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DESCRIPTION

1.1

CRT504 is the interface between MIC50x and the CRT monitor.

CRT504 displayes continously the contents of a 2 k x 16 bit re-
fresh memory, which is maintained as a copy of the highest 4 k
bytes of main memory (i.e. addresses FOOO to FFFF): Every time a
byte is written in this area, it is written into the correspond-
ing address of the refresh memory as well. Each pair of addresses

in the refresh memory corresponds to a position on the screen.

The first byte plus one bit of the second selects a character in
the character font to be displayed. Two bits in the second select
a shadow character to be superponed the first. The remaining bits
(the attribute selectors) select one out of 32 programdefined
cambinations of the 8 attributes, which control the display of
the character.

Refresh Memory

The address multiplexer U12, Ull, Ul (pll1) to the refresh memory
is ocontrolled by CCLK. CCLK is low during the last half of the
character period, letting the CRT controller read the character
for display. During the first CCLK phase however, the refresh
memory is addressed with the MIC address lines, making write
access possible.

The leading edge of a write to the refrésh area is caught in the
F.F. U16 (pl1), generating a write request, which is syncronized
to CCIK in the F.F. U50 (pl11) which makes U40 (pl1) generate a
writepulse beginning after CCLK goes high and ending before CCLK
goes low. U40 is reset by U60-6 giving a low pulse before CCIK
falls.

During the refresh phase, the refresh memory is addressed by the
CRT controller MC6845 and the read data is locked into the buffer
register on the rising edge of CCLK.

1.1



1.2

Character Font

1.3

The character font consists of three memories: a ROM (U64 and US4
p5), containing predefined dot patterns for 128 or 256 charac-
ters, a RAM (M9-24 p6), with space for programming of 256 char-
acter patterns and a RAM (U66, 67, 86, 87) with space for the
programming of 4 dot patterns, one of which is always superponed
the character pattern displayed.

The character font contains 16 x 16 bits for each character pat-
tern or shadow pattern and they are read with 32 bits in parallel
(DOT 0-15 and SPOTO-15). The SDOT's and DOT's are "ored" together
giving 16 campound dots being parallel loaded into the shifter

and the shifted out one dot at the time at a frequency of 32 MHz.

Video Generation

The output of the dot shifter is used to select the display of
foregound or background. Foreground and background are defined
for each character position in the refresh memory by 5 bits. The
5 bits are used to select one out of 32 combinations of 8
attributes stored in the attribute RAM (U48 and U49 p3).

Seven of the attributes are converted into a back- and foreground
colour or grey scale value, in the attribute ROM ROB046, U39 p3.

The last attribute bit is used to hide the character by disabling
dots for that character. ’

The three colour signals from the dot selector go to J4 for a
colour monitor or to the D/A converter on pl generating a grey
scale video signal for a BW monitor. '

1.2
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IMA 1.4

The character fonts and the attribute RAM are accessed from the

MIC board via DMA, controlled by the DMA controller on the MIC
board.

The memory to be accessed is selected with an I/0 write command
to port 20 Hex. This write cammand clears the load address count-
er and sets the DMA RN flipflop U5a pl2, which then lets the DRQ
EN flip-flop U56 pl2 generate a DMA REQ next time DISP EN goes
low (during horizontal retrace). The DMA REQ (REQ O) makes the
DMA controller perform two DMA cycles: DRQ EN is reset only after
the LA counter (bit 0) is counted up on the trailing edge of DMA
ACK, this causes the DMA controller to generate the second DMA
cycle. So DMA transfers take place with two bytes every 64 micro-
second, always starting with the even byte.
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LOGIC DIAGRAMS AND FUNCTIONAL DESCRIPTION

The following pages contain logic diagrams for CRT504. A func-
tional description is given on the left hand page to the corres—
ponding diagram sheet.

The functional description consists of a schematic listing of all
signals generated on the page. A short description and a listing

of the diagrams to which the signal is transferred is given for
each signal.

Note: All references between individual diagram sheets make use
of diagram numbers (lower right corner) and not page mubers.



Signal Destination Description
-,LOAD | P4 parallel load of dot shifter
every 16'th VFO clk, if not
block char.™
- LOAD p2 Ioads dot control register
every 16'th VFO CLK.
—-,RESET WRITE pil Resets the writepulses to the
~ refresh memory.
CCIK o, pll Goes high in the beginning of
each character time.
-,CCLK P9, pi13
CLK] pll Alternates at half the

-, HORTZONTAL SYNC

HORIZONTAL SYNC
VIDO
VERTICAL SYNC

-, VERTICAL SYNC

Colour monitor

Black & white
monitor

Black & white
monitor

Black & white
monitor

Colour monitor

frequency of VFO clk.

Analog video signal.

S
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Signal Destination Description
Green Colour monitor TTL-dot signals.
Red
Blue

-,Green pl

-,Red p!

-,Blue pl

S
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Signal Destination Description
ATR 0~6 p3 Output from attribute RAM.
-,GREEN DOT P2 Colour of the dots in the
-,RED DOT P2 ‘c¢haracter.
-,BLUE DOT 2
—-,GREEN BG p2 Colour of the background in
-,RED BG p2 the character.
-,BLUE BG p2
U36-3 p3 Blanks the display by forcing
the outputs of U39 high.
-,BLOCK CHAR pl Disables dot generation. Only
the background is visible in
the character.
-, BLINK p3 Blink frequency to the

attribute ROM.
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Signal

Destination

14

Description

—-'x

p2

Output of dot shifter. When x
active a dot is displayed.
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Signal

Destination

16

Description

por 0-15

P4, P5, pb

Tristate bus for input to dot
shifter.

Also accessible from MIC
board thrugh U37 and U38.

DOT 0-15 are sourced from the
character ROM's U64 and US4
or the character RAM's p6.
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Signal

Destination

18

Description

poT 0-15

P4, P5

Tristate bus feeding the dot
shifter.
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Signal | Destination Description

SDOT 0-15 P4 Are the dots of the shadow
character.
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Signal Destination Description

LO-4* P5, p6, P7 Used to address the video
line nmumber of the character
generators.

CGO-7 PS5, po Addresses a character in the
character font (ROM or RAM).

CG 8 pl4 Selects character ROM or RAM.

CG 9-10 p7 Selects shadow character.

CG 11-15 p3 Select attributes; CG15 also

selects blink frequency.
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Signal Destination Description
MB 0-15 P9, plo Databus for refresh memory.
MB 0-15' o] Are gated to CG 0-15 during

display time.
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Signal Destination Description

MB 0-15 ' o) Databus for Refresh memory.
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Signal

Destination

28

Description

-,RAMCS 0-1

~,REF WRITE O-1

ADDO*

-, REFWRITE REQ

REFWRITE REQ

REF WRITE

-, REF WRITE

p10

pl0

p10

P13

p13

pll

pll

pll

Address lines to the refresh
memory.

during first character phase,

-,MA 0-10* are derived from the

MIC board-addressbus for
writing in the refresh RAM,
in the second character phase

-,MA 0-10* are generated by the

MC 6845 address sequencer for
refresh of the character on
the screen.

Enable signals for refresh
mem. controlled by -,MA 10*

Writepulse to frefresh
memory, ADD O selects which
byte.

Buffered version of DD O.

The flip~flop is set when a
memory write to the highest 4
k is issued by the CPU on the
MIC board.

This pulse is generated if
REF WRITE REQ is active, and
falls entirely within the
first character phase and has
a guaranted minimum duration
of 133 nanoseconds.
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REFRLSH MEMORY

1321-4 MAQ
A5 MAS
73 243- MAZ » ML *
IFAL MR T MAL*
\NJ{-C45 A2D{ T MAL*
S2{-C43 /wz)é, T MR
;ﬂ% '_&/)Ml/
13.23-8 MA Y
/%23-9 MAS
/3 2340 MAL T MA 4 %
132311 MBT 7 MRS *
JI- B8 _PDD3E T MRE ~
{77- T MAT*
- ADD
)Z/.'Cﬁ ADLE
1325 éz MASB
132373 MAY
13 2514 MA{D T MBAE*
/-4 2 MAID* T MAI*
Z7-C2% __ADDI T MR{0*
{27 -CA3 AnD {0
{274 L2DD {1
r MRL0*
/ = ¥
5 7
—4 00
7 40-4 Cllk '3 29
/BN T BEF WRITE @Dg " RAM CS
00
¥0-9 PEE WRITE 24
745 v
o 00
5 25 /2 24
sll-813% RLDJ 317445\ S17445\n 6 131745 \aft » PEF WRITE L
7z 0% )° 00
® ADD O *
T {JI7-c20  HADD {3 417415 48 76
N \,.7> 5-(49 A2D 7% 41 .20 ? 5 » PELFWRITE RER
N - |
© | 5 ole RLLWRITERED
N yJI-A7 1 MEM WA 9 Z’Zs
Y s241 R ]
N /235 { fo A
~ = B 50 00 g }
% - 7 9 7 BLE WRITE
{1 40-4 CCLK 77iVa 7
olg x olz r RLLWRITE
7457 174574
39 7
{1.50-5 CLK £ 22/
/104 7 PESET WBITE. ay
CRT 504 RDDBESS SW/TCH Ffor 74
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Destination
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Description

-,DISP INTR

—'mA m]N

-’Dm m

DRQ O

LA 0-12

MIC board

MIC board

Active, when Dack O and
-,Terminal count are active.

Active from -,10WR20 to
—,DISPINTR or -,RESET.

Goes active when -,DMA RIN is
low, if LAD is low, -,ZERO
DMAF is high and DISP EN is
high. -,DRQ EN is reset by
LAO going high.

is set when DISPEN goes low,
-,DRQ EN is active. Drops
when one byte is transferred
late enough to ensure that
another DMA cycle is started.

Ioad Address counter for
memories accessed by the MIC:
board via DMA.-
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- Rl 1 QRCK 3 / {
7-C7 r 7L 7445 1 DISP IR 2{-R3,
P Jj 5 A Y
S 4 T DMR RN
3 J71-C27 T PESET S
- 1% 47-8 1 [QWR L0 £, % _

47- 3 LAY 5
J 9 1 DRQ LNV
% 5-¢ 1 2ZERDDIMAL
| /
| g 75
2318 DISPEN QW
04
5 47
/% {-4 7 DMAACS 1745 N7 # LAO
0% Bly R {
' cli LAd
VA (O WR 20 202 2k LA
_ 74(5993
47
2207 A4 LAY
Bl LA5
¢l [P
e D {27
17445393
57
7 LA
ABl¥ Yk
I A0
J 2 D¢ L2417
3
47
7 Ale yo. 278
: i
9 4
A 2 D
N
'\a
®©
N
R
N
N
'S
X
CRT 504 LORD ADDRESS COUNTER 72
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Signal Destination Description

MA 0-10 pll Output of address sequence
controller used for
addressing the refresh memory
for display.

L 0-3 P8 Video line number within the
character line.
L4 p3
HS p13 Horizontal syncronization
pulse.
Vs pl13 Vertical syncronization
pulse.
HOR SYNC pl Horsizontal sync gated with
power up flip-flop.
-, VS pl
25 Hz Mic board Used for timer interrupt.
6 Hz p34 Used for blink frequencies.
3 Hz p3
E Puls p13 Enable pulse for programming
: of MC6845.
~,Wait Micboard Waitstates are inserted
during memwrite in the
refresh and programming of
MC6845.
‘DISP EN BUF p3 Display enable goes inactive

during e-beam retrace.

CURSOR BUF p3
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{1 40-¢ TCCLK
FA
MAO\ MAO
/ MRS
-¢ UYsa 331080 2{ MA 2
US54 A2\DR 1 3 MR 3
AYS 2 A\ DBL 9“a MA 4
{7/ -/2 ARuUs3 AN 2B3 5 MA X
;z;;m_gm_}_______ﬂ‘ﬁm il 274
7 /K] 281085 Yal/4 MA 7
Q%_A%ié 27 8l M4 8
{4 - BIST B1A 98 P9
/; 73- 41 [04% /3 £ M2
- 2 CS /
& A
/1 25~ Q* 2RSS MASULT
T4 £ - PULS ﬁ £
1% {7- 10 [ORD B/1W  RAOL AZ (}
/137
. ) y>)
3 L3
RAyI8Y L4
/4 {1-8 [OWRD ¢ fs L__zq BES  HSync 4S
V$ync 40 ¥YS
-C 7 2 BlLPEN  Deispenldl Qﬁ 5 g{
sor 4
12
XN 4
23-39 ~S 7445\ & LB SING
17 Log. |
23- 40 vs sl7448 . S
L o4 ; 1 I/-Ch¢
4 V] k) M .J/"f.fz
314 o
y-24 cli LAz
£
ov
éL K 07/
y1d- A1 7 5
= 3 EPULS
C .
1% £{- 8 1 CRIL COM 2R 3
{/
7-40 £-PULS ms 1745 N0 O\ " WAIT J{-417.,
02 105 J/ oy
: g
N K- > ,3 745
Y 05
V525375)
23- /8 DISPEN 9120 a0 D/SPENBUE
Qo
23-19 CURSOB 5107 af CUBSOB BUF
ait W
S B4 {9 B 2
CRT 50% CRT CONTROLLER /3
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Signal Destination Description
DMA F1 pl14 DMA function register.
—,DMA F p]4
DMA FO pl4
-,ZERO IMAF pl2 Active when DMAF(0,1) = O.
-,CHAR WRITE O-1 pé6 Write signal to character
RAM.
-,ATTRIBUT WRITE p3 Write signal to Attribut RAM.
-, SHADOWWRITE 0-1 p7 Write signal to shadow RAM.
-,CHAR EN 0-1 P5 Enables connection between
DOT bus and MIC board data
bus.
-,ROM EN PS5 Enables character ROM output.
-,RAM EN po Enables Character RAM.
-, IORW pl4 -,(10 Read or 10 write).
-,DMA ACS pl2 IORW issued by DMA control-
ler.
-,DMA WR pl4 Output by DMA.
DACK pl14
IORD pl13
~,CRTC COM P13 10 port ed addressed.
IOWR 20 pl3, pl4 10 port 20 addressed for
write.
IOWR 2C p3
-, IOWR 20 pl2
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2377 7/02% 70\ 74 , CRIC COM
132/
7 /020 3
w1-£4  7/0WE 4 %s (0B 20
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5.

ATTRIBUTE ROM

5.
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CHARACTER ROM's

As charact_er ROM's are used

Ue4
us4

ROA416
ROA417
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8.
A C
-,DISP INTR -, VFO CIK
-, IORD -, VS
-, IOWR 25Hz
-,MEMWR -,TC
BUS1 ; BUSO
BUS3 BUS2
BUSS BUS4
BUS7 BUS6
ADDO ADD2
Chain Chain
ADD1
ADD4
-, WAIT ADD3
ADD5S ADD15
ADD6 ADD14
ADD7 ADD13
-,DACK O ADD12
ADDI11
DRQ O ADD10
ADD9
ADD8
CLK -, RESET
-, HOLD ACK
—,PONER RESET

+12vV +12v



J2. pin

O N W N

Contrast pot. max
Contrast pot. top
Contrast pot. min
Intensity pot. max
Intensity pot. tap
Intensity pot. min

J3. BW Monitor oonnected to CBL

g
E.

O W O N4 O Ut b W N -~

—

@D

Intensity max
Intensity min
Intensity top
Not used
Horizontal sync
Not used

Video

Vertical sync
GND

J4. Colour monitor

pin

W g O U W~

@&

- @D
-,Horizontal sync
-,Vertical sync
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