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VIDEQ DISPLAY GENERATOR {(VDG}

The Motorgla MCB847 Video Display Generator (VDG provides
a means of interfacing the Motarosla MEBOD microprocessor family
{or similar products) 1o a commercially available color or Black and
white television receiver. Applications of the VDG inctyde video
games, bicengineering displays, education, eommunications and any
placa graphics are required,

The VDG reads data from memory and produces 2 composite
video signal which will allow the generation of alphanumeric or
graphic displays. The generated compasite video may be up modu-
lated to either Channel 3 or 4 by using the compatible MC1373 TV
Chroma and Video modulator). The up modulated signal is suitable
for application to the antenna of a color TV. A typical TV game is
indicated in Figura 1,

® Generates four different alphanumeric display modes and eight
graphic disptay modas

® Compatible with the MB80O family
#® Compatible with the MC1372 modulator

® The alphanumeric modes display 32 characters per line by 18
lines

® An intermal multiptexer allows the use of either the internal ROM
or an external character generator

® An external character generator can be used to extend the in-
ternal character set for “limited graphic” shapes

® A Mask Programmable internal character generator ROM is avall-
able on special order {Appendix A}

® One display mode offers 8-eolor §4 x 22 density graphics in an
aiphanumeric display mode

#® Qne display mode offers 4-color 84 x 48 density graphics in an
alphanumeric dispiay mode

All atphanumerie modes have a selectable viden inverse
Generatas full video signal

Generates R-Y and B-Y signals for extarnal color modulator

Full-graphic mades offer B4 x 84, 128 x 64, 1268 x 96, 128 x 192,
or 256 x 192 densities

Full-graphic modes allow 2-color or d-color data structures

® Full-graphic modes use one of two d-color sets or one of two
2-color sets

® Available in either an. intetlace mode INTSC Standard) or a non-
interlace rmode
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FIGURE 1 — BLOCK DIAGRAM QF USE OF THE VDG IN A TV GAME
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9
3.58 MHz
Garme Paddies
—— |
3.58 MH: [ MC1272 |———8m RF 10 TY
oo o —
Burst
Frequency WHF
yp— Channel
Frequency
Mremenic  Pin Numbars Function
Voo 17 +5Y
Vgg 1 Ground
CLK 33 Calgr burst clock 3.579545 MHz {inputh
DAD-D&12 22,23,24, 75 26 Address lines to disglay mamory, high impedance during memory select (M_Sl
13, 14, 15, 16, 15,14, 20, 1
oDoDps 3,4,.5,6,7, B Trata from display memory RAM or ROM
006, DD7 2,40 Dgta fram display memary in graphic mode; data also in alpha external mode; calar dsta in
glpha semigraphic 4 or &
oa BB, Y 11,10, 28 Chrominance and fuminance analop {A-Y, B-Y. Y} ourput te RF modulatar {MC1372)
CHB 3 Chroma bisy; reference ¢A and ¢B levaic
R 36 Row preset - Output to pravide timing for extarnal character ganerator.
" 38 Horizantal Sync — Output 1o provide timing for external characler generater,
INY 32 Inverts vides in all alpha modes
TNTEXT n Switchet to external AOM in alpha mode and beteesn SEMIG4 and SEMIGH in
semigraphics
Als 34 AkphafSemigraphics; telects alpha and hics in siphe moda
53 12 Marmary select forces VDG address bufters to bigh-impedance state
AlG 35 Switches between alpha and graphic modes
F3 37 Figld Synchronization goes low at bartam of active display arsa,
C55 39 Color st select; selects between twa alpha display colars or between two colar sex in
graphice § and full graphi
GMO-GM2 30,29, 27 Graphie mode select; sslect one of eight graphic modes.
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ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

FORMAT OF THE TEL EVISION SCAEEN
BOADEA

in all Graphoe Moues, Coatrolled by the VGG |

v !Black in all Alpha Samigeaghic Maodes Green or buft (ot wh el

©

Rating Valug

Supnly Voltage [V;;_cl 0.3 ta+ 1.0V » 0 Culklr

Input Woltage sny Fin 0.3 10+ FOV d e |rtlzli?\_sAVuAT:A vDG Qrm

Operating Temperature 0°C ta TOPC a2 cn‘nlrol " ail-mcu:ie:rz ach I

Storaga Temperature -65°C Lo 153C n Aot may he on o oi 2nn o e

Power Dissipation TBD ene 01 H Ldlors when on ¥ [« 111

Waluma
"One on each run interlacec ling
DC ISTATICH CHARACTERISTICS ~ tvop = 50V +5%, Vgg = 0.0V, T4 = 09C 1o 70°C unless otherwisa noted)
Characreriatic Symbol Min Typ. M Unit

input High Voltage ViH Vdc
Chic Vsg * 2.4 - vee
Qther Inputs Voo +2.0 - Vep

input Low Valtage WL Ve
Clk Vgg - 0.3 - Vgg+ 0.4
Other Inputs Wgg -0.3 - Vg5+ 08

Input Leakage Currant _ o lin - - 25 HALC

CLK, GMU-GMZ, INV, INT/EXT, MS, ¥gg, DDD-DD7?, A/S, A/G

Three-State 1OFf State} Input Currant DAD-DA12 Lo — - 10 whdc

Ohtpat High Voitage AF, H5, F5 YoM 2.4 _ _ Vo
{C1Loaa = 30 pF, I gag = -1 Al

Output High Voltagg DAG-DAYZ Vou 24 - . - Vo
{CLoag =55 BF, | gag = - 100 uAI

Qurput Laag Voltage RP_HE, F§ VoL — - Vg5 + 0.4 Vo
{CLaad =30 pF. | gag = 1.6 mA}

Cutput Low Voltage DAG-DAY2 Yor - Vgg + 04 Vdc
[CLoad ™ 55 PF. I nad = 1.6 mAl

Cutput High Currant [Seurcing] All Outputs lexcept loH =100 - uAde
Vo= 2.4V) PA, 2B, Y, & CHBI

Output Low Current [Sinking) All Qutputs texsept oL 15 - - mA e
IV = 0.4 Vdcl A, 6B, ¥, & CHB)

Input Capacitance Al Inputs Cin - - 75 pF
Win=0,Ta =259, 1= 1.0 MHz)

Chroma Bias Voltage - VR - 0.3 veo - Ve
{Cipad * 20 pF, R Load = 200 k ohm, Vo = 4.76 ~ 5.25 V)
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DC (STATIC! CHARACTERISTICS — (Voo - 50V +5%, Vgg - 0.0V, Ta = 6°C w 70°C untess atherwise noted]

Characteristic Symbol Min Typ. Max, Unit
Chroma of Voltage Figure 2 Veas Vi
|G} gad =20 pF, A Load = 200 k ohm} V1 - VR 01 Veg -
Vg - VR -
Yo ¥R -0 Vo -
Chroma B Voltage YcooB Ve
{Cy gad = 20 pF, A Luad - 200 k ohm! VRt 0 Voo -
v - VR —
V hurst - Vg - 005V -
VD - Vg - 0.1 Voo -
Luminance Y Woliage Figure 2 Wy L
ICLoag = 20 PF. B[ gag = 200 k shami Vg - 0.2 Vo -
VBLANK - 0.75 Vg -
VBLACK - 0.7 Vs -
Valiage White Low Figure 2 Ve - 062 Vg - Wt
{voltage White Medium} Y int - 06Vg -
{Woltage White Hiohl ViwH - 0.38 Vg -
AC {Oynamic} CHARACTERISTICS —vgp = 50 W £ 5%, Ta = 0°C 10 70%
C ist Symhbol Min Typ. Max. Uinit
Clk Frequency f 3.579538 3.579545 3.579565 MHz
Clk Duty Cycle Clkge 45% B0% 85%
Chroma Phase Dalay Figure 3C ns
imeasured with respect to Y™ autput)
PA Ty 200 -
oB e - 200 —
Luminance Rise Time Figure 30 try - B - ns
Luminsnce Fall Tima iy - 50) -
Chroma Rise and Fall Times Figure 30 ns
A Rise Timel tCaA - 60 -
IpA Fall Tima) HOBA - 60 -
1$B Rise Time] 1ol - &0 _
| {98 Fall Tima) yCoB - &0 -
Field Sync. {F5) Figura 3A WES - 203 - ms
{Pulse Width}
Row Prasent IRAP) Figura 38
tPulsa Width] waP - 0.98 - s
|Cptay From HS) HERP — .98 — »3
Horizontal Sync {HS) Figure 3B twHS - 49 - us
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FIGURE 2 — VIDED AND CHROMINANCE RELATIONSH IPS QUTPUT WAVEFORM
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vDGE SIGNAL DESGRIPTION

Addrass Output Lines [DAG-OA12) — Thirtecn address
hnes are used by the VDG 1o scan the display memory,
The starting address of the display memaory is located at
the upper left corner of the display screen. As the tele-
vision sweeps from the left to right and top te bottom,
the ¥DIG increments the RAM dicplay address. These lines
are TTL compatible and may be forced into a high
impedance state whenever the M5 pin goes low.

Data Inputs {DDO-DO7} — Eight FTL compatible data
lines are used 1o input data from RAM 10 be processed by
the ¥, The data is interpreted and transtormed into
juminance Y {Pin 28] and color outputs $A and 0B {Fin
11 ang Pin 101

Power Inputs — Yor requires +5 valts, Vgg requires
sero valts and s normally ground, The tolerance and cur-
rent requirements of the VDG are specified in the
Electrical Characteristics.

Video Outputs (9A, ¢B, ¥, CHB) — These four analog
outpuls are used to transfer luminance and color intorma:
tion 1o a standard NTSC color television receiver. erther
via the MG1372 RF modulator or directly into Y, 9A, &8
felgvision video inputs.

LUMINANCE (Y} — This six level analog output con

1ains composite sync., Manking and four fevels of viden

huminance.

¢ - This three level analog output is used in combina-
tion with &B and ¥ outputs to specify one of eight
COIDrS.

¢B - This four fevel analog output is used in combina-
tion with @A and ¥ outputs 1o specify one of eight
colors. Additignally, ane analeq level is used to specify
tha time of the color burst reference signal.

CHROMA BIAS (CHB) — This pin is an analog culput
and provides a D.G. ieference corresponding to the
quiescent valbe af @A and ¢B. CHB is used to guaran-
tee good thermal tracking and minimize the variation
between the parts.

Synchronizing tnputs (MS, CLK}

Three-State Control - {MS} is a TTL compatible input
which, when low, forces the YOG address fines inte a high
imoedance state. This may be done to allow other devices
Isuch as an MPU) 1o address the display memoary [RAM).

Clock {CLK) — The VDG clack input ICLK} requires a
3.579545 MH: [(standardl T crystal frequency square
wave. The duty cyele of this clock must he berween 45

and 55 parcent since it controls the width of alternate
dots on the television screen, The MC1372 RF modudator
may be used to supply the 3.579545 MHz ctock and has
provisians for a duty cyele adjustment.

Synehronizing Outputs {FS, H5, BPt — Three TTL
compatible outpuls provide circuits, extenor 1o the VDG,
with timing references to the following internal ¥DG
states:

FIELD SYNC — {F51 — The high 1o low transition of
the F5 output coincides with the end of active display
arza. Duning this time interval an MPU may have total
access to the display RAM without ciusing undesired
llicker on the screen. The Low to High transition of FS
coincides with the trailing edge of the vertical synchro-
rzation pulse.

HORIZONTAL SYNC - [HS) — The HS pulse is in
coincidents with the hgrizanial synchronization pulse
Furnished to the television receiver by the VOG. The
high to low transition of the HS autput caineides with
the leading edge of the horizontal synchronization
pulse.

ROW PRESET - (RP} — if desired, an external char-
acter generator ROM may be used with the VDG,
However, an cxiernai fouer it counter must tw: added
to supply row selection. The counter is clocked by the
HS wgnal and cleared by the RP signal.

Mode Contrad Lines (tnput) (A/G, A/, INT/EXT,
GMO, GM1, GM2, €SS, INV] — Eight TTL compatible
inputs are used 1o control the operating mode af the
VDG, AJSS, INT/EXT, CSS and INV may be changed on a
character by character basis. The €83 pin is used to select
beiween Iwo possible aiphanumeric colors; when the VDG
is in the alphanumeric mode and between tws calor sets
when the WDG is in the semigraptnes  and full Graphie
mode. Table 1 illustrates the varicus modes that can be
ohtained using the mede control lines.

DISPLAY MODES

The VDG is capable of generating 12 distinet display
memies frefer to Table 1). The color set selechon and
invert pins will altow variations on cerlaitt modes. The
YOG wal! display two alphanumeric modes with twe com-
palible semigraphic modes or display one of aight full
graphic modes. A detailed description of the various
modes of operation Foliows. A summary of major modes
can be found in Table 2.

ALPHANUMERIC [DHSPLAY MODES - All aipha-
numeric modes occupy an B x 12 dot character matrix
box and there are 32 x 16 character boxes per TV frame.
Each horizontal dot (detclock) corresponds to one-half
the period duration of the 358 MHz ¢lock and each
vertical ¢ot is one sean line, One of two colors for the
lighted dcts may be selected by the color tet select pin.
An internal ROM will generate 64 ASCI display charac-
ters in a standard 5 x 7 box_ Six bits of the eight-bit data
waord are used for the ASCI| character generator and the
two bits not used can be used to implement inversa
video or eolor switching on a character by character basis,
A 512 word display memory is required for this class
ofdisplay.

The ALPHA SEMIGraphics -4 mode translates bits zerg
through three into a 4 x 6 dot element in the standard 8 x
12 dot box. Three data bits may be used to select one of
eight colers for the entire character bax. The extra bit is
availabie fo implement moede switching on the fly. A 512
word display memory is required. A density of 64 x 32
elements is available in the display area. The element area
is four dot-clocks wide by six lines high.

The ALPHA SEMIGraphic -G mode maps six 4 x 4 dot
elements inta the standard 8 x 12 dot alpharumeric box,
a screen density of 64 x 48 elements is available. Six bits
are used to gererate this map and two data bits may be
used to select one of four cotors in the display box. The
elerment area is four dot-clocks wide by four lines high.

FULL GRAPHIC MODE — There are eight fuil graphic
maodes available from the VDG, These modes require 1K
to 6K bytes of memory. The eight full-graphic modes
include an outside color border in one of two colors
depending upon the color set select pin (C5S). The C5S
pin selects ane of two sets of four colors in the four colar
graphic modes.

The 64 x 64 Calor Graghics Mode — The 64 x 64 color
graphics made generates a display matrix of B4 elements
wide by B4 elements high. Each element may be one
of four colors. A 1K x 8 display memary is required,
Each pictel equals four dotclocks by three scan lines.

The 128 x 64 Graphics Mode — The 128 x 64 graphics
mode generates a malrix 128 elements wide by B4
elements high, Each element may he either ON or OFF,
However, the entire display may be one of two colors,
selected by using the color set select pin. A 1K x B display
memory is required. Each pictel equals two dotglocks by
three scan lines,

The 128 x &4 Color Graphics Mode — The 128 x 64
color graphics mode generates a disptay matrix 128
elements wide by B4 elements high. Each elerment may be
ane of four colors, A 2K x B display memory is required.,
Each pictel equals two dot-clocks by three scan lines.

The 128 x 96 Graphics Mode — The 128 » 96 graphics
mode generates 2 display matrix 128 elements wide by 96
elements high, Each element may be either ON or GFF,
However, the entire display may be one of two colors
selected by using the color sefect pin, A 2K x B display
memary is reguired. Each pictel equals two dot-clocks
by two scan |ines.

The 128 x 96 Color Graphics Mode — The 128 x 96
color graphics mode gencrates a display 128 elements
wide by 96 elements high. Each element may be ane of
four colors. A 3K x 8 display memory is required, Each
pictel equals two dot-clocks by two scan |ines.

The 128 x 192 Graphics Mode — The 128 x 192
graphies mode generates a display matrix 128 elements
wide by 192 elements high, Each element may be either
ON or OFF, but the ON elements may be one of two
colors selected with color set select pin. A 3K x B display
memory is required. Each pictel equals two dot-clocks by
one scan ling.

The 128 x 192 Color Graphics Mode — The 128 x 192
color graphics mode generates a display 128 elements
wide by 192 elements high, Each element may be ane of
four colors. A BK x B display memary is required. A
detailed description of the VDG modes iz given in Table 3.
Each pictel equals two dot-clocks by ane scan line.

The 256 x 192 Graphics Mode — The 256 x 192
graphies mode generates & display 266 elements wide by
192 elerments high. Each clement may be either QM
or OFF, but the ON element may be one af two colors
selected with the color set select pin, A 6K x 8 display
memary is required, Each pictel equals one dotelock
by one scan line.
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THaplay Elrments
Element
Elernent
elements wide by
&4 elemenis frigh
elements wide by
192 glements high
elements wire by
192 elernents high

elements wide by

Comments
Mdatrix B4 x 64
Elemenis

Matrniz 128
Matrix 128

96 elements high
Matrix 128
Matrix 256

B
Bux

ALPHA/GRAPHI{: MODE SELECT

Internal Alghanuriercs
External Alphanumenics invertad

Internal Aiphanurmerics nverted
Exwernal Alphanumerics
Semigraphics - 4
Semgraphics - &

64 x B4 Color Graphics
128 x &4 Graphics

128 x 64 Color Graphics
128 x 96 Graphics

128 x 96 Color Graphics
128 x 192 Graphics

128 x 192 Color Graphics
256 x 122 Grephics

4
2
F]
2
4
2
4
2

Colors
Calors

GMD

x
x
X
X
X
%
Q
1
i
1
i}
1
0
1

Memary
§12xB
513« B
512« 8
5172x8
Memory
1K % §
1K x8
2K« 8
16K » 8
AK x B
3K =8
GK x 8
BK x 8

GM

X
x
X
X
x
x
o
[+
1
1
o
4]
1
1

MANXIR MODE TWO
TABLE OF MINOR GRAPHICS MODES

MAICR MODE ONE
TABLE OF ALPHA MINGR MODES

TABLE 2 — SUMMARY OF MAJOR MODES

INV | GM2

TAHLE 7 — TABLE CF MODE CONTROL LINES [INPUTS)

Alphanumeric {Internalt
Alphanwneric [External b
Alpha Semig-4

Alpha Semig B

B4 x 64 Color Graphic
128 « 64 Graphics*

128 x 84 Corlor Graphic
128 x 98 Graphics"

128 x 96 Cafor Graphic
128 x 192 Graphics®
128 = 192 Color Graphic
256 » 192 Graphics*

Title

Title

*Graphics mode turny on or off gach alament. The color may be one of two.

NT/EXT

a

o
1

1

o
1

X
x
x
x
X
]
X
X

AfS
I}
0
0
o
1
1
X
X
X
X
X
X
X
x

—_—
AiG
o
o
a
a
0
(]
1
1
1
1
1
1
1
1
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TABLE 2 — DETAILED DESCRIPTION Of VDG MODES

VDG PINS coLor TV SCREEN
VDG DATA BUS COMMENTS
WYEXT | Gmz|Gm1 NV | Charscter Color | Background |  Sorder Qispisy Mods Detait
2 |Green | Black " 32 Characters 8 dos P The ALPHANUMERIC INTERNAL mode uses an internal character generator
o x| x 1| Black Green Blac across ¥ which contams the toliowing five dot by seven dot characters ® ABCDEF GH1J
e P T 12 dots ;7 KLMNOPORSTUVWXYZIM] ! — SP (7 x8%R& {17+ — /0121486789 <
9 { Qeange | Black Black aracters - =57 The mx bit MSCH code leaves twa buts free and these may be externaily
N B ( Orange down L= extra ASCI code | connected to the mode pins [A/G, AJS, INT/EXT, GM2, GM1, GMO, CSS or INV)
40 | Gresn | Biack Black 32 Characters
1 x| x 1 Bk Green | T across The ALPHANUMEAIC EXTEANAL mode uses an external character generatar as
1] Crange Biack Biack 16 Characters one row of well a5 a row counter Thus, custom character fonts are graphic symbol sers with
1 Binck | Orange down custom charscters up ta 256 different eght do1 x 12 dot “characters” may be displayed
ix c2 <1 co Color
] x x x Black
1 [1] )] /] Green 64 Display elements L3 (%]
1 0 0 1 Yelow across
[+ X X X 1 1] 1 1] Biuve Black . caler]co |L3|L2|L1 l""l The SEMiGRAPHICS FOUR made uses an internal “ceurse graphics ' generatos in which
} ? “J l’, :":' 32 Display elements a rectangle leght dots by Twelve dots) 1 diided into four equal parts. The lummance of
1 1 o 1 C:an down L to ane each part 1s determined by a correspanding it on the VDG data bus. The color of il
1 1 1 [+] Magsnts element minated parts & detecmined by thiee bity
1 1 1 1 Orange
ix c1 C0  Color
0 X x Black
1 0 0 Grven
1 o 1 Yeilow 64 Display elements L L
1 1 0 Bl across 5
1 x X X 1 1 1 A Black 3] !C|IC0IL5IL4]L:|IL2’L|'LQ] The SEMIGRAFHIC SI% maode 15 similar 10 the SEMIGRAPHIC FOUR mode
0 X X Black 48 Ousplay elements with the tollowing differences The ewght dot by twelve dot rectangle 1s drvided
:' g ':' g';: down (=1 (%) 1nto six equal parts. Color s determuned by the rwo remaining bits.
1 1 o Magenta
1 1 1 Orange
c1 CO0  Color
0 o Green
0 1 Yellow Green 64 Display elements
1 Li} Blue across
x ole x ! I Rea T IE IE IE ]E—J Icl lc ]c lc lc lc lc: I The GRAPHICS ONE C f 1074 f display RAM
1 1|Co|C1|Ca|C1]|Co|C1[Ca 13 mode uses a maximum of 1 by1es of display "
g [“ gulf Buff 64 Display elements ? 2 ° which ane pair of bits specifies one piciure element
van
1 o Magents down
1 1 Orange
ix Color 128 Display elements
o Black Green across
x ¢lo I e e g e — +———— 54 Display elements IL;ILGILSIL,‘ |L;l|.;||..’|_a] [L71L61L5IL4IL3]LQJL|IL;, The GRAPHICS ONE R mode uses 3 maximum af 1024 bytes of display RAM in
1 Bott autt 1splay which one bit specifies one picture element
down
128 Display elements
Same color = Green across
x o1 X |Graphicsonec L —— E3z| E2| €, | E ¢y|colci|colerfcalc The GRAPHICS TWO C mode uses a maximum of 2048 bytes of display RAM m
64 Duspl. i 3 2 1 & 1“0l ol attaltr
Buft 'splay elements which ane panr of bits speciies one Dicture glement
down
128 Display elements
Same color as Green aceoss
x [ 1 —— % | Graphics one R F———14e0 ) |T7—[L61L5|L4IL3|LQIL|[L0-| lql Ls[LgiL.nglelqlLo] The GRAPHICS TWO F mode uses 3 maximum of 1536 bytes of display RAM in
Buff 96 Display elements which one bit specifies one picture element
down
128 Display elemens
Groan
Same color a5 across
x 1[0 [~ X |GrephucsoneC === 96 Dusplay el [ E;,I E;I €, ] EQI Ic.‘ colc, Icu[cl lcolc,]col The GRAPHICS THREE C mode uses a maximurm of 3072 by tes of display RAM
Bult splay elements 10 which ane patr of by tes specifses one picture element
down
128 Display elements
x vl oo x | Craprcs ona i across I I
T 5 ONa _-——
L L IL‘IL ]L ILIIL;I L] L51L5IL4|L3]L2|L1quf The GRAPHICS THREE R mode uses 8 maxmum of 3072 bytes of display RAM
Buff 192 Dusplay elements I 7|L6 5 i N wihuch one DIt speacifies onNe DeCture element
down
128 Duisplay elements
Same color | Green Aross
X 1 1 F=—1 X |GraphicsoneC [~~~ " 1192 Display slements l 53154 E-|| Egl iC‘ICOIC‘ICO]C‘ICOIC1|COI The GRAPHICS SIX € mode uses @ maximum of 6144 bytes of display RAM in
BuMt d wiuch ore par of bits specities one picture element
lOw i
256 Duaplay elements
Gree:
L Gs""m'“" o | acrosy
x 1 1 raphics One 192 Display elements [L7| L61L5|‘I|L3|L21LIILOI | L7l L5| L5IL4]L3[L;[L|IL0I The GHAPHICS 51X R mode uses a maximum of 6144 by res of display RAM n
Buff down which one tnt specifies one picture elermnent.
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