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SYNOPS]IS

The unit proposed here is a micro processar based CRT
display terminal capable of supplying RS3232 or inverted TTL ASCII
data. Designing such a terminal is possible with SSI chips but
require a large number of IC's and system becomes bulky and
difficult tko trouble shoot. This can be over come by Micro

Processor based terminal.

In this, data to be displayed are to be stored in the
EPROM chip. With the help of Buffer and ROM, Micro Processor will
process the data and send it to the CRT contrﬁller which is used in
interfat;e the system to the 'monitor. The width of dot and
character are determined by the dot clo.ck frequency. The 8 bit
data from the character generator in the parallel form is convexfed
to serial form by parallel input serial output shift register. The

shift register is clocked at the dot clock rate and its output

constitute the video input to the CRT.

The unit can be used as a teaching aid. It may be

of interest to the deaf and hard of hearing. It is wused in

advertising purpose.

It is more flexible for future expansion and
modification. It can be easily interfaced with any host computer.

It can display the characters in TV screen with slight modification

at the output.
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CHAPTER-I1

INTRODUCTION

Display of information will be required in a variety
of applications ihvolving calculating machines, computer systems,

data retrieval systems, data communications systems and many other

areas.

There are many types of display systems

(i) CRT Displays (ii) LED Displays (iii)- LCD Displays and so
on. A CRT alphanumeric display is a recent development in display
technique. Light emitting didode (LED) and Liquid Crystal Diode
(LCD) displays are not used much commonly = because the cost of
LED is highand in the case of LCD, we need an external light and
the ambient temperature of operation is limited. So CRT display is
chosen almost always for large area displays owing to its merits of

brightness, uniformity, low cost and high reliability.

Sometimes, in off-the~air television pictures, we see
rows of alphanumeric message on tables-usually before news on
forecast programmes. These message lines are obtained with a
video chamera which is aimed upon messages that are written on
pape.r on placards. But, when a microcomputer uses a TV as a
peripheral display to write messages on the screen, the method of

generating the video is entirely different (because no camera is



involved here), though the final video signal from the camera and
that obtaine din the micro computer would be similar. The message
words in the latter case are stored codes in digital memory chips
corresponding to the alphanumeric characters it displays on the
screen. Thus, the requirement is that of placing the 'digital
words' in the form of several rows on the screen each row containing

several characters.

In this project, we have developed a microprocessor
pased CRT display terminal. Normally designing a terminal with
Integrated Circuits (MSI) will require large number of IC's and the
system becomes complex and difficult to troubleshoot. But this can
be overcome by a microprocessor based Terminal. Moreover, this
type of system is more flexible for future expansion and
modification. Also the system becomes more versatile and it can be

easily interfaced with any host computer.

In our present work, the complete details for making
an Add-on board - "~ which’ is interf:aéed to the
microprocessor kit are given describing the elements of techniques,
circuitry and application details so as to get a 20-line display of
alphanumeric informatin on a T.V monitor on a solid state TV set

with a modulator.



CHAPTER - 11

SYSTEM DESCRIPTION

2.1 CRT Basics

The image displayed on the CRT is built up by
generating a series of lines across the face of the CRT. Usually
the beam starts in the upper left hand corner of the display and
simultaneously moves from left to right and from top to bottom to

put a series of Zig Zag lines on the screen.

The simultaneously operating - independent circuits
control the vertical and horizontal movement of the beam. When the
beam reaches the end of the line it is brought back to the
beginning of the next line which is done much faster during which

the electron beam is usually shut off. This action is referred to as

"retrace".

When the beam finally reaches the bottom right hand
of the screen it retraces vertically back to the top left hand
corner. The time it takes for the beam to move from the top of the

screen to the bottom and back again to the top is referred to as a

"Frame".

The CRT itself can track a horizontal fregquency

between 15250 Hz and 16250 Hz or in other words, there cam be 256



to 270 horizontal lines per vertical frame. The vertical frequency

should be 50 Hz to ensure stability.

Scanning
In an interlaced system the 1line sets are not
dgenerated simultaneously. In a 50 Hz system first all the odd

numbered lines are scanned (i.e) 1,3 ...625 then all the even
numbered lines are scabbed (i.e) 0,2,4...624. Each set of lines
usually contain different data. Interlacing provides data

resolution. It also has some distinct disadvantages.

First of all, the circuitry needed. to geherate the extra
half horizontal line per frame is quite complex when compared to a
non interlaced design. Next the overall vertical refresh is half as
that of a non interlaced display. As a result flicker may result
when the CRT uses high speed Phosphors. The characters that are
viewed on the screen are found by a series of dots that are shifted
out of the controller where the electron beam moves across the face
of the CRT. The circuit that creates this timing are referred to as

the dot clock and character clock.

The character clock is equal to the dot clock divided

by the number of dots used to form a character along the horizontal

axis.



2.2 8275 Description

2.2.1 CRT Display Refreshing

The 8275 having been programmed for a specific screen
format generates a series of DMA request signals, resulting in the
transfer of a row of characters from display memory to the 8275 row
buffers. The 8275 presents the character codes to an external
character generator ROM by wusing outputs CCO-CCS6. External dot
timing logic is then used to transfer the parallel output data from
the character generator ROM serially to the video input of the CRT.
The character rows are displayed on the CRT one line at a time.
Line count outputs LCO-LC3 are applied to the chafacter generator

ROM to perform the line selection function.

Proper CRT refreshing requires that certain 8275
parameters be programmed prior to the beginning of the display
operation. The 8275 has two types of programming registers. The
command registers (CREG) and the parameter registers (PREG). It
also has a status register (SREG). The command registers may only
be written into and the status registers only be read. The 8275
expects to receive a command followed by a sequence of 0 to 4

parameters depending on the command.

To establish the format of display the 8275 provides a
number of user programmable display format parameters. Display
formats having 1 to 80 characters per row, 1 to 64 rows per screen

and 1 to 16 horizontal lines per row are available.



In addition to transferring from memory to the CRT
screen the 8275 features cursor position control. The cursor

position may be programmed via x and y cursor position registers

to any character position on the display. The user may select from

4 cursor formats. Blinking and non blinking, underline and

reverse video block cursors are available.

2.2.2. CRT Timing

The 8275 provides two timing outputs, HRTC and VRTC
which are utilised in synchronising CRT horizontal and vertical
oscillators to the 8275 refresher cycle. In addition whenever HRTC
or VRTC is active, a third timing output, VSP (vieo supress) is
there providing a blinking signal to the dot timing logic. The dot
timing logic will normally inhibit a video output to the CRT during
the time when VSP signal is true. An additional timing output LTEN
is used to provide the ability to produce the video output high
regardless of the state of VSP. This feature is used by the 8275 to

place a cursor on the screen and control up to date functions.

2.2.3 Using the 8275 without DMA

The only real concern with wusing the 8275 in an
interrupt-driven transfer mode is speed. Eighty characters must be
loaded into the 8275 every 617 microseconds and the processor must
also have time to perform all the other tasks that are required. To

minimise overhead  associated with loading the .characters into the



8275, a special technique was employed. This technique involves
setting a special transfer bit and executing a string of POP

instructions. The string of POP instructions is used to rapidly move

the data from memory into the 8275.

In this design the 8085's SOD line was used as the

special transfer bit. In order to perform the transfer properly this

special bit must do 2 things - 1) turn processor reads into DACK
plus WR for the 8275; and 2) mask processor fetch cycles from the
8275, so that a fetch cycle does not write into the 8275, so that a
fetch cycle does not write into the 8275. Conventional logic could
have been used to implement this special ,functio'n,' but in this

design a small bipolar programmable read only memory was used.

At first, it may seem strange that we are supplying a
- DACK when no DMA controller exists in the system. But as we know
that all intel peripheral devices that have DMA lines actually use
DACK as a chip select for the data, so when you want to write a
command or read status, we assert C5 and —W—R or ED,but'..wh‘e(ti.er_

want to read or write data we assert DACK and RD or WR. The
peripheral divice does not know if a DMA controller is in the circuit
or not. DACK and CS should not be asserted on the same time,

since this combination yields an undefined result.

The POP technique actually compares quite favourably
in terms of time to the DMA technique. One POP instruction

transfers two byteé of data to the 8275 and. takes 10 CPU clock



IS

cycles to execute at a net transfer rate of 1 byte every five clock
cycles. The DMA controller takes 4 clock cycles to transfer 1 bit

but sometime is lost in synchronisation so the difference between two

techniques is 1 clock cycle per byte maximum.

2.2.4 8275 - Programmable CRT Controller

Functional Description

Data Bus Buffer

This is a 3 state bidirectional 8 bit bufer which is
used to interface 8275 to the system data bus. This functional
block accepts inputs from the system control bus .and generates
control signals for overall device operation. it contains the command

parameter and status register that stores various control formats

for the device functional definition.

RD (READ)

A 'low' on this input informs the 8275 that the CPU is

reading data or status information from the 8275.

WR (WRITE)

A 'low' on this input informs the 8275 that the CPU is

writing data’ or control words to the 8275.
CS (CHIP SELECT)

A 'low' on this input selects the 8275. No reading or

writing will occur unless the device 1is selected. When the CS is



high, the data Bus is in the float state and RD and WR will have

no effect on the chip.

DRQ@ (DMA REQUEST)

A 'high' on this output informs the DMA controller that

the 8275 desires a DMA transfer.

DACK (DMA ACKNOWLEDGE)

A ‘'low' on this input informs the 8275 that a DMA

cycle is in progress.

IRQ (INTERRUPT REQUEST)

A 'high' on this output informs the CPU that the 8275

desires interrupt service.

CHARACTER COUNTER

A character Counter is programmable counter that is
used to determine the number of characters to be displayed per row
and the length of the horizontal retrace inteval. It is driven by

the CCLK (Character Clock) input which should be a derivative of

the external dot clock.

FIFO'S

These are two 16 character FIFO'S in the 8275. They are

used to provide extra row buffer length in the transparent attribute

modes.



BUFFER INPURYOUTPUT CONTROLLERS

The  Buffer input/output  controllers decode the
characters being placed in the row buffers. if the character is a
character attribute, field attribute or special code, these controllers

control the appropriate action.

SYSTEM OPERATION

The 8275 is programmable to a large numberof:different
display formats. It provides raster timing, display row buffering,

visual attribute decoding, cursor timing and light pen detection.

It is designed to interface with the 8257 DMA controller
and standard character generator ROM's for dot matrix decoding.

Dot level timing must be provided by external circuitry.

GENERAL SYSTEM'S OPERATIONAL DESCRIPTION

The 8275 provides a "window" into the micro computer

system memory.

Dispiay characters are retrieved from memory and
displayed on_ a row by row basis. The 8275 has two row buffers.
While one row buffer is being used for display, the other is being
filedr with the next row of characters to be displayed. The number
of display characters per row and the number of charcter rows per

frame are software programmable providing easy interface to most

CRT displays.



The 8275 requests DMA to fill the row buffer that is

not being used for display. DMA Burst length and spacing are

pProgrammable.

The 8275 displays character rows one line at a time.

The 8275 also controls raster timing. This is done by
generating horizontal retrace (HRTC) and vertical retrace (VRTC)

signals The timing of these signals are programmable.

The 8275 can generte a cursor. Cursor locations and

formats are programmable.

The 8275 has a light pen input and registers. The
light pen input is used to load the registers. Light pen registers

can be read as command.

DISPLAY FORMAT

SCREEN FORMAT

The 8275 can be programmed to generate from 1 to 80
characters per row and from 1 to 64 rows per frame. The 8275 can
also be programmed to blank alternate rows. In this mode the first

row is displayed, the seocnd blanked the third displayed etc.



ROW FORMAT

The 8275 is designed to hold the line count stable
while outputting the appropriate character codes during each
horizontal sweep. The line count is incremented during horizontal
retrace and the whole row of character codes are output again

during the next sweep. This is continued until the whole character

row is designed.

DOT FORMAT

Dot width and character width are dependant upon the

external timing and control circuitary.

Dot 1level timing circuitary should be designed to
accept the parallel output of the character generators and shift it

out serially at the rate required by the CRT display.

Dot width is a function of dot clock frequency.
Character width is a function of character generator width.

Horizontal charcter spacing is a function of shift register length.

RASTER TIMING

The character counter is driven by the character clock
input. It counts out the characters being displayed. It then
causes the line counter to increment and it starts counting the

horizontal retrace interval. This is constantly repeated.



The line counter is driven by the character counter.
It is used to generate the line address outputs (LCO-3) for the
character generator. After it counts all the lines in the character

row, it increments the row counter and starts over again.

The row counter is an internal counter driven by the
line counter. It controls the function of the row buffers and counts

the number of character rows displayed.

After the row counter counts all the rows in a frame,
it starts counting out the vertical retrace interval. The video
suppression output (VSP) is active during horizontal and vertical
retrace intervals. Dot level timing circuitry must synchronise these

outputs with the video signal to the CRT display.

VISUAL ATTRIBUTES AND SPECIAL CODES

The characters processed by 8275 are 8 bit quantities.
There are 2 types of visual attribute codes. They are character

attributes and field attributes.

CHARACTER ATTRIBUTE CODES

Character attribute codes are codes that can be used
to generate graphic symbols without the wuse of a character
generator. This 1is accomplished by selectively the line attibute

outputs (LAO-1), the video suppression output (VSP) and light



enable output. The dot level timing circuitry can be use these

signals to generate the proper symbols.

Chracter attributes can be programmed to blink or be
highlighted individually. Blinking is accomplished with the video
suppression output (VSP). Blink frequency is equal to the screen

refresh frequency divided by 32. Highlighting is accomplished by

activating the highlight output (HGL T).

FIELD ATTRIBUTES

The field attributes are control codes which affet:t‘t’he
visual characteristics for a field of charactefs. There are six field

attributes.

1) BLINK:

Characters following the code, blink by activating the

VSP. The blink frequency is equal to the screen refresh

frequency divided by 32.

2) HIGHLIGHT:

Characters following the <code are highlighted by

activating the highlight output (HGL T).

3) REVERSE VIDEO:

Characters following the code appear with reverse

video by activating the reverse video output.



4) UNDERLINE:

Characters following the code are underlined by

activating the LTEN: output.

5),6) GENERAL PURPOSE:

There are two additional 8275 outputs which act as

general independently programmable field attributes.

GPAO-1 are active high outputs.

FIELD FIND CHARACTER ATTRIBUTE INTERACTION

Character attribute symbols are affected by reverse

video and general purpose field attribute. They are not affected

by unerline, blink" or highlihgt.

CURSOR TIMING:

The cursor location is determined by a cursor row
register and a character position register which are located by
commands to the controller. The cursor can be programmed to

appear on the display as:

1) a blinking underline
2) a blinking reverse video- block
3) a non blinking underline

4) a non blinking reverse video block

The cursor blinking frequency is equal to the screen

refresh frequency divided by 16.



2.3. Prom (82S123) Decoding

The 1logic necessary to convert the 8275 into a
non-DMA type of device was performed by a single small bipolar
PROM. Besides turning certain processor READS into DACKS and
WRITES for}the 8275. this 32 by 8 PROM decodes addresses for the

system RAM, ROM as well as for the 8255 parallel 1/0 port.

Any bipolar PROM that has a by eight configuration
could - function in this application. This particular device was
chosen simply because it is the only "by eight"” PROM available in
a 16 pin package. The connection of the PROM is shown in detail
in the figure and its truth table is also shown. Note that when a
fetch cycle (M1) is not being performed, the state of the SOD line is
the only thing that determines if memory needs will be written into

the 8275's row buffer. This is done by pulling both DACK and

WRITE low on the 8275.

Futures
Address accers time = 35 sec max.
Power dessipation = 1.3 mW/bit.
Fully TTL compatible.

Applications

1. Sequential controller.

2. Random logic.



TRUTH TABLE FOR 825123
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2.4, Chracter Generator

The character generator used in this terminal is a
2716 EPROM. The three low-order line count outputs (LCO-LC2) from
the 8275 are connected to the three low order address lines of the
character generator and the seven characer generator outputs
(CC0-CC6) are connected to the A3-A9 of the character generator,
The output from the character generator is loaded into a shift

register and the serial output from the shift register is the video

output of the termial.

Now let us assume that the letter ‘E is to be
displayed. The ASCII code for E is 45H. So 45H is presented to
address lines A2-A9 of the' character generator. The scan lines
will now count each line from 0 to 7 to form the character. This

same procedure is used to form all 128 possible characters.

It should be obvious tht "custom" character fonts

could be made by just changing the bit pattern in the character

generator PROM.

45H = 01000101

Address to PROM

01000101 SL 2 SL1 SLO

228H - 22FH

CHARACTER GENERATOR OUTPUT



ROM ADDRESS

ROM HEX BIT OUTPUT
QUTPUT 2 3 4 5 6 7

228H 3E ok ok %

229H 02

22AH 02

22BH OE * ook

22CH 02

22DH 3E

22EH 0c * ok X %

Bits 0, 6 and 7 are not used.




2.5. Description of 8085

The 8085 is the heart of the circuit. It is the LSI
microprocessor chip. It needs only a single +5V supply for its
working. It has a built in timing oscillator and works by
connecting a crystal between its pin Numbers 1 and 2. The
frequency upto which it can be worked is generally 6mHBz, but we

are making use of 3.127 MHz crystal.

In the 8085 chip, the low order byte of address bus

is multiplexed with the data byte.

Therefore the lower order address byte has to seperate
from the data byte to obtain the 16 line address bus and 8 line
data bus. The 8212, latch 12 used for this purpose. The _8085
generates a positive pulse at pin 30 known as ALE (Address Latch

Enable). Using this pulse, we latch the low order address lines in

8212,

Next the standard control bus consists of
a) Memory Read (bar) - MR.
bj Memory write (bar) - Mw,
c) "Input part (bar) - IN.
d) Output part (bar) - OUT.

e) 1IN terrupt Acknowledge (bar) - INTA.



Memory Read (bar) means that memory's Read when

this line goes low.

INTA is available from the 8085 chip itself. But MR,
Mw, IN and OUT are not directly available. Instead there are only
3 lines from the 8085 chip namely 10/M, RD and WR. By using one

7400 and one 7404, we can seperate the 4 control lines MR,Mw, IN

and OUT.

The 8085 chip has 40 pins, it is esential to clearly
understand each pin is to be connected. Let us first account for

the 40 pins.

High order address lines (OUT)

- 8 pins
Low order address and data (OUT) - 8 pins
Address latch enable out - 1 pin
+5V and ground line (IN) - 2 pin
Crystal for oscillator (IN) - 2 pin
INTERRUPT input pins (IN) - 5 pins
Interrupt acknowledge pins (IN) - 1 pin
HOld (DMA) IN - 1 pin
Hold acknowledge (DMA OUT) - 1 pin
Reset (input) - 1 pin
Reset 6ut - 1 pin
Clock out - 1 pin

10/M, RD and MR (OUT) - 3 pin



Status
Ready
Serial

Serial

Detail of 8085

lines (out) - 2 pins
(in) - 1 pin
date (IN) - 1 pin
data (OUT) - 1 pin

S0 and S1 are status lines, which along with 10/M

provides information regarding the nature of the Job, that the Cpu

is executing.

READ (INPUT)

0 1 - Memory write

1 0 - Memory read

0 1 - 1.0 write (0OUT)

1 0 - 1.0 Read (IN)

1 1 - OP - code fetch

1 1 - interrupt acknowledge
X X - Hold

X X - Reset

0 0 - Halt

3 state (high impedance)

x = Unspecified

Should be high for normal memory Read/write
opertion. If taken low, the Cpu will wait

(normally tied to +5V).



RESET (INPUT)

RESET (0OUT)

CLOCK ouT

SID
(SERIAL INPUT

DATA)

SOD

(SERIAL OUTPUT
DATA)

Should be normally high. When taken low, the

Cpu is Reset.

Can be used as system reset.

-Has half the crystal frequency and can be

used as the system clock.

The data on this line is loaded into the
accumulator D7 whenever RIM (Reset interrupt

mask) instructinis executed.

This is set or reset as specified by the SIM

instruction

All Reset and interrupt lines are normally at 0 and

when taken high, interrupt occurs.

Interrupt Priority Table

TRAP

RST 7.5

RST 6.5

RST 5.5

INTR.

(INTR INPUT) interrupt request is used as a general

purpose interrupt.

It is disabled by RESET and immediately after

a interrupt is accepted. It is also enabled and disabled by

software.



2.6 Display RAM: 6116

This [6116 - a 2K x 8 RAM memory] is used to store
two set of 1024 words. This must be loaded with required messages
using a microprocessor chip 8085, ‘This form part of the total
microprocessor memory and is addressable both by the
microprocessor as well as the CRT controller. Only when one reads
or writes a message word into this memory does the microprocessor
select this RAM. At all other times the CRT controller only

repeatedly reads its words sequentially to form rows with characters

on the screen.



2.7 Address Buffer (8212)

In the 8085 chip the low & order byte of address bus

is multiplexed with the date byte.

Therefore the low order address byte has to be
seperated from the data byte to obtain the 16 line address bus and
8 line data bus. The 8212 address buffer is used for this purpose.
The 8085 genertes a positive pulse at pin 30 known as ALE (Address

Latch Enable) wusing this pulse. We latch the low oxder

address lines in 8212.

The microprocessor data is connected to the data lines

of the RAM Via address buffer 8212.

Since the data 1lines can be either in Read or Write
mode a address buffer is needed for the data bus. Its direction
control selects the direction according to Reading or Writing mode,
while the enable line enables the buffer, if the microprocessor

wants to Read/Write into the RAM.



2.8 Shift Register

This shift register shifts the data sent fromthe
character generator in 8 bit parallel form into a sertal form. ie
one bit after and>ther so, this is called as parallel input serial
output (PISG) shift register. The dot pattern comes out of the shift
register one by one. This IC has in addition to the 8 bit parallel
input and pair of output lines (Q and Q) a load pin which loads
the parallel data into the 8 bit shift register and a clock input

pin which is the serial dot clock.



2.9 Counter: 74163

Like shift registers. Counters are composed primarily
of flip flops with a samll amount of added combinational logic.
The main control input of the counter is the count in line. When

the counter is enabled, a pulse on count in 1line causes the

transformation.

z = z+1, that is, it increments the count by one.
Since the count in 1line triggers a single state change in the
counter, it is also called the clock signal. A s_eqﬁence of pulses
on count in line makes the counter pass through a sequence of
states and hence the coﬁnter effectively counts the number of pulses
applied to its count in line. 74163 a synchronous counter is. wired
to dividé"the clock by eight. So that each character slot occupies 8

dots. Its output is given to the CRT Controller Chip to tell it that

the next character is on the way.



2.10 Hardware Description

The "heart" of the CRT terminal 1is the 8085
microprocessor. The 8084 initialises all devices in the system,
loads the CRT controller, assembles the characters to Dbe
transmitted, decodes the incoming characters. and determines where

the character is to be placed on the screen.

The 8275 is used as the CRT controller in:the system,
and a 2716 is used as the character generator. To handle the high
speed portion of the terminal the 8275 is surrounded by a small

handful of TTL gates. The programme memory is contained in one

2716 EPROM and the data and screen memory use 6116 type RAM.

All decices in this system are memory mapped. A
bipolar PROM 1is used to decode all of the addresses for the RAM,

ROM' and the 8275. The bipolar PROM also turns READS into DACKS

and WRITES for the 8275. If this same terminal were designed

using MCS-85 family of integrated chips additional port savings

could have been. realised.

Video RAM (6116) address lines are connected to

microprocessor and CRT controller address lines via buffer, except

when required by the micro-processor video RAM continuosly being

addressed by the address lines A0-AS of CRT controller. This words

emerge one by one from memory chip and get latched by 74175.



The parallel input data from the EPROM is converted to serial data by

parallel input serial output synchronous shift register. The Dot clock

determines the width of dot and character and the output from the PISO

gives the required video informatin for CRT.



CHAPTER - 11X

SYSTEM OPERTION

3.1 System Functioning

The 8085 CPU initialises each peripheral to the
appropriate mode of opertion following system reset, When a
character has been received, the 8085 decodes the character and
takes appropriate action. While the 8085 is executing the above
"foreground" programs it is being interrupted once every 617
microseconds by the 8275. This "background" program is used to
load the row buffers on the 8275 is also 'interruptéd once every

frame time to read the status of 8275,

A special POP technique is used to rapidly move the
contents of the display RAM into the 8275's row buffers. The
characters are then synchronously transferred to the character code
outputs CCO0 - CC6. Connected to the character generator are address
lines A3-A9. Line count outputs LCo-LC2 from the 8275 is applied
to the character generator address lines AO-As. The 8275 displays
character rows one line at a time. The line count outputs are used
to determine which 1line of character selected by A3-A8 will be
displayed. .Following the transfer of the first line to the dot
timing logic the line count is incremented and the second line of
the charcter row is selected. The process continues until the last

line of the row is transferred to the dot timing logic.



The dot timing 1logic 1latches the output of the
character genertor ROM into a parallel in serial out synchronous
shift register. The shift register is clocked at the dot clock rate

(12.48 MHz) and its output constitutes the video input to the CRT.



ROUTINE TO LOAD 8275's ROW_BUFFERS

Clock Seq. Source

Cycles Statement

10 1 PUSH PSW Ssave A and Flags

10 2 PUSH H Save H and L

10 3 PUSH D Save D and E

10 4 LXI,0000H I.oad Zero into H and L
10 5 DAD SP Put stack pointer in H and L
4 6 XCHG Put stack in D and E
16 7 LHLD Get pointer

6 8 SPHL Put current line into SP
7 g MVI A,60000H Set mask for SIM

A 10 SIN Set special transfer bit
400 il POP H Do 40 POPS

4 12 RRC Set up A

4 13 SIM Go back 10 normal mode
10 14 LXI H,0000H Zero H,L

10 15 DAD SP Stack

4 16 XCHG Put stack in H and L

6 17 SPHL Restore Stack

10 18 LXI H,LAST Put bottom in H and L
A 19 XCHG Swap registers

4 20 MOV A,D Put high of DEP in A

4 121 CMP H See it same as H

7/1C 22 JNZ KPTK If not leave

4 23 MOV A.E Put low order in A

4 24 CMP L See it same as L

7/10 25 IJNZ KPTK If not leave

10 26 LXI H,TPDIS H and L with top of screen return
16 27 KPTK:SHLD Put back current address
7 28 MVI A,18H Get mask Byte

4 29 SIM Set interrupt mask

10 30 POP D Get D and E

10 31 POP H Get H and L

10 32 POP PSW Get A and Flags

4 33 EI Enable interrupts

10 34 RET Go back

Total number of clock cycles = 650 (Worst case) with a 6.144 crystal

total time to

microseconds.

Row Buffer

on 8275 = 650 x .325 = 211.25



3.2 System Timing

Each character is displayed on a 8 x 8 field and is
formed by a 5 x 7 dot matrix. The 8275 allows the vertical retrace
time to be only an integer multiple of the horizontal charcter line.
This means that the total number of horizontal line in a frame
equals 12 times the number of character lines plus the vertical
retrace time, which is programmed to be either 1, 2, 3 or &
character lines. Twentyfive display lines require 300 horizontal
lines. So, if we wish to have a horizontal frequency in the
neighbourhood of 15750 Hz we must choose two character lines for
vertical retrace. This choice yields a net 300+ 24 = 324 horizontal
lines per frame. So assuming a 50Hz frame the horizontal frequency
must be = 50Hz x 324 = 16200 Hz. This wvalue falls within our
target specification of 15750 Hz with + 500Hz variation (i.e) between

15250 Hz and 16250 Hz.

It is now known that the terminal is using 300 lines
to display data and 24 horizontal lines to allow for vertical retrace
and the horizontal frequency is 16200Hz. In this design 80
charcter can be displayed on a horizontal line and was empirically
found that allowing 20 horizontal character lines for retrace gave
the best resﬁlts. So in reality there are 100 character lines. It
should be noted that if too many character lines are wused for
retrace less time will be 1left to diaplay the character and the
display will not "fill out" the screen. Conversely, if not enough

character lines are allowed for retrace the display may "run off"

the screen.



CHAPTER - IV

DESIGN OF DOT CLOCK

Method: 1

The number of lines per frame can be determined by

the following equation.
L= (Hx2Z) +V

H - number of horizontal lines per character = 12
Z - number of rows to be displayed = 25

V - number of horizontal lines during vertical retrace = 24

Therefore L = (25x12) + 24
L = 324 lines per frame

The DOT CLOCK is calculated from the equation given

below.

DOT CLOCK (Hz) = (N+R) X D X L X F

N - number of displayed charactes per row = 80

R - number of retrace character time increments = 20
D - number of dots per character = 8

L - number of horizontal lines per frame = 324

F - the frame rate in Hz = 50

Therefore DOT CLOCK (Hz)

(80+20) x B8 x 324 x 50

DOT CLOCK

12.96 mHz.



Method: II

The horizontal frequency is calculated as given below.

Horizontal frequency = frame rate mHz x Number of h-rizontal

lines per frame

50 Hz x 324

16200 Hz.

Total time for one horizontal line = 1/16,200 Hz

= 61.7 micro seconds

Vertical retrace time

61.7 micro seconds X 24 horizontal

synch times

1.48 milliseconds.

One hundred Character times per complete horizontal line means that

each charcter requires.

61.7 micro=seocnds/100 character: times = 617 nanoseconds. .

Therefore horizontal retrace time

n

617 nsec x 20 retrace times

12.34 microseconds.

Now, the 617 nanosecond character clock period is

known and the dot clock period is easy to calculate. Here each

character is formed by placing 8 dots along the horizontal line.

Dot clock period = Character clock/8 dots
= 617 nsec/8
= 77.125 nanosec.

Therefore dot clock frequency

n

1/77.125 nanosec.

DOT CLOCK FREQUENCY 12.96 mH=.



PROGRAM TO BLANK DISPLAY RAM

0000 LXIH, O0800H 21,00,08
0003 MVI B,OFH 06,0F
0005 MVI C,FFH OE,FF
0007 XYZ: LDA 20H 34,20
0009 MOV M,A 77

000A INX &4 23

000B MOV A,B 78

000C CMP H BC

000D INZ XYZ c2,07,00
0010 - MOV A,C 79

0011 CMP L BD

0012 INZ XYZ c2,07,00

PROGRAM TO MOVE ONE BLOCK OF MEMORY
FROM 2716 TO DISPLAY RAM

0015 LXID OBEGH 11,E6,0B
0018 LXIH 0500H 21,00,05
001B MVI C,15H OE,15
001D PQR: MOV A,M 7E

001E STAX D 12

001F : DCR C oD

0020 INX H 23

0021 INX D 13

0022 JNZ : PQOR c2, 1D,00



0025
0028
002A
002B
002D
002F
0031
0033
0034

0036

0037

003A

003B

003C

003D

0040

0041

0042

0045

0046

0048

0049

8275 INITIALIZATION

LXI H,1001H
MVI,M OOH
DCX H

MVI M,4FH
MVI M,99H
MVI M, FCH
MVI M, 39H
INX H
MVIM, 23

PROGRAM TO DISPLAY

CALL:EI

LXI SP, OFD&H .
PUSH PSW

PUSH H

PUSH D

LXI H, 0000H
DAD SP

XCHG
LHLD,0800H
SPHL

ABC: MVI A, COH
SIM

POP H

POP H

40 times

POP H

21,01,10
36,00
2B
36,4F
36,99
36,FC
36,39

23

36,23

FB
31,D6,0F
F5

ES5

D5
21,00,00
39

EB
2A,00,08
F9

3E, CO
30

E1l

El



0071
0072
0073
0074
0075
0076
0077
0078
0079
007A
007B
007C
O4FE
O4FF
0500
0501
0502
0503
0504
0505
0506

0507

0508
0509
050A
050B
050C
050D
050E
050F
0510
0511

RRC
SIM

LXI,H,0000H

DAD SP
MOV A,D
CMP H
JNZ:ABC
MOV ALE
CMP L
JNZ:ABC
JMP:CALL
HALT
BLANK
BLANK

E
L
cC
)
M

BLANK
T
0
BLANK
BLANK

BLANK

BLANK

OF

30
21,00,00
38

7A

BC
C2,46,00
7B

BD
C2,46,00
C3,36,00
76

20

20

57

45

4C

43

4LEF

4D

45

20

54

LE

20

45

20

43

20

45

20

b4



0512
0513
0514
0515
0516
0517

BLANK
BLANK
BLANK

45
50
54
20
20
20



CHAPTER - VI

CONCLUSION

6.1 Composite Video

In this it was assumed that the monitor required a
separate horizontal drive, vertical drive and video input. However
many monitors require a Composite Video signal. The schematic

shown in Fig.5.1 illustrates how to generate a Composite Video

signal from the output of the 8275.

The dual shots are u'sed to provide a small delay and
proper horizontl and vertical pulse to the composite video monitor.
The délay introduced in the vertical and horizontal timing is used
to "center" the display. VR1 and VR2 control the amount of delay.
1C3 is used to mix the vertical and horizontal retrace and Q1 along

with R1, R2 and R3 mix the video and the retrace signal and

~provide the DC levels.
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6.2 Keyboard Interface

This design can be made more veasatile and dynamic

by making use of a keyboard. The keyboard can be interfaced by

using two parts of 8255 parallel 1/0 device.

When the system |is
keyboard RAM locations are set ta
16.67 milliseconds the contents of

then rewritten with the contents of

initialized the contents of the
zero. Once every frame which is
the keyboard RAM is read and

the current switch matrix. If a

non zero value of one of the keyboard RAM locations is found to be

the same as the corresponding current switch matrix, a valid key

push is registered and action is taken. By operating the keyboard

in this manner an automatic debounce time of 16.67 milliseconds is

provided.
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Table 1. Pin Descriptions

decoded externally by the dot/timing logic to generate the
hornizontal and verticat line compinauons for the graphic
displays specified by the character attribute codes.

Symbol/ :‘: Type Name and Function
LGy ? 1 o .LINE COUNT: Qutput from the line counter which is used to
LCy 2 address the character generator for the line positions on the
LC, ' 3 screen.
LCo 4 ,
DRQ 5 (0] DMA REQUEST: Output signal o the 8257 DMA controller
requesting a DMA cycle.
DACK 6 ! DMA ACKNOWLEDGE: Input signal from the 8257H DMA
controller acknowledging that the requested DMA cycle has
been granted.
HRTC 7 o] HORIZONTAL RETRACE: Output signal which is active durnng 1
the programmed horizontal retrace interval. During th.s pericd
the VSP output is high and the LTEN output is fow.
VRTC 8 (o] VERTICAL RETRACE: Output signal which is a..ve during the
) programmed vertical retrace interval. During this period the
VSP output is high and the LTEN output is low.
RD ] 1 READ INPUT: A controt signal to read registers.
W—ﬁ 10 | ! WRITE INPUT: A control signal to wnte commands into the
‘ control registers or write data intc the row buffers during a DMA
| cycle.
LPEN 11 | LIGHT PEN: Input signal from the CRT system signifying that a
light pen signal has been detected.
DBy 12 170 T BI-DIRECTIONAL THREE-STATE DATA BUS LINES: The
DB, 13 outputs are enabled during a read of the C or P ports.
D8, 14
. DBj 15 \ ,
D84 16 i
- DBs 17 \ \
DBeg 18 t
DBy 19 ‘ J
Ground 20 | GROUND.
Vee 40 | +5VPOWER SUPPLY.
LAo 39 0 \ LINE ATTRIBUTE CODES: These attribute codes have to be
LAy 38 ‘




8275H

Table 1. Pin Descriptions (Continuad)

Symbol :i: Type Name and Function
LTEN 37 .« (o] LIGHT ENABLE: Output signal used to enable the video signal
8 to the CRT. This output is active at the programmed underline
' Cursor position, and at positions specified by attribute codes.
RvV " 36 (o] REVERSE VIDEO: Output signal usod to indicate the CRT
circuntry to tovorsa tho vidoo signal Thes output is active at tho
Lursor posaion it a roverso vidoo block cursor i progrnunod
) S0 atthe posilions Lpocitied I)_y the !l_ul_d ;n‘llrtu‘ag.{gu_lfv’:.“_ _‘
VSP 35 (o] VIDEO SUPPRESSION: Output signal used 1o blank the video
signal to the CRT. This output is active:
¢ during the horizontal and vertical retrace intervals.
¢ at the top and bottom lines of rows if underline is
programmed to be number 8 or greater.
* when an end of row or end of screen code is detected.
¢ when a DMA undorrun occuts.
¢ at regular intervals (¢ frame frequency for cursor, 4, frame
frequency for character and field attributes)—to create
blinking displays as specified by cursor, character attributs,
or fieid attribute programming.
GPA, 34 o GENERAL PURPOSE ATTRIBUTE CODES: Outouts which
GPAg a3 are cnabled by the general purpose field attribute-codes.
HLGT 32 (o] HIGHLIGHT: Output signa! used to intensify the display at
’ particular positions on the screen as specified by tha character
. atinbute codes or field attribute codes.
IRQ 31 o INTERRUPT REQUEST.
CCLK 30 | CHARACTER CLOCK (trom Dot/Timing Logic).
CCe¢ 29 (o] CHARACTER CODES: Output from the row buffers used for
CCs 28 Character selection in the character generator.
CCq 27
CCs 26
cC, 25
CC, 24
CCo 23
Ccs 22 ! CHIP SELECT: The read and write are enabled by CS.
‘Ag 21 |

PORT ADDRESS: A high input on Ag selects the “C" port or
command registers and a low input selects the *'P" port or
parameter registers.
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Field and Character Attribute
Interaction

Character Attribute Symbols are affected by the Re-
verse Video (RVV) and General Rurpose (GPAg-1)
field attributes. They are not affected by Underline,
Blink or Highlight field attiibu'es; however, these
characteristics can be prograthmed individually for
Character Attribute Symbols. .

Cursor Timing

The cursor location is determined by a cursor row
register and a character position register which are
loaded by command to the controller. The cursor
can be programmed 10 appear on the display as:

1) a blinking underline

2) a blinking reverse video block

3) a non-blinking underline

4) a non-blinking reverse video block

The cursor blinking frequency is equal to the screen
refresh frequency divided by 16.

If a non-blinking reverse video cursor appears in a
non-blinking reverse video field, the cursor will ap-
pear as a normal video block.

It a non-blinking underline cursor appears in a non-
blinking underiine fie/d, the cursor wili not be visible.

Light Pen Detection

A light pen consists of a micro switch and a tiny light
sensor. When the light pen is pressed against the
CRT screen, the micro switch enables the light sen-
sor. When the raster sweep reaches the light sen-
sor, it triggers the light pen output.

If the output of the light pen is presented to the
8275H LPEN input, the vow and character position
coordinates are stored in a pair of registers. These
registers can be read on command. A bit in the
status word is set, indicating that the fight pen signal
was detected. The LPEN input must be a 0 o 1
transition for proper operation.

1.0 Reset Command

NOTE:
Due to internal and external delays, the character
position coordinate will be off by at least three
character positions. This has to be corrected in
software.

Device Programming

The 8275H has two programming registers, the
Command Register (CREG) and the parameter reg-
ister (PREG). It also has a Statu$ Register (SREG).
The Command Register can only be written into and
the Status Registers can only be read from. They
are addressed as follows:

Ag Operation Register
0 Read PREG
0 Wirite PREG
1 Read SREG
1 Write CREG

The 8275H expects to receive a command and a
sequence of 0 to 4 parameters, depending on the
command. If the proper number of parameter L ytes
are not received belore another command is given,
a status flag is set, indicating an improper command.

INSTRUCTION SET

The 8275H instruction set cons\sts of 8 commands.

Command No. of Parameter Bytes
Reset 4
Stan Display
Stop Display
Read Light Pen

Load Cursor
Enable Interrupt
Disable interrupt

OCOONNOO

Preset Counters

In addition, the status of the 8275H (SREG) can be
read by the CPU at any time.

Operation Ag Description MSB Data Bus LSB
Command Write 1 Reset Command o] 0 0 0 0 0 0 0
Write 0 Screen Comp Byte 1 S H H H H H H H
Write 0 Screen Comp Byte 2 Vv v R R R R R R
Parameters Write 0 Screen Comp Byte 3 U U v U L L L L
Write 0 Screen Comp Byte 4 M F C C 2 Z b4 Z
- 6-20
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Action—After the reset command is written, DMA
requests stop, 8275H interrupts are disabled, and
the VSP output is used to blank the screen. HRTC
and VRTC continue 1o run. HRTC and VRTC ttmmg
are random on power-up. .

As parametors aro writton, the scroen corm osmon is
dotinud.

L3N

Parameter—S Spaced Rows

S Functions

0 | Normal Rows
) 1 | Spaced Rows

Parameter—HHHHHHH
Horizontal Characters/Row
HHHHUHGHH No. of Characters
Per Row
0 0 0 0 0 0 O 1
0 0 0 0 0 0 1 2
0 0 0 0 0 1 o 3
1 0 11 1 1 . 80
1.0 1 0 0 0 O ~ Undetined
1T 1 1 1 1 1 1 Undetined

Parameter—VV Vertical Retrace Row Count

v v No. of Row
Counts Per VRTC

0 0 1

0 1 2

1 0 3

1 1 4

Parameter—RRRRRR Vertical Rows/Frame

R R R R R R | No.ofRows/Frame
0 0 0 0 o0 o 1
0 0 0 0 O 1 2
0O 0 0 0 1 0 3
1 1 1 1 1 1 64

Parameter—UUUU Underline Placement

u

Line Number of

Underline
0 0 0 0 1
0 0 0 1 2
0 0 1 0 <]

Parameter—LLLL
Number of Lines per Character Row

L L L L No. of Lines/Row
0 0 0 0 1

0 0 0 1 2

0 0 1 0 3

1 1 1 1 .16

Parametcr—M Line Counter Mode

Parameter—F Field Attribute Mode
F
0

6-24

Line Counter Mode

0
1

Mode 0 (Non-Offset)
Mode 1 (Offset by 1 Count)

Field Attribute Mode

1

Transparent
Non-Transparent
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Parameter—CGC Cursor Format 5SS Burst Space Code
c C Cursor Format ‘l s No. of Character ClocksJ
0 0 | Blinking reverse video block Between DMA Requests
0 1 | Blinking undertine 0 0 0
1 0 | Nonblinking reverse video block 0 1 7
1 1 | Nonblinking undeline 1 0 15
1 1 23
0 0 31
Parameter—222ZZ Horizcntal Retrace Count ; 0 2) 33
1
No. of Character
Z Z z z Counts Per HRTC 1 1 55
g g g (1) i BB Burst Count Code
0 0 1 0 6 B B No. of DMA Cycles Per
. ) Burst :
. 0 0 1
. . 0 1 2
1 1 1 1 32 1 0 4
1 1 8
NOTE:
uuuu MSB determines blanking of top and bottom  Action—8275H interrupts are enabled, DMA re-
lines (1 = blanked, 0 = not blanked). quests begin, video is enabled, interrupt Enable and
video Enable status flags are set. -
2.0 Start Disptay Command
r \ Operation | Ag \ Description \ MSB Data Bus LSB_‘
Command _| Write 1 | Stan Display ‘ 0 0 1 S S S B8 B_J
No Parameters | | ! B
3.0 Stop Display Command
Opetation ‘ Ag \ Description MSB Data Bus LsB
Command Write 1 | StopDisplay | 0 1+ 0 O o 0O O ©

No Parameters ]

Action—Disables video, interrupts remain enabled, HRTC and VRTC continue to run, Video Enable status flag
is reset, and the ""Stan Disptay” command must be giver t0 re-enable the display.

4.0 Read Light Pen Command

Operation ‘ Ao" Description MSB Data Bus LSBJ
Command wrte | 1 | ReadlightPen o 1 S o o0 ©o o ©
Read 0 Char. Number {Char. Position in Row)
Parameters Read ‘ 0 \ Row Number \ (Row Number)

Action—The 8275H is conditioned 1o supply the contents of the light pen position registers in the next two
read cycles of the parametes register. Status flags are not aftected.

'NOTE:
Software correction of light pen position is required.

6-22
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5.0 Load Cursor Position
. Data Bus
Operation Ag Description MSB LSBJ
Command Write 1 | Load Cursor 1 0o o o © o 0 |
Parameters Write 0 | Char. Number | (Char.Positionin Row)
Write 0 Row Number (Row Numbaer)

Action—The 8275H is conditioned to place the next two parameter bytes into t

Status flags

not affected.

6.0 Enabie Interrupt Command

he cursor position registers.

. : Data Bus
Operation Ao Description MSB LSB
Command Write 1 Enable Interrupt 1 0 1 0 0 0 0
No Parameters

Action—The interrupt enable status flag is set and interrupts are enabled.

7.0 Disable Interrupt Command

- Data Bus

Operation Ao Description MSB LSB \

Command Write 1 Disable Interrupt 1 1 0 0 0 0 0 \
No Parameters

Action—Interrupts are disabled and the interrupt enable status flag is reset.

8.0 Preset Counters Command

Operation

Ao

Description

Data Bus

Command

Write

1

Preset Counters

Action—The internal timing counters ar
‘corner. Two character clocks are require

No Paramotuts

other command is given.

. This command is useful for system debug and synchroniza
After this command, two additional clock cycles are requwe

out.

e preset, correspond
d for this operation.

6-23
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ing to a screen display position at the top left
The counters will remain in this state until any

tion of clustered CRT <splays on a single CPU.
d before the first character of the first row is put
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STATUS FLAGS *
Data Bus
Operation Ag Description MSB LSB
Command Read 1 StawsWord | 0 IE IR LP IC VE DU L 'FO

IE — (interrupt Enable) Set or reset by command. it
enables vertical retrace interrupt. It is auto-
matically set by a “Start Display” command
and reset with the “Reset” command.

IR — (Interrupt Requost) This flag is set at the be-
ginning of display of the last row of the frame
if the interrupt enable flag is set. It is reset
after a status read operation.

LP — This flag is set when the light pen input
(LPEN) is activated and the light pen registers

have been loaded. This flag is automaticaily
reset after a status read.

IC — (Improper Command) This flag is set when a
command parameter string is too iong or

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ... . .. 0°Cto 70°C
Storage Temperature .. . .. ... —-65°Cto +150°C
Voltage On Any Pin

With Respectto Ground . . . . . .. .. -0.5Vto +7v
Power Dissipation ....... ... ... ... .. 1 Watt

too short. The flag is automatically resst after
a status read.

VE — (Video Enable) This flag indicates that video
operation of the CRT is enabled. This flag is
set on a “Start Display’ command, and reset
on a "Stop Display” or “Reset” command.

OU— (DMA Underrun) This flag is set whenever a
data underrun occurs during OMA transfers.
Upon detection of DU, the DMA operation is
stopped and the screen is blanked until after

- the vertical retrace interval. This flag is reset
after a status read.

FO— (FIFO Overrun) This flag is set whenever the
FIFO is overrun. It is reset on a status read.

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings" may cause permanent dam-
age lo the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure o absolute maximum rating conditions for
exlended periods may affect device reliability.

D.C. CHARACTERISTICS T, = 0°C to 70°C, Vee = 5V': 5%

Symbol Parameter Min Max Units Test Conditions
Vi, Input Low Voltage ~0.5 0.8 v

Vin Input High Voltage 2.0 Vee + 0.5V v

VoL Output Low Voltage 0.45 v loL = 2.2 mA

VoH Output High Voltage 2.4 \" loH = —400 pA

i input Load Current +10 HA Vin = Vegto OV

loFtL Output Float Leakage 10 pA Vourt = Ve to 0.45v
lec Ve Supply Current 160 mA

6-24
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CAPACITANCE T, = 25°C,Vce = GND = 0V

Symbol Parameter Min Max Units Test Conditions
CiNn input Capacitance 10 pF fe = 1 MHz
Cuo 1/0 Capacitance 20 pF Unmeasured pins returned to Vgg

A.C. CHARACTERISTICS T, = 0°Ct0 70°C, Ve = 5.0V 5%, GND = OV

Bus Parameters

READ CYCLE
Symbol Parameter Min Max Units Test Conditions
tar Address Stable before READ 0 ns
tRA Address Hold Time for READ 0 ns
tRR READ Pulse Wioth 250 ns
tRD Data Delay from READ 200 ns Cp = 150 pF
tos READ to Data Floating 100 ns ' CL = 150 pF
WRITE CYCLE
Symbol Parameter Min Max Units Test Conditions
taw Address Stable before WRITE 0 ns
twa Address Hold Time for WRITE 0 ns
tww WRITE Pulse Width 250 ns
tow Data Setup Time for WRITE 150 ns
twD Data Hold Time for WRITE 0 ns
CLOCK TIMING B L L
Symbol Pa;ameter 827 1 82752 Units Test
Min Max Min Max Conditions
ok Clock Period 480 320 ns
txH Clock High 240 120 ns
tL Clock Low 160 120 ns
tkR Clock Rise 5 30 5 30 ns
tr Cilock Fall 5 30 5 30 ns
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8275H
OTHER TIMING
8275 8275-2
Symbol Parameter i . i ] Viax Units Cor;l:i:ltons
tce Character Code Output Delay 150 150 ns C, = 50pF
thr Horizontal Retrace Output Delay 200 150 ns CL = 50 pF
te Line Count Output Delay 400 250 ns C, = 50 pF
taT Control/Attribute Output Delay 275 250 ns C, = 50 pF
tvR Vertical Retrace Output Delay 275 250 ns C_ = 50 pF
R IRQ ] fromRD T 250 250 ns Cp = 50pF
twa DRQ T romWR T 250 250 ns CL = 50pF
R DRQ | fromWR | 200 200 ns Cy = 50pF
e DACK § to Wri | 0 ) ns
taL WR T toDACK T 0 0 ns
teR LPEN Rise 50 50 ns
toH LPEN Hold - 100 100 ns
tp) DACK Inactive Period 120 ns
Ac TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
INPUT/OUTPUT
2 DEVICE
X‘:/ TEST POINTS <: N U;‘KDSE‘“ “ﬁl c
ous 0s 0 : : _‘I‘_
210464-30
A.C. Tesung: Inputs are dniven at 2.4V for a Logic "1 ang 0 45V
::;c I.c;g;c Mzoa‘l"/m‘ugg‘r::;rl;mems are made at 20V for a CL inctudes Jig Capactance 210464-0




8275H

TYPICAL DOT LEVEL TIMING

WAVEFORMS
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8275H

WAVEFORMS (Continued)

LINE TIMING
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cCLK

VRTC

INTERNAL |
ROW
COUNTER

——agn]
—

fo— tygr

\

K.

po——PROGRAMMASBLE FROM 1 TO 64 ROWS

WA
PROGRAMMARBLE FROM

170 4 ROWS
"

8275H
WAVEFORMS (Continued) -
-ROW TIMING
i:&
_—dia —_———
. AN 5 S
cox . K e e
{ MR J— typ
HRTC
e e
-4
Lo FIRST LINE Y/ SECOND LINE LAST LINE
-3 COUNT COUNT ) COUNT
-4
e——————PROGRAMMABLE FROM 1 TO 16 LINES
INTERNAL ‘Y
AOW  LAST ROW PRESENT ROW X NEXT ROW
COUNTER <4
R R
210464-34
FRAME TIMING
T\ TN
—— e U,

FIRST " LAST
RETHACE RETRACE
AOW ROW

/

o T

210464-35
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WAVEFORMS (Continued)
INTERRUPT TIMING ;
g’l
Ag <.
&
RD |
‘A1
IRQ
210464-36
DMA TIMING
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OACK \‘ j
]

LPEN j
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lnter 8275H

WAVEFORMS (Continued)
WRITE TIMING READ TIMING

’ y: {

ag €8 INVALIL VAL X INVALID ,' a5 y! vauD K
b,
tawte ‘ww | e twa «{tan —eftpabe——
PR - po-— ‘R |
"'" / '

tow | — wo "‘°—'ﬁ
} ! le—toF

OBg_y INVALID x VALID S INVALID g g T NGNS
O8o.y HIGH IMPEDANCE - DATA VALID J IMPTDANCE
!
4~
210464-38 210464-30

CLOCK TIMING

[ X 4

IKF et

210464 -39
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ROW 1 800N ROW2 | -'DesOH
ROW 2 0B50H ROW 3 § 0BADH
AOWS 0BAOH ROWA | oOgFoH
ROW 4 08FCH HOW § 0640H
ROW § 0840H ROW 6 0990H
ROWS 0990H ROW 7 09EOH
aow? | oeeon ROW B OA30H
ROWS | 0A30H ROW 8 OABOH
: ‘ROW 9 0ABOH
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veen ROW 12 OR70H
AOW 12 0B70H OB7tH.....covvvennre..o DBUEH ROW 13 oucor

‘ ROW10 | OADOH

RAOW 13 08CoH OBCIH. .ovvanracnrnnanns OCOFH AOW 14 0C10H
AOW 14 . 0C10H OCHIH..oeeennnaensanees OCSFH HOW 15 0Cs0H
ROW 16 OC60H OCEIH......euvene PR OCAFH ROwW 16 ocaoH

ROW 18 oceor
ROW 17 ©0DOOH
ROW 18 0D50H
ROW 18 ODAOH ODATH
RAOW 20 ODFOH ODFINH.
ROw 21 OE40H

ROW 17 oDoor
ROwW 1@ 0D50H
ROW 18 ODADH
Cerreecnsaesaiees ODEFH ROw 20 oDFOH
P OE3IFH ROW 21 - OE4OH

. ROW 22 OEDOH
ROW 22 OESO0H OEOH..... eviaeeeaas OEDFH ROW 23 OEEOH
ROW 23 OEEOH OEETH .ouvvnneeinnnnnns OF 2FH ROW 24 OF30M
AOW 24 OF30H OF3MH cvnverieennnneneens OF7FH ROW 25 OFBOH
-1 Rrowzs OF80H OFBTH .. vvrenennnneenens OFCFH. ROW 1 0800H
After Initiatization After 1 Scroll
. ROWJ 0BAOH OBATH ...eoeeraneeannnns OBEFH |, AOW 4 OBFOH OBFYH .. . .oeeeiniinnns 09IFH
ROW 4 08FOH O8FIH ... . ROWS 0940H OB4TH .. veeineneaennns 096FH
ROWS 0840H 0841H ........ e 098FH AOW 6 0990H DOBTH ..ovvenrneennanens 090FH
ROW 8 0090H 0991H ....... R OVUFH HOW? 09COH OOEIH . ..oeenennns e OA2FH
-ROW? " OPEOH OBETH ...oooeeveaeeen.n. OAZFH ROW 8 0A30OH
AOWS. 0A30H DABTH ..ovevrieneecneaens OAZFH AOW 9 OABOH
AOW § QABOH OABIH ..eoonninenannns OACFH AOW 10 | OADUH
AOW 10 OADOH 0ADWM....... ... QUIEH HOW 11 oB2014
ROW 11 0D20H oB2w....... ... Dtttk HOW 12 UB7OH
ROW 12 our0M OUZth......... . UL HOW 13 ouCutt
ROW 13 | ouCon OHCIH....... .. OCUFH HOW 14 0C10H
ROW 14 0C10H OCIIH... .0CSFH ROW 15 OCH0H
ROW 16 0C60H OC61H....ceunnnnns . .OCAFH AOW 16 OCBOH
ROW 16 "OCBOH OCBIH +.ovevenrnniannn OCFFH HOW 17 0D00H
AOW 17 0DOOH HOW/ 18 0D50H
AOW 18 ODSOH ROW 18 0DAUH
. ROW 19 ODAOH ROW 20 ODFOH
ROW 20 ODFOH ROW 21 OE 40K
ROW 21 OE40H AOW 22 0EQOH
AOW 22 OE90H

HOW 23 OEEOH
ROW 23 OEEOH RDOw 24 GFI0H

ROW24 | OF30H Row2s | OFsoH
\ ROW25 | OF8oH AOW 1 0800H
ROW 1 0800H ROW 2 08501
ROw2 | 08B50H ! ROw3 OBAOH

After 2 Scrolls

After 3 Scrolls
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Synchronous 4-Bit Counters
General Description

These synchronous, presettable counters feature aninter-
nal carry look-ahead for application in high-speed count-
ing designs. The $160 and S162 are 4-bit decade counters
and the S161 and S163 are 4-bit binary counters. The carry
output is decoded by means of a NOR gate, thus  prevent-
ing spikes during the normal counting mode ot operauon

Synchronous operation s provided by having all flip-flops
clocked simuitaneousty SO that the outputs change coin-
cident with each other when s0 instructed by the count-
enable inputs and internal gating. This mode of operation
sliminates the output counting spikes which are normaily
associated with asynchronous (ripple ctock) counters. A
buttered clock input triggers the four flip-flops on the ns-
ing (positive-going) edge of the clock input waveform.

These counters are fully programmable; that is, the outputs
may be preset to either level. As presetting is aynchronous,
sefting up a iow level at the load input disables the counter
and Causes the outputs to agree with the setup data alter

e next clock puise regardiess of the leveis of the enabie
Input.

The carry look-shead circuitry provides for cascading
counters for n-bit synchronous applications without addi-
tional gating. Instrumental in accomplishing this tunction
are two count-enable inputs and a ripple carry output. Both
count-enable inputs (P and T) must be high to count, and
ieput T is fed forward to enable the ripple carry output. The
_fople carry output thus enabled will produce a high-level
NM puise with a duration approximately equal to the

pDM54S160/DM74S160, DM54S161/DM74S161,
DM54S162/DM74S162, DM54S163/ om7as163

high-level portion ot the Qg output. This high-level overflow

rippie carry puise can be used to enable successive cas-
caded stages.

Features

& Synchronously programmable

| Internal look-ahead for tast counting

8 Carry output tor n-bit cascading

8 Synchronous counting

@ Load control line

s Diode-ciamped inputs

8 Typical propagation tirhe. ciock to Q output 9 ns
@ Typical ciock frequency 70 MHz

® Typical power disstpation 475 mw

Absolute Maximum Ratings wote 1)
Supply Volitage

v
Input Voitage 5.5V
Storage Temperature Range -65°Cto 150°C

Note 1: The "Absolute Maximum Ratings” are those values beyond
which the satety of the device cannot be guar The cevice shouid
not be operated at these limits. The parametnc vaiues defined in the

Electncal Charactenstics” table are not guaranteed at the absclute
maximum ratings. The “Recommenced Operating Conaitions ' tabie will
detine the conditions for actual device operation.

Connection Diagram

RIPPLE
CARRY
vee OUTPUT Gy

lre Jis fie |is

Og O G T

Dual-In-Line Package

ENASBLE
LOAD

12 |1 fo ‘9

s [} 7 ]a
c D ENABLE GNO
P

TUFI64711

DM54S160 (J) DM74S160 (N)
DMS4S161 (J) DM745161 (N)
DMS4S162 (J) DM74S162 (N)
. ' DMS54S163 (J) DM74S163 (N)
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DM54S174/DM74S174, DM54S175/ bM745175
Hex/Quad D Flip-Flops with Clear

General Description.

These positive-edge-triggered flip-tiops utilize TTL circuitry
to implement D-type flip-tiop logic. All have a direct clear
input, and the quad (175) versions feature compliementary
outputs from each Hip-tiop.

Information at the D inputs meseting the setup ime require-
ments is translerred to the Q outputs on the positive-going
edge of the clock puise. Clock triggering occurs at a par-
ticular voltage levet and is not directly reiated to the trans:-
tion time of the positive-going puise. When the clock input

'S at either the high or iow level. the D input signal has no
eftect at the output.

Features

® S174 contan six flip-flops with single-rai outputs.
& S175 contain four Hip-fiops with double-rail outputs.
® Buttered clock and direct clear nputs

8 Individual data input to each flip-flop

B Applications include;
Butter/storage registers
Shift registers
Pattern generators
® Typicat clock frequency 110 MHz
® Typical power dissipation per thp-fiop 75 mw

Absolute Maximum Ratings (vote 1)
Supply Voltage

4l
Input Voltage 55v
Storage Temperature Range -65°Cto150°C

Note 1: The “Adsoiute Maximum Ratings™ are those values beyong
whICh the satety of the device cannot be Quaranieed. The device shoud
Nnot De operated at these iimits The parametric vaiues defined n the
“Electncat Charactenstics” table are noOt guaranteed at the adsohde
mMaximum ratings. The “Recommended Operaung Conditions™ tadle wil
dehine the conaitions for actual device operation

Connection Diagrams

Dual-ln-Line Package

vee os [+ oS o 23 G4 CLocx

16 15 14 13 12 1" 10 | 9

o—4¢
194
-4

' ' 2 3 . s . ? .

CLEAR Ot o1 o2 Q2 o3 Q3 GMD

TLIF164721
545174 (J) 74S174(N)
Function Table acn Fiip-Fiop)
Inputs Qutputs
Clear | Clock ] D Q at
L X X L H
H } H H L
H t L L
| ™ L X Qo go }

H = Fgh Level (steady state)

L = Low Level (steady state)

X = Don't Care

t = Transitson from low 10 high lever

Cg = The level of O before the ndicated steady-31a1e mpul CONGIons were

establshed.
1 = 6478 oniy

Dual-In-Line Package

e  os vse D3 5] G1 cLocx

1!6 lls ll‘ ‘IJ I!: IH [‘O '9

L
lins,

Iu lz ': |‘ 3 s lr s
CLEAR Q1 3] 1] o2 G2 02 GNnO

TUIFI64722
745175 (N)

548175 (J)

A
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DM5410/Dm7410  Triple 3-Input NAND Gates

General Description

This device contains three independent gates each ot
which performs the logic NAND function.

Absolute Maximum Ratings note 1)

Supply Voltage v
input Voltage 5.5v
Storage Temperature Range -65°Cto 150°C

Note 1: The “Absolute Maximum Ratings” are those values beyona
which the satety of the deviCe can not be Quaranieed. The device should
nol De operated at these timits. The parametnic values defined in the
“Elecincal Charactenshics™ table are not Quaranieed at the absoliute
maximum ratings. The “Recommended Operating Conditions’ table wil
celine the conditions lor actual gevice operation

Connection Diagram

Dual-In-Line Package

Yeo 3]

b lo

4 [ 1) a) Yy
1

[
1 \__Lﬁa

YL Fr§500-1

DMS410 (J) DM7410 (N)

Function Table

Y =ABC
T Inputs Output
lalBs|c Y
x| x|t H
ioX L X H
L X X H
H H H L

H = High LogiC Levei
L= Low Logic Level
X = Either Low or High Logic Leves
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DM5400/pm7400  Quad 2-Input NAND Gates

General Description

This device contains four independent gates each of
which performs the logic NAND function.

Absolute Maximum Ratings ote 1)

Supply Volitage
input Volitage
Storage Temperature Range

™
5.5v
- 65°Cto 150°C

Note 1: The "Absolute Mamimum Ralings are those values beyong
which the safely Of the geviCe Can nOt be guaranteed. The device shouid
not be operated at these Iimits. Yhe parametnc values defined in the
“Etectncal Charactenstics™ table are not Guaranteed at the absoluts |:
maximum ratings. The “Recommended Operating Conaitions™ tadie will |
define the CONGILIONS 10r actual device operalion

Connection Diagram

Dual-in-Line Package

' l: l: ] 3 's
Al [1] AAl a2 t2 v? (11}

TLIFI68131

DM5400 (J) DM7400 (N)

Function Table

Y = AB
Inputs Output |
A | B \
LooL Mo
L | H oo
H | L H 1
Mol Lo

M = righ Logic Levei
L = Low Logic Level
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DM5404/om7404 Hex Inverting Gates

General Description

This device contains six independent gates each of
which performs the logic INVERT function.

Absolute Maximum Ratings ote 1

Supply Voltage Ia'
Input Voitage 5.5v
Storage Temperature Range -65°Cto 150°C

Nole 1: The "Absoiute Maximum Raungs” are those values Deyona
whiCh the sately Of the CeviCe Can not be Quaranteed. The device should
nOt De Operated at these imits. The parametnc values defined in the
“Electrical Charactenstics”” 1able are not guaranteed at the absoiute
maximum ratings. The “Recommended Operating Conditions” table wili
detine the conaitions for actual devics Operation

Connection Diagram

Duat-In-Line Package

v, " ay v aa ve

SN PR O

A L]

TLFi6a94

DM5404 (J) DM7404 (N)

Function Table

Y=A
Input Output
A Y
L H
H L

H = High Logic Leve!
L= Low LOogiC Level
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- ]

DMS54166/ om74166 ~ 8-Bit Parallel In/Serial

Out Shift Registers

ngeral Description

These paraliel-in or serial-in, serial-out shift registers fea-
ture gated clock inputs and an overriding clear input. All in-
Puts are butiered to lower the drive requirements to one
normalized load, and input clamping diodes minimize
switching transients to simplify system design. The load
mode is established by the shift/load input. When high, this
input enables the serial dats input and couples the eight
tip-flops tor seriai shitting with each clock puise. When
iow, the paraliel (broadside) data inputs are enabled and
synchronous loading occurs on the next clock puise. During
parallel ioading, senai data tlow is inhibited. Clocking is ac-
complisheg on the low-to-high-ievei edge of the clock pulse
through a two-input NOR gate, permitting one input to be
used as a ciock-enable or clock-inhibit function. Holding ei-
ther ot the clock Nputs high inhibits clocking; holding either
low enables the other clock input. This allows the system
clock 1o be free-running, and the register can be stopped on

command with the other clock input. The clock-inhibit input
should be changed to the high level only while the clock
input i3 high. A butfered, direct clear input overrides gy oth-
er inputs, inciuding the clock, and sets alt tlip-Hops 10 zero,

Absolute Maximum Ratings ote 1)

Supply Voltage

v
Input Voitage 5.5v
Storage Temperature Range -65°Cto 150°¢C

Note 1: The "Absolute Maximum Ratings” are
which the safety of the device can not be guarant
NOt be operated at these hmits. The

< values deli in the
“Electncal Charactenstics™ tale are not guar d at the ad
maximum ratings. The "R [o] Conauti tabie will

b J
dehne the conaitions for actual device operation.

Connection Diagram

Dual-In-Line Package

X = 0oa t Caro (any wowm NCRenG I angutions)
,-hmlvoalovuww
a

PARALLEL PARALLEL INPUTS
SHFT WPUT QUTPUT e
YCC LoAD " 9 g F €
RGN KO T B R v ol |e
A,
1 2 3 - s e [ s
SERIAL A 8 4 [+) CLOCK CLOCK GNO
NOYUT INGRUT
PARALLEL NPUTS
TUF8854.1
54166 (J) 74166 (N)
Function Table
’ Input 7
—— e -
| " SNtt/ | Clock | Parallel | uteuts
. .
| Clear | T ea | nnibit Clock s.mn: ERER o Qn
L x ! x x x x L L L
H x L L X X Qa0 QB0 Qo
H L I L t X [ a.n a b )
’ H Mo } H i x H Qan QGn
I W H i L } Loox L Qan QGa
[ x | ow ' X | x Qa0 Qgo OHO
" & MOn Lover (staady siaie). L& Low Level {31000y sinie)

A = The evel of seedy-sisie mput o AOVIS A (WOuGh H fespectively

Cag Cpo- Qg = ™e wves o Oa. Og. Oy re300ctvery Botore Ine o ates

* wout were

Qas. OGa 2 Metevm o1 O, QG res0ecivery, betore e most recent | tranme:

Hoa of Ine Cloca :
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DMS5474/DM7474 Dual Positive-Edge-Triggered D

Flip-Flops with Preset, Clear

and Complementary Outputs

General Description

This device contains iwo independent positive-eage-
triggerea D thp-tiops with compiementary outputs. The
information on the D input 1S accepted by the tip-tlops
on the positive going edge ot the clock puise. The trg-
genng occurs at a voltage level and 1s not girectly
related to the transition time of the nsing eage of the
ctock. The data on the D input may be changead while the
CIOCKk 1S low or nigh without attecting the outputs as
long as the gata setup and hotd t:mes are not violated. A
low i0giC tevet on the preset or clear inputs will set or

reset the outputs regargiess of the 1ogic leveis of the
other inputs

Absolute Maximum Ratings (ot 1,

Supply Voitage

v
Input Voitage 5.5v
Storage Temperature Range -65°Cto150°C

Note 1: The “Absoiuie Maximum RaNgs” are those values beyong
~MICh tne salety Of the OeviCe Can NOt BE QUATaNIeed. The Gevice shouid
nOt be operated at iness mits. The paramelnc values dehined in the

Electricai Charactenstics” taDie are not Quaranieed atl the adsolute
manmum ratings. The “Recommenaea Operating Conamions™ tabie wii
cetine the condilions 1or actual device Coeralion

Connection Diagram :
Dual-In-Line

(4L 4 22

e}

Package

[LF]

1 (4T R} (LY Q1 ar (11}
TLF 65261
DMS5474 (J) DM7474 (N)
Function Table

Inputs Qutputs

PR CLR CLK Djia a

L H X X H L

H L X X L H
L L X X H* H*

H H ! H H L

H H ! L L H

H M L X Qo Qo

M= High LOQIC Lavel

X = Either Low of High Logic Level

L= Low Logic Levei

i = Positive-going transition of the clock.

* = This configuration 1s nonstabie; that s, it will not persist when either
the preset ana/or Clear 1nputs return to thewr inactive (Mign) level.

Qg = The output iogic tevel of Q belore the indicated input conditions

were 8stablished




PIN CONFIGURATION
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