










































































































































































If it was in read mode, any read data in the FIFO at the time
of the turnaround is lost. Commands which require a GDC
response, such as RDAT, CURD and LPRD, put the FIFO
into read mode after the command is interpreted by the
GDC's command processor. Any commands and param-
eters behind the read-evoking command are discarded
when the FIFO direction is reversed.

Read-Modify-Write Cycle

Data transfers between the GDC and the display memory
are accomplished using a read-modify-write (RMW) mem-
ory cycle. The four clock period timing of the RMW cycle is
used to: 1) output the address, 2) read data from the mem-
ory, 3) modify the data, and 4) write the modified data back
into the initially selected memory address. This type of
memory cycle is used for all interactions with display mem-
ory including DMA transfers, except for the two clock
period display and RAM refresh cycles.

The operations performed during the modify portion of the
RMW cycle merit additional explanation. The circuitry in the
GDC uses three main elements: the Pattern register, the
Mask register, and the 16-bit Logic Unit. The Pattern regis-
ter holds the data pattern to be moved into memory. Itis
loaded by the WDAT parameters or, during drawing, from
the parameter RAM. The Mask register contents determine
which bits of the read data will be modified. Based on the
contents of these registers, the Logic Unit performs the
selected operations of REPLACE, COMPLEMENT, SET, or
CLEAR on the data read from display memory.

The Pattern register contents are ANDed with the Mask
register contents to enable the actual modification of the
memory read data, on a bit-by-bit basis. For graphics draw-
ing, one bit at a time from the Pattern register is combined
with the Mask. When ANDed with the bit setto a 1in the
Mask register, the proper single pixel is modified by the
Logic Unit. For the next pixel in the figure, the next bit in the
Pattern register is selected and the Mask register bit is
moved to identify the pixel’s location within the word. The
Execution word address pointer register, EAD, is also
adjusted as required to address the word containing the
next pixel.

In character mode, all of the bits in the Pattern register are
used in parallel to form the respective bits of the modify
datd word. Since the bits of the character code word are
used in parallel, unlike the one-bit-at-a-time graphics draw-
ing process, this facility allows any or all of the bits in a
memory word to be modified in one RMW memory cycle.
The Mask register must be loaded with 1s in the positions
where madification is to be permitted.

The Mask register can be loaded in either of two ways. In
graphics mode, the CURS command contains a four-bit
dAD field to specify the dot address. The command pro-
cessor converts this parameter into the one-of-16 format
used in the Mask register for figure drawing. A full 16 bits
can be loaded into the Mask register using the MASK com-
mand. In addition to the character mode use mentioned
above, the 16-bit MASK load is convenient in graphics
mode when all of the pixels of a word are to be set to the
same value.

The Logic Unit combines the data read from display
memory, the Pattern Register, and the Mask register to
generate the data to be written back into display memory.
Any one of four operations can be selected: REPLACE,

COMPLEMENT, CLEAR or SET. In each case, if the
respective Mask bit is 0, that particular bit of the read data
is returned to memory unmaodified. If the Mask bit is 1, the
modification is enabled. With the REPLACE operation, the
Pattern Register data simply takes the place of the read
data for modification enabled bits. For the other three oper-
ations, a 0 in the modify data allows the read data bit to be
returned to memory. A 1 value causes the specified opera-
tion to be performed in the bit positions with set Mask bits.

Figure Drawing

The GDC draws graphics figures at the rate of one pixel
per read-modify-write (RMW) display memory cycle. These
cycles take four clock periods to complete. At a clock fre-
quency of SMHz, this is equal to 800ns. During the RMW
cycle the GDC simultaneously calculates the address and
position of the next pixel to be drawn.

The graphics figure drawing process depends on the
display memory addressing structure. Groups of 16 hori-
zontally adjacent pixels form the 16-bit words which are
handled by the GDC. Display memory is organized as

a linearly addressed space of these words. Addressing
of individual pixels is handled by the GDC's internal
RMW logic.

During the drawing process, the GDC finds the next pixel
of the figure which is one of the eight nearest neighbors of
the last pixel drawn. The GDC assigns each of these eight
directions a number from O to 7, starting with straight down
and proceeding counterclockwise.

XX

O

Figure drawing requires the proper manipulation of the
address and the pixel bit position according to the drawing
direction to determine the next pixel of the figure. To move
to the word above or below the current one, it is necessary
to subtract or add the number of words per line in display
memory. This parameter is called the pitch. To move to the
word to either side, the Execute word address cursor, EAD,
must be incremented or decremented as the dot address
pointer bit reaches the LSB or the MSB of the Mask regis-
ter. To move to a pixel within the same word, it is necessary
to rotate the dot address pointer register to the right or left.

Drawing Directions



The table below summarizes these operations for each
direction.

Dir Operations to Address the Next Pixel
000 EAD + P— EAD
001 EAD + P— EAD

dAD (MSB) = 1:EAD + 1— EAD dAD— LR
010 dAD (MSB) = 1:EAD + 1— EAD dAD— LR
o1 EAD - P—EAD

dAD (MSB) = 1:EAD + 1—EAD dAD— LR
100 EAD - P— EAD
101 EAD - P— EAD

dAD (LSB) = 1:EAD —~ 1— EAD dAD— RR
110 dAD (LSB) = 1:EAD - 1— EAD dAD— RR

EAD + P— EAD

m dAD (LSB) = 1:EAD - 1—EAD dAD—RR

Where P = Pitch, LR = Left Rotate, RR = Right Rotate,

EAD = Execute Word Address, and

dAD = Dot Address stored in the Mask Register.
Whole word drawing is useful for filling areas in memory
with a single value. By setting the Mask register to all 1s
with the MASK command, both the LSB and MSB of the
dAD will always be 1, so that the EAD value will be incre-
mented or decremented for each cycle regardless of
direction. One RMW cycle will be able to effect all 16 bits of
the word for any drawing type. One bit in the Pattern regis-
ter is used per RMW cycle to write all the bits of the word
to the same value. The next Pattern bit is used for the

_word, etc.

For the various figures, the effect of the initial direction
upon the resulting drawing is shown below:

Drawing Parameters

In preparation for graphics figure drawing, the GDC'’s Draw-
ing Processor needs the figure type, direction and drawing
parameters, the starting pixel address, and the pattern
from the microprocessor. Once these are in place within
the GDC, the Figure Draw command, FIGD, initiates the
drawing operation. From that point on, the system micro-
processor is not involved in the drawing process. The GDC
Drawing Controller coordinates the RMW circuitry and
address registers to draw the specifed figure pixel by pixel.

The algorithms used by the processor for figure drawing
are designed to optimize its drawing speed. To this end, the
specific details about the figure to be drawn are reduced

by the microprocessor to a form conducive to high-speed
address calculations within the GDC. In this way the repeti-
tive, pixel-by-pixel calculations can be done quickly,
thereby minimizing the overall figure drawing time. The
table below summarizes the parameters.

Drawing Type DC D D2 D1 DM
Initial Value* [] 8 8 -1 -1
Line |at| 2]AD| - |Al] 2(]aD|-|aAl]) 2]AD| -
Arc®® rsin ¢ r—1 2(r-1) -1 rsing |
Rectangle 3 A-1 B-1 -1 A-1
Area Fill B-1 A A - -
Graphic Character*** B-1 A A - -
Write Data W-1 C - - - -
DMAW D-1 c-1 - - -
DMAR D-1 Cc-2 (C-2)/2¢ - -
Read Data w - - - -

Dir Line Arc Character |Siant Char|Rectangle DMA

000

W\ Z

“Initiai values for the various parameters remain as each drawing process ends.
**Circles are drawn with 8 arcs, each of which span 45°, so that sin¢ = 1/\V/2 and sin = 0.
***Graphic characters are a special case of bit-map area filinginwhichBandA<8.1fA=8
there is no need to load D and D2.
Where:
-1= all ONES value.
All numbers are shown in base 10 for convenience. The GDC accepts base 2 numbers (2s
P where appropriate).
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§
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-
- 9
o | Do |
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w| 4150

Note that during line drawing, the angle of the line may be
anywhere within the shaded octant defined by the DIR
value. Arc drawing starts in the direction initially specified
by the DIR value and veers into an arc as drawing pro-
ceeds. An arc may be up to 45 degrees in length. DMA
transfers are done on word boundaries only, and follow
the arrows indicated in the table to find successive word
addresses. The slanted paths for DMA transfers indicate
the GDC changing both the X and Y components of the
word address when moving to the next word. It does not
follow a 45 degree diagonal path by pixels.
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— = No parameter bytes sent to GDC for this parameter.
Al= The larger at Ax or Ay. :
AD= The smaller at Ax or Ay.
r= Radius of curvature, in pixeis.
&= Angle from major axis to end of the arc. ¢ < 45°
6= Angle from major axis to start of the arc. § < 45°
1 = Round up to the next higher integer.
| = Round down to the next lower integer.
A= Number of pixels in the initially specified direction.
B= Number of pixels in the directién at right angles to the
initially specified direction.
W= Number of words to be accessed.

C= Number of bytes to be transterred in the initially specified
direction. (Two bytes per word if word transfer mode
is selected.)

D= Number of words to be accessed in the direction at right
angles to the initially specified direction.
DC= Drawing count parameter which is one less than the num-
ber of RMW cycles to be executed.

DM= Dots masked from drawing during arc drawing.
1= Needed only for word reads.



Graphics Character Drawing

Graphics characters can be drawn into display memory
pixel-by-pixel. The up to 8-by-8 character display is loaded
into the GDC's parameter RAM by the system micropro-
cessor. Consequently, there are no limitations on the
character set used. By varying the drawing parameters and
drawing direction, numerous drawing options are available.
In area fill applications, a character can be written into dis-
play memory as many times as desired without reloading
the parameter RAM.

Once the parameter RAM has been loaded with up to eight
graphics character bytes by the appropriate PRAM com-
mand, the GCHRD command can be used to draw the
bytes into display memory starting at the cursor. The zoom
magnification factor for writing, set by the zoom command,
controls the size of the character written into the display
memory in integer multiples of 1 through 16. The bit values
in the PRAM are repeated horizontally and vertically the
number of times specified by the zoom factor.

The movement of these PRAM bytes to the display mem-
ory is controlled by the parameters of the FIGS command.
Based on the specified height and width of the area to be
drawn, the parameter RAM is scanned to fill the required
area.

For an 8-by-8 graphics character, the first pixel drawn uses
the LSB of RA-15, the second pixel uses bit 1 of RA-15, and
so on, until the MSB of RA-15 is reached.

The GDC jumps to the corresponding bit in RA-14 to con-
tinue the drawing. The progression then ddvances toward
the LSB of RA-14. This snaking sequence is continued for
the other 6 PRAM bytes. This progression matches the
sequence of display memory addresses calculated by the
drawing processor as shown above. If the area is narrower
than 8 pixels wide, the snaking will advance to the next
PRAM byte before the MSB is reached. If the area is less
than 8 lines high, fewer bytes in the parameter RAM will
be scanned. If the area is larger than 8 by 8, the GDC will
repeat the contents of the parameter RAM in two dimen-
sions, as required to fill the area with the 8-by-8 mozaic.
(Fractions of the 8-by-8 pattern will be used to fill areas
which are not muitiples of 8 by 8.)

Parameter RAM Contents: RAM Address

RAOto 15

The parameters stored in the parameter RAM, PRAM, are
available for the GDC to refer to repeatedly during figure
drawing and raster-scanning. In each mode of operation
the values in the PRAM are interpreted by the GDCin a
predetermined fashion. The host microprocessor must load
the appropriate parameters into the proper PRAM loca-
tions. PRAM loading command allows the host to write into
any location of the PRAM and transfer as many bytes as
desired. In this way any stored parameter byte or bytes
may be changed without influencing the other bytes.

The PRAM stores two types of information. For specifying
the details of the display area partitions, blocks of four
bytes are used. The four parameters stored in each block
include the starting address in display memory of each
display area, and its length. In addition, there are two mode
bits for each area which specify whether the area is a bit-
mapped graphics area or a coded character area, and
whether a 16-bit or a 32-bit wide display cycle is to be used
for that area.

The other use for the PRAM contents is to supply the pat-
tern for figure drawing when in a bit-mapped graphics area
or mode. In these situations, PRAM bytes 8 through 16 are
reserved for this patterning information. For line, arc, and
rectangle drawing (linear figures) locations 8 and 9 are
loaded into the Pattern Register to allow the GDC to draw
dotted, dashed, etc. lines. For area filling and graphics bit-
mapped character drawing locations 8 through 15 are refer-
enced for the pattern or character to be drawn.

Details of the bit assignments are shown for the various
modes of operation.

Character Mode

RA-0
SAD1,
1 Display Partition Area 1
0 [} 0 SAD1, starting address with low &
" — high significance fields
(word address)
2(" LEN1, 0 0 0 [}
3 ) Length of Display Partition 1
wDi{ 0 LEN1, [<=— (line count) with high and
— low significance fields
A Wide Display cycle width
of two words per memory cycle
is selected for this display
area if this bitis settoa 1.
The display address counter
is then incremented by
2 for each display scan
cycie. Other memory cycle
types are not influenced.
Display Partition 2
RA-4 SAD2, lwa— Starting address
A A " N and length
5 o o0 o SAD2,
6 LEN2, 0 0 [} [}
7 |wbD2| o LEN2,
Display Partition 3
RA-8 SAD3, |- starting address
" " N and length
9 0 ] [} SAD3,
10 LEN3, 0 [} [} 0
1" WDS[ [} LEN3,
Display Partition 4
RA-12 SAD4, la— starting address
A i " i s i and length
13 0 0 0 SAD4,
14 LEN4, [} 0 0 0
15 |wD4| 0 LEN4,




Graphics and Mixed Graphics and Character Modes

Dispiay Partition Area 1
RA-0 SAD1, les— starting address with low,
. . . . R . iddle, and high significance
fields (word address)
1 SAD1,,
2 LENI, [ SAD1,
N . -
Length of Display Partition
3 |wDi} M LEN1, Area 1 with low and high
significance fields (line count)
\ in mixed mode, 8 1 indicates an
image or grap area,and a0
indicates a character area. in
graphics mode this bit must be 0.
When 1, the DAD is incremented
every other display cycle.
Display Partition Area 2
RA-4 SAD2, la— starting address and
n : : . . fength with image
bitasinarea1
5 SAD2,
6 LEN2, o o SAD2,
7 |wD2{ m LEN2,
RA-8 PTN, or GCHR8 J
. . . - e Pattern of 16 bits used for
figure drawing to pattern
) dotted, dashed, etc. lines
9 PTN, or GCHR7
RA-10 GCHR6
11 GCHRS
12 GCHR4 Graphics character bytes
. . " N 10 be moved into display
memory with graphics
3 GCHR3 character drawing
14 GCHR2
15 GCHR1 /

Command Bytes Summary

RESET
SYNC
VSYNC
CCHAR
START
BCTRL
ZOOMm
CURS
PRAM
PITCH
WDAT
MASK
FIGS
FIGD
GCHRD

RDAT

CURD

LPRD

DMAR

DMAW




Video Control Commands

Reset

Blank the display, enter
Idle mode, and initialize
within the GDC:

— FIFO
— Command Processor
— Internal Counters

RESET:| o o 0 o 0 0o o0 o0

This command can be executed at any time and does not
modify any of the parameters already loaded into the GDC.

If followed by parameter bytes, this command also sets the
sync generator parameters as described below. Idle mode
is exited with the START command.

F \ D| G | S == Mode of Operation select bits
i 0 N 0 ¢ See below
P2 . AW l=s— Active Display Words per
" N N A line ~2 Must be even
number with bit0 = 0
P3 VS, HS
\ \——— Horizontal Sync Width — 1
Vertical Sync Width, low bits
P4 HFP VS, [-=— Vertical Sync Width, high bits
A N N i "
\ Hori Front Porch Width — 1
P5 o 0 HBP [—~— Horizontal Back Porch Width — 1
P6 0o o0 VFP =e— Vertical Front Porch Width
P7 AL, |-=— Active Display Lines per
" Video Field, low bits
P8 verP AL, Active Display Lines per
— L Video Field, high bits

N
In graphics mode, a word is a group of 16 pixels. In charac-
ter mode, a word is one character code and its attributes, if
any. The number of active words per line must be an even
number from 2 to 256. An all-zero parameter value selects
a count equal to 2" where n = number of bits in the param-
eter field for vertical parameters. All horizontal widths are

counted in display words. All vertical intervals are counted
in lines.

Vertical Back Porch Width

Horizontal Back Porch Constraints
1. Ingeneral:
HBP = 3 Display Word Cycles (6 clock cycles).
2. Ifthe IMAGE or WD modes change within one
video field:
HBP = 5 Display Word Cycles (10 clock cycles).
3. Ifinterlace or mixed mode is used:
HBP = 5 Display Word Cycles (10 clock cycles).
Horizontal Front Porch Constraints
1. If the display ZOOM function is used at other than 1X:
HFP = 2 Display Word Cycles (4 clock cycles).
2. Ifthe GDC is used in the video sync Slave mode:
HFP = 4 Display Word Cycles (8 clock cycles).
3. If the Light Pen is used:
HFP = 6 Display Word Cycles (12 clock cycles).
4. Ifinterlace mode is used:
HFP = 3 Display Word Cycles (6 clock cycles).

Horizontal SYNC Constraints

1. If Interlaced display mode is used:
HS = 5 Display Word Cycles (10 clock cycles).

Modes of Operation Bits
ca Display Mode
00 Mixed Graphics & Character
01 Graphics Mode
10 Character Mode
11

Invalid

s Video Framing
00 Noninterlaced
01 Invalid
10 Iinteriaced Repeat Field for Character Displays
11 Interiaced
Repeat Field Framing: 2 Field Sequence with 12 line

offset between otherwise
identical fields.

2 Field Sequence with 12 line
offset. Each field displays alter-
nate lines.

1 field brings all of the information
to the screen.

Total scanned lines in interlace mode is odd. The sum of
VFP + VS + VBP + AL should equal one less than the
desired odd number of lines.

Interlaced Framing:

Noninterlaced Framing:

Dynamic RAM Refresh Cycles Enable
0 No Refresh — STATIC RAM
1 Refresh — Dynamic RAM

Dynamic RAM refresh is important when high display zoom
factors or DMA are used in such a way that not all of the
rows in the RAMs are regularly accessed during display
raster generation and for otherwise inactive display
memory.

Drawing Time Window

Drawing during active display time and retrace blanking

1 Drawing only during retrace blanking

Access to display memory can be limited to retrace blank-
ing intervals only, so that no disruptions of the image are
seen on the screen.



SYNC Format Specify

SYNC: ] 0 o 0 0 1 1 1 DE

e display is by
~ a1,andblanked by a 0.

j=s— Mode of bperaﬁon select bits
See below

P2 AW l=s— Active Display Words per
" a " A line — 2 Must be even

number with bit0 - 0
HS

\———— Horizontal Sync Width — 1

Vertical Sync Width, low bits

P3

P4 - Vertical Sync Width, high bits

HFP

VS,

P5 c 0 HBP

P& 0 0 [=s-— Vertical Front Porch Width

VFP

P7 l-a— Active Display Lines per

Video Field, low bits

P8 VBP AL.. l=a— Active Display Lines per

A " : " Video Field. high bits

AN

This command also loads parameters into the sync gener-
ator. The various parameter fields and bits are identical to
those at the RESET command. The GDC is not reset nor
does it enter idle mode.

Vertical Back Porch Width

Vertical Sync Mode

VSYNC: | © i 1 0 1 1 1 M

L—— 0-—Accept External Vertical
Sync — Slave Mode

1 ~Generate & Output Vertical -

Sync — Master Mode

When using two or more GDCs to contribute to one image,
one GDC is defined as the master sync generator, and the
others operate as its slaves. The VSYNC pins of all GDCs

are connected together.

A few considerations should be observed when synchro-
nizing two or more GDCs to generate overlayed video via
the VSYNC INPUT/OUTPUT pin. As mentioned above, the
Horizontal Front Porch (HFP) must be 4 or more dispiay
cycles wide. This is equivalent to eight or more clock
cycles. This gives the slave GDCs time to initialize their
internal video sync generators to the proper point in the
video field to match the incoming vertical sync pulse
(VSYNC). This resetting of the generator occurs just after
the end of the incoming VSYNC pulse, during the HFP
interval. Enough time during HFP is required to allow the
slave GDC to complete the operation before the start of the
HSYNC interval.

Once the GDCs are initialized and set up as Master and
Slaves, they must be given time to synchronize. It is a good
idea to watch the VSYNC status bit of the Master GDC and

Front Porch Width - 1

les— Horizontal Back Porch Width — 1

10

wait until after one or more VSYNC pulses have been gen-
erated before the display process is started. The START
command will begin the active display of data and will end
the video synchronization process, so be sure there has
been at least one VSYNC pulse generated for the Slaves
to synchronize to.

Cursor & Character Characteristics

CCHAR:{ ¢ 1 0 0 i [} i 1
s '] e i 1 A - s
Pi locl o o LR les— Lines per character row — 1
L " N
\ Display Cursor if 1
P2 BR, SC CTOP Cursor Top line number
-, " " a in the row
\ 0 - Blinking Cursor
1 — Steady Cursor
Blink Rate, lower bits
P3 cBoT BR, j==— Blink Rate, upper bits
s d . .
\ Cursor B line ber in

therow CBOT < LR -

In graphics mode, LR should be set to 0. The blink rate
parameter controls both the cursor and attribute blink rates.
The cursor biink-on time = blink-off time = 2 x BR (video
frames). The attribute blink rate is always V2 the cursor rate
but with a % on-Y4 off duty cycle. All three parameter bytes
must be output for interlace displays, regardless of mode.
For interlace displays in graphics rnode, the parameter
BRL = 3.



Display Control Commands

Start Display & End Idle Mode

START: /0 1 1 o0 1 0 1 1

Display Blanking Control

BCTRL: | 0 o 0 0 1 1 [} DE == The display is enabled

D PN " by a1, and blanked by
a0.

Zoom Factors Specify

zooM: o 1 o o o 1 1 o

- - i - -
P DISP GCHR — Zoom factor for graphics
L A TR A writing and area
\ filling

Display zoom factor

Zoom magnification factors of 1 through 16 are available
using codes 0 through 15, respectively.

Cursor Position Specify
CuRs: [0 1 0 o 1 o0 o0 1
P EAD [~=— Execute Word Address,
— low byte
P2 EAD let— Execute Word Address,
E—— iddle byte
P3 dAD [] [} EAD [~e———— (Graphics Mode oniy)
L Word Address, top bits

Dot A within the word
In character mode, the third parameter byte is not needed.
The cursor is displayed for the word time in which the dis-
play scan address (DAD) equals the cursor address. In
graphics mode, the cursor word address specifies the word
containing the starting pixel of the drawing; the dot address
value specifies the pixel within that word.

Parameter RAM Load

PRAM: SA

L—————— Starting Address in

parameter RAM

[~=—— 10 16 bytes to be loaded
into the parameter RAM
starting at the RAM address
specified by SA

j JE——
3

A i A " i L

From the starting address, SA, any number of bytes

may be loaded into the parameter RAM at incrementing
addresses, up to location 15. The sequence of parameter
bytes is terminated by the next command byte entered into

the FIFO. The parameter RAM stores 16 bytes of informa-
tion in predefined locations which differ for graphics and
character modes. See the parameter RAM discussion for
bit assignments.

Pitch Specification

PITCH:

ber of word

in display memory in the
horizontal direction

This value is used during drawing by the drawing processor

* tofind the word directly above or below the current word,

1

and during display to find the start of the next line.

The Pitch parameter (width of display memory) is set by
two different commands. In addition to the PITCH com-
mand, the RESET (or SYNC) command also sets the pitch
value. The “active words per line” parameter, which spec-
ifies the width of the raster-scan display, also sets the Pitch
of the display memory. Note that the AW value is two less
than the display window width. The PITCH command must
be used to set the proper memory width larger than the
window width.

Drawing Control Commands

Write Data into Display Memory

WDAT: 0 [} i TYPE [} MOD
A n -
‘——-—— RMW Memory cycle
Logical Operation:
——
0 0 ~a—— REPLACE with Pattern
[} 1 ~t—— COMPLEMENT
1 0 ~=——— RESET to zero
1 1 «——SETto 1
Data Tr Type:
—~——
[} Q ~#——————————— Word, Low then High byte
1 | 0~ | ow Byte of the Word
1 1t ___High Byte of the Word
0 1 Invalid
|
[ 4] WORD_ ORBYTE [~a——— Word Low Data Byte or
. N N " Single Byte Data value
P2 WORD, |=a—— Word transter only:
etc. —_ . . R High Data Byte

Upon receiving a set of parameters (two bytes for a word
transfer, one for a byte transfer), one RMW cycle into Video
Memory is done at the address pointed to by the cursor
EAD. The EAD pointer is advanced to the next word,
according to the previously specified direction. More
parameters can then be accepted.

For byte writes, the unspecified byte is treated as all zeros
during the RMW memory cycle.

In graphics bit-map situations, only the LSB of the WDAT
parameter bytes is used as the pattern in the RMW opera-
tions. Therefore it is possible to have only an all ones or
all zeros pattern. In coded character applications all the
bits of the WDAT parameters are used to establish the
drawing pattern.

The WDAT command operates differently from the other
commands which initiate RMW cycle activity. It requires



parameters to set up the Pattern register while the other
commands use the stored values in the parameter RAM.
Like all of these commands, the WDAT command must be
preceded by a FIGS command and its parameters. Only
the first three parameters need be given following the FIGS
opcode, to set up the type of drawing, the DIR direction,
and the DC value. The DC parameter +1 will be the num-
ber of RMW cycles done by the GDC with the first set of
WDAT parameters. Additional sets of WDAT parameters
will see a DC value of 0 which will cause only one RMW
cycle to be executed per set of parameters.

Mask Register Load

o 1 0 [ | 0 1 01

" |

M,

MASK:

Low significance byte

High significance byte

This command sets the value of the 16-bit Mask register of
the figure drawing processor. The Mask register controls
which bits can be modified in the display memory during a
read-modify-write cycle.

The Mask register is loaded both by the MASK command
and the third parameter byte of the CURS command. The
MASK command accepts two parameter bytes to load a
16-bit value into the Mask register. All 16 bits can be indi-
vidually one or zero, under program control. The CURS
command on the other hand, puts a “1 of 16” pattern into
the Mask register based on the value of the Dot Address
value, dAD. If normal single-pixel-at-a-time graphics fig-
ure drawing is desired, there is no need to do a MASK
command at all since the CURS command will set up the
proper pattern to address the proper pixels as drawing pro-
gresses. For coded character DMA, and screen setting and
clearing operations using the WDAT command, the MASK
command should be used after the CURS command if its
third parameter byte has been output. The Mask register
should be set to all “ONES” for any “word-at-a-time”
operation.
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Figure Drawing Parameters Specify

FIGS: 0 1 0 [ | 1 0 0

SLI R|]A|GC| L DIR

1 t Figure Type Select Bits:
Line (Vector)
ina Ch

+==—— Drawing Direction Base

Arc/rcircle
Slanted Graphics Ch

P2 Q DC, DCI g F

: "
P3 0 | GD DC, }

PR L N L
\ p D g flag for use in
Mixed Graphics and Character Mode

Ps Q D. j=e———- D Drawing Parameter

2 - .
P5 I o o I Dy )

x " n L N L
Ps D2, [~=—— D2 Drawing Parameter

" .

P7 o 0 D2, )

e e .
P8 D1, D1 Drawing Parameter
o —)

" P
P10 DM, DM Drawing F
P11 o o .om, The parameters take on

N different interpretations for
different tigure types.

Valid Figure Type Select Combinations

SL R A GC

"~

Operation

Character Display Mode Drawing, Individual Dot Drawing,
DMA, WDAT, and RDAT

Straight Line Drawing

Graphics Character Drawing and Area filling with graphics
character pattern

Arc and Circle Drawing

0 1 o o0 o Rectangle Drawing
1 [} 0 1 Slanted Grapnics C Drawing and S
Area Filling

Only these bit combinations assure correct drawing
operation.

Figure Draw Start

FIGD: | © 1 1 o 1 1 0 o

On execution of this instruction, the GDC loads the param-
eters from the parameter RAM into the drawing processor
and starts the drawing process at the pixel pointed to by the
cursor, EAD, and the dot address, dAD.



Graphics Character Draw and Area Filling Start

GCHRD:| 0 1 1 0 1 0

Based on parameters loaded with the FIGS command, this
command initiates the drawing of the graphics character
or area filling pattern stored in Parameter RAM. Drawing
begins at the address in display memory pointed to by the
EAD and dAD values.

Data Read Commands

Light Pen Address Read

LPRD:

The following bytes are returned by the GDC through
the FIFO:

1

1

o o 0

0

0o 0

A7

LAD,

A0

Light Pen Add!

A1S

LAD,,

A8

iddle byte

LAD,

low byte

[~=— Light Pen Address,

Light Pen Add:

, high byte

Read Data from Display Memory

RDAT: 1 0 1 TYPE

MOD

—

A,

o-n-ol

Data Transfer Type:

Word, low then high byte

Low byte of the Word only

| ~#————————————High byte of the Word only

1 - nvalid

Using the DIR and DC parameters of the FIGS command
to establish direction and transfer count, multiple RMW

cycles can be executed without specification of the cursor
address after the initial load (DC = number of words

or bytes).

As this instruction begins to execute, the FIFO buffer direc-
tion is reversed so that the data read from display memory
can pass to the microprocessor. Any commands or param-
eters in the FIFO at this time will be lost. A command byte
sent to the GDC will immediately reverse the buffer direc-
tion back to write mode, and all RDAT information not yet
read from the FIFO will be lost. MOD should be set to 00 if
no modification to video buffer is desired.

Cursor Address Read

CURD: 1 1 1 0 o 0 0 o0 |

The following bytes are returned by the GDC through
the FIFO:

The light pen address, LAD, corresponds to the display
word address, DAD, at which the light pen input signal is
detected and deglitched.

The light pen may be used in graphics, character, or mixed
modes but only indicates the word address of light pen
position.

DMA Read Request

OMAR: | 1 0o 1 TYPE 1 MOD

|- Data Tr

| Type:

0 ~e————————————— Word, Low then High Byte
0 ~—————————— Low Byte of the Word

1 ~————————————— High Byte of the Word

o = < o

1 - Invalid

DMA Write Request

TYPE

DMAW: | o 0 1

MOD

—a——— RMW Memory Logical Operation:

0
]
1
1

0 —=——REPLACE with Pattern
1 ~=—— COMPLEMENT
0 —=—— RESET to Zero

1 —=—— SET to One

0

Data Tr Type:

0 ~————————— Word, Low then High Byte

Low Byte of the Word

EAD, A0

|—=—— Execute Address (EAD),

NCA7

low byte

A8 L Execute Address (EAD),

P2< A1S

iddle byte

EAD,

Execute Address (EAD),
high bits

|~=—— Dot Address (dAD), low byte

Ps dAD,

Dot Address (dAD), high byte

1 ~——————————— High Byte of the Word

o - = o

1 -—————————— Invalid

The Execute Address, EAD, points to the display memory
word containing the pixel to be addressed.

The Dot Address, dAD, within the word is represented as a

1-0f-16 code for graphics drawing operations.

13



AC Characteristics, .PD7220D
T. = 0°C to 70°C; Ve = 5.0V = 10%; GND = OV

Read Cycle {(GDC —~ CPU)
7220D Limits 7220D-1 Limits 72200-2 Limits Tost
Parameter Symbol Min Max Min Max Min Max Unit  Conditions
Address Setup to RD | tar 0 0 0 ns
Address Hold from RD 1 taa 0 0 0 ns
RD Pulse Width trat thot + 20 thos + 20 tapr + 20 ns
Data Delay from RD | tao1 120 80 ' 70 ns C, = 50 pF
Data Floating from RD 1 tor 0 120 0 100 0 90 ns
RD Puise Cycle they 4tc 4teix 4ok ns
Write Cycle (GDC ~ CPU)
7220D Limits 7220D-1 Limits 7220D-2 Limits Test
P, Symbol Min Max Min Max Min Max Unit Conditions
Address Setup to WR | taw [} 0 [ ns
Address Hold from WR 1 twa 0 [] 10 ns
WR Pulse Width tww 120 100 90 ns
Data Setup to WR 1 tow 100 80 70 ns
Data Hoid from WR 1 two [/} 0 10 ns
WR Puise Cycle twey 4tc ¢ 4toix dteix ns
DMA Read Cycle {GDC «~ CPU)
72200 Limits 7220D-1 Limits 72200D-2 Limits Tost
. P Symbol Min Max Min Max Min Max Unit  Conditions
DACK Setup to RD | twR 0 0 [) ns
DACK Hold from RD 1 tax 0 0 0 ns
RD Puise Width thR2 tao2 + 20 thoz + 20 thoz + 20 ns
Data Delay trom RD | tap2 1.5tcx + 120 1.5tk + 80 15t + 70 ns C_ = 50 pF
DREQ Delay from =
2XWCLK 1 trea 150 120 100 ns C_ = 50 pF
DREQ Setup to DACK | tox 0 0 0 ns
DACK High Leve! Width tox tek tork [ ns
DACK Puise Cycle te Ate k" 4 tok” 4 ok ns
R
DAGE | Pwey fram tam tou + 150 tou + 120 tork + 100 ns  C,=50pF
* for high byte and low byte transfers: tg = 5t «
DMA Write Cycie (GDC «~ CPU)
72200 Limits 7220D-7 Limits 7220D-2 Limits Test
Py Symboi Min Max Min Max Min Max Unit  Conditions
DACK Setup to WR | tw [} 0 ] ns
DACK Hold from WR 1 twk 0 [) 0 ns
R
DaCK | heley from tagw touk + 150 towk + 120 toux + 100 ns G =50pF
R/M/W Cycle (GDC «~ Display Memory)
7220D Limits 7220D-1 Limits 7220D-2 Limits Test
Symbol Min Max Min Max Min Max Unit Conditions
Address/ Data Delay =
from 2XWCLK 1 tan 30 160 130 110 ns C_ = S0pF
Address/Data Floating -
from 2XWCLK 1 torr 30 160 130 110 ns C_ = 50 pF
Input Data Setup to
2XWCLK | tos ° o ° ns
H
'z';g;‘,'c“,_;"l old from tom tog — 20 tog ~ 20 toe - 20 ns
DBIN Delay from =
2XWCLK | toe 30 120 30 90 ns C_ = 50 pF
ALE 1 Delay from
2XWCLK 1 tar 30 125 30 100 ns C, = 50pF
oL Y from the 30 100 30 80 30 70 ns  C,=50pF
ALE Width taw V2 toix V2 terk V2 terk ns C. = 50pF
ALE Low Width [*% tok + 30 tek + 30 toue + 30 ns

14



AC Characteristics, .PD7220D (Cont’d)

Display Cycile (GDC < Display Memory)
72200 Limits 7220D-1 Limits 7220D-2 Limits Test
Parameter Symbol Min Max Min Max Min Max Unit  Conditions
T n e Deley tvo 150 120 100 ns  C_=50pF
Input Cycle (GDC < Display Memory)
7220D Limits 7220D-1 Limits 7220D-2 Limits Tost
Parameter Symbol Min Max Min Max Min Max Unit Conditions
oL Setup o tos 30 20 15 ns
Input Signai Width tow tewk teLx tork ns
Clock (2XWCLK)
72200 Limits 72200D-1 Limits 7220D-2 Limits Tost
Parameter Symbol Min Max Min Max Min Max Unit  Conditions
Clock Rise Time ten 20 20 20 ns
Clock Fall Time ter 20 20 20 ns
Clock High Pulse Width ten 108 80 70 ns
Clock Low Puise Width teL 108 80 70 ns
Clock Cycle tek 250 2000 200 2000 180 2000 ns
DC Characteristics Absolute Maximum Ratings* (Tentative)
Ta = 0°C to 70°C; Ve = SV = 10%; GND = OV :
- - Ambient Temperature under Bias 0°C to 70°C
Limits Test 0,
P Symbol Min Typ  Max Unit € '“ tlons Storage Temperature -65°C to 150°C
Input Low Voitage Vi, —05 0.8 v ® Voitage on Any Pin with Respect to Ground -0.5Vto +7V
Input High Voitage Vin 22 Vee +05  V @ Power Dissipation 15W
Output Low Vol v 0.45 V g =22mA . .
Om o W'.:’; > = TR *COMMENT: Exposing the device to stresses above
input Low Leak Current Ty T wA VooV those listed in Absolute Maximum Ratings could cause
input High Leak Current Iy, +10 bA V= Voo permanent damage. The device is not meant to be
Output Low Leak Current I, ~10 WA Vo =0V operated under conditions outside the limits described
Output High Leak Current loy +10 WA Vo =Vec in the operational sections of this specification. Expo-
Clock Input Low Voltage Ve -05 0.8 v sure to absolute maximum rating conditions for
Clock Input High Voltage Ve 35 Vec+10 v extended periods may affect device reliability.
Ve Supply Current lec 270 mA
Capacitance
T. = 25°C; V.c = GND = 0V
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input Capacitance Cw 10 pF
1/O Capacitance - Cjo 20 pF :7 =1MHz
Output Capacitance Cour 20 pF (unmeasured) = OV
Clock Input Capacitance Co 20 pF

Notes:

@ For 2XWCLK, V, = 0.5V to +0.6V.
@ For2XWCLK, V,, = +3.9V1t0 V¢ +1.0V.
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Timing Waveforms

Microprocessor Interface Write Timing

Display Memory Display Cycle Timing

AO: Invalid ) Valid Invalid X Valid
b— .
_ R0 oy U7} 2xWCLK:
WR: 1 ), \
== to
—= ADO-15
DBO-~7: Invalid | Valid Invalid ) -1!-
! twey I ==t [
A6, A17:
- e
R B
Microprocessor Interface Read Timing ALE: ‘
== tup "l two
A0: Invalid Valid invaiid X AN TEF: X
VSYNC
LCO- 3
RD: CSR
CSR-IMAGE
ATT-BLINK-CLC
High —
B0~ 7 pedance kValid ¥ Tiigh impedance
tRC\'

Display Memory RMW Timing

jo— E1 €2 E3—ete—E4
Microprocessor Interface DMA Write Timin,
P 9 2xWCLK: j
p— k..
HSYNG =t o - ‘orl‘ invalid| s ot tao ~ rfL’
2xWCLK: ADO~15 Valid Valid Valid
lOutput Addressi Input Data Output Data
oe™ it
DREQ: DBIN:
tox = tow —1 tox—1 1t [T
DACK: X A16, A17: J4400004/
It
te =1 e b= A
WR: . ALE: 'f l
1 ew P2 Ry 1 .‘ taw M-
tww i-———tm-—-———l

twi (WR T toHSYNC 1) =t
t (DACK | to HSYNC 1) = ¢\«

Microprocessor Interface DMA Read Timing

e
2xWCLK:
DREQ: X
P tox—>1 teom I tox->]
DACK: tig
| te
RD: tan.
-t by toas _ “:: :‘T‘i )
DBO 7: oy = Invalid ) valid J—= >
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Timing Waveforms (Cont.)

Display and hMW Cycles (1x Zoom)

2xWCLK:

ALE:

ADO-15:

A16, 17:

HSYNC:
BLANK:
V/EXT SYNC:

D1

Display
Cycle

D2

Display or RMW
Cycle

E1 |

T\a
\

N

I

Input Data

Output Data

X Output Address )—

\

JEAANAAA




8l

Display and RMW Cycles (2x Zoom)

Zoomed Display Zoomed Display RMW Dispiay or RMW
Cycie Cycle Cycle Cycle
le—— D1 D2 D3 D1 D2 D3 Et E2 E3 ]' E4 El ——»
2WCLK: 7 \ / \ \ \ \ \ AN J \ J \ 7\ /, \_7
AE: T/ \ / \ / T\ / \
DBIN: \ r
. B ey B grwremraryrrmena —
ADO-15: { Output )- { Output )- ~ Output ) {__input Data_ }»——( Output Data X Output Address )~
a7 1 X X X X
BLANK: | \ /

("3u0n) swiojonem Buiwiy
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Zoomed Display Operation with RMW Cycle (3x Zoom)

Display or RMW
Cycle

Zoomed Display RMW
Cycle Cycle
) i D2 i D3 i D4 D5 06 3 E2 3] E4 — €5 ! E6
awerk: 7 \__ f n_/ \ 7 \ \ \ 7 \ 7 \n__ 7 N_ 7 \_7 \ 7\

]

—

ALE: 1 ] \ /

DBIN:

A16,17: x

. v oo\
ADO-15: ——— Output ) { Output ) { inputData )— Output Data ) ~( Output Address )—
1 X X
/ \___

Blank: _m

(-3u09) swiojenep Gunwuy



Timing Waveforms (Cont.)

Light Pen and External Sync Input Timing Clock Timing (2XWCLK)
ten  tor
2xWCLK: fon Ve, = 3.9
N 2xWCLK: —
LPEN, e o o, et Vo, = 08
EX. SYNC:
o

Test Level (for AC Tests, except 2XWCLK)

24 20 2.0
Miscellaneous: X ==Test Point <X X
045 0.8 0.8

nounn
ponn
OO0

Video Sync Signals Timing

HBLANK: _/ T o TN __/

HSYNC: -/ \
L " G G G G G G G o
LCO-4: X " " \

VBLANK: | \ o / T - -ttt
1
VSYNC: ! .\
1
le -
I 1V (Frame) -
Interlaced Video Timing

HBLANK:_]I'I___ n_n __M___ﬂ_fL-__ﬂ_--.ﬂ.--M--_ML-
veLank: | ___ | T T T o B

1
|
i |
0dd Field + Evel |
|
|

| | |

VSYNC: | N

(No Interlacey

I
| 0
| | !
I g

|

!

|

|

T

| |
|

n

1

|

VSYNC:

(Interlace)

Field —mM8M8Mm —————

le
f—
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Timing Waveforms (Cont.)

Video Horizontal Sync Generator Parameters

L " J
| |
l |
| |
HBLANK: | 1 ]—'
[ | |
| | |
| | |
HSYNC: | 1 | |
| I : |
! [ | I
| | | L |
—-{ HFP HBP | c/R —{
HS
Video Vertical Sync Generator Parameters
L o
F 1v
[}
| |
| |
VBLANK: | :
| |
! |
L

_—— e — — —

“ L
!-— vBP T LF
i
Cursor — Image Bit Flag
_.| l...tcut
2xcotx _nnnn
HBLANK r‘# f ;’T
_— 10 teux [ ——
HSYNC . I {é
CRS-image /4,’, . Invalid Cf\- Cursor
5§ 1% tay
Image
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Video Field Timing

HSYNC Output

4 Drawing Intervals

DMA Request Intervals

Vertical SYNC Lines

.

i Vertical Back Porch Blanked Lines

; Vertical Front Porch Blanked Lines

20 ////////////////////l\

20000

N\

AN

A

HIMHMMIDUIY

N

iz

S\
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VSYNC Output

DMA Request Interval



Block Diagram of a Graphics Terminal

r--"--"--"-""-"""-""""""-""-""-"-"""-""-"""-"-""-"""-""="-"-"="--"=-"=-"="-—-"—-"—--=-=-= |
I ALE |
Terminal Display
| Processor CloCK et DBIN Memory l
|
wPD7220 I
| Goc |
/ } A Video
l p ADDR/Data ) Shift !
Y | DBO-7 Register I
| Data |
I E AQ ﬁ Character I
Input
Devices 1 ROM !
| |
| | |
| Blanking I
DRQ HSYNC DV“"" N CRT
| OMA VSYNC Circuit | Display
| Control | pack |
—
| |
| RAM LPEN Pen X
Clrcuit !
| |
l |
Serial *
l ROM Sicions |
| | Host
| | Computer
Mass
Parallel
St&;g. Controller Interface
| ]vL l
e e e e e e e e e e e e e e e - - ———————— —— — .|
Multiplane Dispilay Memory Diagram
Video
Shift
Registers

GDC

s

DI
RAMs DO
ADR

Il

ol

RAMs DO

AD
Oto 15

Line

Counter

;>E

b

Attri

Video
Amp
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NEC Electronics US.A. Inc. TEL 617-655.8833
Microcomputer Division TWX 710-386-2110

Package Outline

©~PD7220D (Ceramic)
' A U P— Ceramic
I L item Millimeters inches
H i - {Y A 51.5 Max . 2.03 Max
1]— 36 —fm 8 1.62 Max 0.06 Max
8 " = e 010 ] Yaee c 2642 0.1 0.1 = 0.008
€ D 0.5+ 0.1 0.02 = 0.004
" E 48.26 = 0.1 1.9 = 0.004
F 1.02 Min 0.04 Min
G 3.2 Min 0.13 Min
H 1.0 Min 0.04 Min
1 3.5 Max . 0.14 Max
J 4.5 Max 0.18 Max
K 15.24 Typ 0.6 Typ
L 14.93 Typ 0.59 Typ
"] 0.25 = 0.05 0.01 = 0.0019
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MCe845

CRT CONTROLLER (CRTC) , o
The MC6845 CRT controller performs the interface between an MPU ) -
and a raster-scan CRT display. It is intended for use in MPU-based con- (N-CHANNEL, SILICON-GATE)

trollers for CRT terminals in stand-alone or cluster configurations.
The CRTC is optimized for the hardware/software balance required

for maximum flexibility. All keyboard functions, reads, writes, cursor CRT CONTROLLER

movements, and editing are under processor control. The CRTC pro- (CRTC)

vides video timing and refresh memory addressing.

® Useful in Monochrome or Color CRT Applications

® Applications Include "“Glass-Teletype,” Smart, Programmable, Intel-
ligent CRT Terminals; Video Games; Information Displays

@® Alphanumeric, Semi-Graphic, and Full-Graphic Capability
® Fully Programmable Via Processor Data Bus. Timing May Be Gen- o ut L SUFFIX
erated for Almost Any Alphanumeric Screen Format, e.g., 80x 24, (Tﬁmrm [ CERAE”;%:’;%KAGE

72x64, 132 x20

® Single +5 V Supply

® M6800 Compatible Bus Interface

® TTL-Compatible Inputs and Outputs CER%?:&Z‘:(AGE

® Start Address Register Provides Hardware Scroll (by Page or CASE 734
Character)

® Programmable Cursor Register Allows Control of Cursor Format
and Blink Rate

® Light Pen Register : P SUFFIX

® Refresh (Screen) Memory May be Multiplexed Between the CRTC P‘-ASCTLCSE‘;C:‘AGE

and the MPU Thus Removing the Requirements for Line Buffers or
External DMA Devices
® Programmable Interlace or Non-Interlace Scan Modes

@ 14-Bit Refresh Address Allows Up to 16K of Refresh Memory for
Use in Character or Semi-Graphic Displays

PIN ASSIGNMENT

® 5-Bit Row Address Allows Up to 32 Scan-Line Character Blocks GNDI' @ -/ 40fIvs
® By Utilizing Both the Refresh Addresses and the Row Addresses, RESETO 2 39 [IHS
a 512K Address Space is Available for Use in Graphics Systems LpsTBD - 8[1RAO
® Refresh Addresses are Provided During Retrace, Allowing the CRTC 3
to Provide Row Addresses to Refresh Dynamic RAMs MA0Q 4 37[RA1
® Pin Compatible with the MC6835 MAI1[}5 36[IRA2
MA2([]6 35[1RA3
MA3[] 7 34[1RA4
ORDERING INFORMATION MA4[] 8 33100
MAS[]9 32[1D1
Package Type Frequency (MHz) Temperature Order Number mas (10 . nfo2
Ceramic 1.0 0°C to 70°C MC6845L
L Suffix 1.0 —40°C t0 85°C | MC6845CL MA7O N Q03
1.5 0°C to 70°C MCB8A45L MA8([]12 29[]D4
1.5 —40°C to 85°C MCB8A45CL
2.0 0°C 10 70°C | MC68B45L MAS13 28{105
Cerdip 1.0 0°C to 70°C MC6845S MA10[14 27[106
S Suffix 1.0 —40°C t0 85°C | MC6845CS MA s 26107
1.5 0°C to 70°C MC68A45S _—
15 —40°C 10 85°C | MC68A45CS MA12016 B[CS
2.0 0°C to 70°C MC68B45S MA13[]17 24{1RsS
Plastic 1.0 0°C to 70°C MC6845P DE[j18 23[1E
P Suffix 1.0 —40°C to 85°C MC6845CP —_
15 0°C 10 70°C | MC6BA4EP CURSORQ19 2 R/W
1.5 —40°C to 85°C MCB68A45CP Veell2o 21JcLk
2.0 0°C to 70°C MC68B45P

©MOTOROLA INC., 1984 DS9838-R1



FIGURE 1 — TYPICAL CRT CONTROLLER APPLICATION

—> AB
Processor
] > DB Primary Bus
. y /\ 3 Secondary (8
Bus
High Speed | CLK > Refresh 3-State
Timing CRTC 14, | MUX > gam > Buffer
7
y Refresh Y Cursor,
Memory Display
Addresses. Enable
y
Latch
Light
Pen —
Circuit
Row Add Y y y
ow resses
P ROM Shift Video
75 Character Register > Output >
Yy Generator
HS VS
MAXIMUM RATINGS The device contains circuitry to protect the
. Rating Symbol Value Unit inputs against damage due to high static
Supply Voltage Ve —03to0 +70| V vpltages or electric fields; }.wwever, itis ad-
Tnput Voltage Vin 03w +70 v wsgd that‘ normal precautions bg taken to
- avoid application of any voitage higher than
Operating Temperature Range TLtoTH . maximum rated voltages to this high-
MCE845, MCE8A45, MCE8B45 TA 0t 70 C impedance circuit. For proper operation it is
MC6845C, MCBBA45C -40to +85 recommended that Vi, and Vgyt be con-
Storage Temperature Range Tstg -55t0 +1650| °C strained to the range Vggs=(Viy or
Vout! =Vcee-
THERMAL CHARACTERISTICS out’=¥CC
Characteristic Symbol Value Rating
Thermal Resistance
Plastic Package 100 o
Cerdip Package bun 60 C/w
Ceramic Package 50
RECOMMENDED OPERATING CONDITIONS
Characteristics Symbol | Min | Typ | Max | Unit
Supply Voltage Vee 4751501 525 V
Input Low Voltage ViL -03| - | 08 | V
Input High Voltage ViH 2.0 - | Vecec| VvV

2
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POWER CONSIDERATIONS

The average chip-junction temperature, T4, in °C can be obtained from:
Ty=Ta+(Ppedja) (n
Where:
TaA=Ambient Temperature, °C
0 A= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PiINT=|Ccc x Ve, Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < P|NT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T J (if PPORT is neglected) is:
Pp=K+ (T +273°C)
Solving equations 1 and 2 for K gives:
K =Ppe(TA+273°C) + 6 A°PD2 (3)
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)

for a known TA. Using this value of K the values of Pp and T can be obtained by solving equations (1) and (2) iteratively for any
value of TA.

(2)

DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vdc + 5%, Vgg=0, Tao=0 to 70°C unless otherwise noted, see Figures 2-4)

Characteristic Symbol | Min | Typ | Max | Unit
Input High Voltage ViH 2.0 - {Vec | V
Input Low Voltage ViL -03| - 0.8 \
Input Leakage Current lin - 0.1 ] 25 | pA
Hi-Z State input Current {Vcc=5.25 V) (Vin=0.41024 V) TS| -10 | - 10 | pA
Output High Voltage
(I oad = — 205 uA) DO-D7 | VOH 24 |30 - v
(I oad = — 100 uA) Other Outputs 24 130 -
Output Low Voltage (I gad=1.6 mA) VoL - 10304 %
Internal Power Dissipation (Measured at Tp=0°C) PINT - 600 | 750 | mW
Input Capacitance D0-D7 C - - 12.5 oF
All Others n - - 10
Output Capacitance All Outputs | Coyut - - 10 pF

@ MOTOROLA Semiconductor Products Inc.
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2) (Reference Figures 2 and 3)

Nlﬁ;nt:er Characteristic Symbol MCBB4S | MCBBA4E | MCE8BAS Unit
Min | Max | Min | Max | Min | Max
1 Cycle Time teye 1.0 |10**] 067 | 10 | 0.5 |10**| us
2 Pulse Width, E Low PWg_ |430| - | 280 — [210 | - ns
3 Puise Width, E High PWEgH | 450 - 280 - 220 | — ns
4 Clock Rise and Fall Time tr, tf - 25 - 25 - 20 ns
9 Address Hold Time (RS) tAH 10 - 10 - 10 - ns
13 RS _Setup Time Before E tAS 80 - 60 - 40 - ns
14 R/W and CS Setup Time Before E tcs 80 | — | 60| — |40 | - | ns
15 R/W and CS Hold Time tCH 0} -1} ~-110]~-1ns
18 Read Data Hold Tirne tDHR 20 | 50% | 20 | 50* | 20 | 50* | ns
21 Write Data Hold Time tDHW 10 - 10 - 10 - ns
30 Peripheral Output Data Delay Time tDDR - 290 - 180 0 150 | ns
31 Peripheral Input Data Setup Time tosw | 165 | — 80 - 60 - ns

*The data bus output buffers are no longer sourcing or sinking current by tpHRr maximum (high impedance).
* *The E clock may be low for extended periods provided the CLK input is active.

FIGURE 2 — MC6845 BUS TIMING

©)

NS

©)

®

A

— @
AW, TS AXKXKAXXXRXAXN
<>»{18 € .
Read Data N MPU Read Data 1}
Write Data ‘[ MPU Write Data
NOTES:

1. Voltage levels shown are V| <0.4 V, V4=2.4 V, unless otherwise specified.
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.

FIGURE 3 — BUS TIMING TEST LOAD

Test Point

50V

4

RL=24kQ  C=130 pF for DO-D7
=30 pF for MAO-MA13, RAO-RA4,

DE, HS, VS, and CURSOR

MMDG150 R=11 k@ for DO-D7
or Equiv. =24 kQ for All Other Outputs

T

@ MOTOROLA Semiconductor Products Inc.
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CRTC TIMING CHARACTERISTICS (Reference Figures 4 and 5)

Characteristic Symbol | Min | Max | Unit
Minimum Clock Pulse Width, Low PwcL | 150 | — ns
Minimum Clock Pulse Width, High PwcH | 150 - ns
Clock Frequency fc - 3.0 {MHz
Rise and Fall Time for Clock Input ter tef | — 20 ns
Memory Address Delay Time tMAD - 160 | ns
Raster Address Delay Time tRAD - 160 | ns
Display Timing Delay Time \ tDTD - 250 | ns
Horizontal Sync Delay Time tHSD - 250 | ns
Vertical Sync Delay Time tvsSD - | 250 | ns
Cursor Display Timing Delay Time tCoD - 250 | ns
Light Pen Strobe Minimum Pulse Width PWipH | 80 - ns
Light Pen Strobe Disable Time tLPD1 - 80 | ns
tLPD2 - 10 ns
NOTE: The light pen strobe must fall to low level before VS pulse rises.
FIGURE 4 — CRTC TIMING CHART
CLK\ / ) \
x B | o —
I \r
MAO-MA13 >< ><
X N
[— t\M AD—3™ €E— I\ A D™
N lr
RAQ-RA4 ><
\‘
€—tRAD € tRAD—>]
/ N
DE /
E—tpTD—™ <€—tDTD
/ N
HS /
[ E—tH S D—> €—tHSD
- N
VS /
E—tySD— €—tySD
e N
CURSOR /
ME—{CDD—> €—1CDD

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts unless otherwise noted.

5
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FIGURE 5 — CRTC-CLK, MAO-MA13, AND LPSTB TIMING DIAGRAM
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NOTE: Timing measurements are referenced to and
from a low voltage of 0.8 volts and a high <1 PD2
voltage of 2.0 volts, unless otherwise noted.
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When the CRTC detects the rising edge of LPSTB in
this period, the CRTC sets the Refresh Memory Ad-
dress ‘M + 2" into the LIGHT PEN REGISTER.

tLPD1. tLPD?2: Period of uncertainty for the Refresh
Memory Address. . .

CRTC INTERFACE SYSTEM DESCRIPTION

The CRT controller generates the signals necessary to in-
terface a digital system to a raster scan CRT display. In this
type of display, an electron beam starts in the upper left
hand corner, moves quickly across the screen and returns.
This action is called a horizontal scan. After each horizontal
scan the beam is incrementally moved down in the vertical
direction until it has reached the bottom. At this point one
frame has been displayed, as the beam has made many
horizontal scans and one vertical scan. !

Two types of raster scanning are used in CRTs, interlace
and non-interlace, shown in Figures 6 and 7. Non-interlace
scanning consists of one field per frame. The scan lines in
Figure 6 are shown as solid lines and the retrace patterns are:
indicated by the dotted lines. Increasing the number of
frames per second will decrease the flicker. Ordinarily, either
a 50 or 60 frame per second refresh rate is used to minimize
beating between the CRT and the power line frequency. This
prevents the displayed data from weaving.

FIGURE 6 — RASTER SCAN SYSTEM (NON-INTERLACE)
r Active Display

- Retrace Vertical
Scan
Period

Vertical
Retrace
Period

N -

Horizontal Scan Horizontal Retrace
Period Period
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Interlace scanning is used in broadcast TV and on data
monitors where high density or high resolution data must be
displayed. Two fields, or vertical scans are made down the
screen for each single picture or frame. The first field {even
field) starts in the upper left hand corner; the second (odd
field) in the upper center. Both fields overlap as shown in
Figure 7, thus interlacing the two fields into a single frame.

In order to display the characters on the CRT screen the
frames must be continually repeated. The data to be
displayed is stored in the refresh {(screen) memory by the
MPU controlling the data processing system. The data is
usually written in ASCH code, so it cannot be directly
displayed as characters. A character generator ROM is
typically used to convert the ASCli codes into the “dot’ pat-
tern for every character.

The most common method of generating characters is to
create a matrix of dots “x"' dots (columns) wide and *'y" dots
(rows) high. Each character is created by selectively filling in

FIGURE 7 — RASTER SCAN SYSTEM (INTERLACE)
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the dots. As 'x’* and "'y"’ get larger a more detailed character The processor communicates with the CRTC through an

may be created. Two common dot matrices are 5x 7 and 8-bit data bus by reading or writing into the 19 registers.
7 x 9. Many variations of these standards will allow Chinese, The refresh memory address is multiplexed between the
Japanese, or Arabic letters instead of English. Since processor and the CRTC. Data appears on a secondary bus
characters require some space between them, a character separate from the processor’s bus. The secondary data bus
block larger than the character is typically used, as shown in concept in no way precludes using the refresh RAM for other
Figure 8. The figure also shows the corresponding timing purposes. It looks like any other RAM to the processor. A
and levels for a video signal that would generate the number of approaches are possible for solving contentions
characters. for the refresh memory:
. ) 1. Processor always gets priority. (Generally, “"hash’’ oc-
Referring to Figure 1, the CRT controller generates the curs as MPU and CRTC clocks are not synchronized. )
refresh addresses (MAO-MA13), row addresses (RAQ-RA4),
and the video timing (vertical sync — VS, horizontal sync — 2. Processor gets priority access anytime, but can be
HS, and display enable — DE). Other functions include an synchronized by an interrupt to perform accesses only
internal cursor register which generates a cursor output during horizontal and vertical retrace times.
when its contents compare to the current refresh address. A
light pen strobe input signal allows capture of the refresh ad- 3. Synchronize the processor with memory wait cycles
dress in an internal light pen register. (states).
4. Synchronize the processor to the character rate as
All timing in the CRTC is derived from the CLK input. In shown in Figure 9. The M6800 processor family works
alphanumeric terminals, this signal is the character rate. The works very well in this configuration as constant cycle
video rate or "‘dot” clock is externally divided by high-speed lengths are present. This method provides no
logic (TTL) to generate the CLK input. The high-speed logic overhead for the processor as there is never a conten-
must also generate the timing and control signals necessary tion for a memory access. All accesses are
for the shift register, latch, and MUX control. S transparent.

FIGURE 8 — CHARACTER DISPLAY ON THE SCREEN AND VIDEO SIGNAL
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FIGURE 9 — TRANSPARENT REFRESH MEMORY
CONFIGURATION TIMING USING M6800 FAMILY MPU

3 CRTC Accesses
Refresh Memory

MPU Accesses
Refresh Memory

|
p————tcyc=nxtc or tc/m-—>{
| !

Where: m, n are integers; t¢ is character period

PIN DESCRIPTION

PROCESSOR INTERFACE

The CRTC interfaces to a processor bus on the bidirec-
tional data bus (D0O-D7) using CS, RS, E, and R/W for con-
trol signals.

Data Bus (D0-D7) — The bidirectional data lines (DO-D7)
allow data transfers between the internal CRTC register file
and the processor. Data bus output drivers are in the high-
impedance state until the processor performs a CRTC read
operation.

Enable (E)} — The enable signal is a high-impedance
TTL/MOS compatible input which enables the data bus in-
put/output buffers and clocks data to and from the CRTC.
This signal is usually derived from the processor clock. The
high-to-low transition is the active edge.

Chip Select (CS) — The CS line is a high-impedance
TTL/MOS compatible input which selects the CRTC, when
low, to read or write to the internal register file. This signal
should only be active when there is a valid stable address be-
ing decoded from the processor.

Register Select (RS) — The RS line is a high-impedance
TTL/MOS compatible input which selects either the address
register (RS=0) or one of the data register (RS=1) or the
internal register file.

Read/Write (R/W) — The R/W line is a high-impedance
TTL/MOS compatible input which determines whether the
internal register file gets written or read. A write is defined as
a low level.

CRT CONTROL

The CRTC provides horizontal sync (HS), vertical sync
(VS), and display enable (DE) signals.

NOTE

Care should be exercised when interfacing to CRT
monitors, as many monitors claiming to be “"TTL com-
patible’” have transistor input circuits which require
the CRTC or TTL devices buffering signals from the
CRTC/video circuits to exceed the maximum-rated
drive currents.

@ MOTOROLA Semiconductor Products Inc.
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Vertical Sync (VS) and Horizontal Sync (HS) — These
TTL-compatible outputs are active high signals which drive
the monitor directly or are fed to the video processing cir-
cuitry to generate a composite video signal. The VS signal
determines the vertical position of the displayed text while
the HS signal determines the horizontal position of the
displayed text.

Display Enable (DE) — This TTL-compatible output is an
active high signal which indicates the CRTC is providing ad-
dressing in the active display area.

REFRESH MEMORY/CHARACTER GENERATOR
ADDRESSING

The CRTC provides memory addresses (MAO-MA13) to
scan the refresh RAM. Row addresses (RAO-RA4) are also
provided for use with character generator ROMs. In a
graphics system, both the memory addresses and the row
addresses would be used to scan the refresh RAM. Both the
memory addresses and the row addresses continue to run
during vertical retrace thus allowing the CRTC to provide the
refresh addresses required to refresh dynamic RAMs.

Refresh Memory Addresses (MAO-MA13) — These 14 cut-
puts are used to refresh the CRT screen with pages of data
located within a 16K block of refresh memory. These outputs
are capable of driving one standard TTL load and 30 pF. -

Row Addresses (RAO-RA4) — These five outputs from the
internal row address counter are used to address the
character generator ROM. These outputs are capable of driv-
ing one standard TTL load and 30 pF.

OTHER PINS

Cursor — This TTL-compatible output indicates a valid
cursor address to external video processing logic. It is an ac-
tive high signal.

Clock (CLK) — The CLK is a TTL/MOS-compatible input
used to synchronize all CRT functions except for the pro-
cessor interface. An external dot counter is used to derive
this signal which is usually the character rate in an
alphanumeric CRT. The active transition is high-to-low.




Light Pen Strobe (LPSTB) — A low-to-high transition on
this high-impedance TTL/MOS-compatible input latches the
current Refresh Address in the light pen register. The latch-
ing of the refresh address is internally synchronized to the
character clock (CLK).

Vcce and Vgg — These inputs supply +5 Vdc +5% to
the CRTC. '

RESET — The RESET input is used to reset the CRTC. A
low level on the RESET input forces the CRTC into the
following state:

{a) All counters in the CRTC are cleared and the device

stops the display operation. .

(b} All the outputs are driven low.

NOTE
The horizontal sync output is not defined until after
R2 is programmed.

(c) The control registers of the CRTC are not affected and
remain unchanged.
Functionality of RESET differs from that of other M6800
parts in the following functions:

(a) The RESET input and the LPSTB input are encoded as
shown in Table 1.

TABLE 1 — CRTC OPERATING MODE

RESET LPSTB Operating Mode
0 0 Reset
0 1 Test Mode
1 0 Normal Mode
1 1 Normal Mode

The test mode configures the memory ad-
dresses as two independent 7-bit counters to
minimize test time.

(b) After RESET has gone low and (LPSTB=0), MAO-
MA13 and RAO-RA4 will be driven low on the falling
edge of CLK. RESET must remain low for at least one
cycle of the character clock (CLK).

The CRTC resumes the display operation immediately
after the release of RESET. DE and the CURSOR are
not active until after the first frame has been displayed.

(c

CRTC DESCRIPTION

The CRTC consists of programmable horizontal and ver-
tical timing generators, programmable linear address
register, programmable cursor logic, light pen capture
register, and control circuitry for interface to a processor
bus. A block diagram of the CRTC is shown in Figure 10.

All CRTC timing is derived from the CLK, usually the out-
put of an external dot rate counter. Coincidence (CO) cir-
cuits continuously compare counter contents to the con-
tents of the programmable register file, RO-R17. For horizon-
tal timing generation, comparisons result in: 1) horizontal
sync pulse (HS) of a frequency, position, and width deter-
mined by the registers; 2) horizontal display signal of a fre-
quency, position, and duration determined by the registers.

The horizontal counter produces H clock which drives the
scan line counter and vertical control. The contents of the
raster counter are continuously compared to the maximum
scan line address register. A coincidence resets the raster
counter and clocks the vertical counter.

Comparisons of vertical counter contents and vertical
registers result in; 1) vertical sync pulse (VS) of a frequency
and position determined by the registers; 2) vertical display
of a frequency and position determined by the registers.

The vertical control logic has other functions.

1. Generate row selects, RAO-RA4, from the raster count
for the corresponding interlace or non-interlace
modes.

2. Extend the number of scan lines in the vertical total by
the amount programmed in the vertical total adjust
register.

The linear address generator is driven by the CLK and
locates the relative positions of characters in memory with
their positions on the screen. Fourteen lines, MAO-MA13,
are available for addressing up to four pages of 4K
characters, eight pages of 2K characters, etc. Using the start
address register, hardware scrolling through 16K characters
is possible. The linear address generator repeats the same se-
quence of addresses for each scan line of a character row.

The cursor logic determines the cursor location, size, and
blink rate on the screen. All are programmable.

The light pen strobe going high causes the current con-
tents of the address counter to be latched in the light pen
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register. The contents of the light pen register are subse-
quently read by the processor.

Internal CRTC registers are programmed by the processor
through the data bus, DO-D7, and the control signals —
R/W, CS, RS, and E.

REGISTER FILE DESCRIPTIONS

The nineteen registers of the CRTC may be accessed
through the data bus. Only two memory locations are re-
quired as one location is used as a pointer to address one of
the remaining eighteen registers. These eighteen registers
control horizontal timing, vertical timing, interlace operation,
row address operation, and define the cursor, cursor ad-
dress, start address, and light pen register. The register ad-
dresses and sizes are shown in Table 2.

ADDRESS REGISTER

The address register is a 5-bit write-only register used as
an "indirect’'or “pointer” register. It contains the address of
one of the other eighteen registers. When both RS and CS
are low, the address register is selected. When CS is low and
RS is high, the register pointed to by the address register is
selected.

TIMING REGISTERS RO-R9

Figure 11 shows the visible display area of a typical CRT
monitor giving the point of reference for horizontal registers
as the left-most displayed character position. Horizontal
registers are programmed in character clock time units with
respect to the reference as shown in Figure 12. The point of
reference for the vertical registers is the top character posi-
tion displayed. Vertical registers are programmed in scan line
times with respect to the reference as shown in Figure 13.

Horizontal Total Register (R0) — This 8-bit write-only
register determines the horizontal sync (HS) frequency by
defining the HS period in character times. It is the total of the
displayed characters plus the non-displayed character times
(retrace) minus one.
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TABLE 2 — CRTC INTERNAL REGISTER ASSIGNMENT

&S | rs ; AdgresszRegn:ter 5 Reg;ster Register File Pra?‘r:m Read Write % 5Num:>er o; Bitsz - 5
T X] XX XXX X - - - -
OO0 XX XX |[X AR |Address Register - No Yes
of1r]0f0j0}|0}|0O RO  [Horizontal Total Char. No Yes
0|1 0jJ0fj0}01}1 R1 Horizontal Displayed Char. No Yes
0 1 0|00 1 0 R2 |H. Sync Position Char. No Yes
ofjtry]0}10)]0]1 1 R3  |Sync Width - No Yes H|H|H|H
of1r]o0]l0]1}]0}O0O R4  |Vertical Total Char. Row No Yes
oO{1}o0f1oO0f1}0|1 R5 |V. Total Adjust Scan Line No Yes
0 1 o101 110 R6  [Vertical Displayed Char. Row No Yes
0|1 ojof 1 1 R7 |V. Sync Position Char. Row No Yes
oj1rj]o0]1|]0}j0]|O R8 |Interlace Mode and Skew Note 1 No Yes | |
0 1 [O}N I | o]0 11 R9 |Max Scan Line Address Scan Line No Yes
0|1 0] 1 (V3 | 0 R10 |Cursor Start Scan Line No Yes B | P (Note 2)
(020 T N O B O O O I 1 R11  [Cursor End Scan Line No Yes
oOf(1] 0} 1 11010 R12 [Start Address (H) - No Yes 0o
o101 110 |1 R13 |Start Address (L) - No Yes
oOj1]101(1 1 110 R14 |Cursor (H) - Yes Yes 0}lo
oOl1}1 0|1 1 1 1 R15 |Cursor (L) - Yes Yes
0|1 Tt]0]l0]0]|O0 R16 |Light Pen (H) - Yes No 010
0|1 110001} R17 |Light Pen (L) - Yes No
NOTES:

1. The interlace is shown in Table 3.
2. Bit 5 of the cursor start raster register is used for blink period control, and bit 6 is used to select blink or no-blink.

Number of Vertical Total Char. (Nvt+1)

FIGURE 11 — ILLUSTRATION OF THE CRT SCREEN FORMAT

l— Number of Horizontal Total Char. (Nht+ 1)

l———-—-Number of Horizontal Displayed Char. (th)———-—l

Number of Vertical Displayed Char. (Nvd)

"

CATXBIEC

}Line(NSL)

Maximum Scan Lines (Nr+ 1)

Display Period

Vertical Retrace Period

Total Scan Line Adjust (Nadjl—

NOTE 1: Timing values are described in Table 5.
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Horizontal Displayed Register (R1) — This 8-bit write-only
register determines the number of displayed characters per
line. Any 8-bit number may be programmed as long as the
contents of RO are greater than the contents of R1.

Horizontal Sync Position Register (R2) — This 8-bit write-
only register controls the HS position. The horizontal sync
position defines the horizontal sync delay (front porch) and
the horizontal scan delay (back porch). When the program-
med value of this register is increased, the display on the
CRT screen is shifted to the left. When the programmed
value is decreased” the display is shifted to the right. Any
8-bit number may be programmed as long as the sum of the
contents of R2 and R3 are less than the contents of RO. R2
must be greater than R1.

Sync Width Register (R3) — This 8-bit write-only register
determines the width of the horizontal sync (HS) pulse. The
vertical sync pulse width is fixed at 16 scan-line times.

The HS pulse width may be programmed from 1-to-15
character clock periods thus allowing compatibility with the
HS pulse width specifications of many different monitors. If
zero is written into this register then no HS is provided.

Horizontal Timing Summary (Figure 12) — The difference
between RO and R1 is the horizontal blanking interval. This
interval in the horizontal scan period allows the beam to
return (retrace) to the left side of the screen. The retrace time
is determined by the monitor’s horizontal scan components.
Retrace time is less than the horizontal blanking interval. A
good rule of thumb is to make the horizontal blanking about
20% of the total horizontal scanning period for a CRT. In in-
expensive TV receivers, the beam overscans the display
screen so that aging of parts does not result in underscan-
ning. Because of this, the retrace time should be about one
third the horizontal scanning period. The horizontal sync
delay, HS pulse width, and horizontal scan delay are typically
programmed with a 1:2:2 ratio.

Vertical Total Register (R4) and Vertical Total Adjust
Register (RS) — The frequency of VS is determined by both
R4 and R5. The calculated number of character row times is
usually an integer plus a fraction to get exactly a 50 or 60 Hz
vertical refresh rate. The integer number of character row
times minus one is programmed in the 7-bit write-only ver-
tical total register (R4). The fraction of character line times is
programmed in the 5-bit write-only vertical total adjust
register (R5) as the number of scan lines required.

Vertical Displayed Register (R6) — This 7-bit write-only
register specifies the number of displayed character rows on
the CRT screen, and is programmed in character row times.
Any number smaller than the contents of R4 may be pro-
grammed into R6.

Vertical Sync Position (R7) — This 7-bit write-only register
controls the position of vertical sync with respect to the
reference. It is programmed in character row times. When
the programmed value of this register is increased, the
display position of the CRT screen is shifted up. When the
programmed value is decreased the display position is
shifted down. Any number equal to or less than the vertical
total (R4) and greater than or equal to the vertical displayed
(R6) may be used.
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Interlace Mode and Skew Register (R8) — The MC6845
only allows control of the interlace modes as programmed by
the low order two bits of this write-only register. Table 3
shows the interlace modes available to the user. These
modes are selected using the two low order bits of this 6-bit
write-only register.

TABLE 3 — INTERLACE MODE REGISTER

Bit 1 Bit 0 Mode
? 8 Normal Sync Mode (Non-Interlace)
0 1 Interlace Sync Mode
1 1 Interlace Sync and Video Mode

In the normal sync mode (non-interlace) only one field is
available as shown in Figures 6 and 14a. Each scan line is
refreshed at the VS frequency (e.g., 50 or 60 Hz).

Two interlace modes are available as shown in Figures 7,
14b, and 14c. The frame time is divided between even and
odd alternating fields. The horizontal and vertical timing rela-
tionship (VS delayed by one half scan line time) results in the
displacement of scan lines in the odd field with respect to the
even field.

In the interlace sync mode the same information is painted
in both fields as shown in Figure 14b. This is a useful mode
for filling in a character to enhance readability.

In the interlace sync and video mode, shown in Figure 14c,
alternating lines of the character are displayed in the even
field and the odd field. This effectively doubles the given
bandwidth of the CRT monitor.

Care must be taken when using either interlace mode to
avoid an apparent flicker effect. This flicker effect is due to
the doubling of the refresh time for all scan lines since each
field is displayed alternately and may be minimized with pro-
per monitor design (e.g., longer persistence phosphors).

In addition, there are restrictions on the programming of
the CRTC registers for interlace operation:

1. The horizontal total register value, RO, must be odd
(i.e., an even number of character times).

2. For interlace sync and video mode only, the maximum
scan-line address, R9, must be odd (i.e., an even
number of scan lines).

3. For interlace sync and video mode only, the number
(Nvd) programmed into the vertical display register (R6)
must be one half the actual number required. The even
numbered scan lines are displayed in the even field and
the odd numbered scan lines are displayed in the odd
field.

4. Forinterlace sync and video mode only, the cursor start
register (R10) and cursor end register (R11) must both
be even or both odd depending on which field the cur-
sor is to be displayed in. A full block cursor will be
displayed in both the even and the odd field when the
cursor end register (R11) is programmed to a value
greater than the value in the maximum scan line address
register (R9).
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NOTE: Timing values are described in Table 5.
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2. In interlace mode, Nht shall be odd.

NOTES: 1. In interlace sync and video mode, maximum raster address (Nr) shall be odd.




FIGURE 14 — INTERLACE CONTROL

Scan Line Address

Scan Line Address

Scan Line Address

O ° T g
11— © 11— ©- 22— O
-8 —— — & - — O ——— O =3
21— © 2— © i —o—6—6—060—
— & — — — § -2 -9 - ==& -5
N o O O Vo O
3 O \v 4 3I— \v4 6 < \>4
-6 ———= 98— — 6 —— —6 -7
" ——6—0—0—0— 0
- 566694 ————— —— 1
—g———¢-s ——————-
O O Fa ¥
6 —O © 66— \~4 4
—Q _——0 -6  —— — — — — - 5
O O 7 P 6
7 A4 < B4 A4
- — —— 98— —————— 7
Even Odd Even Odd
Field Field Field Field

(a) Normal Sync

Maximum Scan Line Address Register (R9) — This 5-bit
write-only register determines the number of scan lines per
character row including the spacing; thus, controlling opera-
tion of the row address counter. The programmed value is a
maximum address and is one less than the number of scan
lines.

CURSOR CONTROL

Cursor Start Register (R10) and Cursor End Reigster
(R11) — These registers allow a cursor of up to 32 scan lines
in height to be placed on any scan line of the character block
as shown in Figure 15. R10 is a 7-bit write-only register used
to define the start scan line and the cursor blink rate. Bits 5
and 6 of the cursor start address register control the cursor
operation as shown in Table 4. Non-display, display, and two
blink modes (16 times or 32 times the field period) are
available. R11 is a 5-bit write-only register which defines the
last scan line of the cursor.

TABLE4 — CURSOR START REGISTER

Bit 6 Bit 5 Cursor Display Mode
0 0 Non-Blink
0 1 Cursor Non-Display
1 0 Blink, 1/16 Field Rate

1 1 Blink, 1/32 Field Rate
Example of cursor display mode

When an external blink feature on characters is required, it
may be necessary to perform cursor blink externally so that
both blink rates are synchronized. Note that an invert/non-

(b) Interlace Sync

@ MOTORQOLA Semiconductor Products Inc.

(c) Interlace Sync and Video

invert cursor is easily implemented by programming the
CRTC for a blinking cursor and externally inverting the video
signal with an exclusive-OR gate.

Cursor Register (R14-H, R15-L) — This 14-bit read/write
register pair is programmed to position the cursor anywhere
in the refresh RAM area; thus, allowing hardware paging and
scrolling through memory without loss of the original cursor
position. It consists of an 8-bit low order (MAQ-MA7) register
and a 6-bit high order (MA8-MA13) register.

OTHER REGISTERS

Start Address Register (R12-H, R13-L) — This 14-bit
write-only register pair controls the first address output by
the CRTC after vertical blanking. It consists of an 8-bit low
order (MAO-MA7) register and a 6-bit high order (MA8-
MAA13) register. The start address register determines which
portion of the refresh RAM is displayed on the CRT screen.
Hardware scrolling by character or page may be accom-
plished by modifying the contents of this register.

Light Pen Register (R16-H, R17-L) — This 14-bit read-only
register pair captures the refresh address output by the
CRTC on the positive edge of a pulse input to the LPSTB
pin. It consists of an 8-bit low order (MAO-MA7) register and
a 6-bit high order (MAB-MA13) register. Since the light pen
pulse is asynchronous with respect to refresh address timing
an internal synchronizer is designed into the CRTC. Due to
delays (Figure 5) in this circuit, the value of R16 and R17 will
need to be corrected in software. Figure 16 shows an inter-
rupt driven approach although a polling routine could be
used.




FIGURE 15 — CURSOR CONTROL
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FIGURE 16 — INTERFACING OF LIGHT PEN
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OPERATION OF THE CRTC

TIMING CHART OF THE CRT INTERFACE SIGNALS

Timing charts of CRT interface signals are illustrated in
this section. When values listed in Table 5 are programmed
into CRTC contral registers, the device provides the outputs
as shown in the timing diagrams (Figures 12, 13, 17, and 18).
The screen format is shown in Figure 11 which illustrates the
relation between refresh memory address (MAO-MA13),
raster address (RAO-RA4), and the position on the screen. In
this example, the start address is assumed to be zero.

@ MOTOROLA Sem
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TABLE 5 — VALUES PROGRAMMED INTO CRTC REGISTERS

Reg. # Register Name Value ng;;?;ned
RO [H. Total Npt+1 Nht
R1 |H. Displayed Nhd Nhd
R2 |H. Sync Position Nhsp Nhsp
R3 H. Sync Width Nhsw Nhsw
R4 | V. Total Nyt+1 Nyt
R5 [V. Scan Line Adjust Nadj Nagj
R6 |V. Displayed Nyd Nyd
R7 | V. Sync Position Nysp Nvsp
R8 |Interlace Mode
R9 |Max. Scan Line Address Ngj Ng)

iconductor Products Inc.
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FIGURE 17 — CURSOR TIMING
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Character # | 1 1 ) A | 1 1 1 A1 1 1 L L“ | l
0 R : N N 0 I 2 M Nht 0 1 : 2 Nht
| |

Cursor H

—

*Timing is shown for non-interlace and interlace sync modes.
Example shown has cursor programmed as:
Cursor Register=Npq+ 2
Cursor Start=1
Cursor End=3

* *The initial MA is determined by the contents of start address register, R12/R13. Timing is shown for R12/R13=0.

NOTE 1: Timing values are described in Table 5.
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Vertical Display

Vertical Retrace (Non-Display)

FIGURE 18 — REFRESH MEMORY ADDRESSING (MAO-MA13) STAGE CHART
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NOTE 1: The initial MA is determined by the contents of start address register, R12/R13. Timing is shown for R12/R13=0. Only non-

interlace and interlace sync modes are shown.




DETERMINING REGISTER CONTENTS

Some of the register contents are determined rather easily.

They are:

Register
R8
R10

R11

R12
R13

R14
R15
R16
R17

Name
Interlace Mode Register
Cursor Start

Cursor End

Start Address (H)
Start Address (L)

Cursor (H)
Cursor (L)
Light Pen (H)
Light Pen (L)

Contents
See Table 3
See Figure 15 and
Table 4
See Figure 15
User programs first
memory location
to be displayed
User programs desired
cursor location
Can be loaded via
light-pen strobe

The remaining register contents must be determined from
some basic data related to the CRT monitor and from the
user-desired display format. The CRTC reference sheet (see
Figure 19) gives a set of formulas for calculating the register
contents as well as other useful characteristics of the
display. This type of data is summarized under basic
parameters in Figures 20 and 21; most or all of this data must
be supplied by the user before he can determine the contents
for registers RO-R7 and R9. All variables B1-B10 are equal to

basic parameters 1 through 10.

Register Function

RO

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R1

R12

R13

R14

R15

R16

R17

Horizontal Total

Horizontal Displayed

Horizontal Sync Position

Horizontal Sync Width
Vertical Total

Vertical Total Adjust
Vertical Displayed
Vertical Sync Positi.on

Interlace Mode

Maximum Scan Line Address

Cursor Start
Cursor End

Start Address (H)

Start Address (L)

Cursor (H)

Cursor (L)

Light Pen (H)

Light Pen (L)

only
FIGURE 19 — CRTC REFERENCE SHEET
Intermediate Calculations
Symbol Description Calculation
f Dot frequency Bge(B7 + Bg)
(1st approx.) (1/B1)-B3
tc Character Time 1
[(RO) + 1]®B1
f Dot frequency B7+Bg
tc
ts] Scan line time [(RO) + 1]etc
n Total # of 1
scan lines Boetg
N Integer n =N+ R
Bg+B Bg+B
and 8+B10 8+ 510
R Integer remainder
ter Character (Bg+ B1plets
row time
thr Horizontal =< [(RO)+ 1—Bgj*(B7+ Bg)
retrace time f
tyr Vertical =< B1 - Bg(Bg+B1pletg
retrace time B2

@ MOTOROLA
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Register

RO

R1

R2

R3

R4

R5

R6

R7

R9

Semiconductor Products Inc.

Register Calculations

Calculation

___f_
B1#(B7+Bg)

Bs

(R1)+ (R3)

2

(RO)—(R1)
3

Bs

[(R4)+1]— 16— (R5) =(R7)=(R6)

Bg+B10

(Bg+ B0l =1




In Figures 20 and 21, worksheet example calculations are
shown for 32x 16 and 80 x 24 display formats respectively.
The following items are keyed to the figures. Basic para-
meters o through have been provided; items
through (4) are data about the CRT monitor and items
through @ are data about the user’s desired display.

@ Calculate the approximate dot frequency. The user
should verify that the bandwidth of his CRT
monitor will accomodate this frequency.

Calculate RO. The resultant answer will usually be
an integer plus a fraction. Assume the next high
integer.

Fill in value for R1.

Calculate R3. Use the next highest integer. In these
examples the sync width was chosen to be one
third of the horizontal blanking interval.

Calculate R2. Again, use the next highest integer.
Calculate tg, character tie. This is the time required
for one scan line of one character block to be
written. .

Calculate the exact dot frequency.

Calculate tg|, scan line time. This is the time re-
quired for one scan line of one character row to be
written including retrace time.

@@ 6 6

@0

Calculate n. This is the total number of scan lines
for each frame. Discard any fraction.

Calculate N and R.

Calculate R4.
Fill in R5.
Fill in R6.

PO ©

Calculate R7. If there is no possible value for R7,
then the display demands for the CRT monitor ex-
ceed its capability. A compromise adjustment must
be made in basic parameter 6, 8, or 10.

Calculate R9. \

Calculate tcr. This the time required for one char-
acter row to be written.

Calculate thy. thr>B3.

Calculate tyy. tyr>Bg.

@0 6

In Figure 20, calculation verifies that the vertical period is
16.667 milliseconds or 60 hertz. The expression used is:

ter X [(R4) + 1] + [t x (RB)] = Vp.

Another check is calculation of horizontal sync pulse width
R3. t'c=PWyHs (typically approximately equals 4
microseconds).

For convenience, a blank worksheet is provided in Figure
22.

FIGURE 20 — CRTC WORKSHEET EXAMPLE CALCULATION (32 x 16)

Basic Parameters (B1-B10)

Intermediate Calculations

Register Calculations

Symbol Value Register Decimal  Hex
1. Horizontal frequency = 15750+ 500 @ f 32x(5+2) — 4.27x106 @ RO 4.27x 106 38 26
1 -11x10—6 15,750 % (5+ 2)
15750 1=
2. Vertical frequency = 60 @ e 1 =1.63x10-6 @ Al Bg=32 32 20
39 x 15750
R2 32+3 33 21
3. Minimum Horizontal = 11x10-6 @ f 5+2 = _4.29%106 2
retrace time 163x10-6
R3 3B-32 = 2 2
4. Minimum vertical = _10-3 ts) 39x1.63x10-6 =63.6x10-6 3
retrace time
@ R4 17=1= - 16 10
5. # of displayed =_ 32 (@n 1 =262
characters per row 60x63.6x 10— 6 @ RS R=7 7
6. # of displayed =__16 @ N 17 (dre  Be=16 16 10

charactor rows

LY ® 16 10

7. # of dots in character = 5 R 262 = 7
dot matrix row 7+8 ] R8
8. # of scan lines in char- = 7 ter (7+8)x63.6x10—6 = 954x 106 @39 7+8-1= 14 0E
actor ® matrix column
R10
9. Number of dots between = 2 @ thr (38+1=32)e(5+2) =11.42x 10— 6
horizontal adjacents 4.29%x 10 A1 _—
10. Number of scan lines =___ 8 tr (15750 — 16(7+8)] x63.6x 10-6 =1.431x10-3  R12 -
between vertical 60 R13
adjacents — —
16-7 - -
@ 16+1— I78 =(R7)=16 224; 1?0 66x 177= 2521313103 3 1 R14
17— . + b X =Ox /=. X - 1
6=(R7)=16 6663 s r R15

f=60 Hz

@ MOTOROLA Semiconductor Products Inc.
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Basic Parameters (B1-B10)

1. Horizontal frequency

2. Vertical frequency

3. Minimum Horizontal
retrace time

4. Minimum vertical
retrace time

1]

5. # of displayed
characters per row

6. # of displayed =
charactor rows

7. # of dots in character
dot matrix row

8. # of scan lines in char-
actor ® matrix column

9. Number of dots between
horizontal adjacents

10. Number of scan lines
between vertical
adjacents

® (27+1)—(161;2) >R7224

26.72=2R7=24

FIGURE 21 — CRTC WORKSHEET EXAMPLE CALCULATION (80 x 24)

Intermediate Calculations

Symbol Value Register Decimal  Hex
18600 (D) f 80e(7+2) 160836x 106 (2)RO 16.836x106-1_100 _ 64
1 -6 (18,600)(9)
8600 11x%x10
R1 B5=280 80 50
IO R 1 §32.31x 10~ 9
(100 + 1)¢18600 R2 80+7 84 54
2
11x10-6 (7) f 7+2 16.907 x 106
532.31x 109 (®Rr3  RO-RI 7 07
3
1x10—3 ts| (100+1)(632.31x 109 53.76x 10—6
@Rra 28-1 27 18
80 (O n 1 310 (rs R=2 02 02
(60)(53.76 x 10~ 6)
v @ n , . (dre  B6=24 _24 _ 18
R7 ® 25 19
7 R 310 . - 0 0
K
: @R ©+2-1 10 0A
9 ter (9+2)(53.76 x 10~ 6) 591.39x 10— 6
- R10 00 00
2 @ thr < (101-80){7+2) 11.17x10-6 R11 11 08
16.907 x 106 -
R12 00
—2 tur <18600 _ 24(1]&53.76)(10—6_2'4&10_1
60 R13 128 80
B2 = 1/[(tg) (R4 + 1) + (tg) (R5)] R14 18
= 1/[(591.39 x 106)(28) + (63.76 x 10~ 6)(2)] RIS 80

= 1/16.667x 10— 3
= 60

@ PMOTOROLA Semiconductor Products Inc.
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FIGURE 22 — CRTC WORKSHEET

Basic Parameters

Symbol
1. Horizontal frequency = f
2. Vertical frequency = tc
3. Minimum Horizontal = f
retrace time
4. Minimum vertical = sl
retrace time
5. # of displayed = n
characters per row
6. # of displayed = N
charactor rows
7. # of dots in character = R
dot matrix row
8. # of scan lines in char- = ter
actor ® matrix column
9. Number of dots between = thr
horizontal adjacents
10. Number of scan lines = tvr

between vertical
adjacents

CRTC INITIALIZATION .

Register RO-R15 must be initialized after the system is
powered up. The processor will normally load the CRTC
register file from a firmware table. The program required to
initialize the CRTC for a 80 x 24 format (example calculation
#2) is shown in Figure 23.

The CRTC registers will have an initial value at power up.
When using a direct drive monitor (sans horizontal oscillator)
these initial values may result in out-of-tolerance operation.
CRTC programming should be done immediately after power
up especially in this type of system.

ADDITIONAL CRTC APPLICATIONS

The foremost system function which may be performed by
the CRTC controller is the refreshing of dynamic RAM. This

Intermediate Calculations

@ MOTOROLA Semiconductor Products Inc.
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Register Calculations

Value  Register Decimal  Hex

RO —_—
R1 —
R2 —_—
R3
R4
R5
R6

R7 —_—

T

R8

R9

R10

R11

R12

R13

R14 P
R15 —
R16 S
R17

R18

R19

T

is quite simple as the refresh addresses continually run.

Note that the LPSTB input may be used to support addi-
tional system functions other than a light pen. A digital-to-
analog converter (DAC) and comparator could be configured
to use the refresh addresses as a reference to a DAC com-
posed of a resistive adder network connected to a com-
parator. The output of the comparator would generate the
LPSTB input signifying a match between the refresh address
analog level and the unknown voltage.

The light-pen strobe input could also be used as a
character strobe to allow the CRTC refresh addresses to
decode a keyboard matrix. Debouncing would need to be
done in software.

Both the VS and HS outputs may be used as a real-time
clock. Once programmed, the CRTC will provide a stable
reference frequency.




FIGURE 23 — MC6800 PROGRAM FOR CRTC INITIALIZATION

PAGE 001 CRTCINIT.SA:0 MC6845 CRTC Initialization Program
00001 NAM MC6845
00002 TTL / MC6845-1 CRTC initialization program
00003 OPT G,S,LLE=85 print FCB's, FDB's & XREF table
00004 Khkkk AT hkhkkhkAkAKAKKKKkK Ak kKA hkkkkkhkkhkkkkhkhkkhkkkhkkhkhkkhkkhkkkkkhkkkk
00005 * Assign CRTC addresses
00006 *
00007 9000 A CRTCAD EQU $9000 Address Register
00008 9001 A CRTCRG EQU CRTCAD+1 Data Register
00009 *hkhkhkhkhkhkhkhkhkhkhkhhkhkhkkkkkkkkkhkhkkikkkkkhkkkhkkhkhkkkhkkkkkkkkhkkkhkkkx
00010 * Initialization program
00011 *
00012A 0000 ORG 0 a place to start
00013A 0000 SF CLRB clear counter
00014A 0001 CB 1020 A LDX #CRTTAB  table pointer
00015A 0004 F7 9000 A CRTC1 STAB  CRTCAD load address register
00016A 0007 A6 00 A LDAA  0,X get register value from table
00017A 0009 B7 9001 A STAA  CRTCRG program register
00018A 000C 08 INX increment counters
00019A 000D 5C INCB : v
00020A 00OE C1 10 A cMPB  $10 finished?
00021A 0010 26 F2 0004 BNE CRTC1 no: take branch
00022A 0012 3F SWI yes: call monitor
00023 e Je e o e F F 3k K Fe e e e sk e e Fe e ek ok Tk ke d ke ok ok ke ek ke ke ok ek ok ke ko ke ke ke ko ke ke ke kk ke k
00024 * CRTC register initialization table
-00025 * 80 x 24 non-interlaced format
00026A 1020 ORG $1020 start of table .
00027A 1020 65 A CRTTAB FCB $64,$50 RO, R1 - H total & H displaye
A 1021 50 A
00028A 1022 56 A FCB $54,807 R2, R3 - HS pos. & HS width
A 1023 09 A
00029A 1024 18 A FCB $1B,$02 R4, R5 - V total & V total adj.
A 1025 0A A . .
00030A 1026 18 A FCB $18,$19 R6, R7 - V displayed $ VS pos.
A 1027 18 A
00031A 1028 00 A FCB $00,$0A R8, R9 - Interlace & Max scan line
A 1029 0B A
00032A 102A 00 A FCB $00,$08  R10,R11- Cursor start & end
A 102B 0B A
00033A 102C 0080 A FDB $0080 R12,R13- Start Address
00034A 102E 0080 A FDB $0080 R14,R15- Cursor Address
00035 END

TOTAL ERRORS 00000--00000

CRTC1 0004 CRTCAD 9000 CRTCRG 9001  CRTTAB 1020

Motorola reserves _xhe right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arnsing
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
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L SUFFIX
CERAMIC PACKAGE
CASE 715-05

PACKAGE DIMENSIONS

= = T IMILLIVETERS | _INCHES
A 1. DIMENSION[A IS DATUM. oM | MIN TMaX [ TMIN T MAX |
' 2. POSITIONAL TOLERANCE FOR LEADS: A 15029 15137 TT986 3030
B | 1463 1549 1 0576 . 0610
"}-—L B lozs 0010 @[T A €[ 279 1432 7000 0.170]
i - e L—f D_| 03871 053 !
(A} - 3. [T71S SEATING PLANE. £ - yes
4. DIMENSION “L" TO CENTER OF LEADS G
j—é WHEN FORMED PARALLEL. J 2
=1, 5. DIMENSIONING AND TOLERANCING K| 2
) !N‘T[ ! L] 1499 0516
R \ PER ANSI Y1425, 1973. L Jragg 0816
[Ba] ‘ K 3 (M1~ 100° 17100
G = Ay Mg+ N 11671 1521 0040] 0060
S SUFFIX
CERDIP PACKAGE
CASE 734-04
AannaanAaannAaaasAanna MILLIMETERS | _INCHES )
NOTES: DIM. MIN | MAX . MIN | MAX :
O A 1S DATUM. A ' 51311 5324 | 2020 2.096 |
8 2. POSITIONAL TOLERANCE FOR LEADS: 8 1270, 1549 ' 0500, 0610
#780250010 O[T A C | 406 584 | 0160 0230,
3.[T] 1S SEATING PLANE g ?3: - ?:g gg;z : ggég !
) 2 4 DIM L TO CENTER OF LEADS WHEN 271 | 065,
VU U U U U U T U U T U T U U UUT FORMED PARALLEL. G ' 254BSC__ . 0100BSC |
h A " 5. DIMENSIONS A AND B INCLUDE J 020! 030 . 0.008 | 0012
! —] MENISCUS. K 318 . 406 0.125 i 0.160
| 6. DIMENSIONING AND TOLERANCING L ! 15248SC + 0.6008SC
8 PER ANSI Y14.5, 1973. }..M,._.EO,,AL‘L{!D_,. 75? ,vl, lS"_J
LN . 0851 127 0020, 0650

P SUFFIX
PLASTIC PACKAGE
CASE 711-03

aoaaananaaaanaaaasann
“ =

P

A A A A A A EVA-RCAVACRVECAS A ACAvA-AC A,
A

[

|
gyl ity leisbelsiuielaieleial

Wﬂ“ﬂ"ﬂh NTETTeR
; el ¢ o

e Hb—

J ]

Ali33¥e> PRINTED i¥ SA J-84 IMPEKIAL LITHO C20205 18,000

NOTES
. POSITIONAL TOLERANCE OF LEADS (D)

w o~

. D'MENSION B DOES NOT INCLUDE

TMILLIMETERS ]

INCHES |

SHALL BE WITHIN 0.25 mm (0.010) AT

MAXIMUM MATERIAL CONDITION, IN

RELATION TO SEATING PLANE AND

EACH OTHER.

DIMENSION L TO CENTER OF LEADS

WHEN FORMED PARALLEL.

MOLD FLASH

S— MOTOROLA Semiconductor Products Inc.

3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 ¢ A SUBSIDIARY OF MOTOROLA INC

DM MIN | MAX | MIN | MAX
A | 5169 6235 12065
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|4 . 020] 038:0008 0015
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CUSTOMER REGISTRATION

Information on technical user required for sending
software and hardware revisions.

1. Item Purchased Serial Number 4. How did you first learn of our product?
ORecommendation O Advertisement O News Article [ Review Article
Date of Purchase
O System/Software Vendor [J Brochure
Purchased From

2. Your Company Name

Name of Magazine/Vendor

5. What will you use our product for?

Address: O Business Graphics
City State Zip 0O Computer Aided Design
Name of Technical User Phone Number O Electrical O Mechanical O Architectual O Art [J Other
0O Video Production
3. What equipment and software are you using? O Training O Art O Broadcast O Other
Computer Application Software: U Image Processing
0O Cartograhpy O Geographic O Medical O Other
Operating System
[ Scientific Engineering 0J Real Time Display
Language

O Tektronix Emulation O Other

LIMITED WARRANTY

Control Systems (CS) warrants this Product to be in good working order for a period of 90 days from the date of purchase from CS
or an authorized CS dealer. Should this Product fail to be in good working order at any time during this 90-day warranty period, CS
will, at its option, repair or replace this Product at no additional charge except as set forth below. Repair parts and replacement
Products will be furnished on an exchange basis and will be either reconditioned or new. All replaced parts and Products become
the property of CS. This limited warranty does not include service to repair damage to the Product resulting from accident,
disaster, misuse, abuse, or non-CS modification of the Product.

Limited Warranty service may be obtained by delivering the Product during the 90-day warranty period to anauthorized CS dealer
or service center and providing proof of puchase date. If this Product is delivered by mail, you agree to insure the Product or
assume the risk of loss or damage in transit, to prepay shipping charges to the warranty service location and to use the original
shipping container or equivalent. Contact an authorized CS dealer or write to Control Systems Sales and Service Dept., 2855
Anthony Lane S., Minneapolis, Minnesota 55418, for further information.

ALL EXPRESS AND IMPLIED WARRANTIES FOR THIS PRODUCT INCLUDING THE WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE, ARE LIMITED IN DURATION TO A PERIOD OF 90 DAYS FROM THE DATE OF
PURCHASE, AND NO WARRANTIES, WHETHER EXPRESS OR IMPLIED, WILL APPLY AFTER THIS PERIOD.

IF THIS PRODUCT IS NOT IN GOOD WORKING ORDER AS WARRANTED ABOVE, YOUR SOLE REMEDY SHALL BE REPAIR
OR REPLACEMENT AS PROVIDED ABOVE. IN NO EVENT WILL CS BE LIABLE TO YOU FOR ANY DAMAGES, INCLUDING
ANY LOST PROFITS, LOST SAVINGS OR OTHER INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE
OF OR INABILITY TO USE SUCH PRODUCT, EVEN IF CS OR AN AUTHORIZED CS DEALER HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES, OR FOR ANY CLAIM BY ANY OTHER PARTY.

»@
E CONTROL SYSTEMS
2855 Anthony Lane S., Minneapolis, MN 55418
612/789-2423 Telex: 756 601 CNTRLSYS UD
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