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DESCRIPTION

The video logic board produces video signals for an internal
(in the All-In-One model) or external (Low-Profile model) video
monitor. (An external monitor is also used with the All-In-One
model for color displays.)

Signals available include composite monochrome video, com-
posite sync, horizontal sync, vertical sync, and three planes
of noncomposite video for use with RGB type color monitors.

The normal display format is 25 rows of 80 characters, with
each character consisting of an 8 wide by 9 high character
cell. However, as the video board uses bit-mapped pixel dis-
play technology, character cell boundaries are arbitrary and
the display may be more generally thought of as a 640 x
225 pixel graphics display. Also, the video board may be pro-
grammed for nonstandard alternate formats, including inter-
laced displays of up to 640 x 525 pixels or multipage displays.
Some nonstandard formats will require 64K video memory
chips.
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PICTORIAL 4-1
Video Logic Circuit Board
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USER OPTIONS AND JUMPERS

Refer to Pictorial 4-1 as you read the following information.

Circuit Board Jumpers

The video logic circuit board jumpers perform the following

functions:

J301

J302

J303

J304

Selects the polarity of the vertical sync signal for
the internal monitor. Putting the jumper on the “—"
marked side selects negative polarity. This is its
normal position.

Selects the polarity of the horizontal sync signal
for an external RGB monitor. Placing the jumper
on the “+” marked side selects positive polarity.
H is the normal position.

Selects either composite sync or vertical sync for
the external RGB monitor. Placing the jumper on
the “V” marked side selects vertical sync. This is
the normal position.

Selects the polarity of the synchronization signal
selected by J303. V/C is the normal position.

J305 & J306 — These jumpers select color or black and

white video. For color, both jumpers must be on
the side marked “RGB.” For monochrome, both
jumpers must be on the side marked “G.” When
you are using color, all three RAM banks are ena-
bled and must have RAMs installed. For mono-
chrome, only the green bank is used.



Page 4.4

USER OPTIONS AND JUMPERS

J307 — This jumper allows for different types of RAM to
be used.

1. If the jumper is placed on the side marked
“LOW 32K", lower 32K type RAM chips are
selected.

2. If the jumper is placed on the side marked
“64K”, 64K type RAM chips are selected.

3. If no jumper is installed, upper-type 32K RAM
chips are selected.

Black Level Control

This control (R307) should be set initially at the 1 o’clock posi-
tion, as shown, and then adjust (if necessary) for a desired
display. You do not need to readjust this control if you are
using a monitor that has its own black level control.

Contrast Control

Set this control (R301, not installed on all units) fully coun-
terclockwise.
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THEORY OF OPERATION

General Theory

The video logic board signals produce 25 lines of characters
on the display screen with 80 characters per line. The board
also controls the display colors or gray scales, depending on
whether a color or monochrome display is used, and it con-
tains the light pen circuitry.

NOTE: In the following description, the 25 character lines are
numbered 0 through 24 and the 80 characters per line are
numbered O through 79.

Matrix Scheme

Pictorial 4-2 (Fold-out from Page 4.2) shows the 225 horizon-
tal scan lines, produced by the video deflection circuits, that
make up the video display on the screen. These 225 scan
lines are logically grouped so that every nine scan lines func-
tion together to produce one character line. (See the inset
drawing.) The result of this grouping is 25 character lines on
the screen (225/9 = 25).

Each of the 25 character lines can display 80 characters. As
shown in the inset drawing, each character is made up of
72 dots (called pixels) from an 8 x 9 pixel matrix (8 X 9
= 72). The character that is displayed depends on which
pixels are turned on. In the inset drawing, the proper pixels
are turned on to display the number 7.

Each pixel has an address in memory and can be turned on
individually. Font tables, which define the shape of each char-
acter, are contained in the ROM and are down-loaded into
system RAM during the boot sequence. Each character in
the font consists of nine 8-bit bytes of data (8 x 9 = 72
bits). Therefore, by changing a character's font data bytes,
a character can be redefined to any one of 2 to the 72nd
power character shapes.

The present font is arranged as shown in the ASCII chart
in the “Programming Data” section of this Manual (Page
10.31).
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THEORY OF OPERATION

After a keyboard key is pressed (“7”, for example) and soft-
ware determines that it is time to display the character, the
main microprocessor obtains the nine bytes of data that define
the character’s shape from the “7” entry in the font table and
places these nine data bytes in proper locations in video mem-
ory. [The memory locations to modify are a function of which
character row (0-24) and column (0-79) the “7” is to appear
at.] Then, when the display scan lines are refreshed by read-
ing the contents of video memory, the character will be prop-
erly displayed on the screen along with any other characters
that have been entered.

Color Display

To produce color, a separate memory plane (array) of video
RAM is used for each of the three main colors: red, green,
and blue. All the bytes of video RAM that describe a particular
color are organized sequentially in 64K (or possibly 32K) byte
pages of RAM. The pixel seen on the screen is essentially
composed of three superimposed pixels, one in each color
plane. Since each of the three color pixels may be on or off,
eight different colors are possible. The colors and how they
are generated is as follows:

0 — That color pixel is off
1 — That color pixel is on

Green Red Blue

0 0 0 — Black, no pixels on
0 0 1 - Blue

0 1 0 - Red

0 1 1 — Magenta

1 0 0 - Green

1 0 1 - Cyan

1 1 0 - Yellow

1 1 1 - White
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THEORY OF OPERATION

General Theory

If you only want monochrome, you need only one of the three
memory planes. Green is used because the green gun is set
for greatest intensity for proper color displays.

if a monochrome display is used with the three memory
planes, eight levels of intensity (brightness) can be produced,
which corresponds to the above colors. White is the most
intense, and black is the least intense.

Light Pen

The light pen is a light detector rather than a light generator.
When the pen is turned on and held against the screen, it
produces a pulse when the first pixel within its scope is turned
on. When this pulse is generated, the present byte address
is saved and decoded, and the precise pixel location is re-
membered.
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THEORY OF OPERATION

Detailed Theory

When software determines that it is time to display a charac-
ter, the main processor (8088) obtains nine bytes of data that
define the character's shape from the font table and places
the bytes in proper locations in video memory (VRAM). Then,
when the display scan lines are refreshed by reading out of
video memory, the character will be properly displayed on
the screen.

The following pages describe, in detail, how the above video
logic functions are performed. The description will first discuss
a simple character - generator based video system and then
build into the more complex bit-mapped system used in the
Z-100 family of Computers.

Basic Video System

Refer to Pictorial 4-3. The Pictorial shows a basic video sys-
tem for a 25-character line display that has 9 scan lines per
character line and 80 characters per character line.

The microprocessor places a byte of data in the 2K x 8 char-
acter RAM for each character on the screen (80 x 25 =
2000). Each data byte represents one of the 128 characters
in the character generator ROM, where each of the 128 char-
acters is itself defined by nine data bytes.

The CRT controller (CRT-C) systematically interrogates the
character RAM with its 11-bit character counter. It selects
character after character until all 80 characters in the row have
been selected. During this time, the CRT-C 4-bit scan line
counter has selected the first scan line. As each of the 80
characters in RAM is selected, its 7-bit code selects the proper

character in the character generator ROM. That character’s
top byte (part of the first scan line) is shifted out to the video

deflection circuits and displayed on the screen. The CRT-C
selects these 80 characters and the first scan line is displayed.

"N\
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Then the CRT-C selects these same 80 characters again and
again, as the 4-bit scan line counter selects one scan line
after another until all nine scan lines of the first character
row are displayed. Then the 4-bit scan line counter starts over
and the 11-bit character counter selects the next character
row in memory. This continues until all the character rows
have been selected and the screen is fully displayed.

If reverse video has been selected, then the complement of
each bit is sent to the video generation circuits.
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Conversion From Character-Based
To Pixel-Based Display

Refer to Pictorial 4-4 (Fold-out from Page 4.8). If we combine
the 4-bit scan line address with the 12-bit video refresh ad-
dress, then a 16-bit address is produced as shown. Also, if
we increase the RAM size to 32 kilobytes, we have enough
memory to store not only every character (80 x 25 = 2000
bytes), but all nine bytes of every character (80 x 25 X 9
= 18000 bytes).

When a program prints a character, all nine bytes of the char-
acter’s font pattern are looked up in memory and stored in
the 32K x 8 video RAM. Color is achieved by superimposing
two other 32K x 8 RAM “pages.” These three pages of RAM
are used for the red, green, and blue colors. If 64K RAMs
are used, the contents of two screens can be placed in mem-
ory. As shown, each section of RAM has its own shift register.

Notice that the microprocessor is now connected directly to
video RAM. This is so it can write data into the RAM, read
data out of the RAM, and select various RAM options that
are discussed later.
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Actual Theory

The following paragraphs describe the actual video operation
of the Z-100 family of Computers. As shown in Pictorial 4-5,
the video logic board consists of:

A CRT controller.

A video RAM mapping module.
Three video RAM planes (arrays).
Light pen circuitry.

The video RAM mapping module receives addresses from
the 8088 microprocessor and changes these addresses into
actual video RAM addresses. The address change is done
to simplify software.

As shown in Pictorial 4-6, one of the sections of CPU address
memory that is not used is “Area B.” The RAM mapping mod-
ule changes the CPU addresses into a more compact se-
quence such that only the “Displayed Area” data of Pictorial
4-6 is placed in video RAM and the nondisplayed area, “Area
B,” is ignored.

in Pictorial 4-5, video information is shifted out of video RAM
and sent to the video deflection circuits or monitor while the
CRT-C sends the sync and timing signals. These RAM signals
consist of the data to be displayed on the screen and the
sync and timing signals that are necessary to start new scan
lines.

The video RAM planes consists of 32 or 64 kilobytes of RAM.
The RAM holds one or two screens (with 64K parts) of data
that is shifted out and displayed on the screen.
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THEORY OF OPERATION

Actual Theory

CRT-C (CRT Controller)

The screen is updated 60 times per second (when set for
60 Hz), with data (characters) from video RAM. During a
sweep of the display beam, the CRT-C generates video RAM
address VRAMA2 (see Pictorial 4-5) and reads a byte repre-
senting eight pixels. Once these pixels are displayed, the
CRT-C automatically advances to the next byte that describes
the next group of eight pixels. This process continues until
the scan line is completed.

Each byte of video RAM represents eight pixels on the display.
Three superimposed bytes are required to fully specify a color
pixel. However, for now, consider each pixel to be simply
monochrome.

The video RAM address (VRAMAZ2) is a 16-bit address. Bits
0 through 3, called R3-R0, make up the scan line counter
and bits 4 through 15, the memory refresh address MA11—
MAO, select the bytes that make up the scan line when the
screen is refreshed.

The organization of these scan lines and memory refresh
lines, as seen by the CRT-C controller, is crucial to under-
standing the memory organization. They are organized as fol-
lows:

M A1 ! ——— e — — = MAO RS' RO

This 16-bit address is presented directly to the video RAM.
The CRT-C increments the memory refresh address (MA11-
MAQ) from the first character address of the line to the last
character address of the line for the first scan line. The scan
line address, R3-R0, is then incremented. The memory refresh
address is then incremented once again from that same first
character address to the final character address for the sec-
ond scan line. This is repeated until all nine scan lines for
the character line have been displayed.
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CPU ADDRESS SPACE {HEX)

coL col col
0 0 79 127
Lineo [0 aF |50 7F
LINE1 |80 DISPLAYED AREA cr oo FF
LINE 2 | 100 14F | 150 17F
AREA 'B'
NON-DISPLAYED
AREA
coL coL
47 48
LINE 400 c800 cs2r |c830 csar [c8s0 C87F
LINE 415 CF80 CFAF {CFBO cFcF |cFpo CFFF
LINE 416 pooo
AREA A’
LINE 510 | FFo0 Frar | Frso FFTF
LINE 511 | FF80 FrcF | FEDO FFFF
64K

NOTES:

1. The boundry between the displayed and the non-displayed areas

varies in address depending on the screen mode (9 lines per
character, 16 line graphics, etc.).

2. In a system with 32K RAM's installed, areas 'A' and ‘B'
wrap back into the displayed 32K space.
3. 1In a system with 64K RAM's installed, areas 'A' and 'B° are

addressed by setting the address latch to 80H (assuming the
start address is gd),

CRT-C MAPPED ADDRESS SPACE

0

DISPLAYED
AREA

NON-DISPLAYED
AREA

TFF0Y 8000

7FFF | 800F

AREA 'A’

AREA 'B’

FFFF

64K
{(if present)

PICTORIAL 4-6

Video Memory Layout
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THEORY OF OPERATION

Once all the scan lines for the character line have been sequ-
enced through, the base address for the memory refresh ad-
dress (MA11-MAO) is advanced to the first character of the
next line. This process is repeated until all lines have been
displayed on the screen, at which time vertical retrace takes
place. After retrace, the memory refresh address is
reinitialized to its start address, and the process repeats.

The CRT-C is programmed for nine scan lines per character,
80 characters per line, and 25 character lines per screen.
The addresses shown in Pictorial 4-7 are generated by the
CRT-C for each given group of eight pixels (byte of video
RAM).

1st 2nd 3rd 80th
Char Char Char Char
Column Column Column Column
1st Char, Ist Pixel Row 0 16 32 e e 1264
1st Char, 2nd Pixel Row 1 17 T 1265
1st Char, 3rd Pixel Row 2 18 7 1266
Ist Char, 4th Pixel Row 3 19 35 i e 1267
1st Char, 5th Pixel Row 4 20 36 it 1268
1st Char, 6th Pixel Row 5 21 N 1269
Ist Char, 7th Pixel Row 6 22 38 e 1270
Ist Char, 8th Pixel Row 7 23 30 i i 1271
Ist Char, 9th Pixel Row 8 24 40, e 1272
2ndChar, 1st Pixel Row 1280 1296 PN 2544
1281 1297 e 2545
1282 1298 Lo, e 2546
1288 1304 e, 2552
3rd Char, Ist Pixel ROW 2560 ... u'rumrssesenmennnnnn. 3824
25th Char, 1st Pixel Row 30720 30736 Peetesersaereteanns 31984
25th Char, 9th Pixel Row 30728 30744 ... .v.euuernnnn... 31992
Ist character 0*16 1°16 2°16 .iiiieenn.. 79°16
0°16+1 I°16+1 2*16+1. .00, 79°16+1
0°16+2 1¢16+2 2°16+2. i 79°16+2
0°16+3 1°16+3 2°16+3. .. 79°16+3
0°16+4 1°16+4 2°16+4. .. i 79°16+4
0°16+5 1°16+5 2°1645. i 79*16+5
0°16+6 1°16+6 21646, 0enennennnn 79*16+6
0°16+7 1°16+7 2°16+7. ceninnnnnn. 79°16+7
0°16+8 1°16+8 2°16+8. ... .00, 79°16+8
PICTORIAL 4-7

CRT-C Memory Addressing
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In general (assuming the start address is 0), the address of
byte “c”, scan line “s”, and row “r’” would be:

r x 80 + ¢ X 16 + s

rowr, 0<£r<24
scanlines, 0<'s<8
characterc, 0 £ c¢c <79

One way to scroll the text on this bit-mapped video system
would be to move the bytes from one location to another.
By moving each byte to the address 128 bytes lower than
itself, the entire screen would be effectively scrolled one scan
line. (The last scan line should be zeroed to avoid displaying
incorrectly initialized memory.) However, this method is not
used because of insufficient microprocessor speed and
screen ripple.

Scrolling is achieved by adding 1280 bytes (80 x 16) to the
start address. The CRT-C begins refreshing the screen from
what would normally be the second character line, but displays
those characters on the first character line. If the CRT-C pa-
rameters have not been changed, an additional line will be
displayed at the bottom of the screen as scrolling occurs. Nor-
mally, the bottom line is zeroed by the microprocessor during
vertical retrace before the start address is advanced. This
keeps uninitialized data from being displayed.

Because the start register is modified during vertical retrace,
no characters are displayed at this time, which avoids a
momentarily jumbled screen generated from a partially up-
dated start address. To provide vertical synchronization, a
video board interrupt is generated.
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TOTAL DISPLAYED
SCAN SCAN
LINES LINES
0 0

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9

391
392
393

399

LINES NOT DiSPLAYED

\ctual Theory

Video RAM Mapping Module

As shown in Pictorial 4-2, the rows are numbered 0 through
24 and the characters, or columns, are numbered 0 through
79. The 225 horizontal scan lines are numbered O through
224, and the 640 columns of pixels are numbered 0 through
639. See Pictorial 4-8. Consequently, each byte (which
specifies eight pixels) is numbered horizontally 0 through 79.

HORIZONTAL <

SCAN LINES

0 BYTES 79
00 PIXELS 639

224

Pictorial 4-8
Scan Line And Pixel Numbering
Using the physical addresses shown in Pictorials 4-7 and 4-8
would make programming difficult. Therefore, to simplify
things, the video RAM mapping module remaps the video
RAM as seen by the 8088 so that pixel addresses are constant
without regard to scrolling, and appears in the following chart.

BYTES
Row 0: 012.. 79
Row 1: 128,129,130 ... 79+ 128
Row 2: 0+(2*128),1 + (2°128),2 + (2*128), ... 79+(2*128)
Row N: 0+ (N*128),1 + (N*128),2 + (N*128), ... 79+ (N*128)
Row391:  0+(391%128),1+(391*128),2+(391*128), ... 79+ (391*128)

Row392:  0+(392*128),1+(391*128),2 +(392*128),... 79+ (392*128)
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B odsion] "Thee
Actual The

Notice that there are “holes” in the addressing map. These
holes correspond to the characters 80 - 127 of each row.
Since these are illegal character numbers for each row and
will not be displayed, you should avoid these addresses. Using
them may inadvertantly modify pixels of VRAM which you do
not intend to modify. Also, notice that whole lines, 9 through
15, 25 through 31, etc., are not displayed. The last displayed
line number is 392 (decimal). These nondisplayed line addres-
ses may be used.

The video RAM mapping module reorganizes the video RAM
addresses. It first shifts the X coordinate (horizontal byte
index) lines left by four bits. This effectively multiplies the X
value by 16. In Pictorial 4-9, the X coordinate is shown split
into two pieces to emphasize that both parts are subsequently
treated differently. Since the number of bytes per line is 80,
the low 4 bits of X range from 0 to 15 five times. Because
80 is a multiple of 16 (5 x 16 = 80), they do so evenly.
The high 3 bits of the X coordinate range from 0 through
4 for each line of bytes.

Referring back to Pictorial 4-7, we see that consecutive bytes
along the scan line of video RAM are consecutive multiples
of 16 plus the scan line within the character index. By shifting
the low order 4 bits of the Y coordinate (vertical coordinate,
that is the scan line) into the low order 4 bits of the output
address just vacated by shifting X ieft, we effectively add in
the “scan line counter” component of the video RAM address
as generated by the CRT-C.
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Remembering that X is less than 80, you see that the high
address byte does not “sequence” nicely. As sequential hori-
zontal byte addresses are generated for each scan line, the
values being generated for the high byte of the address (be-

fore they enter the mapping ROM) are:

X Y A E ROM(A)

00000000 0,0 OOH | OOH 0,0
00000001 0,1 O1H ' O1H 0,1
00000010 0,2 02H I 02H 0,2
00000011 03 03H ' 03H 0,3
00000100 0,4 04H ¢ 04H 0,4
00001000 1,0 08H ' 05H 0,5
0000100 1 11  09H I o6H 0,6
00001010 1,2  OAH : 07H 0,7
000010 1 1 13 OBH | 08H 1,0
00001100 1,4 OCH | 09H 1,1
00010000 20 10H I OAH 1,2
00010001 21  11H ! OBH 1,3
00010010 22 12H : OCH 1,4
00010011 23 13H | ODH 1,5
00010100 24 14H | OEH 1,6
00011000 3,0 18H | OFH 1,7

The mapping ROM converts one steadily increasing sequence
of addresses into a more compact sequence of similar in-
creasing addresses. The mapping ROM takes the data value
presented at its input address and outputs the 8-bit value
found that corresponds to this internal address. In this way,
the “holes” in the logical address space are removed.
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Several mapping samples are shown below.

Y (row index)
X (column index)
VRAMA1 address

l F(VRAMA1)
0 0 0000H 0000H
0 1 0001H 0010H
0 2 0002H 0020H
0 79 004FH 04FOH
1 0 0080H 0001H
1 1 0081H 0011H
1 2 0082H 0021H
4 0 0200H 0004H
15 0 0780H 000FH
15 79 07CFH 04FFH
16 0 0800H 0500H

The above table shows the address output based on the
value input. It also shows that once all the legal input address-
es have been assigned to their corresponding sequential out-
put addresses, the remainder of the physical, or CRT-C RAM,
addresses are assigned sequentially to the logical holes.
Since 50H is the first illegal value for the byte of the logical
address, it is assigned the address of the first illegal CRT-C
address (based on the assumption of 512 lines of 80 bytes).
Note that these addresses are assigned sequentially in col-
umns 5-7 and D-F much as the logicals are assigned in col-
umns 0-4 and 8-C.
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The full address generated out of the mapping ROM reor-
ganizes the conventional notation into the desired CRT-C ad-
dress. The 8-bit adder is used in scrolling the screen by ad-
vancing the start address. Once the start address is advanced,
the data representing the line on the screen is in a different
physical address. It is in the place where the old representa-
tion for character line 2 was (since it, in fact, is the old rep-
resentation for character line 2). It is important to understand
that data itself does not move. For this reason, the last line
on the screen may be in what now is “scrambled” memory.
Refer to Pictorials 4-6 and 4-9 and consider the following:

CPU Address Space CRT-C Mapped

Address Space
cotL coL cot
0 79 127
LNO
KDDRESS SCREEN "OATA.
SPACE DATA DATA
LN 24

Once the start address is advanced, the new boundaries are
as follows:

SCREEN SCREEN
DATA DATA

The data the represents the last line is in a scrambled data
area. For this reason, the adder was added to translate the
physical addresses.
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By translating the physical address, it is possible to move
the mapping function along so that it operates on consecutive
“lines” of RAM. The use of this adder is analagous to that
of a magnifying glass. The magnifying glass makes a small
portion of text easier to read by enlarging the print. The video
RAM mapping module has, up to this point, made video RAM
easier to address. To reference data outside the area of the
magnifying glass, it is simply moved to the new data area.
Once the screen image has been “effectively” moved, as is
essentially done when the start address of the CRT-C is ad-
vanced, the mapping function must be moved.

When the adder is correctly initialized and maintained, the
bytes representing line 25 are always in the same logical
address. This frees the software routines from maintaining
a pointer and indexing into the screen data based on the start
address. All references to a particular line of data are fixed
with respect to the 8088. Furthermore, since the video RAM
mapping module is between the 8088 and video RAM, its
operation/maintenance do not affect screen refresh in any
way. It must only be maintained for easy references to the
CRT-C RAM from the CPU.

Pictorial 4-9 shows an 8-bit adder. This adder has been dis-
cussed as though it were a full 16-bit adder. In concept, it
is. An 8-bit adder is sufficient, however, because the value
to be added to this address will always be a multiple of 80"
16=5%16"16 =5"256. In the implementation, adding n*(5*256)
to the address is equivalent to adding n*5 to the high order
byte of the address because multiplication by 256 is equivalent
to shifting left by eight bits. This does assume that the start
address will also be a multiple of 80*16. If the start address
is initialized to 0, subsequent scrolling operations can maintain
it as a multiple of 16*80.

The bits inside each byte of video RAM are mapped to pixels
as follows:

bit

NE— =
Né— o

Ly

NE— O
wWE— b

¥

pixel
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This means that the value of the byte to turn on the following
“x” marked pixel would be one.

0000000X
Similarily, 85 (55 hex) would turn on the following pixels:
0X0X0X0X
To display the pixel in the upper left-hand corner of the screen,
128 (80 hex) would be stored in address 0 of video RAM.
The displayed byte would look like:

X0000000
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Video RAM

Each of the three video planes reside in a distinct 8088 64K
byte segment. The green plane is at address EQ000H, the
red plane is at address DOOOOH, and the blue plane is at
address COOO00H. In a monochrome system, the green plane
is used because video conventions dictate that this plane be
of highest intensity. This provides sufficient intensity levels
on the monitor without the sensitivity levels being overad-
justed.

The planes are organized in decreasing order of relative inten-
sity, with the highest - green - at the top of the available mem-
ory space. (The plane addressed at FOOOOH is reserved for
ROM.)

With a monochrome monitor, eight levels of intensity are avail-
able with all the video RAM installed. Each level of intensity
corresponds to one of the possible colors previously men-
tioned; white is brightest and black is darkest, no pixels on.
Green is 59% of full luminescence, red is 30% of full lumines-
cence, and blue is 11% of full luminescence. In the generation
of intensity levels, the luminescence levels add algebraically
so that magenta, being composed of red and blue, is 41%
of full luminence.

Because each intensity level corresponds to a color, intensity
levels and colors are identical from a software point of view;
color produces intensity levels and intensity levels produces
color.

Normally, all three video RAM planes are used to update the
screen. However, three bits have been provided to disable
the displaying of individual video RAM planes. The displaying
of one, two, or all three of the planes can be disabled.
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Another bit totally disengages all planes of video RAM from
the CPU. When disengaged, the CPU can neither write to
nor read from VRAM. This makes sure that VRAM does not
conflict with the boot ROM. Note that though the RAM may
be disengaged from the CPU, any enabled planes will be dis-
played on the monitor. Also, when video RAM is enabled and
accessed, the “PHANTOM?” line is asserted on the S-100 bus.

The remaining bits associated with the video RAM are all de-
signed to optimize various software functions. The first of
these is the “plane write” bits. These allow you to access and
modify multiple planes of RAM simuitaneously.

There is one write bit for each of the three VRAM planes
- red, green, and blue. When all of the bits are set high,
writing to any of these planes affects only that plane. However,
if the write-green bit is set to zero, any writes to the red or
blue planes will be made to the green plane also. But, if only
the green plane is written to, only the green plane will be
changed. Also, the write bits have no effect on the read opera-
tions of any plane.

Write bits can be used to produce colored characters on a
black background. Just set the write bits to the appropriate
combinations for the desired color and write the character to
one of the planes. Note, however, that the pixel patterns of
the planes must be identical or this mode may not be used.

Write bits can also clear a screen. If you set all the write
bits to zero (active low), all the video planes can be zero’'ed
at once. Setting the planes to a selected background color
requires at most two passes. The first pass might zero all
planes, and the second one would write all “ones” to the
planes that make up the background color. For example, to
set the monitor background color to magenta, set write-green
and write-red to zero. Then clear the blue plane by zeroing
all the bytes. Next, clear the write-red bit to zero and set write-
blue and write-green to one. Writing all “ones” to the blue
plane will write these same patterns to the red plane.
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There are two other bits that control screen functions. These
two bits may be used to clear the screen without explicitly
modifying each byte of the plane with a memory modification
generated by the 8088. These bits do not work in conjunction
with the write bits and, in fact, override them. They also over-
ride the VRAM enable bit, the FLASH bit, and the three plane
enable bits. While the clear screen bit is set, each bit of each
byte of video RAM addressed by the CRT controller is set
to zero or one, depending on the value of the screen’s set
polarity bit. All planes are quickly modified by this mode and
should be used carefully.

Light Pen
General Theory

The light pen is actually a light detector. It detects light and
provides a pulse compatible with the logic used in the Com-
puter. If this pulse is used to latch the position where the
light pen hit occurred, the software can modify the correspond-
ing memory location and produce the desired resulits.

The CRT controller (CRT-C) used in the Z-100 has the provi-
sion only to store the character number (relative position of
the character where the light pen hit occurred with respect
to the top left-hand corner of the screen). External circuitry
is provided on the video board to also store the scan line
number of the character and the pixel position within that line
(byte). Thus, the light pen circuitry is capable of resolving a
single pixel within the array of 640 x 225, or 640 x 450
pixels when in the interlace mode. This assumes, of course,
that the light pen used is sensitive enough.



Page 4.25

THEORY OF OPERATION

Technical Description

Most light pens, in addition to providing a pulse from a detec-
tor, also provide a switch. U134-B (LS14, pins 3 & 4, located
on the main circuit board) buffers the switch input and feeds
it to U114 pin 8 (PA6 — bit 6 of port A of 68A21). Software
can poll this input and detect whether the switch is closed
or open, and proceed accordingly.

Light pen connector J4 has three more pins in addition to
the switch mentioned above. Two pins are for power; ground
and Vcc (+5V). The remaining pin is for the pulse output
from the light pen. U134-C(LS14, pins 5 & 6) buffers this sig-
nal.

Most pens produce a negative-going pulse. Therefore, inverter
U134, pin 6, is used to provide the necessary positive-going
pulse _{ 1. . An additional inverter is provided (U134, D)
in case the pen generates a positive-going pulse. J103 is a
3-pin jumper which selects the positive- or negative-going
puises.

The positive-going pulse is fed to the clock input of U131
pin 3 (74ALS74). The CLR input of that flip-flop (pin 1) is
driven by U114 pin 9 (PA7 — bit 7 of port A). If this bit is
cleared to zero, the flip-flop will stay cleared and the Q output
will not generate the LTPNSTB (light pen strobe) signal.

Assume that this bit is set to one (1). Since the data input
of the flip-flop (pin 2) is tied to +5 volts through a resistor
(marked HI1 in the schematic), the fiip-flop is ready to be
clocked. When a positive-going pulse is fed to the clock input,
the Q output will be set (logic high); so the LTPNSTB signal
will make a positive transition _f— . Subsequent light pulses
will not affect the output until the software clears the flip-flop
by toggling its clear input.
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The LTPNSTB signal is applied to video logic board U362
pin 12, the D input of a 74ALS74 flip-flop. This is synchronized
by video clock signals and the final output is taken from U356
pin 9 (the Q output of the flip-flop). The signal is then applied
to U330 pin 3 (CRT-C — LPSTB input). When a positive transi-
tion occurs on this input, the CRT-C latches the value of MAO-
MA13 in the internal registers. (Refer to the Device Data Sheet
for HD 68A45 for more details.) This, in essence, is how the
CRT-C stcres the character position.

The scan line value and a pixel position within a given byte
are still needed. U356 pin 5 synchronizes LTPNSTB with
video DOT CLK to generate PENSTBD (pen strobe delayed),
which is fed to U315 — 74LS374 — an octal flip-flop. Four
of its inputs are RAO-RA3. Hence, on the occurrence of
PENSTBD, these four bits will be clocked into U315, which
can be read out by software. (The information is available
on the most significant nibble, D4-D7.) U324 is a counter confi-
gured as a “DOWN COUNTER”. It's outputs, DOTO0-2, are
also fed into octal register U315. Hence, the signal PENSTBD
will clock these three bits also. Therefore, U315 will provide
the scan line number as well as pixel position within a given

byte.
Software Considerations

For the following discussions, you should first read the de-
scription of the mapping of the video memory from the CPU
and CRT-C points of view presented earlier in this section.

Once the light pen hit has occurred, the problem is how to
find the pixel position on the screen and how to find the corre-
sponding memory location. Refer to the Device Data Sheet
for the 68A45 for reading the internal registers. First, read
the high and low bytes of the LIGHT PEN ADDRESS REGIS-
TERS (R16 and R17). Then read the START ADDRESS high
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& low bytes (R12 & R13), and subtract the latter from the
former.

CHARACTER POSITION =
= LIGHT PEN ADDRESS + START ADDR

For example, if you get 01EDy for the LIGHT PEN and 01404
forthe START ADDRESSES, then:

Character position = 01EDy
— 01404
0ADy

O0ADy (173 decimal) is the character position. A correction
factor needs to be applied and we will discuss it later. Since
the CRT-C is programmed for 80 characters per row, dividing
the character position by 80, the quotient and remainder will
tell us the row and the character number within that row where
the light pen hit occurred.

Example: OADy 173
50y 80

024 = QUOTIENT = 2
0Dy = REMAINDER = 13

0 1 aF
ROW 0 | 000 | 001 04F
Row 1 | 050, ] 051, _o_c;__ED_H_"oEI_I"_" 09F
row 2 [0a0,[oaL | Toap,

This means the light pen hit occurred on row 2 (3rd row) and
character number 13 decimal (ODy, 14th character).

Now, by reading the light pen port, one can get the scan line
number (D4 — D;). Let us assume that the value is 6. Now
all there is left is to find the corresponding memory location.
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Recall that the 16-bit memory value for VRAM is organized
as follows:

CHARACTER NUMBER
WITHIN A GIVEN ROW

SCAN LINE NUMBER

ROW NUMBER
In this example, CHAR # = 0Dy
SCANLINE # = 06y
ROW # = 024
g2, g, D)
HEEEEEEEEEEEEEEN
1 3 0 D

This translates into memory location
130Dy

Within the byte addressed by 130Dy the pixel position can
be obtained byreading the light pen port bits 0-2.

The above computation assumed that no correction was in-
volved. Recall that we mentioned earlier that a correction is
needed to be done on the number we get by subtracting
START ADDR from LIGHT PEN ADDR. This is due to the
fact that a definite amount of delay is involved in the monitor,
light pen, and video circuitry; which is approximately 2 to 5
character times. Therefore, we need to find out for a given
system what this correction factor is and then subtract this
number from the calculated value. Proceed with the computa-
tion of the memory address only after you make this correc-
tion. (For example, we might have gotten the character posi-
tion value as 0B2, and apply a correction of 5. Then:

0B2y — 054 = OADy
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Port Addresses

The information in this section concerns the video logic circuit
board only and is for the experienced programmer. Program-
ming information for the entire system is contained in “Program-
ming Data” toward the end of this Manual.

The following chart lists the port addresses for devices that are
located on the video logic circuit board. A more complete list
can be found in the “Programming Data” section in the rear of
this Manual.

Device Name Port Address

6845 CRT-C DD - RegisterRO-R17
—6845 CRT-C DC  Address register
Video 68A21 DB Control portB
—Video 68A21 DA  Addresslatch
—-Video 68A21 D9 Control portA

—Video 68A21 D8 /0 port
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Modifying the Video Control Register

NOTE: It is assumed that the CRT-C (68A45) and the CRT
I/O control port (68A21) have been correctly initialized.

The I/O port address for this control port is D8 hex.

The upper four bits (D7 — D4) control the CPU access of
video memory (VRAM). The lower four bits (D3 — DO) have
nothing to do with VRAM access, but instead control what
is displayed on the screen. That is, they control the data com-
ing out of the VRAM that is applied to the pixel control logic.
It should be emphasized that the most significant nibble and
least significant nibble of the control port D8 (hex) have no
mutual interaction; control of CPU access of VRAM is inde-
pendent of control of video display.

All bits are active low; zero “0” is TRUE and one “1” is FALSE.
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The memory map of the three planes is as follows. Addresses

are in hex.
Green: OE0000 ——  OEFFFF = 64K
Red: 0D0000 —-  ODFFFF 64K
Blue: 0C0000 ——  OCFFFF = 64K
DO 0- Enablesred plane
1 — Turns off red plane }
D1 0- Enables green plane
1 — Turns off green plane }
D2 0- Enables blue plane 1
1 — Turns off blue plane f
D3 0- Enabled planes appear bright
1— Data from VRAM are displayed }—_
i Y v ]
Port Address
VRAM WRT WRT WRT ENABLE ENABLE ENABLE
<>
D8 ENABLE BLU GRN RED FLASH  BLU BRN  RED
D7 D6 D5 D4 D3 D2 D1 Do
CPU ACCESS CONTROL VIDEO DISPLAY CONTROL
(D7-D4) (D3-DO)
D7 0- VRAM is ENABLED. This is the normal operating

mode.

cessed at all when turned off.

VRAM is TURNED OFF. The VRAM cannot be ac-
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The next three bits control “simultaneous write” capability.

D6 0-— When data is written into any color (R, G, or B
VRAM), the same data is also written into blue
VRAM.
1 — Data can be written into blue VRAM only if the blue
plane is accessed.

D5 & D4 -Similarly controls the green and red VRAM.
Port D8 Video Display Control Bits (D3-D0)

The foliowing chart shows how the video display control bits
(D3-D0) of port D8 can control the screen display.

D3 D2 D1 Do

EN EN EN
FLASH BLU GRN RED

0 0 0 0 — The screen appears
white no matter what
VRAM contains.

0 0] 0 1 — The screen appears
cyan no matter what
VRAM contains.

0 0 1 0 — The screen appears
magenta no matter what
VRAM contains.

0 0 1 1 — The screen appears blue
no matter what VRAM
contains.

0 1 0 0 — The screen appears yel-
low no matter what
VRAM contains.

0 1 0 1 — The screen appears
green no matter what
VRAM contains.

0 1 1 0 — The screen appears red
no matter what VRAM
contains.
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0 1 1 1 — The screen is blanked
(black).

1 0 0 0 — Al planes are enabled.
VRAM data appears.

1 0 0 1 — Blue and green planes
are enabled. VRAM data
appears.

1 0 1 0 — Bilue and red planes are
enabled. VRAM data ap-
pears.

1 0 1 1 — Blue plane is enabled.
VRAM data appears.

1 1 0 0 — Green and red planes
are enabled. VRAM data
appears.

1 1 0 1 — Green plane is enabled.
VRAM data appears.

1 1 1 0 — Red plane is enabled.
VRAM data appears.

1 1 1 1 — Thescreenisblanked.



Page 4.34

PROGRAMMING DATA

Modifying the Video Control Register

The following are examples of how the screen can be controlled
by data bits D3-DO.

Example 1:
D3 D2 D1 DO
EN EN EN

FLASH BLU GRN RE

0 1 0 1 — D3is 0, so the flash bit is
turned on and VRAM
data is masked. Those
planes enabled will ap-
pear.

DO & D2 = 1 so the red
and blue planes are
turned off. D1 = 0 so the
green plane is enabled
and the screen is green.

Example 2:
D3 D2 D1

DO
EN EN EN
FLASH BLU GRN RED

1 0 1 0 — D3is 1, so the flash bit
is turned off and the
VRAM data will appear
on the screen.
D2 & DO = 0, so the
blue and red planes are
turned on. D1 = 1, so
the green plane is turned
off.
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Actual VRAM data will appear on the screen with the green
plane disabled. “Green plane disabled” means that there will
be no green pixel turned on. The actual data contained in
the green plane’s VRAM (0E0000 — OEFFFF) is unaffected.

The normal operating mode is as follows. All the planes are
enabled and the flash bit is turned off.

D3 D2 D1 DO

EN EN EN

FLASH BLU GRN RED

1 0 0 0

Port D8 CPU Access Control Bits (D7-D4)

Bit D7 is the VRAM ENABLE bit. It is like a master switch. When
D7 = 1: VRAM is turned off; D6-D4 have no effect on VRAM
access; and the CPU will not be able to read from or write to
any plane, red, green, or blue.

When D7 = 0, video RAM is enabled. This is the normal operat-
ing mode. Bits D6-D4 control simultaneous write capability. Ob-
viously, the processor can read only one plane at a time, so
these bits control only write accesses to VRAM and have no ef-
fectonread cycles.

When D6 = 0, it enables simultaneous write to blue VRAM
when any color VRAM is written into. If the CPU writes to red
VRAM or green VRAM (or blue VRAM), blue VRAM is also writ-
ten into. Note that D6 has no control over other colors. When
D6 = 1, this feature is turned off for blue VRAM.
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In a similar manner, D5 controls green and D4 controls red
VRAM.

Example 1:

D7 Dé D5 D4

VRAM WR WR WR

ENABLE BLU GRN RED

0 1 0 0o — D7 = 0, so VRAM
is enabled.
D6 =1, s0
WRITE BLU is off.
D5&D4 =0, s0
WRITE GRN and
WRITE RED are
on.

Suppose that the CPU wants to write 5D (hex) to location
0E68CO (hex). The CPU, while trying to write to one plane
(green), will simultaneously modify two corresponding mem-
ory locations in two color planes (red and green).

1.

Location OE68CO is in the green VRAM. Therefore, no
matter what bits D6-D4 are, green VRAM location
OEB68CO will be modified to 5D.

D6 = 1. Therefore, the blue VRAM is not affected.

D5 = 0. The CPU is writing to the green VRAM and
so its WRITE GREEN bit has no effect.

D4 = 0. The WRITE RED bit has been turned on.
Therefore, even though the processor is writing to only
the green plane, red is also written into. The red plane
occupies the address range 0D0000 — ODFFFF, so data
5D will be written into location 0D68CO also.
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Example 2:

Assume that all three planes of VRAM have been cleared
(00). Then suppose we want to write OFF (hex) (a solid line

) on the screen to location 0000 in magenta (red
and blue).

To do this:

1. Make sure that D7 of port D8 = 0. This enables VRAM.
(This is the default status.)

2. Enable one of the desired plane’s write bit, say red.
ThenD6=1,D5=1, and D4=0.

3. Write to the corresponding location in the other (blue)
plane, since blue is in the “C page.” Write FF (hex)
to location 0C0000 (hex).

The above three steps produce the desired results, but a
slightly better scheme avoids the work of keeping track of
colors. That is to turn on the bits of the planes we want. So,
to do this, perform the second and third steps as follows:

2. Enable the desired plane’'s write bits. D6=0, D5=1,
D4 =0.

3. Write FF (hex) to either location 0C0000 (hex) or loca-
tion 0D0O00O0 (hex).

For alphanumeric applications, like terminal emulation, etc.,
where the main emphasis would be writing characters in white,
the mode would be D7 =0, D6=0, D5=0, D4=0.
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Typically, all three planes would be displayed. So the I/O port
would read:

D8 0 0 0 0 1 0 0 0
port D8 (hex) = => 08 (hex) ---- alphanumeric mode.

For some graphic applications, where you do not want to write
to more than one plane at a time, the value would be

ot 111000 = => 78 (hex.)
port D8 (hex) = => 78 (hex) ---- graphic mode.

These are examples only and are not intended to identify two
different modes, graphic and alphanumeric.
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Modifying the CRT-C Register

The CRT-C (CRT Controller) has an address register AR [port
address DC (hex)] and registers R0-R17 [port address DD
(hex)].

The Address register is a pointer register. It points to one
of the 18 registers RO-R17. For example, if you want to access
register R12, first write 0C (hex, 12 decimal) into port DC
(hex), and then access port DD (hex).

The start address register is 14 bits wide. R12 is the high
byte of this register (bits D7 and D6 -- don'’t care), and R13
is the low byte. R12 and R13 are read/write registers.

Example: Read the low byte of the start address register.

MOV AL, 00DH
OUT ODCH, AL
IN AL, ODDH

In the mapping scheme used in the Z-100 video, an address
latch has to be initialized correctly to correspond to the CRT-
C’s start address register. This address latch is at port DA
(hex). In order for the mapping scheme to work, the least
significant four bits of the start address register must be zero
and bits D4-D11 should match the contents of the address
latch.

START ADDRESS | D13|D12|D11{D10 |D9 | D8| D7 | D6

D5

D4

REGISTER

ADDRESS D7 {D6 |D5 | D4 | D3 | D2

D1

Do

LATCH [Port DA (hex)]
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Under normal operating conditions, this will be the case. When
in doubt, you should initialize the latch to meet these conditions.

Example:
MOV AL,00CH ; LOAD
OUT ODCH,AL ;  START ADDRESS
IN AL,ODDH ; HIGH BYTE
MOV  AH, AL : IN AH
MOV  AL,00DH ; LOAD
OUT ODCH,AL ; LOW BYTE
IN AL,ODDH ; IN AL
MOV  CL,4 : SHIFT COUNT
SHR AX.CL ;AL NOW CONTAINS LATCH VALUE
OUT ODAH,AL ; INITIALIZE THE LATCH

How to Turn Pixels On and Off

Refer to the “Theory of Operation” on Page 4.5 for a detailed
description of how the video section works.

The most significant bit (MSB) of any given byte will be seen
on the screen as the left-most pixel and the least significant
(LSB) as the right-most pixel. In the following example, 1's indi-
cate turned-on pixels.

Example: i1 1 00
00

Since it is straightforward to define the location of a pixel within
a given byte, the problem to be solved is to locate the byte in
the video memory.
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The screen is organized as 640 (decimal) pixels [or 80 (deci-
mal) bytes] horizontally across the screen. To the CPU (or
system logical address space), the top left-most byte is always
at 0000. (These definitions apply to all planes.) The byte ad-
dresses increase from left to right on any given scan line.
The line address increases from top to bottom in a given
frame. The least significant seven bits define the byte position
in a given line, with 00 being the left-most. The most significant
nine bits define the line address, with 000 being the top-most
line.

A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

A6-A0 — Byte address
A15-A7 — Line address

(The following values are in hex.)

Byte 0 Byte 1 Byte2 - Byte 4F
LN O 0000 0001 0002 - 004F
LN 1 0080 0081 0082 - 00CF
LN 2 0100 0101 0102 - 014F
LN 3 0180
LN 4 0200
LN 5 0280
LN 6 0300
LN 7 0380
LN 8 0400
LN 9 0480
LN A 0500
LN B 0580
LN C 0600
LN D 0680
LN E 0700
LN F 0780
LN 10 0800 0801 0802 - 084F

LN 11 0880 0881 0882 - 08CF

DATA

VRAM
ADDR
ESS
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At the right-hand side of the screen, past the 80th location,
there are “holes” in the logical address space. [See Pictorial
4-2, fold-out from Page 4.2.] You must not attempt to use
these locations, especially while 32K RAMs are used. For ex-
ample: never try to write to location OE0150 (hex) — green
plane, line 2, byte 50 (hex).

Depending on whether the CRT-C is programmed for nine
scan lines or 16 scan lines per character row, there will or
will not be “holes” for entire lines in the CPU’s logical address
space. — Holes refer to locations that do not appear. The
actual screen will be continuous. For example, when the CRT-
C is programmed for 9 scan lines, line 10 (hex) will appear
immediately below line 8 (hex).

For terminal emulation applications, where 25 rows of charac-
ters need to be displayed, nine scan lines per row are pro-
grammed. This is because hardware scrolling is easily done
by changing the start address register in the CRT-C, and of
course changing the address latch accordingly. On the other
hand, where a lot of address computations are involved in
some graphics applications, it may be advantageous to disre-
gard the convenience of scrolling and instead choose the con-
tinuity in the line numbers (without “holes”).
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The CRT-C has been programmed for nine scan lines per
character row, the CPU writes FO (hex) to location 0C693F
(hex), and OC (hex) points to the blue plane.

Problem: Figure out the location of 693F (hex) and what is
displayed there.

Split 693F (hex) into 9 and 7 bits:

693F (hex)
==> 0110 1001 0011 1111
==> 01101 0010 011 1111
==> 0D2 (hex) + 3F (hex)

3F (hex) denotes the position of the byte across the screen
from the left, which is the X coordinate. Therefore, the 693F
(hex) location will correspond to the 64th (decimal) byte from
the left. In Y coordinate 0D2 (hex), OD refers to the character
row number and 2 refers to the scan line number within the
character row. Since the CRT-C has been programmed for
nine lines per row of characters, the location will correspond
to 13 x 9 + 2 = 119 (decimal).

Data byte FO (hex) (1 1 1 1 0 0 0 O, turning on the left
four pixels) will appear on the 120th line from the top, and
64 bytes from the left, assuming that the proper plane has
been enabled.

Example 2:

Problem: Access the screen at a location 37 bytes from the
left and on the 126th line from the top.

37 bytes from the left translates into byte address 24 (hex).
The 126th line means that the intended byte appears on (126/
9) the fourteenth row and the ninth line in that row. So, the
address of the line is 0D8 (hex). Remember that the top row
is row 0.
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Therefore, the VRAM location is
0D8 (hex) + 24 (hex) = => 6C24 (hex)
9 bits 7 bits

Example 3:

Problem: Where on the screen is location 35E3 (hex)?
Divide 35E3 (hex) into its X and Y coordinates.
35E3 (hex) = => 06B (hex) + 63 (hex)

The X coordinate 63 (hex) falls into the “hole” region of 50
(hex) — 7F (hex). This is prohibited and such an operation
should not be attempted.

Example 4:

Problem: Where on the screenis location 1727 (hex)?

1727 (hex) = => 02E (hex) + 27 (hex)
Y X

The X coordinate is the twenty-eighth byte, and the Y coordi-
nate is the third row and the fifteenth line in that row. Since the
CRT-C will display only 9 scan lines, line E (hex), the 15th line
will not appear on the screen. If you have a use for these VRAM
locations, with scan line addresses 9 (hex) through F (hex), ac-
cess to these locations is permitted. Remember that only the
X coordinate cannot be in the range 50 (hex) through 7F (hex).

When the CRT-C is programmed for 16 scan lines, similar cal-
culations can be made, but now there are no non-displayable
VRAM locations (“holes” for scan lines 9 through F). Still, the
X coordinate restriction does apply.
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Clearing the Screen

The “clear screen” feature allows you to initialize all the view-
able VRAM locations to either 00 (hex) or FF (hex).

The CRT 1/O control port (68A21) has two control ports, A
and B. Bit 3 of each port serves a special purpose. Bit 3
of control port A, address D9 (hex), is the CLRSCRN bit and
it is active low. (It is 1 by default.) Bit 3 of control port B,
address DB (hex), is the SET bit.

When CLRSCRN is inactive (1), the SET bit has no effect
and normal video operations take place. When CLRSCRN
is programmed to “0”, the SET bit decides whether the VRAM
is initialized to 00 (hex) if SET =0, or to FF (hex) if SET =1.

Be careful when you use the CLRSCRN feature. This bit oper-
ates independent of all other bits discussed so far. It operates
whether or not VRAM is enabled, whether or not multiple write
capability is invoked, and whether or not FLASH or any planes
are enabled. Activating clear screen can wipe out all red,
green, and blue VRAM locations.

Ports D9 (hex) and DB (hex), control ports A and B, are reada-
ble. Therefore, whenever you want to modify the CLRSCRN or
SET bits, you should first read those ports, modify bit 3, and
then write it back.

Notice that even though these bits have complete control over
VRAM contents, they still do not affect the video display control
bits. For example, assume all three planes were disabled to
start with. Now, activating the CLRSCRN feature with SET =1
will not make the screen white. The VRAM locations would
have been changed to FF (hex).

The CLRSCRN feature was included because CPU accesses
of VRAM are inherently siow (because of arbitration between
the CRT-C and the CPU for VRAM access, and the CRT-C has
higher priority), and to clear the screen would mean writing to
about 20K bytes of memory. The CLRSCRN feature will clear
the screen in 1 frame time, or 16.7 millisecnds for 60 Hz opera-
tion.
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Cl the Screen
Example 1:

Clear the screen.

1.

2.

Read port D8 (hex) and save the status.

Initialize CRT control port D8 (hex) to OF (hex). This
will instantaneously blank the screen, since all three
planes are disabled.

Write a zero into bit 3 of port DB (hex). This will make
SET =0. (Recall that you have to do the READ, modify,
and WRITE sequence.)

IN AL, ODBH
AND  AL,QFTH
OUT  ODBH, AL

Write a zero into bit 3 of port D9 (hex). This will activate
CLRSCRN.

Wait for 16.7 milliseconds (in the 50 Hz mode, this wait
is 20 milliseconds). Do it in either of two ways:

A. Use the timer integrated circuit in your system.

B. Use the vertical sync pulse. If you have seen two
consecutive VSYNC pluses, you know that 16.7
mS have elapsed.

Turn off the CLRSCRN bit. (Write a “1” to bit 3, port
D9 (hex).

Restore the status to video control port D8 (hex).
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Example 2:

Set the screen.

1.

2.

Read port D8 (hex) and save the status.

Turn on the FLASH bit and those planes which were
originally enabled.

IN AL, OD8H
AND AL, OF7H
OUT  OD8H, AL

This will instantaneously set the color of the screen to
the planes enabled.

Write a “1” into bit 3 of port DB (hex). This will make
SET=“1".

Write a “0” into bit 3 of port D9 (hex). This will make
CLRSCRN=0.

Wait for 16.7 mS (or 20 mS). (See the above example.)
Turn off the clear screen bit.

Restore the original status to video control port D8
(hex).

Remember: The clear screen feature wipes out all displayable
locations, plus some more, on all three VRAM banks.
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Video Logic Circuit Board

Video Processing Circuits
Cathode Ray Tube Controller (CRT-C)

The CRT-C, U330, fetches the characters to be displayed and
provides horizontal and vertical timing. It also keeps track of
the affected character if the light-pen circuits are used.

Briefly, here’s what each line does. See the 6845 IC data
sheet for more information.

POC Power-on clear, from the S-100 bus. Sets all re-
gisters to their initial conditions on power-up or reset.

6845CS Chip-selects the CRT-C for accessing the in-
ternal registers.

ECLK Latches the data into or out from the registers
on its trailing edge.

BAO Helps select a specific register inside the CRT-C.

OUT When low, writes data into the selected register.
Otherwise, reads data fromit.

DIO0-DIO7 Data bus used by the CPU to access the
CRTC registers.

CLK Provides character-clock timing to the CRT-C.
HSYNC Horizontal sync pulse.
VSYNC Vertical sync pulse.

CURSOR Provides an indication where the next char-
acter will be printed.

DISEN Disables the display during horizontal and verti-
cal retrace.
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MAO-MA11 Memory address lines. Point to the current
character line, and the character in that line.

RAO-RA3 Row address lines. Points to the current scan
line in the current character line.

Writing to a CRT-C Register

To select a specific CRT-C register (R0-R17), the CPU must
first program the address register (AR). For example, to write
to R12, the CPU outputs OCH to port ODCH. This places the
number 12 into AR. The CPU then outputs the data it wants to
write to port ODDH, which is loaded into register 12. Here’s how
it happens.

The CPU outputs the number 12 (0CH) to port ODCH. This is
coupled through U338 to the data lines of the CRT-C. At this
time, 6845CS at VIOSEL (U369) asserts the chip-select line at
pin 25 of the CRT-C. Since the port address is 0ODCH, line BAO
= 0; thus accessing the AR.

When ECLK goes low, the data (OCH) on the bus lines is loaded
into the address register. AR now points to register 12.

The CPU now outputs the byte it wants to write into port ODDH
and line 6845CS is again asserted. Since the port address is
ODDH, line BAO = 1, telling the CRT-C to route the data to the
register pointed to by AR. When ECLK goes low, this data is
loaded into register 12.

Reading Data From The CRT-C

The procedure is the same as writing data, except that U331
is selected instead of U338. This is done by DBIN from the S-
100 bus and by 4521CS from U366 pin 14.
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How the CRT-C Addresses RAM

As mentioned before, the CRT-C is normally programmed to
emulate the H19 video terminal. That is, the display will con-
tain 25 lines, 80 characters per line, and nine scan lines (rows)
per character line.

MAO-MA11 points to the character location within a character
line, and also points to the current character line. They do
this by incrementing the base address by ten after every ten
scan lines. RAO-RAS counts the number of scan lines. After
one scan line is complete (MA0O-MA11 count to 79), RA0-RA3
reset to 0 and MAO-MA11 reset to their base address. The
count begins again. This procedure continues until nine scan
lines are processed. RAO-RA3 again returns to zero, but MAO-
MA11 increment their base address by ten to point to the
next character line.

For each address, a byte is read from video RAM (VRAM)
and shifted serially out to the video amplifier with the horizontal
and vertical sync pulses. The scan rate is such that each
address row appears beneath the previous one so that the
serial dots form characters on the screen. Once the last char-
acter row is processed, both RA0O-RA3 and MAO-MA11 reset
to zero, vertical retrace takes place, and the process repeats.

Incidentally, at vertical retrace a sync pulse is sent through
U366 (lower left on the schematic) to interrupt the CPU. This
permits the CPU to access the CRT-C registers (for example,
to scroll the display) without interferring with the display.

The address lines reach memory by passing through a set
of multiplexers. RA0-RA3 connects to multiplexer U357 while
MAO-MA11 connects to U363, U358, and U359. These ICs
allow coupling the CRT-C address lines to VRAM, or the CPU
address lines to VRAM.
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When line VIDRAMSEL is low, the multiplexers pass the
CRT-C address bus to the VRAM address bus. RAO-RA11
is the lower 4 bits, DAO-DA3; and MAO-MA11 are bits DA4-
DA15. This causes the address line to increment by 16 for
every scanned character. See Pictorial 4-10. This shows the
on-screen character location and its relative address (decimal)
as seen by the CRT-C.

Ist 2nd 3rd 80th
Char Char Char Char
Column Column Column Column
Ist Char, Ist Pixel Row 0 16 32 e 1264
Ist Char, 2nd Pixel Row 1 17 3 1265
Ist Char, 3rd Pixel Row 2 18 34, 1266
Ist Char, 4th Pixel Row 3 19 3 1267
Ist Char, 5th Pixel Row 4 20 36, e 1268
Ist Char, 6th Pixel Row 5 21 3 1269
Ist Char, 7th Pixel Row 6 22 38 1270
Ist Char, 8th Pixel Row 7 23 30, 1271}
Ist Char, 9th Pixel Row 8 24 40, 1272
2ndChar, Ist Pixel Row 1280 1296 2544
1281 1297 2545
1282 1298 2546
1288 1306 2552
2560 L 3824
25th Char, Ist Pixel Row 30720 30736 ... ... .v.uoooooo. .. 31984

25th Char, 9th Pixel Row 30728 30744

Pictorial 4-10

Relative Memory Locations
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Lines DAO-DA15 connect to address muitiplexer U360 and
U373. This circuit splits the address for RAS and CAS timing.
RAS timing occurs when ADMUX is high, coupling the follow-
ing lines to the outputs:

VA7 VA6 VA5 VA4 VA3 VA2 VA1 VAO

DA9 DA8 DA7 DA6 DAS5 DA4 DA1 DA2

CAS timing occurs when ADMUX goes low, causing:

VA7 VA6 VA5 VA4 VA3 VA2 VA1 VAO

DA15 DA14 DA13 DA12 DA11 DA10 DAO DA3

The address lines at VAO and VA1 are arranged so the RAM
ICs can get refreshed during a normal CRT-C scan in both
the non-interlace and interlace modes. This results in a reduc-
tion of components in the video circuits.

Jumper J307 permits the use of 64K RAMs or 32K RAMSs.
To use 64K RAMSs, connect the jumper from DA15 to U373-11.
To use 32K RAMs located in the upper half of the 64K address
space, remove the jumper. To use 32K RAMs in the lower
half of the 64K address space, connect the jumper from U373-
11 to ground. Note that if the computer uses 32K RAMs, they
all must be located in either the upper 32K of each 64K bank
or all in the lower 32K--they can’t be mixed. See the H/Z-100
Memory Map (Pictorial 4-11) located on Page 4.55.
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Converting RAM Data to Video

There are two sets of data lines at the video memory. One
is an 8-bit bus, BD0-BD7, used by the CPU to write to RAM;
and three 8-bit output buses, one for each color.

The output buses go to the CPU through U339, U310, and
U316. Only one of these ICs will be selected to place the
data on BDIO-BDI7. This, in turn couples through U223 to
the CPU. This will be covered in more detail later.

The three output buses also couple to the video processing
circuits through U332, U302, and U311. Here’s how the data
is processed.

When the CRT-C has control of RAM (which is most of the
time, since it has priority), the VRAM is in the read mode.
This is due to a logic zero on VIDRAMSEL (U377 pin 4) and
CLRSCRN (U366 pin 3). When the addressed data settles,
VIDSTRB from U376 pin 17 asserts to latch and RGB data
into U332, U302, and U311. (Note: If this is a minimum system
- green only — U332 and U311 outputs will remain a steady
state.)

Next, the load shift register line from U320 pin 6 goes low
to latch the RGB data into the parallel-to-serial converters,
U325, U301, and U303. This line pulses at the character clock
rate.

The dot clock at pin 6 of these ICs then shifts the data out
through pin 13. This takes place at eight times the character
clock rate, or 14.112 MHz, which is the rate of the dot clock.
While the video information is being shifted out, VIDSTRB
is loading the next byte into D latches. When the last dot
is shifted out of the parallel-in/serial-out converter, the bytes
in the D latches are loaded in and the cycle repeats.

The three serial dot lines connect to RIN, GIN, and BIN of
U337, the VIDATTR PAL. Other inputs to U337 include the
FLASH line and three enable lines at pins 1, 2, and 3.
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When they are asserted, the enable lines from the PIA (U345)
gate their respective dot video color to the outputs at pins
14,15, and 16.

When the FLASH line — also from the PIA — is asserted, the
output lines selected by the enable lines will go high, saturat-
ing that color onto the screen and masking any video data
on thatline.

For example, if ENBL-G were the only asserted enable line,
then dot video would only be present on GOUT. Asserting
the FLASH line would cause GOUT to go to logic one, causing
the screen to appear solid green.

Two other lines enter U337; the display enable and the cursor
signal. The display enable (DISEN) goes low to biank the
video data during horizontal and vertical retrace. It comes from
pin 18 of the CRT-C and is delayed by two character clocks
through the hex D flip-flop. This delay is used to match the
timing of DISEN to the video signal delayed by the parallel-in/
serial-out converters. If DISEN wasn’t delayed, retrace blank-
ing will occur two clock cycles early, blanking the last two
character positions.

The cursor signal enters pin 6 to generate a cursor at ROUT,
GOUT, and BOUT. It comes from pin 19 of the CRT-C and
goes through the hex D flip-flop to be delayed by two character
clocks. This two-character delay places the cursor to the right
of the last displayed character.

The horizontal and vertical sync pulses also come from the
CRT-C and are clocked through the D fiip-flop. These signals,
however, bypass U337 and connect to U329, another hex
D flip-flop. The RGB lines enter this flip-flop at pins 11, 13,
and 14. All five signals are clocked out by the dot clock enter-
ing at pin 9. The purpose of this flip-flop is to correct for any
propagation delays in the various signal paths.



Page 4.55

CIRCUIT DESCRIPTION

Video Output
Color Output

The 3 RGB lines from U329 connect to U307. This buffer
provides red, green, and blue video pulses to P303. Logic
1 equals color on; O is black level.

The horizontal and vertical sync pulses connect to U320, pins
12 and 9. These signals then pass through the drivers at U322
to P303. P303 connects through a mating cable to an RGB
color monitor. Jumpers J302 and J304 allow selecting the po-
larity of the sync signals, while J303 allows sending composite
sync to U320 pin 9 by connecting it to U355 pin 11.

Monochrome Output

RDOTA, GDOTA, and BDOTA also connect to U323, a 3-to-8-
line demultiplexer. J306 and J305 connect one color to each
input at pins 1, 2, and 3. If this is a minimum system (green
only), pins 1 and'2 are jumpered to pin 3.

U323 decodes the three inputs to assert only one output at
QO0-Q7. This signal connects to U309 and is clocked through
by the dot clock. The mnemonics on the output lines indicate
the color represented by the combination of the three inputs.
These outputs couple through the inverters to the resistive
weighting network.

This network converts the associated line to a specific voltage
level before applying it to the emitter followers at Q302 and
Q301. This network forms a monochrome gray scale by con-
trolling the current through the emitter followers.

For example, if RDOTA, GDOTA, and BDOTA were all as-
serted, U309 pin 19 would go high, driving U308 pin 8 low.
This gives the highest resistance in the lower part of the volt-
age divider, causing the most positive voltage at the output
and giving maximum brightness.
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If none of the RGB lines were asserted U309 pin 2 would
go high to place U322 pin 6 at logic zero. This lowers Q301’s
emitter voltage to the black level.

Composite sync from U355 pin 11 provides horizontal and
vertical sync pulses at the blacker-than-black level.

The composite video output of P301 connects to the video
input of the internal or external monochrome monitor.
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CPU-Video Communications
Overview

The CPU can communicate with the video board through sev-
eral /0 ports, or by read/writing the video RAM. It uses the
I/O ports to access the CRT-C, the PIA, and the light pen
circuits. It can read/write the video RAM to set up the character
font or draw high-density graphics.

Video I/0 Circuits

Video /0 addresses are decoded by VIOSEL, U369, a 256
x 4 PROM. This IC is selected by the appropriate address
on BA0-BA7 and the 10 line from the E-clock logic. The out-
puts are:

6845CS Selects the CRT-C programming as described
earlier.

CRTIOCS (A) Chip-selects the PIA at U345, and (B)
provides one input to the OR gate, U372/U366. The other
input to this OR gate is 6845CS; the output is 4521CS.
This line chip-selects U331 when the CPU is reading
data from the CRT-C or from the PIA.

LPNCS Chip-selects the light-pen counter circuits at
U315 if the CPU is processing a light-pen interrupt re-
quest. See the discussion on the light-pen circuits.

VIDBSEL Asserts when pins 12, 13, or 10 asserts. This
line goes to U372 pin 13 and is NANDed with DBIN at
U366 pin 13. The result is RDBFRENBL at P304 pin
57; this enables the read buffer, U223, when one of the
VIOSEL lines is asserted.
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Ancther video /O circuit is the PIA at U345. This is used
for address decoding, controlling the display, and performing
some VRAM operations.

The CPU selects the PIA at ECLK time (pin 25) by asserting
CRTIOCS at pin 23. BAO and BA1 select the register to be
accessed while OUT determines if data is to be read from
or written to that register. For this PIA, all I/O lines are pro-
grammed to be outputs. Here’s what they do:

ENBL-R, —G, —B, & FLASH Enables the selected
video line without affecting RAM. FLASH causes the
selected line to appear as a solid color. See “Cecnverting
RAM Data to Video” (Page 4.53) for more information.

WRT-R, WRT-G, WRT-B Provides a simultaneous
write function. When the CPU writes to one color of
VRAM, either or both of the other colors may be written
into by activating (0) the appropriate line(s) [WRT-R,
WRT-G, WRT-B].

CRTRAM ENBL Chip-selects VRAMSEL, U371 pin 4,
which selects the red, green, or blue banks when the
CRT reads the VRAM.

LA8-LA15 Goes to the memory mapping module to de-
code the selected video memory location.

CLRSCRN Goes to the video memory circuits to pro-
vide a quick means to clear the screen.
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Memory Select Circuits

The memory select circuits are centered around U371, VRAM-
SEL, a 256 x 4 PROM. This IC is used when the CPU wants
to access the red, green, or blue memory banks. VRAMSEL
is selected when CRTRAM ENABLE is asserted at the PIA.
Aiso, MEMR or WO is gated through U377 (near VRAMSEL)
for further chip-selecting. The OUT line at U377 pin 2 ensures
that U371 will not activate on an OUT port operation.

The outputs assert depending on what location in the video
memory map is selected. (See Pictorial 4-11.)

RSEL = 0DO00OH-ODFFFFH
GSEL = 0EOOOOH-OEFFFFH
BSEL = 0C0000H-OCFFFFH

FFFFF [ gk ]_RESERVED FOR
SYSTEM ROM

};?:EI?FO 32K NOTE: |F 32K VIDEO
£0000 [ 32K }GREEN VIDEO RAM | gam CHIPS ARE USED,
DEFFF 32K ALL MUST BE LOCATED
00000 [ 3ZK__] }RED VIDEO RAM | |N THE LOWER 32K
CFEFF 39K OR THE UPPER 32K
€0000 [ 338 ] }BLUE VIDEO RAM OF EACH BANK.
BFFFF 7
80000 | %4
AFEFF
A0000 | 64K
9FFFF
90000 | 84K
SFFFF
80000 | 84K

TERFF 1 i | + USER-EXPANDABLE AREA USING
2%8?? THE S-100 BUS.
60000 | 44K

SFFFF
50000 | %K
AFFFF
400090 | ¥
SEFEF
30000 | 64K
2FFFF
20000 | 54K

TFFFF [ oae | LMAXIMUM MAIN BOARD
10000 RAM-192K

FFFF

a
0 64K

PICTORIAL 4-11
Memory Map
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Video logic boards can have either 32K or 64K parts installed.
Current software, however, requires only 32K parts.

CRTRAMSEL asserts whenever pin 11, 10, or 9 asserts. This
connects to U372 pin 12 in the lower left corner of the schema-
tic. It is combined with VIDBDSEL and DBIN to assert
RDBFR ENBL. This line enables U223 during a memory read
operation.

CRTRAMSEL is double-inverted at U366 pin 5 to form
CRTRAMSEL1 at P305 pin 61. This line asserts PHANTOM*
at U194 pin 4 on MB2. If an S-100 memory card is occupying
the same memory space as VRAM, PHANTOM" prevents the
CPU from writing to the S-100 memory when it is accessing
video RAM. This permits you to install read/write memory in
the same address space as VRAM without them interferring
with each other.

CRTRAMSEL also goes to U372 pin 3, VIDRAMRDY, through
an inverter. If the CRT-C is busy processing a video signal,
it will not let the CPU access the RAM circuits. U372 pin 2
is also high, causing VIDRAMRDY to go low. This drives RDY
low at U194 pin 12, putting the CPU into a wait state. The
CPU will hold CRTRAMSEL asserted until the CRT-C gives
the CPU control of the video circuits.

Finally, CRTRAMSEL goes to U379 pin 11, part of the CPU/
video arbitration circuits. These circuits synchronize the video
circuits to the CPU circuits and determine when the CPU can
access the video RAM. See the previous paragraph and the
description of the control and timing circuits.
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Read Data Buffers

The CPU reads the addressed data through either U339,
U310, or U316. When the CPU reads VRAM, the memory
places data on the inputs of these latches. To read a particular
bank, the CPU asserts RSEL, GSEL, or BSEL. For example,
to read the data in the green video memory bank, the CPU
addresses the desired video memory section (to be explained
shortly) and asserts GSEL at U371 pin 10. This signal con-
nects to U351 pin 9. When DBIN from the S-100 bus asserts,
U351 pin 8 goes low to couple the data in U310’s latches
to the BDI bus. In turn, this data couples through U223 to
S-100 lines DI0-DI7 before coupling to the CPU.

Memory Mapping Module

The memory mapping module consists of U370, U364, and
U365. It transiates the CPU address range into the address
range used by the CRT-C. The CRT-C sees the VRAM in
the range of 0-64K, while the CPU sees the memory in the
range of 768K to 960K.

To convert the CRT address range to 0-64K, the CPU latches
a bit pattern into LA8-LA15. The CPU then requests access
of the video RAM by asserting VIDRAMSEL, the desired color
bank (RSEL, BSEL, GSEL), and the appropriate address lines
on the inputs of U370.

U370 decodes the address and feeds it to the adders at U364
and U365. These ICs add the decoded address to LA8-LA15
and place the resuit onto the B inputs of U358 and U359.
The rest of the CPU address is present on the B inputs of
U357 and U363.

When the CRT-C is finished accessing the display, it brings
VIDRAMSEL low at U377 pin 4 (lower left corner of schema-
tic). This couples the B inputs of the multiplexer ICs onto ad-
dress lines DAO-DA15. The correct VRAM location can now
be read or written.
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Video RAM

Overview

The video RAMs are 32K or 64K x 1-bit dynamic RAMs.
The RAMs are arranged into three banks, 64K apart; one bank
for each of the primary colors. In a minimum system, only
the green bank will contain memory. The CPU can read/write
RAM, while the CRT-C can only read.

CPU Write

The CPU writes to RAM through U346; it places data onto
the bus and asserts WE of each chip through U374 pin 11.
This comes from BMWRT and VIDRAMSEL at U355 pin 5
and U351 pin 4.

The RAS portion of the address is present on VAQO-VA?7.

U350 gates the RAS line through U375 pin 11, U375 pin 8,
and U374 pin 8 for the selected bank.

Next, the CAS address is placed on VAQO-VA7 and the CAS
line asserts U375 pin 3, U375 pin 6, and U374 pin 6. Only
the bank(s) previously selected by RAS will be affected.

Data present at the inputs of U346 are coupled into the appro-
priate memory location(s) in the video RAM.

CPU Read

When the CPU reads from RAM, it asserts R-SEL, G-SEL,
or B-SEL to select the appropriate color bank. The RAS and
CAS lines operate as before. The address data is placed on
the DOUT lines of the selected banks and read by the CPU
as explained previously.
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n, ¢
w? 8 B

CRT-C Read

The CRT-C reads all three banks at the same time; the enable
lines at U337 select which banks are to be displayed as
explained previously. When the CRT-C has control, VIDRAM-
SEL is low and couples to pins 13, 5, and 11 of U350. This
forces pins 12, 6, and 8 of U350 to logic 1.

When BAS occurs, the address on VAO-VA?7 is latched into
all three banks. Next, CAS asserts and also addresses all
three banks. The data from each bank is placed onto the ap-
propriate bus and sent to the parallel/serial conversion circuits.

Clear Screen Function

The clear screen function allows the CPU to quickly clear the
screen. Instead of directly writing to memory, which is time-
consuming, the CPU uses the fast scanning feature of the
CRT-C. Here’s how.

The CPU asserts the CLRSCRN line at the PIA; it also clears
or sets the SET line. These lines connect to the PAL at U346;
CLRSCRN disconnects the PAL from the data on its input,
while SET places all ones or zeros on the output lines, de-
pending on the logic level at pin 11. (If the level is logic one,
the screen will be painted white instead of blanked.)

CLRSCRN also connects to U355 pin 4 and U351 pin 5 to
force the WE line low on all RAMs. During this time, the CRT-C
has control of the bus. Since the CRT-C scans all memory
locations, each bank will be filled with ones or zeros, depend-
ing on the level on SET. The CRT is quickly blanked or flashes
white.
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Q0T L 1 1
Qo5 | f S
Q10— 1 I |
| I

|

L=

L

Q15 l I
Q25 l |
Q30 1 ]

Q35 1 I

Q40 1 r

Q55 L J

Q60 l _ 1

Q65 | I

—

Q70 L

CRT-C CRT-C CPU CRT-C
RAS

ADMUX , l _—_‘ L_—_J l———’ L—
caAs_———__ ————_ 1

VID STROBE ™ | LT L
CPU STROBE ] .
o] ¢ ——— _ L 1 | I,
LOAD S.R. __T I LTI
CCK2 [ L [ 1 _

Pictorial 4-12
Video Board Timing
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Timing and Video Arbitration
Timing

Refer to the Schematic Diagram and Pictorial 4-12 as you
read the following materials.

The 14.112 MHz crystal-controlled oscillator at U368 provides
the basic timing for the video circuits. This signal couples
through U344 pin 11 to provide dot clock and couples through
U344 pin 6 for inverted dot clock. This method was used in-
stead of series-connected inverters to ensure that the two
clock signals are exactly 180-degrees out of phase.

DOTCLK drives U336 and U343; these ICs are wired as a
ring counter to derive QO0-Q70 shown in the adjacent
waveforms. U367, driven by DOTCLK, uses some of these
outputs to generate the odd-numbered waveforms from Q05
to Q65. These signals connect to the VIDRAM PAL at U376.

U376 uses the Q signals to generate VIDSTRB, ADMUX,
RAS, and CAS. VIDSTRB clocks addressed data into the
latches prior to parallel-to-serial conversion as described pre-
viously. ADMUX multiplexes the 16-bit address bus onto an
8-bit address bus in time with RAS and CAS. ADMUX is low
during RAS and high during CAS.

The CRT-C has control of the video circuits for 2/3 of any
timing cycle. This ensures fast display refresh while the re-
maining 1/3 allows the CPU to rapidly update the display
memory.

The CRT-C'’s portion of the cycle begins on the negative trans-
ition of QO. This is indicated by the two RAS waveforms
marked “CRT-C” on the Video Board Timing waveforms.
Video arbitration circuits (to be explained presently) ensure
that the CRT-C always has control during these two RAS cy-
cles.
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The third RAS cycle of the video timing cycle is reserved for
the CPU. If the CPU doesn'’t attempt to read or write memory,
RAS will not assert during the time marked “CPU.” If the CPU
does attempt to read or write memory RAS will assert and
the memory access can take place. Note that during CPU
RAS time, VIDSTRB (U376 pin 17) does not pulse. This pre-
vents the addressed memory location from being latched into
U332, U302, and U311; keeping unwanted noise off the dis-

play.

If the CPU attempts to access video memory during the CRT-
C portion of the cycle, the arbitration circuits places a logic
zero on P305 pin 62. This logic zero couples to the CPUs
READY line which puts the CPU into a wait state. The CPU
ceases activity until the “CPU” RAS cycle begins. At this time,
P305 pin 62 goes high to activate the CPU.

Obviously, the CPU processing time will slow down if it per-
forms a lot of reading and writing to video RAM. However,
the video arbitration circuits do not slow down the CPU for
non-video operations (such as I/0O and system memory acces-
ses). As long as the CPU isn't accessing the video circuits,
P305 pin 62 remains high and the CPU operates at full speed.

Now for a closer look at the video arbitration circuits.
Video Arbitration

The video arbitration circuits determine if the CPU is request-
ing access to the video RAM. If the CRT-C is not using the
RAM, it gives control to the CPU. However, the CRT-C always
has priority.

As mentioned previously, the CPU requests control of the
VRAM by asserting RSEL, GSEL, or BSEL at U371. This as-
serts CRTRAMSEL which couples through U372 pin 3 to put
the CPU into a wait state after the CPU finishes the 2nd pro-
cessor cycle.
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CRTRAMSEL also goes to U379 pin 11 to set up the bus
arbitration circuits for a read/write request from the CPU. If
the operation is a CPU write, then U379 pin 3 goes high.
If the operation is a CPU read, then MEMR is clocked into
U378 pin 5 when STVAL*SYNC asserts. In turn, U378 pin
5 couples the logic one to U379 pin 2.

At this time, U361 pin 8 is latched to logic one which is coupled
to U372 pin 2. U372 pin 1 is also logic one due to the asserted
CRTRAMSEL line at U366 pin 4. U372 pin 3 holds the CPU
in a wait state as described previously. Because of this, pins
11 and 12 of U379 remain at logic zero. The resulting logic
1 at U379 pin 13 is the CPU request signal which couples
to pin 2 of U361.

When the CRT-C has completed processing the video circuits,
Q15 at U361 pin 3 goes high. This latches U361 pin 6 to
logic zero and, because U361 pin 9 is also zero, drives the
VIDRAMSEL line at U377 pin 4 to logic one. VIDRAMSEL
connects to the control inputs of the CPU/CRT-C address mul-
tiplexers to couple the CPU address lines to the video memory
circuits.

If the CPU is writing memory, data from the S-100 bus is
present on lines BD00-BD07. BMWRT writes this data into
memory. If the CPU is reading memory, the address memory
location places the data onto U339, U310, or U316; depending
on the RGB select lines going into memory.

When line Q65 goes high, the logic one at U361 pin 5 is
latched into U361 pin 9. This latches the data on the inputs
of U339, U310, and U316 onto their outputs; if memory read.
The status of the gate at the input of each octal latch will
determine which latch will be coupled to the bus.
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At the same time, U361 pin 8 goes low to bring VIDRAMRDY
high. The CPU leaves the wait state and finishes processing
the instruction. CRTRAMSEL goes high to drive U379 pin 13
low. Since VIDRAMSEL is also low, U355 pin 3 goes to logic
zero to clear U361.

The CRT-C again has control of the video board.

Light Pen Circuits

The light pen strobe enters U362 pin 12 from U116 pin 9
(see the parallel port description for more detail). The
DOTCLK signal toggles LTPNSTB through U362 pin 9 to
U356 pin 5. Next, the clock signal at U356 pin 11 latches
the LTPNSTB signal onto U356 pin 9. This positive-going sig-
nal latches the refresh address into the CRT-C’s light pen
register. See the CRT-C IC data sheets.

Also, the output of U356 pin 5, PENSTBD, goes to U315 pin
11. U315 is an octal latch that is loaded by the CRT-C row
address iines, RA0-RA3, and the 4-bit down-counter, U324.

At the time of PENSTBD, RA0-RA3 point to the row that was
active when the light pen strobe occurred; U324 points to the
dot position.

As explained in the parallel port description, when LTPNSTB
asserts, the parallel port sends an interrupt to the CPU. From
here, it is up to the user’s program to process the interrupt.

If the CPU is programmed to respond to a light-pen interrupt,
it will read the data stored in the CRT-C light-pen register
and the data stored U315 to find the exact pixel location. The
CPU reads the CRT-C as described earlier; it reads U315
by asserting LTPNCS from the VIOSEL PROM and DBIN from
the S-100 bus. From here, the CPU can compute the video
memory location and access the bit in that memory location
to be processed.
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Use the following chart for help in identifying the source of
problems. The chart lists conditions and possible causes for
specific problems. If you cannot resolve the problem, refer
to the warranty and service information supplied with your
Computer.

You may wish to service some problems yourself. In the fol-
lowing chart, if a particular part is mentioned, check that part
and other components that are associated with it. Remember
to locate and correct the cause when components are dam-
aged, or the problem could reoccur.

Refer to the “Circuit Board X-Ray View” for the physical loca-
tion of parts on the circuit boards.

CONDITON POSSIBLE CAUSE

Monitor blank 1. Not plugged in.
2. Not turned on.
3. Cables P304 or P305 not connected properly.
4. Power supply.

Vertical roll 1. Jumper 301 in wrong position.

Horizontal tear 1. Jumper 302 in wrong position.

Random dots 1. Jumper 307 in wrong position.

Dark screen 1. Adjust R307 (Black Level control).

Vertical lines filling the entire usable video screen. 1. One or more Z-219-1 video RAM ICs installed backwards.
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Video Logic Circuit Board

CIRCUIT HEATH Description
Comp.No. PartNo.

Resistors

All resistors are 1/4-watt, 5%, unless specified otherwise.

R301 10-1204 1000 £ control

(may not be in all units)
RP301 9-99 1000 (2 resistor pack
RP302 9-128 10 k2 resistor pack
R303.- 6-102-12 1000 O
RP303 9-124 4700 £} resistor pack
R304 6-470-12 47 Q
RP304 9-124 4700 (2 resistor pack
R305 6-102-12 1000 (2
RP305 9-93 33 (2 resistor pack
R306 6-270-12 270
RP306 9-93 33 Q2 resistor pack
R307 10-1191 100 ) control
RP307 9-99 1000 2 resistor pack
R308 6-621-12 620 2
R309 6-221-12 220 Q)
R310 6-111-12 110Q
R311 6-330-12 3310
R312 6-470-12 47 Q)
R313 6-270-12 27Q
R314 6-390-12 390
R315 6-620-12 62 Q2
R316 6-650-12 27Q
R317 6-102-12 1000 Q2
R318 6-102-12 1000 (2
R319 6-103-12 10k
R320 6-103-12 10 k2
R321 6-102-12 1000 ©
R322 6-472-12 4700 Q

R325 6-102-12 1000 (2
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CIRCUIT HEATH DESCRIPTION
Comp. No. Part No.
Capacitors
C301-C302 21-746 180 pF ceramic
C303 21-762 .1 wF ceramic
C304 25-820 10 wF electrolytic
C305-C307 21-762 .1 wF ceramic
C308 25-820 10 wF electrolytic
C309-C335 21-762 .1 uF ceramic
C336 25-820 10 uF electrolytic
C337-C363 21-762 .1 nF ceramic
C364 25-883 47 uF electrolytic
C365 21-762 .1 uF ceramic
C366-C368 21-746 180 pF ceramic
Miscellaneous
L301 475-15 1.22 pHferrite bead
L302-L304 235-229 35 mH coil
U368 150-134 14.112 MHz crystal
oscillator
Semiconductors

See the “Semiconductor Identification Chart.”
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Component Number Index

This section is divided into four parts. The “Component
Number Index” relates circuit component numbers to Heath
Part Numbers. The “Part Number Index” relates part numbers
to manufacturers’ part numbers, as well as providing lead con-
figuration drawings for each part. The remaining two parts
are “PAL Equations” and “ROM Codes” for the PALs and
ROMs on the video logic circuit board.

CIRCUIT HEATH
COMPONENT PART
NUMBER NUMBER
Q301 417-118
Q302 417-118
U301 443-892
U302 443-805
U303 443-892
U304 443-1106"
U305 443-1106"
U306 443-1106"
U307 443-791
U308 443-967
U308 443-805
U310 443-837
U311 443-837
U312 443-1106"
U313 443-1106"
uU3i14 443-1106"
Us1s 443-863
uUs1e 443-837
U3i7 443-1106~
U318 443-1106"
U319 443-1106"
U320 443-891
U321 443-879
U322 443-967
u323 443-804
U324 443-1054
U325 443-892
U326 443-1106"
u3a27 443-1106"
uUsas 443-1106"
U329 443-1053
U330 443-1013
U331 443-1058
U332 443-805
U333 443-1106"
U334 443-1106"
U335 443-1106"

These IC's may be 443-1106 32K x 1 RAM ICs or 443-970 64K x 1 RAM ICs.
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CIRCUIT HEATH

COMPONENT PART

NUMBER NUMBER
U336 443-983
U337 443-115
U338 443-1058
U339 443-837
U340 443-1106"
U341 443-1106"
U342 443-1106"
U343 443-983
U344 443-915
U345 443-1014
U346 444-133
U347 443-1106"
U348 443-1106*
U349 443-1106"*
U350 443-797
U351 443-875
U352 443-1106"
U353 443-1106"
U354 443-1106*
U355 443-875
U356 443-1051
U357 443-799
U358 443-799
U359 443-799
U360 443-1057
U361 443-1051
U362 443-1051
U363 443-799
U364 443-855
U365 443-855
U366 443-754
U367 443-1053
U369 443-103
U370 443-127
U371 443-102
us72 443-1049
U373 443-1057
U374 443-1049
U375 443-1049
U376 444-114
U377 443-1048
U378 443-1051
U379 443-1045

These IC’s may be 443-1106 32K x 1 RAM ICs or 443-970 64K x 1 RAM ICs.
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Part Number Index

This index shows a lead configuration detail (basing diagram)
of each semicoductor part number.

Transistors
HEATH MAY BE DESCRIPTION LEAD
PART REPLACED CONFIGURATION
NUMBER WITH
E
417-118 2N3393 NPN / or c
C E fd
ECB EJ‘B
T B
& ¢
Integrated Circuits
HEATH MAY BE DESCRIPTION LEAD
PART REPLACED CONFIGURATION
NUMBER WITH
Vec 26 1yl 2Ad4 1Y2 2A3 1Yy3 2A2 1v4d 2Al
20 19 18 14 13 12 11
443-754 7415240 Tri-state E‘K;
octal buffer b |/ / |/ / / //f
2 3 4 5 7 8 9 10
16 1A1 2A4 1A2 2Y3 1A3 2Y2 1A4 2Y1l GND
Vee 26 11 2A4  1Y2 243 1v3  2A2 1v4  2Al
443-791 7415244 Tri-state
buffer driver

{(cont'd)
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Integrated Circuits (cont’d)

HEATH MAY BE DESCRIPTION LEAD
PART REPLACED CONFIGURATION
NUMBER WITH
443-797 74L.810 Triple 3-input
NAND
W 18 2A 28 2C 2Y GND
INPUTS INPUTS
—— OUTPUT ——  OUTPUT
Vcc 'STROBE 4A 48 4Y  3A 3B 3Y
443-799 7418157 Quad 2-line-to-1-line
Multipliers
SELECT 1A 1B 1y A 28 2Y  GND
——— OUIPUT ~—=—~——  QUTPUT
INPUTS INPUTS
OUTPUTS
EN- DATA & \
vec CLEAR ABLE IN ‘07 06 Q5 04
A CLEAR G D
443-804 7415259 8-bitlatch P00l 02 Q3 o4 g5 g6 o
v
LATCH SEL OUTPUTS

(cont'd)
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Integrated Circuits (cont’d)

HEATH MAY BE DESCRIPTION
PART REPLACED
NUMBER WITH

LEAD
CONFIGURATION

Vee 8Q 8D 7D 70 6Q 6D 5D 50 CLOCK
20 19 18 17 16 15 14 13 12 11

E;) Dli D OIj Q D‘:I EJ[) otl
CLEACF{(PHC(%(LEAR CLl CF*; D—TGEEEAR
443-805 7418273 Octal D flip-flop

CLEAR 10 1D 2D 20 EY 3D 4D 4Q  GND

443-837 74L8373 Octal D latch
6
OUTPLT 10 10 20 20 3 30 4 40 GND
CONTROL
443-855 741.5283 Adder
443-863 7415374 Octal D flip-flop

6
OUTPUT 1Q 1D 20 20 3Q 3D 4D 4  GND
CONTROL

(cont'd)
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Integrated Circuits (cont’d)

HEATH MAY BE DESCRIPTION LEAD
PART REPLACED CONFIGURATION
NUMBER WITH
Vee 4B 4a 4y 3B 3A 3y
14 13 12 1t 10 9 8
E@— C
443-875 741832 Quad 2inputOR
! 2 3 4 5 6 7
1A 18 W 22 28 3y GND
vee 6 6D 5D 50 4D 4q  CLOCK
443-879 74LS174 Hex D flip-flop
443-891 74L.S86 Quad 2-input
Exclusive- OR
PARALLEL PARALLEL
v SHIFT/ INPUT OUTPUT INPUTS
cc oAb H o % ¢ E  CLEAR
Parallel In
- LOAD
443-892 74LS166 Serial Out SERIAL CLEAR
Shift Register

CLOCK
g K

SERIAL
INPUT

8 D
| l
2 3 5
A B C D
- - 7

PARALLEL

INPUTS

CLOCK CLOCK
INHIBIT

GND

(cont'd)
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Integrated Circuits (cont’d)

HEATH MAY BE DESCRIPTION LEAD
PART REPLACED CONFIGURATION
NUMBER WITH
443-915 74586 Quad 2-input
Exclusive-OR
443-967 7406 Hex inverter
v ~ _
cC 4 ) ) 3D o) 30 CLOCK
16 15 14 13 12 11 10 9
= —
Q Q 5}
ICLR Cb, o o CAKCLRO—
443-983 748175 Quad D flip-flop szd — }’
ck é 1D e
cLr CK cLrp]
Q Q Q
< <
1 2 3 4 5 6 7 8
CLEAR 10 19 10 ) 29 GND
L2228 2882883888 ws0o
a0l{39){ 38} 37\ 36} 35) 3a}{33}{ 32}{ 31 30H 29| 28} 27 }{ 26 { 25 H 24} 23} 221 21
443-1013 68A45 CRT controller 68745
1R2R3H4HsHe 7 HsHo Mozl 14H15 16 1718 19] 20
2 E:2% 323833322758
(&)

(cont'd)
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Integrated Circuits (cont’d)

HEATH

MAY BE

DESCRIPTION LEAD
PART REPLACED CONFIGURATION
NUMBER WITH
RN - o - E — ey o =
=3ERZ3Bscsnzn58s.30EE
ao 393837} 36 3 3331 32} 311 30} 29 28} 27 Y 26} 25 { 2a]{ 23] 22| 21
443-1014 68A21 PIA - 68421
TA2H3HeAsHe {7 Hs Ho Huofuf e e HieH 17H18H19H 20
SEFFFIFEEEEEE 222 R
443-1045 74ALS02 Quad 2-input NOR
443-1048 74ALS28 Quad buffer NOR
443-1049 74ALS37 NAND buffer
Vec 2CLR 2D 2ck 2pPR 20 20
ul i L Jul{w 9 8
D PR Q
443-1051 74ALS74 Dual D flip-flop CIR cx cin
ck SN0 5
D__PR 0—————1
1 2 3 4 5 6 7
1CLR ID ICK IPR 1@ 13 GND

(confd)
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Integrated Circuits (cont’d)

HEATH MAY BE DESCRIPTION LEAD
PART REPLACED CONFIGURATION
NUMBER WITH
Ve 6 6 SO SO 4 40 CLOCK
16 sl Tl Jld el dnul{w 9
I
) D D
0 ck ck 9 —I:thCK Ql \/
. CLEAR CLEAR CLEAR
443-1053 745174 Hex D flip-flop ‘ 3 3
L L
SHREE M Q
] 2 3 4 5 6 7 8
CEAR 10 1 20 20 3 X G\
RIPPLE QUTPUTS ENABL
CARRY T ] ENABLE
Vec ourrur %4 % % % 1 wm
RIPPLE
CARRY
443-1054 74L.S169 Up down counter ouTPUT
UPIDOWN LOAD
ENABLE
A D)
3 6
up  CK (A B C D) ENABLE GND
DATA INPUTS P
Voo 26 vl a0 1v2 23 Iv3 22 1v4 2Al
443-1057 74S241 Octal buffer
Voo B2 YL v2 Y3 YA Y5 Y6 YT ¥8
poy i BTy B FT') S VY B Y I T B V) B T S BV} W Y
443-1058 74L.S541 Octal buffer
] cHsHaaHsH e HsHsHw
Gl Al A2 A3 A4 A5 A6 AT A8 GND

(cont'd)
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Integrated Circuits (cont’d)

HEATH MAY BE DESCRIPTION LEAD
PART REPLACED CONFIGURATION
NUMBER WITH

443-1106 MCM66330 RAM 32k x 1

443-970 MCM6665 RAM 64K x 1

Available only
from Zenith
444-102 Data Systems
or Heath
Company

Video memory decoder

Available only
from Zenith
Data Systems
or Heath
Company

444-103 Video /O decoder

PAL or
HAL14L4
Available only
444-114 from Zenith Video control
Data Systems
or Heath
Company

PAL or
HAL14H4
Available only
444-115 from Zenith RAM contro}
Data Systems
or Heath
Company

(cont'd)
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Integrated Circuits (cont’d)

HEATH MAY BE DESCRIPTION LEAD
PART REPLACED CONFIGURATION
NUMBER WITH
Voo ne ne B PR B By O 0 Op O O
Available only aldni el ald ol {n
PROM
from Zenith
444-127 Data Systems PROM » 256 % 8
or Heath
Company
18822
tHeHAsAsRsHed7AsH I ou e
Ap Ag As Ap Ag Ay AL Ag 0P 0, 05 GND
ol sl Jrfqispdis gt In
Available only
from Zenith
444-133 Data Systems Video clear screen
or Heath GAA'\ITEE
Company ARRAY
HAL10H8 or I T 71 [ I I I
PAL 1 2 3 4 5 [ 7 8 9 10
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PAL Equations

444-114/Video Ram Controller

—9

Q0} —
Q05| ro
Q10| w
Q15 & VIDSTRB
Q25w ADMUX
Q30| = CAS
RAS
Q70
Q55] »

GND

o1

LOGIC EQUATIONS

RAS = Q30"Q55 + Q05*Q30 + QO0*Q60 + Q25*Q70*VIDRAMSEL
CAS = Q40*Q65 + Q15*Q40 + Q70"Q10 + Q0*Q30*VIDRAMSEL

ADMUX 05*Q30 + Q60*Q05 + Q35*Q60*VIDRAMSEL
VIDSTRB = Q1

Il

5*Q35 + Q0*Q10
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444-115/Video Attribute Controller

ENBLR |~ g|vee
ENBLG |~ S|k
ENBLB|w ®|D
FLASH| & S NC
DISEN|wn & |BOUT

CURSOR| & S |GouT

ainf= =|rRouT
GINj o S
BIN| © ~]8
GND| B = A
LOGIC EQUATIONS

ROUT = DISEN*ENBLR*FLASH + DISEN*ENBLR*CURSOR*RIN

+ DISEN*ENBLR*CURSOR*RIN

DISEN*ENBLG*FLASH + DISEN*ENBLG*CURSOR*/GIN

+ DISEN"ENBLG*CURSOR*GIN

ROUT = DISEN*ENBLB*FLASH + DISEN*ENBLB*CURSOR*BIN
+ DISEN*ENBLB*CURSOR*BIN

GOUT
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444-133/CLLRSCRN

Data Buffer for Video RAM with

Clear Screen and Set Screen Functions

CLRSCRN| ~
INO| r~>
INY| w
IN2| &~
IN3Y v
IN4| o
IN5| —
IN6| o0
IN7] <

GNDj s

LOGIC EQUATIONS

OUTO = CLRSCRN *INO + CLRSCRN * SET
OUT1 = CLRSCRN " IN1 + CLRSCRN * SET
OUT2 = CLRSCRN *IN2 + CLRSCRN * SET
OUT3 = CLRSCRN *IN3 + CLRSCRN * SET
OUT4 = CLRSCRN *IN4 + CLRSCRN * SET
OUT5 = CLRSCRN *IN5 + CLRSCRN * SET
OUT6 = CLRSCRN " IN6 + CLRSCRN * SET
OUT7 = CLRSCRN " IN7 + CLRSCRN * SET
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ROM Codes

title VRAMSEL video ram select prom for the Z-100

ZDS part no.: 4uy.102
release date: 5/21/82
prom: 825129 (256x4)

ve we wo we

checksum: Oeef
0ooc red_en equ Och
0006 biu en equ 06h
000A grn_en equ 0ah
0000 cseg
org 0

0000 OF db 0fh
0001" OF db 0fh
0002' oF db 0fh
0003 oF : db 0fh
0004 OF db 0fh
0005" OF db 0fh
0006 OF db 0fh
0007"' OF db 0fh
no08! OoF db 0fh
0009' oF db 0fh
000A" OF db 0fh
000B' OF db 0fh
oooc! 06 db blu en
000D oc db red en
000E'  0A db grn_en
000F" OF db 0fh
0010° OF db 0fh
0011°' OF db 0fh
0012 oF db 0fh
0013" OF db 0fh
0014 OF db 0fh
0015 OF db 0fh
0016" OF db 0fh
0017 OF db 0fh
0018 oF db 0fh
0019° OF db 0fh
001A" oF db O0fh
001B' OF db 0fh
0o1cC’ OF db 0fh
001D! OF db 0fh
001E" OF db 0fh

0O01F! OF db Ofh
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VRAMSEL video ram select prom for the Z-100

0020° OF db 0fh
0021! oF db 0fh
0022' oF db 0fh
0023’ OoF db 0fh
0024 oF db 0fh
0025" oF db 0fh
0026 oF db 0fh
0027 OF db 0fh
0028"' oF db 0fh
0029' OF db 0fh
0024A’ oF db ofh
002B' oF db 0fh
ooac’' oF db Ofh
002D" oF db 0fh
002E"' oF db Ofh
002F" oF db 0fh
0030" oF db Ofh
0031" oF db 0fh
0032’ or db 0fh
0033" oF db O0fh
oo34? OF db 0fh
0035" OF db 0fh
0036 OF db O0fh
0037' OF db 0fh
0038" OoF db 0fh
0039" oF db 0fh
003A" OF db 0fh
003B’ oF db 0fh
003C! oF db 0fh
003D oF db 0fn
003E" oF db 0fh
003F' OF db 0fh
0040 oF db 0fh
oou1! OF db 0fh
oou2? oF db 0fh
o043 OF db 0fh
oouy! OF db Ofh
0045 oF db O0fh
00u6" oF db O0fh
0047’ OoF db Ofh
o0ug! oF db 0fh
0049’ OF db Ofh
004a’ oF db 0fh
004B’ OF db 0fh
oouc! oF db Ofh

oouD! OF db 0fh
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SEMICONDUCTOR IDENTIFICATION

VRAMSEL video ram select prom for the Z-100

O04E" OF db 0fh
OO04F! oF db 0fh
0050 oF db 0fh
0051 OF db 0fh
0052! OF db 0fh
0053" OF db 0fh
oos4u ! OF db 0fh
0055" OF db 0fh
0056" OF db 0fh
0057! OF db 0fh
0058" OF db 0fh
0059 OF db 0fh
005A" OF db 0fh
005B" OF db 0fh
005C'’ OF db 0fh
005D OF db 0fh
005E"! OF -db 0fh
00S5F! OF db 0fh
0060 OF db 0fh
0061 oF db 0fh
0062 oF db 0fh
0063" OF db 0fh
0064 OF db Ofh
0065"' OF db ofh
0066 oF db 0fh
0067 OF db 0fh
0068" oF db 0fh
0069 OF db 0fh
006A" oF db 0fh
006B' oF db 0fh
006C! OF db 0fh
006D OF db 0fh
006E" OF db 0fh
006F ! OoF db 0fh
0070! oF db 0fh
0071 oF db 0fh
o072 oF db 0Ofh
0073" OF db 0fh
00Ty OF db 0fh
0075 oF db 0fh
0076" oF db 0fh
0077" OF db 0fh
0078" oF db 0fh
0079’ OF db 0fh
007A" OF db 0fh

007B' OF db 0fh
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SEMICONDUCTOR IDENTIFICATION

VRAMSEL video ram select prom for the Z-100

0o07C! OF db 0fh
007D’ OF db 0fh
007E! OF db 0fh
007F! OF db 0fh
0080" OF db 0fh
0081" oF db Ofh
0082" OF db 0fh
0083" oF db 0fh
0084" OF db Ofh
0085' oF db 0fh
0086 oF db 0fh
0087' oF db 0fh
0088" oF db 0fh
0089" OF db 0fh
008A' oF db Ofh
008B' OF db 0fh
008C! OF db 0fh
008D' OF db 0fh
O08E' OF db - 0fh
008F! oF db 0fh
0090 OF db 0fh
0091" OF db 0fh
0092' OF db 0fh
0093" oF db 0fh
0094 oF db 0fh
0095 OF db 0fh
0096' OF db 0fh
0097 oF db Ofh
0098 oF db Ofh
0099' OF db 0fh
009A" oF db 0fh
009B' OF db 0fh
009cC! OF db 0fh
009D' OF db 0fh
009E"’ oF db 0fh
O009F ' OF db 0fh
00AQ' OF db 0fh
00A1! oF db 0fh
CoA2’ oF db 0fh
00A3! OF db 0fh
00AY" OF db 0fh
00A5' OF db O0fh
00A6’ oF db Ofh
‘00AT' OF db 0fh
00A8' OF db 0fh

00A9! OF db 0fh
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SEMICONDUCTOR IDENTIFICATION

VRAMSEL video ram select prom for the Z-100

00AA’ OF db 0fh
0OAB' OoF db 0fh
00AC' OF db 0fh
00AD! OF db 0fh
OOAE' OF db 0fh
Q0AF' OF db Ofh
0CBO!' OF db 0fh
00B1! OF db 0fh
00B2' OF db 0fh
00B3' OF db 0fh
00BA4? oF db 0fh
00B5' oF db Ofh
00B6' OF db Ofh
00BT' OF db 0fh
00B8' oF db 0fh
00Bg' oF db 0fh
00BA' OF db 0fh
00BB' OF db 0fh
00BC! OF db 0fh
00BD' oF db Ofh
00BE' OF db Ofh
00BF' OF db 0fh
00COo! OF db 0fh
00C1? OF db 0fh
0oc2! OF db 0fh
0oc3! OF db Ofh
oocy? OF db Ofh
00C5! OF db 0fh
00C6’ OF db Ofh
00C7' oF db 0fh
oocs! OF db 0fh
00C9" OF db 0fh
Q0CA' oF db 0fh
00CB' OF db 0fh
00cc! OF db Ofh
00CD' OF db 0fh
00CE"' OF db 0fh
00CF! oF db 0ofh
00DO! OF db ofh
ooD 1! OF db 0fh
oop2! OF db 0fh
00D3! OF db 0fh
oopy! OF db ofh
00D5! oF db 0fh
00D6! OF db 0fh

0oD7! OoF db 0fh
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SEMICONDUCTOR IDENTIFICATION

VRAMSEL video ram select prom for the Z-100

00D8!
00D9'
NODA'
00DB'
00DC!
00DD’
OODE'
0O0DF'
00EO'
00E1!
00E2'
00E3’
00E4’
00E5'
00E6"
00ET!
O0E8'
0OE9'!
O0EA'
00EB'
00EC'
OOED'
OOEE'
OOEF'!
00FO'
O00F 1!
O0F2'
00F3'
OOF 4!’
O0F5'
00F6'
00F 7'
00F8'
00F9'
OOFA'
00FB'
00FC'
0OFD'
OOFE'
OOFF'

OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
oF
OF
OF
OF
OF
OF

db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
end

0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
O0fh
0fh
ofh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
0fh
Ofh
0fh
0fh
0fh
0fh
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SEMICONDUCTOR IDENTIFICATION

VRAMSEL video ram select prom for the Z-100

Macros:

Symbols:
BLU_EN 0006 GRN_EN 000A RED_EN 000C

No Fatal error(s)
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SEMICONDUCTOR IDENTIFICATION

title VIOSEL - video i/0 select prom

ZDS part no.: 444-103
release date: 5/21/82
prom: 828129

.s we we wo

checksum: Oeba
0000' cseg
org 0

0005 sel6821 equ 0101b
0006 sel6845 equ 0110b
0003 lightpen equ 0011b
0000! OF db 00fh
0001’ oF db 00fh
0002’ OF db 00fh
0003" OF db 00fh
ooou’ OF db 00fh
0005 OF db 00fh
0006’ OoF db 00fh
0007 oF db 00fh
0008! OF db 00fh
0009 OF db 00fh
000A'"! OF db 00fh
000B' OF db 00fh
000C'  COF i db 00fh
000D OF db 00fh
000E' OF db 00fh
000F' OF db 00fh
0010' OF db 00fh
0011' OF db 00fh
0012! OF db 00fh
0013"' OF db 00fh
0014" OF db 00fh
0015" OF db 00fh
0016 oF db 00fh
0017! OF db 00fh
0018" OF db 00fh
0019' OF db 00fh
001A" OF db 00fh
001B' OF db 00fh
001C’ OF db 00fh
001D’ OF db 00fh
001E' OF db 00fh

001F' OF db 00fh
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SEMICONDUCTOR IDENTIFICATION

VIOSEL - video i/o select prom

0020" OF db 00fh
0021! OF db 00fh
0022’ oF db 00fh
0023" OF db 00fh
0024 OF db 00fh
0025" OF db 00fh
0026 OF db 00fh
0027° oF db 00fh
00281 OF db 00fh
0029 OF db 00fh
002A" OF db 00fh
002B"' OF db 00fh
002C! OF db 00fh
002D! oF db 00fh
002E" oF db 00fh
002F! OF db 00fh
0030" OoF db 00fh
0031! OF db 00fh
0032 OF db 00fh
0033" OF db 00fh
003y? oF db 00fh
0035" OF db 00fh
0036 oF db 00fh
0037" OF db 00fh
0038" OF db 00fh
0039’ OF db 00fh
003A" oF db 00fh
003B' oF db 00fh
003C! oF db 00fh
003D! OF db N0fh
003E! oF db 00fh
Q03F! oF db 00fh
0040° OF db 00fh
ooy OF db 00fh
00y2° OF db 00fh
0043 OF db 00fh
oouy? OF db 00fh
004s? OF db 00fh
0046" oF db 00fh
0047'  OF db 00fh
0048 OF db 00fh
0049° oF db 00fh
004A" OF db 00fh
004B? 0OF db 00fh
004c! oF db 00fh

004D! OF db 00fh
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SEMICONDUCTOR IDENTIFICATION

VIOSEL - video i/o select prom

OO0HE’
O04F!
0050
0051"
0052'
0053"'
0054
0055
0056
0057
0058
0059'
0054"
005B'
005C"*
005D
005E"
005F!
0060
0061
0062
0063
006U
0065"
0066
0067"
0068
0069
006A"
006B'
006C!
006D
006E"
006F!
0070"
0oT71!
0072"
0073"
0074"
0075"
0076
0077'
0078"
0079"'
0o7A?
007B!

oF
oF
oF
oF
OF
OF
OF
oF
oF
OF
oF
OF
OF
OF
oF
oF
OF
oF
OF
OF
OF
OF
OF
OF
oF
OF
OF
OF
OF
OF
oF
OF
OF
OF
OF
OF
OF
oF
oF
oF
oF
OF
OF
OF
oF
OF

db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db

00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
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SEMICONDUCTOR IDENTIFICATION

VIOSEL ~ video i/0 select prom

007C'  OF db 00fh
007D'  OF db 00fh
007E' OF db 00fh
DOTF'  OF db 00fh
0080'  OF db 00fh
0081' OF db 00fh
| 0082' OF db 00fh
0083' OF db 00fh
0084'  OF db 00fh
0085' OF db 00fh
0086' OF db 00fh
0087' OF db 00fh
0088' OF db 00fh
0089' OF db 00fh
008A' OF db 00fh
008B' OF db 00fh
008C' OF db 00fh
008D' OF db 00fh
O08E' OF db 00fh
008F' OF db 00fh
0090' OF db 00fh
0091'  OF db 00fh
0092' OF db 00fh
0093' OF db 00fh
0094'  OF db 00fh
0095'  OF db 00fh
0096'  OF db 00fh
0097'  OF db 00fh
0098'  OF db 00fh
0099'  OF db 00fh
009A'  OF db 00fh
009B' OF db 00fh
009C' OF db 00fh
009D'  OF db 00fh
009E'  OF db 00fh
009F'  OF db 00fh
00AQ'  OF db 00fh
00A1' OF db 00fh
00A2' OF db 00fh
00A3' OF db 00fh
00A4'  OF db 00fh
00A5'  OF db 00fh
00A6' OF db 00fh
00AT' OF db 00fh
0O0A8' OF db 00fh

00A9' OF db 00fh



Page 4.97

SEMICONDUCTOR IDENTIFICATION

VIOSEL - video i/o select prom

00AA'
00AB'
00AC!
00AD'
00AE'
OO0AF'
00BO'
00B1'
00B2'
00B3'
00BY4!
00B5'
00B6"
00BT'
00B8'
00B9'
00BA'
00BB'
00BC'
00BD'
00BE'
00BF'
00Co’
00c1!
ooca'
ooc3’
00Cy!
0ocs!
00C6'
00CT'
0oc8!'
00C9!
00CA’
00CB'
oocge!
oocD!
O00CE’
00CF'
ooDO!
00D1!
oop2'
00D3’
00Dy !
00D5'
00D6'
00D7'

oF
oF
oF
OF
oF
OF
oF
OF
OF
OF
0OF
OF
OF
OoF
oF
OF
OF
oF
oF
oF
oF
oF
oF
oF
OF
OF
OF
oF
oF
oF
OF
oF
oF
oF
oF
OF
OF
OF
OoF
OF
oF
oF
OF
oF
oF
OoF

db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db

00fh
00fh
00fh
00fh
Nofh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00<h
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
00fh
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SEMICONDUCTOR IDENTIFICATION

VIOSEL - video i/0 select prom

0ooD8! 05 db sel6821
00D9! 05 db se16821
OODA'! 05 db sel6821
0ODB! 05 db sel6821
ooDC! 06 db selb8lUs
0oDD' 06 db selbh8us
OODE' 03 db lightpen
QOODF'! oF db 00fh
00EQ’ OF db 00fh
00E1! oF db 00fh
00E2! oF db 00fh
00E3' oF db 00fh
OOEH4! OF db 00fh
00ES! oF db 00fh
00E6’ oF db 00fh
00ET! oF db 00fh
00ES8! oF db 00fh
00EQ' OF db 00fh
O0EA" oF db 00fh
QOEB' oF db 00fh
00EC' OF db 00fh
OOED! OF db 00fh
OOEE' oF db 00fh
OQEF! oF db 00fh
00FO0! oF db 00fh
O0F 1" oF db 00fh
ooF2'! oF db 00fh
00F 3! OF db 00fh
O0F 4! OF db 00fh
00F5! oF db 00fh
00F6' OF db 00fh
Q0F 7! OF db 00fh
O0F8' OF db 00fh
00F9! oF db 00fh
OOFA! oF db 00fh
0O0FB! oF db 00fh
O0FC! OF db 00fh
OOFD' oF db 00fh
OOFE" oF db 00fh
OOFF! oF db 00fh
0100" OF db 00fh
0101? OF db 00fh

end
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SEMICONDUCTOR IDENTIFICATION

f e &
e (€

VIOSEL - video i/o select prom

Macros:

Symbols:
LIGHTP 0003 SEL682 0005 SEL684 0006

No Fatal error(s)
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SEMICONDUCTOR IDENTIFICATION

title VRMM Video Ram Mapping Module
cseg

.radix 16

org

ZDS part number.: LU4U-127
release date: 5/21/82
prom: TBP18s22 (256%*8)
checksum: 780

e we we we

0:

" 00! 00 db 00
o1 01 db 01
02 02 db 02
03' 03 db 03
oy ol db ou
05' A0 db AOD
06" A1 db Al
08'* 05 db 05
09’ 06 db 06
0OA' 07 db o7
0B! 08 db 08
oc' 09 db 09
oD’ A3 db A3
0E! Al db Al
OF' A5 db A5

_10:

10" 0A db 0A
11! 0B db 0B
12¢ 0c db 0c
13" oD db )
1 OE db OE
15" A6 db A6
16" AT db A7
171 A8 db A8
18! OF db oF
19° 10 db 10
1 11 db 11
1B’ 12 db 12
1c! 13 db 13
D! A9 db A9
1E! AA db AA
1F! AB db AB
_20:
20! 14 db 14
21! 15 db 15
20! 16 db 16
23" 17 db 17

247 18 db 18
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SEMICONDUCTOR IDENTIFICATION

25"
26!
27!
28"’
29!
2A"
2B'
2C!
2!
2E'
2F!

_30:
30!
31!
32!
33"
3ur
35’
36!
37!
38!
39
34"
3B’
3C!
3D’
3E?
3F!

_bo:
40°
41
y2
43!
yy
5
6!
u7°
ug!*
49
4A'
4B’
et
4p!
4E!
4F

_50:
50!
51!
52’

AC
AD
AE
19
1A
1B
1C
1D
AF
BO
B1

1E
1F
20
21
22
B2
B3
Bl
23
24
25
26
27
B5
B6
B7

28
29
2A
2B

2C -

B8
B9
BA
2D
2E
2F
30
31
BB
BC
BD

32
34

db
db
db
db
db
db
db
db
db
db
db

db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db

db
db
db
db
db
db
db
db
db
db
db
db
db
db

db

db
db
db

AC
AD
AE
19
1A
1B
1C
1D
AF
BO
B1

1E
1F
20
21
22
B2
B3
B4
23
24
25
26
27
B5
B6
BY

32
33
34
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SEMICONDUCTOR IDENTIFICATION

&

ROM
53" 35 db 35
541 36 db 36
551 BE db BE
56! BF db BF
57° co db co
58! 37 db 37
59" 38 db 38
5A' 39 db 39
5B! 34 db 34
5¢C! 3B db 3B
50! C1 db ci
5E! c2 db c2
5F ! c3 db c3
60:

60" 3C db 3C
61’ 3D db 3D
62 3E db 3E
63" 3F db 3F
64" 40 db 40
65" ch db ch
66" c5 db c5
67" cé db cé6
68! 41 db 41
69' 42 db 42
6A" 43 db 43
6B Ly db uY
6C! 45 db u5
6D c7 db c7
6E! c8 db cs
6F c9 db c9
70:

70! 46 db u6
71" y7 db 47
72! 48 db 48
73! ug db 19
T4 4A db 4A
75! CA db CA
76 CB db CB
77! cc db cc
78" 4B db uB
79! uc db uc
TA? 1)) db up
:¥ UE db UE
7C! 4F db uF
70! cD db cD
TE! CE db CE
TF' CF db CF
80:

80" 50 db 50
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81!
82!
83!
8u!
85’
86'
87"
88"
89’
8A'
8B!'
8c!'
8p!
8E'
8F'

90:
90°
91!
92!
93’
94’
95!
96'
97"
98!
99’
94’
9B’
9c!
9p'
9E!
9F !

AO:
AQ!
AT?
A2!
A3
Ay
A5'
A6’
AT
A8
A9!
AA'
AB'
AC!
AD'
AE'
AF!

SEMICONDUCTOR IDENTIFICATION

51
52
53
54
DO
D1
D2
55
56
57
58
59
D3
DU
D5

5A
5B
5C
5D
5E
D6
D7
D8
5F
60
61
62
63
D9
DA
DB

db
db
db
db
db
db
db
db
db
db
db
db
db
db
db

db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db

db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db

51
52
53
54
DO
D1
D2
55
56
57
58
59
D3
D4
DS

5A
5B
5C
5D
5E

D7
D8
5F

61
62
63
D9
DA
DB

64
65
66
67
68
DC
DD
DE
69
64
6B
6C
6D
DF
EO
E1
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SEMICONDUCTOR IDENTIFICATION

BO:

“BO' 6E db 6E
B1' 6F db 6F
B2’ 70 db 70
B3’ 71 db 71
BY! 72 db 72
B5' E2 db E2
B6' E3 db E3
B7' EY db EY4
B8!' 73 db 73
B9 T4 db T4
BA' 75 db 75
BB' 76 db 76
BC! 77 db 77
BD' E5 db E5
BE' E6 db E6
BF' E7 db ET

_CO:
co' 78 db 78
c1! 79 db 79
c2! 7A db 7A
c3' 7B db 7B
cht 7C db 7€
c5' E8 db E8
c6' E9 db E9
cT! EA db EA
cs’ 7D db 7D
€9’ 7E db TE
CA' TF db TF
CB! 80 db 80
cc! 81 db 81
cD! EB db EB
CE' EC db EC
CF! ED db ED

_DO:

DO’ 82 db 82
D1! 83 db 83
D2' 84 db 8l
D3’ 85 db 85
Dy’ 86 db 86
D5! EE db EE
D6 EF db EF
D7' FO db FO
D8’ 87 db 87
D9 88 db 88
DA’ 89 db 89
DB’ 8A db 8A
pC! 8B db 8B
DD! F1 db F1
DE! F2 db F2

DF' F3 db F3
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SEMICONDUCTOR IDENTIFICATION

EO:
EO’
E1’
E2'
E3!
E4!
E5!
E6'
ET!'
E8'
E9!
EA!
EB!'
EC'
ED'
EE!
EF'

FO:
FO'
F1'
F2'
F3!
Fy!
F5!
F6'
F7!
F8'
F9!
FA'
FB!'
FC!
FD'
FE'
FF!'

8C
8D
8E
8F
90
Fy
F5

9N
92
93
9u

F7
F8
F9

db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db

db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db

8c
8D
8E
8F
90
F4
F5
Fé
91
92
93
94
95
F7
F8
F9

96
97
98
99
9A
FA
FB
FC
9B
aC
9D
9E
9F
FD
FE
FF
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CIRCUIT BOARD X-RAY VIEW

NOTE: To find the PART NUMBER of a component for the pur-
pose of ordering a replacement part:

A.  Find the circuit component number (R303, C304, etc.) on
the X-Ray View.

B. Locate the same number in the “Circuit Component
Number” column of the “Replacement Parts List.”

C.  Adjacent to the circuit component number, you will find
the PART NUMBER and DESCRIPTION which must be
supplied when you order a replacement part.
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INTERCONNECT PIN DEFINITIONS

The following statements briefly define the video logic circuit
board connecting pins.

BAO-BA23
BDI0-BDI7
BDO0-BDO7
BMWRT

DBIN

ECLK

LTPNSTB
MEMR

ouT

ouT

POC

RDBFRENBL

Buffered address lines.
Buffered data input lines.
Buffered data output lines.
Buffered memory write signal.

Control signal that requests data on the
data input bus.

Enable clock signal for the 6845 and the
6821.

Provides common ground for the system.
Green video RAM select signal.

Selects the input or output function.

Light pen strobe signal.

Memory read status signal.

Status signal indicating an output data
transfer.

Status éignal indicating an output data
transfer.

Power on clear.

Read buffer enable signal.
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INTERCONNECT PIN DEFINITIONS

RESET

STVALeSYNC

VIDRAMRDY

WO

WR

Reset signal that resets the Computer to
its power-on status.

Status valid signal ANDed with the sync
signal. :

Video RAM ready. Causes the CPU to
wait if the CPU attempts to access video

RAM while the CRT-C is addressing video
RAM.

Write status signal.

Write control signal.

Some other important video signals are:

BDOTA
BLUDO-BLUD7
BLUE

BSEL

CAS
CLRSCRN

CRTRAMSEL

DOTCLK

GDOTA
GRNDO-GRND7

GREEN

Blue dot (pixel) data signals.

Blue data output bus from video RAM.
Blue video signal.

Blue video RAM select signal.
Column address strobe.

Clear screen signal.

Video RAM select. Indicates that the CPU
wants to access VRAM.

Controls the timing of the entire video logic
board.

Green dot (pixel) data signal.
Green data output bus from video RAM.

Green video signals.
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INTERCONNECT PIN DEFINITIONS

HI

HI1

HI2

HI3
HSYNC
RAS
RDOTA
RED
REDDO-REDD7
RSEL
VAO-VA7
VERT

VIDRAMSEL

VSYNC

VSYNC/CSYNC

WRTB

WRTG

+ 5 volts through pullup resistor.
+ 5 volts through pullup resistor.
+ 5 volts through puliup resistor.
+ 5 volts through pullup resistor.
Horizontal sync signal.

Row address stobe signal.

Red dot (pixel) data signals.

Red video signals.

Red data output bus from video RAM.
Red video RAM select signal.
VRAM address lines.

Vertical sync signal.

Video RAM select signal. Indicates CPU
has accessed VRAM.

Vertical sync signal.

Vertical sync or composite sync signal. Is
selected by jumper.

Write blue, enables simultaneous write to
blue plane.

Write green, enables simultaneous write
to green plane.

Write red, enables simultaneous write to
red plane.








