Based Design

Using a single, RS-232 I/O port design would have required a number of registers to
control the experiment. For the Vitesse chip, which is a 256x4 SRAM, two 8-bit registers would
have been needed to control chip inputs (8 bits for address, 4 bits for data, and 4 bits for control
signals CS1, CS2, Write Enable, and Output Enable), and a 4-bit register would have been
required for reading data out. This design, although relatively simple, is very limited and only
allows for testing of this specific chip. Furthermore, addressing all the registers would require
additional hardware and operation would be very slow. To test a more complex chip, other
circuitry must be added, and the software correspondingly changed. Ultimately, this design
methodology was scrapped due to its limited utility.

The microprocessor-based design was éonsidered, along with the microcontroller-based
design, and it was determined that a microcontroller was more flexible and capable due to the buiit-
in features of most microcontrollers, which usualiy include serial support, on-board ROM, and
built-in I/O.

Once it was determined that a microcontroller-based design was to be used, the question of
which microcontroller arose. Since one of the design considerations was to have a test fixture that
could be used in a radiation environment, the choice was narrowed down to 3 or 4 options.
Ultimately, the United Technologies UT69RHO051 was chosen for its compatibility with the 8051
family of microcontrollers. The 8051 family has a wealth of development tools available, which

greatly aided in the development of this system.




B. SUMMARY OF VLSI COMPONENTS
Based on the choice of the UT69RHO51 as the controller for the design, the following

components are required. Data sheets for the following components are available in Appendix C.

The first part number is the RAD hard version and the number in parenthesis is the commercial

version for each IC.

1. UT69RHO51 Microcontroller (i8051)
The UT69RHO051 is a RAD Hard version of the Intel i8051 series of microcontrollers.

This is a 40-pin device consisting of four 8-bit ports (ports 6-3), with additional pins for clock

"~ (XTALIland XTAL?2), address latch enable (ALE), program store enable (PSEN¥), external access

enable (EA*), and reset (RST). Port 0 is a multiplexed port providing both the lower byte of the
address and the data byte. The ALE line is asserted when the low order address byte is on port 0.
The PSEN* serves as the read signal for the program memory space, while the EA* is an input
indicating whether to use internal ROM (not available on the UT69RHO051) or an external ROM.
The XTAL! and XTAL2 lines are used to provide timing control. The XTAL1 input can be used
alone if an oscillator is used to generate timing, otherwise both XTAL lines are used with a simple
crystal and capacitor combination. Port 1 may be used for special purpose /O. However, it is
used here as a basic 8-bit I/O port. Port 2 provides the high-order address byte. Port 3 provides
for general I/O control to include the reaci (RD*) and write (WR*) signals to memory and the serial
transmit (TXD) and receive (RXD) lines to the RS-232 interface.

2. MAX233

The MAX233 is a multi~channel RS-232 driver/receiver that converts serial data between
0 and +5 V (TTL) and £10 V (RS-232). This chip has the added benefit of not requiring any
additional power supply beyond the +5 V on which the chip and board operate. The only pins of
interest are Tin, Tout, Rin, and Rout, which are the transmitter and receiver inputs and outputs.

Other interface pins are tied together per the data sheet.

3. HS-82C55ARH (82C55)

The HS-8255ARH is a general-purpose, programmable, I/O device with 24 I/O pins
organized as ports A, B, and C. Ports A and B are 8-bit ports and can each be programmed as
either byte input or byte output. Port C is divided into two 4-bit /O groups, each of which can be

programmed as input or output. The port C lines can be configured to be individually set or reset




in output mode, which aids in the simulation of control signals. For interfacing, chip select (CS*),
write (WR¥), read (RD¥*), two address lines, and 8 data lines (D0-D7) are provided. A RESET pin
is also provided to allow the 8255 to be started in a known program state. Lines A0 and Al

specify ports A, B, C, or control-word access.

4. UT28F64 (AM2764A)
The UT28F64 is a RAD hard 8Kx8 PROM manufactured by United Technologies. This

PROM will operate on 5 V and has an access time of 35ns. The interface pins are 13 address lines,
8 data lines, 3 control lines, power and ground. The three control lines are output enable (OE*),
which is essentially a read line, chip select (CE*), and a programming line (PE*), which is asserted
during programming and held high during operation. The 2764 has one additional pin, Vpp (bin 1)
which is used during programming and is tied high for operation.

5. UTe67164 (61C64)
This is an 8Kx8 RAD hard SRAM with a 55 ns access time. The UT67164 is also SEU

hardened but is contained in a 600 mil package, as opposed the standard 300 mil used for standard
SRAM’s, as well as the 61C64 used on the prototype board. Interface pins are identical to the
PROM with the omission of the program lines.

C. SUMMARY OF MSI COMPONENTS

1. UT54ACS08 (74HCO08)
The UT54ACS08 is a RAD hard version of a quad 2 input AND gate.

2. UT54ACS138 (74HC138)
The UT54ACS138 is a RAD hard version of a 3-to-8 line decoder with three enable
inputs, one active high, and 2 active low. When the proper input conditions are met, a single

output line will go low indicating that it is selected, all other outputs remain high.

3. UTS54ACS245 (74HC245)

The UT54AC245 is a tri-state octal bus transceiver. It is RAD hard and has an 8-bit A
bus, an 8-bit B bus, an enable line, and a direction control line. As with the other devices, if the
enable line is inactive (high), both buses are in the high impedance state. If the enable is asserted,
data is transmitted from the A to the B side if the direction input is high, otherwise data is sent
from the B to the A side.




4. HCS573MS (74HC573)
The HS573MS is an octal latch with tri-state outputs and is RAD hard. The 573 has a

broadside configuration where all inputs are on one side and all outputs are on the other. The
interface pins consist of 8 input bits and 8 output bits, as well as an output enable (OE*) and a
latch enable (LE). When output enable is not asserted (high), the outputs are in the high
impedance state. When latch enable is high, the latch is transparent. When the latch enable is
asserted, the input data at that moment is held on the outputs until the latch enable goes high again.

5. HCS574MS (74HC574)
The HCS574MS is a RAD hard broadside octal D flip-flop with tri-state outputs. It has 8

input and 8 output pins, as well as an output enable (OE¥) and a clock (CP) pin. On a low-to-high
transition of the clock line, data on the inputs is stored and available on the outputs until the next

low-to-high transition (assuming outputs are enabled).

D. DIGITAL COMPONENT ELECTRICAL REQUIREMENTS
The majority of electrical components are available in both CMOS and TTL compatible

versions. For driving external components, HCT (high speed CMOS supporting TTL I/O levels)
components are used, otherwise HC (high speed CMOS) components are used. Port 0 of the 8051
is capable of driving 4 TTL loads or a virtually unlimited number of CMOS loads (as the typical
CMOS load draws an order of magnitude less current than TTL loads). The remainder of the 8051
ports will sink 3.5mA or source 0.3 mA, which is more than sufficient to drive 10 CMOS loads.
The bus transceivers at the outputs of the XX245 will sink and source 12mA, which is sufficient to
drive virtually any device to be tested. The outputs of the 8255 will sink and source 2mA, which is
sufficient to drive most control lines. Further interface limitations will be discussed in Chapter V.

A summary of the output currents of the devices used are shown in Table 1.
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8051 Port 0 7.0 7.0
8051 Port 1,2,3 -0.3 35
MAX232/233 -1.0 32
HS-82C55ARH 2.0 2.0
UT28F64 -4 4.0
UT67164 -4 4.0
UT54ACS08 | -8.0 8.0
UT54ACS10 8.0 8.0
UT54ACS138 8.0 8.0
UT54ACS139 -8.0 8.0
UT54ACS245 -12.0 12.0
HC573MS 72 72
HC574MS 72 72

Table 1: Summary Of Component Pin Currents

E. DISCRETE COMPONENTS

1. Crystal Oscillator
A crystal oscillator with a frequency of 7.3728 MHz was used to provide timing input to

the microcontroller. This seemingly odd frequency aids in ensuring the baud rates on the serial
port fall within standard ranges such as 4800, 9600, etc. The microcontroller will run on any
frequency from 2 - 20 MHz.

2. Capacitors

a 10 uF
A 10 pF capacitor is used in conjunction with a resistor to generate a time delay

for the reset line of 8051 and 8255 on power-up. This value is recommended in the data sheets.

b. I1uF
Four, 1 pF capacitors are used with the MAX232 to provide £10 V DC using the
charge pump circuitry built into the device. These will not be required on the production board as

the MAX233 will be used, which does not require external capacitors.

I1




c JduF
These capacitors are used for decoupling, that is providing a momentary source of

current when ICs switch, providing voltage stability.

3. Resistors
A 8.2KQ resistor is used in conjunction with a capacitor to provide a time delay for the

reset line of both the 8051 and the 8255 on power-up. This -ensures the board starts in a known

state, and is recommended on the data sheets.

F. CONNECTORS

1. 40 Pin Header
Four, 40-pin headers are used to provide an interface with the device to be tested. The

pins are set up in a 2 X 20 grid with 100 mil spacing.

2. 25-pin sub-D
A 25-pin, sub-D, male connector is used to interface the board with a standard serial RS-

232 port of a laptop computer.
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IV. DESIGN ANALYSIS

A. OVERVIEW

A detailed description of the universal test platform’s design and operation is provided in
this section. The goal is to provide a stand-alone document that fully explains the wiring and

operation of each section of the design.

B. SERIAL INTERFACE

The first task was to create an interface with the outside world using a RS-232 serial
interface. The actual serial connection itself was rather easy in that this basic function was built
into the microcontroller. The key part of this interface was to convert the TTL-level serial signals
to the RS-232 levels. This could have been accomplished using one of the two major families of
RS-232 drivers. The first is the 1488/1489 line driver/receiver combination. Both 148X ICs
require 12 V, which is not required elsewhere in this design. This choice also requires two IC
packages, whereas the MAX232/233 family requires only one.

As this is a relatively simple serial connection, with only a tfansmit ling(TXD) and a
receive line(RXD), only one line driver and receiver are required. Maxim makes a family of line
drivers and receivers on the same chip with the added benefit of requiring only a +5 V supply,
instead of the +12 V that is typically required of line drivers. This family of chips uses a technique
called dual charge-pump voltage conversion, which uses capacitors to generate the £10 V required
for the RS-232 line drivers. The two devices used in this research are the MAX232, which use
external capacitors, and the MAX233,which has internal capacitors and therefore requires less
board space. The MAX232 was used on the wire wrapped board, primarily because of its
availability early in the design process. For the production board, the MAX233 is used.

1. MAX232
The MAX232 requires four external 1 pF capacitors, as well as power and ground for
support circuitry. The functional portion of the MAX232 contains two line drivers and two line

receivers, of which one each is used. The wiring diagralh for the MAX232 is shown in Figure 3.
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TO 25 PINSUB D PIN 3

TO 8057 RECEIVE PIN (RXD)
TO 25 PIN SUB D PIN 2
TO 8051 TRANSMIT PIN (TXD)
Cl+
TuF iy V+ M
T; ca- A
wr =T jecr X
—r— c2- o)
r{ | V-
10F == == 1uF T2out 3
_+ R2in 2
Vee -
Figure 3: MAX232
2. MAX233

The MAX233 is an improvement upon the MAX232 in that it requires only +5 V and
ground, with no external capacitor requirement. It also contains two line drivers and two line
receivers and is wired as shown in Figure 4.

TO 25 PINSUB DPIN 3

TO 25PINSUB DPIN 2
TO 8051 TRANSMIT PIN (TXD)

TO 8051 RECEIVE PIN (RXD)

MR

Tlin R2in
Rlout A T2out
Rlin V-
Tlout X C2-

3 e 2 c2+

Vee v+

Cl+ 3 Cl-
Elonp - 3 V-

c2- c2+

Figure 4: MAX233
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3. Serial connector

The output of the line driver and the input of the line receiver are wired to a standard,
male, 25-pin, sub-D connector, as shown below in Figure 5. The line driver output is connected to
pin 3 of the connector (received data for DTE in the RS-232 standard), and the line receiver is

connected to pin 2 of the connector (transmitted data). Pin 7 (signal ground) is connected to

ground.

)

2 Transmit Data
3 Receive Data

7 Signal Ground

(

Figure 5: RS-232 Connector (minimal)

4. Opverall Serial Subsystem
The input of the line driver is connected to the serial transmit (TXD) line of the

microcontroller and the line receiver output is connected to the serial receive (RXD) line of the
microcontroller. The MAX23X receive data in (Rin) and transmit data out (Tout) are wired in
accordance with the RS-232 standard, as shown above. The complete communications subsystem

is shown in Figure 6.
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Lo

2 Transmit Data
3 Receive Data
s

)

[/ IR

7 Signal Ground

XTAL2
XTAL1
GND

Figure 6: Complete Serial Subsystem

C. TIMING GENERATION
The timing generation for this system can use one of two methods, depending upon what

the desired timing source is. The two choices are to use a crystal or a R/C oscillator. The
difference is accuracy versus complexity and both have been used in developing the prototype
board. The R/C oscillator was dismissed because it is not stable enough for serial-line baud-rate
generation. When the R/C oscillator is used, the output is wired to pin 19 (XTAL1) of the
microcontroller.

When a crystal is used, two additional capacitors are required, providing parallel
resonance for the fundamental response mode of the crystal. When this configuration is used, the
crystal is wired to pins 18 and 19 (XTAL2 and XTAL1) of the microcontroller and both pins are
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grounded through capacitors, as shown in Figure 7. This method was chosen because of its

simplicity and the relative tolerance crystals and capacitors show to radiation effects.

RD* All
XTAL2 A10
XTAL1 A9
GND A8

P10 Vee 0]
P11 ADO B3]
P1.2 AD1
P13 AD2
P14 AD3 g
P15 I AD4
P16 ADS
P17 8 AD6
RST 7 AD7
RXD EA* BT]
TXD C ALE B0]
INTO* PSEN* B9]
INT1* 5 Al5
To0 | L

]

p1]

+ XTAL

Figure 7: Timing Subsystem

D. MEMORY INTERFACE

1. Overview

The memory subsystem is also relatively straight forward, the most difficult part of which
is latching the low order address-byte so it is available while the data-byte is on the output port.
The memory space is divided into eight, 8K blocks within the 64K memory space. The basic

memory layout is shown in Table 2.
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0000H-1FFFH ROM SPACE

2000H-3FFFH RAM 1 SPACE

4000-5FFFH RAM 2 SPACE (PRODUCTION BOARD)
6000-7FFFH BOARD CONTROL SPACE

8000-9FFFH TEST SPACE 1

A000-BFFFH TEST SPACE 2

C000-DFFFH TEST SPACE 3

E000-FFFFH TEST SPACE 4

Table 2: Memory Map

2. XX573
Port 0 of the 8051 is multiplexed and used for both the low-order address byte and the data

byte to be written or read. Therefore, the address byte must be stored and held for use during the
memory access cycle. This is accomplished easily with either a XX373 or XX573 latch. The
XX573 was chosen for its broadside configuration, where all input pins are on one side of the
package and all output pins are on the opposite side of the package. This makes it easier for both
wire wrapping and printed circuit board production, where it is desirable to keep trace and wire
lengths to a minimum.

* The support pins on this chip are straight forward: power, ground, output enable (OE*),
and latch enable (LE*). The output enable was wired low, allowing the address to always be

available after latching. The latch enable line is wired to the address latch eftable (ALE*) line of

the microcontrolier, an obvious choice.

3. XX138
The XX138 is used to partition the 64K address space into eight, 8K blocks. The support

pins are: power, ground, and 3 enable lines. In this design, all enable lines are asserted, allowing

~ the selected partition to be active as long as the upper three address bits indicate that partition.
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4. XX08
The XXO08 is used to combine the program store enable (PSEN*) and read (RD*) lines.

This is a recommendation in many application notes [4,5] and allows the RAM to be used as both
program and data memory. This facilitates the downloading of code into the RAM, which can then
be run as a program. This eliminates the need to program a PROM every time a change is made in

a program and allows for easy code modification with a simple monitor program. The complete

memory interface is shown in Figure 8.
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RD*

WR*

DATA 0-7

PSEN* * RD*

g 8
9 %
o0 W =

Y2*
Y3*
Y4*
Y5*
Y6*

CIEIEIRIETE]

ADDR 0-7

ADDR 8-15

CS 0000H
CS 2000H
CS 4000H
CS 6000H
~ CS 8000H
CS A000H
CS CO00H
CS E000H

Figure 8: Memory Interface
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E. MEMORY

1. PROM (UT28F64)
The PROM interface is very straight forward. The data lines are wired directly to port 0

of the microcbntroller. The low-order byte of the address is latched by the XX573, therefore
" address lines 0-7 are wired to the latch. The 5 high-order address bits are wired to the
microcontroller address lines on port 2. The remaining pins to be interfaced are the chip select
(CS¥), read (RD*), program (PGM), and program voltage (Vpp) lines. The PROM is designed to
occupy the first 8K partition of the memory space and is therefore wired to the YO output of the
XX138. The read line could be wired to either the read (RD*) line of the microcontroller or to the
output of the XX08. Here, the output of the XX08 was chosen to minimize the lines wired directly
to the microcontroller. The program and program voltage lines are wired high, as this design does

not provide for programming the PROM. The PROM interface is shown in Figure 9.

2. SRAM (UT67164)
The SRAM interface is very similar to that of the PROM. The four support pins are the

read (RD¥), write (WR*), chip select 1 (CS1¥), and chip select2 (CS2) lines. The write line is
wired directly to the microcontroller and the read line is wired to the XX08 to allow the SRAM to
act as both program and data memory space. The chip select 1 line is wired to the Y1 output to
configure the SRAM as the second 8K partition. The chip select 2 line is not needed and is,
therefore, wired high to allow only the chip select 1 line to activate the SRAM. The address and
data lines are wired the same as for the PROM. Only one 8K SRAM is implemented on the

prototype board. The basic interface is shown in Figure 9.
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WR* ]

PSEN* ~RD*

ADDR 0-15

DATA 0-7

EEHEEEESEE@HF@

CS 0000H
CS 2000H

Figure 9: Memory Subsystem

F. PERIPHERAL INTERFACE .
This section provides for additional I/O to interface with the device to be tested. Table 3

shows the memory map of the peripheral interface control space.

6000-6003H 8255 #1
6007-6007H 8255 #2
6008-600BH 8255 #3
600C-600FH 8255 #4
6010H LATCHED BYTE 0
6014H LATCHED BYTE 1
6018H LATCHED BYTE 2
601CH LATCHED BYTE 3

Table 3: Peripheral Memory Map
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1. XX138
The XX 138 is used to further subdivide the lower 32 bits of memory partition 3 (6000H-

7FFFH) into 4-bit units. This is done to keep all the control board control functions within
partition 3, allowing a 32K memory space for the device under test. The control inputs to this
device are three address lines and three enable lines. The address lines are wired to address bits 2
to 4 of the XX573 latch, creating eight, 4-bit blocks. These blocks repeat every 32 addresses
within memory partition 3 (6000H-7FFFH). The additional circuitry required to fully decode this

address space is not implemented in this design.

2. 8255
The 8255 interface methodology is similar to that of a simple RAM. There is an 8-bit data

bus and a 2-bit address bus along with read (RD*), write (WR¥*), chip select (CS*), and reset
(RESET) lines. The data byte is wired to the microcontroller data bus, while the two address lines
are wired to the lowest 2 bits on the memory-interface XX573 latch. The read, write and reset
lines are all wired directly to their counterparts on the microcontroller. The remaining line to be
interfaced is the chip select, which is controlled by the output of the XX138 that selects which
8255 is to be addressed. The first four outputs of the XX138 (Y0-Y3) select one of the four 8255s
on the production board, or one of the two 8522s on the wire-wrapped board. The 8255s I/O
interface has a total of 24 bits, which is arranged as three 8-bit ports. The address pins(A0,Al)
select between ports A, B, C, and the control word. The three /O ports are wired to the 40-pin
connectors, allowing for control of the device to be tested. The 8255 interface is show in Figure

10.
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PORT A BUS PCO
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Figure 10: 8255 Interface
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G. LATCHING / READING 32 BITS
To allow this device to test other ICs with data buses wider than 8 bits, a technique had to
be developed to allow an eight-bit microcontroller to read multiple bytes. The method used here

latches up to 32 bits of data, then reads the values a byte at a time from the control space.

1. XX574

The purpose of the XX574 used here is two fold, it allows for latching the data as well as
acting as a tri-state buffer. ‘The XX574 flip-flop was chosen because storage is desired on
transitions, not simply on levels, as with the XX573 latch. The control lines of the XX574 consist
of an output enable (OE*) and a clock input (CLK). When the CLK signal transitions from low to
high, the data on the inputs is stored in the flip flops. The logic to control the clock line is
discussed below. When a control space read is initiated, the output enable is activated and the

stored data appears on the data bus.

2. XX08
The XXO08 provides the input clock to the flip-flops when a specific set of circumstances is

present, mainly when A15 is high and the read line transitions from low to high.

Ca—ifa Vee
X Py P or [H-S88255 #1
m—-Ilc vi* CS 8255 #2

CS6000H——I4} G22* CS 8255 #3

CS 8255 #4
CSBYTELATCH 1 m
CSBYTELATCH 2
CSBYTELATCH 3

OE* Vee
Q0§
Q1

e

Gl
[ _ ] v

Vee Gl ovo ve+ B

o0 W = L O
IS
% |

CSBYTELATCH 4 - 4 -
D3 5 @
‘ - -
FROM CONNECTOR 2 7
PINS 21 - D5 Q5
D6 4 Qs
D7 Q7
[d oo CLK
RD*
\ OCK SIGNAL
7408 cLock
2.IN AND
Al5

Figure 11: Byte Latch Circuitry

25

TO 8051 DATA BUS




3. Word latch
To read 32 bits, all data bits of the device under test are stored at one time and are then

read a byte at a time as part of the control space. A read from the test data space (upper 32K) will
cause 32 bits of data to be clocked into the XX574s (16 bits on the prototype board). These bytes
can then be read as part of the control space at addresses 6010H, 6014H, 6018H, and 601CH, as

determined by the XX138 described in the peripheral interface section.

H. RESET
The reset circuitry is relatively straight forward, a switch with a capacitor and resistor to

~ provide an appropriate delay, as specified in the applications notes. A diagram of this circuit is

shown in Figure 12.

Vee

| 10 uF
R.ESET\

SWITCH

8.4K

Figure 12: Reset Circuit
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1. EXTERNAL CONNECTORS

1. RS-232

The connection to the outside world is through a 25-pin, sub-D, male connector, which is
compatible with most standard computer serial interfaces. There are only three pins used, thus the
protocol is fairly simple. Pin 7 is used for signal ground and pins 2 and 3 are used for transmit

data and receive data, respectively.

2. Test Interface
The external connectors are 40-pin dip headers which are broken down by functionality.

Connector 1 is the microcontroller bus interface. Connectors 2 and 3 each contain 16 bits of
programmable I/O and a 16-bit latch capability, as well as 4 control bits. Connector 4 provides 32

bits of programmable 1/0 and some additional bit control lines.

a. connector 1

Connector 1 contains all the necessary lines to connect a device with an address
space of up to 32Kb and an 8-bit data word. Also provided are 8 bits that can be programmed as
an input or output byte. The specific signals include 16 address bits, 8 data bits, 8 I/O bits, and 4
chip selects, along with read, write, power and ground. Tablg 4 shows the specific pin
arrangements. This connector is fully implemented on the prototype board. All signals use TTL
levels and will drive TTL loads.

b. connector 2
' Connector 2 contains two bytes that may be configured as either input or output,
as well as two bytes capable of being latched by the control board. Also provided is a group of 4
bits that can be individually set and cleared, or serve as a 4-bit /O port. The details are shown in

Table 5 and are fully implemented on the prototype board.

¢. connector 3

Connector 3 is designed to be implemented on the production board and is not on
the prototype board. These signals are similar to what is provided on connector 2 and makes it

possible to test a 32-bit memory device. The details are shown in Table 6.
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1 DATA O 21 ADDRESS 0
2 DATA 1 22 ADDRESS 1
3 DATA 2 23 ADDRESS 2
4 DATA 3 24 ADDRESS 3
5 DATA 4 25 ADDRESS 4
6 DATA 5 26 ADDRESS 5
7 DATA 6 27 ADDRESS 6
8 DATA 7 28 ADDRESS 7
9 POWER (+5V DC) 29 GROUND

10 1/0 0 (FROM PORT 1) 30 ADDRESS 8
11 /01 31 ADDRESS 9
12 /02 32 ADDRESS 10
13 /O3 33 ADDRESS 11
14 /0 4 34 ADDRESS 12
15 /o5 35 ADDRESS 13
16 /0 6 36 ADDRESS 14
17 /07 37 ADDRESS 15
18 CS A000-BFFFh 38 READ*

19 CS C000-DFFFh 39 WRITE*

20 CS E000-FFFFh 40 CS 8000-9FFFh

Table 4: Connector 1

2 - 1/O1 T/SDATAIN 1
3 /02 T/SDATAIN 2
4 /03 T/SDATA IN 3
5 /04 T/SDATAIN 4
6 I/05 T/SDATAIN 5
7 /O 6 T/SDATAIN 6
8 /07 T/SDATAIN 7
9 8255#1 PORTB /O 0 T/S DATA IN 8
10 /01 T/SDATAIN 9
11 /02 T/S DATA IN 10
12 /03 T/SDATAIN 11
13 /04 T/SDATAIN 12
14 /05 T/SDATAIN 13
15 /06 T/SDATAIN 14
16 /07 T/SDATAIN 15
17 8255 #1 PORT CI/O 4
18 1/05
19 /06
20 /07

Table 5: Connector 2
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d. connector 4

Connector 4 is designed to be implemented on the production board and is not on
the prototype board. These signals provide additional I/O lines that may be used to drive a 32-bit

address bus on larger devices being tested. Details are shown in Table 7.

J. TIMING ANALYSIS

The overall timing of components for this design is straight forward, as all timing is
synchronous. Analyzing the memory timing constrains of the 8051 shows that time from a read
low to data valid must be within the limits of Equation 4.1.

tripv = Stercr - 165ns Equation 4.1

Here tcroy is the clock period low transition to low transition. Operating the 8051 at a
maximum clock rate of 20MHz, tc . is 50ns and tgipv is 85 ns. For the read and write pulse
widths, Equations 4.2 and 4.3 apply.

triryg = Otcrcr - 100ns Equation 4.2

twrwa = 6tcrer - 100ns Equation 4.3

The pulse widths for the read and write signals are 200 ns when the 8051 is operating at
20MHz. When operation is slowed down to 7.3728, the tcic. drops to 136 ns, yielding a tgipv of
513ns and a read/write pulse width of 716 ns. The RAD hard memory components have access
times of 35 ns or less, allowing operation of this design at the 8051 maximum data rate.

The 8255 requires a read pulse width of 250 ns and has a 200 ns maximum requirement
for data valid from read asserted. On writes, the 8255 requires only 100 ns, which falls well within
the maximum speed of this design. Taking these 8255 read and write constraints into
consideration, if only output functions are being utilized, a 20MHz clock may be used. However,

if input from the 8255 is desired, the speed must be slowed down to 17 MHz.
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1 8255#2 PORT A 1/00 21 T/SDATA IN 17
2 /01 22 T/SDATAIN 18
3 /o2 23 T/SDATAIN 19
4 /03 24 T/S DATA IN 20
5 1/0 4 25 T/S DATA IN 21
6 /05 26 T/SDATA IN 22
7 /O 6 27 T/S DATA IN 23
8 I/07] 28 T/S DATA IN 24
9 8255#2PORTB 1/00 29 T/S DATA IN 25
10 /0 1 30 T/S DATA IN 26
11 Vo2 31 T/S DATA IN 27
12 /03 32 T/S DATA IN 28
13 /04 33 T/S DATA IN 29
14 /05 34 T/S DATA IN 30
15 VO 6 35 T/S DATA IN 31
16 /07 36 -T/SDATA IN 32
17 8255# PORT CI/O 4 37
18 /05 38
19 1/0 6 39
20 /o7 40

Table 6: Connector 3

1
2 /01 22 /01
3 /02 23 /02
4 /o3 24 /03
5 /0 4 25 /O 4
6 /05 26 1/05
7 1/06 27 /O 6
8 /07 28 /07
9 8255#3 PORTB 1/O0 29 8255 #4 PORT B 1/0 0
10 Vo1 30 VO 1
11 /02 31 /O2
12 1/03 32 /O3
13 1/0 4 33 /O 4
14 /O5 34 /05
15 I/0 6 35 /0 6
16 /07 36 /07
17 8255#3 PORT C1/O 4 37 8255 #4 PORT CI/O 4
18 /05 38 /O 5
19 /06 39 /06
20 /107 40 /07

Table 7: Connector 4
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K. COMPLETE DESIGN DIAGRAM
Figure 13 shows the complete layout of this board design. Decoupling capacitors are

omitted, as well as the specific connector layout, which is available elsewhere in this document.
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V.PROGRAMMING

A. OVERVIEW
In order to use the test hardware to test IC devices, a test program must be written, the

board configured, and a test fixture created. This chapter will deal with all of these requirements,

as well as describing some of the specific tests that the hardware will run.

B. BOARD CONFIGURATION

This process consists of determining which parts of the board are to be utilized and then
writing a configuration routine to set up the appropriate parameters. This initialization may be run
separately or incorporated as part of the actual test program. The simplest initialization program
is actually no program at all. When the board is imitialized, the 8255 ports are configured as Ainputs
and the 8051 bus is fully accessible. Any simple memory device with 8 data bits and up to 32K of |
address space can be connected directly to the microcontroller bus (available on connector 1) with
no additional setup requireménts.

The 8255 will operate in one of three basic modes, byte input, byte output, and bit-set
mode. As mentioned before, for byte input mode, the data simply needs to be read from the

appropriate address, as shown below in Table 8.

6001H PORT B 8255 #1 600BH 8255 #3 CONTROL WORD
6002H PORT C 8255 #1 600CH PORT A 8255 #4

6003H 8255 #1 CONTROL WORD { 600DH PORT B 8255 #4

6004H PORT A 8255#2 600EH PORT C 8255 #4

6005H PORT B 8255 #2 600FH 8255 #4 CONTROL WORD
6006H PORT C 8255 #2 6010H LATCHED BYTE 0

6007H 8255 #2 CONTROL WORD : 6014H LATCHED BYTE 1

6008H PORT A 8255 #3 6018H LATCHED BYTE 2

6009H PORT B 8255 #3 601CH LATCHED BYTE 3

Table 8: Memory Map
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To set up the I/O mode, the appropriate byte must be written to the 8255 control word.
The most common I/O type, mode 0, performs basic byte input and output. The layout of the
control word is shown in Figure 14. To set up port A as output, bit 7 must be set, bits 5 and 6
need to be 00 for Mode 0, and bit 4 needs to be 0 for output. Hence, to set up the #1 8255 port A
for output mode, write 1000xxxxB (here x is don’t care, and B is binary) to address 6003H. Then,
it is simply a matter of writing the data byte that is to be put on port A to address 6000H. Port C
is broken into an upper half and a lower half and each half can be independently set for input or
output. To set up the lower half of port C for output, control bit 7 must be set, bit 2 should be
cleared, and bit 0 should be cleared. Hence, a control word of 1xxxx0x0B should be written to the
control register. Of course, it should be noted that if ports A and C are to both be used, the
control words must be combined yielding a control word of 1000x0x0B.

GROUPB

D7 Do| D3| D4 D3 D D1 DO PORT C (LOWER)

1 3 | 0=0UTPUT

PORT B
1=INPUT
0= OUTPUT

Y

MODE SELECTION
P> | 0=MODE 0
1 =MODE 1

GROUP A

PORT C (UPPER)
1 =INPUT
0= OUTPUT

\

PORT A
» | | =INPUT
0= OUTPUT

' i 3 | MODE SELECTION
00=MODE 0

MODE SET FLAG 01 =MODE 1
1x = MODE 2

1 =ACTIVE

Figure 14: 8255 Control Word
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C. ENABLING TRANCEIVERS
Once the modes of the 8255 ports are configured, the bus transceivers must be enabled and
configured for the proper directions. Table 9 shows which bits of the upper C port control which

transceiver functions

Port A direction ( 0 = input, 1
Port A enable ( 0 = enabled)

output

bit 5 Port B direction (0 = input, 1=output)

bit 4 Port B enable ( 0 = enabled)

Table 9: Transceiver Enables

To set up Port A as output, bit 7 must be set and bit 6 must bé cleared, yielding a control
word of 10xxxxxx. To set up Port B as input, bits 4 and 5 must be cleared. The combined control
word for output on Port A and input on Port B is 1000xxxxB. It should be noted the lower half of
Port C is available as a 4-bit input or output port.

D. PROGRAMMING

In order to actually perform tests, a program must be written. This program is written in
8051 assembly language and must be debugged, compiled, and loaded as with any assembly
language program. The assembler used for this work is a shareware version called A51. Once the
program is written, it must be loaded onto the test board by either RAM download or PROM
program. The actual ‘operating system’ of this board is a monitor program called PAULMON,

~ which was developed at Oregon State University. On top of this monitor is a front-end that will

run any of the test routines written as part of this research, as well as provide instruction on how to
download additional programs. The monitor occupies address space from 0000H-OFFFH in its
basic form and occupies through 1FFFH if disassembler and debugger options are used. The
monitor provides functions for serial I/O as well as memory editing, program downloading, and
memory dumping. A listing of built-in functions is shown in Appendix A.

The easiest way to load a program is to download it via the RS-232 serial port and then
run it from the monitor. For this method, address 2000H starts the RAM area. A complete

description of the process is detailed below in the Vitesse section.

35




E. TEST DEVICE INTERFACE
Once the board is set up and the program is functioning, the device to be tested must be

interfaced with the board. For each device to be tested, a separate test fixture must be built to
interface with the test hardware connectors. For most applications, two, 40-conductor ribbon
cables will carry the signals to the test fixture of the device under tested. Typically, only a socket
and two 40-pin headers are required. This method was chosen for maximum flexibility, as there

are so many package types and many different power configurations per package.

F. VITESSE
The setup for the Vitesse SRAM is very simple. It must be connected to the

microcontroller bus, therefore requiring only connector 1. The layout of the IC is 8 address lines, 4
data in lines, 4 data out lines, and the usual read, write, and chip-select lines. Only the active-low
enable line is used, therefore the active-high chip select line is tied high. The address lines are
wired to the address 0-7 lines on connector 1, along with the read, write, and one of the chip-select
lines (the 8000H line was used here). The only remaining lines are the data lines, of which it was
decided to wire the inputs to data 0-3 and the outputs to data 4-7.

The program is relatively straight fofward, simply write a fixed value to addresses 8000H-
80FFH and then read the values back. The only small glitch in this procedure is that the data read
must be ANDed with FOH before a comparison is made. The assembly language follows:

; Written by Duane Amsler as part of masters thesis

; the following program writes a value of 55H to memory locations 8000H-80FFH and then
. reads back the data in those locations. The read data is then masked with FOH to disregard

>

; the lower 4 bits, as this program is designed to test a 4-bit memory device

; initial assignments to allow output of memory locations and ASCII data
.equ Cout, 0x0030  ;Send Acc to serial port

.equ pHex16, 0x0036 ;Print Hex value of DPTR
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.ORG H2000

mov dptr, #h'3000

mov a,h'55

loopdl: movx @dptr,a

inc dpt
mov 17,dpl
cjne 17,#0,loopd1

ret

.ORG H2100

read: mov dptr,#h'8000
looprl: movx a,@dptr

anl a,#h’F0

cjne a #h'05,error
inc dptr

mov 17,dpl

cjne 17,#0,Jooprl
ret

error: Icall cout

mov a,#'
Icall cout
Icall phex16

mov a,#h'55
movx @dptr,a
ajmp looprl

; start this program within the RAM space at 2000H

; set up test address to start at 8000H

: us a value of 55H (01010101B) as a test pattern

; move accumulator to memory at data pointer (dptr)
; increment the data pointer

: move the lower half of the data pointer to register 7
; if the data pointer lower byte is not 0, continue

; return
; start this program within the RAM space at 2100H

; start reading data from address 8000H

; load the data at data pointer to the accumulator
; mask out the lower 4 bits

; if the value is x5, continue, else jump to error

; increment the data pointer

;move the lower data pointer byte to register 7

; if lower data pointer is 00 exit, else continue

; return to the calling program

- if error, call cout (will print the accumulator value,

: which will not be x5H if error was called)

; load accumulator with ASCII value for space

; output the space in the accumulator

; output the value of the data pointer ( the location where
; the error occurred

; move 535 into the accumulator

; store 55 in the location where the error occurred

; jump back to the check loop

The above program was tested in RAM at location 3000H. The first routine was run from

the monitor and then values written were verified by a memory dump. After the correct data was
verified, a memory location was edited to a different value and the second routine was run. The

value was correctly detected, corrected, and output to the laptop via the serial port.
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VI. CONCLUSIONS

A. DESIGN CONCLUSIONS
The overall design of the test hardware was fairly straight forward, although designing to

test up to a 32-bit device with an 8-bit microcontroller was rather challenging. The basic memory
layout is widely used in applications notes and required some modification. The latching and
shifting circuitry is original and may not be the most optimal solution, which will allow for future
scrutiny and possible optimization of this work. It may be possible to program the 8255s to latch
and hold. However, this will require additional configuration lines, which may be implemented as

DIP switches, outputs from the 805 i, or 8255 outputs.

B. BOARD FABRICATION
The board design is laid out in the CADENCE design tool CONCEPT, and can be

converted into a GERBER file for fabrication. This will provide a reliable board that is much

more elegant than the prototype board that was wire-wrapped.

C. COMPONENT COST
The RAD hard parts are very expensive and will require a fair amount of funding to

purchase. The United Technologies VLSI parts range from $1500-$1900, while their commercial
counterparts range from $3-$20. The United Technologies MSI RAD hard logic devices are all

$166, as opposed to the commercial MSI component costs of less than a dollar.

D. PROGRAMMING & TESTING
The initial attempt to test a Vitesse SRAM caused the microcontroller bus to fail. This

rﬁay be the result of heavy loading of the bus by the part, or a faulty part. The next test will be to
isolate the SRAM from the microcontroller bus and perform the tests under manual control of the
8255s. This will require the control lines be simulated with the bit set and clear capabilities of port
C of the 8255. This work is ongoing.

E. FOLLOW-ON WORK

There are a few areas that may allow significant follow-on work. The most obvious is

actually testing the LT GaAs experimental chips, as well as this board, in a radiation environment.
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1. Produce Professional PC Board
To improve upon system reliability and robustness, a commercially-produced PC board

should be considered to both increase capabilities to 32 bits, as well as provide an aesthetically

pleasing package for transport to radiation test sites.

2. Use RAD Hard components
The intent of this design was to create a unit capable of testing ICs in a radiation

environment. In its current configuration (with commercial parts), lead bricks must be set up

around this board to shield it from radiation. This method will work, but is far from the optimal

solution.

3. ECC on Serial Link

The serial link currently uses a MAX233, which has no RAD hard counterparts. The
1488/1489 family also has no RAD hard counterpart. Because of this, some sort of error
correcting code should be used on the RS-232 serial link. This will ensure proper data is obtained
on tests. Something simple, such as a parity bit, possibly with check summing and retransmission,
could be used. Further research is warranted.

4. Use of a C Compiler

To aid in the development of test programs, a high-level language could be used. Although

assembly language is still useful, the use of C will aid in increasing program complexity and
program development speed.

5. Creating a Script Language _

Instead of another high-level language such as C, a scripting language could be developed
to create an intuitive method for programming tests.
F. SUMMARY

This overall design was a valuable learning tool and should provide some functionality and
utility in the future. This research should serve as a good starting point for improved designs, as

well as an example of good, general-purpose test hardware.
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APPENDIX A. PAULMON DOCUMENTAION
The following is the documentation file for PAULMON, and although it is a bit rough. it

does contain a wealth of valuable information.

Introduction:

The PAULMON debugger is my attempt to make a user-friendly 8051 debugger, with enough on-
line information that it should be unnecessary to read this doc file. PAULMOM is targeted for
use by the microprocessor design course at Oregon State, but may be used by anyone (who can
figure it out) for projects ranging from research to commercial products. PAULMON is free and

may not be distributed for profit whatsoever.

Since I don't expect Prof's or TA's at OSU to make students aware of this documentation nor to
provide it nor do I expect students to read much of it, I wrote PAULMON to be very simple and to
provide lots of on-line clues about that it can do and how to go about it. ‘I hope that you

find PAULMON to be useful and easy to use. Good Luck.

-Paul Stoffregen
(paul@ece.orst.edu)

DISCLAIMER: This is free software. As far as warranty is concerned, you get exactly what you
pay for! I have tried to make this code as good as possible during the four weeks I worked on it,
but nobody is perfect and portions (the single step in particular) were never well tested. USE AT
YOUR OWN RISK. The assembly source is provided in case there's something you don't like.

ADDITIONAL DISCLAIMER: This doc file has lots of tvopes and other errorss, and I really
don't care. PAULMON was written to be easy enough that this file ought to be unnecessary, but
people ask for it nonetheless, usually before they even try to use the thing.

| What You Will Need to use it:

PAULMON is 8051 assembly code which is intended to be burned into a 2764 EPROM, though a
pair of 2732's could be used or a bigger rom can be used with the rest being empty or filled with
other code. The EPROM with PAULMON should be addressed so that it is read from 0000 to
1FFF with the 8051's EA pin wired to make it read all code from external memory. PAULMON
uses the built in UART in the 8051 to communicate with the user. Typically, a PC computer is
used with a terminal program, an 8051 assembler, and a text editor to form a simple, low cost
8051 development system with PAULMON. A serial line receiver and driver should be used (the
MAX232 is a good choice, IMHO) to interface the 8051 to the PC's serial port. Only TxD, RxD
and ground are used (no handshaking) and PAULMON adapts to use whatever baud rate the
computer is using (if it can with the crystal you select, see below)

PAULMON is intended to be used with RAM as well, and the default location for the beginning of
the RAM is 2000 (hex), right after the EPROM, though the RAM can be used anywhere in the
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range of 2000 - FFFF. The read enable signal to the RAM should be the logical OR of the RD and
PSEN signals, so that read attempts to external code memory or program memory spaces will read
from the RAM. (use an AND gate to do the logical OR of these signals, since they are active low!)
Obviously the write enable of the RAM should be connected to the WR pin of the 8051.

Having a RAM connected in this way will allow the download command in PAULMON to write
your program into the RAM (writing into the external data memory space). Then vou can run your
program, since read attempts from the external program memory space will read from the RAM
chip.

How to get is set up:

Design and build your 8051 board. All that is really required is the 8051, an EPROM, a latch
(74xx373), some sort of address decoding to enable the EPROM for memory access between
0000-1FFF, and a line receiver to convert the high voltage RS232 to a TTL (or CMOS)
compatible signal (or else you'll toast the 8051 before it even has a chance).

To really use PAULMON, a RAM is required as well as the AND gate to allow both program and
data read cycles to read the RAM memory, and a reset button to easily get back to PAULMON
when your program crashes.

With just the minimal setup, set the computer's baud rate to something slow (like 1200 bps) and
power up the board. Press Enter (Return) and hopefully you'll see a screenful of text from
PAULMON. PAULMON does not send line feed characters, so the terminal emulator software
must be configured to translate CR -> CR/LF. (PAULMON ignores LF characters is recetves.) If
the entire message ends up on one line, then the terminal is not translating CR -> CR/LF. After it
works, you can try increasing the baud rate and COLD-BOOTING (vou must turn the power off,
taking the reset line high will not make PAULMON look for the new baud rate... or change the
bytes where it stores the old baud rate... see the code if you're interested) If the minimal system
shows no signs of life, it's time to check the wiring, usually starting by making sure vou didn't
swap the TxD and RxD lines.

The Automatic Baud Rate detection:

This code was borrowed from MDP/51 by Kei-Yong Khoo. It is run immediatly after a system
reset. It waits for a <KRETURN> character, and uses it to calculate the timer #1 reload value.
Some modifications have been made to Khoo's code. It requires only one character. It also stores
the reload value in four memory locations in internal ram (78H, 79H, 7AH, and 7BH). These
four locations are unlikely to be changed during a user program's execution or while the debugger
is running. When another reset occurs (without removing the power) the program looks at those
four locations. If all four agree, then it uses that reload value and does not require another
keypress. It is interesting to note that occasionally, with cystal values which produce exact reload
values (such an 7.3728 MHz), the baud rate detection routine may not correctly calculate the
reload value. Garbage will get printed all over the screen. If this happens, just switch off the
power and try again. The advantage of crystals such as the 7.3728 Mhz is that they allow
transmission at speeds of 9600 and 19200 baud! It is highly reccomended that you use the
highest possible baud rate with this debugger, as is tends to print quite a bit of text to the screen.

On-line Help:
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By typing '?' at the main menu, a help screen summarizing the available commands is printed. On-
line help is also available regarding the single step run feature. This help is accessed by typing '?"
just after using the 'R’ command. While in the single step mode, a summary of commands is also
available, again by typing '?'.

The <ESC> key:

The <ESC> key is supported extensively. It will abort all commands from any prompt. It will
stop the list and hex dump commands in the middle of their printing. It will also interrupt the
printing of text to the screen! This is useful at slow baud rates, since a full screen of text can take
quite a while to print at 300 baud.

The Download Program command (type 'D')

This allows you to send the object code from the assembler to the external ram. The object file
must be a standard Intel Hex Format file, such as the .OBJ file created by the Psuedo- Assembler,
by Psuedo-Corp. The file must be sent as an ASCII transfer. The protocal such as XMODEM is
used. Pressing the <ESC> key at any time will abort the transfer. Please note that most
communications programs use the <ESC> key to abort their transfer. In this is the case, the first
<ESC> will halt the terminal, pressing it again will abort the recieve at the 8051/31. Unlike some
other debuggers, PAULMON will recognize the <ESC> key anywhere in the middle of the
incoming data, not just at the beginning of a line.

The Run Program command (type 'R')

The run command allows you to execute your program. Two types of run are supported, Normal
and Single-Step. The single step mode is explained later, as it is fairly complex. During a normal
run, the quiviliant of an LCALL to your code is given. During the execution of your program, the
debugger obviously has no control of the system, unless of course your program calls one of the
subroutines offered by the degugger in the jump table at location 0030H. After specifving which
run mode you need, the location of your program is prompted, with the current memory pointer
value as the default choice. As is the case at all prompts, pressing the <ESC> key will abort the
run command. It is interesting to note that the run command leaves timer #1 in auto-baud rate
generation mode. If serial communication is desired at the same baud rate as that used for the
debugger, timer #1 need not be given a new reload value. It is recommended that the character
input and output routines from the debugger be used via the jump table.

The New Memory Location command (type N')

The debugger operates with a pointer to the data memory with which you are working. This
pointer is used by the list and hex dump command. It is also the default run location. The pointer
is incremented as memory is viewed or modified. Just type N'to change it.

The List command (type L")

This debugger gives you the ability to list your program's code directly from the computer's

- memory. All the 8051/31 mnemunonics are supports, as well as the names of the special function
registers. Bit addressable locations are displayed using the standard syntax (e.g. PWS.2 or 20.5),

but individual bit location names are not supported (e.g. SCON.0 will print in place of RI).

Obviously, the original labels used in the source code cannot be printed, instead the memory

" locations are displayed. Other special Intel assembly formats, such as $ and CALL are not
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supported. However, the list command can provide a reassuring look at the program directly from
the memory.

The Hex Dump command (type H')

By typing 'H', the next 256 bytes of ram are dumped to the screen in hex and ascii. The <ESC>
key may be pressed to abort the printout.

The Edit command (type 'E")

This command allows you to change the values of memory locations in the external ram. Each
location's old value is shown. If <ESC> is pressed, the current location's value is not changed.

The Jump Table:

Desipte the use of the word "jump", the user must LCALL to these locations! The individual
locations contain jumps to the subroutines, which all terminate with a RET. The table provides
the user with a memory location to call to that WILL NOT CHANGE if the debugger is
reassembled. The routines available are:

0030: Cout -Sends the byte in Acc to the serial port.

0032: Cin -Waits for a character from the serial port, returned in Acc.

0034: pHex  -Prints the two digit hex value in Acc to the serial port.

0036: pHex16 -Prints the four digit hex value in DPTR to the serial port. ‘

0038: pString -Prints the string in code memory pointed to by DPTR to the serial port.
The string must terminate with O0H or a high bit set

003A: gHex -Gets atwo digit hex value from the serial port, retumed in Acc

003C: gHex16 Gets a four digit hex value from the serial port, returned in DPTR

003E: Esc -Checks to see if the <ESC> key is waiting in SBUF. Clears the buffer if it
1s, and returns with the carry set. Otherwise, leaves SBUF untouched, and
returns with C=0.

0040: Upper -Converts character in Acc to uppercase if it is lowercase

0042: Init -Automatic baud rate detection. '

The memory location can be placed directly in your code, or an EQU can be used to make your
code more readable. For example:

Program: EQU gHex16, 003AH ;this make the code nice
MOV DPTR, #StrLoc  ;load DPTR

LCALL gHex16 ;print the DPTR
MOV A#13

LCALL  0030H ;print a <RET>
LCALL  0038H ;print the string
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RET Strloc: .DB  "This is my String.". 0

Most of these routines leave the registers unchanged, however, it is a good idea to consult the
source code just to be sure... In particular, the phex routine DESTROYS the contents of Acc, so

beware. (this has cause some people some grief, who had assumed the phex would leave Acc
unchanged. If you want it unchanged, the original .ASM file is provided for you to modify) The

Single-Step Run:

[This part was never written, and the single step run code is somewhat buggy. primarily due to a
lack of available beta testers... so docs were never written, but PAULMON ought to give vou

enough clues to figure it out if you try.]
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Philips Semiconductors

o
80C51 Family 80C51 family programmer’s guide

and instruction set
L. |

PROGRAMMER’S GUIDE AND
INSTRUCTION SET

Memory Organization

Program Memory

The 80C51 has separate address spaces for
program and data memory. The Program
memory can be up to 64k bytes long. The
lower 4k can reside on-chip. Figure 1 shows
amap of the 80C51 program memory.

The 80C51 can address up to 64k bytes of
data memory to the chip. The MOVX
instruction is used fo access the external
data memory.

" The 80C51 has 128 bytes of on-chip RAM,
plus a number of Special Function Registers
(SFRs). The lower 128 bytes of RAM can be
accessed either by direct addressing (MOV
data addr) or by indirect addressing (MOV
@Ri). Figure 2 shows the Data Memory
organization.

Direct and Indirect Address Area

The 128 bytes of RAM which can be

accessed by both direct and indirect

addressing can be divided into three
segments as listed below and shown in

Figure 3.

1. Register Banks 0-3: Locations 0 through
1FH (32 bytes). The device after reset
defaults to register bank 0. To use the
other register banks, the user must select
them in software. Each register bank
contains eight 1-byte registers 0 through
7. Reset initializes the stack pointer to
location 07H, and it is incremented once
to start from location 08H, which is the
first register (RO) of the second register
bank. Thus, in order to use more than one
register bank, the SP should be initialized
to a different location of the RAM where it
is not used for data storage (i.e., the
higher part of the RAM).

2. Bit Addressable Area: 16 bytes have been
assigned for this segment, 20H-2FH.

Each one of the 128 bits of this segment
can be directly addressed (0-7FH). The
bits can be referred to in two ways, both
of which are acceptable by most
assemblers. One way is to refer to their
address (i.e., 0-7FH). The other way is
with reference to bytes 20H to 2FH. Thus,
bits 0-7 can also be referred to as bits
20.0-20.7, and bits 8-FH are the same as
21.0-21.7, and so on. Each of the 16
bytes in this segment can also be
addressed as a byte.

3. Scratch Pad Area: 30H through 7FH are
available to the user as data RAM.
However, if the stack pointer has been
initialized to this area, enough bytes
shouid be left aside to prevent SP data
destruction.

Figure 2 shows the different segments of the
on-chip RAM.

FFFF FFFF
3\
60k
BYTES
EXTERNAL
? — OR
1000
AND
OFFF
4k BYTES /
INTERNAL
0000 0000

B84k
BYTES
EXTERNAL

SU00567
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OFFF
INTERNAL.
\
FF 4k
BYTES
SFRs EXTERNAL
DIRECT ADDRESSING
ONLY
80
AND ———1
F
DRIECT AND INDIRECT
ADDRESSING
00 J 0000
SU00568
Figure 2. 80C51 Data Memory
i‘ 8BYTES :i
78 7F
70 77
68 6F
60 67
58 5F  SCRATCH
PAD
50 57 AREA
48 4F
40 a7
38 3F
30 37
28 . 7F 2F BIT
ADDRESSABLE
2 Jo 27 SEGMENT
18 3 1F
10 2 17 REGISTER
BANKS
08 1 OF .
00 0 07
SU00569
Figure 3. 128 Bytes of RAM Direct and Indirect Addressable
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Table 1.  80C51 Special Function Registers

svmeoL | DEscRPTIoN | DIRECT | BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION [ pecet yaLue

ACC* | Accumutator EOH E7 E6 E5 E4 E3 E2 E1  EO 00H

B* B register FOH F7 F& F5 F4 F3 F2 F1 FO 00H

DPTR Data pointer (2

bytes)
DPH | Data pointer high 83H 00H
DPL Data pointer low 82H 00H

AF AE AD AC AB  AA A9 A8

IE* Interrupt enable AgH A | - | - | Es | Em [ exi [ ero [ Exo | oxoo00008
BF BE BD BC BB BA B9 B8

IP* Interrupt priority B8H - | - 1 - | Pps |pr1|pxi [pro]exo] xxoo00008
87 8 8 84 8 8 8 8

PO* Port0 80H AD7 | ApDs | ADs | ADa | AD3 | AD2 | AD1 | ADo FFH
97 9% 95 94 93 92 91 90

P1* Port 1 90H -1 -1 -1 -1T-T=- T FFH
A7 . A6 A5 A4 A3 A2 Al A0

p2* Port 2 AOH A5 | a4 | Aa13 | A2 | a1t [ A0 | A9 | as FFH
B7 B6 B5 B4 B3 B2 Bl BO

p3* Port 3 BOH RO | WR | 71 | 70 | NTT [ INT0 | <0 | Rxd FFH

PCON' | Power control 87H SMOD - - - GF1 GFO PD iDL 0x0000xxB
D7 D6 D5 D4 D3 D2 DI DO

PSW* | Program status word DOH cv | ac | Fo [Rrst [mRso [ov ] - TP 00H

SBUF Serial data buffer 99H X000COKB
9F 9 9D 9C 9B 9A 99 98

SCON* | Serial controller 98H sMo | sm1 [ sM2 | REN | TBs [ mres [ 71 | mi 0OH

SP Stack pointer 81H 07H
8F B8 8D 8 8B 8A 89 88

TCON* | Timer control 88H TF1 | TR | TFo JTRo | Bt [ mr T ieo T mo

THO Timer high 0 8CH 00H

TH1 Timer high 1 8DH 00H

TLO Timer low 0 8AH OOH

TL Timer low 1 8BH 00H

TMOD | Timer mode 89H GaTE | o | M1 | Mo |eate [ cm | m1 | mo 00H

NOTES:

* Bitaddressable

1. Bits GF1, GF0, PD, and IDL of the PCON register are not implemented on the NMOS 8051/8031.
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Those SFRs that have their bits assigned for various functions are listed in this section. A brief description of each bit is
provided for quick reference. For more detailed information refer to the Architecture Chapter of this book.

PSW: PROGRAM STATUS WORD. BIT ADDRESSABLE.

Loy | ac | Fo [mrst [mso Jov ] - [ P |
cY PSW.7 Carry Flag.
AC PSW.6 Auxiliary Carry Flag.
FO » PSW.5 Flag 0 available to the user for general purpose.
RS1 PSW.4 Register Bank selector bit 1 (SEE NOTE 1).
RSO PSW.3 Register Bank selector bit 0 (SEE NOTE 1).
ov PSW.2 Overflow Flag.
- . PSW.1 Usable as a general purpose flag.
P PSW.0 Parity flag. Set/cleared by hardware each instruction cycle to indicate an odd/even number of “1’ bus in
the accumulator.
NOTE:
1. The value presented by RS0 and RS1 selects the corresponding register bank.
RS1 RSO REGISTER BANK ADDRESS
0 0 0 00H-07H
0 1 1 08H-0FH
1 0 2 10H-17H
1 1 3 18H-1FH

PCON: POWER CONTROL REGISTER. NOT BIT ADDRESSABLE.

[smoo| - | - | - | @&t [Gro [ PD [ oL |

SMOD Double baud rate bit. If Timer 1 is used to generate baud rate and SMOD = 1, the baud rate is doubled when the Serial
Port is used in modes 1, 2, or 3.

- Not implemented, reserved for future use.*
- Not implemented reserved for future use.*
- Not implemented reserved for future use.*

GF1 General purpose flag bit.

GFO General purpose flag bit. )

PD Power Down Bit. Setting this bit activates Power Down operation in the 80C51. (Available only in CMOS.)
IDL Idle mode bit. Setting this bit activates Idle Mode operation in the 80C51. (Available only in CMOS.)

If 1s are written to PD and IDL at the same time, PD takes precedence.

" User software should not write 1s to reserved bits. These bits may be used in future 8051 products to invoke new features.
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INTERRUPTS:

To use any of the interrupts in the 80C51 Family, the following three steps must be taken.

1. Set the EA (enable all) bit in the IE register to 1.

2. Set the corresponding individual interrupt enable bit in the IE register to 1.

3. Begin the interrupt service routine at the corresponding Vector Address of that interrupt. See Table below.

INTERRUPT SOURCE : VECTOR ADDRESS
IEO : 0003H
TFO 000BH
IE1 0013H
TF1 001BH
RI&TI . 0023H

In addition, for external interrupts, pins INTO and INT1 (P3.2 and P3.3) must be set to 1, and depending on whether the
interrupt is to be level or transition activated, bits ITO or IT1 in the TCON register may need to be set to 1.

ITx = 0 level activated
ITx = 1 transition activated

IE: INTERRUPT ENABLE REGISTER. BIT ADDRESSABLE.
If the bit is 0, the corresponding interrupt is disabled. If the bit is 1, the corresponding interrupt is enabled.

| EA | - | - | es | Ert | Ex1 | ETo [ Ex0 |

EA IE7 Disables alt interrupts. If EA = 0, no interrupt will be acknowledged. If EA = 1, each interrupt source is
individually enabled or disabled by setting or clearing its enable bit.

— IE.6 Not implemented, reserved for future use.*

— IE.5 Not implemented, reserved for future use.*

ES A IE4 Enable or disable the serial port interrupt.

ET1 IE.3 Enable or disable the Timer 1 overflow interrupt.

EX1 IE.2 Enable or disable External Interrupt 1.

ETO IEA Enable or disable the Timer 0 overflow interrupt.

EXO IE.O Enable or disable External Interrupt 0.

*  User software should not write 1s to reserved bits. These bits may be used in future 80C51 products to invoke new features.
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ASSIGNING HIGHER PRIORITY TO ONE OR MORE INTERRUPTS:
In order to assign higher priority to an interrupt the corresponding bit in the IP register must be set to 1.
Remember that while an interrupt service is in progress, it cannot be interrupted by a lower or same level interrupt.

PRIORITY WITHIN LEVEL.:
Priority within level is only to resolve simultaneous requests of the same priority level.
From high to low, interrupt sources are listed below:

IEO
TFO

IE1

TF1
RlorTI

IP: INTERRUPT PRIORITY REGISTER. BIT ADDRESSABLE.
if the bit is 0, the corresponding interrupt has a lower priority and if the bit is 1 the corresponding interrupt has a higher priority.

| - | - | - ] ps [ pr1 [ pPx1 | Pro | Pxo |

- IP7 Not implemented, reserved for future use.*

- IP.6 Not implemented, reserved for future use.*
- IP.5 Not implemented, reserved for future use.*
PS IP.4 Defines the Serial Port interrupt priority level.
PT1 IP.3 Defines the Timer 1 interrupt priority level.
PX1 P2 Defines External Interrupt 1 priority level.
PTO IP.1 Defines the Timer 0 interrupt priority level.
PX0 IP.0 Defines the External Interrupt O priority level.

* User software should not write 1s to reserved bits. These bits may be used in future 80C51 products to invoke new features.
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TCON: TIMER/COUNTER CONTROL REGISTER. BIT ADDRESSABLE.

TF1 TR1 TFO . TRO, IE1 IT1 IEO ITO

TF1 TCON.7 Timer 1 overflow flag. Set by hardware when the Timer/Counter 1 overflows. Cleared by hardware as
processor vectors to the interrupt service routine.

TR1 TCON.6 Timer 1 run control bit. Set/cleared by software to turn Timer/Counter 1 ON/OFF.

TFO TCON.5 Timer 0 overfiow flag. Set by hardware when the Timer/Counter 0 overflows. Cleared by hardware as
processor vectors to the service routine.

TRO TCON.4 Timer O run control bit. Set/cleared by software to turn Timer/Counter 0 ON/OFF.

IE1 TCON.3 External Interrupt 1 edge flag. Set by hardware when External Interrupt edge is detected. Cleared by

‘ hardware when interrupt is processed.

IT1 TCON.2 Interrupt 1 type control bit. Set/cleared by software to specify falling edge/low level triggered External
Interrupt.

IEO TCON.1 External Interrupt O edge flag. Set by hardware when External Interrupt edge detected. Cleared by
hardware when interrupt is processed.

ITO TCON.O Interrupt O type control bit. Set/cleared by software to specify falling edge/low level triggered External
Interrupt. '

TMOD: TIMER/COUNTER MODE CONTROL REGISTER. NOT BIT ADDRESSABLE.

GATE cr M1 MO GATE | CT M1 Mo

. S\ J/
—_—— ——
Timer 1 Timer 0
GATE When TRx (in TCON) is set and GATE = 1, TIMER/COUNTERX will run only while INTx pin is high (hardware control).
When GATE = 0, TIMER/COUNTERX will run only while TRx = 1 (software control).
cT Timer or Counter selector. Cleared for Timer operation (input from internal system clock). Set for Counter operation
(input from Tx input pin).
M1 Mode selector bit. (NOTE 1)
MO Mode selector bit. (NOTE 1)
NOTE 1:
M1 MO Operating Mode
0 0 0  13-bit Timer (8048 compatible)
0 1 1 16-bit Timer/Counter
1 0 2  8-bit Auto-Reload Timer/Counter
1 1 3  (Timer 0) TLO is an 8-bit Timer/Counter controlled by the standart Timer 0

control bits. THO is an8-bit Timer and is controlied by Timer 1 control bits.
1 1 3 (Timer 1) Timer/Counter 1 stopped.

March 1995 8




Philips Semiconductors

: 80C51 family programmer’s guide
80C51 Family and instruction set

TIMER SET-UP
Tables 2 through 5 give some values for TMOD which can be used to set up Timer 0 in different modes.

It is assumed that only one timer is being used at a time. If it is desired to run Timers 0 and 1 simultaneously, in any mode, the
value in TMOD for Timer 0 must be ORed with the value shown for Timer 1 (Tables 5 and 6).

For example, if it is desired to run Timer 0 in mode 1 GATE (external control), and Timer 1 in mode 2 COUNTER, then the value
that must be loaded into TMOD is 69H (09H from Table 2 ORed with 60H from Table 5).

Moreover, it is assumed that the user, at this point, is not ready to turn the timers on and will do that at a different point in the
program by setting bit TRx (in TCON) to 1.

TIMER/COUNTER 0
Table2. AsaTimer:
) TMOD
MODE TIMER 0 INTERNAL EXTERNAL
FUNCTION CONTROL CONTROL
(NOTE 1) (NOTE 2)
0 13-bit Timer 00H 08H
1 16-bit Timer 01H 09H
2 8-bit Auto-Reload 02H 0AH
3 Two 8-bit Timers 03H OBH
Table3. As aCounter:
TMOD
MODE COUNTER 0 INTERNAL EXTERNAL
FUNCTION CONTROL CONTROL
(NOTE 1) (NOTE 2)
0 ’ ] 13-bit Timer 04H 0CH
1 16-bit Timer 05H ODH
2 8-bit Auto-Reload 06H OEH
3 One 8-bit Counter 07H OFH

NOTES:
1. The timer is tured ON/OFF by setting/clearing bit TRO in the software.
2. The Timer is turned ON/OFF by the 1-to-0 transition on INTO (P3.2) when TRO = 1 (hardware control).
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TIMER/COUNTER 1
Table4. As aTimer:
TMOD
MODE TIMER 1 INTERNAL EXTERNAL
FUNCTION CONTROL CONTROL
A (NOTE 1) (NOTE 2)
0 13-bit Timer 00H 80H
1 16-bit Timer 10H 90H
8-bit Auto-Reload 20H AOH
Does not run 30H BOH
Table 5. As a Counter:
TMOD
MODE COUNTER 1 INTERNAL EXTERNAL
FUNCTION CONTROL CONTROL
(NOTE 1) (NOTE 2)
0 13-bit Timer 40H COoH
1 16-bit Timer 50H DOH
2 8-bit Auto-Reload 60H ‘ EOH
3 Not available - -
NOTES:

1. The timer is tumed ON/OFF by setting/clearing bit TR1 in the software. .
2. The Timer is tumed ON/OFF by the 1-to-0 transition on INTT (P3.2) when TR1 = 1 (hardware control).
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SCON: SERIAL PORT CONTROL REGISTER. BIT ADDRESSABLE.

SMO SM1 SM2 REN TB8 RB8 TI Ri
SMO SCON.7 Serial Port mode specifier. (NOTE 1)
SM1 SCON.6 Serial Port mode specifier. (NOTE 1)
SM2 SCON.5 Enables the multiprocessor communication feature inmodes 2 & 3. Inmode 2 or 3, if SM2 is set to 1 then

R will not be activated if the received 9th data bit (RB8) is 0. In mode 1, if SM2 = 1 then Rl will not be
activated if a valid stop bit was not received. in mode 0, SM2 should be 0. (See Table 6.)

REN SCON.4 Set/Cleared by software to Enable/Disable reception. = o
TB8 SCON.3 The 8th bit that will be transmitted in modes 2 & 3. Set/Cleared by software.
RB8 SCON.2 In modes 2 & 3, is the Sth data bit that was received. In mode 1, if SM2 =0, RB8 is the stop bit that was
received. In mode O, RB8 is not used.
Ti SCON.1 Transmitinterrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or at the beginning of the
stop bit in the other modes. Must be cleared by software.
RI SCON.0 Receive interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or halfway through the
stop bit time in the other modes (except see SM2). Must be cleared by software.
NOTE 1:
" SMO SM1 Mode Description BaudRate "~ T N
0 0 0 - Shift Register Fose/12 - - - 0 o - e = e
0 1 1 8-bit UART Variable
1 0 2 9-bit UART Fosc./64 or Fogc /32
1 1 3 9-bit UART Variable
SERIAL PORT SET-UP:
Table 6. ,
MODE SCON SM2 VARIATION
? ;gn _ Sirégle. Processor
nvironment
2 90H (SM2=0)
3 DOH -
(1) %’;\_' MEuItiprocessor
nvironment
2 BOH (SM2=1)
3 FOH h
GENERATING BAUD RATES

Serial Port in Mode 0:

Mode 0 has a fixed baud rate which is 1/12 of the oscillator frequency. To run the serial port in this mode none of the
Timer/Counters need to be set up. Only the SCON register needs to be defined.
Baud Rate = E%?

Serial Port in Mode 1:
Mode 1 has a variable baud rate. The baud rate is generated by Timer 1.

March 1995 11
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USING TIMER/COUNTER 1 TO GENERATE BAUD RATES:

For this purpose, Timer 1 is used in mode 2 (Auto-Reload). Refer to Timer Setup section of this chapter.
K Osc Freq
32 12 [256 (TH1)]

Baud Rate =

if SMOD =0, then K=1.
if SMOD = 1, then K =2 (SMOD is in the PCON register).

Most of the time the user knows the baud rate and needs to know the reload value for TH1.

_ K Osc Freq
THT = 256 257 baud rate

TH1 must be an intéger value. Rounding off TH1 to the nearest integer may not produce the desired baud rate. In this case, the
user may have to choose another crystal frequency.

Since the PCON register is not bit addressable, one way to set the bit is logical ORing the PCON register (i.e., ORL
PCON,#80H). The address of PCON is 87H.

SERIAL PORT IN MODE 2:

The baud rate is fixed in this mode and is 1/32 or 1/64 of the oscillator frequency, depending on the value of the SMOD bit in
the PCON register. '

In this mode none of the Timers are used and the clock comes from the intemal phase 2 clock.
SMOD = 1, Baud Rate = 1/32 Osc Freq.

SMOD = 0, Baud Rate = 1/64 Osc Freq.

To set the SMOD bit: ORL PCON,#80H. The address of PCON is 87H.

SERIAL PORT IN MODE 3: _
The baud rate in mode 3 is variable and sets up exactly the same as in mode 1.
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80C51 FAMILY INSTRUCTION SET

Table7.  80C51 Instruction Set Summary
Interrupt Response Time: Refer to Hardware Description Chapter.
Instructions that Affect Flag Settings(!)

Instruction Flag Instruction Flag
C OV AC C OV AC

ADD X X X CLRC 0

ADDC X X X CPLC X

SUBB X X X  ANLCbit X

MUL 0 X ANL C, it X

DIv 0 X ORL C,bit X

DA X ORL C /it X

RRC X MOV C,bit X

RLC X CJNE X

SETBC 1

('Note that operations on SFR byte address 208 or bit addresses 209-215 (i.e., the PSW or bits in the PSW) will also affect flag setﬁngs.

Notes on instruction set and addressing modes:

Rn Register R7-R0 of the currently selected Register Bank.
direct 8-bit intemnal data location’s address. This could be an interal Data RAM location (0-127) or a SFR [i.e., /O port,
control register, status register, etc. (128-255)]. .
@Ri 8-bit internal data RAM location (0-255) addressed indirectly through register R1orR0. = = - - T
#data 8-bit constant included in the instruction. ' Co T T e s -

#data 16 16-bit constant included in the instruction

addr 16 16-bit destination address. Used by LCALL and LJMP. A branch can be anywhere within the 64k-byte Program
Memory address space.

addr 11 11-bit destination address. Used by ACALL and AJMP. The branch wil be within the same 2k-byte page of
program memory as the first byte of the following instruction.

rel Signed (two’s complement) 8-bit offset byte. Used by SUMP and all conditional jumps. Range is —128 to +127
bytes relative