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Disclaimer 
Vector Graphic makes no representations or warranties with respect to the 
contents of this manual itself, whether or not the product it describes is 
covered by a warranty or repair agreement .. Further, Vector Graphic reserves 
the right to revise this p..iblication and to make d:langes from time to time 
in the content hereof without obligation of Vector Graphic to notify any 
person of such revision or d:langes, except when an agreement to the a:ntrary 
exists. 

Revision Numbers 
The date and revision of each page herein appears at the bottan of each 
page. 'Ille revision letter such as A or B changes if the manual has been 
improved but the product itself has not teen significantly nodified. 'Ihe 
date and revision on the title page corresponds to that of the page nost 
recently revised. W:len the pc-oduct itself is rrodified significantly, the 
product will get a new revisicn number, as shown on the manual's title page, 
and the manual will revert to revision A, as if it w::re treating a brand new 
product. THIS MANUAL SHOUID ONLY BE USED WI'IH 'lliE PRODUCT(S) IDENTIFIED ON 
'IHE TITLE PAGE. 
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REPAIR AGIBEMENT 

'Ihe Flashwriter II Board sold hereunder is sold "as is", with all faults and 
without any warranty, either expressed or implied, including any implied 
warranty of fitness for intended use or merchantability. fbwever, the above 
notwithstanding, VECTOR G<AH:IIC, INC., will, for a period of ninety ( 90) 
days following delivery to custaner, repair or replao: airf Flashwriter II 
Board that is found to contain defects in materials or workmanship, 
provided: 

L Such defect in ma.terial or ;,..orkmanship existed at the time the 
Flashwriter II Board left the VEC'IOR GRAPHIC, INC., factory; 

2. VECIDR G<APHIC, rnc., is given notice of the precise defect 
claimed within ten (10) days after its discovery. 

3. 'Ille Flashwriter II Board is promptly returned to VECTOR rnAEHIC, 
INC. , at customer 1 s expense, for examinatim by VEC'KlR GRAPHIC, INC .. , to 
confirm the alleged defect, and for subsequent repair or replacement if 
found to J:::e in order. 

Repair, replacement or a:>rrection of any defects in material or ;,..orkmanship 
which are discovere::i after expiraticn of the pericd set forth above will be 
performed by VECTOR GRAPHIC, INC., at Buyer's expense, provided the 
Flashwriter II Board is returned, also at Buyer•s expense, to VEC'IDR 
GRAPHIC, INC., for such repair, replacement or correction. In performing 
any repair, replacement or correction after expirati01 of the pericd set 
forth above, Buyer will be charged in addition to the cost of parts the 
then-current VECTOR GRAPHIC, INC., repair rate. At the present tirre the 
applicable rate is $35. 00 for the first l:'our, and $18. 00 per tour for every 
hour of work required thereafter. Prior to commencing any repair, 
replacement or cnrrection of defects ll1 material or v.orkmanship discovered 
after expiratim of t.i.11.e period for no-cost-ta-Buyer repairs, 'ilEC'ICR GRAPHIC, 
INC., will sutmit to Buyer a written estimate of the ex-p:cted charges, and 
VECTOR GRAPHIC, INC., will not commence repair until such time as the 
written estimate of cttarges has l:een returned by Buyer to VECTOR GRAPHIC, 
INC., signed by duly authoriza:l representative authorizing VEC'ICR GRAH:IIC, 
il'JC., to o:m:nence with the repair work involved. VECTOR GRAPHIC, INC., 
shall have no obligation to repair, replare or correct any Flashwriter II 
Board mtil the written estimate has teen returned with approval to r.:roceed, 
and v""ECTOR GRAPHIC, INC., may at its optim alro require prepayment of the 
estimated ?:epair charges prior to a::mnencing v~rk. 

Repair Agreement void if the enclosed card is not returned to VECTOR 
GRAPHIC, INC. within ten (10) days of end consumer p.irchase. 
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FOREWJRD 

Audience 

Scope 

Organization 

Vector Graphic Flashwriter II Board 

'fuis manual is intended for comp.lter 
distributors, or others with at least a 
rroderate technical knowledge of small 
canputers. 

It will describe "*1.at the Flashwriter II 
boa:rd does in the context of a canputer 
system, row to use the board b::>th in Vector 
Graphic arrl in other S-100 systems, arrl how 
the bJard circuitry works. 

Each section is written at a uniform level 
of technical depth. "Perspective" describes 
what the board does and requires only a TIDderate 
knowledg: of canp.uter design. "Theory of 
Operation" discusses Ylny the board works and 
assumes a knowledg: of digital electronics, and 
"User's Glide" describes row to nake the bJard do 
things arrl assumes the sarre level of knowledge, 
plus the ability to solder jump:rs. 
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I. PERSPECTIVE 

1.1 Introduction 

The Flashwriter II Video Board is Vector Graphic's advanced 80 x 24 
memory mapped video l:oard. By 11 80 x 24" we mean that the board displays 
characters on the screen in 24 rows of 80 characters each. Eadl character 
is made up of an 8 x 10 matrix of dots. 

The Flashwriter II can t:e installerl in rrost S-100 8080 or Z-80 canputer, 
including existing Vector Graphic computers, in order to convert the 
existing memory mapped display to 80 x 24, or to make use of memo:i::y mapped 
video for the first time if a serial terminal had t:een used. It can J:e used 
with a.Lmst any standard canputer ~1ideo :rronitor, since it can produce either 
separate or optionally combined video and sync signals. However, the 
monitor must have a bandwidth of at least 12 MHz. 'Ihe board is definitely 
applicable to the Vector Graphic Mindless Terminal, vklich requires separate 
signals. 

The Flashwriter II makes use of the most up-to-date ideas in circuit 
design such as flicker-free up:Jatin;r of the screen, separate sync outputs 
for video rronitors requiring it, on-board user-programmable PROMs storing 
the character set, on-board socket for a video-driver and/or Monitor, 
Jump-on-Reset capability, to t:e used if the on-board video-driver socket is 
used, the availability of inverted or non-inverted vertical sync signals, 
the availability of o::rnbined or separate video and sync signals, and the 
capability for reverse video. 'lb make the board adaptable to many different 
systems, you are free by using jllI!lP=rS to specify the rremory addresses used 
by the on-board video memory RAM. and the on-board video driver. 

Further, a parallel keyt:oard input port is incorporated on the board, 
wi tb. the port numbers changeable by jumper anywhere from 00 and 01 (status 
and data) up to OE and OF. Although the l:.oard is shipped jumpered so that 
it strobes the keyboard data into ti.11.e input latch on the rising edg:: of the 
key~epression strobe, a jlllllP=r can t:e installed to strobe ti.11e data on the 
falling edge, as requirerl by sorre keyboards~ The board can al.so be jumpered 
to generate an interrupt \<ihen a key is depressed, instead of waiting to be 
polled. 

A particularly useful feature of the board is the ability to accept a 
user-created character set, whidl can be either a 128 or 256 character set. 
If a 256 character set is desired, then tl'1e user must sacrifice the use of 
reverse video. The board is shipped wit.11. a 128 character set, m a PRCM. 
This set consists of the 96 standard ASCII characters and 16 special 
graphics characters which can be used. to build graphics images or large 
characters. Instructions are provided for creating your own character set 
and enccding it on 2708 or 2716 EPRCMs (the latter for a 256 character set), 
if desired. 

Instructions are given in this manual for writ.in; programs to use the 
ooard. In addition, b.1'1e user can p.irchase, if not already included i..'1. his 
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computer system, the Vector Graphic Extended Systems Monitor with video 
driver, Version 4.X EV-II. Before making this decision, section 3.2.1 
should te read. Use of this Monitor will eliminate some or all of ~~e 
assembly language prog-ramnin:i necessary to use the board. 
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II. 'ffiEORY OF OPERATION 

A block diagram of the video display m:::idule is shown in Section IV. Eac..'1 
of the blocks is cnnprised of several integrated circuits as shown on the 
schematic diagram in Section IV of this manual. 

2.1 Keyboard Port 

Starting with the keyboard port, U46 is an 8 bit latdl which internally 
stores the data fran the keyboard coming through Jl when the STB (pin 11) 
input goes law. A jumper option allows t...11.e correct strote PJlarity to be 
selected. U46 contains a service request flip flop which is set by the same 
strobe edge that latches the data, causing INT to cp low (pin 23). This 
signal can optionally te oonnected to PINT on the b.ls {pin 7 3 ) for interrupt 
driven keyboard input, or can be tested by accessin:J the status port. Tt~ 
adjacent r:orts are always occupied by the status and data with the status 
being the lower one. The port address is decode::l by 039 arrl the associaterl 
sections of 027 and 038. A j llJ1!fer allows the selection of p:::>rt crldresses :Eran 
0 and 1 to E and F. (Each pair of ports refers to status and data, 
resr.iectively.) Signals INPS and INPD enable tristate b.ls drivers U45 and U21 
to gate the INT signal and data onto the bus at the appropriate t.in:E.. Both 
inverted and non-inverted status are available, for keyboard drivers using 
different conventions. 'lhe vertical blankin:J signal is als:> available, fran 
the status i;ort, for use as a 60Hz clock signal, or for synchronizing data 
transfers with the vertical retrace. 

2.2 Horizontal Sync Circuitry 

The timing for the characters, horizontal blankin:J arrl horizontal sync 
pulse is provided by UlS, U29, U3 and Ul. A crystal cscillator at 14. 318 MHz 
provides the clack for all the signals for the 50 Hz version of the 
Flashwriter II board. A crystal Oscillator at 14. 3347 MHz provides the clock 
for all signals for the 60 Hz and Canposite Video Monitor versions {See Table 
I of Flashwriter II schematic). 'Jhis is the frequency at v.hich the individual 
dots making up the characters are displayed. UlS divides this clock by 8 to 
generate a character clock output every time a new character is to be 
displayed. This signal is further divided by 029 and U3 to generate a 
horizontal period of 63.69 micro-seconds. The outputs HO-H6 are binary 
outputs representin:.:J the 80 character IJOSitions per line. H7 goes lcw at the 
end of the displayed line of characters, and is used as the horizontal 
blankin;J signal. At the count of 207, decode:! by U2 pin 8, the counter string 
is preset to the value of 94 and starts counting Oiler again. 'Jhis signal also 
triggers 01, a dual one-shot to generate a horizontal sync pulse. The delay 
of this J;lllse can l:::e varied by the torizontal i;osition potentiometer to allow 
centering the display on the TV screen. 
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2.3 Vertical Sync Circuit:cy 

The vertical sync counters U6, U4 and US are clocked by the horizontal sync 
oulse from Ul oin 5 to Produce a count .Eran 0 to 26L Each row of characters 
~ccupies 10 ;can lin~ in the 60Hz version and 12 lines in the SOHz version. 
The displayed characters occupy 240 lines (60Hz) and 288 li~es (50Hz), and.Ul9 
pin 12 goes low at the count of 240 ( 288) to blank the display. A vertical 
sync pulse is generated by a section of US and U20 pin 1 which is 2 lines 
long, from 240(288) to 242(290). This is slightly shorter than a standard TV 
sync Signal I and prOOUCeS a minimum disturbance to t._~e hJrizontal sync Of t_11_e 
TV. The video output remains blanke:J until the counters are preset to 0 at 
the count of 261(313) for a total of 262(314) scan lines. 

2.4 Mem:i:cy Address Multiplexer 

The on beam merrory is multiplexe:l between the CPU arrl the sync circuitr:y. 
'lhis is done using tristate drivers U40, U41, U28 and the tristate outputs of 
Ul6.. Thus when the CPU addresses memory, the address bus signals drive the 
memory address inputs, and vtiile the · c±laracters are displayed on th.e ·screen, 
the address inputs are generate:] by the sync circuitry. One canplicatioo is 
that since 80 is rot a bina:cy p:iwer, there is rot a convenient separation of 
horizontal and vertical address inputs. 80 is divisible by 16, so the least 
significant 4 bits frc::m U29 are applied directly to the rrenory address inputs. 
The remaining 3 horizontal counter outputs H4-H6 arrl the vertical sync signals 
VO-V4 are mapped into 7 bits using a 256 x 8 ROM Ul6. This effectively maps 
the displayed characters in a linear fashion into the 2K of address space 
occupied by the memory. Since 80 X 24 = 1920, there are 128 locations in RAM 
that are not displayed en the screen. 

If the memory is cddressed by the cru, it will not l:e able to c;enerate the 
proper output ta be displayed on the screen. This would cause undesirable 
glitches, or flashes of light 01 the screen as the display was being written 
into. To prevent this, access is inhibited by the CPU except durin;J the 
horizontal retrace intei::val. Ul2 provides the necessary arbitration and p.ills 
PRDY (pin 72) low to put the CPU in a wait state until it can access the 
memory. Two sections of Ul2 provide delays to ensure that control is 
trans£ erred properly. Ul2 pin 13 provides a delay to ensure that the CPU has 
finished its current rrenory access cycle, and Ul2 pin provides a similar ~lay 
to ensure that the memory access tirre is satisfie:J before the CPU proceeds. 
The data bus is buffered by U44 and U33. 

245 Memory Latch 

The combined access time of the memory and the character generator RCM 
exceeds the character i;:eriod of 558 ns. Thus the data is "pipelined" using 
U34 and U35 to latch the memm:y data. This provides 558 ns access tirrE for 
l:::oth the RAM and character generator. The output of U34, 035 is delayed by 
one character clock period frcm the sync counter outputs, while the data 
strol:ied into the dot shift register U8 is delayed two character clocks. To 
compensate for this delay, it is necessary to delay the horizontal blanking 
signal also. 'Ihis is done using sections of U35, and the output of pin 12 is 
H Blank DID, the delaye::l horizontal blankin; signal. 
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2.6 Character Generator and Shift Register 

The dot patterns for each character are generate::l by U22 and U23. The 8 
bit output from these user programnable EPRCMs is supplied in parallel to U8 
which shifts tJ1e dots out at the high dot clock (14.318 MHz for 50 Hz systems 
and 14.3347 MHz for 60 Hz systems and Composite Video Monitor} rate. The 
addressing of U22, 23 is arranged so that there are several options as far as 
the ROMs are ooncerned. U22 generates the top 8 lines of each cnaracter cell. 
If only upper case characters are used with no descenders, this is the only 
ROM required. For the descenders of lower case characters and graphic 
symbols, a second RCM is require::l (U23) whicn generates the bottan ~ lines 
of each character cell. If in a:ldition, a full 256 characters are used, U22 
is replaced with a 'IMS 2716. For the 128 character ASCII character set, the 
rrost significant .rremJry bit is not required. 'Ihis is normally jllfllP=red to U7 
pin 12 to control the reverse video. If the 256 character set is used, this 
bit is connected to U22 pin 20 to select t."1.e upper half of the ROM. More 
information on this subject is provided in the User's Guide, Section III of 
this manual. 

2.7 Video Combiner 

The horizontal and vertical sync signals are available at J2 pin 4, 5 for 
rronitors which require separate sync and video. Ul9 pin 8 is the combined 
video and blanking signal which is available at J2 pin 3 with the prOJ;er 
polarity for the Mindless Terminal. To obtain a composite video signal, 
consult Table l of the Rev. 4 schematic and change the components as 
indicated. With this done, the sync and video signals are combined in the 
circuitry associated with UlO, arrl are available at J2 pin 1. The horizontal 
and vertical sync are first combined in U7 and then summed with the video 
using the open collector outputs of UlO and the resistive network. The 
resistor values have been chosen to give the proper sync and video amplitudes 
and to provide a 75 ohm source impedance to dri"'iie a te:rminate::l video cable. 
Very g:xld video rise and fall tii-nes are c:btained with this circuit. In order 
to compensate for the limited bandwidth of most TV monitors, some high 
frequency preernphasis is provided by the 4 70 pf capacitor shunting the 100 ohm 
output resistor. If the video display is not satisfactory, it may l:::e improved 
by changing this value. 

2.8 Monitor ROM Circuit 

A socket is prcvided for a 2708/2716 RCM to be usej as a monitor and/or 
video driver. U26 selects l::oth the address for the video :rremory RAM and al so 
the ROM with jumper options ev-ery 2K in the up:t=er 16K of memory. A Jump on 
Reset flip flop consisting of U9 sections has two functions: 1) to disable 
RAM after the system is powered up or reset; 2) to enable the on-board 
Monitor Rm at a:ldress O. If t."1.e first three instructions of the ROM are JMP 
XX03, where XXOO is t.11e no:rmal RCM address, then when t.11.e systen is fX)wered on 
or the reset key is depressed, these instructions will be executed, causing 
the CPU to continue executing with the 4t.i, byte of the ROM. After t."le jump 
takes place, the circuitry ,mtomatically resets the flip flop and restores 
nounal operaticn of the R.Ai."1. 
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Circuitry is also pt:'OVided to g=nerate r-w.RITE, a signal produced in somE 
computers by the front panel. This is not required in Vector Graphic 
equipment as it is g=nerated by the Z-80 CPU board. 

2.9 Bank Select Circuit 

A circuit to remotely bank select the refresh memory is provided for 
time-share systems. A cable brings the l::a.nk select signal :Eran the 64K board 
to pin 1 of a connector installErl in area S. '!he jumper between pin 1 and 2 
must t:e cut. 'Ille tank select signal is gated by U36 with the board select 
signal. 'Ihe boaJ::d will only t:e selectErl if it is addressed by the processor, 
and the l:ank. (for W:lich the 64.K board is crldressed} is rurrently enabled~ 
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III. USER'S GUIDE 

3.1 Modifications to the Standard Configuration 

The sub-sections within section 3.1 discuss each of the possible 
rrodifications \.lihich can l:e made to the standard Flashwriter II Board, both to 
its electronics and to the PROM's which support the board. In each 
sub-section, you will find a description of how the board is used if no 
modification is made, a descriptim of why yoo might make the rrodification, 
and the irethod for carrying it rut. 'Ibis section should l:e revie~, if only 
to determine what indeErl constitutes the standard conf iguratim of the board. 
In order to find the location of c.hips, jumper areas, and pads within each 
area, refer to the diagram en page 4-6. 

3.1.1 Creating a New Character Set 

The Flashwriter II Board is shipped with a standard 96 character A.SCII 
character set plus 32 special "graphics" dlaracters. You will find a diagram 
of this character set on page 4-1. The graphics characters can be used 
through appropriate programming to create a large variety of graphic designs 
on the screen. 'lllese 128 characte:r:s are those that the board displays m t.11.e 
video screen \.lihen the corresponding o:xles are stored in the en-board RAM. The 
code for each character consists only of 7 bits, the lower 7 bits of each 
stored byte. 'Ille eighth bit when set converts the character into reverse 
video (black on white background.) Otherwise it is normal video. Reverse 
video versions of the graphics dlaracters are found on fl3,ge 4-2. 

'll1e characte:r:s are stored in one 8316 2K RCM, U22. Fadl character consists 
of an 8 by 10 matrix of bi ts ( 8 by 12 for the 50Hz version), as illustrated on 
page 4-1. If using 2708's, PRCM U22 stores the first 8 lines (lines O to 7) 
and U23 stores the last 2 ( 4 for 50Hz version) lines (the descender p:::>rtion). 
The lowest addresses on 022 contain the first lines of all 128 characters, 
then ccme the second lines of all 128 characters, arrl SJ oo, up to the eighth 
line of all 128 characters. 'Ihen U23 canpletes the characte:r:s with the ninth 
and tenth lines (ninth thru twelfth for 50 Hz version). If using 2716 's, all 
character data is stored ai the ore chip. 

If you wish to replace these characters, you need only create a new PROM 
(if usin:i a 2716), or a pair of PRCM 1 s (if using 2708 's) • For a naninal fee, 
Vector Graphic will Cb this for you. You must provide Vector Graphic with a 
drawing of each character, darkenin:1 the appropriate cells in an 8 by 10 ( 8 by 
12 for 50Hz ve:r:sion) rna.trix. Use the blank character form on f13,ge 4-3. Note 
that if you limit yourself to only upper-case characters, not usirg the bottan 
two (four for 50 Hz version) lines in each character, you will not need t.'1e 
U23 PROM. To order custan character PRO.~'s from Vector GraphicH please 
contact the company directly to make arrangements. 

You can also create a full 256 character set. 'Ib cb this, ycu use a 'IM:S 
2716 2K x 8 PROM or equivalent for U22, and 2708 for U23. The data is 
organized in the same way as with a 128 character set, except that 256, 
instead of 128, consecutive addresses contain the first lines of all t.'1e 
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characters, and ro on fur each line in the character matrices. With a 256 
character set, you sacrifice the use of reverse video, because all 8 bits of 
each byte are used to designate the character. Vector Graphic will also 
create the PROM 's for you for a 256 character set, for an appropriate fee. 
Use b:ith of the blank character forms found on fages 4-3 and 4-4 when sending 
your character set to Vector Graphic, puttirg the first 128 characte:r:s en the 
first pa.ge, and the second 128 characters on the second page. 

The board is shipped jumpered for a 128 character set. Jumpe:r:s must be 
changed as follow$ for a 256 character set .. 

Area I 

Area B 

Area :e: 

128 character set 

2 - 1 

2 - 4 
3 - 1 

l - 3 
2 - 5 

256 character set 

Cut 2 - 1 

2 - 1 
3 - 4 
Cut 2 - 4 
Cut 3 - 1 

l - 3 
Cut 2 - 5 
2 - 4 

3 .1 .. 2 Changing the Address of the Video Menory 

2K of RAM are provided on-l::x:lal::d for storage of the current screen image. 
Since the screen oontains cnly 1920 character locations, the last 128 bytes of 
this RAM is available for aI'f:l other puqX'.)se. 'lhe board is shipped with this 
RAM addressed at FOOOH. Since the Vector Graphic Extended Systems Mani tor 
assumes this locaticn, do not change it if yru are usirg the video driver in 
this M;:)nitor, unless you are willing to :rrodify the ~itor en PROM.· If you do 
want to change the address of video menory, a jumper must l:e change::I in Area 
F. 'Ihe jurrq;:er \obich detemines the address of the RAM g::>es fran fad 2 to one 
of the 8 pads below it. Each of the 8 pads corresponds to one address, as 
indicated :in the diagram l::elow. Cut the existing jumper and install a new 
ore as required .. 

.1 .3 cooo 

.2 
.4 CBOO I 
.s DOOO 
e6 D 80 0 

F o7 E 00 0 .a E 80 0 
.9 F 0 0 0 
.10 F 8 0 0 
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3.1.3 Putting a Monitor PROM on the Board 

The Flashwriter II board is not shipped with a Monitor PRG1 on the board. 
However, socket U42 is available for either a lK 2708 or a 2K 2716 PROM 
holding a Monitor and/or video driver. If ya.i wish to enable this on-board 
PROM, you must also install a 74IS244 octal buffer I.C. in location U43. It 
is suggested that you socket this chip. If ya.i wish, ya.i can write a Monitor 
program (see section 3. 2. 2.) (Note: in current Vector Graphic computers the 
Monitor PROM resides on the 12K PROM/RAM board or the ZCB board, not the 
F1ashwriter II board). To operate the Monitor PROM on the Flashwriter II 
board in U42, the board must l:e properly jumpered. Refer to sections 3.1. 4, 
3.1.5, and 3.1.6. 

3.1.4 Address of the Monitor PROM on the Board 

If you choose to use the sock.et provided on the board for a Monitor and/or 
Video Driver PR0.'1, you must p.it a jumper in Area F to specify the address of 
this PROM. The jumper goes fran pad 1 to one of the 8 pads below it. Fach of 
the 8 pads rorresponds to one address, as indicated in the diagram in section 
3.1.2. Obviously, you cannot use tr..e sarre block of memory that is used for 
the on-board RAM. 

3.1.5 Specifying whether Monitor PROM on Board is 2708 or 2716 

If you choose to use the socket provided on the board for a Monitor and/or 
video driver PR0.'1, the dlip used can l:e either a lK or 2K chip, i.e. a 2708 or 
2716 respectively. The board is shipped to accept a lK PROM, as deter:mine::l by 
the jumpers in Area D. In order to use a 2716 PROM, cut the jumpers from 1 -
4 and from 2 - 3 and replace with a jump:r from 1 - 3 arrl a jumper from 4 to 
,1.\rea M. (There is only one pad in Area M.) 

3.1.6 Enabling Jump on Reset 

At this time, the Flashwriter II board is not shipped with a Monitor PRCM, 
and therefore is not responsible for Jump-on-Reset. If you install· a PROM on 
the board, you will want to enable Jump-on-Reset. If this is enabled, when 
the op:rator µ:iwers on t."le system or depresses the front panel reset switch, 
the CPU will automatically reoo the first 3 bytes of the Monitor PRCM en the 
board. 'Ihus, the first three bytes of the i'hnitor PR.OM must l:e a jump tn s:>me 
other address in memory. Usually this address is simply the next address on 
the same PROM, namely the teginning address of the PROM plus 3. 

In order to enable Jump on Reset, install a jumper in Area C from 1 - 2, 
and in Area K from 1 - 2. If you are -writing your own rvbni tor PROM, then the 
program which begins at the 4th byte of the PROM must be an appropriate 
response to the reset. 
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3. 1. 7 Changing the Keyboard Port Address 

Normally the keyboard is accessed through ports 00 and 01 (status arrl data, 
respectively). You can change this to any ronsecutive :rair of p'.)rtS up to OE 
and OF. Th is is done by changing the jumper in Area J. Cut the existing 
jumper. Th.en, install a jt..ntip:r from pad 1 to the pad corresponding to the 
desired port address, as illustrated below • 

J 

._ 1 
1: • 

e3 
e4 
.s 
.6 
·-7 
.,a 
·-9 

qqOl~ 

c»Q3:~ . ··---
04,05--

06,07 
08,09 
O~OB 

PC<lD 
ff Edtr 

3.1.8 Changing the Polarity of Vertical S~c Signal 

The board is shipped to output an inverted vertical sync signal, as 
required by the Vector Graphic Mindless Tenninal. If you are using a video 
monitor which requires a non-inverted vertical sync signal, then cut the 
jumper in Area A from 1 - 3, and install a jumper from 1 - 2. 

3.1. 9 Obtaining MWRlTE 

The composite S-100 signal MWRITE is produced by the Vector Graphic Z-80 
cro board. In other oomputers, it is produced by the front panel. If your 
computer does not generate MW-RITE, then yoo. will nee:::l it in order to write to 
merrory. 'Ihe Flashwriter II board will generate it if you place a jumper in 
area G, from 1 - 2. 

3.1.10 Changing the Polari!:Y of the Keyboard Strobe 

Th.ere are 4 com:non types of strobes generate::! by keyboards to indicate that 
a key has l::::een eepressed, as illustrated below: 

DATA AVAILABLE AT f 
+ t 
r-1~ I r--
~ ~ ~-

+ 
_Jl_ 

1 2 3 
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The first type is t..11e one used by the keyboard on the Vector Graphic 
Mindless Terminal. Both it arrl the fourth typ: require that the key data be 
strobed into the Flashwriter keyboard latch m the rising edge of the strobe. 
The Flashwriter II board is shippej to strol::e the data into the latch on the 
rising edge. en the other hand, if your keyboard generates the second or 
third tyr:e of strobe, cut the ji..nnper in Area H. 

3.1.11 Using Interrupt Driven Software 

If you want the keyboard to generate an interrupt whenever a key is 
depressed, put a jumper in Area L fran l - 2. If this jumper is not in place, 
then keyboard data can only be obtained by polling the status port. (See 
section 3. 2) • 'lhe l:oard rray be shipped with this j1..lln);er in place. 

3.1.12 Supplying a Keyboard with a Negative Voltage Power Supplz 

If you have a keyboard which requires a negative volta<:J= power supply in 
addition to the +SV, and you are technically oriented, then there are pads in 
Area N of the board to install a zener regulatro p::>wer supply. The circuit 
diagram on the left, below, will be completed if you insert the correct 
resister arrl zener diode in Area N, as shown on the right, below. 

Jl-9 

z 
- ' 

--

AREA 
N [[I 

Rl 

The zener dicde voltage will depend on the keybard requirements if it is 
needed at all, and the resister should J::e selected to bias the zener diode 
with at least 10 mA of current in addition to the current required by the 
keyboard. For example, with a keyboard requiring 10 IDA of current at -6V, the 
zener could l:e a IN752A ( 5. 6V) and the resistor could be 10/. 02 = 500 ohms 
( 470 nominal). The zener power dissipation would be 60 mw and the resistor 
dissipation 'hDuld l:e 200 mw. Use a 1/2 watt resistor to allow for higher 
supply voltages. 

3.1-13 Using a Spare Key on the Keyb<?ard for Reset 

If your keyboard has an extra key not connected to t.i."le keyboard encoder 
logic, it can l:e used to reset the system, as an alternate to the reset key on 
the front panel. This is not possible with the Vector Graphic Mindless 
Terminal. Simply connect the key so t..11at when it is depressed it grounds pin 
11 of Jlr the keyboard socket. See section 3.4.3 for a diagram of Jl. 

This pin is connected to pin 7 5 on the bus (PRESET) . When the line is 
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grounded by depressing the key, the jump-an-reset circuit on this or another 
board will enable the Mani tor PRCM m the sane board. 

3.1.14 Accessing the 60 Hz Vertical Blanking Si9!?;al 

Bit 5 of the input status port is lcw durirg vertical retrace. 

3.1.15 Bank Select Capabilities 

The Flashwriter II board alorg with the 64K Dynamic Memocy board are used 
for time-sharing l::::ecause of their l:ank select capabilities. As with the 64K 
board, there will be one Flashwriter II board per terminal-; - The memory and 
keyboard rorts 00. the Flashwriter boards must l::::e j1JI11fered as follow.;: 

Video R:>rt Jump:r J~r Jump:r 
Memory Address Area F Area J Area S 

1st board FOOOH 0,1 2-9 1-2 (St.d jumpering) cut 
2nd board FOO OH A,B 2-9 1-7 (optional) cut 
3rd board FOOOH C,D 2-9 1-8 (optional) cut 
4th board FOOOH E,F 2-9 1-9 (optional) cut 

Cut away any pre-existirg jumpers as necessary. 
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3.2 Prosramming for the Flashwriter II Board 

3.2.l Vector Graphic Extended Systems Monitor 4.X EV-II 

By far the most convenient way to use the Flashwriter II board is through 
the use of the Vector Graphic Extended Systems Monitor Version 4.X Option 
EV-II or c. There are three versions available: 4. 0 monitor in 2 - 2708 
PRCl1's, 4.0 monitor in 1 - 2716 .EROM, and 4.1 monitor in 1 - 2716 PROM. If 
you have a PROM/RAM II board, use the 2708 version arrl install the PROM marked 
4.0 :1CN, EOOOH, 0 in slot 8 and the PROM marked 4.0 MON, E400H, 1 in slot 9. 
If you are usirg the Vector Graphic ZCB board, you can use any of the three 
versions, see the ZCB manual for details. 01.e of these rroni tor programs is 
not _includej with any order of the Flashwriter II board alor:e but are included 
if you p..Irchased a a:mplete Vector eystem. If you are upgrading a eystem fran 
a Flashwriter I board, the Extended System Monitor use:J for that board will 
not work with Flashwriter II. You rrust order Monitor Version 4. O. 

In the following discussion, anything that is discussed about the 4.0 
Monitor or any of its cptions is also valid for the 4. 1 Mani tor. The video 
driver in Monitor Version 4. 0 allows you to write anywhere en the screen, 
either by rroving the cursor from the keyboard or entering X, Y coordinates fran 
an assembly language or BASIC program. (BASIC must have RJKE, as does MBASIC 
provided with Vector Graphic Systems.) It also alloYJS you to toggle reverse 
video fran program or keyb'Jard, arrl offers several less significant additional 
features.. Both J!bnitor Version 4. 0 and earlier versions contain keyboard 
input routines. Option 4. O FN-II interfaces to parallel keyboards. 

In addition to the video dr."iver, and keyooard input routines, the Version 
4.0 Monitor offers a wide range of useful utility programs, including ASCII 
Dump, Hex Dump, Jump to Microp:>lis &::otstrap Loader (F800H), Canp:i.re Blocks of 
Memory, Find Two Bytes, G::> 'lb and Execute, Input fran a Port, Jump to IDaded 
ms (jumps to the wa:rmstart location of CFM), Jump to 0000, Move Memory Block, 
Non-destructive Memory Test, Output to Port, Accessing Program Memory (for 
displaying and changing consecutive addresses), Compute Checksum, Register 
dump, Search for Single Byte, Test Memory, Jump to 2BOO, Exchange Memory 
Blocks, Keyboard Echo, and Zero or Fill Merrory. These routines are accessed 
when the Monitor Executive routine is running, as indicated by the Monitor 
prompt J'.llbn>. 

Version 4.0 of the Monitor contains several methods of displaying 
characters. Although the documentation to the Monitor describes these, a 
review here is useful. '!he basic techniqt:e is to call the video driver (CALL 
E009) with the desired c:haracter in the A register. This is rometimes called 
"sending" a character to the driver. This is the method userl by all Vector 
Graphic operating system software such as CP/M to display characters. By 
itself, this can only l::e us€rl. to display normal alphanumeric characters, those 
with codes l::etween 20 and 7F (Hex). (The driver converts the codes hiqher 
than 7F to the correspondin; code from 00 to 7F, by changin; the 8th bit -fran 
1 to O.) Then, only the codes between 20 and 7F are displayed. Any code 
between 00 and lF is interpretoo as a canmarrl rather than a character, or if 
not a valid command, then ignored. 
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How then are graphics characters displayed? To get around the above 
resrictions in order to orint characters outside the range 20 to 7F, first put 
the character you want t2-, print in the B register, then put Hex 05 in the A 
register, and then call the video driver at E009H. If the character is fran 
80 to FF, then it will t:e displayed in reverse video if your J:oa.rd is jump:red 
for reverse video as shipped. If not jumpere::l for reverse video arrl ya.i are 
using a 256 character set, then codes 80 to FF will produce whatever 
characters are specifie::l in the character generator PROM (see section 3.1. L) 
If the character is from 00 to lF, the corresponding graphics character will 
be displayed, or whatever other character is store::l in the character PR01 if 
you have created your awn character s::t. 

There is another met.ho::l whim is specifically used to display reverse video 
characters (those from 8A to FF.) First, send the character Control-T ( 14 
Hex) to the video driver, either fran program or fran the keyboa:rd via a 
program such as the r-bnitor Executive (the rroni tor must be in the ECHO KEYS 
mode first).. Following this, any character sent will l:::e converte:l to the 
corresponding character fran 80 to FF, or left in that range if already there. 

Thus it will be displayed as reverse video. 'lb cancel, send another 
Control-T. 

3.2.2 Displaying Characters Without Using the Vector Graphic Monitor Video 
Driver 

This secticri is of concern if ycu are bypassin:; the Vector Graphic Extended 
Systems r-bnitor video driver, or writing your cwn video driver. 

To display a character somewhere on the screen, simply write the 
corresponding ASCII code into the appropriate RAM location, using the RAJ.VJ. on 
the Flashwriter II board. Unless ya.i ha\le changed the locatic::n of this AAM as 
described in s::ction 3 .1. 2, it is the 2K block from FOO OH to F7FFH. Since the 
screen is 80 x 24, the last 128 bytes of this block are not used. 'Ihe first 
location of this PAM correS"ponds to the upper left-hand corner of the screen, 
and successive locations TIX)ve across the screen fran left to right, goin:r to 
the left edge of the rext line Cbwn at ti.11.e end of each line • 

If the board is used as shipped, the characters which will t:e produced by 
each ASCII code are s..11.own on t.11.e diagrams m Fages 4-1 and 4-2. 'Ihis includes 
special graphics characters whidl ycu can use to build graphic hnages sudl as 
pictures or large letters. ~te that the dlaracters from 80 to 9F are reverse 
video versions of those- from 00 to lF. Similarily, if ycu display a character 
having a CDde from AO to FF, it will l::e the reverse video version of normal 
alphanumeric characters from 20 to 7F. (This assumes that the board is 
j1..lll1p:red for reverse video, as shipped. ) As explained in 3. 1.1, you may 
create your own characters to replace those supplie:l with the board. 

I~ you are writin9 :your aNn.Monitor program, including a video driver, you 
can if you choose install this PRCM on the Flashwriter Board. The socket is 
labelled U42 on the board. If you do this, you should refer to sections 
3.1. 3, 3.1. 4, and 3.1. 5 in order to make appropriate hardware rrodifications. 
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3.2.3 Producing Reverse Video 

This section specifically covers reverse video, even though it has been 
discussed in preceding sections. Reverse video refers to displaying a 
character in black, en a white background. This sectim is only relevent if 
the Flashwriter Eoard is ju:rnt:ered for reverse video, as shipped from Vector 
Graphic, rather than for a 256 character set. (See section 3.1.1.) 

Any character stored in the V:!deo Meirory RAM will 1:e displayed as a reverse 
video character if the 8th bit of the character is a 1. This corresponds to 
Hex codes 80 to FF. If the 8th bit is 0, Le. codes 00 to 7F, video will be 
nor:mal. In other words, if yoo display a character with a code l:::etween 80 and 
FF, it will be the reverse video version of the corresponding character 
between 00 and 7F. 'lbe chart m page 4-1 shows characters correspondir:g to 00 
and 7F (Hex). Qi. ,Page 4-2, a number of additional graphics characters are 
shown having codes 80 to 9F {Hex). Notice that the graphics characters fran 
80 to 9F are reverse video versions of those fran 00 to lF. In t.11e same way, 
if you store in video RAM the codes beyond 9F, that is AO to FF, they will be 
displayed as the reverse video versions of the no:anal ASCII characters, having 
codes 20 to 7P. 

There are three -ways to store the reverse video dlaracters in video rremory. 
First, you can create the appropriate 8 bit coce in a program am then store 
it in video AA."'1. For the second and third rrethods you must have the Vector 
Graphic Monitor Version 4.X. 

As the second rrethod, you can send the dlaracter Control-T ( 14 Hex ) to the 
video driver. This is how the method given in the first paragraph of t.11.is 
section v.orks. Control-T toggles reverse video, s::> that any characters sent 
after it, assurnin::J they are in the displayable range, i.e. l:::etween 20 and 7F, 
will l:::e displayed in reverse video (i.e. the driver will set the 8th bit.) 
The Control-T itself will not be displayed. 

Sending a dlaracter to the video driver means putting the code in the A 
register ~ calling E009H. 

Third, you can send the dlaracter Control-E (05 Hex) to the video driver. 
Following this, you can p..it any character code in register B and call E006H, 
and the code will l:::e displayed. If it is in the range 80 to FF, then it will 
be reverse video l:::ecause the 8th bit is set in these codes. Refer to the 
Monitor docurnentatia-i for more discussi01 of Monitor corrnnands. 

3.2.4 tetermining wbether a Character is in the Ke~rd Buffer 

This sectim is of concern if you are not usin; the keyboard input routine 
in the Vector Graphic M.:>nitor. Bit 6 of the status port (usually port 00, 
unless the board is jumpered as describe:! in section 3 .1. 6) is high arrl bit O 
is low when a character is available in the data oort. You can test either 
one of these bi ts. When the test is successful, simply input the data fran 
the data p::irt (data p::irt = status p::irt + 1). 
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3.2.5 Accessing the Vertical Blanking Signal 

For programners interestErl in accessirg the vertical blankin:J signal, bit 5 
of the status port is low during vertical retrace and high at all other 
times. 

3.3 Adjusting Your TV Monitor 

If your monitor is the Mindless Terminal from Vector Graphic, then refer to 
the handbook for the Mindless 'Ierminal instead of this section. 

The FLASHWRITER II is designed to utilize every line of the TV raster 
(picture). 'Iherefore, oome a:ijustment of the TV monitor is usually required 
to make all of the characters visible an the screen. Other adjustments may 
also be necessary. Most rronitors have the following controls, either at the 
rear of the set, or as in the case of the Hitachi, inside the tack panel. 
Often times an insulated screw driver is necessary to tum the controls. 

1. HEIGHT - controls the amplitude of the vertical 
deflection. 

2. VERTICAL LINEARITY - controls the line spacing 
usually at the top of the picture. 

3. WIIJI'H - controls the amplitude of the horizontal 
deflection. 

4. CENTERING - controls the p::>sitioning of the raster 
en the tube. 

5. HORIZONTAL HOLD - sets ~ie frequency of the 
horizontal. oscillator. 

6. VERTICAL IDLD - sets the frequency of the vertical 
oscillator. 

7. BRIGHTNESS - sets the background picture 
brightness. 

8. CONTRAST - sets the video amplifier gain. 

Begin the adjustment of the set with the HEIGHT and VERTICAL 1 ineari ty. 
Fill the screen with a pattern of characters. (If ycu are usi!'lj the Vector 
Graphic Extended Syste.TTIS Mani tor, then enter Z FOOO F7FF 30 following the 
Monitor prompt. The missing character in the bottan line is nannal - it is 
the cursor location.) Adjust the HEIGIT control, which is usually at the rear 
of t...~e set, until all the characters fit en the screen with an adequate margin 
on top and l:::ottom. rbtice v.hether the top line of dlaracters is exactly the 
same height as the bottan line. If it is not, adjust the VERrICAL LINEARITY 
control until it is. These controls tend to interact to some degree, so 
several adjustments back and forth may be necessary until a satisfactory 
adjustment is obtained. D::> not be concerned if the display is not exactly 
centered from top to bottom. The HORIZONI'AL HOLD should nOIJ be adjusted so 
t..11at t11e control is in the center of the range over which the display is in 
sync, i.e., no characters are misshapen. For sorre types of displays, t.11is may 
be over the whole range. At this r:oint, the horizontal p:::>sition control on 
the Flashwri ter Board should be adjustoo oo that t..11.e rows of characters are 
centered on t.11.e screen horizontally. This control is the small blacl<: 
potentianeter on the upper left harrl corner of the board. 
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Ho-pefully, at this r:oint you have satisfactorily adjusted y-our display. If 
the characters extend off the sides of the display, it will be necessary to 
adjust the WIDI'H control. Some nev.;er sets oo not have w""Iill'H controls. If you 
are electronically oriented, you can handle this as follows: You can install 
a choke in series with the rorizontal deflection yoke. local radio-TV stores 
may be able to supply a width choke if this is necessary, or it is possible to 
wind one on a small p::>wdered iron form on a cut-and-try basis. Another 
possibility is to slightly increase the high voltage if the set has this 
adjust."llent. 

After this, if the display is not exactly centered, it may be desirable to 
adjust the centering rings on the deflection yoke. On the rear of the 
deflection yoke are two metal rings with tats protrudirg fran t.11.em. These 
rings are magnetized, and by rotating them independently, the display can be 
shifted in any directicn up to 1/2 inch or so. 

The adjustment of the BRIGHTNESS and CONTRAST should be so that the 
background is just barely blacked out or slightly grey, while the characters 
are just bright enough. 'Ibo much contrast will result in excessive overshoot 
on the left edges of the characters, or 0 hot spots" in the characters. 

3.4 Connecting the Board to the Video Display and the Keytoard 

This sectioo is only relevent if the board is purchased as a separate item, 
not already integrated into a a:mputer at the factory. 

The 6-pin molex connector, called J2, juttirl3 fran the top left corner of 
the J::card is used to c:onnect the J:::oard to the video display. The pins are 
numbered 1 to 6 fran the left. Pin 1 is canposite video, pin· 2 is ground, pin 
3 is 'I"l'L video, pin 4 is horizontal sync, and pin 5 is vertical sync. 
Accompanying the board in the sam: shippirg container, ym will f i.rd a small 
euevelofe containing one 6-socket :rrolex connector, and 6 small pins that 
insert into it. Solder the wires af a cable of your choice onto as many pins 
as you need. 'lhen, insert these pins into the sockets corresponding to the 
pins on J2 wnich you require, as describErl in sections 3. 4.1 and 3. 4. 2a 

As an alternate to using the enclosed 6-socket connector and assembling 
your own cable, Vector Graphic supplies tw::> cables f actocy assernble:l, i . .vhich 
you can use if one or the other meets your needs. They are described in 
sections 3.4.1 and 3.4.2. 

3.4.1 Connecting a Video Display Requiring Separate Sync and Video 

Access pins 2, 3, 4, and 5 of J2. 

The cable supplied wi t11 the Vector Graphic Mindless 
appropriate socket attached. If yru have ordere::l the 
Terminal, then tb.is cable will be enclosed with it. 
described in the Mindless Terminal manual. You may 
insertable pins accompanying b.'1.e Flashwri ter I I board. 
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3.4.2 Connecting a Video Display Requiring Combined Sync and Video 

First, see table 1 on the Flashwriter II Rev. 4 schematic. Replace the 
components listed with the rew valu:s indicated. Reji.:unr;er as necessary,. You 
may now access the composite video signal via pins 1 and 2 of J2. If yoo are 
using a rronitor having a coaxial cable, you will probably want to assemble a 
cable having a compatable socket at one end, arrl install it in the rear of 
your oomputer, with the other end ronnected to J2 of the Flashwriter Eoard. 

You can order from Vector Graphic a cable equipe:l with a 2-socket rrolex 
connector at one end and a ENC (circular) socket at the other end mich can J::e 
installed in the rear panel of a canputer. When ordering, refer to it as the 
"VBC" cable. Vector Graphic romputers have cutouts at the rear mich are the 
right size for this socket. 

3.4.3 Connecting a Keyboard 

The keyboard is connectoo via a 24-pin dip plug to socket Jl on the right 
side of the board. 'lhe following diagram shows the pin assignments: 

DATA 1 
DATA 3 
-¥(OPT) 

PRESEf 
.STRO&e 

24 
23; 

21 
21 
20 

JT 19 

18 
17 
16 
ts 

n 
12 

· vcc(+sv) 
. : -

DATA 5 
DATA 8 

DATA 2 
DATA 7 
DATA· 0 

DATA- 4' 

GNO' 

(24: PTN: 01P) 
K;~YBOARD f /a CONN ECTOR 

The cable shipped with the Vector Graphic Mindless Terminal has a properly 
wired 24-pin dip plug already attached. Simply plug it in. 'Ihe use of pins 9 
and 11 are discusse::l in sections 3.1.12 and 3.1.13. 
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Vector Graphic Flashwriter II Board 

IV. SCHEMATICS AND DIAGRAMS 

4.1 Schematic Errata (11-3-80) 

1. A connection is shown fr:om U6-15 to U4-10. 'Ihat should l::E 
U20-4 to U4-10. U6-15 has ro connection. 

2. A pull-up resistor, R 18, 680 Chms, should be shown on 
Jumper Area "A", pin 1. 

3. The Jumper Area to the left of R 17 is Area "!". 
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.1ector Graphic Flashwriter II Board Revision 4-A 10/1/80 

REVISIONS 

ZONE I LTR I DESCRIPTION DATE 1 APPROVED 

T l KHt. l\~E. l 1//~v Tfjzz.._1. 
D 

TABLE I 

ASSV. 351" VERSION 
Wl R4 R5 R6 Cl C2 VJ AREA Q AREA R DASH NO. CHARACTERISTIC 

ALL SYSTEM e, 330 150 PF 1·4.3:M7 
-0000-0-l-OO INSTALLED - JUMPER - MHZ - 110 2 

60 HZ VECTOR 3 7503-0025 150:1-000~ :an-0001 

330 150 l'F 1•319 
- 000)-04-00 50 HZ VECTOR 3 IN5TAlLEO - JUl.IP£R - MHZ - 3 T02 7503-0025 2502-000~ :1511·0006 

c COMPOSITE 100 150 u 100 470 PF 14.J3-t7 
-0002-04-00 

VIDEO MONITOR - '7so3-ooo~ 
MHZ I TO 2 1TO2 

7~·0005 7503-0036 7SOJ·ooo:ii 2502-000S 1511-0007 

_..,. 

8 

' 

UNLfSS OJHERWIS[ SPECIFIED CONTRACT NO. 

V-cero=l DIM£l'IS10HS ARl lh lfolCttU 
JOUHANCU ARI.: . 
fRACllONS D£CIMALS ANGLU IA:c.TOH:;.JNUf f!C 

APftROVAll DAU .II It» \"1.1 L .. hu.n. W1 ,1Lh \"11J.1>1r ~,\~II J"I 

" .JUI ± " DRAWN {; • fl~lrt:fJ .JUOI .t ll$tl"il SCHEMATIC MAliUtlAL CtlfCKfD 

A FLASH WRITER II -
SIZE T CODE IOENT NO. JDRAWING NO. 

:.. _-/,:../- "'("" _, 
FINISH B Js1s-oooo-04-oo 11- [nn.'i~~ 

NEXJ .t.SSV USl"O ON 

APPi !CATION DO NOT SCAl £ DRAWING SCAlf --1 lSllHI 1 Of '.} 
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