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CRT display using a standard TV monitor
for 2650-based microcomputers

The CRT has become an important and almost indispensible

part of many small computer systems. More often known
as a visual display unit (VDU), it can be bought complete
with a keyboard and all the necessary interface and control
logic. However, a simple TV monitor can be used in place
of specialized VDUs, providing the attractive facilities of

Display specification

A standard TV monitor is used to provide the display. It
is driven by a video signal containing black-and-white
character information and line and frame synchronization
pulses. The screen is scanned in a 312-line frame, not
interlaced. Character exchange can be performed during
the line flyback time or in blocks during the display

time. Figure 1 shows the display frame and character
format.

The character display is 22 rows of 40 characters per row.
Each character is formed in a 7 x 5 matrix with five lines
below the character to provide a space between rows. A
character row thus consists of 12 lines. The display is
normally white characters on a black background,
although this can be reversed with a wire link.

The cursor can be positioned to any of the 880 character
positions on the screen and is displayed by inverting the
video signal for that character position. A reset input
allows the screen to be erased and the cursor to be
returned to the top left-hand position.

a VDU at a fraction of the cost. Of course, a certain
amount of control logic is required, as is a software
program to control this. This Technical Note describes the
hardware and software required to use a standard TV
monitor as an I/O peripheral for a 2650 microcomputer
system.

Display logic

The display logic is responsible for generating the video
signal to the monitor according to the information
supplied from the microcomputer via the data exchange
interface. Figure 2 shows the block diagram of the
display logic, with inputs from the data exchange and an
output to the monitor.

Horizontal counter

The horizontal counter determines the position of each
character along the line. Because video is displayed for
only 46 of the 64 us line-time, the counter should

reach the value 40 (number of characters) in 46 us. Thus,
after 64 us, the counter will reach the value 55 which will
be decoded to produce the line-sync pulse via the flip-flop
SYNFF. The rate at which the counter must be in-
cremented (56 counts in 64 us) determines a system clock
of 875 kHz.
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Ilig. 1 Display frame and character format on the CRT.
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Fig. 2 Block diagram of the display logic.




Vertical timing
Line counter

The line counter is used to count the number of lines per
character row. It is incremented each time the horizontal
counter reaches its maximum value of 55. The least
significant three bits of the counter are used to control the
vertical scan of the character generator (7-row matrix). It
is reset after a count of 11 (12 lines).

Row counter

The row counter is incremented on each count of 11 of
the line counter. The row counter is responsible for
maintaining frame synchronization and character position-
ing.

Character memory

The screen capacity is 22 x 40 = 880 characters. This
number of characters can conveniently be stored in a 1k8
RAM. The character memory is loaded with data from
the data exchange or with the code for a space from the
space logic.

Memory addressing

The character memory is addressed by either the exchange
pointer or the screen pointer. The exchange pointer is used
during data exchange between the microcomputer and the
memory. This may occur when:

— the space flip-flop is set,

— the exchange-by-blocks flip-flop is set, or,

— the horizontal counter value is greater than or equal to 40.

In all other cases, the memory is addressed by the screen
pointer. The screen pointer starts at zero, corresponding

to the top left-hand screen position, and is incremented at
the same rate as the horizontal counter for the first

40 characters. At the end of each of the first 11 lines of a
character row, the screen pointer is reloaded with the value
in the address register (initially zero) to maintain the
correct offset in the character memory for each row. At the
end of the twelfth line of a row, the screen pointer has
been incremented to the value of the address register +40.
This value is then stored in the address register to provide
the offset for the next row of 40 characters. The screen
pointer and address register are reset when the line counter
is 311 and the horizontal counter is 55.

Character generation

The output of the character memory is used to address a
ROM character generator, Signetics type 2513. This can be
obtained with 64 standard ASCII charactersona 7 x 5
matrix. Only bits O to 5 of the memory output are used to
address the character. The seven lines of the character are
addressed by the three least significant bits of the line
counter.

Each 5-bit line of the 7 x 5 character matrix is parallel
loaded into an eight-bit shift register, with the three
remaining bits being set to zero. The three zero bits
provide spacing between successive characters. The data

in the shift register is then output serially using a 7 MHz
clock (8 x the frequency of the system clock) which was
determined by the horizontal character counter. This
serial output is passed, via the display blanking circuit,

to the video mixer before being output to the TV monitor.

Cursor control

The cursor indicates the screen position with which data
exchange can occur. The cursor is displayed on the screen
by inverting the video at that character position three
times a second.

The output of the cursor is an approximate 3 Hz signal
which alternately enables/disables the cursor position
comparator. When the value of the screen pointer is equal
to that of the exchange pointer and the comparator is
enabled (for 16 frames every 32 frames) the shift register
output is inverted for one character-time by the exclusive
OR gate.

Display blanking

The data stream to the video mixer must be inhibited
during:

— data exchange by blocks (ECBFF = 1),

— the five separation lines in each row (ROWSEP = 1),
— the time that the horizontal counter value is = 40,
— the time that the row counter value is > 22.

This function is achieved using a four-input NAND gate.

The complete display on the screen can be inverted by
selection of a wire link to the final exclusive OR gate: the
display is then black characters on a white background in
place of white characters on a black background.

Display logic clocks

A stable clock is necessary if a clear display is required.
Thus, the 7 MHz clock is derived from a phase-locked-loop
which has a low-voltage reference from the 50 Hz mains
supply. Division of this clock by eight provides the system
clock, defined by the horizontal counter. Unless otherwise
shown in the diagrams, all flip-flops, counters and registers
are driven by this system clock.



Data exchange logic

This provides the interface between the microcomputer subsections dealing with: data signals, display logic
and the display logic. The block diagram of the data control and data transfer control. The circuit diagrams of
exchange is shown in Fig. 3. It is divided into three these subsections are shown in Figs 4, 5 and 6.
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Fig. 3 Block diagram of the data exchange logic.



Data signals

Figure 4 shows the connection of the microcomputer data
bus to the character memory via an 8T31 bi-directional
1/O port and 8T26 inverting transceivers. Bits 3 to 7 of the
data bus are also used to transmit/receive signals for the
display logic control subsection. During connection
commands (ICX or OCX), the four most significant bits of
the control word are passed to the command flip-flops in
the display logic control. These bits are:

= ECB

Exchange-by-blocks, bit 7; the character

memory is continuously addressed when

ECB = 1. When ECB = 0, the character memory

is addressed during the flyback time.

= SPC

— CURST
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Spaces, bit 6; fills the character memory with
spaces and resets the cursor to the left-hand
position. If SPC = 1, it is only effective if
ECI = 1.

Cursor reset, bit 5; the cursor is reset when
CURST = 1.

Exchange-by-interrupt, bit 4; data exchange is
performed under interrupt control when

ECI = 1. When ECI = 0, exchange is controlled
by the main program.

During a status command, the state of four of
the control flip-flops is transferred to the data
bus.
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Fig. 4 Circuit diagram of subsection A, data signals, of the data exchange logic.



Display logic control

Figure 5 shows the circuit of the control logic. At each
connection command, the state of the ECB, SPC and ECI
bits of the control word are stored until the following
disconnection command. Flip-flops SYNFF1 and SYNFF2
are used to synchronize commands to the peripheral clock
while CST1 and CSTO control the sequence of actions for
data transfer.

Command decoding

The logic that performs the command and peripheral
number decoding and contains the exchange pointer is
shown on Fig. 6. The peripheral number decoder is shown
here connected for peripheral number 4. The exchange
pointer is a 10-bit counter used to address the character
memory. It can be set to any value by the microcomputer
using the commands ADU and ADL.

The command and peripheral number are transferred to
the peripheral via the eight least significant bits of the
microprocessor address bus. Bits 0 to 4 of the address bus

gla
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are used to transfer the peripheral number, while bits 5 to
7 specify the command. The peripheral responds to a
command when the address on bits 0 to 4 of the bus
corresponds to the hardwired address. The commands
used with the CRT interface are detailed in Table 1.

TABLE 1 Commands to the CRT interface

mnemonic command ADR7 ADR6 ADRS

ADU preset exchange 0 0 0
pointer bits 8 and 9

IEC input exchange 0 0

ocxX output connection 0 1

ADL preset exchange 1 1
pointer bits 0 to 7

OEC output exchange 1 0 0

STAT status request 1 0 1

ICX input connection 1 1 0

DX disconnection 1 1 1
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Fig. 5 Circuit diagram of subsection B, display logic control, of the

data exchange logic.
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Fig. 6 Circuit diagram of subsection C, data transfer control, of the

data exchange logic.
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Operation sequence

The data exchange must operate in one of three modes:
— input: data from character memory to data bus;

— output: data from data bus to character memory;

— space: space code to character memory.

The input and output modes are selected by the relevant
connection command (ICX or OCX). The space mode is
selected when the SPC bit in the control word is set.

Figure 7 shows the operation sequence in the form of a
flow chart. Each data transfer sequence starts with a
status request by the microcomputer, followed by ADU
and ADL commands to set the exchange pointer, if
required. When an OCX or IXC command is received, the
control word bits are stored to determine the operation
mode.

Space mode (SPCFF = 1, INFF = 0)

The character memory is filled with the code for spaces
and the cursor is returned to the top left-hand position.

OCX DSEL
ADRO-7 | |

The space mode is entered after an OCX command is
received with the SPC and ECI bits set in the control word.
The control logic memorizes the mode by setting flip-
flops SPCFF = 1 and INFF = 0. The exchange pointer is
reset to zero (top left-hand position of screen), and the
control state counter (CST1, CSTO) is set to 01 while the
space code is written into the character memory. The
control state counter then changes to 11 and the exchange
pointer is incremented. The control counter then changes
to 10 and if the exchange pointer is less than 880, the
sequence is repeated. Figure 8 shows the timing of the
space mode.

When the exchange pointer reaches 880, all the character
memory contains the space code; the exchange pointer and
SPCFF flip-flop are reset. The CALLD flip-flop is then set
to indicate that the screen-erase action is complete. The
setting of the CALLD flip-flop causes an interrupt, thus
requiring the ECI bit to have been set in the control word.
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Fig. 8 Timing for the space mode.




Output mode (SPCFF = 0, INFF = 0)

Output can be controlled from the main program or from memory, see Fig. 9. However, if the ECB bit was set in the
an interrupt routine, as determined by the ECI bit in the control word, the logic does not wait for the flyback time
control word for the connection command. If the ECI bit and the character memory is updated immediately. At the
is set, the CALLD flip-flop is set, resulting in an interrupt. next value of the control counter (11) the exchange pointer

is incremented. The following control state (10) sets the
CALLD flip-flop if more data is to be transferred. The
logic then returns to the 00 state, waiting for an OEC or
DX command.

When it receives the OEC command, the control logic sets
the control state counter to 01 and waits until the line
flyback time starts. At this moment, the contents of the
8T31 peripheral register are transferred to the character
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Fig. 9 Timing for the output mode.
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Input mode (SPCFF = 0, INFF = 1)

Data input can be controlled by either main or interrupt is then incremented and the CALLD flip-flop is set if ECI is

program, depending upon the ECI in the control word. active. The control counter is then reset to 00 and the
system waits for an IEC command to transfer the data
from the peripheral register to the microcomputer. This
procedure is repeated until a DX command is received
from the microcomputer. The timing for the input mode
is shown in Fig. 10.

An ICX command sets the control counter to 01 and the
control logic then waits until the line flyback time before
transferring the data byte, addressed by the exchange
pointer, to the peripheral register. The exchange pointer
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Fig. 10 Timing for the input mode.
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Data exchange software

The software consists of two parts: the connection routine
and the data transfer routine. The data transfer routine can
be designed either as an interrupt routine or as part of the
main program. Listings of the software can be found in the
Appendix.
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STORE ADDRESS
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IN R@ AND R1

l
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CRT
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NUMBER OF BYTES

MAKE NUMBER
OF BYTES
=—(No. of BYTES)
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CONVERT THE ROW,)
COL ADDRESS
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DML+5, DML+6
INTO BINARY
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10 BIT ADDRESS
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l‘i

LOAD R3
WITH NUMBER
OF OPERANDS

I
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1S
INPUT
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NO

ISSUE ICX ISSUE OCX
COMMAND COMMAND

[ I

CONTINUE AT
FIRST ADDRESS
AFTER OPERAND

TABLE

JUMP TO EMP
FOR EXCHANGE
BY MAIN PROG.

Fig. 11 Flow chart of the connection routine.
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Connection routine

The connection is part of the main program: it takes care
of the preparations for data transfer. Before connecting
the peripheral it issues a status request to check that the
peripheral is available and prepares the control word. If the
peripheral is available, the appropriate command (ICX or
OCX) is issued and the routine continues or branches to
the data transfer part of the main program as required by
the ECI bit.

A flow chart of the connection routine is shown in Fig. 11.
If the status of the display is found to be correct, the
routine stores the operand table in the display memory
locations DML to DML+7. Table 2 gives details of the
operands.

TABLE 2 Operand table for the display

location number operand

of bytes
DML 1 control word
DML+1 2 number of bytes to be transferred
DML+3 2 address of first byte in computer memory
DML+5 2 address of first byte in character memory
DML+7 1 end character

The use of the four most significant bits of the control
word has already been explained in the description of the
data exchange logic. The four least significant bits of the
control word are not used by the data exchange logic but
are used for communication between the software routines.
These bits are:

SOER: stop on end character required. If SOER = 1, the

(bit 0) data transfer is halted when the end character
specified in the operand table is encountered. If
SOER = 0, the data transfer is halted after the
number of bytes specified in the operand table.

1/0: 1/0 = 1, the display is input device.
(bit 1) 1/O =0, the display is output device.

ECCP: exchange at current cursor position if ECCP = 1.
(bit 2) If ECCP = 0, exchange at screen position deter-
mined by the contents of DML+5 and DML+6.

Bit 3 of the control word is unused.

Once the operand table is loaded into the DML locations,
a connection command is given (ICX or OCX) and the
control word is output on the data bus. Only the four
most significant bits are accepted by the data exchange
logic. If the ECI bit is set in the control word, the program
returns to the first address following the operand table and
continues with the main program until an interrupt occurs.
If the ECI bit is not set, the program jumps to label EMP
in the main program, to perform the data transfer.



Data transfer routines

The data transfer routine can be a part of the main
program or it can be a separate interrupt program. If the
exchange-by-blocks and screen-erase functions are required,
the data transfer must be under interrupt control.

Interrupt program

The flow chart of the interrupt program is shown in Fig. 12.

The first task of the interrupt program is to save the
microcomputer status word and the contents of any
registers that are used in the interrupt program. After

incrementing the byte counter and checking that there are
more bytes to be transferred, an IEC or OEC command is
issued. If there are no more bytes to be transferred, a
disconnect command (DX) is given and the saved

registers restored before returning to the main program. If,
in the case of input from the display, the stop-on-end-
character-required bit is set, a disconnect command is
issued and the character received during the disconnect
command is compared with the SOER character. If the
characters are not identical, a connection command is
issued, and control returns to the main program.

START

SAVE PROGRAM
STATUS
AND REGISTERS

[

INCREMENT
BYTE COUNTER

IS

YES INPUT

IS
BYTE CNTR
=0?

YES

REQUIRED?

1S
BYTE CNTR
=0?

ISSUE ISSUE
DX COMMAND |IEC COMMAND
AND ACCEPT BYTE AND ACCEPT BYTE
NTO R2 INTO R2

ISSUE
DX COMMAND
AND ACCEPT LAST
BYTE INTO R2

ISSUE
OEC COMMAND
AND OUTPUT
DATA BYTE

ISSUE
DX COMMAND

IS
BYTE CNTR
=0?

ISSUE ICX
COMMAND TO
RECONNECT

STORE CONTENTS
OF R2

INCREMENT
ADDRESS CNTR

&

RESTORE
PROGRAM STATUS

AND
REGISTERS

RETURN
7274812

Fig. 12 Flow chart of the interrupt program.
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Data transfer by main program

This routine is similar to the interrupt program except for
the save and restore operations required by the interrupt
software. In this routine, the number of operands (in R3)

must be saved. This is done by reserving R3 for the

exclusive use of the data transfer routine. The flow chart
of the data transfer routine is shown in Fig. 13.

INCREMENT
BYTE COUNTER

IS
INPUT
REQUIRED?

YES

IS
BYTE CNTR

=0?
IS
BYTE CNTR
=0?
ISSUE ISSUE ISSUE ISSUE
DX COMMAND IEC COMMAND DX COMMAND OEC COMMAND ISSUE
AND ACCEPT BYTE AND ACCEPT BYTE AND ACCEPT LAST AND OUTPUT DX COMMAND
INTO R2 INTO R2 BYTE INTO R2 DATA BYTE
YES
IS
BYTE CNTR YES
=0?
ISSUE STORE CONTENTS
ICX COMMAND
TO RECONNECT ]
INCREMENT
ADDR CNTR
STORE CONTENTS
OF R2
7274813
A CONTINUE
INCREMENT
ADDR CNTR

®

Fig. 13 Flow chart of the routine to transter data during the main program.



Appendix
Assembler listings of the software routines for the CRT interface.

THIN ASSEMBELER WER 2 @ FHGE waeri

LINE RODR  OBJECT

(i)
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3
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2 *THE FOLLOWING ROUTINES ARE USED 7O ACCOMPLISH A
+DATHTRANSFER BETWEEN THE CRT DISFLAY AND A 265w
+BHSED SYSTEM

#IT CONSISTS OF A CONNECTION ROUTINE «EXECUTED DURING
+RIN FROGREAM?, Al INTERRUPT ROUTINE AHD AN

7 +EXCHANGE ROUTINE EXECUTED BY THE WAIN PROGRAH
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THIN ASSEMELER YER

LINE RDDR OBJECT

e

Lo e e

T

Y
[~
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s

E

7
SOURCE

+LONNECTION ROUTINE FOR
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DR ING NAIN PROGRAH
CFSL  REHICH
LODL. Rl <347
LODT. L 3443
BLTH: UN DLAF
DATA  HRZ
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TWIN HSSEMELER YER 2. 0 FAGE oad:
LINE FDDR OBJECT E SOURCE
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THIN RASSEMELER ¥ER 2 & PAGE @iad
LINE AR OBJECT E SOURCE

+INTEREUFT ROUTINE FOR CRT
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LODLRL 4
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ASSEMELER VER

fAolE

DBJECT
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E

d

SOURCE
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EWF LODLEL
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EIRR. R@
LODA: f
BIRF. Fi
TR R
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FETCH BYTECTR. L
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FETCH BYTECTR. H
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BR IF CRT IS OUTPUTDEVICE
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*SUEROUTINE

#

STIN STRA:RZ

ICAD LODA. ®&
BIRF. F#
LODA: kL

RETE STRAEL

ENL

TOTAL ASSEMBLY ERROFS = B@d

BIRF. L

FST9 STRA: RE
FETE LN

L +3
[ +4
RSTS

[HL+z
k5Ta

DL+3
it +4

CR2y TO HEH

DOUBLE LENGTH INCR

OF AloE. CTR

FOINTED BY ADDR CTR

21






Related 2650 publications

no. title summary
AS50 Serial Input/Output Using the Sense/Flag capability of the 2650 for serial I/O interfaces.
ASS1 Bit & Byte Testing Procedures Several methods of testing the contents of the internal registers in the 2650.
ASS2 General Delay Routines Several time delay routines for the 2650, including formulas for calculating the
delay time.
ASS52 Binary Arithmetic Routines Examples for processing binary arithmetic addition, subtraction, multiplication, and
division with the 2650.
AS54 Conversion Routines e Eight-bit unsigned binary to BCD
e Sixteen-bit signed binary to BCD
e Signed BCD to binary
e Signed BCD to ASCH
e ASCII to BCD
e Hexadecimal to ASCII
e ASCII to Hexadecimal
ASSS Fixed Point Decimal Arithmetic Methods of performing addition, subtraction, multiplication and division of BCD
numbers with the 2650.
SP50 2650 Evaluation Printed Circuit Board Detailed description of the PC1001, an evaluation and design tool for the 2650.
(PC1001)
SP51 2650 Demo System Detailed description of the Demo System, a hardware base for use with the 2650 CPU
prototyping board (PC1001 or PC1500).
SP52 Support Software for use with the NCSS Step-by-step procedures for generating, editing, assembling, punching, and simulating
Timesharing System Signetics 2650 programs using the NCSS timesharing service.
SP53 Simulator, Version 1.2 Features and characteristics of version 1.2 of the 2650 simulator.
SP54 Support Software for use with the General Step-by-step procedures for generating, editing, assembling, simulating, and punching
Electric Mark III Timesharing System Signetics 2650 programs using General Electric’s Mark I1I timesharing system.
SP5S The ABC 1500 Adaptable Board Computer Describes the components and applications of the ABC 1500 system development card.
SSS50 PIPBUG Detailed description of PIPBUG, a monitor program designed for use with the 2650.
SSS1 Absolute Object Format Describes the absolute object code format for the 2650.
MP51 Initialization Procedures for initializing the 2650 microprocessor, memory, and I/O devices to their
required initial states.
MP52 Low-Cost Clock Generator Circuits Several clock generator circuits, based on 7400 series TTL, that may be used with the
2650. They include RC, LC and crystal oscillator types.
MP53 Address and Data Bus Interfacing Examples of interfacing the 2650 address and data busses with ROMs and RAMs, such
Techniques as the 2608, 2606 and 2602.
MP54 2650 Input/Output Structures and Examines the use of the 2650’s versatile set of I/O instructions and the interface
Interfaces between the 2650 and I/O ports. A number of application examples for both serial
and parallel [/O are given.
TN 064 Digital cassette interface for a 2650 Interface hardware and software for the Philips DCR digital cassette drive.
microprocessor system
TN 069 2650 Microprocessor keyboard interfaces Simple interfaces for low-cost keyboard systems.
TN 072 Introducing the Signetics 2651 PCI Description of the 2651 Programmable Communications Interface IC.
Terminology and operation modes
TN 083 Using the Signetics 2651 PCI with popular Simple hardware interfaces to use the 2651 Programmable Communications
microprocessors Interface with various microprocessors.
TN 084 Using seven-segment LED display with the Interfaces for single and multi-digit LED displays.
2650 microprocessor
TN 085 Cyclic redundancy check by software A short routine to encode and decode CRC check characters for the 2650.
TN 086 Introducing the Signetics 2655 PPI Description of the 2655 Programmable Peripheral Interface.
TN 087 Audio cassette recorder interface for the Economical alternatives to the digital cassette recorder.

2650 microprocessor
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