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SIGNAL DEFINITIONS

------------------

(EXTERMAL IWPUT), Master reset for chip is guaranteed low for
several mS.

i (EXTERMAL INPUT),  The master video clock signal. This is supplied
externally and wil) vary between 14,1 and 14, .

T-BUS

10,T1,12,13,T4,T3,16,17 ) :

Taps on a twisted ring driven by the 14MHz signal.
110,/11,/12,/13,/14,/T3,/16,
Compiements of the above.

/VRAS {EXTERNAL OUTF'UT); The row address strobe for videg dynamic RAM.

WX (E)](TBR?AL OUTPUT). The select for external 74L5158 address
multiplesers.

/VCAS {(EXTERNAL DUTPUT). The column address strobe for video dynamic RAM.

/N (EXTERNAL OUTFUT). The write contro) for the video dynamic RAM.

7ACCESS  (EXTERNAL OUTFUT). A signal which allows the Z8) access to the video
RAM huses.

/ULl A signal active low in the first 5 14"z clocks of a nemrr;xn cycle

: which is used by the VDC to window an access of the dynamic .

AL2 + A signal active low for the next 5 clocks of the 140 video clock
which is used by the VDC to window a second access of the video Rért,

/780 A sig‘rl\a! active low for the next & 14Mz clocks which windows the
time during which the Z80 may access the video RAM or write to the
VDOC registers. )

JULA The compiement of /Z80 which is low when /ULL or /ULZ are ow,

JLDAD1 A cignal which ?oes low shortly after /ULA goes active which may be
used to cause a load of the ?i'x.e\ shift register, It clocks on the
negative edge of the 14MHz clock.

/LOAD2  Similar to /LOAD1 but occuring 8 clocks of the 14MHz after /LOADL.

#/L0ADL ,%/LOAD2
Complements of the above signals.

PIXCLKI The oriqginal 14M used to clock the pixel shift register in the
hi?hest resolution pizel modes.

PIXCLK2 Half the frequency of PIXCLKI phased (by /CRST at the start of each
sscanline )to correspond to the /LOADI and /LDADZ signals allowing
the shift register to clock out at half the resolution of PIXCLK1.

PIXCLK3 As above hut quarter the frequency of FIXCLKI.

PIXCLK4 As above but one eighth the frequency of PIXCLK1.

PIXCLK ;l;?;c L§c§ual pixel shift register clock (multiplexed from PIXCLK1 to

4),
PIXLOAD The actual /LDAD control signal for the pixel shift register.
JINCPIX An active low signa\ which is used to give an extra clock to the LD1
" data pointer in the PIXEL mode (while the display is active).

/CRST A signal which goes low for a nemr¥ cycle (/UL1+/UL24/780) at the
end of each video scanline_(63.7uS for the NTSC machine), This is
used to reset a divide by 57 ripple counter clocking off /ULA,

C-BUS ,

€o,C1,C2 ’C?I 6“ 4G5

/C0,/C1,/C2,/C3,/C4,/C5
Compl Sment

e outputs of the ripple counter which count the nem:x cycles
across the screen, A ripple counter is alright because the Count
values are used in conjunction with 77 ie: after they have
stabilised.

s of the ahove,



A ségna\ which qoes low when the scanlipe in modeline counter is

\oaded from the line parameter table in RAM, _

A signal shich goes low when the Modebyte register 1s |oaded.,

A signal which goes low when the left margin register 1s loaded,

A signal which goes low when the right margin ister is loaded,

A ?1@:; which goes low when the low 8 bifs of the LDl data pointer

is loaded.

A signal which goes low when the high eight hits of the LD1 data

Roim;er is loaded. ) )
sxgng‘li shich qoes low when the low 8 bits of the LD2 data pointer

is joaded,

A signal which goes low when the high eight bits of the LD2 data

Yointer is loaded,
/C0LO,/COL ,/CULZ,/COLC%,/COL4{/COL5,/CUL6,/COL7

/UPARMS

/RFSH’

/WLL

> AUL2

/BN

LD1CLK

/LDILD

/ENLD2
LDZCLK

VIR

2 =

BORDER
FIXBIAS

Vi1

Signals which qo low to Joad the various logical colours from the
line parameter table in RAM.

A signal which qoes low when the limﬁgarapeters (/SCs444/COL7) are
being loaded from the line parameter le in videoc RAM.

A signal which goes low while refresh addresses are being generated
for the video dynamic RAM.

A signal which qoes low during the /UL1 time (ie: first VDC access of
video FAM) if neither line parameter addresses or refresh addresses
are heing output.

A signal which qoes low during the AUL2 time (ie: second VDG access
of video RAM) if neither 'line parameter addresses or refresh
addresses are being output.

4 dsiqma! which qoes low when the LD1 line data pointer can output an
address.

A signal which clocks the LD1 data pointer while the display is
active. LD1 is clocked twice per active memory cycle in the IXEL
mode but only once per active memoy czﬂe in the other modes.

A low qoing signal which causes the Di counter to reload from the
line paramefer "table, It is reloaded on every scaniine in the
TTR, CH256, CH128 and CHA4 modes. It is reloaded only on the
node{me in PIXEL and LPIXEL modes.

Addsigna\ which goes low when the LD2 line data pointer can output an
aaaress.,

A signal which clocks the LD2 data pointer at the beginning of each
scanline in the CH254, CH128 and CH44 modes and in every active
]l‘gt;or cgc\e of the ATTR mode. It is not active in the PIXEL and

modes.

A low qoing signal which causes the LD2 counter to reload from the
line parameter tahle at the start of each modeiines

A signal which is active low during a modeline.

An active low 513321 formed when the 280 is writing to the internal
registers of the .

An active high signal formed when the Z80 is writing to the register

holding AM-Af1 of the line parameter table base address. .

An active high signal formed when the Z8B0 is writing to the reqgister

ahich holds Af2-A15 of the )ine parameter tahle hase address (as well

as special control output to for the startup loading of the line
raneter hlock counter). . o .

n active high signal formed when the Z80 is writing to the register

which defines the border colour of the display. .

An active high signal formed when the Z80 1s writing to the register

which defines the fived bias of l%gica\ colours 8 to 15, the V(1

{colour Kill) output and the PRIORITY signals.

(EXTERNAL OUTPUT). A general purpose output but used to Kill the
colour subcarrier oscillator for EAW TVs.

PRIOR1 ,PRIORD

Signals defining the priority on the screen of external colour
signals over the display generated by the VIC circuits.



JHSYNC  (EXTERNAL OUTFUT),  The horizontal s¥nc 9ulse for the video disglay
which qoes low for 4 wemory cycles (4,4/uS) at the beginning OT @
videa scanlines It clocked by 17 and derives from the column ripple
counter outputss

/BURST (EXTERNAL OUTFUT), The burst strobe for the video colour modulator
which goes low for 4 memory cycles (4,47uS) 2 memory cycles (2,23uS)
after "the /HSYNC pulse. This is inhibited uohenr¥he VSYNC mode 1is
active ie: when /VSYN is low.

/BLNK (EXTERNAL OUTPUT). A signal which ?oes low when there is no display
on a line ie: to left and right of the screens This defines the
limits of the BOKDER colour rather than the active display, It is
permarently low in the VSYNC mode which uses margin information to
define the position of the vertical sync pulse.

JVSINC  (EXTERMAL OUTFUT).  The vertical sync pulse for the video displ:g
device which is derived from the display margin registers LM and
in the VSYNC mode (/VSYN low), Since 1t derives from the displa
margine registers it can be made to 30 active (low) halfway throu
the video scanline for an interiaced display frame.

RELOAD A signal from the MODEEYTE reqgister which causes the line parameter
pointer/counter to be reloaded from the line parameter base
isters, This will narmally be made to active at the end of each

video frame or after 2 video frames if the display is interlaced.

SM2,5M1,5M0 ) ' _
3 bits of the MODEEYTE register which define the screen operation
mode for the modeline, It is decoded to the following...

/VSYN A signal which goes low if the MODEEYTE reqgister defines VSYNC mode.
/PIXEL A signal which goes iow if the MODEEYTE reqister defines PIXEL mode.
/ATTR A signal which goes low if the MODEEYTE reqgister defines ATTR mode.

/CH256 A signal which goes low 1f the MODEBYTE register defines CHZ254 mode.
/CH128 A signal which goes low if the WODEEYTE register defines CH128 modes
/CHA4 A signal which goes low if the MODEEYTE reqister defines CH&4 mode.

/LPIXEL A signal which goes low if the MODEEYTE register defines LPIXEL mode.

CM1,CM Signals from the MODEBYTE register which define the colour mode of
the screen ie: 00 for 2C 2 colour mode
01 for 4C 4 colour mode
10 for 14C 14 colour node
11 for 254C 254 colour node

/VIRQ {EXTERNAL OUTFUT) from a bit in the MODEBYTE used to generate a video
interrupt FOR THE Z80. .

VRES A signal from the MODEEYTE register which causes the LD1 and LDZ data
pointers to be reloaded at the start of each scanline of the current
modeline. This causes the scanline to be repeated for the duration
of the modeline. It is mainly included as a test mode but does allow
for exfficient use of memory 1n low resolution PIXEL modes,

U0, UAT UAZ ,UA3 ,UA4 ,UAS U ,UAT
P retNaL TNUT/OUTPUT)  Ridirectiomal connection to low bits of

video address hus, The VDC will output addresses on these pins
during the /ULA time and input an address at the /780 time. The
input address may be used to write the VDC registers.

UAB,UA? ,UA10,UA11 ,UA12 ,UAL3,UAL4,UALS
o (E)'(TERNAL OU‘fPUT): " The vbC wil) output address bits on these
pins during the /ULA time.

AOALA2,A3, A, 85,36 A7 A8 A A10,AL1,A12,A13 14 ,A15
E=E Tﬁe ’buffer"ed' ir’\te{‘na\ 'veréion’of e ﬁA address bits. Note that
anly #0,A1 need to be bidirectiomal.

UDO,UD1 ,UD2,UD3,UD4,UD5 ,UD6 ,UD7 - : '
o bxrehoaL TNETS) o During the /ULA tive the VDC reads data from



the video RAM on these pins, _ Data for the internal registers on the
VDC may be presented at the /780 time.



00,D1,02,D3,D4,05,D6,D7 ) o )
Te 'butfered databus, This may contain information for the VIC

;gg%sters, from the line parameter tahle, and from display data -
€5,

10,L1,12,13,L4,L5,L6,17,L8,L9 ,
Some of the outputs of the LD1 data pointer counter which may be used

to generate a character font address in conjunction with the contents
of bufferl (the index of the character),

/ACTIVE A signal clocked hy T7 which goes active low between the limits
defined by the contents of the LM and RM (left and right margin)
registers, It is used to delimit the actual display (although this
clocks out on the screen a bit later) or to form the 7VSYNC pulse in

the VSYNC mode.
S-BUS
50,51,52,53,54,55,54,57

The screen data bus.  Rasically the data to be loaded into the pixel
v shift register but also the route whereby an index in bufferl is used

to generate a pointer into the character font. . )
/SDATA  Lom when there is data on the S-EUS corresponding to active display.

80" ,81°,52; ,83' ,84" 453" 484" ,87° ; o
In FIXEL mode'this is a delayed version of the S-BUS but otherwise it
is the same as the S-BUS, e delay is necessary because without it
PIXEL mode data would appear on the screen hbefore corresponding
character data.

SA, 5B, 5C, 5D, 5E, SF , 36 ,SH
The outputs of the pixel shift register, In 2C and ATTR mode SH
defines the colour of the screen, In 4C mode SD and SH define the

colour of a gixel. In 16C mode SE,SD,SF,5H and in Z56C mode
SA,SE,5C,5D,SE,SF ,5G ,SH.

PO,P1,P2,P3 ) o ‘
The palette bus. The basic operatign of the machine 1s that a 4 bit
value on the P-BUS define on of 14 logical colours. The first 8
logical colours COLO,COL1,sssssCOL7 are define from the 1i
parameter table at the start of each scaniine and the last
(FIXEDEIAS) colours have RGB components defined by their low 3 bits
and an overall colour hias defined bu the conents of the FIXBIAS
register, However, in order to allow prioritisation with regard to
an erternal signal on the external colowr inputs the FP-BUS routes
through a multiplexer to form the 0-BUS which is the same as the P-
KIS if no external signal 1s supplied.

NB: The 254C colour mode hypasses the palette bus unless an external
colour signal is supplied in which case a 16C node is forced.

ECO,EC1 ,EC2,EC3 ,
(EXTERNAL INPUTS),  An alternative value for the palette colour
supplied externally (eq: by SPRITE gfngration circuits),  This _is
ignored unless /E%TC is low. If / 15 low the EC input will
override the P-BUS signal on the Q-BUS if the priority determined by
PRIOKL and PRIORO is sufficient.

JEXTC (EXTERNAL INFUT). Low if an external colour input is being supplied.




00,01,02,03 : :
T he sultiplexed palette bus.  If an external colour is supplied on
ECO,..EC3 this may reflect the the EC inputs rather than the P bus.
The 0-HUS selects one of the the 8 logical colour registers in the
palette or one of 8 FIXBIAS colours.
PC’ -BUS

PCO’ ,FC1’,PC2’ ,PC3° ,PCA° ,PCS’ ,PCH’ ,PCT” '
The é-bit output of the §ALETTE, BORDER or 254C mode huffers  This
is clocked by a final flipflop at 14MHz to form the PC-HUS.

PO, FC1 PL2 ,FL3,PC4 PLS PLH PL7
b TefnAL) . " These outputs (changing at 7MHz) define the current
physical colour on the screen.

RED = (PCO,PC3,PC6)
GREEN= (PC1 PCA PET)
BLUE = (PC2)FCS)

. NSBALT  An output from the LM register. If set it causes 57° to be

treated specially (except 1in the ATTR mode).  The pixel shift -
register 1s loaded as if 50° is 0 and SO' causes P2 of the palette
bus to be set if 50’ is set. (Normally used to highlight characters
if the PIXEL mode is used for 84 column text,)

LSEALT  An output from the LM register, If set it causes S0° to be
treated specially (except in the ATTR mode),  The pixel shift
register 1s loaded as if §7° is 0 and §7' causes P1 of the palette
bue to be set if 5/° is set. (Normally used to highlight characters
if the PIXEL mode is used for 84 column text.)

ALTINDI  An output from the RM register. If set it causes P1 to be set if the
MSB of the character index is set, (Mormaily only use in CH254, CH128
and CHA4 modes.)

ALTIND0  An output from the R register, If set it causes P2 of the palette o
be set if the next to MSE of the character index is set. (Narmally
only use in 2C colour mode of CH254, CH128 and CHé4 modes.)

/CPAL A signal which is low if a ga)ette mode is active iex 2C, 4C or 1&C
colour with PIXEL,CH256,CH128,CHé4 or LPIXEL.

/IVER A signa) which is active low when and external colour is overwriting
the internally generated display.

NOVER The complement of /OVER

/NCOL A signal active low for the 2C, 4C and 16C modes.

JATTROK A signal active low when ATTR mode is selected and there is no
external colour overwrite.

/PICT A signal which is active low when pixel data is clocking out on the
screens
PICT The complement of /PICT

JUACT Active low when /ULA is low and /ACTIVE is low.



...................

All the video timing derives from the 14M input, - The 8%z input is only used
the 280 clock generation circuitry which should be viewed as a separate

circuits  The 1Mz is the pixel dot rate in the h%)g\est resolution pixel
sodes and is used to define memory access “slots” (see DPFC11.DOC).

In the following part of the document timings relate to the NTSC running of the
gachine,  Al) flipflops and counters are assumed to trigger on positive clock
edges unless the contrary 1is specifically indicated,

780 CLOCK STRETCH
This should be viewed as a seg;rate suhunit and does nat affect the rest of the
UDC other than it generates RESTAKT which is an internal signal of the VIC,
See other documents ie: DFCO9 or DPCOB.

141 RING & PIXEL CLOCK

The 14M drives an eight stage twisted ring (79 ,080 which provides 16
dlff@mnt]y#ZS@dO.B?n{z signa\s (T0 11, T25000417, /T0 /TI,conm) on_the
T-BUS, e twisted ring is reset {hromj\ 6121(4,5,6) Sy an extermal /RESET
pulse which has a quaranteed duration of several nS.,  Nevertheless some sort

of Schmitt action is probably desirable to prevent 1/2 states.

A MEMORY CYCLE

-

M et

0 eeeeeemeeeeeee
51 . meeemmeeees
v —— e -
T8 e memeeee NB: - is about 3n§
M e meemeee
TS ................
% o eeemeeeeee-
7 | eeeseseccecee- -

The T-BUS signals are used to generate the “slots” of a memory cycle ie:
/ULl qnafm /70 and TSqle:y 0115(4,5,6) W

A2 from /T5 and T2 by 0115(16,9,8)

7780 frow T0and T2 by 0115(1,2,3)

T from T0 and T2 by 114(10,9,8)  {use a MR here?)
The VDC uses the video address and data futes in the /ULL and /ULZ times and
the 280 can use the video address and data buses in the /180 time. Note that
5%‘18.8 is low if either /UL1 or /UL2 are low and that it is the complement of

(---memory cycle of 1117nS----- ) ) .
Slots Video address bus use 1s
split up into slots. /UL is
MRS o sesweamseseaTelllsy used to get data for buffersl
or the line Earaneters SC,Ln
JUZ  eeemmemmmm__ emeeeeseeees £DAL,LbaL ,coL0,CoL2 0oL, COLE
or a refresh address. is
FiG Pessvesumsmesmsenned . used to get data for huffers2
or the line Earameters ME KM
A emmeemeeeees LD1H,Lb2H,CoL1 ,COL3,00LS, oLt
, ; or a refresh address. /280 is
available for use by the 280
to access video RAM or write
to a video reqgister.
7ANPEE - ==e= . #eesspahsencuspaesaeas /INCPIX gives the LD1 counter
andextra count in  the PIXEL
node.




The cml strobes for the video RAM are derived as follows:

from /12 and TS by 8116(10,9,8) in the /ULl slot

from T2 and /17 by 0114(13,12,11) in the /ULZ slot

fm /10 and /T4 by 0117(13,12,11) and 0117(10,9,8) in the /180
5

by de(l'gxing /VRAS 34nS by clocking it on the other edge of 14M
using (8A(2,3,5)

frow /T3 and 15 by 0121(1,2,3) in the /L1 slot

from TO and /T2 by G114(4,5,5) in the /ULZ slot

f\i‘O: /T0 and /15 by Gil7f1 ,12,11) and 0118(1,2,3) in the /180
S10T

{---memory cycle of 1117n8----- )

VRAM contral (no Z80 access)

/VRAS

/ACCESS

T s The UC is continuall
generating addresses to rea

- i T e the video RAM ie: for line
parameters, display data, and

"""""""""" . refresh.

--------------------------------

VRAM control (Z80 accessing VRAM)
/VRAS

/VMUX

> /ACCESS

/RESTART

s aipd ——- If the Z80 wants to read from

or write to the video RAM its

----- meae m-=- -= clock 1is stretched until a

slot is availahle, )
The Z80 clock is also
stretched when it writes to

-------------------- ---  registers in the VDG,

The control signals for the pirel shift r:gister are derived as follows:
/FIX D1 a

LOAD “is derived from /LOA

/L0ADL
/L0AD2

The pire) clock clocks the pixel shift register 054 {QSS at a rate appropriate

to the current screen mode and coiour mode, This ¢

/LOADZ in PIXEL mode and from just
/LOAD in other modes using 090(13,12,11) and 0104(13,12,11),
from /10 and T by 0113(13,12,11) delayed 3nS {2,3,5,6)
from T0 and /T by Q114(1,2,3) delayed 36nS by GB1(12,11,5,6)

ock must be phased to when

data is loaded into the shift register, This is done by dividing the 141 hy a

4-bit synchronous counter G77 which is reset at the start of eac

/CRST,

It

: r . scanline ~bt
1s necessary that the various clocks are all in phase with the

load signals /LOADL and /LDADZ, This phasing involves a gate delay Kludge on
the prototype. The clock rate used, FIXCLK, is celected by an 8 way

multipieser W78 from the various outputs:
PIXCLK!  14MHz
PIXCLK2 7MHz
PIXCLK3  3.5MHz
FIXCLK4  0.868MHz
2C 4C 140 2560
PIXEL 14MHz 7z 3.9 175z
ATTR 7MHz - - -
CH256 7iHz 3.5z 1.75MHz  0.88MHz
CH128 Mz 3.5Mz  1.75MHz  0.88MHz
CHA4 7MHz 3.5MHz 1.75MHz 0.88MHz
LPIXEL  7MHz 3.5MHz  1.75MHz  0.88MHz
{---memory cycle of 1117n§----- }
ADKE - s _ervesssmansienmemisimasaecase /LOAD1 and /LOADZ change on
the falling edge of the 14
AU  -woeesminabsmunnen _ emenreneatae clock and may be used to load
data into the video pixel
BUELEY. #anm mwmim o imw wen. shift register which is
then clocked by the FIXCLK
PIRERR: - e lm v we A% we wa e appropriate to the display
mode and colour mode. The
bk« TR T S I s WO PIXCLK generator 1is restarted
at the start of each scanline
PINELES: - mosmmaes | - ewsescss by /CRST.



There are 57 nmemory cycles in a video scanline, Each nenon{ gxcle can
conveniently be thought of as defining a colunn on the screen. In the PIXEL
mode 2 # B bits of information are lcaded from memory in a memory cycle and
these are clocked out as 14 pizels in the 2C colour mode (8 in 4C, 4 in 1AC and
2 in 256C), In the CH254 mode a character index is found in memory and one row
in the character font is clocked out as 8 pizels {in 2C made). The active
display (non-border colour) starts and ends on compiete memary cydes.a'lthou%\
the actual clocking out on the display is delayed someshat, The divide by
and generation of neworx cxc\e mumbers (CS,C4,03,C2,C2,00) is done by a riggle
c&n er clocked of f /ULd (472, @73, Q74). Uhegn h}s rle‘:cr(\es a count of 36 a
/CRST pulse is generated on the negative goin ge of /U ie: /780) usi
0104(15,10,9,6)9§nd 075(2,3,5) gomna by "
The wuser can define the {eft a‘nd.ri?‘«t hand margins of his active display from
values Ioaded into the left and righf margin registers LM and RM (044 and G45).
The low six hits of each of these r‘eaisterg are compared against the current
column using comparators 045,044 and (48,049, The outputs of these comparators
are clocked by 17 (using G70) when the column count is stable,  The time
between the left and right margin (@110(1,2,3) and Q110(4,5,6)) is used in two
ways (0109¢5,4) O113(1,2,3) 0113(4,5,6) ): . _
_ 1) If /USYN is low {USYNC mode) it defines the /VSINC su?mal. Note that
if a right margin is given an impossible value ()57) the /VSYNC signal can be
made to continue over several scanlines until a modeline with possible n?ht
margin appears. Also note that this makes it easy to start and end the /VS NC
pulse anywnere along a video scanline which makes Interlace eas¥'

2) If /VSYN is high the output of 0110¢(4) becomes the /ACTIVE signal which
detrmines the margins of the users display.

LINE PARAMETER GENERATOR ,

As described in other documents the nature_of the displa¥.is deternined_ by
g:mters and register values loaded by the Z80 into a section of video RAH,

ese values make up the line g;raneter table and can be located on anY 16byte
boundary of the 44K of video RAM, The table is made up of blocks of 14 hytes.
The 12 hit pointer to the start of this table is stored in the line parameter
base reqisters LPL and LPH ( Q40 and 041), This hase value is loaded into the
tgﬂ 12 hits of the line ?arameter counter/pointer (G4Z,343,0344) whenever the
RELOAD bit of the MODEBYTE 1is set or else if the user directly forces it by
manipulation of the top hits of Q41.

The 12 bit line parameter block pointer is incremented after each modeline by
the signal /MLRST which is low during /CRST time if /ML is low (R98(1,2,3)),
The /ML signal derives from the scanline in modeline counter (47,048, This is
clocked on every scanline b{ the /5C signal and reloaded on the line after it
generates a carry (count FFH),  The carry output is clocked DY /COLO to dela
it to tne next line to form the active low signal /ML ([84(12,11,8), This /
signal 1s bracketed with /MB to form the load signal for the scanline counter
{98(4,5,4))s { I dont think this bracketting with /MB is necessary!}

These 12 hits together with 4 low bits derived from /UL1 and C0,C1,C2 of the

colunn counter (see below) make up a line parameter address, The line parameter addresses are output through Q43 and 044

before each scanline wnile the signal /UFARMS 1s low,

Meanwhile the /CRST signal (a pulse generated at the start of each scaniine) is
shifting through two shift registers clocked off /ULl and /UL2 respectivel

{Q34,033) to form low qoin%hstmbes to latch in the data read from RAM at eac

line parameter address. ese strobest /SC, /ME, +.es00s/COL7 are used to
ciock 1n the data from addresses in the line parameter table pointed to by the
line parzmeter polnter,

The /PARMS signal is derived from /C3,/C4,/C5 (Q105(1,2,4,6)) clocked bY 7
(075(12,11,8))," /UPARMS 1s a similar signal gated wi /180 (0110(8,9,10)).

REFRESH ADDRESS GENERATOR

Since the addresses generated bx VDC cannot be guaranteed to refresh dynamic

R4 the UDC generates refresh addresses on AQ-A7 at the end of each scanlines

4 new addresses are generated every 44uS so 8 bit refresh dynamic FRAMs are

refreshed every 2,7mS." The sxgnal which determines when refresh addresses can
'Y 18

Ee ougut (columns 34,55 and '3 /RFSH',  This is qenerat;d from Ci, C2,
4, » 17 using 0164(1;2’4'5y6), Wé'y 0114(4;5,6)p and Q11 (1’2,3)0 This
signal enables a tristate buffer onto AQ-A7 {(39)» The actual refresh address
has AULL as its LSE and the other 7 bits come from a 7 bit counter (0G38) which

clocks off the positive going edge of /KFEH'.
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/ULA
/CRST
co
C1
c2
.3
C4
cs
SC
MB
LM
RH
LDIL
LDIH
LD2L
LDZ2H
coLo
CoL1
CoL2
COL3
COL4

>

COLS

COLA

coL7

/UPARMS
/RFSH’

/WILY

decncensccrnsncncasncncanaase s =o

F

/WIL2

¢

/ENLD1

/ENLD1

(DEREF WOUEE) === ermemomnnns on au o

/ENLD2

QPR i o oo mcsonsnes e o

columns 11 to 51
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The /HSYNC signal derives from /C2,/C3,/C4,/C5 qated by 0105(8,9,10,12,13),

clocked T7 usi Q71(12 11,9,

The “gna e JHSINC signal delagd through 2 cycles of C1 by

071(2 4,5) a 131(11 12,9), Note that /BURST is 1nh1b1ted if /VSYN is low,
/HLAK sigral starts with /CRST and ends when C1 and /FARTS are high unless

NSYN 1s low in which case it is permanently low.

/FARMS is an output from Q75(9) ...cee ahove.

{0 (1 (2 (3 (4 (5 (6 (7 (8 (9 (10: ;(52(53<54(55((0
Cl -:_::-:-::-:: -_— ":‘.“_‘::-" —-::; ::—;"_:::'.‘::::_:::
The following signals are clocked hy 17 (ie: a bit earher than shown)

TG """""""""
P e I :
/N - e .

) CO‘\:\I\’IS 11 to 51
NB: /BLNK is held permanently low while USYNC mode is selected iez /VSYN low,

The 0.89MHz signal is just T7 and the 3.58MHz is derived from 14M by a two
stage ripple counter QIBY

The H/2 sigmal is derived from the /HSYNC pulses by 0125(11,12,8), It might be
better to clock with /CRST.

IS THIS FOSSIELE?
Note that I would much agrefer to replace the 0.89"Hz and 3.58!‘“1 outputs with a
4,433z input and a 7805Hz output,
The 7805Hz 1s 4,433MHz/548 and would be obtained as follcms'
1) divide 4.433MHz hy 4 using a 2 stage rx%le counter
2) divide by 71 using a circuit like the 1/37 elsewhere
3) divide by 2 using a togqle flipflop to give 7805Hz.

THE MODERYTE

One of the line parameters loaded at the start of a modeline is the MODEBYTE.

Bit 0 is mverted 0132(9 8) to form the /RELOAD signal,
ths (3,2,1) or SH 6 are decoded ‘tg Q37 to de ine the screen mode ie:
, /PILEL, /cuzsé 6H123, JCHA4, /UN

th 4 or VRES puts the VDC in a low reso\utmn verxcal node.

Bits (4,5) or CM1,CM0 define the colour mode.
Bit 7 or /VIRQ goes out of the chip to allow interrupts on a madeline.
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The LD1 pointer and LD2 pointers are inhihited from outputting an address onto
the A-EUS in the times when line parameters are be;v(\g fetched 3 /PARTS é and when

a refresh address is bein? generated,
generate /VUL1 and /VULZ from /ULl and
could use the /ULl or /ULZ time slots.

LINE DATA

/RFSH', Q8 _y4)5) a G‘/é(:, ’3 4,5,6)
/UL2 at the times when the data pointers

POINTER ®1

The #1 line data counter (022{023,024,025) is a 16 bit synchronous counter

loaded at the start of the mode
start of each scanline in the ATIR,
incremented

for modes other than PIXEL.

ine in_the PIXEL and LPIX

nodes and at the

254, CH128 and CHA4 modes. It is

LDICLK which is generated from /ULA and /ACTIVE by 0113(10,9,8)
In the PIXEL mode an extra clocking pulse 1s

and this is derived from /INCPIX (0123¢8,9,10) gated in by

required
0113(13,12,11),

Since 1t must generate a stable address at /ULl time and the address at /UL2

time in PIXEL
027,

mode the output is “pipelined” hy the 2
The LD1 data pointer points to character indices (cells

octal fhgilops Q26 and
in the CH256,

CH128 and CHé4 modes, to attribute data in the ATTR mode, and to pixel data in

the PIXEL and LPIXEL mod

es,
In LFIXEL and PIXEL modes Q94(13,12,11) and Q92(4,5,4) causes the LD1 pointer

to be erabled ( /ENLD1 low ) in hoth
modes it is only enabled at /VUL1 time,

the /VUL1 and /VULZ2 times.
{NB: qate in /VSYN AS WELL?}

For other

LINE DATA POINTER #2

*which is generated from /UACT

The #2 line data counter (Q28,029,030,031)

loaded at the start of each modeline in the A
It is not used in the PIXEL and LPIXEL mode
(/ACTIVE a
{070(10,9,87) and from /CRST in other modes

The LD?

scaniine in other modes.

ATTR mode and on every new scanline of the

modes. Its output is enahled onto the inter
@33 and @34 at 2 time by /ENLD2 1if /ATIR

CHARACTER ADDRESS G

is a 14 hit synchronous counter
TTR’ CHE&,CHI 8, and CHé4 modes.
s. It is incremented LD2CLK
nd /ULA low) in the A node
(0132¢1,2) 090(4,5,6) Q92(1,2,3)).

pointer increments for each active column in ATTR mode and for each

nadeline of CH256,CHI28 and CH44
nal address bus of the VDC through
is low (396(10’9,8”0

ENERATOR

In the CH256, CH128 and CHé4 character modes the address put out by the LD1
data pointer in the /ULl time is used to access the index of the character to

be displayeds This index appears on the low
/L2 time while the higher bits define which
The precise way in which this character fon
various character modes.

CH256 using 091(1,2,3)
(L7,L4,15,04,L3,12,[1,L0) -) (A15,A14,A13,A12
(S7156,55,54) -) (A7,As,85,84) us
CH128 using 091(4,5,8)
(L8,17,14,L5,L4,L3,(2,L1) -) (A15,A14,A13,A12
(L0, 54,5554 -y (A7,h8,08 04 us
CHé4 using 091(10,9,8)
(L9,18,17,16,L5,L8,[3,12) -) (A15,A14,A13,A12
(L1,L0,55,54} =) (A7 485,845 us
CH254, CHI28, CHAA using 093(1,2,13,12) and Q
(53,53,51,50 =y (A3)A2)A1,M0) us
LINE DATA BUFF

The line data buffers store data pointed to
LD2, Buffer #1 (057) is loaded at the end ©
at the end of a time,  They are enabl
#l drives the S-BUS when /VUL2 is low and /
/WL2 1is high and /SDATA is low using 0128(
would seem singler to enable Buffer #1 off /U
The output of the line data huffers, the S
address generator in the CH254 ,CHIZé CHé4 m
loads the pizel shift registers. e §'-K
in PIXEL mode for which it is delayed by the

hits of the address bus, A-BEUS
line of which character font.
t pointer is form differs for the

y at

AL1,A10,49,A8) using B16
ing B19¢i9)’ .

A11,A10,A9,A8) using Q17
1’ng 620({) ’ "

A11,410,A9,A8) using 018
Ing G201 -

ing 020¢
91(13,12,11)
ing 0i%(1)
ERS

by the line data pointers LD1 and

f a /VULL time and Buffer %2 (Q58)
ed onto the S-BUS in turn., Buffer
SDATA is low and  Buffer #2 when
Lé and Buffers2 of its inversel.

-BUS, is used the character
odes or hecomes the S -BUS which
S is the same as the 5-EUS except
/PIXLOAD signal so_that PIXEL and

other modes starting at the same left hand margin will appear aligned on the

screen.
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SHIFT REGISTERS AND COLOUR MODE SELECTION

The §'-KUS is loaded into the pizel shift registers (G54, QG55) on a positive
going edge of PIXCLK when /PIXLOAD 1s low.

. If MSBALT from the LM register (Q44) is high the data corresponding to 57° is
loaded into the shift register 055 as a 0 and the value of S§7° is instead used
to define the value of P2 on the palette (it is phased by (54(12,11,9)),

Note that if ALTIND1 in the RN register (Q47) is high then the MSE of a
character index has the same effect (041 and Q108(4,5,4) )y This has the
effect of mapping COLO,COL1,COL2,COL3 to COL4,COLS,COL4,COL7,

If LSBALT from the LM register (Q44) is high the data corresponding to 50’ 1is
loaded into the shift register Q535 as a 0 and the value of S0' is instead used
to define the value of Pl on the palette hus, P-BUS, {it 1is ghased by
054(2,3,5), Note that if ALTINDO in the RN register {aé7) is high then the
next to MSB of a character indez has the same effect (041 and Q108(4,5,6) ).
This has the effect of mapping COLO,COL1,COL4,COLS to COLZ2,COL3 ,COL/:‘,C(SL}.

The way in which the outputs of the pixel shift register controi the palette
bus or P-BUS depends on the colour mode selected:

cni M0 MODE
0 0 2C 2 colour mode uses SH to define PO

0 1 4C 4 colour mode uses SD and SH to define (P1,PQ)
1 0 146C 14 colour mode uses SB,SF,SD and SH to define (P3-PQ)
1 1 256C 254C mode sidesteps pafette

The undefined hits of the palette bus are 0 unless one of the options mentioned
. above 1s in effect,

0129¢13,12,11) determines 2C mode from CMO and CML ie: /2C low, In this mode
»(310A(3)" will be low and since CMl is also zero the outputs Q104(4) and G104(8)
will be zero and so P1, P2 and P3 on the palette will he zero unless one of the
s?ecm options above is active at an input of Q98(%) or 0%8(12).

If OO 1s E'x‘gt and CM is low SD will he enabled through to palette bit Pl.

If! bothb and CM1 are high SB,SF,SD and SH are enabled through onto the
palette hus.

The active condition of option LSBALT comes through 097(10,9,8) and ALTINDO

through 0107(10,9,8), These combine at 0108(1,2,3) and are delayed bY

056(2,3,5) which clocks the condition through at the same time as the pixe

?Bégt(:laﬁi’ 1%;:*; is loaded, This can then take the F2 palette bit high
y12,11000

The active condition of gﬂtion MSEALT comes throu?\ 0107¢4,5,6) and ALTINDL

througu 0107(13,12,11), ese comhine at Q108(4,5,4) and are delayed bY

@54(12,11,9) which clocks the condition through at the same time as the pixe

?B%ghorsqﬁ?ger is loadeds This can then take the P1 palette bit high
179870

NE: In the above description note that %gnals reach the P-BUS though Q52(1)

which is enahled if /NCOL is low, OL is low if there is no external

8?%90‘(‘: Smst;ride (NOVER low) and ATTR mode is not selected (0128(11,10),
14 &

In the ATTR mode the attribute data loaded at /WL1 time into G57 and them 061
is clocked into 062 when the pizel information is loaded into the shift
register,  SH then controls output buffers G43(1) and (G43(19) to define the 4
bit values of paper and inK on the palette bus,

NE: Note that signals are inhibited from reaching the palette bus unless
/ATTROK 1s lows This is low if ATTR mode is selected and NOVER is low,

1f C%0 and CM1 are high 0126(10,9,8) selects 256C mode (/256C \ow)s This will
turn the 256 colour buffer Q15 on if /PICT is low unless there is an external
colour override (Q127(10,9,8 13,12,11)). In the event of such an override or
if a colour mode other tﬁen 2546C is selected the signal /CPAL (palette enahle)
is forced low while /PICT is low (0128(5,6) Q130(1,2,3) @129(10,%,8)).

‘
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The qates Q132(11,10 13,12), G100, @89(10,9,8 13,12,11), 0128(13 12),
099(5,6 9,8), 0102(1,2,3 4,5,6 10,9,8) and 0120(13,12,10,9'8) astablish if the
external 'colour on ECO-EC3 can override the internal coiour generated by the
VDC according to priority rules laid out in DPC11.D0C. If the external signal
has priority it substitutes the EC-BUS for the P-BUS on the Q-BUS (G53), = If
the current internal mode is 254C colour mode the mode is forced to 14C,

PALETTE REGISTERS, FIXBIAS COLOURS AND BORDER COLOUR
Active display is signalled by /PICT low. If the display uses the palette then
/CPAL is low and if it is a 236 colour display /€256 is low,

If /CPAL is Jow and /FICT is low the 4-bit lcgical colour on the multiplexed
ga\ette bus @-BUS is decoded to one of sixteen colours. Colours with 03:0 ie:
0L0,C0LY,...,COL7 are decaded by G12 to enable ane of the 8 palette colour
registers 01,02,03,04,05,04,07,08," If Q3=1 the tristate huffer Q14 is enabled
which outs D(S,Gf,ﬁé onto the low 3 bits of the FC'-BUS and the low 5 bit of the
FIXEIAS reglster on the high 5 bits of the PC'-BUS,  This forms the logical
colours COL )COL?,.HCULISQ

If /€256 is low and /PICT is low the SA-EUS is directly enabled onto the PC'-
US to form one of 256 colours, Note that this is straight-through connection
with much less delay than the tgalette route which must go through colour mode
selection, onto the F-RUS, rough the priority multiplexer to the G-BUS and
then be decoded to enable a palette register! Either this must all be done
very fast or else phasing delays must be introduced into the /(254 path and

border colour generator circuits,

If the display is not active and we are not in the blankiacistine (/BLNK low)
then the barder colour reqister QY is enabled anto the PC’ -BUS, If is
active low a zero level is emabled onto the PC'-BUS hy 010, Note that
simplifications could be made by consistent use of inversion.

The value on the 8 bit PC'-BUS is clocked hy 011 at 14MHz to produce the final

Rhysica! colour output on PCO,PCL,....PC7, It would be hest if this were a
igh drive (5mA) cmg bus but 1f we must use N0S then 1t should be LSTTL.

MISC BITS

The address and data buses are buffered going into the chip, Since the VIC
onlY reads from menorg.the data bus bhuffer (UDO-UD7) to DO-D7 is unidirectiona)
{@51), The low bits of the address bus are used to address internal
re?isters of the VDC (LFL,LPH,FIXEIAS AND BORDER) and so the buffer on UA0 and
UAL needs to he bxdxrecnonaf (G49) . In the VDC it might be simpler to have
separate input buffers for UAD and UA1 leading directly to the internal
register decoder 021,  The high bits of the address bus UAB-UAIS are
tristating outputs of the VDC (Q50),

The address decodes for the various registers of the VDC come from 021 and 088

(5,6 9,8 11,10 13,12), The enable for this decode is /VIWR which is active low
when the 286 is writing to an I0 address in the range 080H to 08FH (/VID low),
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A TYPICAL DISPLAY (ACTIVE FROM COLUFMNS 31 TO 32)

/ULA
(31 (32 (3
e s B 3
/ACTIVB==-__  ==eseccessccccmcseccesccccsccsaseeas
MILY=s===" = eseccomsccccecccocceee _ eeesesmsesmscesesssesaa
/WL2---==eremeecane- L SReRessaCaa S s S B e
PIXEL MODE
LDICLK-=====  =ec==e  eececccccmscecccsccececsccesescsencese
e x

latch pl count .

increment LD1 count increment LDi count
A-BUS------- (LD1 addr)(LD1 addr)-=---=--m==--cecccccrccecncccncncnccnncncncas
D-BUS---=--- (XXXXdataZ (XXXXdata 2 ---------------------------------------------

load bufferl load buffer2

) with pizels with pixels
/SDATA--==-==emmmeeaee e=esssssceccsaceccceee-
§- BUS0000000000000XXX ThuT ferT T bufferz TXOX000AOOON000N0ONNNX

§" -BUS X0000OOGOGNO0OGOXXXX ( bufferl )( buffer 2 )XXO0XCOO0ONXX

JLOADZ--======-smcommmocennnn | R S i S S i i i _ SRamdmeaaamsaee
/PIXLDAD--~-- | mesmmmssacmmm ; _mesavesepee~es _samemnyoneacen __mmmesesamssmsoe
PIXCLK 20 mode)~ = = = = = = = = o's o oo =< p s eso=aowess=sa
PIXCLK (4C mode)__-=__==__==_ ==__==__==_ == == __==_ == _ == _ == __==__==__="__
PIXCLK CI6C mode)s  wsor soow  ;swe sees ssce sese sses
PIXCLK (254C mode)----___ __ =======- e T
PILTr - omtremstdicasccicijainuenessmebasunne ~
/BORDER____ o mmemesssssessssseseesescoeseeee
-=-- active on screen -------

PC-BUS (2C wode)--  border colour  =~====---- YOOOGOOOOQOOOOOO O -

(4C mode)--  border colour  ==------- oo X X X X X K==

(16C mode)--  border colour  =======-= N X b I3

(256C mode)-  border colour  ====----- X pixel " pizel
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LPIXEL MODE

-----------

LDACLE----=- ¥ e bk R A R
Jatch LD count increment LD1 count
g:g*g:::::::z%;gg;;zmgg;;:::::::::::::::::::::::::::::::::::::::::::
Joad hufferl load buffer2
with pizels with same pirels
JSDATA--==mmmmmmmmmme o mmmmssmsmessemooaeoeoae
§- RUSXX0000000000000XXX Thuf ferl ) ( hufferd 1O0C0ORCOOCONNONCHONXX
S’ -RUSXCOOO00000O0XXX (buf ferl )( buffer 2 FXOOGO0OCORONNNAO0XK
/LOADY-=-==-=- __seesesasssmcsssnasestanananns __SSeemeeeesmeseeseemeeeeoeaaaoe
/PIXLOAD-~=-=__======ns==mmmmm=mncmccmacncoas _emeeeeemesesesmseemecemeeeeeee
PIXCLK (2C mode)__==_ ==_ ==_ ==__==__==__==_ == == == ==__==__~"__=__~"__
PIXCLK (4C mode)--____====___ === ====__ ==e-___ ==e-__ wwee_ e
PIXCLK (14C mode)-----_____==------ o =memenes o meemee-
PIXCLK (256C mode)===========s__ _  ======----ecoooe »
0 (G -
JBORDRR____  emessescesssseccecccecceacecoeos :
{---- active on screen ------< )
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ATTK MODE

LDICLK-----~ : S
‘ 0 latch LD1 count  increment LD1 count
increment LDZ count
Xy o
load huf;erl \;ad buffer2
with attribute with pizels
[ODATA-==mmmmmmmmemmee  =emsemeseseeceosooeoeoe
S-BUSXXCOC0ON0OXXTbut ferl ) butferz TX00OCOAAOOOOOCONK
S -RISNN00000000C0OX { buf ferl ) ( huffer 2 100000OOONXXNOON
/LOADY -=====~ _seeessesemcemmmemenaeamee _ Semmeeerecemcmenns o easnan i _
JLOADR-=========smmnsmmananas __"eeemesesremcscneoemnacanaaaan __=eemmmmmeeeanne
§" = BUSXX000000C0COCOOC000CN { bufferi 1000000
/PIXLOAD ===~ __-+=mmeommmcmemmemmamcmcacooaan e -
& PIXCLK (2C mode) _--_ == __==_==__==_=-__==__==__==_==_==__==_ "= ___""__
4 (s St
T R S S AR AR S
{---- active on screen =----=-- )
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CHARACTER MODE

..............

LDICLK----~-~ L e i

latch LD1 count  increment LD1 count

increment LD2 count ‘

L et {10t 2ddr)(L2 wllr)}==-s msssusessnnsassreroammsasenmnondanninsne
D-BUS------- (00data) (XXXXdata)======---s=s==s=smoccsmscomcescccanccoomonaa.

load bufferl load huffer2 .

with char index with pixels from font
JODATfe e smmtamimaas L Seesestmitlmiscdsscees .
S- BUSXXO0O0CON0OXXXXX (huf ferl ) { buffer2 1X00C000COXNXXXX XX
§° - RUSON0000000000XX (buf ferl ) buffer 2 X000 XXXXXX
JURL somwemm  swesmemensnssmesnsnmsanesnaas __msemsemtmesacoresenn o _
JLOADR = eaessssamasissanmas S e S R S S S S SRR - SewseEm e
§" = BUSX X0 O00OCOON0000CAN bufferl 000X
[PDLDAD=csn. - ensumsnsmmnsnammmmestresamraie  saessssesmnases s n s st

— wm— wme— e man e e mem e e e mmem emen g mmen e

PIXCLK (146C mode)----- . eemmamwe L eemammes o ettty .

PIXCLK (254C mode)---=---=-==~=-- o (emeeeeseneanerae _ .

JPILT==me=rmecccnrecnccancceaccncccccnacanaaa"

JBORDER © o emessatllololSiatSStetatonesatis
{---- active on screen ------- )

18



