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CHAPTER I

INTRODUCTION
A. MOTIVATTION.

This report describes the use of the Motorola MC68701 microcom-
puter to provide an interface between a Hewlett Packard Multipro-
grammer and a North Star Horizon II computer. The MC6870] interface
provides access to the Multiprogrammer via either a computer or a
teletype. The interface board performs RS-232C to l6-bit conversion
between the Horizon computer and the Multiprogrammer [7].I

Fig. 1 shows the set-up of the MC68701 iﬁterface system, The
Mﬂltiprogrammér has parallel input and parallel output ports whereas
the computer has a serial output port. Thus for data transfer, serial
to parallel and parallel to serial conversions are necessary. Also
the Multiprogrammer requires TTL/DTL logic levels whereas the computer
and teletype are RS-232C. A conversion in the levels has to be
acconplished for thelr communication. Finally the Horizon computer
expects the inputs to be ASCII (American Standard Code for Information
Interchange) coded while the Multiprogrammer expects the inputs to be

binary and returns a binary output.

North Star
HP6940B ——= MC68701 = Horizon II
Fultiprogrammer Interface Computer
Silent 700
Printer
Fig. 1

Block Diagram of the Interface.



The serial to parallel conversion and vice versa are accomplished
by the Serial Communications Interface (SCI) in the MC68701 processor,
The level change from RS-232C to TTL is accomplished through the hard-
ware. Level translators are used for this purpose. The quad line
driver, MC 1488 is used for the transfer from TTIL to RS-232C and the
quad line receiver, MC 1489 is used for the transfer from RS-232C to
TTL. The binary to ASCII and ASCII to binary conversions are handled

in the software.

B. REDUCTION IN HARDWARE BY USING THE MC68701

In a microcomputer based system the required task can be per-
formed only by an appropriate selection of the microprocessor. The
selection criteria are of importance for the successful cémpletion of
the job. An enormous reduction of hardware can be achieved by

selecting a suitable processor.

] Rrs- TRI- > Hp
ERU 232G MC68701 K== sratR MULT I~
BUFFERS~ PROGRAM—~
MER

Tig. 2a

Interface Using the MC68701 Microcomputer
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The Motorola MC68701 microcomputer unit is chosen here for
interfacing the HP Multiprogrammer to the North Star computer, where
it replaces an earlier system composed of:

1. MC 6802 8-bit microprocessor

2 MC 6850 Asynchronous Communications Interface Adapter

3. Two MC 6821 Peripheral Interface Adapters

4., MC 6840 Programmable Timér

55 2716 Erasable Programmable Read Only Memory.

The MC68701 1is strictly to be considered as a microcomputer unit
rather than a microprocessor unit as it possesses RAM, EPROM, S5CI and
parallel I1/0 ports.

Fig. 2a shows the interface for the Multiprogrammer using the
MC68701 microcomputer. Fig, 2b shows the interface using the MC8802
microprocessor. It can be seen that there is a great reduction in the

hardware by using the former.

C. MULTIPROGRAMMER

The Multiprogrammer is a unit that holds power supplies, relay
cards and has several slots for housing hardware modules such as a
voltage/frequency converter, digital/analog converter, counter and
signal generator, It has a 16-bit input and a 1l6-bit output,
controlling up to 240 12-bit I/O channels. The computer communicates
with the Multiprogrammer through four types of 16~-bit words:

1. Control Word

2, Data Word

3 Address Word

4, Return Data Word.



CONTROL WORD

[15]14]13]12]11]10]918]716]5]%[3]2]110]

3 ~ ¢t Fr ¥
CONTROL WORD MODE BITS UNIT
TAG ADDRESS
Fig. 3.

Control Word Format

The Control Word format is shown in Fig. 3. To select an input
or output mode of operation, control word is sent to the Multiprogram—
mer from the computer, indicating to the mainframe the slot that is to
be selected. Bits 0«4, the unit address portion of the control word
specifies which of the 16 mainframe units is to be selected. Bits
4-11 indicate the status during operation -~ Timing mode Enable, System

Enable, Data transfer Enable, etc.

DATA WORD

The Data Word format is shown in Fig. 4. The control word

115f{14113[12]{11i10{9(8!17[6]5[4[3[2!1]0]
4 K +
SLOT OUTPUT DATA
ADDRESS

Fig. &

Data Word Format.



selects an output card in the mainframe. A data word is sent to the
output card from the computer. One of the input/output slots in the
mainframe is selected by the four MSBs of the data word. Bits 0-11

contain the data that are to be stored on the output card.

ADDRESS WORD

[15§1413(12]11]10{9[8[7{6]5]4[3]2{1[0]
I Tt o
SLOT NOT USED
ADDRESS

Fig. 5

Address Word Format.

A slot is selected by an address word. This slot holds an input
card in the mainframe specified by the control word. The four MSBS of

the word specify the slot address and the other 12 bits are unused.

RETURN DATA WORD

Data are sent to the input register of the computer from the
input card of the Muitiprogrammer with a return data word. The most
significant hit is the interrupt request bit. Bits 12 through 14 are
not used and bits 0 through 11 held the input data. The return data

word format is shown in Fig, 6.



T15]14]13]12]11]10]9]18]7]615]4]3]2(1]0]

IRQ t 11 1
NOT INPUT DATA

USED

Fig. 6.

Return Data Word Format



CHAPTER II

HARDWARE DESCRIPTION

The block diagram of the interface hardware is shown in Fig. 7.
It consists of:

1. RS-232C level translators.

2. Mode Select and Reset Logic.

3 MC68701 microcomputer unit.

4, Quad three state bus transceivers.

A, RS8=-232C STANDARD

The signals going in and coming out of a processor are not
adequate to communicate with a peripheral controlled by the processor.
Thus the signals are seldom sent directly to the interfaces. The
terminals transfer characters of data in the ASCIT form. Special
hardware is used to form a standardized communication bus to which
memory and peripherals are interfaced [3]. A widely used standard
wherein the terminal uses serial communication is the Electronic
Industry Associates (EIA) specification RS-232C standard.

All RS-232C signals must be within the limits shown below [2].

1. +3 Volts to +15 Volts for a zero.

2. -3 Volts to -15 Volts for a one.
Thus level translators are required between the TTL levels and the
MODEMs. The level translators require additional power supplies (-12
V and +12 V) to generate the required signal veltages, The two
popular translators are:

1. MC 1488: Quad TTL to RS-232C. This is for the data going

to the MODEM.
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2, MC 1489: Quad RS-232C to TTL. This is for the data coming
from the MODEM to the device.
In all, the RS-232C interface consists of 25 dgta lines. Quite a
few of these are undefined. In most cowmputer terminals only 3 to 5

data lines are required for operation.

VB. DESCRIPTION OF THE MC68701 MICROCOMPUTER

The MC68701 is a single chip microcomputer that is architec-
turally compatible with the 6800 family parts [10]. The onboard chip
resources of the MC88701 microcomputer include:

1. 128 bytes of internmal RAM

2, 2-K bytes of EPROM

B Serial Communications Interface (SCI) - analogous to the

Asynchronous Communications Interface Adapter

4, Parallel I/0 ports - that could be used as Peripheral Inter-

face Adapter.

5. Programmable Timer.

The Internal RAM is located at the hexadecimal addresses 0080
through O0FF and the internal EPRCOM resides at F800 through FFFF. The
memory locations 0000 through OClF are reserved for the intermal
registers, The MCU has an access to a 64-K byte address space. 4 few
hardware features of the processor are:

1. 8-bit Word Size

2. 16-bit Address Field

3. An internal oscillator with a divided by four circuilt

4, M6800 Bus Compatible.
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The instruction set for the MC68701 is the same as M6800 but it has a
few added instructions. Accumulators A and B are concatenated to form
accunulator D, which 1is 16~bit wide.

In all, the MC68701 has 29 parallel I/0 lines shared by four
ports 1,2,3 and 4. A simple block diagram of the MCU displaying its

ports is shown in Fig. 8.

8 8
@_L.:?Port Port ¢
1 3

MC68701

5 8
%Z——_—-‘/Port Por tx
2 4

Fig. 8.

PORTS OF THE MC68701

An I/0 device is interfaced to the microprocessor through an I/0
port. The data transfer is accomplished through these ports, The
ports can be programmed in order to control the direction of the data
flow,

Port 1 and Port 4 have B I/Q lines each. Port 3 besides having 8
I/0 lines, has two control pins SCl and SC2. The function of SC1 and
SC2 depend upon the mode of operation of the MC68701. In the expanded

nultiplexed mode, SCl functions as an Address Strobe (AS) and SC2
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functions as a Read/Write (R/W). The ports can be programmed by the
user's program. Each port has a data register and a data direction
register. The ports act as inputs or outputs depending upon the
configuration of the bits in the data direction register. A one in
the data direction register indicates that it is an output bit and a
zero indicates that it is an input bit.

Port 2 1s a 5-bit I/0 port unlike the other ports which are
8-bit. This port is used as an Interface for the Serial Communica-
tions Interface and the timer. The three least significant bits of
the data register of Port 2 provide the operating mode for the MC68701.
Port 3 in addition to the data register and data direction register
has a control and status register to configure the control linmes SCl1
and 8C2. Depending upon the mode of operation, Port 3 can be used

either as a bidirectional datz bus or a multiplexed address/data bus,

C. MODES OF QPERATION QF THE MC68701

The MC68701 can functicn in eight modes - Mode C through Mode 7.
Mode 0 is a reserved mode exclusively used for programming the dnboard
EPROM, The modes are selected by connecting the switches to pins 8,9,
and 10 of the processor as shown in Fig. 9. Upon RESET, the levels on
the pins P20,P21l, and P22 are latched into PCO, PCl and PC2 bits of
the data register of Port 2. The processor then recognizes that it
has to operate in the required mode.

The eight operating modes of the MC68701 can be broadly

clasgified under three major modes:
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1. Single Chip Mode (Modes 4,7)

2. Expanded Non-Multiplexed Mode (Mode 35)

3. Expanded Multiplexed Mode (Mode 1,2,3 and 6)

Each of the above operating modes has a unique memory map, illu-
strating the allocation of the 64-K byte memory space. Invariably for
all the modes, the first thirty two locations in memory are reserved
for the internal registers. 1In modes 2, 3 and 4 the internal EPROM
is removed from the memory map. Depending upon the user's applic-
ation, RAMs or ROMs could be fitted into the external memory space in
any mode. A decode logilc circuit distinguishes the internal memory

from the external memory.

DVCC
BN s K
Y
%f f/ p20i8
) 22119
p22 10
v MC68701
7
il RESET/V

Fig. 9.

RESET LOGIC AND MODE CONFIGURATION,
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In some modes the internal EPROM addresses FFFO through FFFF are
not usable as this area is assigned for the external interrupt
vectors. Upon RESET, the processor fetches the RESET vector from an

external RAM or ROM where the interrupt vectors reside.

D. MODE SELECT

The operational mode of the MC68701 that is selected here for the
interfacing is the Single Chip Mode (Mode 7). The data transfer
between the MC68701 and the Multiprogrammer requires 32 input/output
lines, as the Multiprogrammer is a 16-bit input and 16-bit output
unit, But the MC68701 has 3 parallel I/0 ports (Ports 1,3, and 4)
each having 8 I/0 lines resulting in a total of only 24 lines. These
ports are to be configured in such a manner that there are 32 lines.

By making use of the tristate buffers, two ports are sufficient
for the data transfer between the MC68701 and the Multiprogrammer. 1In
Mode 7, Ports 3 and 4 being the parallel I/0 ports, can be used for
the above purpose. Besides, there is né need for an external address
bus as the external memories are not required. Above all, the onboard
EPROM is included in the memory map of Mode 7, Taking into considera-
tion the above factors, the Single Chip Mode was found to be the most

feasible.

E. QUAD BUS TRANSCEIVER

A simple block diagram of a quad three state bus transceiver,
MC8T26A is shown in Fig. 10. It consists of 4 bus inputs, 4 receiver
ocutputs, 4 driver inputs and 2 control lines (Receiver Enable Input

and Driver Enable Input). A low signal on the Receiver Enable Input
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?ggurs 4) 4 RECEIVER

< 7 - !

~—F = ZZZZ§£IZZ$> OUTPUTS
S| MC8T26A

RECEIVER ENABLE

DRIVER ENABLE 3 - DRIVER
! INPUTS

Fig. 10.

BLOCK DIAGRAM OF TRI-STATE TRANSCEIVER.

enables the receiver ocutputs and a high signal on the Driver Enable
Input enables the driver inputs.

A bank of 4 quad bus transceivers is counected between the
processor and the Multiprogrammer as shown in Fig. 11. The I/0 lines
of Port 3 and Port 4 form the bus inputs to the tristate buffers. The
receiver outputs are connected to the inputs of the Multiprogrammer
and the driver inputs are connected to the outputs of the Multipro-
grammer. Thus there are 16 lines going to the Multiprogrammer inputs
and 16 lines coming from the outputs. The receiver enable inputs and
the driver enable inputs of all the transceivers are shorted.

The software determines if the control pin is to be high or low.
When the Receiver Enable Input is low, the receiver outputs are
enabled and the data on the ports 3 and 4 1Is transferred to the iInputs

of the Multiprogrammer. At the same time the Driver Enable Input
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(being shorted to the Receiver Enable Input) is low disabling the
~driver inputs. When there is a high signal on the Driver Enable Input
the data at the outputs of the Multiprogrammer are sent to the ports

of the processor.

F. CONFIGURATION OF PORT 1.

Port 1 is configured as shown in Fig., 12. Bit 0 is connected to
the control of the tristate buffers. Bit 1 is connected to the gate
of the Multiprogrammer through a buffer stage. The buffer is designed
to provide sufficient current to drive the gate input of the Multipro-
grammer. Bit 2 is connected to the flag output of the Multiprogrammer

and bit 3 is connected to the clock input of the 7495 latch.

P10 Buffergf————-——=Control of tristate buffers

P11l ——-——-—W_—%Gate input of Multi-
- Programmer

PORT 1
P12 Flag output of Multi-
Programmer
P13 5 Clock 2 input of
7495 latch

Fig. 1l2.

CONFIGURATTON OF PORT 1.
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G. DESCRIPTION OF HARDWARE OPERATION

The schematic diagram of the MC68701 interface is shown in Fig.
13. The resistor-diode circuit connected to pins 8,9 and 10 of the
processor is for selecting the required mode of operation. In this
application the switches S1, S2 and S3 are open so that the processor
operates in Mode 7. A crystal of 4,9152 MHz is connected to pins 3
and 4 of the processor. This frequency 1s chosen so that, upon proper
configuration of the bits in the Rate and Mode Control Register,
standard baud rates are available. In particular this frequency also
provides a baud rate of 9600. Pins 4 and 5 (being Non-Maskable
Interrupt and Interrupt Request) are tied high to .disable the
interrupts.

Pins 11 and 12 of the processor are connected to the level trans-
lators, MCl488 and MC1489 allowing for the Serial Communications
Interface (SCI) to accept the serial data characters from the terminal
or to transmit the bits serially to an asynchronous serial data
device, The SCI has two control registers: Rate and Mode Control
Register and Transmit/Receive Contrel and Status Register. The SCI is
initialized by initializing these two registers. The least two
significant bits in the Rate and Mode Control Register provide the
standard baud rates of 300, 1200, 9600 and 76,800, Depending upon the
requirement the bit configuration is dome in the software.

Ports 3 and 4 are configured either as input ports or output
ports depending on the data transfer between the processor and the
Multiprogrammer., One of the I/0 lines of Port 1 is used to indicate
to the processor the direction of the data flow. If the bit is low,

the data flow is from the processor to the Multiprogrammer and if the
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bit is high the data flow is vice versa. The software determines if
this bit is to be high or low. This bit of Port 1 is connected to the
control line (i.e., Receiver Enable Input and Driver Enable Input
shorted) of the quad bus transceivers.

The two main functions of the interface are:

1. To provide a given binary number to the Multiprogrammer.

2, To read the data from the Multiprogrammer.

The steps involved in providing a binary number to the Multipro-

grammer are:

1. The SCI accepts the ASCII characters from the terminal
through the RS§-232 level translator.

2, The software makes the ASCII to BCD to binary conversion,

3, Ports 3 and 4 are coﬁfigured as the output ports.

4, Bit 0 of Port 1 is made low. (This drives the Receiver
Enable Input of the bus transceivers low, thus enabling the
binary data to be sent to the Multiprogrammer.)

The steps invelved in reading the data from the outputs of the

Multiprogrammer are:

1. Ports 3 and 4 are configured as the input ports,

&, Bit 0 of Port 1 is made high. (This drives the Driver
Enable Input of the bus transceivers high, thus enabling the
processor to read the data from the outputs of the Multipro-
grammer,)

3. The software makes the binary to BCD to ASCII conversion,

4, The SCI sends the bits serially to the computer.
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H, SOFTWARE DESCRIPTION

The software contrels the direction of the data transfer and is
also responsible for_the ASCIT to BCD to Bimary Conversion and
vice-versa. If the interface receives an "&", the data transfer is
from the computer to the Multiprogrammer, and if it receives a "?",
the data transfer is vice-versa. To begin with, all the data
registers, data direction registers, control registers and stack
pointer are initialized.

The following steps are involved if an "&" is recognized:

1. Port 1 (excepting bit 2) is configured as an output port.
Bit 2 is configured as an input.

2. Ports 3 and 4 are configured as output ports.

3. A low signal is sent to the control of the tristate buffers,
enabling the receiver outputs of the transceivers. The gate
of the Multiprogrammer is set high initially.

4,  ASCII to BCD to Binary conversion [7] is performed.

5. The binary data.is stored on Ports 3 and 4.

6. A software delay is created so that the data on the
interface lines becomes stabilized.

7. The gate of the Multiprogrammer is pulled low, indicating to
it that the data is ready.

8. A software loop is set up to see if the flag of the Multi-
programmer 1s switched back to the READY state from the BUSY
state.

9 The gate of the Multiprogrammer ;s pulled high.

The timing diagram [9] of the handshaking between the Multipro-

grammer and the computer is shown in Fig. 1l4.
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The following steps are involved if a "?" is recognized:

1. Port 1 (excepting bit 2) is configured as an output port.
Bit 2 is configured as an 1input.

2. Ports 3 and & are configured as input ports.

3. A high signal 1s sent to the control of the tristate
buffers, enabling the driver inputs of the transceiver. The
gate of the Multiprogrammer is set high.

4. Binary to BCD to ASCII conversion {7] is performed.

5. The ASCII data are sent serially to the computer.

Data
Present
< > W\
s () )
i
8 us
< RESET
GATE
SET
DATA .
STRCBE —m—— I
COMPUTER Ready Ready
FLAG
Busy
S 20 us -
Fig. l4.

HANDSHAKE TIMING DIAGRAM
(Taken from Operating and Service Manual for Multiprogrammer)
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CHAPTER III

PROGRAMMING THE MC68701 ONBOARD EPROM.

One of the excellent features of the MC68701 microcomputer [10,
11] is its ability to program itself, The processor has an onboard
2-K byte Erasable Programmable Read Only Memory (EPROM). Mode 0 is
exclusively used to program the onboard EPROM. This mode is an
expanded multiplexed mode wherein the MCU has an ability to access a
64-¥ byte memory space.

The memory map of Mode 0 is shown in Fig. 15. The important
features of this mode are:

1. 128 bytes of intermal RAM

2. 2-K bytes of intermal EPROM

3. Port-3 is a multiplexed address/data bus

4, Port~4 is an address bus

- SCl iz an Address Strobe (AS)

6. SC2 i1s Read/Write (R/W)

Port 3 funcﬁions as a time multiplexed address/data bus, wherein
the address is valid on the negative edge of the Address Strobe and
the data are valid when the Enable (E)} is high. The address lines AQ
to A7 are provided by Port 3 by connecting the AS of the processor to
the control of an 8-bit D-type latch., The remaining address lines A8
to Al5 are provided by Port 4. The timing diagram of the expanded
multiplexed mode is shown in Fig. 16.

The interrupt vectors in Mode 0 are external to the processor and
are located at the hexadecimal addresses BFFO through BFFF. In

e e i S

particular, the RESET vector is at BFFE and BFFF,
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Hexadecimal Addresses Memory Allocation

50000
\\ititlt:i:is\ \\ Internal Registers
$OOLF -

External Memory Space

$0080 \QE 3
\\\ Internal RAM (128 bytes)
AN

$OQFF

External Memory Space
SBFFO :

External Interrupt Vectors
SBFFF

External Memory Space

M/

5F800

Y
\&\\\ Internal EPROM (2 k bytes)
INNRNANY

Fig. 15.

$T¥FFF

MEMORY MAP FOR MODE Q.
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In order to program the onboard EPROM, the MC68701 is operated in
Mode 0. The RESET vector is fetched from the locations BFFE and BFFF
and directs the processor to come under the control of an external
program, which is the programming routine program that resides in a
2716 EPROM. This bootstrap program will fetch data sequentially from
another Data ROM (another 2716 EPROM). The Data ROM contains the
program code that is to be programmed into the MC68701.

The programming circuit thus requires two EPROMs to be connected
externally [8]. As both the internal and external data buses are
connected in Mode 0, care must be taken to see that there is no memory
map overlap. In other words, there must not be any bus conflicts,

The hexadecimal address space B800 through BFFF is allocated to
the programming routine EPROM. This address space is chosen so that
the interrupt vectors can be fetched from BFFO through BFFF, The Data
EPROM is fitted in the memory space 8000 through 87FF.

Thus the memory map consists of five address spaces:

1. Internal Register Area 0000 thrbugh Q01F
2, Internal RAM 0080 through OOFF
3. Data EPROM 8000 through 87FF
4, Programming Routine EPROM B3800 through BFFF
5. Internal EPROM F800 through FFFF

The memory map in Fig. 17 shows the above allocation clearly.
The most significant bits of the address lines are to be decoded
for the proper selection of the required EPROM. It can be seen from

Table 1 that the MSBs Al3, Al4 and Al5S are used for decoding,



50000

$001F

$0080

$O0FF

$8000

$87FF

$B800

$BFFF

$F800

$FFFF
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AN

Internal Registers (32 bytes)

n

Internal RAM (128 bytes)

N

Data EPROM (2K bytes)

Programming Routine EPROM
(2K bytes)

N

Internal (onbsard) EPROM
(2K bytes)

Fig. 17.

MEMORY MAP FOR PROGRAMMING CIRCUIT.
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RAM/ROM Starting Address Al5 AlfSBi13 Al2
Internal RAM $0080 0 0 0 0
Data EPROM $8000 1 0 0 0
Prog. Routine EPROM $B800 1 0 1 1
Onboard EPRCM $F800 1 1 z 1

Table 1

NAND gates and inverters are used for the address decoding of the

two external EPROMs. The Data EPROM is selected with Al5=1, Al4=0 and

CE (of programming
routine EPROM}

CE (of data EPROM)

Al3=0, The programming routine EPROM is selected with Al5=1, Al4=0
and Al3=1. The decode logic for the selection of the EPROMs is shown
in Fig. 18.
E B l>~ j
AlS }— 1
7 ) %
|
ALd S, ‘
1/
Al3
Ro— ™,
P, . /
T

Fig. 18,

Decode Logic Diagram.
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Both the EPROMS are selected with high Al5 and low Al4. A high
Al3 and high E make the output of NAND gate 1 a zero. The output of
NAND gate 1 is connected to the chip select (CE) of the programming
routine EPROM. This being an active low signal is enabled by the low
output of NAND gate 1 and the programming EPROM is selected.
Similarly a low Al3 and high E make the output of NAND gate 2 a zero.
The output of NAND gate 2 is connected to the chip select (CE) of the
Data EPROM. The low signal on CE selects the DATA EPROM. The decode
logic thus assures separation between the off-chip and the on-chip

EPROM address spaces.

A, PROGRAMMING CIRCUIT DESCRIPTION

The block diagram of the programming circuit is shown in Fig. 19.
It is comprised of:

1z MC68701 microcomputer unit.

2. Intel 2716 EPROM containing the programming routine.

3. Intel 2716 EPROM containing the data that is to be

programmed into the MC68701.

4. 74L8373 8~bit latch,

A crystal depending upon the minimum and maximum frequencies of
operation of the processor, is chosen. A 4-Mhz crystal is used to
provide a 1-MHz operation for the MC68701 processor and a 4.9152-Mhz
crystal is used to provide a 1.2288 MHz operation for the MC68701-1
processor., Both the leads of the crystal are tied to the ground
through capacitors to ensure stable crystal operation. Alternatively
the processor can alsc be driven by an external TTL clock at pin 3

with pin 2 grounded.
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The schematic diagram of the programming circuit is shown in Fig.
20, To begin with, the pins 8,9 and 10 are grounded so that the pro-
cessor operates in Mode 0 at RESET. In order to disable the external
interrupts, pins 4 and 5 (interrupt request and non-maskable inter-
rupt) are tied high. Pin 6 (RESET/VPP) serves as a dual purpese pin -
to reset the processor as well as to apply the programming power to
the EPRCM, The pin is usually +5 Volts during nonprogramming
operation and is increased to VPP (21 Volts) during programming of the
internal EPROM.

Three LEDs are connected to the 1/0 port 1, for indicating tﬁe
state of the MCE68701 EPROM during programming.

1. LED 1 connected to pin 13 of the processor, when lit, Iindi-
cates that the internal EPROM of the MC68701 is initially fully
erased,

2. LED 2 connected to pin 14 of the processor, when lit, indi-
cates that the intermal EPROM has been programmed and its contents
verified with that of the Data EPROM.

3. LED 3 connected te pin 14 of the processor, when lit,
indicates that the EPROM was partially erased and hence failed to
verify the contents after programming.

An 8-bit latch (74L8373) is used to demultiplex port 3 which
serves both as an address port and a data port. The address strobe of
the processor tied to the latch enable of the 74LS373 latches the
lower order address (A0 through A7) on the negative edge of the
Address Strobe. On completion of the address latching, the port is

used for transferring data.
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B. INITIALIZATIONS
Prior to programming, the processor expects a few initializations
to be made [8]. The values of four variables namely IMBEG, IMEND, PNTR
and WAIT are to be stored inﬂthe internal RAM of the processor. These
variables are described below.
1. IMBEG: An address pointing to the first byte to be pro-
grammed into the onboard EPROM.
2. " IMEND: An address pointing to the last byte to be pro-
grammed into the internal EPROM,
3. PNTR: A pointer (address) pointing to the first internal
EPROM location to be prograrmed.
4, WAIT: A value which is used to generate the programming
time delay.
The value that is to be stored in the wvariable WAIT is calculated

using the relatioen:
50,000 x (MCU Input Frequency in Hz)
6
4 x 10

WAIT =

Fig. 21 gives a clear 1dea of the above wvariables,

C. STEPS INVOLVED IN PROGRAMMING

The programming routine EPROM contains the routine that directs
the processor to go to the Data EPROM and fetch data sequentially.
These data are then burned in the intenal EPRCM at the desired
addresses. The external EPROM plays an important role in programming.
The program [8] written is M6800 assembly language with a few added
instructions. This program is also called as the bootstrap progranm.

The steps involved in programming the MC68701 are:
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Initialize the stack pointer.

Initialize the RAM/EPROM control register.

Establish a part of port 1 (least 3 significant bits) as an
output port. The LEDs which indicate the state of the
MC68701 EPROM during programming are connected to these
output bits.

Verify if the onboard EPROM is initially erased,

Store the values of IMBEG, IMEND, PNTR and WAIT in the
internal RAM of the processor,

Clear the PLC bit in the RAM/EPROM control register enabling
the EPROM address latch. Set the PPC bit disabling the
EPROM programming power.

Get data from the address pointed by the IMBEG. Store it in
the internal EPROM in the address pointed by the PNTR.

Clear the PPC bit for the required programming time, 50 mS,
(The programming power is applied to the EPROM from the
RESET/Vpp pin. This allows the data byte to be burned in).
Steps 6 through 8 are repeated until all the bytes have been

programmed.



MC68701

IMBEG ———> $8000
Data EPROM
IMEND ———> 387FF
$B800
.Programming
- Routire
EPROM
$BFFF
PNTR > $F800

Onboard EPROM

$FFFF

Fig. 21.

MAP ILLUSTRATING INITIALIZATIONS.
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Iv. CONCLUSIONS

The two main functions of the MC6870l interface are:
a) To provide a given binary number of the Multiprogrammer.

b) To read the data from the Multiprogrammer.

Presently the computer that 1s being used is the North Star
Horizon II. Any computer with an RS-232C Standard could be used

with the MC68701 interface.

The MC68701 interface is almost a 50% reduction in the hardware,
as compared with the MC6802 interface that is currently being

used in the Instrumentation Laboratory.

The MC68701 interface should be more reliable as it makes use of

fewer components.

36
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CLOCK Program (Test Program)
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APPENDIX IV.

Printed Circuit Board Layout of the Interface
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ABSTRACT

An interface using the Motorola MC68701 microcomputer has been
designed to provide communication between the Hewlett Packard
Multiprogrammer and any computer using the RS~232C standard. The
computer that 1s presently being used for this purpose is the North
Star Horizon II. In operation the computer transmits and receives
characters serially in ASCII form using the RS-232C Standard. The
interface receives the ASCII characters, performs serial to parallel
conversion and provides parallel data using TTL logic to the Multi-
programmer., Also the interface receives parallel binary data from the
Multiprogrammer, performs parallel to serial conversion and provides
serial data to the computer. The MC68701 interface provides a minimum
hardware system with an almost 50% reduction in total hardware, as
compared to the Motorola 6802 microprocessor interface for the Mulri-
programmer, that is currently being used in the Instrumentation

Laboratory.



