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Introduction

The G812 is an 80-BUS and Nasbus compatible video display card for use
with Gemini Multiboard and Nascom systems. The design has been optimised to
allow the major characteristics of the card (screen format, character set
etc.) to be varied under software control. In its standard configuration it
will display 25 lines of 80 characteérs. It can however be programmed to work
in a large number of different configurations. All of the screen handling is
taken care of by an on-board Z80A. Hardware features allow for the card output
to be inverted or blanked under software control. Two dot clocks are provided
for the video circuitry, one determined by a crystal and the other variable by
adjusting a multi-turn potentiometer, RV1. The choice of clock is under

software control. The character set of the card may be held in EPROH or RAM.
The normal configuration is to have 128 characters fixed in EPROM and 128
characters held in RAM, and consequently alterable under software control. A
keyboard port and light pen socket are also provided. The interface to the
host system is via three I/0 ports.

This manual is in two sections, a user section instructing the user in
commissioning the G812 and a functional description section detailing the
design. The on-board monitor program controlling the G812 Intelligent Video
Controller (IVC) card is described in a separate software manual.

Contents

Introduction I-1
Commissioning 1-1
Conmnectors & Dot Clock 1-2
Link Optious 1.3
Functional description 2=1

Commissioning

Carefully unpack your G812 and examine it for any wmechanical damage.
In the event of any damage please inform your dealer immediately.

Your G812 will have been shipped to you fully tested and working. All
that may be required is for the board to be plugged in. However, please take
the time to read through this manual as it will prove useful.

When plugging the G812 into the bus please take great care. Excessive
force should not be required. Any difficulty that may be encounted will, in
all probability, be due to the keyway of the edge connector not fitting
accurately 1into the slot in the edge of the card. Please ensure that the card
1s plugged in with the edge comnector going in first and the correct way

around. It 1is not possible to plug the board in the incorrect way around
because of the keyway.

There are six linking options on the G812. The standard link positions
will have been set during manufacture. However, full details are provided in
the section on 1links to allow the user to configure the card for his own
requirements.

80-BUS & Multiboard are trademarks of Gemini Microcomputers Limited.
Nasbus is a trademark of Lucas Logic Ltd (Nascom Microcomputers Divisionm).




_There arefthree IIO connectpfs on the G812 CVidéq, Keyboard aud Light pen)

: _fions ate detaile?nbélow.::;fi:;

: 87 | Vfdeo Connector - | st «H AT B

_The video connectot is a 1f4 inch jack plug, the tip carrying the video signal

.and the sleeving_ acting as’ thg 3rouﬁd. The mnnitor to be used ghould be

connectéd via low-loss céaxial cable.T It~ Iow—Ioss' ‘cdble ig not 'used the
picturb quality may'be poor.vflj ’ T :

1

b) Keyboard Connector

_+5 volts 1 2 Strobe
“Croudd "3 4 CGrognd”
RN ns :.,' '. .‘5 - 6 . D& 1l
' D6 T ‘?8’”Ground
v ' crou'nd "9 10 D2 ‘
D3 11 12 DO
Dl 13 14 Power Led drive
=12 volts 15 16 No connection

The keyboard port i1s for a standard ASCII keyboard with a positive. strobe i.e.
Gemini G613. Care should be taken to ensure that the keyboard is connected ‘the
correct way round, otherwise it may be damaged.

e) Light Pen Connector
Ground 2
+3 volts & 5 Strobe

+12 volts 1 W_3 thabLg_h

The connector is the standard five pin DIN connector. For full details please
see the manual provided with the light pen. (Connector viewed from front).

Adjustable Dqt Cchk.

8812 1s provided with two sources for the dot clock used in the video
circuitry. One ie controlled by a crystal (XTAL - normally 16 MHz), and the



There are six linking options on the G812. The standard link positions
will have been set during manufacture. However, full details are provided
below to allow the user to configure the card for his own requirements. All
links should be made by soldering wire from one comnection to the other.
Please take great care as an incorrect link may cause damage and a poor
connection will result in an unreliable system.

Link One. (LK1). 2716 or 2732 EPROM selection.

R13 0——sum—==D
a0--0—0c
IX1 b

Thisz 1link is used to select the type of monitor EPROM (IC 18 -~ IVC-MON) which
is to be used. For a 2716 link “b° to ‘c“, for a 2732 1link *b" to “a". A 2716
is standard but a 2732 software enhancement may become available.

—

Links Two & Three. (LK2 & LK3). USR ! and 2.

R14
) S 0 0--0 LK2
Qemmmmmm e 0 0--0 LK3
R15

The state of these links can be read by the IVC-MON program to deteraine
power-on default conditions, so for full details please see the software
manual. They do not have any effect on the hardware.

Link Four. (LK4). Sync selection.

C 36
I-I
11T b
I-1 0
a0 Oc
LE4

Link four determines whether the vertical or horizontal sync signals are
linked to the Z80‘s /RMI input. This facility informs the software when it 1s
in a blanking period. This link will normally be from ‘a’” to “b’.




Link Five. (LK5). /NASIO provision.

R29
0—0 O
LKS

Link five determines whether or not the G812 generates a /NASIO signal onto
the bus. If the link is made a /NASTO signal will be generated. The /NASIO is
only required for Nascom 1 and 2. Only one board in a system should generate
/NASIO. The G811 does not require it. If used with a Nascom then the IOEXT
link {Nascom 1)} or switch (Nascom 2) should be set to “External’. With Nascom
1 there 1is a decode fault that necessitates the removal of the 780 PIO when
external I/0 is used.

Link Six. (LK6). Clock selection.

c
B =0

0 0- LK6
-0
a

Link six determines the source of the Z80 clock on the G812. If ‘b’ is linked
to ‘a’ the clock will come from the AUX CLK line. If ‘b’ is linked to ‘¢’, the
clock will come from the main system clock line, and this is the normal
condition. The G812°s Z80 has to run at 4MHz for correct operation. If the
host system 1is running at 4MHz the G812°s 280 cam be clocked with the same
signal. However, if the G812 is to be used with a 2MHz system a 4MHz clock
should be provided on the AUX CLK bus line and “b° should be linked to ‘a’.

For full details on implementing the AUX CLK line please see the manual for
the bus master.
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G812 FUNCTIONAL DESCRIPTION
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Section 1 = Processor Circuitry

1.0 ZBO clock

The clock for the Z80 can come from one of two sources. In a 4MHz system the
Z80°s clock would come from the system clock line (Gemini 80<BUS line 5).
However if the G812 is to be used in a system which does not rum at 4MHz, a
4MHz signal should be provided on line 8 of the bus (AUX CLK), the choice of
clock signal being determined by link 6. The clock sigual is buffered by a
741804 (IC 29b) the output of the LS04 being wused to clock the 74LS74
flip-flop (IC 31b) (see section 3.0 for further details). The clock is further
inverted by a second 74LS04 (IC 29¢) which drives the Z80 clock driver
circuitry. The Z80 clock driver is a push pull circuit formed by transistors
TR2 and TR3.

1.1 Z80 reset

The reset signal to the Z80 can come from one of two sources. On power-up G4k
(47uF) will be discharged and consequently the reset input to the Z80 will be
held low  wvia the 1N4148 diode D1 and this will cause the Z80 to reset. The
capacitor (C44) will charge up via Rs 28 (47k), 24 (220R) and the diode DI.
Diode D1 is present to ensure that once the capacitor (C44) is charged 1its
presence will have no effect on the reset from the host system. When the G812
is powered down, C44 is discharged via the diode D2 (IN4148). If this is not
done the G812 may fail to reset due to C44 remaining charged.
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The second source of reset is by the host system accessing port B3 (in the
standard configuration which could be changed). An access of port B3 wonld be
detected by the bipolar PROM (I€ 35)(see section 2. 1), the output of the PROM
being commected to the Z80 via a 220R resistor B24. When the FROM detects an
acceass of port B3 its D3 output will go low for the duration of . the . host
systems I/0 cycle causing the reset input to the Z80 to go low. :

[
it

1.2 Z80 control signals e e

= ) T

L s

Apart from the clock and the reset input only five . of the . 280's~ control
signals -are {implemented. /RD is used as the read signal, /WR is used as the
write aignal, /JIORQ is used to enable the CRTC cand ./MREQ {8’ used to enable
everything else. /NMI can-be conmected either ;o the.H sync .or, to -the V syne
outputs of the CRIC by the appropriate setting of link 4., . This enables the
software to determine the video timing. /M1, /HATT, IRFSE_ and. /BUSAK are not
connected. IBUSRQ, JWATT- and /INT _are all pulled high by thg-ZhZ-resistor R18.

it T O T

1.3 Z80 1/0 and memory decoding

The Z80 memory space 18 decoded into eight blocks of BK bytes wibh the
following assignments;

Address Function S e
0000 - 1FFF Z80 program EPROM Ly Ha,
2000 - 3FFF VDU RAM

4000 - S5FFF  Character generator wemory N
6000 - 7FFF G812 status port (read only)
8000 - 9FFF Keyboard port

A0OO - BFFF Data port
C000 — DFFF G812 status port (write only)
EQO0 - FFFF Z80 RAM area

The decoding 1e done by a 7418138 (IC 26), the 15138 being a one of eight
decoder. Al3, 14 and 15 are input along with IHREQ which {8. used to.enable the
LS138. The I/0 ports are not decoded as /IORQ is only used to enablé the CRTC.

FUNLT

1.4 Z80 memory —

The Z80- has tuo meuory socke;s for 1ts use, an EPRQH aocket ggr the 280 8
"program’ and a 2K RAM socket. The, /CE of: the.program EPROM: (IC;18) is comnected
“to the L§13§ decoder. /RD is input. to. the /OE, (output. . eggbie),-input- of. .the
EPROM _to _prevent  a data buggelash in- the event.o§ #-vrite.to the EPROM, The
EPROM sogiet irself can, with_ the approprigte settipg.of link 1, be used: for
_either a 2716 or a, 2732 type EFROM. In the 2716 getting the link appligs +5
volts vja a 2203-resistor R]12 to. the Vpp input (pin 21)5 In the 2732 setting
All 1s connected to- p1n~21. . }
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1.5 G812 status port

The status port is in two sections, a read section and the write section. The
Tead section 1is decoded at address 6000H. The bit assignments are as detailed
below.

=
rt

SO W PN e O e

Function

Data transfer handshake in
Vertical syne status
Horizontal sync status
Display enable status

Light pen strobe

Link 2 status

Link 3 status

Data transfer handshake out

Bit 0, data transfer handshake in, this bit is set by a write (of data) from
the host and  reset by a read of the data by the G812.

Bit 1, vertical synchronisation pulse output from the CRTC, thig bit is high_
during the vertical sync pulse period.

Bit 2, horizontal synchronisation pulse ouput from the CRTC, this bit 1s high
during the horizontal sync pulse period.

Bit 3, display enable output of the CRTC, this bit will be low when the
display is disabled. :

Bit 4, light pen strobe imput to G812, would normally go high to indicate
that the switch on the light pen had been activated.

Bit 5, link 2, if 1link 2 has been made (connected) this bit will be low.

Bit 6, link 3, if 1ink 3 has been made this bit will be low.

Bit 7, data transfer handshake out, set by a read of data by the host, reaet
by a write of data by the G812,

The second half of the GB12 status port is the write (at COOOH) section. The
bit assignments are as detailed below.

t Function
Digplay disable
Dot clock select
Invert the entire screen area
CRTC reset
to 7 Unused

N = O R

Bit 0, if taken low the display will be disabled.

Bit 1, low to select the adjustable dot clock, high to select the crystal dot
clock.

Bit 2, low for normal video, high for inverse video.

Bit 3, reset input to the CRTC, if taken low then high the CRTC will reset.

Section 2 = IVC-Host Interface

2.1 Host system port decoding

The G812 occupies three I/0 ports belonging to the host system. The first port
is for the tramsfer of data between the host and the G812. The second port is
for the handshake signals between the host and the G812. The third port is to
enable the host system to reset the G812 as the bus reset line is not
connected to the GB8l2. The bottom eight address lines are comnnected to the
eight address inputs of the port decode PROM (IC 35). /IORQ is connected to
the /CE input of the PROM teo ensure that it only decodes valid port addresses.
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"ihgeg&dgx £eutpu£s“£rom the ?ROM (D@, Dd and BZ) are’ pulled ‘up. by the 2k2
resistors  (Rs 25, 26, and 30) and the fourth output (D3) is .pulled up ‘with a
47k resistor (R 28), this being done to ensure that the outputs remain high
when the PROM is not enabled. The data outputs from the PROM axe assigned as
detailed below. i 4 Ry

Data output "Function

DO /NASIO

D1 Data transfer
D2 Handshaking
D3 Reset

The PROM 1is coded in the following manner. “

a) ‘Select the ports to which you wish the above functions to be assigned. It
would be usual to assign the lowest- eight -ports to decode:a Nascom 1 or 2 via
/NASIO. Note that the G811 does not: require ahy external deeoding.,

b) The 256 locations in the PRDM are directly mapped to the 256 I/O ports

.available. Pne merely has to lead thei¢particular- -location‘inthe/PROM with the
contents which will take the appropriate data output low and: enable the
specific circuitry. = - v S weman o dpmeee ma odn Co

¢) DO .will go low if the location contains :an E, Bl will go ‘low 1if the
location contains a D,. D2 will: go low if: the location contains a B and D3:will
-go. low if the: location contains a 7. : ; : T

Below is a table of contents for the standard G812 PR@M. (VID 1)

PROM location Contents Function -

00 - 07 E /NASTO

08 - BO 'F No function

Bl D Data port

B2 B Handshake

B3 7 Reset - S e ;

B4 - FF F No function 8 o HEAT

For a full list of PROM part numbers see section 4.0.

2.2 /NASTO decode. Cow Lidelswe Siimionib

The DO output of the PROM:is used ‘torgenerdte:’ the /NASIO signal which enables
the onboard.ports on a Nascom '} or 2 (the perts nbt:being fully decoded). :The
/NASIO signal 1is a pseudo open collector signal that is generated in the
following manner. The DO ouput of the PROM will go low ‘to indicate that a port

v oL L ia o dma A Pl AL AT imad  EA T AmART A



- host system.: The outputs of IC:
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2 3 Da;azgrsngﬁer g L : [ awi;mzm;»g,

afTﬁﬁ/ﬂi eutpﬁt Trom the 1/0: éasode PROM‘is wsed to enable ihé hss% ‘side of the
‘data tramsfer' ‘cireuitry.: The . data transfer is effétted with the use of two
741837478 (1C s 27+ and- 32) «The L8374 is :a ~an: octak Dwtype ‘flip-flop = with
~tristate .outputs. It has. twéicontrol signals, a-wlock: inputfwhich strobes:ithe
~+data inte:the deviceson the: lewito high edge and @i cutpit enable' fnput ~which
< when: . taken | los: - enables :the::outputs. ® One LS3741 #(IC 32) is configuted: to
transfer data’from'the 6812:to:the host systemy. The ddtia is:strobed difito IC 32
by a signal from the 74LS32 (IC 34b). The LS320Rs tbgéther the sighal from
the LS138 (which decodes the memory addresses) (see section 1.3) with the
write signal from the Z80. The outputs from IC 32 are enabled by the Dl output
from the PROM ORed with the read signal from the bus: by the 74L832 = (IC ~ 34a).
This ensures that the outputs are only enabled by s read of ‘the-gppropriate
port (Bl). , . o : ,

The second LS374 (ICc 27) is Lonnegted in a similar mannﬁr but confignred to
latch data frem: the host system and transfer it to the G812. Data »sfclotked
“into IC 27 by the'low to high of the. signal ereated by the “74LS§32! (IC: ~ B4d)
- which’ OR’s togethér the D1 output of: the: PROM w thie write signal: from the
.are enabled by thelsignal = from: - the - 74L§32
voutput @f the LSIBSEdemvder (Iﬂ 26"with ‘the

~(IC = 34g) which OR‘s together th
read signal from the G812 s ZBO.

2.4 Handshaking

Handshaking signals are: pvovids& to speed up’ thec tansfer of: data between the
G812 and the host. The handshaking lines operate inthe following manner. - The
handshaking: line (D0)- for data into the €812 will go high when:dataiis strobed
into the LS374 (IC 27) by the host: When thew%&tzxgéadsrﬁhe;nésntentS‘ibf:‘the
L8374 (IC .27) the handshaking line will go low. For data out of the G812 to
the host system the handshake line (D7) will go high when:data: {s"  written by
the G812. When the host reads the data, the handshake iine wili be taken 1ow.

The hardware consists of an RS fllp’flﬁp for each"handshake~ signal.
flip-flop for data into the G812 consists of the two 74LS00 NAND gates (1033
¢/d). The set input. of the of the flip=flop is connected to the: elock -input of
IC 27.. The reset input is connected: ito the output enable:<dnput of IC 27.  The
output of:the: flip-flop is connected:: to: two: ' plages, i the = 74L8125 =tristate
buffer (Ic 28d) ‘and the'status port formed by the! 74LS24%: (IC 19):'(for. further
details see section 1.5); The LS125 is enabled by the D2 Joutput - ofsi the i 1/0
decode PROM (see section 2.1) ORed with the read sigital from ‘the host system
by the 74LS32 (IC 30a). The output af the: L8125 is cannected to the D0~ data
line of the host system. ‘ : L : e

The RS flip—flop associated with the)transfer of data frqm the GSIZ“‘to the

T - e AN ek nm— ran



2.5 /PBDR generation

For full compatibility with Nascom 1 and the Supermum the G812 has to generate
2 /DBDR signal. /DBDR has to be taken low whenever the G812 outputs data to
the bus. The G812 cam output data either from the data transfer port (IC 32)
or from the handshake port (IC 28a/d). The 74LS08 (IC 3d) has one input
connected to the /OE of the LS 374 (IC32) and one input comnected to the
enable signal of the LS125s (IC 28a/d). Whenever either signal is taken low,
the output of the LS08 will go low. The output of the LSO8 enables the L$125
(IC 28b) to take /DBDR low.

Section 3 - Video Circuitry

3.0 CRTC implementation

The HP463058 is a CRT controller (CRTC). It is clocked by the character rate
clock (from which all the timing is derived) and from that it will generate
all the necessary addresses and synchronisation pulses. Before detailing the
implementation of the CRTC some of its background has to be explained to avoid
any confusion. Originally there was an IC known as the 6845R. The 6845R was
redesigned and became known as the 465055. The 4650558 has since alsc become
knovmn {and available) as the 68458. A third IC (the 6545) 1is also similar.
There are small, but very significant, differences between the three ICs,
extending from the hardware implementation to the software programming. If it
is intended to reprogram the CRIC please ensure that you have the correct
information, as programming the 465055/68455 as though it was a 6845R (or
6545) will in all probability cause peculiar things to happen. All references
to ‘CRTC” in this document refer to the 465058/6845S.

Hardware implementation

The CRTIC can be divided into two sections, the section which interfaces to the
Z80 and the section which interfaces to the video circuitry.

The Z80 interface consists of the usual eight bidirectional data 1lines, a
reset input, read/write input, a strobe input, register select input and a
chip enable. The reset input is comnected to bit 3 of the write side of the
control port (see section 1.5). To reset the CRTC this bit should be taken low
then high again. The CRTC will only reset if the light  pen strobe input 1is
low. All outputs will go low when the reset input is taken low and all the
counters are cleared but not the registers. When the reset input is taken high
the CRTC will 4immediately restart. The read/write input is connected to the
280 write line, this input being taken low to write data to the CRTC. The CRTC
is a 6800 family IC and as a consequence it requires the provision of a low to
high strobe on the E input to input or output data. This i{s accomplished with
the use of a 74L874 D-type flip-flop (IC 31b). The flip-flop is clocked with
the CPU clock and has its D input comnected to the CRTC’s /CE 1line. The /Q
output of the flip-flop is comnnected to the E input of the CRTC. With the CRTC
not selected the E input will remain low. When the /CE imput to the CRTC goes
low, the E input will remain low until the next low to high of the clock at
which point the E input to the CRTC will go low to high to strobe the data in
or out. The register select input switches between the two ports available to
the 280. It is connected to A0 which results in the address register being
port 0O and all the other registers being port 1. The chip enable is conmected
to the Z80°s /IORQ line.
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The video section of the interface conaists of the YDU RAH address lines, the
~feﬁﬂi§ ‘tér row- 'Select 1lines, the eurso?*ensbfe dutput, the light pen strobe
-ifput dad tife “éwo "~ synchronfsatién (horfzomtal - and’ vérfical) siénals. The
“eleven VDU RAM address Iines (A0 to AY0) are connected to the thréeé 74LS157
multiplexers (IGs 10,711 and 12y which swftcﬁ the ' address ‘Iines for ‘the VDU
RAM between the CRTC and tﬁe ZBO. The fahr chara&tef’row séiect lines are
connected to the 74LS157 multipléxzer § () 17) “\mjeh ‘switchies” ‘the lover four
address lines of the character: generator Beeﬂeéa “the CRTC and the 280. The
cursor output is connected to thé 741886 FXOR gate “(I¢ 74)." Whéi the CRIC
reaches the address of the cursor eharacterlthg cursor output will _go high and
as a cousSequence the serial video’ data“ﬂilf bé inverted. 'Ehe display enable
output emables the display by g0 ng high ﬂneneve: infornation is to be
displayed on the screen. The ‘display enable signﬁl 18 ‘connected to the T4LS08
(IC 3c¢) where it 13 ANDed with the dispiay eﬁaﬁie signal Eron the status port
(please refer to sectiom 1.5). The output of IC 3c 1s conhécted to the 74LS08
(IC 3a) which AND’s the serial video data with the display enable signals. The
light pen strobe input is pulled low witl the 47k resistor RIO. “This ‘is
necessary because the CETC “ will ddt reédet if the light pen ‘strobe input is
high. The last two signals are the hofitontal and verflcdl synehronisation
signals. These are EXORed together by the' T#LSSG (IC Za) and the output of IC
2a is inverted by the 74LS04 (IC 5€). _

CRTC software

Access to the registers 1in ' the CRTC ° 15”‘6btained by 1oading the address
register (port 0) with the’ ‘address Gf the registér that is of interest. All
the other rtegisters are aecesﬁey uia port’l so the“}ethod of register access
is to output to port 0 the numbler” of the tepister and via " ‘port 1 input or
output operations can be performed.

INEEI SR

Register 0, Horizontal total tegiﬂter (urite“bnly) e ' T
The number loaded - into  this register détermines the line schn frequency of
operation.

( Line period ) IR

N={( = Yy -1 T T e o

(Character period) IR Co o o )

The 1line period for a European type systea would be 64u seconds and for an

American system 60u seconds. The character period will vary with different dot

clock frequencies (it 18 the dot - peti nultipﬁﬁhﬁ5 by eight) “If it is
proposed to rum in the 1nter1aeed uode the tﬁﬁbét‘ lﬁnﬂed ﬁst b odd. J T

Register 1, Horizontal displayed (write omly)

This register is loaded with the number of characters that are to be
displayed. It is usual practice for the dispiayed line to be 400 seconds long
(the 64u seconds of a Rurovean type svstem beine divided into 52nn’ geconda of
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Register 3, Sync width (write only) _ _ _

The top four bits determine .the width of the vertical sync pulse. The vertical
sync pulse width is programmed in units of scan lines. If a 64u second line is
being used, the width of the vertical sync pulse is programmed in units of 64u
seconds. The number of scan line units is directly programmed into the top
four bits with the exception of 16 scan lines which is programmed by loading
the top four bits with 0. The broadcast T.V. specification calls for 2 1/2
lines of vertical sync. The 6845R (old version) was fixzed at 16 lines. 16
lines should be used unless it gives problems, i.e. load with 0.

The horizontal sync pulse width is programmed in units of character period.
The period of the desired sync pulse is divided by the character period to
obtain the number for the lower four bits. Unlike the vertical sync register
the horizontal sync width register camnot be loaded with G. The broadcast T.V.
specification calls for 4.7u seconds {European and American).

Register 4, Vertical total (write only)

The value loaded into this register is the total number of character rows
(including the vertical retrace period) per frame - 1. {.e. 1if the total
number of character rows per frame was to be 26 this register would be loaded
with 26-1 (19H). It should be noted that this register is only a 7 bit
register. One character row period 1is equal to the number-of lines per
character multiplied by the line period.

Register 5, Vertical total adjust (write only)

This register is programmed in wunits of . scan lines to adjust the frame
frequency to match the mains frequency. If the frame frequency is not the same
as the mains frequency the picture will "wobble".

Register 6, Vertical displayed (write only)

This register 1is programmed with the number of character rows that are to be
displayed. If, for example, 25 lines were to be displayed this register would
be loaded with 19H (25).

Register 7, Vertical sync position (write only)

This register is programmed in units of horizontal character line period-l. If
the position of the sync pulse is to be row 26, the register would be loaded
with 26-1 (19H).

Register 8,’Interlace and skew register (write only)

This reglster programs the video format and the skew factor. The appropriate
value for loading into the register 1is obtained by adding up the wvalues
pertaining to the desired characteristics in the table below.

Video mode )
Non interlace 00
Sync interlace 01
Sync + video interlace 03

G812 skew factor A0

The choice of interlace mode is determined by whether the same dot information
is displayed 1in both fields or whether different information is displayed in
the two fields (Sync + Video interlace). It is not recommended that interlaced
video be used unless a long persistence monitor is also to be used. This is
because interlaced video gives rise to a 25 Hz vertical jitter that can be
very fatiguing. The skew factor is set by the hardware design of the G8l2. For
non interlaced operation load the register with AQ, i.e. A0 for the skew
factor + 00 for the video mode.
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Register 9, Scan lines per character (write only)

This register is loaded with the number of lines per character-1 for the
non-interlace and sync interlace modes. For the video and sync interlace mode
the register is loaded with the number of lines-2. This register programs the
counter which controls the four row select lines which are connected to the
lower four address lines of the character generator.

Register 10, Cursor start and display register (write only)

The lower five bits of this register are used to program on which line of the
character the cursor display starts. The cursor display inverts the video
information when 1t 1is enabled. Bit 5 and 6 determine the format of the
curgor. The table below details the options.

Option Bit & Bit 5
No bliok (on all the time) 0 0
Cursor disabled 0 1
Blink (16 field cycle} 1 0
Blink (32 field cycle) 1 I

Register 11, end of cursor (write only)

The contents of this register determine on which line of the character that
the curscor display ends.

Registers 12 and 13, start address register (read/write)

These two registers determine the VDU memory address at which the display
starts. Register 13 holds the least significant part of the address and
register 12 holds the most significant part of the address.

Registers 14 and 15, cursor location (read/write)

These two registers determine the actual Jlocation of the cursor in the
display. Register 15 holds the least significant part of the address and
register 14 holds the most significant part of the address.

Registers 16 and 17, light pen address register (read only)

These registers are used to catch the address of the light pen. Register 16
holds the most significant part of the address and register 17 holds the least
siganificant part of the address. For further details on the light pen please
refer to section 3.6.

Point to note. The CRTC registers should only be changed during the blanking
period. Tf the registers are changed during display =a flicker will be
observed.

The VDU RAM (IC 9) is a 2K X 8 static RAM chip of the "Bytewide" variety. Type
numbers include 2016, 4016 and 6116 the latter being a CMOS chip. The eleven
address 1lines (A0 to Al0O) can be connected either to the CRTIC or to the Z80
the selection being performed by three 74LS157 multiplexers (IC10, 11 and 12).
The L8157 (IC 12) is alsc used to switch the /OE input of the VDU RAM between
/RD and ground (CRTC). The Z80 has priority over CRTC for the VDU RAM. When a
VDU address is detected by the 74LS$138 decoder the select inputs of the LS§157s
are taken low to switch the address lines from the CRTC to the Z80. The write
line from the Z80 is ORed with the VDU RAM select signal by the 74L832 (IC
6a), the net result being that if the VDU RAM 1s selected and /WR is low the
write enable input to the VDU RAM will go low. The /CE input of the VDU RAM is
permanently grounded.
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The eight data lines from the VDU RAM are comnected . to a 74LS8245 (IC8) which
connects the Z80°s data bus to the VDU RAM. The enable input of the LS245 is
connected to the VDU RAM select signal and the directiom input is commected to
the Z80’s read signal. The data lines are also connected to a 74L5273 eight
bit latch (IC 14). The latch is used to latch the data:out of the VDU RAM and
hold it stable for the character generator. Data is latched by the same signal
which loads the PISO.

3.2 Character generator

The character generator translates the character codes into dot patterns which
are displayed. Any one of 256 characters is possible. The least significant
128 characters are translated by IC 20 and the most significant 128 characters
are translated by IC 24. In the standard configuration the lower 128
characters would be the standard ASCII character set plus "standard" graphics
and the higher 128 characters would be programmable c¢haracters for graphics
use. To the G812°s Z80 the character generator will appear as a 4K block at
4000H. Normally the lower 2K will be an EPROM and the upper 2K will be RAM.
However both ICa could be EPROM8 or both could be RAMs. To generate a
character the eight bits from the VDU RAM together with four bits from the
CRTC generate a 12 bit address which accesses a specific byte in one of the
memory chips. The eight bits are then formed into a serial bit stream by the
7415165 PISO (IC 23), the most significant bit golng out first (so it will be
on the left hand side). The eight bits from the VDU RAM are the actual
character and the four bits from the CRTIC are the actual line in that
particular character. Three 74LS157°s (ICs 15, 16 & 17) are used to switch the
address lines of the character generator between the Z80 address lines and the
VDU RAM + CRTC. The character generator data lines are buffered by a 74L8245
- (IC 22). /RD is used to control the direction and the buffer is enabled by the
same signal that is used to enable the character generator.

3.3 Video timing and dot clock

The wvideo timing 1is all derived from the dot clock generator, the dot clock
generator being a 74LS62% (IC 7) which is a dwal voltage controlled
oscillator. Half of the LS629 (IC 7b) is configured as a crystal oscillator.
The other half 1is a voltage controlled oscillator whose £frequency of
oscillation 1s contrelled by the ten turn 10k potentiometer RV1. Adjusting
RV1l, will vary the frequency of oscillation and hence the dot clock frequency.
The range of the L5629 oscillator is set by the two resistors R12 and Rll. The
frequency of ogcillation may also be changed by wvarying the 12pF timing
capacitor (Cl4). The actual dot clock frequency can be measured at the two
pins provided on the edge of the board. The choice of dot clock is determined
by bit 1 of the write status port. If low, the variable dot clock is selected,
if high, the crystal dot clock is selected. Bit 1 is connected directly to the
enable input of the variable dot clock and to the emable input of the crystal
dot clock via a 74L304 inverter (IC 5d). The output of the disabled osecillator
will be high. The two outputs are ANDed together by the 74L508 (IC 3b).

The dot clock is commected to a 74LS93 binary divider which divides the dot
clock by eight to generate the character clock. The character clock is
regsychronised to the dot clock by the 741874 (IC 31b). The lcad pulse for the
74L8165 PISO is generated by the 741532 (IC 30b) which OR"s the @ cutput of
the LS 74 with the /Q output delayed by the two 74LS04 inverters (ICs 2%9a and
d). This gives a 20uS pulse for loading the LS165 and the LS273 latch (IC 14).
The clock input to the LS165 is via the two 74LS04 inverters (IC 29¢ and f)
which bring the clock back into time with the load pulse.
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%% Video interface circuitry

The setial data output from the 74LS165 (IC 23) 1s comnected to the 741386 (10
2d) EXOR gate. The other input to the EXOR gate is connected to the cursor
enable output of the CRTC. The EXOR gate will 1pre:; the serial data whgnever
the cutsor hutput bf the CRT& iB higﬁi’ -

bl g:'-‘." _"(.

The output of the 74LS86 (IC 2d) is Sonbected to' Hhe' input’ of &' ‘Gecond  LS86
(IC 2¢). The other input to the L$86 is connected to the ﬁrite status port.
This makes it possible to invert the entire picture. If‘bil 2 of the status
port 1is high the picture will be inverted, if it is loﬂ ﬁhe picture will not
be inverted. The output of the L$S86 is comnected via thé 741832 OR gate which
is used to stabilise the timings to the 74LS08 AND gate gic ;a). . 'f\

The display enable output of the CRTC is ANDed with the QIbplay enable signal
from the status (write) port (Bit 0) by the 74LS08 (IC, Ic)-' If efthet of the

signals is taken low the display will be be blanked. The ogtput of IC 3c 1is
connected to IC 3a.

Both the synchronisation (horizontal and vertical) output3 fro- the TRPC are
active high, 1.e. they will go high’¥to genefate a synchronisation pulme.’ Both
outputs are EXORed together by the 74LS86 (IC 2a). This is done to ensure that

line sync is available during the frame flyback. The output of the LS86 is
inverted by the 74L504 (IC 5f).

The synchronization pulses and the video data are mixed at the base of the
283904 tramsistor TR1. The 3904 forms a common emitter output stage. The
output iumpedance is defined by the 68 ohm resistor R7. The output 1s A.C.
coupled with the 100uF capacitor C7 with a 100nF "peaking” capacitor in
parallel to improve response at high frequeacles.

3.5 Light pen

Provision has been made for a light pen. The connection is via a 5 pin DIN
connector which provides +12 volts 45 volts and ground. The light pen
connector has two 1inputs, a strobe input which is a "cleaned up" version of
the phototransistor output and a switch input which indicates the state of the
switch on the light pen. The light pen input to the CRTC is pulled low with a
47k resistor to ensure that when no light pen is comnected the input 13 low.
The CRTC will not reset when the light pen strobe input is high. The CRIC will
latch the character address when the light pen input-goes low to high. However
the CRTC only checks the light pen input when the character clock goes high to
low. The address in the light pen registers is the address which the high to
low transition caused.

3.6 Keyboard port
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Section 4 - PROM types

The PROM is a 256 X 4 open collector type. The.pa;t is available ftom:numerous
sources, programming however is unique to each part. For a custom PROM please
contact Gemini or your Gemini distributor. :

Brand Part number
AMD 27520C
Fairchild 93417DC
Fujitsu MB7052
Harris 7610-5
Intel 3621
Intersil 5603AC

MMI 6300-1

Nat semi 745387

NEC uPB403D

Signetics N828126 _
Texas 748387 - recommended part
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