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Digicomp Research Corporation was founded in 1975 by several highly qualified 
engineers. all of who~ are interested in astrology. The idea of creating the 
DR-70 astrology computer was the spark which set our company moving. We have 
expanded greatly s ince tJ.e DR- 70 hit the market 3 years ago. Although many 
of our emp loyees are invo l ved in the DR-70 project. we have broadened our 
research and development activities into other areas of the electronic and 
computer science field. Among the most i mportant are the following: 

1. Development of "Trusted Computer Systems" . 
As any programmer knows, the development of absolutely reliable software 
is a very difficult and expensive process. (Digicomp spent several years 
designing software for the DR-70). No one wants a computer system that 
he cannot trust. This problem is really an acute one with regard to 
military systems. The military requires "secure" computer systems whose 
data cannot be tampered with by ~ unauthorized person. Digicomp has 
recent ly been awarded a million dollar contract by the Air Force to study 
and evaluate design techniques for developing reliable software . Thi s 
will have a particular application to the design of secure operating 
systems and data bases. 

2. Microcomputer Products. 
Oigicomp is active in designing and manufacturing "board- l evel" components 
for general purpose S- 100 microcomputers. Among these products are Pascal-IOO, 
a plug- in central process ing unit with a unique dual processor design. and 
the MFIO Multi-Function Input/Output controller. It utilizes the latest 
in large sca l e integrated circuitry to provide a large number of functions 
on a s ingle board. Dig icomp also packages these products into complete 
microcomputer systems that are typically used in small businesses and as 
"personal computers" . 

3. Use of modern computer technology to speed up radar signal processing algorithms . 
Computer systems are now available that can process many different numbers 
simultaneously (e.g . • perform arithmatic operations like add. subtract, 
multiply and divide) as opposed to previous "sequential!! processing of one 
number at a time. These computers are called "parallel processi ng" or 
"array processing ll systems. The analyzing of radar data consists of 
processing a very large quantity of numbers. The sequentia l processing 
of these signa l s takes an incredibly l ong time and thus limits their usage 
to only laboratory studies. Digicomp has been hired by the USAF to speed 
up these algorithms by using array processi ng techniques. The objective 
i s to achieve real time speeds for tactical operations . 

4. Air Force computer specification for the 1990's. 
The US Army has published the specificat ions for computer architecture 
that i s expected to serve its needs in the 90's. Because the USAF's needs 
are different than those of the Army, Oigicomp will be studying the Army's 
specifications in light of the USAF's requ irement s . 

The benefits to the astrology community of Oigicomp's expansion are two - fold . 
The first is that Digicomp will continue to be on top of changes in the computer 
fie ld and will apply the knowledge gained to the DR-70. Second ly , because 
Oigi comp Research is not a one-product company. we will be able to support 
the DR- 70 for many years to come. 
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The DR- 70 is a stand- alone desktop microcomputer whose keyboard, 

r display and firmware are entirely dedicated to astrological functions. 

This portable cQmputer is 'manufactured by Digicomp Research Corporation, 

and is scheduled for ~elivery in Mar ch of thi s year . . ·The heart of the 

DR-70 is a high speed 8- bit microprocessor CPU. The programs for this unit 

are resident on 28k bytes of metal-mask ROM, which is accompanied by 1 k 

bytes RAM scratch pad and user storage area. . For the sake of speed and 

compactness, the majority of the programming was done in assembly language. 

Digicomp Research developed its own hi~h speed floating point routines, 

which effectively reduced the planetary computation time. The DR- 70 uses 

several different interrupt service subroutines that are conditional with 

respect to a keyboard status indicator. This allows the microprocessor to 

alternately refresh the LED display ,panel, parse the keyboard, continue 

r- projected calculations, and transfer information to the printer. By a com-

plex parsing/interrupt interface , the DR- 70 software is able to anticipate 

the key sequence in advance of the user, thus beginning the calcul ation 

requested before the user has finisned entering it from the keyboard. This 

not~c:eablr reduces turnaround time on most entries. Of course , this tech-

nique has a cross- check to the full keyboard entry, so that the user need never 

worry about the computer misreading the key sequence. 

From the astrol.ogical point of view, the DR-70 keyboard and di·splay 

have been designed to present resul ts in an astrological framework by using 

the fami l iar signs and symbols of astrology wher ever they are needed to 

identi_fy values . I f ~e positi on of the natal sun is desired, the user simply 

presses NATAL 0; for the· progressed sun, the entry becomes SECo~dary 0 • 

r ' . , 



Fo~ persons familiar with computers and computer science, the 

keyboard offers a tremendous flexibility in accessing the available data. 

Since the h~story of the previous keyboard entries ·is maintained as long as 

the machine is on, the experienced user may minimize all key sequences so that 

they implicitly incorporate keys set in ea~lier sequences. On the other 

hand, for the astrologer who is unfamiliar with flags ·, bits, and bytes, all 

the internal information is easily avail~le to him through straight-forward, 

common sense entries. In either case, the display panel is e~gineered to 

indicate the status of all internal banks and registers at the touch of a 

button . 

Because of the wide range of uses, Digicomp Research has spent consid

erable time developing the instruction manual. This has been written in a 

self-teach{ng style, with the more complex possibilities being presented a step 

at a time. The astrolog.ical and computer terminologies ·are defined as intro

duced, and the techniques have b.een illustrated with example horoscopes. In 

the back of the manual, there are two reference sections, one for common key 

sequences, and one for the more complex entries. 

The DR-70 weighs six pounds, is 10" x 13" x 5"", and requires 115 Vac 

± 10 V, 60 Hz connected through the supplied power cord. All internal 

components are powered by a single 5 volt supply and cooled by a small fan 

mounted in the rear of the case. It is shipped inside a specially designed 

luggage case, which can be adjusted to carry the printer as well. 

The companion printer for the DR-70 is scheduled for production in July. 

This unit interfaces with the microcomputer through a single cable, and has its 

own power supply. Its functions range from sorting and listing all the various 

chart information to simply generating hard copy of all keyboard entries. Furthe~ 

informat.ion on the printer and its capabilities are available from Digicomp 

Research Corp., Ithaca, New Yor~. 
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Dear DR-70 Owner , 

This newsletter contains important information regarding the service of your 

DR-70 and printer . I have a number of different points to discuss with you so 

settle down with a cup of tea or coffee and give me about 15 minutes of your time. 

1 . When you call Digicomp please use 607- 273-5900. We also have an 8779 number 

which was advertized for a long time but it is often busy now with our outgoing calls . 

2 . Whenever you call Digicomp with machine problems or questions about key 

sequences it will save time and money if you set up your computer by the phone before 

cal·ling. 

3. If you are having mechanical problems with your DR- 70 it is best to call us 

before sending in your computer . Often the problem is not difficult to repair and 

can be done over the phone or by you or another local person. We will be able to 

determine this when you call . 

4 . When you return your machine, enclose a note which describes the problem you 

are having . Include return address and phone number so we can contact you if necessary 

If you have print- outs which illustrate your problem , please enclose these with your 

package . 

5 . When you transport the DR-70 in its carrying case lay it on the seat of your 

car or in the trunk in its operating position . This will help prevent memory chips 

from jarring loose . To help you tell which s i de of your case is ~ you might mark 

it with some tape . 

6 . When machines come in to us for repair (and not under warrantee) our charges 

are as follows (as of 8/12/81): 

- $75 minimum 

- $25 , $35, or $50 per hour labor depending on the level of engineer required. 

- parts as needed 

Most repairs are in the $75- $125 range but we are finding that some are well over 

$100 and some over $200. As your ' machine ages you should consider protecting yourself 

against costly repairs by obtaining one of two service contracts that we offer: 

a . $35 per year and $95 maximum per repair . 

b . $180 per year for al l repairs 

Neither of these include shipping but both cover all parts and labor as specified. 

The contracts are only for the DR- 70 . Al l repairs are guaranteed for 2 months. If 



a DR-70 is returned to you in non- operative condition, call us. We will cover return 

postage in this case. Sometimes machines develop problems during shippment. 

7. We have established a relationship with several computer repair centers in the 

US. If you prefer, you may use them. They have our schematics which make it possible 

for them to repair DR-70s . However, they are independent of us in all other ways. 

Chicago: Kaltronics 
3665 Woodhead Dr . 
Northbrooke , Ill. 60062 

Los Angeles: Computer Service Center 
4226 West 164th St . 
Lawndale, CA 90260 

312- 291- 1220 attn. Gary Shideler 

o4"r /""l('l~'1 .' 
213-557-1770 days 
213-371-9662 nights 

Dr. B. K. Roy 
f",~", (~t:.)'~ /' 1\;"(,'._ 

Va. Beach : 

1785 N. Partridge 
Anaheim, CA 92806 

Star born Electronics 
3707 Virginia Beach Blvd. 
Suite 206 
Va. Beach, VA 23452 804- 486-5825 attn. Victor Winborn 

8. I am enclosing a small repair manual that will be of some help to many DR-70 

owners. There are some types of problems that you will be able to handle yourself. 

It would still be wise to contact Digicomp before trying any of them yourself, however, 

because of the warrantee restrictions. 

9 . Please do not over oil the printer. Usually one drop of oil on the metal bar 

and a small amount of petroleum jelly in the groove (see manual) is all that is required. 

Also, it would be better if you did not re-ink the ribbons as it can make a mess in 

the printer. 

Now for a coup e of MINI - TRICKS: ~ ~ ~ ~ 

1. If you press + HSE 1 ENTER you will get house positions in degrees and decimal 

fraction. 

If you press 60B 0 HSE 1 ENTER you will get house positions in degrees, minutes, 

and seconds. 

This also applies to pIa ets: 

o + ® ENTER or/ 

60B 0 + 0 ENTER 

Also, you can cycle through h ses and planets using the ENTER key. 
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Chicago: 
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Kaltronics 
3665 Woodhead Dr . 
Northbrooke , Ill. 60062 

Los Angeles: 
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Computer Service Center 
4i26 West 164th St . 
Lawndale , CA 90260 

Va. Beach : 
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Dr. B. K. Roy 
~. 1785 N. Partridge 

Anaheim . CA 92806 

Star born Electronics 
3707 Virginia Beach Blvd . 
Suite 206 
Va. Beach . VA 23452 

312-291""1220 .... attn . Gary 

213-557-1770 days 
213- 371- 9662 nights 
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8 . I am enclosing a small repair manual .that will be of ' some help , 
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owners . ~here are some types of problems that you will be able~to ·h~dle' y'ou.rt~ lLf: 

",~" It would still be wise to contact Digicomp before trying any O'~U;~i~:X:~j~;1;~t~~~~~ ~~,:<'.~. 
·t;"~. because of the warrantee .restrictions. 
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• ::-:i-:\~. 9. Please do not over oil the printer. Usually one drop of 
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Now for a couple of CM~I~N~I,-,,--,T~R~I~C~KS,,,,, 

1. If you press 0 + HSE 1 ENTER you will get house positions in 

fraction. 
~'" 

If ,.Y?U press .. 60B 0 + HSE 1 ENTER you will get· house 

""41)".,:, .. 
This also applies to p~anets: 

:,.i.·t·", 
, 'I~'~'''' 
; " ":f;~ 

a + ® ENTER 

~i:~~~' 60B a + 0 ENTER ... ; "~. 
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. and seconds. · 
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Al so . you c.an cycle through houses and planets using the 
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2. Declinations can NOT be ca l culated from sidereal positions . 

· ~!.<\~'··~~A%f.r · 
, '·~"L 

The sidereal Position~~ 
;t'il 

For example, the Sun at cO Aries :·~·(;.; 
, ~::.j 

sidereal will give a declination of 0° which would be correct for tropical .,Aries only .. ;~y~; 
if·, . .::! 

To cal culate the declinations of sidereal p lanets, first convert to tropical and then :~0 
.::~., . 

are treated as if they were tropical by the DR-70 . 

,calculate them. 
... <--"{ 

Declinations of the planets should not change because the longitude : '.;.i.~.
: v' . ':\"':.'J1!f, 
,,:~,;, . , 1:>;:i~_: 

. :J.:~ . ~. ;;.~< ~.~ 
is sidereal rather than tropical. ',' 

;"-';",': ~;.:··~r 
.: .' J'J., ... , ... ~ •... 

.. ~, , .... :~?~? 
3. When entering a GMT what do you do when you subtract for DST or for time zones .,::; #;.,'i 

.• ,." •. ~-"'_ • .,; .. r' 
\ '. -,-~..: 

Use CHS .. \ ~'V eas t of Greenwich and you arrive at a time which is on the previous day? 

and enter a negative time! You won 't have to change the date this way. 

For example: Date 3.21.1981 
Time 3 AM LMT 
Lat 20N 
Long 60E 

, , 

" 

When you subtract 4 hours for the eastern time zone you get -1 hours GMT or 

on the previous day. Instead of changing the day, all you type is: 

I CHS ENTER 

Happy Computing~ 
" 

" 
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Simple DR-70 Repair techinques 

Recommended tools for OR-70 repair 

(1) .6 hex driver or Alan wrench 
(2) small flat screwdriver 
(3) chip extractors 
(4) soldering iron and solder 
(5) solder wick or solder removal tool 
(5) 1/4- socket wrench or spanner 
(7) wire cutters 
(8) Freon solvent 
(9) isopropal alcohol 

, 
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Simple DR-70 Repair Techniques 

NOTE - OPENING THE MACHINE WILL VOID YOUR WARRANTY UNLESS OTHERWISE 
INSTRUCTED BY DIGICOMP. 

A. Opening the machine 

1. The DR-70 is sensitive to static electricity, so when working on 

the machine do not wear sweaters, nylon shirts, rubber-soled shoes 

or material that creates static charges. 

2 . A .6 hex driver is used to undo the 6 stress bolts l ocated around 

the aluminum valence and fan. (Note: 1 bolt located und~r warning 

sticker). 

3. Tape over name plate to avoid scratching. 

4. Lift top cover up and l ean it towards the back - it should be 

stabi lized in this position. 

B. Techniques of repair for intermittant failures or lost data (but machine 
responds to reset). 

1 . Check operators manual for proper Key sequence. 

2. Follow opening instructions (*A). Once open, firmly press each 

chip to res eat their contacts in the sockets. 

3. Replace cover and observe behavior. 

occurs, repeat procedure ~l. 

If intermittant behavior still 

4. If machine continues to behave intermittantly. purchase some spray 

contact cleaner (a freon solvent which leaves no residue or oil). 

Again open the machine. With chip extractors or a sma ll screwdriver, 

lift the chips partially out of their sockets. Spray the contact 

cleaner on the chips legs and reseat the chips by pushing them in. 

Check that none of the chips legs are bent or out of the socket. 

(Note: if a chip should accidently come out of its' socket, it 

must be replaced in the same direction). 

5. Replace cover and observe machines behavior . 

c. Replacement of LEOS 

1. Disconnect SO pin card edge connector from keyboard - avoid 

stressing cable. 

driver or knife. 

The ~poxy s~al can be broken with a small screw-



" 
2. Lay t op upside do .... n. Four sets of 1, " nuts should no ... be seen on 

the back side o f the display PC board . Remove the nuts a nd washers . 

I MPORTANT: Note the number of. and order o f the spacing washers. (See .5) 

3 . Turn top cover over. Mylar display screen may now be lifted off . 

Locate defective LED. 

4. Now, unsolder old LED and discard. Noting that the direction of 

the notch in LED lens aligns with the othe r LEOS (to .... ards the left, 

l ooking from the top). Solder LED in FLUSH to the PC board. Do 

not hold solder iron on the LED l ead f o r longer than 2 seconds ,_ Over

heating ~ cause internal damage to the LEO. 

5. Screw the display screen and PC board back together with t he same 

exact number of washers (see di agram below) . If the LEOS get too 

close to the screen, heat from LED will cause the mylar to melt. 

"-'\ 
k-' 
>I'",<t ... ~ .. 

6. Repl ace ribbon cab le, set top down o n bottom in place. Turn machine 

o n. then verify that new LED i s working. Turn machine off . then 

c l ose the machine (see "Sealing up the machine ") . 

D. Replacement of keyboard switches 

1. Disconnect SO pin card edge connector f rom keyboard - avo id stressing 

the ribbon. cable. (See el). 

2. Remove key top o n suspec t key. Usoal ly a sma ll screwdriver working 

from the bottom o f key top, pulling up, will do. 

3. After l ocati ng key o n backside of PC board , r emove the solder from 

the two contact holes. Free key by pulling froln top . Hake sure 

both t he contact holes and the mounting guide holes (2) are f re e 

of obstructions . 

4. Ge nt ly ease new key s wit ch into ho l e and solder. It is important 

to note the following: 

(i) t he swi t ch contacts s hould be centered i n PC board holes and 
the switc h must be seated flat to prevent the key tops from 
rubbing against one another. 

(ii) Ho ld solder iron on switch leads for no l onge r than 2 
seconds as the internal mecha ni sm can overhea t. 
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5. Replace ribbon cable and key top. Verify proper functioning of 

keyswitch. Seal machine. if working. 

E. ProcedUre if fuse blows repeatedlY 

1. Check that fuse is 3/4 amp AGe fuse. 

2. Open machine (See *A). Carefully look for loose shards in +5v 

circuitry on motherboard • . Check 120v wiring for loose or shorting 

connections. Check operation. 

3. Cut 120v wire to fan. Check operation. If it works·- replace 

fan (all parts available through Diqicomp). If not - reconnect wire. 

4. Cut 120v wire to power supply. Check operation by observing fan. 

til If fan runs , go to *5. 

(ii) If fan doesn ' t run - disconnect line filter and bypass it. 
Reconnect power supply and check operation. Should it work. 
replace filter. If it doesn't. recheck wiring for shorts. 

5. Cut yellow wire to 7805 regulator. Check operation of fan. If now 

working. replace 7805. If not. check power supply PC board and 

motherboard for shards in +Sv power busses. 

6. If the machine continues to blow fuses , call Digicomp at (607) 273-5900. 

F. Sealing machines PLEASE FOLLOW THIS CHECKLIST 

1. Make sure power supply, motherboard, keyboard, and display are all 

screwed down tight . 

2. Check power supply output. It should be +S.OSv. If not, adjust pot. 

3. Check master clock (only if you have a calibrated oscilloscope). It 

should have a period of 1.25 us . The clock pot is located on the 

power supply side of the CPU module. 

4. Vacuum machine thoroughly to remove any l oose debris. If inside is 

dusty, wipe it clean using isopropal alco hol. 

5. While the machine is open an easy and helpful maintenance procedure 

is to push down on all the chips to ensure that they are seated firmly 

in their sockets. 

6 . Fit top and bottom together. Pick up and shake machine, meanwhile 

listening to hear loose material inside enclosure. 

7: With cover still on , check for proper funct ioning. Then insert 

and tighten stress bolts. 
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flAINT ENANC[ I\ND REPAIR 

1. U rhe ~lodel 7040 pr inters ure desilJnetJ t o r equire u rnllllO\u A\ of maintenao!;e 
und service . IIlis s ection prov l des instructions and procetJures for both 
c le ani ng and Ilwlntennnce o f the p rint er as well os ;) troubleshooting 
qu~de to aid in probl em i.inalysi s . 

1 , '1 ReglJi.red fools ond Supplies 

The Following items Dee recommended for p r inte r main t enance and majo r 
r epai rs. Common hand tools ore al so r equired . 

1. Volt-Ohm r'1eter 
2 . Feeler Gauge. 
J . Cr ease ( I Bi·' 1123 o r Lubr ip i a t e 1170) 
4. Isopropyl i:l l coho! 
5 . Cleaninq Ih4S 
6 . Ca tt on Sl~abs 

2 . 0 Haintenonce 

The f requency at wlllCh no r mal Hlaintenance (cle aning, lubr i ca tian and 
inspection) should be performed when the printer is install ed i n i:I cle~n 
office environlnent should normall y be one yea r . However, if the printer 
is subjected to heavy us~ge and/ o r a dirt y environment, the frequency 
~hould be i nc r eased as requirer1. 

2. 1 Cle aning 

A. Clean printer thor oughly using a lcohol , r ags and cotton s wabs t o 
r emove hardened g r ease I ink and dirt . 

B. Ro t a t e platen and clean with an a l COhol sooked rag. 
C. Remove he<ld ilnd c l ean head and he ad Slli.lft with a lcohol . 
D. He<.Jss emble head to 1-1 1' inter. 
E. App l y a small amount o f r ecommended grease t o head shaft. 

2 . 2 Ins pection 

A. Check for print wire movement on all seven solenoids by depressing 
wi re e nd and no t ing r e turn to rest position. 

B. Cfle ck for easy movement of the head assemb l y a n the print head 
as sembI y s ha ft. 

C. Inspect t he ri bbon reverse mechanism for proper movement. f>1anuall y 
oper a t e ttle ribbon fee d pawl back and forth to check operation . Be 
su re that both spr ings a re s ecur e ly in place a nd of equal tension. 

O. Inspect the printe r for any loose or miss ing sc rews . 
E. Check for ex cessive vertical movement of print head drive cam . Usual 

cause is a l oose paper fe ed motor. Rota t e t he drive CUin t owa rd the 
platen and listen for an audible click of the home mi cro switch . 

( 1 ) The position o f the switch a rm roller at the click Sfloul d be 
ha lf- way up/down t he hiyh dwe ll ramp o f the cam . 

(2) The s witch activati ng arm should be st r aight with no kinks . 
F . Check the p<lper feed cam for tightness an moto r sh>l ft ( looseness 1I .... y 

be a result of a bad cam or irnllcope r moto r s h aft configuration) . 



r G. Rotate the palJel' feed cam clockwise ( toward platen ) and c heck fo r 
s mooth opera tion. Bi nding indicated bad fit between c alli and pawl 
arm . Listen t o the pape r feed micro s wi tch for an audible c lick . 
(1) The pos ition of the switc h arm roller at the click s hould be 

half-wiJY up /uown the high dwel l ramp of the cam. 
(2) The s wit c h Clctivating arm should be straight with no kinks . 

H. Check that right end of print pl aten is not l oose with regard to 
platen drum . 

I. Cllec k t hat t he pl a ten spins fr ee ly when paper r e lease le ver is de
pr essed and raL chet pawl i s di s engaged. 

J . Check th at t he plast ic paper guide strip edge touches the platen 
drum ove r its enti re length. 

K. Check that the pl as tic paper guide strip is secured to the extrusion 
mounting surface . 

L . Chec k that the print head moves freely along its shaft and within 
the dri ve cam groove while turning the drive cam toward the platen . 

,,1. Place t he ribbon i n place and check that it doe s r,ot snClg throughout 
its paUL Check ribbon spool dr ag . 

N. Oepres~ paper r elease l e ver and check that bar and feed roll l eave 
the print pl aten . 

O. Check that two ply form may be loaded when paper release l ever is 
de pressed. 

P. Check that papel" guides are not loose on main frame extrusion and 
that they Hlay be moved with moder ate pressure for adjustment. 

a. Inside guide edge s s hould be fl ush with ins ide edges of sides of 
supply mechanism . 

2 .3 lubrication 

Recommended lubricant s are IBM 1123 or lubriplate 117 0 . After c leaning , 
the following areas s hould requ ire lubrication: 

a . Head shaft 
b . Groove in main drive cam 
c. Guide in extrusion in which the Ilta i l" of the print head travels. 

Only a slllall amount of lubricant , enough to create a film , i s needed in 
each location. 

The fo ll owing areas may a l so r equire lubrication, if the area has been 
wiped free o f lubric ant : 

o. Paper feed caUl and pawl 
b. Ribbon feed pawl 
c . Platen detent tee th 
d. Platen r atche t teeth 
e. Pressure roll release lever 

3.0 Repair and Adjustments 

3 .1 Troubles hooting Gu ide 

The Mechanis lli Troubleshooting Table should ' provide a means of de termining 
the caus e of any malfunction and t he proper correc tive ac tion. 

3.2 Repair Techniques 

2 



r j . 2.1 Ilead lIeplaceUlcnt LInd Adjustments 

Remove the old Ile&d by r eulovin!J the two screws wh ich hold the heiJd 
sh,Jrt in ~ l <Jce .md then pulliny the head shaft and he",d up oul of 
tile IIIt:chunism. To f r ee the heud cLible the c able lie mu s t be cut. 

Remove shiJ ft froln o ld head and slide it into the bearings on the 
ref.)l'J cement twud. lile Ilead 855emb! y should move freel y ulong the 
s hufl. To check for free movement hold the head assembl y with the 
SllC:lfl vertioul iJnd r e le<lse the shaft . I t shoul d drop t hrough the 
he8u 8S5embl y . 1 f it does not move free I y, hold the hend a55embl y 
on one end of the sha ft and tap the other end f irml y on a hard sur
f8ce. This wIll caU5e the he ad assembly bush ings t o seal perpendi
cul a r t o the s haft . The repl acement head Celn now be installed in 
the ~rinter in the rever se manner o f its removal . When tightening 
the screws in the Ilead s haft, hol d the sha ft forw 8rd to minimi ze 
the distunce between it and t he platen . Ins ure that the drive pin 
on L~le bottom of" the head mates with the groove i n the ' drive cum tlnd 
that the "t ail " on the head is placed in the guide s lot on the ex 
trusion. Lubrica te according t o paragraph 2 .3 prior to operat i on . 

3 . 2 .2 Swit ch Replacement 

3.2 . 2 . 1 Line Feed Switch (F PF t1echanism Onl y) 

To rep lace the line feed switch it is first necessary to remove the 
left s ide fr ome. Thi s is done by first removing the twirler from 
the platen. Then remove the t hree screws which s ecure the side 
frame to the l1Iai n ext rusion as well as the sc rew in the left si de o f 
the head shaft . Once these sc rews a re removed the left side frame 
can be pul l ed a way from the p rinte r . The line feed s witc h can now 
be r e moved fr om the s ide frame by lifting it off its mounting tabs. 
The repl acel~nt switch i~ then pressed onto those tabs and a piece of 
adhesive-backed fOulll is placed on the swit c h where it contact s the main 
extrusion. The s ide frame can now be replaced taking care to align the 
platen pl"eSSllre rol l support br acket, head shaft and main drive cam to 
their proper positions. 

) . 2.2 . 2 Print Sw itch 

To replace t he print switch it is first necessary to remove the right 
s ide froOie . Thi s is done by removing the three screws that secure the 
s ide frallle to the II liJin extrusion as well as removing t he screw in the 
rigllt h and side of the head s haft . The side frame can now be r emoved , 
taking care to di sengage the mo to r pulley from the belt . Holding the 
detent l ever down (forward ) will aid i n the remova l of the frame. The 
pr i nt SWltch Can now be removed by lifting it off it s mounting t abs . 
The replacement s witch is then pl"essed onto these tabs and adhes ive
backed foam i s appl ied to the switch where it contacts t he ma in extrus
ion. The printer is then reLissembled t<:tking care to align the main 
drive CDIII and pl alen properly . Dur ing reassenlbly the detent lever musL 
be held down to avoi d inte rference with the ratchet teeth on the platen , 
and the lIIotor pull ey must have tile bel t placed back on il. 
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3 . 2 . 3 Belt Tension 

Or he belt tension 15 ndjusted by loosening the two motor mounting 
scr ews and movi ng the motor fO ('\~ iJf ds or backwa rds to decrease or 
incr ease the be l t t ension. The bel t tension should be set so that 
when the head is prevent ed from moving , the motor s talls ond the 
belt does no t coy over the motor pulley. Excessive belt tens i on 
will cause the dr Ive cam to bind and the moto r to st all . Too little 
belt tension wil l result in excessi ve va ri at ion in character widths . 

3 . 2 .4 Head t o Pl a t en Ai r Gap 

I f the printhead has been replaced due t o sol enoid fa ilure or i f the 
printer has been disassembled, the printhead to platen a i r gap !:lhould 
be checked prior to using the printe r. Improper air gap can r esu lt 
in damage to the printhead . Tile printhe ad to pl aten air gap may be 
checked by using feeler gauges . Prior to checking the air gap it is 
necessary to r emove tl)e paper and ribbon from the pl" inter . 

The head t o platen air gap s hould be .01 2" to . 015" . If t he air gap 
is out o f the allowable r ange , some adjus tment can be made by loosen-
i ng the sc rews in the he ad shaft and pushing it in the des ired direction. 
If this does not yield su f ficient change then it is necessa r y to loosen 
the s i de frailles and move them upward or downwa r d in rel a tion to t he 
main extrusion 
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flECHANISfI TROUBLE SHOOTING GUIDE 

r 
SYMPTml POSSIBLE CAUSE CORRECTIVE ACT ION 

1 . Print motor l. Broken pc int s witch l. Replace switch 
storts but doesn ·t 
stop . No printing 2. Broken switch wire 2. Check all wires on print 
occurs . switch For electrical conti-

nuity 

3. /,<lisadjusted print 3. Verify switch transfers 
switch when rolleL' on s witch actUator 

transfers between high and low 
posi tions on the cam pulley . 

2 . Once sta rted, l. Broken line feed l. Repl.lce switch 
the line feed motor switch 
never stops 

2 . Broken switch wire 2. Check all wires For 
eleete ieal continuity 

3 . Misadjusted line 3. Veri fy switch tram:j fers 
• feed switch when roller on switch actuator 

trans fers between high and low 
positions on switch eccen tric. 

3. Print Motor l. Excessive aelt l. Adjust belt tension 
s talls tension 

2. Bad crimp on one or 2. Visually verify cr imps 
more A.C. motor wire!:!. are good 

3 . Bad A.C. motor 3. Replace motor 

4 . Occasional l. Bad line feed switch l. Replace switch 
missed line feed 

2. t-1isadjusted line feed 2 . Verify switch roller rides 
switch on lower su r face of paper feed 

eccentric when in the home 
position, and that switch trans-
fers when switch roller moves 
from low surface of t he puper 
feed eccentric 

5. Uneven line l. Paper slippage l. Clean platen and/or replace 

feed s pressur e roll springs 

2. Metal wenr plate 2 . Repl ace pawl 
broken oFF line feed 
pawl 

r 
3. Platen no t detent - 3. Check for defective detent 

ing properly mechanism. 
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SVf.lPTOM 

I1ECIIANISI·\ TROUBLESHOOTING CUIDE (Continued) 

\ 

POSSIBLE CAUSE COilRECT I V[ ACT 1 ON 

6 . Une fe ed molor 1 . Bad A. C. motor 1 . fle place A. C. mot or 
stalls 

2 . Une f eed pawl binds 2 . f:ep lace pawl or eccentric 
on eccentri c 

3 . Bad wire to pin con- 3 . Check crimp on wire 
nec tions on A. C. , 
motor wires , 

4. Platen won I t turn 4 . Inspect detent mechanism 
or turns with diffi- for source of jam and replace 
culty or repair as required 

7 . 1-1155 ing dots 1- Ribbon not properly 1- Install ribbon correctly 
ins talled 

2. Bad print solenoid 2. Replace head 

3 . Head to platen gap 3. Ver i f y head to platen gap 
excess ive i s .015 " t .003" 

8. Excessive 1- Belt tension too 1- Ti ghten bell tens ion 
variation in l oose 
characte r s i ze 

2 . Start t o print dis- 2 . Adjust print switch to 
tance (distance from correct start to print loca tion . 
1st dot position to 

. ins ide of side frame) 
is out of tolerance 
( . 965 ! . 060" ) 

3 . He ad binding on 3. Align head bearings on 
s haft s haft. Lubricate s haft . 
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ITEr; NO . 

1. 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12. 

13 . 

14. 

15. 

16. 

17 . 

18 . 

19. 

20 . 

21 . 

22. 

23. 

24. 

25. 

26 . 

27. 

28 . 

29 . 

30 . 

31-

32 . 

33 . 

PART NO. 

101411-004 

100576 

101 528 

101225 

102378 

101383 

100625 

102539 

101221 

101231 - 005 

10103 5 

101077 

100272-005 

102414-001 

101349 

101013 

101073 

101065 

101051 

101392 

100543- 004 

101057 

101918 

101003 

101067 

101525 

101117 

100559 

101137-002 

102409 

101005 

101086 

101229-001 

PART LIST 7040 J 

DESCRIPTION 

ASSY-A.C. ~fOTOR' 

TlH RLER 

BRACKET-RIBBON TENSION 

SPACER-RIBBON POS T 

SPRING- RIBBON TENSION 

ASSY-FRAME LEFT SIDE 

ASSY- RIBBON POST 

SPRING-RIBBON SPOOL BRAKE 

QUANT IT Y 

1 

1 

·r 

2 

1 

1 

2 

2 

ASSY-RIBBON & SPOOLS I 

SPRING- EXTENSION 1 

ECCENTRIC PAPER FEED & SWITCH' 1 

ASSY-PA\;L FEED 

SIHTCH-ELECTRICAL 

FOAM- TAPE 

SHIM WASHER 

MODIFICATION- PLATEN 

ASSY-CAM DRIVE 

GUIDE-PAPER 

MODIFICATION-EXTRUSION 
DECAL 

TAPE 

GU IDE - PAPER 

SPRING- PRESSURE ROLL 

SUPPOR T- PRESSURE ROLL 

ASSY-ROLLER PRESSURE 

SHAFT-HEAD 

RIBBON FEED PAWL 

SPRING- RI BBON FEED PA\;L 

ASSY-HEAO 7 WIRE 

DEFLECTOR- RIBBON HEAo 

BLADE-TEAR OFF 40 COL. 

PULLEY-DRIVE MOTOR 

BELT 

1 

2 

AIR 

1 

1 

1 

2 

1 

1 

AIR 

1 

2 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 



ITEI< NO . 

34. 

3; . 

36 . 

37 . 

38 . 

39 . 

4 0 . 

41. 

42. 

43 . 

44. 

45 . 

46 . 

47 . 

PA~T NO. 

101008 

10128 1 

101411- 001 

102361 

101069 

101068 

101433 

3030-021 

3030-02 0 

100173-042 

100173-050 

100173- 076 

100172-002 

100173-081 

PA~T LI ST 7U40 J 
(CoNT lNUEO) 

oESCRI POI I ON QU AN TI TV 

PULLEY CAM 1\ LP S 1 

ASSY - FRAI~[ ~ICHl SlOE 1 

ASSY-A . C. t1OTOR 1 

SPR I NG-CONI CAL COMPRESSION 1 

DE TENT 

ROLLER- DETENT 1 

MANDflEL - 40 CUL UMN SUPPLY 1 

RICHT PAPER B~ACKET 1 

LEFT PAPER BRACKET 1 

SEREW ( 4- 40 x . 218) 2 

SCROI ( 4-40 x . IB7) I 

SCREW (B-32 x . 375) I 

WASHER (114 EX T. LOCK) I 

SCRE W ( 4-40 x . 21B) 4 

~ Use on Fils t Paper Feed version only . 
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NO'l'E - OPEN INC '£HE NACHINE \,.,rILL VOID YOun Ii'JARRAN'l'Y 

Simpl e OR-70 Repair 'l'echniques 

QQ.ening the machine 

(1) A U6 h ex driver is used to undo the 6 stress bolts located 

around the aluminum valence . (Note : l 'bolt located under 

warning sticker) . 

(2) Tape over name [.>late to avoid scratching . 

(3) Lift top cover up and lean it towards the back - it should 

be stabilized in this position . 

Replacement of LEDS 

(1) Disconnect 50 pi n card edge connector from keyboard - avo i d 

stressing cable . 

(2) Lay top upside down. Four sets of ~ 'I nuts should now be seen 

on the back side of the display PC board. Remove the nuts 

and washers. IHPQH'l'ANT: Note the number of, and order of 

the spacing washers. 

(3) 'furo top cover over. Nylar display screen may now be 1 i f ted 

off- Locate deEective LED. 

(4) Now, unsolder old LED and discard . Noting that the direct jon 

of the notch in LED lens aligns with the other LEOs (towards 

the left, looking from the top) . Solder Lf:D in F'r...USli to the 

PC board. Do not hold solder iron on t h e LED lead for lon~Jer 

than 2 seconds. Overheating will cause internal dama~Je to 

the LED . 

(5) Screw the display screen and PC board back together \vith the 

same exact number oE washers (see diagram below). Should Lhe 

LEOs get too close to the screen, heat from LED will cause 

the mylar to melt . 



(6) l{e l)lClce ribbon cable , then ver ify ne w LED wo rking . 'l'he n, 

close the mac hine (see "Sealing up th e machine ' ) . 

Chd nqin9 keyboard switches 

(1). Disco nne c t 50 pin ca rd edge connector from keyboard - a vo id 

stressing the ribbon cable . 

(2) Remove key top on suspect key. Usually a small screwdriver 

working front the bottom of key top, pulling liP , will do . 

( 3) After locating key o n backside of PC uoard, solder stuck 

the 2 contac t holes c lean. Free key by pulling fr om t op . 

1-1ake sure both the coritact holes and t he mountintj gu ide 

hole 5( 2) are free of obsrtuct i o ns . 

(il) Cently ease n ew key s wi tch into hole a nd solder . I t is 

impo rtant to note t he f0110\ ... i ng : 

(i) the switch contacts s ho uld be well centered in PC 
board holes such that no side p ressure is p l aced 
on the con tac ts 

(i i) Ho ld solder iron on switch leads for no 10n~l e r than 
2 seco nds as t h e interna l mechan ism is prone to 
overheatinq. 

(5) Hepluce ribbo n cable and key top . Verify prope r funct i o ning 

of keyswitch . Seal machine, if working. 

Blown fuses 

(1) Check that fuse is 3/4 amp AGC fuse . 

(2) Open machine . Carefully look for loose shard~ in +5v circuitry 

on mo therboard. Check 1 20v wiring fo r loose or shorting 

connections. Check operation . 

(3) Cut l20v wire to fan . Chec k operati o n . If it works - replace 

fan (all parts avai lable through Digicompl. If no t - reconnect 

wire. 

(4) Cut 12 0v wire to power supply. Check operation by observi n<;.l 

fan. 

ii) If fan run s , yo to!5. 

(iillf fan doesn ' t run - disconnect line filter and bY Da ss 
it. Reconnect power supply and check o perat ion. Sho ul d 
it work , replace filter . If it doesn ' t, re c heck wiring 
for shorts . 

(5) Cut yellow wire to 7805 r e gulator. Chec k operation of fan . If 

now working, replace 7805 . I f not , c heck ~)Qwer SL1t"Jply PC board 

and motherboa r d f.or sharrls in +5v power bu~ se 5. 



(6) if you still have no luck, call Digicomp (607) 273 - 5900 . 

Sealing machi nes PLEASE FOLLO\; THIS CHECKL IS'I' 

(1) r'lake sure power supply , motherboard , keyboard, and di:~p l ay 

are all screwed down tigh t . 

(2) Check power supply output . It s hould be +5 . 05v . If not , 

adjust pot. 

(3) Check master clock (only if you have a calibrated oscilloscope) . 

It should have a period of 1 . 25 ).ls . The clock pot is located 

on the power supply side of the CPU module. 

(4 ) Vacuum mac h ine t horough ly to remove any loose debr is . If 

inside is dusty , wi pe it clean using isopropal alcohol . 

(5) Push a l l Ie ' s down ma nually. 

(6) Fit top and bottom together . Pick up and shake mach i ne , 

meanwhil e listening to hear loose material in5ide enclosure. 

(7) Wi th cover still on.. c heck for proper functioning . Then i nsert 

and tig h ten stress bolts . 



Simp le OR-70 Repair techinque s 

Recommended tools f or OR -70 repair 

(1) 16 hex driver or Alan wrench 
(2) smal l flat screwdriver 
(3) chip extr ac tors 
(4) soldering iron and solder 
(5) solder wick or solder removal tool 
(5) 1/4" socket wrench or spanner 
(7) wire cutters 
(8) Freo n so lvent 
(9) isopropal al cohol 



Simple DR-70 Repair Techniques 

NOTE - OPENING THE MACHINE WILL VOID YOUR WARRANTY UNLESS OTHERWISE 
INSTRUCTED BY DIGICOMP. 

A. Opening the machine 

1. The DR-7Q is sensitive to static electricity, so when working on 

the machine do not wear sweat~rs, nylon shirts, rubber-soled shoes 

or material that creates static charges. 

2. A #6 hex driver is used to undo the 6 stress bolts located around 

the aluminum valence and fan. 

sticker) . 

(Note: 1 bolt located under warning 

3. Tape over name plate to avoid scratching. 

4. Lift top cover up and lean it towards the back - it should be 

stabilized in this position. 

B. Techniques of repair for intermittant failures or lost data (but machine 
responds to reset). 

1. Check operator s manual for proper key sequence. 

2 . Follow opening instructions (#A). Once open, firmly press each 

chip to res eat their contacts in the sockets. 

3 . Replace cover and observe behavior . 

occurs, repeat procedure #1. 

If intermittant behavior still 

4. If machine continues to behave intermittantly, purchase some spray 

contact c leaner (a freon solven t which leaves no residue or oil) . 

Again open the machine. With chip extractors o r a small screwdriver, 

lift the chips partiall y out of their sockets. Spray the contact 

cleaner on the chips legs and reseat the chips by pushing them in. 

Check that none of the chips legs are bent or out of the socket. 

(Note: if a chip shoul d acc idently come out of its ' socket. it 

must be replaced in the same direction) . 

5. Replace cover and observe machines behavior. 

C. Replacement of LEOS 

1. Disconnect 50 pin card edge connec tor from keyboard - avoid 

stressing c able. The epoxy ~eal c an be broken with a smal l screw

driver or kni fe . 



2. Lay top upside down. Four sets of ~" nuts should now be seen on 

the back side of the display PC board. Remove the nuts and washers . 

IMPORTANT: Note the number of, and order of the spacing washers. (See #5) 

3. Turn top cover over . Mylar display screen may now be lifted off . 

Locate defective LED. 

4 . Now , unso l der old LED and discard. Noting that the direction of 

the notch in LED lens aligns with the other LEOS (towards t he left, 

l ooking from the top) . Solder LED in FLUSH to the PC board. Do 

not ho l d solder iron on the LED lead fo r longer than 2 seconds. Over

heating will cause internal damage to the LEO. 

5. Screw the display screen and PC board back together with the same 

exact number of washers (see diagram below). If the LEOS get too 

close to the screen, heat from LED will c ause the mylar to melt . 

6 . Rep l ace ribbon cable, set top down on bottom in p l ace . Turn machi ne 

on, then verify that new LED is working . Turn mac h i ne off, then 

close the machine (see "Sealing up the machine") . 

D. Replacement of keyboar d switches 

1. Disconnect 50 pin card edge connector from keyboar d - avoid stressing 

t he ribbon cable . (See Cil. 

2. Remove key top on suspect key . Usually a small scr ewdriver working 

from t he bottom of key top, pulling up , wi l l do. 

3. After locating key on backside of PC board, remove the solder from 

the two contact holes . Free key by pulling from top. Make sure 

both the contact ho l es and the mounting "guide holes (2) are free 

of obstructions. 

4 . Gently ease new key switch into hole and solder. It is important 

to note the following: 

(i) the switch contacts should be centered in PC board hole s and 
the switch mus t be seated flat to prevent the key tops from 
rubbing against one another. 

(ii) Hold solder iron o n switch leads for no longer than 2 
seconds as the internal mechanism can overheat. 



S. Replace ribbon cable and key top. Verify proper functioning of 

keyswitch. Seal machine, if working. 

E. Procedure if ftise blows repeatedly 

1. Che ck that fuse is 3/4 amp AGC fuse. 

2. Open machine (See #A). Carefully look for loose shards in +5v 

circuitry on motherboard. Check 120v wiring for loose or shorting 

connections. Check operation. 

3 . Cut 120v wire to fan. Check operation. If it works -- replace 

fan (all parts available through Digicomp). If not - reconnect wire. 

4. Cut 120v wire to power supply. Check operation by observing fan . 

(i) If fan runs, go to #15. 

(ii) If fan doesn't run - disconnect line filter and bypass it. 
Reconnect power supply and check operation. Should it work, 
replace filter. If it doesn't, recheck wiring for shorts. 

S. Cut yellow wire to 780S regulator. Check operation of fan. If now 

working, replace 7805. If not, check power supply PC board and 

motherboard for shards in +5v power busses . 

6. If the machine continues to blow fuses, call Digicomp at (607) 273- 5900. 

F. Sealing machines PLEASE FOLLOW THIS CHECKLIST 

1 . Make sure power supply, motherboard. keyboard. and display are all 

screwed down tight. 

2. Check power supply output. It should be +5 . 05v. If not , adjust pot. 

3. Check master c l ock (only if you have a calibrated oscilloscope). It 

should have a period of 1.25 us. The clock pot is located on the 

power supply side of the CPU module . 

4 . Vacuum machine thoroughly to remove any loose debris. 

dusty, wipe it clean using isopropal alcohol. 

If inside is 

5. While the machine is open an easy and helpful maintenance procedure 

is to push down on all the chips to ensure that they are seated firmly 

in their sockets. 

6 . Fit top and bottom together_ Pick up and shake machine. meanwhile 

listening to hear loose material inside enclosure. 

7 . With cover still on, check for proper functioning. Then insert 

and tighten stress bolts . 
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~IA INTENANCE AND REP .~IR 

1 . 0 The ~·ladel 7040 printers are designed to require a minimum of maintenance 
and service . This section provides instructions and procedures for both 
cleaning and maintenance of the pI" inter as ..... ell as a tr-oubleshooting 
guide to aid in proble~ analysis . 

1, ·1 Required Tools and Suoplies 

The following it2ms are recommended far printer maintenance and major 
repalrs . Common hand tools ure also required. 

1. Volt-Ohm ~leter 
2. Feeler Gauges 
3 . Grease (IAI·r 1123 or Lubriplate #70) 
4 . . Isopropyl alcohol 
5. Cleaning Raqs 
6. Cot ton S~ ... abs 

2.0 Haintenance 

The frequency at which normal maintenance (cleaning, lubrication and 
inspection) should be performed when the p~inte~ is installed in d clean 
office environment should normally be one year. Howeve~, if "the printe~ 
is subjected to heavy usage and/or a dirty environment , the frequency 
should be increased as requireo . 

2.1 Cleaning 

A. Clean pr inter thoroughl y using 31conol, ~ags and cotton s;~abs to 
remove hardened grease, ink and dirt. 

8 . Rotate platen and clean '.~ith an alCOhol soaked rag . 
C. Remove head and clean head ana head shaft with alcohol. 
O. Reassemble head to printer. 
E. Apply a small amount of recommended grease to head shaft . 

2 . 2 Inspection 

A. Check for print wire movement on all seven solenoids by depressing 
I ... ire end and noting return to rest position. 

8. Check for easy movement of the head assembly on the print head 
assembl y sha ft. 

C. Inspect the ~ibbon reverse mechanism for proper movement. ~lanually 
operate the ribbon feed pawl back and forth to check operation . 8e 
sure tha t both springs are securely in place and of equal tension. 

O. Inspect the printer for any loose or missing screws. 
E. Check for excessive vertical movement of print head dr ive cam . Usual 

cause is a loose paper feed motor. Rotate the drive cam tOl ... ard the 
platen and listen for an audible click of the home micro switch . 

(1) The position of the switch arm roller at the click should be 
half-way up/down the high dwell ramp of the cam. 

( 2) The switch activating arm should be straight · .... ith no kinks. 
F. Check the paper feed cam for tightness on motor shaft ( looseness may 

be a result of a bad cam or improper motor shaft configuration ) . 

1 



G. Rotate the paper feed cam clockwise ( t oward platen ) and check for 
smooth operation. Binding indicated bad fit between cam and pawl 
arm. Listen to the paper feed micro swjtch for an audible click. 
(1) The position of the switch arm roller at the click should be 

half-way up / down the high dwell ramp of the cam. 
(2) The switch activating arm should be straight with no kinks. 

H. Check that right end of print platen is not loose with regard to 
platen drum. 

I. Check that the platen spins freely when paper release lever is "de
pressed and ratchet pawl is disengaged. 

J. Check that the plastic paper guide strip edge touches the platen 
drum over its entire length. 

K. Check that the " plast~c pap'er ~uide strip is secured to the extrusion 
mounting sur "face . 

L. Check that the print head moves freely along its shaft and within 
the drive cam groove while turning the drive cam toward the platen. 

t"l. Place the ribbon in place and check that it does r,ot snag throughout 
its path. Check ribbon spool drag. 

N. Depress paper release lever and check that bar and feed roll leave 
the print pl aten. 

O. Check that two ply form may be loaded when paper release lever is 
depressed. 

P. Check that paper guides ar e not loose on main frame extrusion and 
that they may be moved with moderate pressure for adjustment . 

Q. Inside guide edges should be flush with inside edges of sides of 
supply mechanism. 

2.3 Lubrication 

Recommended lubricants are IBt~ 11 23 or Lubr iplate 1170. After cleaning, 
the following are as should require lubrication: 

a. Head shaft 
b. Groove in main drive cam 
c. Guide in extrusion in which the "tail" of the print head travels. 

Onl y a small amount of lub~icant, enough to "create a film; is needed in 
each iocation. 

The following areas may also require lubrication, if the area has been 
wiped free of lubricant: 

a. Paper feed cam and pawl 
b. Ribbon feed pawl 
c. Platen detent teeth 
d. Platen ratchet teeth 
e. Pressure roll release lever 

3.0 Repair and Adjustments 

3.1 Troubleshootina Guide 

The Mechanism Troubleshooting Table should"provide a means of determining 
the cause of any malfunction and the proper corrective action . 

3.2 Reoair Techniques 

z 
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3.2.1 Head Replacement and Adjustments 

Remove the old head by removing the t\~o screws which hold the heod 
shaft in place and then pulling the head shaft and head up out of 
the mechanism. To free the head cable the cable tie must be cut. 

Remove shaft from old head and slide it into the bearings on the 
replacement head . The head assembly should move freely alon~ the 
shaft. To check far free movement hold the head assembly with the 
shaft vertical and release the shaft . It should drop through the 
head assembl y. If it does not move freely, hold the head assembl y 
on one end of the shaft and tap the other end firmly on a hard sur 
face. This will cause the head assembly bUShings to seat perpendi 
cular to the shaft . The replacement head can now be installed in 
the printer in the reverse manner of its removal . I'lhen tightening 
the sc r ews in the head shaft, hold the shaft forward to minimize 
the distance between it and the platen . Insure that the drive pin 
on the bottom of the head mates \~ith the groove in the drive cam and 
that the "tail" on the head is placed in the guide slot on the ex 
trusion . Lubricate according to paragraph 2.3 prior to operation . 

3.2 . 2 Switch Replacement 

3.2.2 . 1 line Feed Switch <FPF nechanism OnlY ) 

To replace the line feed switch it is first necessary to remove the 
left side frame . This is done by first removing the twirler from 
the platen. Then remove the three screws ~Ihich secu r e the side 
frame to the main extrusion as well as the screw in the left side of 
the head shaft. Once these screws are removed the left side frame 
can be pulled away from the printer . The line feed switch can now 
be removed from the Side frame by lifting it off its mounting tabs . 
The replacement switch iz then pressed onto those tabs and a piece of 
adhesive-backed foam is placed on the switch where it contacts the main 
extrusion. The Side frame can now be replaced taking care to align the 
platen pressure roll support bracket, head shaft and main drive cam to 
their proper positions. 

I 3.2.2 . 2 Print Switch 

• • 
I 

• • q 

To replace the print s witch it is first necessary to remove the right 
side frame. This is done by removing the three screws that secure the 
side frame to the main extrusion as well as removing the screw in the 
right hand side of the head shaft . The side frame can now be removed, 
taking care to disengage the motor pulley from the belt. Holding the 
detent lever down (forward) will aid in the removal of the frame. The 
print switch can now be removed by lifting it off its mounting tabs. 
The replacement switch is then pressed onto these tabs and adhesive 
backed foam is applied to the switch where it contacts the main extrus
ion . The pr inter is then reassembled taking care to align the main 
drive cam and platen properly. During reassembly the detent lever must 
be held down to avoid interference with the ratchet teeth on the platen, 
and the motor pulley must have the belt placed back on it . 
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3.2.3 Belt Tension 

Drive belt tension is adjusted by loosening the two motor mounting 
screws and moving the motor fon~ards or backwards to decrease or 
increase the belt tension. The belt tension should be set so that 
when the head is prevented from mov i ng, the motor stalls and the 
belt does not cog over the motor pulley. Excessive belt tension 
will cause the drive cam to bind and the motor to stall. Too little 
belt tension will result in excessive variation in character widths. 

3.2.4 Head to Platen Air Gao , 

If the printhead has been replaced due to solenoid failure or if the 
printer has been disassembled, the printhead to platen air gap should 
be checked prior to using the printer . Improper air gap can result 
in damage to the printhead. The printhead to platen air gap may be 
checked by using feeler gauges . Prior to checking the air gap it is 
necessar y to remove the paper and ribbon from the pl'inter. 

The head to platen air gap should be .012" to . 015". If the air gap 
is out of the allowable range , some adjustment can be made by loosen-
ing the screws in the head shaft and pushing it in the desired direction. 
If this does not yield sufficient change then it is necessary to loosen 
the side frames and move them upward or downward in relation to the 
main extrusion 
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S'II·IPTQt.1 

1 . Print moto r 
starts but doesn't 
stop . No printing 
occurs. 

2. Once staded f 

the line feed motor 
never stops 

3 . Print I'loter 
stalls 

4. Occasional 
missed line feed 

5. Uneven line 
feeds 

flECHANISH TROUBLESHOOTING GUIDE 

POSSIBLE C.'USE CORRECTIVE ACTION 

1. Broken print switch 1. Replace switch 

2. Broken switch wire 2 . Check all wires on print 
s wi tch for electrical conti -
nuity 

3 . r~isadjusted print 3. Veri fy switch trans fers 
switch when roller on .switch actuator . 

trans fers be t ' .... een high and low 
positions on the cam pull ey. 

1. Broken line feed 1. Repl.lce switch 
switch 

2. Broken switch wire 2. Check all ' .... ires for 
electrical continuity 

3. thsadjusted line 3. Verify s witch transfers 
feed switch when roller on switch actuator 

transfers bet\veen high and low 
positions on switch eccentric . 

1. Excessive Belt 1. Adjust belt tension 
tension 

2 . Bad crimp on one or 2 . Visually verify cr imps 
more A.C. motor wires are good 

3 . Bad A. C. motor 3. Replace motor 

1. Bad line feed switch 1. Repl ace switch 

2 . Hisadjusted line feed 2. Ver i fy switch roller rides 
switch on lower surface of pape r feed 

eccentric when in the home 
position, and that switch t r ans-
fers when s witch roller moves 
from low sur face of the paper 
feed eccentric 

1- Paper slippage 1 . Clean platen and/or replace 
pr essure roll springs 

2. t·le t al wear plate 2. Replace pawl 
broken off line feed 
pawl 

3 . Platen not detent - 3 . Check for defective detent 
ing properl y mechanism . 

"'3b 
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~IECHANISI-l TROUBLESHOOTING GUIDE (Continued ) 

SYI-lPTQt·1 POSSIBLE CAUSE CORRECTI VE ACTION 

6 . line feed motor 1- Bad A.C. motor 1- Replace A. C. motor 
stalls 

2. Line feed pawl binds 2. Replace pawl or eccentric 
on eccentric 

3 . Bad wire to pin con- 3. Check cr I mp on wire 
nections on A.C. 
motor wires 

4. Platen won't turn 4. Inspect detent mechanism 
or turns with diffi- for source of jam and replace 
culty or repair as required 

7 . Missing dots 1- Ribbon not properly 1- Install ribbon correctly 
installed 

2. Bad print solenoid 2. Replace head 

3. Head to platen gap 3 . Veri fy head to platen gap 
excessive is .01 5" :! .003" 

B. Excessive 1- Belt tension too 1- Tighten belt tension 
, 

variation in loose 
character s ize 

2. Start to print dis - 2. Adjust print switch to 
tance ( distance from correct start to print location. 
1st dot position to 
inside of side frame ) 
is out of tolerance 
(.965 ' . 060" ) 

3. Head binding on 3. Align head bearings on 
shaft shaft . Lubricate shaft. 

6 
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ITGl ~O. 

l. 

2. 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10. 

11. 

12 . 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31 . 

32. 

33. 

PART NO . 

101411-004 

100576 

101528 

101225 

102378 

101383 

100625 

102539 

101221 

101231-005 

101035 

101077 

100272-005 

102414- 001 

101349 

101013 

101073 

101065 

101051 

101392 

100543- 004 

101057 

101918 

101003 

101067 

101525 

101117 

100559 

101137- 002 

102409 

101005 

101086 

101229- 001 

PART LIST 7040 J 

DESCRIPTION 

ASSY- ~ . C. l·lOTOR • 

TlHRLER 

BRACKET-RIBBON TENSION 

SPACER-RIBBON POST 

SPRING- RIBBON TENSION 

ASSY- FRA"'E LEFT SIDE 

ASSY- RIBBON POST 

SPRING-RIBBON SPOOL BRAKE 

ASSY-RIBBON & SPOOLS 

SPRING-EXTENSION 

QUANTIT Y 

1 

1 

1 

2 

1 

1 

2 

2 

1 

1 

ECCENTRIC PAPER FEED & SViITCH+ 1 

ASS,( -PA\~L FEED 1 

SWITCH- ELECTRICAL 2 

FOA~l- TAPE 

SH H1 '!lASHER 

MOOIFJCAT JON-PUTEN 

ASSY-CAM DRIVE 

GUIDE- PAPER 

flOOIFJCAT 10N- EXTRUS iON 

DECAL 

TAPE 

GUIDE- PAPER 

SPRING- PRESSURE ROLL 

SUPPORT-PRESSURE ROLL 

ASSY- ROLLER PRESSURE 

SHAFT- HEAD 

RIBBON FEED PA~IL 

SPRING-RIBBON FEED PAl'lL 

ASSY- HEAO 7 "IRE 

DEFLECTOR-RISBON HE-'\!) 

BLAOE - TEAR OFF 40 COL. 

PULLEY- ORIVE nOT OR 

BELT 

AIR 
1 

1 

1 

2 

1 

1 

AIR 
. 1 

2 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 



!Tn, NO. 

34. 

35. 

36. 

37. 

38. 

39 . 

40. 

!t 1 . 

42. 

43 . 

44. 

45. 

46 . 

47 . 

PART NO. 

101008 

101281 

101411 - 001 

102361 

101069 

101068 

101433 

3030- 021 

3030- 020 

100173- 04 2 

100173-050 

100173-076 

100172- 002 

100173-081 

PART LIST 7040 J 
( CONTINUED ) 

DESCR I PTION QUANTITY 

PULLEY CAt·, H LPS 

ASSY-FRAHE RIGHT SlOE 1 

ASSY- A.C. t10TOR 1 

SPR l NG- CON I CAL CQt;PRESS I ON 1 

DETENT 1 

ROLLER-DETENT 1 

t·'ANDREL- 40 COLU'IN SUPPLY 1 

RIGHT PAPER BRACKET 1 

LEFT PAPER BRACKET 1 

SCREW (4- 40 x . 218) 2 

SCRDI ( 4- 40 x .187) 1 

SCREW (8- 32 x . 375) 1 

IMSHER (U4 EXT. LOCK) 1 

SCREW ( 4-4Q x .218 ) 4 

+ Use on fast Paper f eed version onl y . 
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December 14, 1981 

Dear DR-70 OWner, 

I have a few reminders fo~ YOu: 

1. When you travel with the printer , be sure to remove the roll 
of paper. Otherwise, it can damage the PC board in the rear 
of the printer. 

2. Try to avoid X-rays in the airport. When you go through the 
security area ask the inspector to "hand check please". I 
have found that they are usually happy to do it. 

3. High humidity is detrimental to computers. It is safe and 
helpful to place a bag of crystals in the carrying case when 
you store the DR-70 or Printer. 

4. Extra ribbons for the printer should be stored 
can and placed in a cool place (refrigerator) . 
prevent them from drying out. 

Best wishes , 

Jeffrey Cox 

in an airtight 
This will 



December 14, 1981 

Dear DR-70 Owner , 

Before you begin your DR-70 adventure , I would like to suggest a path for 
you to follow through the maze of instructions which are found in this manual. 
Your resources consist of a DR-70 User ' s Manual , Primer, a mini-manual called 
the BASICS, Fourth Quadrant Newsletters , your local representative (if you 
have one) and Digicomp. You will probably use a ll of them at one time or 
another. However, there is a logical order which if (ollowed should make 
the learning process painless. I want to outline this for you . You will 
be. using the DR- 70 for a l ong time and it will become an important part 
of your astrological life. The effort you put into learning the DR-70 ' s 
capabilities will make it possible to take full advantage of this powerful 
tool and to expand your astrological know-how. 

1 . First turn to Section 11-01 of the User's 
learn how to hook up and test the DR- 70 . 
position .•• 

Manual where you will 
After checking the Sun 

2. TUrn to Section XIX-02 to as where you will find out how to se t 
up the Printer. If you do not have a Printer go to step #4. 

3. Now pullout the BASICS from the pocket of your User ' s Manual and 
work through it step-by-step. When you have completed all the 
steps go back to those techniques that interest you most and 
repeat them for other charts you have hand-calculated. If you 
have any questions , turn to the index in the rear of the Manual and 
go to those sections which further elucidate that technique. Even 
if you have a Printer, I highly recommend that you try step #4 . 

4 . If you do not own a Printer, then I suggest that you work through 
the Primer. Then familiarize yourself with the structure of the 
Manual by reading page i & ii in the beginning of the Manual . 
Also check the index for specific techniques you would like to try. 

By reading through the index, you will begin to apprecia"te all the different 
techniques the DR-70 performs and where to find them. To master the DR-70 , 
you will want to work through as much of the learning resources as interests 
you. It is important that you appreciate why you are pressing certain keys 
if you want to learn how to use the DR-70 without simply memorizing the keys 
you have to press. Feel free to experiment , you may discover short-cuts. 
Use a fami liar chart so you can quickly see when you have gone astray . If 
you run into any bottlenecks please feel free to contact your l ocal represen
tative or Digicomp. Happy computing ! 

Sincerely , 

Jeffrey Cox 
Astrological Sales 
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_~~ Digicomp Re5e~rcii 

I N S T Rue T ION S FOR 5 PEE 0 I N G U P 

DR - 70 SYSTEM CLOCK 

1 . Open up the DR- 70 by remov ing the 4 side screws and the two screws 
above the cooling fa n in the rear , ' using a 5/64" hex wrench . 

2 . Plug in the DR- 70 and turn on power . 

3 . Ground your oscilloscope to the Motherboard . 

4 . Touch the scope probe to pin 6 of chip U6 4 to get a readout of the D~-70 
system c l ock . (7IfW OLf ) 

5 . 'rune the frequel!cy of t h e clock to 1.5 Mi'iz by adjusting pot Plo 
't>1f~ (,- P,t':<..e,.. Cf' l.>\..<; ~ '-'-'~ t· .... f!..< l-»t -tli S't::.q tt . 

6 . Remove the probe and replace the top of the case . 

7 . Try this test routine t o check the speed of DR- 70 ' s calcul ations : 

RESET 
DATE RECALL (12 . 31. 1899) 
D1\1'E ENTER ( r 12.31.1899) 

(SHIFT) on : 0 ENTER 

, 

The answer (lO . 09 . 38 . 36) should appear in 5 or 6 seconds from the time 
you pressed 0 ENTER . 

8 . Replace the 6 screws . 

fev- "",,", I """-
""~ 1"tJ ""'" V""f 
S"-"-

l'-"1'a:'- M "",,~J' 

Terrace Hill Ithaca. NY 14850 
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r)R-70 Overvie w 

1 . [ntraduction 

Th ~ ~R-7!) astro1o~ i cal compllte r i s ~ ~CSfi502 hase~ 
In i c r ocomputo r. The ~CSfi502 is a n eight hit [nic r oprocessor 
ori1inally [n ~nuf~cturecl b y ~0S technoloryy. It i s a n n- channel , 
sinlle sl l ~J~ l y (+5V) de vi ce ope r ated a t 1. 0 Mhz . It contains an 
ei~ht hi t, hi - ~i r ectional data hus and a s eparate s ixtee n b i t 
acl dr ds s bU3 capah l e of a'id r essin~ 64K of memory _ I nput/output is 
memo r y 1:lapped . 

P r o) ram sto r aqe is on r o u~hly 40K of Read Onl y Memo ry made up of 
ROM ' s ~ n rl EPROM ' s (E l ect r o ni c Arrays EA83 16 2K X 0 ROM, MOS 
Technology 2332 4K X n nOM , Intel 2716 ?I{ X R EPROM) . lK or 2K 
of Handom .A.ccess ""emo r y is used , depe ndi ng on the p r ogram 
version (eight 2 10 2 lK X 1 RAM and 411 8 lK X B RAM) . At 1.0 Mh z 
opera t ion , the access time fo r these devices can be a s long as 
49(J ns. 

Th e keybo~ r d anrl d i splay a r e int e rrupt d riven. The digital 
display i s ~ ten digit ~isp l ay stick TI - TIL- R0 4- 1 0 . The LED ' s 
a r e PLV-140 . Keyhoa rd key sw itches a re man ufactured b y 
~echanicAl 8nterp r ises Inc . The keyboard and display a re 
ac c ess~d thro!l'lh memo ry locations in th e (,502 ' 5 54K a dd r ess 
spAce. 

'rh e p rint e r i s o perated throu~h A parallel po r t wi th in the 6 4K 
address space . The po r t is eight bits wide with two handshake 
lines a nd a n a~ditio nal line fo r eXdlnining if the p r inter is 
connected . 

The + 5V power so ur ce COines from a 3 a ~p po we r supply . The 
~utot r ~nsfo r me r input can he conf i gu r ed to ope rate with 110V o r 
2 30 V line volt~qe , +/- 10% , ~7-4~0 Hz. A separate + 5V Lm7 8 0 5 
(or Lmi<'10 T-5) is used to pO'Ne r the disp lay . 

II. Ope rati o n of the ~CS~502 

Th e ~CS~50~ is mounted o n a small PC hoar~ co nnecte d t o the 
Mother hoard vin two , 20 pin S IP socke t s. Al so on thi s boa r d 
are two bipolar pn o!Vts usen fo r encodinl]/decodi ng to offe r some 
software protection . This hoard i s also encased in ttlermally 
con~ u ctt v e epoxy for the s~me r e~so n . By t oke n of the 



decodin1/encorlin1 PR0Ms , thi s board is refered to as a decode r 
hoard. 'rhis repl~cement part is available through Digicomp 
Heseach . 

'l'he clock for the fi502 is derived from a RC network (CI and PI). 
The lOOK potent i omete r PI is tuned until a 1 Mhz is achieved on 
pin 39 of the p r ocesso r (pin 39 of the decoder board) o r U64p6. 

TIle keyboard an1 display are d riven by an interrllpt routine . 
The interrllpt is initiated by a low level on the interrupt 
request pin (II1Q , ciecoder board pin 4). The display must be 
updated eve ry 2 . 2 ms to provide fli cke r-free operation . To 
generate the periodic interrupt signal, a S5~ is used. The 556 
uses a RC network t o achieve the timing. The 1M potentiometer 
P3 adjusts the frequency of th& interrupts while the lOOK 
potentiometer P 2 adjusts the duty cycle . The potentiometer P3 
must be adjusted to provide the required 2.2 ms interrupt timing 
and P2 must he adjusted so that the low lev e l on the inter ru pt 
pi n is at least 20 mic r oseconds in duration. Failure to provide 
the mininium 20 microsecond duration will " bomb " the processor. 
The interru pt signal is also available o n UG5p~. 

Since the MCSG502 microprocesso r has no input/output 
instructions, all input/output must be done through memory 
addresses . This means that inputs from the keyboard and outputs 
to the di spla y and pri nter are accessed throuqh physica l 
memory locations in the ~~K add r ess space. The exact locations 
of these a r e indicated on th e DR - 70 Address Map . 

The da ta and address buses from the processor do not p r ovide 
suff i cient d rive power for the entire da t a and address buses o n 
the DR - 70 . The address bits AD - All are buffered by three 
74Lsl25s (U5 , n & 7) . The address buffers are always enabled . 
The data bus DO -07 is driven by four 74Ls12Ss (US , 9 , lD & 11). 
Since th e data bus is bi - directional , the 6502 Head/Write* (R/W* 
pin 34 or U20p5) s ignal is used to control the direction of 
data transfer . R/W* is used to enable individual 74Ls125 
drivp.rs so that the da ta transfer flows in the proper 
direction . 

Heseting the processor (RESET* , decoder board pin 40) occurs in 
two m"nners: (1) a power on reset occu r s when the mother board 
is initially powered up , and (2) a reset occurs when the REseT 
key on the keyhoard is depressed. When +5V is applied to the 
board , I>in ~O should be held low until all the transients 
settle . This will start the processor in a known state. The 
delay for this reset is done with C2 and a 47K resist o r. When 
power i s applied , C2 charges to +5V via the 47K resistor . Until 
C2 char~es to the input threshold of U2p2 , reset is asse rt ed 
low. 

Wh~n the keyboa r d RESET key is depressed , it is first rlebounced 
wi th i'I "N.t..NO gate flip - flop " (U7.). It is then qated with the 



power on reset siryna!. 
hel~ low as lon1 as the 

The 
key 

r ese t pin of the 
is depr essed. 

[II . Memo ry usage and address rlecodin~ 

processor should be 

Tl,ere are five dife r e nt types of memory components in the DR-70 : 
41 \0 , 2102 , 27Ul , 8316 , and 2332. The 4118 and 2102 ' s are 
Random Access Memories (RAM) and are used in storing 
interlneriiary results and answers. 2716 , 831~ , and 2332 1s are 
Read Only Memo ri es used for program storage . Address a nd 
physical location information is contained on the Address Map 
sheet. 

The address decoding for al l these devices is done with All -
AIS. This allows the 64K address space to be broken into 2K 
sections . Al2 - A15 are fed unhuffered to a 74154 dem ultiplexer 
(U.l7p?:O-23). The demultiplexer hreaks the address space into 
~K se1ments. The addresses a r e further broken down with All. 
The active low outputs of the 74154 are gated approp r iate ly 
with 1\11 or AIl* (UI8,19,20, and 21). This produces active l ow 
chips selects (act iv e in 2K segments) . These signals a re tied 
to the active low Chip Selects of the 2716 (p in 18 & 20) , 8316 
(pin 19 & 20), 4118 (pin 18 & 20) , and 2102's (pin 13) . The 4K 
2332 (pin 20 & 21) are selected by t he active low o utput s of 
the nemultiplexer. 

The internal address requirements of each memory device a re: AO 
- AIO for 2716 and 8316 , AD - A9 for the 4118 and 2102 , and AO -
All for the 2332 . 

Access time for memory and periphrals must be less than 490 ns. 
For a r,502 at l~hz , access time must be about 575 ns . However , 
the d elay time in encoding/decoding PROMs and buffers bring the 
access time to ~90 ns. If replacement parts are used they lnust 
have access times faster than 490 ns . 

IV. Keyhoard and Display 

The keyhoard is accessed throul)h the address 90XX . The 
individual keys are a rranqed in rows and columns . Raising a 
particular address hit in the lower byte will enable a row of 
key s . Dep ression of a key in that r ow shorts the raised 
adrlress hit to the data bus . The processor th en knows wh i ch key 
is depressed by the raised bit in the data bus. Thus the 
entire keyboard is read by successively raising all the address 
bits , one by one. The house dia l (the r otary s witch) is treaterl 
as C1nothe r r o ... , in th e keyboard. The position of the switch 
sh o rts the ~ddress bit to ttle appropriate data bit . Inablity to 
re ad this s witch will proriuce an ~ ~rror ~ condition whenever 
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tlouses or charts are requested. 

The d isrl~y is man~1ed in much the same way as the keyboard. A 
p~rticul~r LED is lit by rai sin1 its associated address bit (in 
the add r ess 40XX) and lowering the associated da ta bit. The 
digits nee operated one digit at a time. By raising o f a 
particula r ~rld re ss hit in the address 50XX, a digit is grounded. 
The se~ments in that digit are lit by lowering data bits (a 
segement = bit 0 , b segement = hit 1, C seqement:::: bit 2, . • • ) . 
Thus the whole d isplay is lit by writing the proper data to all 
the rows in the (ligits and LEOs. 

v. Dll-7 0 Printer interface 

The Df.!. - 70 printer interface utilizes a 74100 (U33) eight bit 
latch and a flip-flop . Columns of dots are put in the latch. 
The p rin ter p rints one column at a time allowing any character 
to he asselnblerl hy outputting the proper sequence of columns. 
Handshaking is done with tHO lines: Ready and Acknowledge 
(marked ROY and ACK on schematic). The Ready line is a signal 
from the DR-70 tellin~ the printer to start the motor, print a 
line, do a line feed, and stop at home. When the printer starts 
aline, it sends !\r.kno\.,.ledge signals (active high) to indicate 
that it is r eady to print a new column. Upon receipt of an 
Acknowled~e, the OR - 70 latches a new byte into the 74100 . The 
latch cont rol is enabled by writing to the address 6800 . The 
P.xamine is a signal which is gro unded when the cable is plugged 
into the pri nter. If Examine is high, the OR-70 will respond 
with "Err o r" if required to pri~t . The Examine and Acknowledge 
si~nals are r ead by reading at the address 6800. 

VI. +5v Pow~r Surp lies 

DR-70 supplies arc 3 amp linear power supplies. The line 
volta1e input is wired to a autotransformer which permits the 
supply to he run with a ll OV or 230V input. The transformer 
can be hard-wired to run at either voltage or run at both with 
the aid of a switch . If the 011-70 is wired for llO/230V 
operatio l' , the line voltaqe must be known and the switch set 
appropriately befo re plugging in the ,maChine. Failure to do so 
can result in dama~e to the supply's semiconductors, or a blown 
transformer. The 110/230V machines uses two fuses, one 1 amp 
fuse fo r 110V operation and one 0.317 used in 230V operation. 

To reduce noise on the board, t he display draws it ' s power from 
a sepa ri'lte re rJ ulator. Input power to the regulator is n rawn ' 
from the secondary winding of the transformer (the actual wirin~ 
is connected to the plus sine of the filt e r capacito r ) . Failure 
of tl li s regulator will only s t op power fo r the LEDs and digits 
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cre~tin~ a s ituatio n where the computer i s still ru n ning but no 
1 i')hts ':JO r k . 

Tile 11 (1/230 VI\C is fi rst passed through a line filter hefo r e 
0oin~ to th e power s upply. The fil t er i s a Co r com 8042L line 
filter , rated at 11 ~/~50 VAC 50 - 400 Hz . Power is turned to th e 
filter when tIle po we r ke yswitc h i s turned o n . Power for the f an 
i s not rlrawn fr o m th e filter . 



;,eneral tn Field Debu~ Overview 

1. Power F~ilure 

Po we r failure can occ ur in three ways. First, the machine can 
co ntinuous ly blow fuses. Refer to section e of Simple DR-70 
Repai r Techniques if this is the problem. The last two power 
problems a re failures in the +SV circuitry : a failure in the +5V 
to the mother board; or failure in the +SV to the display (on 
older machines this separate supply may not be present). To 
isolate which circuit is failing: 

i . Check to see if the shift key li g hts or measure the 
output o f the Lm7805 mounted on the side of the power 
supply . If +SV is not present measure the input to 
the regulator, it should be 11-13V. 

If input power is present , (1) check for power shorts 
in the display area and display board; (2) check that 
the Lm7005 is operatinq properly (disconnect the 
output and see 1f it holds the voltage at the rated 1 
Amp load) . 

If input power is absent, (1) check that 115 VAC (or 
230VAC) is p resent on the primary of the transformer, 
if not refer to sect i on E of the Simple DR-70 Repair 
Techniques . (2) The primary o r seconda r y winding of 
the transformer could be blown. The impedence of the 
secondary should he in the 1-5 ohm range . The 
primary should measure about 9-11 ohms . 

ii. tf power is lacking or poor on the mother board, 
first disconnect the supply ou tput from the boa r d and 
check it ' s output at ahout 2.5 Amps . If the voltage 
d rops, fi rst check that the transformer is receiving a 
prop~r input voltage, if n o t, refer to (t.l) above. 
IE the input voltage is acceptable , the power supply 
wilt have t o he repaired o r replaced. Contact 
Oiqicomp Eor repl acements or schematics . 

If the s upply "holds +SV at near rated current , the 
mothQr boa rd most likely has a short . Check for loose 
shards of wire or I\ar~ware. Also check if any 
components are gettinq excessively hot . A blown 
co~ronent can short out the whole hoa rd. Power can be 
c ut t o parts of the boar(~ at a time by noting the 
power patches on the List of Cuts and Patches . 

7 



I . Does Not Respon~ to Reset 

TIle failu r e of the processor to reset prope r ly can be the r esul t 
of any number of prohlems . This pa rt icular condition ca n be 
inrlentified by: 

i. The display comes up in an improbab l e state a nd wil l 
not r espond t o keyhoad r equests. 

ii. No display at all , no responce from keyboard i nput 
but ttle shift key still lights when dep r essed . 

iii. IE when the machine is open, the p r ocesso r sta l ls 
at one address afte r a reset. 

This sYlnptoffi is associated with til f ee conditions . (l) 
Impro pe r adjustment of system and inte rr upt clocks . (2) Failu r e 
to properly access memo r y . (3) Component failure. 

1 . Adjust the clocks . The system clock (Un4pS) must be 
adjusted to 1 Mhz by potentiometer Pl. I f a 1 Mhz signal 
ca n not be achieved , check CI (50 pF) anrl PI (lOOK) fo r 
prope r value al\~ function. ~lso check fo r sho r ts . 

The interrupt clock (U ()5pfi) must go low eve r y 2 . 2 ms and 
MUST be low for at least 20 microseconrls . P3 adjusts the 
frequency of the interrupts while P2 adjusts the du r ation of 
the low level . Fai l ure to prorluce this si~na l may be the of 
failu r e in discreet components or the 555 (see schematic) . 

The clocks should he checked f i rst upon the t h e 
occu r ance of this p r oblem. 

2 . Improper memory use is ha r de r to ~efine . 
clean/p r ess down ~ll sackets . Corrosio n is 
cause of this type a f failure . 

First 
the numbe r o ne 

Check th e R/W* signal to all RAMs . R/W* is ~ anrled ~ with the 
system clock at lJ2np~ . Make sure that at every RAM i s 
get ting this siqna l. 

Check the gatin1 of the rlata bus. S ince the data bus is 
b~-rlirectional, only half of the rlrive r s in ua,9 , lO & 11 
should ope r ate ilt a time (one half for either rlirection) . 
The enable for these drive rs co~es from t he R/W* (or 
inversion of R/W*) of the ~Sn2. Check that R/W* makes it 
throu~h the inverters on U~5p13 & 12,11 ~ 10. Also check 
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ttle drivers US , 9 , IO & 11. 

Check the Chip Selects. Check that the 7411)4 (U17) is 
functionin,. Make sure lll? receives proper ~nd good levels 
'In it ' ~ inputs ,1\12 - AlS (which come directly from the 
processor). Also check that it lowe r s the p r oper outpu t 
(see r'l~rc ndix on 74154) . 

Finally check that all the Chip Selects at the PROMs operate 
and trace any supicious ones back to the 74154. 

So~e time s slow or s~eed rle~raded 74Ls125s 
An - AID will cause promblems (lIS, fi & 7). 
s upicious drivers . 

on the address 
Replace any 

bus 

3 . Component failures will usually occur in the memory 
components or the processor . Faulty 21025 should be 
replaced first and then check that all ~ unenablerl u 

PRnMs/ROMS ~re not trying to drive the h~s (this can 
~one by removing all unenabled chips one by one until 
the proper data is seen on the bus) . 

The first eiqht hytes of every PROM/ROM are give n on a 
separate sheet (see coded PROM contents) . This can pr ovide 
a useful test of the selection of memory componets if it is 
possible for the tester to jam the appropriate a~d r esses o n 
the address bus. 

Fa ulty 6502 ' s are difficult to ctiagnose unless the debugge r 
has a known wo r king ~ecoder hoard. Spa re decoder boa r ds a re 
available to autho ri zed se r vicers throu~h Oigicomp Reseach . 

Othe r component failures will require diagnosing with the 
schematic . 

tIl. Forror condition when asked to print. 

Grror condi tions which 
main so ur ces . " Error" 

occur during printing 
will be displayed if : 

arise fr om three 

(1) the processor reads the P.xamine .line high 

(2) o r if the is some form of software e rr or in 
the P110M/110Ms 

(3) or if the "house dail " (on the keyhoa r d) cannot be read. 

The at>lity to read the house ~ail can easily be checked . Many 
of the l)rintin1 routines require the knowledge of which house 
s yst em to use. F.r r o rs of this type are common if the rotary 
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switch which selects the house system cannot be read. To chec k 
this , fi r st put in the key sequence : RESET PRINT DATE RECA LL. 
'rhis should print the rla te 1 2 . 31 .1 89 9 . If this doesn' t work 
refe r, to the nex t. parag r aph. Howeve r, if it does wo r k , the n 
try the sequ~nce: <Shift) C!-I.l\RT EN T ER . If this produces an 
Error cond i tion , then the p ro cessor was un ab l e to read the house 
dall . Check wir ing and ac t ion of the rotar y switch. If it 
sti II won ' t pr lnt a cha rt (but will recall a date) , then r efe r 
to the schematic . 

Tile OR - 70 uses a sign~l called QEx amine " to de t erm ine if the 
cable t o the printe r is attached . The Examine line (pin 21 ) is 
pull~d u p on the DR - 70 mother boa r d . When this signal is low 
the OR-70 knows t hat the printer is connec t ed ; i f its high, then 
it indicates with " Er r o r" that "the printer is not connec ted . 
This line is 1rounrled when th e p r inte r cab l e is plugged into the 
printer ( regardless to whether the p rinter is powered). The 
line is sensed o n data bit ~ o f the DR-70 by r eaoing location 
11900 (Ul fip9 , 8 & 10). Check that the 74Ls125 (Ulfip4 , 5 & 6 ; 8 ,9 & 
10) rlriver is bei ng enable hy the add r ess ana also chec k the 
driver for proper f u nct i o ning . 

'file last possibility is a softwnr e e rr o r. Check t hat all the 
Chil) Selects work. Co ntact Di~ ic om p fo r any possible software 
e rrors . 

V. Bombs when Printi ng 

Bombing during printin3 arises f r om four principal sou rces . 

LO 

(1) The DR-7 0 is receiving no Acknowledges fr om the printer. 

(2) The p r inte r cable is b r oke n 

(3) The Printer i s not r espondi nq to the DR-7 0 's Rea dy 
siqnal or the printe r is b r oken . 

(4) Software problem 

Durin~ printin~ , th~ display inte rr llpts a re masked . So i t i s 
possible that the DR - 70 is in fact running no rm ally if it 
appears to bomh \.,.hen printin/") hut that the QR-70 is trying to 
finish a line of print . Thus what may appear to be n problem 
with the nQ-70 may in fact he a prohlem with the printer. 

Check that the pr in ter will 00 a line feed upon r eceipt of a 
r ea~y siqnnl from the DR - 70. IE it won ' t do the line feed , move 
the p rint head to the r iqht of the home pos i tion and tu rn the 
power on . Th~ p r inter shoulrl come to rest at the home po st l on. 



Aefer to the printer dehu~ inst r uctions if the printer wi l l no t 
do the line feed . 

Ne~t check that the acknowledge pulses a r e comi nq from the 
printer (U ~~p ll ) . Meanwhile check tha t Ulnp5 ~ f) a r e a l so 
r eceiving acknowledges . 

Pinally the software d r iving t~e pri n te r could be in e r ro r. See 
i f any of the print f unct i ons (i . e . PRINT nATE REeL , CHART 
ENTE~ , T~BL8 P.NTER , etc.). All possihle sotfwa r e p r o mb l e ms will 
have to I)c fixed by nig i comp . 

IV . Qisplay Jams in a Meani ngfu~ State when Rese t 

If the display jams in t o a meani n1ful state o n Rese t (s e e OR- 70 
Users ~anu~l) a key is probably shorted . One way to iso l at e ke y 
is to turn on the DR - 70 a nd Reset . Note t he l iqh t s tha t com e 
on . Now lock " ON" the sh i ft key a nd Reset . By compa r i ng the 
lights that come on when shifted and un shifted , usually the 
shorted key can be deduced (i . e . by noting the shifted a nd 
unshifted me~ning of each key). Anothe r method is to check each 
key with a meter o r bug - l i ght to see which ke y might be s ho rte d. 



Simple DR-70 Repair techinques 

Recommended tools for DR-7 0 r epair 

(1) '6 hex driver or ~lan wrench 
(2) small flat screwdriver 
(3) chip extractors 
(4) soldering iron and solder 
(5) solder wick or solder removal tool 
(5) 1/4" socket wrench or spanner 
(7) wire cutters 
(8) Freon solven t 
(9) isopropal alcohol 
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Simple DR- 70 Repair Techniques 

NOTE - OPENING THE MACHINE WILL VOID YOUR WARRANTY UNLESS OTHERWISE 
INSTRUCTED BY OIGICOMP. 

A. Opening the machine 

1. The DR- 70 is sensitive to static electricity, so when working on 

the machine do not wear sweaters, nylon shirts, rubber- soled shoes 

or material that creates static charges . 

2. A #6 hex driver is used to undo the 6 stress bolts located around 

the aluminum valence and fan . (Note: 1 bolt located under warning 

sticker). 

3 . Tape over name plate to avoid scratching. 

4. Lift top cover up and lean it towards the back - it should be 

stabilized in this position . 

B. Techniques of repair for intermittant failures or lost data (but machine 
responds to reset). 

1. Check operators manual for proper key sequence. 

2 . Follow opening instructions (#A). Once open, firmly press each 

chip to reseat their contacts in the sockets . 

3. Replace cover and observe behavior. If intermittant behavior still 

occurs, repeat procedure #1 . 

4. If machine continues to behave interrnittantly, purchase some spray 

contact cleaner (a freon solvent which leaves no residue or oil) . 

Again open the machine. with chip extractors or a small screw4river , 

lift the chips partially out of their sockets. Spr ay the contact 

cleaner on the chips legs and reseat the chips by pushing them in. 

Check that none of the chips legs are bent or out of the socket. 

(Note: if a chip should accidently come out of its ' socket, it 

must be replaced in the same direction). 

S. Replace cover and observe machines behavior. 

C. Replacement of LEDS 

1. Disconnect 50 pin card edge connector from keyboard - avoid 

stressing cable . The epoxy seal can be broken with a small screw

driver or knife. 
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2. Lay top upside down. Four sets of '"''' nuts should now be seen on 

the back side of the display PC board. Remove the nuts and washers . 

IMPORTANT: Note the number of, and order of the spacing washers. (See #5) 

3 . Turn top cover over . Mylar display screen may now be lifted off. 

Locate defective LED. 

4 . Now, unsolder old LED and discard. Noting that the direction of 

the notch in LED lens aligns with the other LEOS (towards the left, 

looking from the top) ,. Solder LED in FLUSH to the PC board . Do 

not hold solder iron on the LED lead for longer than 2 seconds . OVer

heating will cause internal damage to the LED. 

5. Screw the display screen and PC board back together with the same 

exact number of washers (see diagram below) . If the LEOS get too 

close to the screen, heat from LED will cause the mylar to melt. 

(..Oc.X 
w~t\GR 

6 . Replace ribbon cable, set top down on bottom in place . Turn machine 

on, then verify that new LED is working . Turn machine off, then 

close the machine (see "Sealing up the machine") . 

D. Replacement of keyboard switches 

1. Disconnect 50 pin card edge connector from keyboard - avoid stressing 

the ribbon cable. (See ell. 

2 . Remove key top on suspect key. Usually a small screwdriver working 

from the bottom of key top, pulling up, will do. 

3 . After locating key on backside of PC board, remove the solder from 

the two contact holes. Free key by pulling from top. Make sure 

both the contact holes and the mounting guide holes (2) are free 

of obstructions. 

4. Gently ease new key switch into hole and solder. It is important 

to note the following: 

(i ) the switch contacts should be centered in PC board holes and 
the switch must be seated flat to prevent the key tops from 
rubbing against one another. 

(ii) Hold solder iron on switch leads for no longer than 2 
seconds as the internal mechanism can overheat . 



5 . Replace ribbon cable and key top. Verify proper functioning of 

keyswitch. Seal machine , if wor king . 

E. Procedtir.e if fuse blows repeatedlY 

1 . Check that fuse is 3/4 amp AGC fuse. 

2. Open machine (See ~A). Carefully look for loose shards in +Sv 

cir9uitry on motherboard. Check 120v wiring for loose or shorting 

connections. Check operation. --- -----
Check operation. If it~rks---replace 3. Cut 120v wire to fan. 

fan (all parts available through Digicomp) . If not - reconnect wire . 

4. Cut l20v wire to power supply. Check operation by observing fan. 

(i) If fan runs, go to ~S . 

(ii) If fan doesn't run - disconnect line filter and bypass it. 
Reconnect power supply and check operation . Should it work, 
replace filter. If it doesn ' t, recheck wiring for shorts . 

5. Cut yellow wire to 7805 regulator. Check operation o f fan. If now 

working, replace 7805. If not, check power supply PC board and 

motherboard for shards in +sv power busses . 

6. If the machine continues to blow fuses, call Digicomp at (607) 273- 5900 . 

F. Sealing machines PLEASE FOLLOW THIS CHECKLIST 

1. Make sure power supply , motherboard , keyboard, and display are all 

screwed down tight. 

2. Check power supply output. It should be +5 . 05v . If not, adjust pot. 

3 . Check master clock (only if you have a calibrated oscilloscope) . It 

should have a period of 1.25 us. The clock pot is located on the 

power supply side of the CPU module . 

4. Vacuum machine thoroughly to remove any loose debris . If inside is 

dusty , wipe it clean using isopropal alcohol. 

5. While the machine is open an easy and helpful maintenance procedure 

is to push down on all the chips to ensure that they are seated firmly 

in their sockets . 

6 . Fit top and bottom together . Pick up and shake machine, meanwhile 

listening to hear loose material inside enclosure. 

7. With cover still on, check for proper functioning . Then insert 

and tighten stress bolts . 



DR- 70 Parts List 
revision B 

socket pa rt 
Ul . .. ... .... ........ decoder board 
U2 • • •••••••• •• •••• •• 7400 
U3 . . . . • ...... .. .. " . .. 741 4 
U4 •••••••••••••••••• SSt; 
US ••• •• •••• • • • •• •• •• 74125 
U6 . .. ...... . .. . . •.. . 74125 
U7 • • • ••• •• •••••••••• 74125 
US • •• •••••••••••••• • 74125 
lI9 • •• • • ••••••••••• • • 74125 
U10 • • • •••• •• • • •••••• 74 125 
Ull • •••••••••••••••• 74125 
U12 • • ••••••• •• • • • ••• 74125 
U13 ••• ••• ••••• •• • ••• 74125 
U14 •••••••••••.••••• 74125 
U15 •.•••• • •••••••••• 74125 
U16 •• ••• •• ••• • ••••• • 74125 
U17 ••••• • •••• • •••••• 74154 
U18 .. .•••... . .•• •• .. 7437. 
U19 ••••••••••••••••• 7 432 
U20 •• .•• •• • ••••••••• 7432 
U21 • • •••••••••••••• • 7432 
U22 • ••••• •• ••• ••••• • 7400 
U24 ••••••• •••• ••• ••• 7400 
U25 .... .. .... ....... 7404 
U2<; ................. 7404 
U27 •••••••••• • •••• • • 7402 
U28 ............ ..... 7412 5 
U29 ... . ............. 71125 
U30 .. .......... .. ... 74100 
U31 .. ...... ......... 7 4100 
U32 ................. 74100 
U33 • •••••• •••• • ••••• 74100 
U34 ................. 7432 
U40 •••••• •• ••••• •••• 2102 
U41 . ...... .. ........ 2102 
U42 •••••• •••••• ••• •• 2102 
U43 .......... ...... . 2102 
U44 •• •••••• • •••••••• 2102 
U45 •••• • : • •••••••••• 2102 
U46 ••• ••.•••• ••••••• 2102 
un .. .... ........... 2 102 
U48 .. . ..... ........ . 2716 
U49 ••••••• •• •••••••• 271<5 
U50 .... ......... .. .. 2715 
U51 ........... .. .... 271<; 
U52 ... ..........•.. . 271~ 

U53 ........ .. ....... 271<; 
U5 4 ...... .. ........ . 2716 
U55 .. . ...•.• .. •. .... 271:') 

I'" 

, 
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Cuts and Patches to DR- 70 ~i" ~ 

All Versions 

(1) Cut trace from Ulp3 to pot Plp3 
Patch pot Pip3 to U64p6 

(2) Cut trace from U6Sp2 to U40 - 47p3 
Patch U6Sp13 to U40- 47p3 

( 3) Cut trace from UlSp13 to UlSpll 
Patch UlSp13 to UlSp7 

(4) Cut +5V trace to pin 1 of the 50 pin connector 
Patch 22 Ohm resistor from +SV to pin 1 of the 50 pin connector 

(5) Cut trace to U16p6 
Patch U9p3 to U16p6 

Version 68 (non-Transit search) 

(6) Cut trace f r om U21p6 to U60p20 

(7 ) Cut trace to U21p9 
Patch U21p9 to U21plO 

(S) Patch U17p4 to U60p20 & 19 

Version 88 (Transit Search) 

& 19 

(6) Cut trace from U21p6 to U60p20 & 18 

(7) Cut trace to U21p9 
Patch U21p9 to U21pl0 

(8) Cut trace f r om U54p20 to U54p18 
Cut trace from U54p20 to U19p3 
Cut trace from US4p21 to US4p24 
Patch U1 7plS to US4p20 & 21 

(9) Cut trace from U49p18 & 20 to Ul9p11 
Patch U17p3 to U49p20 & 18 

(10) Cut trace from U17pl to U43p13 
Patch U43p13 to U19pll 

(11) Cut trace from U17plS to U19p2 & 13 
Patch U17pl to U19p2 & 3 



Version 8B Patches con't 

(12) Cut trace from U1Sp18 to U51p20 
Pat.ch U19p3 to US 1p20 

(13) Cut trace from USlp2 4 to USlp21 
Patch U43p3 to US1p21 

(14) Cut trace from USlp18 to U18pH 
Patch U51p18 to US1p24 

(15) Cut. tr84e from US6p24 toU56p21 
Cut. trace from U56p18 to U56p20 
Pat.ch U17p10 to US6p20 & 21 

(16) Cut traee from U61p21 t.o U61p24 
Cut trace from U61p20 to U61p1B 
Patch U61p20 to U61p21 

(17) Cut trace from U60p21 to U60p24 
Cut t.race from U60p20 to U60plB 
Cut. trace from U17p14 toU19pS & 10 
Patch U17p14 to U60p20 & 21 

(18) p Patch U17p4 to U19pS & 10 

(19) Patch U18p12 to U60plB to U61p18 to US6plB to US4p18 



DR- 70 ad dress to PROM correlation 
Version 88 (Transit Search ) 

Address physical 

00 00-03FF · ..... U40 - 47 .... .. ... .. 
0400-0BFF · . . ... unused 
OCOO -OFFF · ..... U51 · .. ...... ..... 
1000- 17FF · ..... U52 · ...... .... .. . 
1BOO-lFFF · ..... U57 · .. ....... .. .. 
2000 - 27FF · ..... unused 
2BOO - 2FFF · ..... U49 · .......... ... 
3000-37FF · ..... U50 · ............. 
3BOO -3FFF · ..... U55 · ............. 
4000 -4FFF · ..... display LEDls 
5000-5FFF · ..... display dig i ts 
6000 - 67FF · ..... unused 
6BOO -6FFF · .. ... pr i nter 
7000 - 7F FF · ..... unused 
7000 - 7FFF · ..... unused 
BOOO - BFFF · ... .. keyboard 
9000-9FFF · ..... U56 · ............. 
AOOO -A7FF · ..... U5B · .............. 
ASOO - AFFF · ... .. U59 · ............. 
BOOO-8FFF · . . ... U61 · ............. 
COOO-CFFF · .... . U60 · ............. 
DOO O-DFFF · ..... U54 · ... .......... 
EOOO - E7FF · ..... U4B · ............ . 
EBOO-EFFF · . . ... U53 · ............. 

assignment 

RAM (2 10 2) 

RAM ( 411 B) 
PR OM 
PROM 

PROM 
PROM 
PROM 

ROM 
PROM 
PR OM 
ROM 
ROM 
PR OM 
PROM 
PROM 

FOOO-FFFF · ..... ma ppe d into EOOO -EF FF 
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HA INTENANCE AND REPAIR 

1.0 The t·!adel 7040 printers a r e designed to require a minimum of maintenance 
and service. This section provides instructions and procedures for bo t h 
cleaning and maintenance of the printer as well as a t~oubleshoQting 
guide to aid in problem anal ysis. 

1.1 Required Toals and Supplies 

The following items are recommended for printer main t enance and major 
repairs. Common hand tools are also required . 

1. Vo lt-Ohm Meter 
2. Feeler Gauges 
3. Grease (IBf.1 1123 or Lubriplate 070 ) 
4. Isopropyl alcohol 
5. Cleaning Rags 
6. Ca ttan Swabs 

2.0 f.1aintenance 

The frequency at which normal maintenance ( cleaning~ lubrication and 
ins pection ) should be performed when the pr inter is inst alled in a clean 
office environment should normally be one year. However, if "the pr i nter 
is subjected to heavy usage and/or a dirty environment , the f requenc y 
should be increased as required. 

2. 1 Cleani ng 

A. Clean pr inter thor oughly using alcohol, r ags and cotton swabs to 
remove hardened gr ease, ink and dirt. 

8 . Rotat e platen and clean with an alcohol soaked r ag . 
C. Remove head and clean head and head sha ft with alcohol. 
D. Reassemble head. to pr inter . 
E. Apply a small amount of recommended grease t o head shaft. 

2.2 Inspection 

A. Check for print wire movement on all seven solenoids by depressing 
wire end and noting return to rest position. 

8. Check for easy mo vemen t of the head assembly on the print head 
assembly shaft. 

C. Inspect the ribbon r ever se mechanism for pr oper movement. Nanuall y 
operate the ribbon feed pawl back and forth to check operation. Be 
sure that both springs are securel y in place and of equal tension. 

D. Inspect the printer for any loose or missing screws. 
E. Check for "excessive ver tical movement of pr int head drive cam. Usual 

cause i s a loose paper feed motor. Rotate t he drive cam toward t he 
platen and listen for an audible click of the home micro switch . 

(1) The posit ion of the switch arm roller at t he click should be 
half-way up /down the high dwel l ramp of the cam . 

( 2) The swi tch activating ar m should be straight with no kinks . 
F. Check the paper feed cam for tightness on motor shaft ( looseness may 

be a result of a bad cam or impr oper mo t or shaft configuration ) . 

1 
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G. Rotate the paper feed cam clockwise ( toward platen ) and check for 
smooth operation. Binding indicated bad fit between cam and pawl 
arm. Listen to the paper feed micro switch for an audible click. 
(1 ) The position of the switch arm roller at the click should be 

half-way up/ down the high dwell ramp of the cam . 
( 2) The switch activating arm should be straight with no kinks. 

H. Check that right end of print platen is not loose with regard to 
pl aten drum. 

I . Check that the platen spins freely when paper release lever is de
pressed and ratchet pawl is disengaged. 

J. Check that the plastic paper guide strip edge touches the platen 
drum over its entire length. 

K. Check that the plastic paper guide strip is secured to the extrusion 
mounting surface. 

L. Check that the print head moves freely along its shaft and within 
the drive cam groove while turning the drive cam toward the platen . 

M. Place the ribbon in place and check that it does r,ot snag throughout 
its path. Check ribbon spool drag. 

N. Depress paper release lever and check that bar and feed roll leave 
the print platen. 

O. Check that two ply form may be loaded when paper release lever is 
depressed. 

P. Check that paper guides are not loose on mai n frame extrusion and 
that they may be moved with moderate pressure for adjustment . 

O. Inside guide edges should be flush with inside edges of sides of 
supply mechanism . 

2.3 Lubrication 

Recommended lubricants are IBM H23 or Lubriplate #70. After cleaning, 
the following areas should require lubrication : 

a. Head shaft 
b. Groove in main drive cam 
c. Guide in extrusion in which the "tail" of the print head travels . 

Only a smal~ amount of lubricant, enough to create a film, is needed in 
each location. 

The following areas may also require lubrication, if the area has been 
wiped free of lubricant: 

a . Paper feed cam and pawl 
b . Ribbon feed pawl 
c . Platen detent teeth 
d. Platen ratchet teeth 
e. Pressure roll release lever 

3.0 Repair and Adjustments 

3. 1 Troubleshooting Guide 
The Mechanism Troubleshooting Table should'provide a means of determining 
the cause of any malfunction and the proper corrective action. 

3. 2 Repair Techniques 

2 
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3 . 2.1 Head Replacement and Adjustments 

Remove the old head by removing the two screws which hold the heod 
shaft in place and then pulling the head shaft and head up aut of 
the mechanism. To free the head cable the cable tie must be cut. 

Remove shaft from old head and slide it i nto the bearings on the 
replacement head . The head assembly should move freely along the 
shaft . To check for free movement hold the head assembly with the 
shaft ver t ioal and release the shaft. It should drop through the 
head assembly . If it does not move freely, hold the head assembly 
on one end of the shaft and tap the other end firmly on a hard sur
face. This will cause the head assembly bushings to seat perpendi 
cular to the shaft . The replacement head can now be installed in 
the printer in the reverse manner of its removal. When tightening 
the screws in the head shaft , hold the shaft forward to minimize 
the dist~nce between it and the platen . Insure that the drive pin 
on the bottom of the head mates with the gr oove in the drive cam IJnd 
that the "tail It on the head is placed in the guide slot on the ex 
trusion. Lubricate accor ding to paragraph 2.3 prior to operation. 

3.2.2 Switch Replacement 

3.2.2 . 1 Line Feed Switch (FPF l1echanism Only ) 

To rep l ace the line feed switch it is first necessary to remove the 
left side frame . Th i s is done by fir s t removing the twirler f rom 
the platen . Then remove the three screws which secure the side 
frame to the main extrusion as well as the screw in the left side of 
the head shaft . Once these screws are r emoved the left side frame 
can be pul l ed away from the printer . The line feed switch can now 
be removed from the side frame by lifting it off its mounting tabs . 
The replacement switch i~ then pressed onto those tabs and a piece of 
adhesive-backed foam is placed on the switch where it contacts the main 
extrusion . The side frame can now be r eplaced taking care to align the 
pl aten pressure roll support bracket, head shaft and main drive cam to 
their proper positions. 

) .2 . 2 . 2 Print Switch 

To r eplace the print switch it is f irst necessary to remove the right 
side f r ame . This is done by removing the three screws that secure the 
side frame to the main extrusion as well as removing the screw in the 
right hand side of the head shaft. The side frame can now be removed, 
taking care to disengage the motor pulley from the belt . Holding the 
detent lever down ( forward ) will aid in the removal of the frame. The 
print ·switch can now be removed by lifting it off its mounting tabs . 
The replacement switch is then pressed onto t hese tabs and adhesive
backed foam is applied to the switch where it contacts the main extrus 
ion . The printer is then reassembled taking care to align the main 
drive cam and platen properly . During reassembly the detent lever must 
be held down to avoid interference with the ratchet teeth on the platen, 
and the motor pul,ley' must have the belt placed back on it. 

3 
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3.2.3 Belt Tension 

Drive belt tension is adjusted by loosening the two motor mounting 
screws and moving the motor forwards or backwards to decrease or 
increase the belt tension. The belt tension should be set so that 
when the head is prevented from moving, the motor stalls and the 
belt does not cog over the motor pUlley. Excessive belt tension 
will cause the drive cam to bind and the motor to stall. Too little 
belt tension will result in excessive variation in character widths. 

3.2.4 Head to Platen Air Gap 

If the printhead has been replaced due to solenoid failure or if the 
printer has been disassembled, the printhead to platen air gap should 
be checked prior to using the printer. Improper air gap can result 
in damage to the printhead. The printhead to platen air gap may be 
checked by using feeler gauges. Prior to checking the air gap it is 
necessary to remove the paper and ribbon from the printer. 

The head to platen air gap should be .012" to .015". If the air gap 
is out of the allowable range, some adjustment can be made by loosen-
ing the screws in the head shaft and pushing it in the desired direction. 
If this does not yield sufficient change then it is necessary to loosen 
the side frames and move them upward or downward in relation to the 
main extrusion 

4 
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MECHANISM TROUBLESHOOTING GUIDE 

SYMPTOM POSSIBLE CAUSE CORRECTIVE ACTION 

1. Print motor l. 
starts but doesn' t 

Broken p,r int switch l. Replace switch 

stop. No printing 2. Br oken switch wi re 2. Check all wires on pr int 
occurs . switch for electrical conti-

nuity 

3. Misadjusted print 3. Veri fy switch transfers 
switch when rol ler on switch actuator 

lransfers between high and low 
positions on the cam pulley . 

2. Chce started, l. Broken line feed l. Replace switch 
the line feed motor switch 
never stops 

2. Broken switch wire 2. Check all wires for 
electrical continuity 

. 3. t1isadjusted line 3 . Verify switch trans fers , 
feed switch when roller an switch actuator 

transfers between high and low 
positions on switch eccentric. 

3. Print Motor l. Excessive Belt l. Adjust belt tension 
stalls tension 

2. Bad crimp on one or 2. Visually ve r i fy crimps 
more A.C. motor wires are good 

3. Bad A. C. motor 3. Replace motor 

4 . Occasional l. Bad line feed switch l. Replace switch 
missed line feed 

2. Misadjusted line feed 2. Verify switch roller rides 
switch on lower surface of paper feed 

eccentr ic when i n the home 
position, and that switch trans-
fers when switch roller moves 
From low surface of the paper 
Feed eccentric 

5. Uneven line l. Paper slippage l. Clean platen and/ or replace 
feeds pressure roll springs 

2. Metal wear plate 2. Replace pawl 
broken off line feed 
pawl 

3. Platen nat detent - 3. Check for defective detent 
ing properly mechanism . 

5 



MECHANISH TROUBLESHOOTING GUIDE ( Continued ) 

SY'·lPTOM POSSIBLE CAUSE CORRECTIVE ACTION 

6. line feed motor 1- Bad A.C. motor 1 • Replace A. C. motor 
stalls 

2. Line feed pawl binds 2. Replace pawl or eccentric 
on eccentric 

3 . Bad wire to pin con- 3 . Check crimp on wire 
nections on A. C. 
motor wires 

4. Platen won't turn 4. Inspect detent mechanism 
or turns with diffi - for source of jam and replace 
culty or repair as required 

7. Missing dots 1- Ribbon not properly 1- Install ribbon correctly 
i nstalled 

2. Bad print solenoid 2. Replace head 

3 . Head to platen gap 3. Verify head t o platen gap 
excess ive is .DlS" r .003" 

8. Excessive 1- 8el t tension too 1- Tighten belt t ension 
variation in loose 
character size 

2. Start to print dis- 2 . Adjust pr lnt switch to 
tance (distance from correct start to print location. 
1st dot position to 
i nside a f side frame ) 
is out of tolerance 
( . 965:! .060" ) 

3 . Head binding on 3. Align head bearings on 
shaft shaft. Lubricate sha ft. 

6 
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PART LIST 7040 J 

ITEl4 NO. PART NO. OESCRIPTION QUANTITY 

101411-004 " 1. ASSY-A.C. MOTOR 1 
2. 100576 TlHRLER 1 
3. 101528 8RACKET-RI880N TENSION 1 
4 . 101225 SPACER-RI880N POST 2 
5. 102378 SPRING-RI880N TENSION 1 
6. 101383 ASSY-fRAME LEfT SIDE 1 
7. 100625 ASSY-RI880N POST 2 
B. 102539 SPRING-RIBBON SPOOL BRAKE 2 

, 9 . 101221 ASSY-RIBBON & SPOOLS 1 
10. 101231 - 005 SPRI NG-EXTENSION 1 
11 . 101 035 ECCENTRIC PAPER fEED & SWITCH" 1 
12 . 101077 ASSY-PAWL fEEO 1 
13. 100272-005 SWITCH-ELECTRICAL 2 
14. 102414-001 fOAM-TAPE AIR 
15. 101349 SHIM WASHER 1 
16. 101013 MOOlfICATION-PLATEN 1 
17. 101073 ASSY-CAM DRIVE 1 
lB. 101065 GUIDE-PAPER 2 
19. 101051 MOD ifiCATION-EXTRUSION 1 
20. 101392 DECAL 1 
21. 100543-004 TAPE AIR 

22. 101057 GUIDE- PAPER 1 
23. 10191B SPRING-PRESSURE ROLL 2 
24. 101003 SUPPORT-PRESSURE ROLL 1 
25. 101067 ASSY-ROLLER PRESSURE 1 
26. 101525 SHAfT-HEAD 1 
27. 101117 RIBBON fEED PAWL 1 
28. 100559 SPRING-RIBBON fEED PAWL 2 
29. 101137-002 ASSY-HEAD 7 WIRE 1 
30. 102409 DEfLECTOR-R'IBBON HE!ID 1 

31 . 101005 8LADE-TEAR Off 40 COL . 1 

32. 101086 PULLEY-DRIVE MOTOR 1 

33. 101229-001 BELT 1 
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PART LIST 7040 J 
( CONTINUED ) 

lTEI~ NO . PART NO . OESCRIPT ION, QUANT ITY 

34. 101008 PULLEY CAr·r 1% LPS 1 

35. 101281 ASSY- FRAHE RIGHT SIDE 1 

36. 101411-001 ASSY- A.C. r~O TOR 

37. 102361 SPRING-CONICAL COMPRESSION 1 

38. 101069 DETENT 1 

39 . 101 068 ROLLER- DETENT 1 

40 . 101433 MANDREL- 40 COLUMN SUPPLY 1 

41. 3030- 021 RIGHT PAPER BRACKET 1 

42 . 3030- 020 LEFT PAPER BRACKET 1 

43 . 100173- 042 SCRE\< ( 4- 40 x . 218 ) 2 

44 . 100173- 050 SCREI·r ( 4-40 x . 187) 1 

45 . 100173- 076 SCREW (8- 32 x .375) 1 

46 . 100172- 002 WASHER ( 84 EXT. LOCK ) 1 

47. 100173- 081 SCRE\~ ( 4- 40 x .218) 4 

• Use on Fast Paper Feed version only . 
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DOCUMENT NO. 29000039 
REVISION 0, JUNE 1977 

PART NUMBER 45" 
R650X's and R651X's 

DATA SHEET 

R6S00 MICROPROCESSORS (CPU's) 

SYSTEM ABSTRACT 

The 80bit A6500 mitroo;oml)Uler syatem is produce-d with N· 
Channel , Silicon Gill! l«hnol09V . ttl performance lPHCb ... 
enhaneld by advilnc!'d ~VSTem Irc;hilKture which enabl., multiple 
addressinG. lIS InnOll.tiv. IIrc:hltt!(:lure rnuln in smaller chips _ 

Ih ll semiconductor threthold to con·effectivity. Svnem colt
effectivity is funher enhanced by providing II family of 10 softwilre
compatible microprocessor ICPU) d"'iclt which are described in 
th is document . Aoc::kweU ,Iso Pl'OYidu memory and I/O dev ins 
thai funher .nnanct the con .. lflct;vitY of the R6500 micro
computer wuem . . . iii welt as IOW":OST design aids .nd 
documenlation. 

R6SDD MICROPROCESSOR (CPU) CONCEPT 
Ten CPU dIViCis are iyall.blt. All are softwult-(:omOllibll. 
Th~ provide OOlions of addrlSiabl, m~mory, interrup! input, 
Otl..:h ip clock oS(:iliaton iI/'Id drivlrs , AU are bus..:omplt lbll 
with nrtier generation rnicroprocenon likl thl M6800 dltVices. 

The farnily includes ,i. rnicroprocnson wilh on-OOlrd clock 
oKilialOrl end driven and lou r rnicroproc.non dri~n by IlIternal 
clocks, The on..:hip clock lI,nions are limed .II high performiinci. 
low COS! IIIIpllCl l lons where singll pnue inpu n, crystal or RC 
inputs provldl the lime base. Thl ,xtern81 clock lI'nions Ire 
geared for Ihl mullipr~ssor syl1em ICIPliCllions wherl rn.ximum 
liming control is mendil!Ory. All .... rsion. of Ihl microprocenon 
ate IVlillble in 1 MHz and 2 MHz m, ximum OPefilling'requencin . 

MEMBERS OF THE R6SDD MICROPROCESSOR 
(CPU) FAMILY 
MicroprOCIUOn wilh On·Board Clock OKiliator 

R6502 65K eyte, 
R6503 4K Bytes 
R6504 BK 8y!!s 
R6505 4K Bytes 
R6506 4K By," 
R6507 

Microprocessors with Externill Two PhaSl Clock OUlJ)u t 

R65 12 
R6513 
R6514 
R6S15 

Addr_ bl. Mlmory 

65K By til 
4K BYI" 
8K Bylu 
4K 8yles 

FEATURES 

• 5inw'e five 11011 supply 

• N chlnnel, silicon gilta. depletion load technology 

• Eigl'll bil ,,,,aflel processing 

• 56 Insmolctions 

• Oecima! end binary arithmetic 

1 Thirteen Ioddressing modes 

1 Trul indilling clPlIbility 

1 Proor,mmable lIack pointer 

• Variable lenglh stack , 
• In terrupt capability 

• Non·mask,bll inll rNPt 

• UN! with Iny tYPi or SPeed memory 

• BidirKtional Olta Bus 

1 InllNCtion decoding and control 

• Addressable mlmory range of UP to 65K by tes 

I "Ready" Input 

1 Oirect mlmory KCeu caplbiUty 

1 Bus compllible with M6800 

1 Choic l of Ix ternal or on-board clockl 

• 1 MHz Ind 2 MHz operation 

• On·lhl..:hip Clock options 

- External single clock inpul 

- RC tlml baH input 

- Cryllal time bilse input 

• 40 Ind 28 pin package .venions 

• Pipelinl l rchilecture 

Ordering Information 

Ordlt p,c:k-ve Frequ ........ 

Number TV" 09!ion 

R6SXXP Plastic 1 MHz 

R65XXC Cer~mic 1 MHl 

R65XXAP PlastiC 2MHl 

R65XXAC Cer~mic: 2 MH: 

T.", __ tu rl 

R ..... 

OOC to +700 C 
oOe to +700 C 
OOC to +700 C 
oOe to +700 e 

Where XX it 02. 03, 04, 05, 06. 07.12,13,14, or 15 dlP,nding 
upon thl 'UturlS de-sirl!'d . 

@ R""" .... II Ift'otftl"OIIoi CDI""'"''''' Ian 
AU Ri9l''' ~ ... ,_ 

Pl-tft,td i .. u .s. ... . PRELIMINARY 
51>..:IIIClilonl ,ul)j..:t to 
ch,ngl wimou1 notlCI 
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R6500 Signal Description 

ClockI 14l
1

,41
2

1 

The A651X requires ill IWO phase non.o"e,lapping cloc:k th.t""M 

" the V CC "olngoe level. 

The R650X cloc:ks Irl supplied with In internll clock ilnerollor. 
The frequency of these clocks il e.lernilly controll.d. Det. ils 01 
Ihil future .re d iJcuned in Ihe R6502 oo"ion 01 this dltl sheet. 

Addr_ BUI IAO·A,51 (S,. lections on eeeh micro for re$.peeti"e 
addrell lines on those d .... icel.) 

These outputs aT! TTL comgllible. ciilgillble of dri"ing one l1i11ndard 
TTL load iIInd '30gF . 

Dltl BuIIOO·07 1 

Eight gins are used for Ih. dilltill bus. This is • bidirectional bUI, 
Ir.nllerring data to imd from the de"ice and gerigh.rals. The OUI· 
pun are Iri·l1i11te buflers caplbl. of dri"ing one nandlrd TTL load 
and 130 pF . 

Dau Bu. En.bl. lOBE I 

This TTL comgarible input allows extern.1 control 01 Ihe tri-st.te 
dal. output buffers and will enable the microgrocenor bUI d,i"er 
when in Ihe high lIat •. In normal operation DBE would be dri"e n 
by th. phase IWO 1¢l

2
1 cloc:k, mus allowing dala output from 

mierOProee1lor only during ¢l 2 . During Ihe r .. d cycle. the data 
bul d r i"en a re int.rn.lly d isabled. becoming Hsentlally an open 
circuil . To disable data bul dri"e'" eXlernally, OBE shouLd be held 
low. 

This input signal allows the user to single cycle the micrOProc:essor 
on .11 cycles excepl writ. cycles. A neg.ti". t r.n.ition to the low 
nate during 0, coincident with phase one 1 ¢I,l will hilt the mic ro· 
prOC,lIDr with the output address lines reflecting the current 
addrell being letc:hl'd. This condition will remlin through a sub
sequent phase two (¢l

2
1 in which the Aeady l ign.1 i. low. This 

future allows microproceuor Interfacing with low sg .. d PROMS 
ill well " fau Imax. 2 cyclel Direct Memory Accen IOMAI. II 
Aeadv is low during a write cycle. it is ignored until the following 
read openlion. 

Inl .. rupt AMjulS! URQI 

Thil TT L level input ~ues!S th.1 an interNpt 1IqUern;e begin 
wilhin Ihe microprocessor. The microproe:essor will complete the 
current inUNction being e.ecuted belore rec:ognl,ing the request. 
AI Ihiil! time, the Inter""pl mllSk. bit in the St.tus Code Reg iuer 
will be examined. 11 Ihe Interrup t mask fl ag i. not set, Ihe micro· 
proceslor will begin .n Interrupl sequence. The Progr.m Counter 
.nd Procenor Status Regilter are nored in the lIack. The micro· 
proc:essor will then set Ihe interNpt mask flag h igh so that no fur· 
ther interrupts m.y occur. AI th. end of this cycle, the program 
counter low will be loaded from addrel$ FFFE. and progrtm 
counter high from IOCllion FFFF, therelore t"nll",ing program 
conlrol to the memory "ector localed at the •• tddresW1. The 
ROY signal mun be in the high state for anV int.nupt to be ree· 
Ogniud. A3Kn tI(ternal resinor should be used for proper 
wire ·OR operation. 

Non.Makabl.lnM,ruptlfJUl) 

A neglti"e going edge on this input requl$!S Ihat a non-mUk3ble 
interrupl sequence be gen.,,11'd with in the microprocessor. 

NMl il . n unc:onditionai inter""pl. Following completion of the 
current in$ll'\,lCllon. the sequence of operat ionl defined lor i'FiQ 
will be performed, reg.rdlel1 of the nate interNPt mllSk flag. The 
"ector address loaded into the prag,,,,, counter. low .nd high . are 
loc:.at ions FFFA and FFFB re5;)K'ti"elv, thereby u anderring pro· 
gram control to ·the memory "eetor loe.ted at these addrnsl$. 
Th, inUNctions loaded It these locat ions cause the mic roproc· 
essor to brarn;h to a non·mlHkab le interrupt rOUllne in memory . 

NMi ,110 requ irl$ .n exlernll 3K n reginer to V CC for proper 
wire·OR oper'tions. 

Inputs iRQ and NMI are hardware interrupti. lines Ihat are sam· 
pled d u ring 412 Iphas. 21 .nd will begin the .ppropriate interrupt 
routine on the 41, Iphase 11 following Ihe completion of the cur· 
renl inst""ctlon. 

Set Overflow FI-e IS.O.l 

A NEGATIVE going edwa on this input setlthe overflow bil in the 
Status Code Aegiste r. This signal is sampled on the trailing edge of .,. 

SYNC 

Th is output line is pro"ided to identify Ihose cycln in which the 
microproce$$or il doing an OP CODE fetch. The SYNC line gots 
high during ¢I, 01 an OP COOE fetch I nd ulys h igh lor the 
rem.inder 01 th.t cycle. If the ROY line is pulled lowduling the 
411 clock pulse in which SYNC wenl h iih , the procellor will stOP 
in in curren t stiille and will rem.in in the Itall unti l Ihe ROV line 
9QeS high . In Ihis m.nnfll. the SYNC sign.1 can be usl'd 10 control 
AOV to cllae single inuruction exec:ut ion. 

This input is used to reset or nan Ihe m ic roprocessor from iI 

gower down condit ion. Ourin.g the time that tnili line is held low. 
wrlting to or from the microorocenor is inhib ited . When a posi· 
Ii", edge is detected on Ihe input. the m ic roproe:essor witt imme· 
diately begin Ihe reset sequence. 

Aller a svnem ;nit i.lizBlian time of six clock cvcles. the mMk. 
interrupt flilg will be se t and Ihe microproc:essor will load the pro· 
gram counter from Ihe memory "ector locations FFFC and FFFO. 
This is Ihe nan loeation for program control. 

After Vee reaches 4 .75 ,,0111 in a power up rout ine . relel mUSI be 

held low for iii! lean two clock. cvcles. AI this time Ihe R/W and 
ISYNCl sign. 1 will become "alid. 

When th. rl1et signal gotS high following then twO clock cvcles, 
Ihe m lc: roproc:ellor will proc:el'd with the no rmal reset proc:l'dure 
de tailed abo"e. 



ADDRESSING MODES 

ACCUMULATOR ADDRESSING - Thi, form of acld,,"';"g is 
~prelented with. onl byte InUNction, implving.., CPI"lion on 
the ac:cumulator . 

IMMEDIATE ADDRESSING _ In immediate addntlling, thl 
oper,nd is conteintd in the SIICOnd byll of the i"nruellon, with 
no '",Uht. mt morv tddrening IlIquired. 

ABSOLUTE ADDRESSING - In tb$OfulI Iddrt5ling, the second 
byte of Ihe inuruction specifies the elgt'll low oroer bib of Ih, 
.tlecl;"'. acld .. u whilt th, third tr·tt' !.pee;'il' th, ,ipl high 
order bin. Thul. th' absolute iddrellin9 mode , lI ows Ieee» 10 
Ih, I nli •• 65K bytn of addreuabl. m,morv . 

ZERO PA.GE ADDRESSING - The zero ptoge InUNction. ,UQ\N 
for shorter cod, Ind u:ecution times bv only fe tchinglh, SIICOnd 
byte of thl inltNction and auuming , lifO h igh addml bylt. 

CoI.,ful Uill of the zero P3g8 can ,nul, In $ignifi~"t in.::re .. in 
c:ode efficiency, 

INDEXED ZERO PAGE ADDRESSING - IX, V induing) _ Thi, 
lorm of addruling il und in conlunction with Ihe indu regille r 
and il referred to 8S "Zero Page, X" or "Zero Page, V" , Thl effec
tive add"SI is calculated by adding the sleond byte to the coo
tents of lh' indu regilter. Sincl Ihis is a 10,... of " ZifO Pig'" 
addressing, Iht content 01 crill' $Kond bye, "f,rencH IloutiOr> in 
page zero, Addiliooally dul to til' " Z,ro p." OIddreuiog nliUrl 
of mil modi, no urrv is added 10 \1'11 high order 8 bits of memorv 
and crossing of ptQe bouodariu do.. nOt occur. 

INDEXED ABSOl.UTE ADDRESSING _ lx, V ,oduing) _ This 
'orm of add re5liog i. used io coniuoctlon with X aOG V iodu "g_ 
iller Ind i. ,.I,rrld 10 as "Absolull, X",.nd "Absolule, V" , The 
effecti .... Iddrns is fo,...!'d by addiog 1111 cooteon of X 0, V 10 
me addreu COflI.in!'d in 11'1. $Kolld alld third bytH of 11'1. illstruc' 
tioll . This mod. Illows Ihe iod .. register 10 contaill 11'1. Illdell or 
COUIlt yalue alld the ill structioll 10 COOlllill the base address. This 
Iype of illduillg allows allY locatiOIl refe retICillg and the indu to 
modify mul t ipll fieldS resulting io reduced codillg alld .xecutioll 
lime. 

IMPl.IED ADDRESSING - III th. implied .odreAiog mode. th. 
addlllu cOlltlioillg the op.nlld is impficilly stlted io the opef"llioo 
code of th l In'tNCllon. 

RELATIVE ADDRESSING - R.llliv, addressing is u ltd only 
with bnnch inuructioo, aod IStabli,hu I d,nillitioo fa, the Call
ditiOflal brllllch. 

Th, $Koncl byte of th' instruction be<:om" Ih. oper,"d which is 
ao "OffMt" added to the COlltellts of Ih' lower eisht bill of the 
progrllm counter wII' o the coullter illn lit the nellt illstNCtion, 
The range of thl offset il -128 to .127 bytes from th' II111t 
;nstructioo, 

INDEXED INDIRECT ADDRESSING - 10 inet,x..:! Indi rlC! 
addressing (referrld to as !iodirect, xii. til. second byll 01 the 
jOluuctloll is iIddtd to 11'1. contents of thl X ind'lI rtgiuer, di.
carding 11'1. " .. ry, Th. ",..,It 01 thi. tdditlOfl points to I memory 
location 00 PI9t ltfO whose COlltellts is the low ord.r eight bit! 
of the .ffecti .... addreu, Th. n,xl memory loca liOl"l in page UfO 
COOIa;1I1 the high orJft r eight bit! of Ihe effective address. 80th 
memo", locatiolls specifying the high and low o rder by tel of the 
effective Iddreu must b! in page nro. 

INDIRECT INDEXED ADORESSING - In indirect Illdexed 
addressin", (referred to 1$ IIlIdirect) . VI. th. secOl'ld byle of Ihe 
'nSlNctioll poillt! to I memory Ioc:atioo ill pllge zeta. Thl con
tents of th is memory locon;oll is added 10 the Cortlell ts of the V 
;od.x rlgister. the result beiog \h. low order eight bits of th. 
effec ti ... addre", The catTY from Ii'll, addition is .edded 10 the 
CO ll tellts of the lI.xt page zero memory locatloo , the resul t beillg 
the high order light bits o f the e ffee:tlve addreu. 

ABSOLUTE INDIRECT - The second byte of the inllNctiOfl 
contaills the low order eight bits of a memory locallort. Th. high 
order eight bits o f thlt memory IOClnOIl is coo18in!'d III th' third 
byte of the inUNctioll . The conteo ll of the fully soee:ifitd memo 
ory loeatiQtl II the low order byte of thl effectivi M1dreu, The 
nen memory location cOlltllins tile high order byte of the effee: . 
tive addre" which 11 loadl!ci Illto the Ilxt"o bils 01 Ihe progrlm 
coutller, 

INSTRUCTION SET - ALPHABETIC SEQUENCE 

AOC Add Memory to Accumulator Wilh Carry JMP Jump to New l.ocatioo 
AND "ANO·· Memory with Accumuilitor JSR Jumo to New Locatiort Stll iog Return Address 
ASL Shift left aile Bit (Memory or Acc:umulatod 

LOA Load Accumulator with Memory 

BCC Branch a ll CatTY Clellr 
LOX l.Dad Illdex X with Memory 
LOY l.oad Index V with Memory 

BCS Brallch all Carry Set 
LSR Shift ani Bit Right (Memory or Accumulator) 

BEQ Braoch 00 RHui t Ze, o 
BIT Ten Bils In Memory with Accumul.cor NOP No OPtrl1ioll 
BMI Brillcll a ll Result MiliUS 
BNE Brlnch all Result 1I0t Zero ORA "OR Memorv with Accumulator 

"L Branch all Result Plus PHA Push Accumul.cOl' all SIa.ck 
BRK Force Bruk PHP Push Processor Status all Slxk 
BVC 8rallCh on Overflow Clear PLA Pull Accumulator from Sta.ck 
BVS 8r"och on Overflow Set PLP Pull Processor Status from Steck 

CLC Clear Carry Flag ROL Rotate aile 8it Left (M.morv or Accumulatod 

CLO Clear Otclmal Mode ROR Rotate 0 ... Bit Right (Memory or Accumulator! 

CLI Clear InllrNPt Oilabl, Bit RTi RelUm from 10tlrNpt 

CLV Ctear o..erflow Flag RTS Returll from Subroutioe 

CMP Compere Memory and Ac"umuillor SBC Subtract Memory from Accumutllor with Borrow 

CPX Compare Memory alld Index X SEC Set Carry Flag 

CPY Compere Memory alld Index V SED Set Dee:imal Mode 
SEI S.t tnterNpt Disable StatuI 

DEC 
STA 510(1 Accumulator io Memory 

Decrement Memorv by One STX Slore Illdex X in Memory 
OEX DlCremtltll Illdex X by all. 

STY Store Illdex V in Ml;!mory 
DEY DlCremlnl 'ndex Y by Do. 

TAX Transfer Accumulator to Index X 

EOR '· Exdusive-or" Memory witn Accumulator TAY Trlnsfer Accumulnor to loGe>: V 
TSX Tri llder Steck Pointer \0 Ind .. X 

INC Illcremelli Memory by 00. TXA Trallsfer tlldex X to Accumuillor 
INX lncremillt Illdex X by On, TXS Trallsfer Illdex x 10 Slack Registe r 
INY Illcrem'nt 'odex V by aile TYA Traosfer Index V to Accumuhllor 

Ltl 





V" 
ROV 

R" R6502 - 40 Pin Package 

!P, (OUT) 

'RO 
N.C, 

NM' 

SYNC 
vee 
A" 
AB' 
AB' 
AB' 
AB' 

A" 
AB' 

A" 
AB' 
AB' 
ABIO 

ABll 

1P2 (OUT) 
S,O, 

¢lo (IN ) 

N,C, 

N.C. 

Am 
DB' 

'B' 
'" 0" 
DB' 

DB' 

DB' 

0" 
ASIS 
AB14 

AB13 

AB12 

V" 

F.-tur .. of R6S02 

• 6SK Addrllueble Bytes 01 Memory 

• iA6 Inlerrupt 
• O"'lhll-<:l'\lp Clock 

TTL Level Single Phillie Input 
RC Time eMil Inpul 
Crystal Time SalOl! Inpul 

• SYNC 5i9nll 
tean be used for l ingle inUN(:lion IIl1ecUlion) 

• ROY Signl\ 
(C8n be Uied for single cycle ute-ulian! 

• Two Phase Output CLock tor Timing of Support Chip! 

• NMl Inlllrrupt 

R6503 - 28 Pin Package 

R" 
V" 
'RO 

NM' 
vee 
AB' 
AB' 
AB' 
AB' 
AB. 

AB' 

AB' 
AB' 
AB' 

t112 (OUT) 

¢lo (lNI 
Am 
DB' 

DB' 

DB' 
DB' 
DB' 

DB' 

DB' 
DB' 
ASll 

"BID 
AB. 

Futur. of R6503 

• 4K Addreiliable Byles of Memory (ABOO·AS'" 
• O,,·the..chip Clock 
• TR"/lIMe,rupt 
• NMI Interrupl 

• 8 Bit Bidirectional O,'a Bu. 

R6504 - 28 Pin Package 

412 (OUTI 

A" 
AB' 
AB' 
AB' 
AB' 

AB' 
AB' 

A" 

410 (IN) 

Rm 

DB' 

DB' 

0" 
0" 
DO> 

AB12 

AB" 
ABIO 

A3 ~2(OUT) 

VSS 4>0 liN) 
ROY RIW 

IRQ OBO 

vee OBI 

ABO OB2 
ABt OB3 

AB2 OB4 

AB3 OBS 

AB4 OB6 

ABS OB7 
AB6 AB,1 

AB7 AB10 

ABB -~:... __ ....::t_A" 

• SK Addressable Bytes of Memory (A BOO·A8121 
• O,,·,he-chip Clock 
• IRO Interrupt 
• 8 Bit Bidirl!clional Data BUi 

R6505 - 28 Pin Package 

FUN,.. of R6505 

• 4K Addressable Byles of MemOl'y (ABDO-AB11) 

• On-th&<hip Clock 
• ~ Interrupt 
• ROY Signal 
• 8 Bit Bidirl!ctional Oata Bus 



TIME BASE GENERATION OF INPUT CLOCK 

R6502 

",. 3. SYSTEM ~2 

C, Rf 
37 

!!lli 
37 410 UNJ o CRYSTAL 39 tp2 (OUT) 

R6502 Parallel Mode Crystal Controlled Oscillator 

3' SYSTEM 412 

37 PIN 
37 :~ :~N~T I 3' 

R6502 Series Mode Crystal Controlled Oscillator 

",. 3. SYSTEM !lJ
2 C, 

PIN 
37 37 .po (lNl 

3. 412 (OUT ) 

R6502 Time Base Generator - AC Network 

R6503, R6504, R6505, R6506, R6507 

28 SYSTEM 412 

27 PIN 
27 1/1

0 
UN! 

28 412 (OUTI 

R6503, 04, 05, 06, 07 Parallel Mode Crystal 
Controlled Oscillator 

28 

27 

28 

27 

SYSTEM 11>2 

PIN 
27 
28 

R6503. 04, 05, 06, 07 Series Mode Crystal 
Controlled Oscillator 

.of 

!; :~N~T J 

SYSTEM 412 

PIN 
27 !; : ~~T) 28 

A6503. 04, 05, 06, 07 Time Base Generation RC Network 



Clock Timing - R6502, 03, 04, OS, 06, 07 

0:>1 10UTl 

:tI2 IOUTl 

Clock Timing - R6512, 13, 14, 15 

j""REF " " " 

• TCYC -------------4 

" 

50, 

Timing for Reading Data from Memory or Peripherals 

I REF .. ,. .. 

O •• V 
TRWS t-

2.0V , 
" -.. "'. - + """:<::»>1 

' <"""",J-------'C'~·~-~~>-.. 2.0V 2.0V ADDRESS FROM 
M'U O.IV 

OAT,. FROM ~ 

:~Jt~~::f:~==;i~~"i'~V~~~~~ MEMORY ; I 

ROY. S.D. 

SYNC 

---+-----;';:.;::: TACC O.8V I . --.: _T~R 
. TOSU 

-+-...;.,..j-' 
J--TROY. so 

Timing for Writing Data to Memory or Peripherals 

5:"" "" F"" '" O .• V O.4V 

I TRWS I--

"'. ~i O.IV I I , 
___ --\O.2V I ; , 

AOORESS FROM ; ~2.0V 

, 

I~ 
I PCH 

- , , , 
V

CC
· O.2V 

O.2V 

, 

7 

7 

I 
7 

I 
7 

I 
7 

1'1 

A 

V 

X 

pce 

s 

M'U ; ~ O.IV 

-I TAOS ,...... 2.0V 
DATA FROM r 
M'U .' 

O.8V , , 
~ TMOS Tl'M' _ 1 

REF " ." 
Non: " REF ." mNns Ret .... ~. Poi"tli Of! cloek,. 

PROGRAMMING MODEL 

0 7 0 
I ACCUMULATOR A I N V B 0 IlzlC l p ROCESSOR STATUS REG 'P" 

0 
'INDEX REGISTER V 

0 
' INDEX REGISTER X 

0 

I PROGRAM COUNTER "PC" ~ 
CARRY 1 - TRUE 

ZERO 1 .. RESULT ZERO 

IRO DISABLE 1 .. DISABLE 
0 
I STACK POINTER "s" DECIMAL MOCE I .. TRUE 

BRK COMMAND 

OVERFLOW 1 .. TRUE 

NEGATIVE 1 " NEG. 



1 MHz Timing 

Clock Timing - R6502. 03, 04. as, 06. 07 --
'." .. , ........ ,. ,."-.,, .. , , .. , . ", .. , ........ , .... 
"" .. '_10_00< .. --_ .. " .. , 
'''01>11 _ ...... ' '''_ow" , IV' 

0"01>" ........ _-_ .. .. '"'" 

-
'eve 

...... .... 
'. 

o"oun ., ....... , '" ' " f_ t • • •• 
,_ ... _,, 0 ..... 1.01<' 
' ...... JOo'" ".' 

Clock Timing - R651 2. 13, 14. 15 -- -c .. .. , .... 'eye 
c ... . • ... w_ •• ... .... , ... _ .... ...... • M .. .... " .' 
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SPECIFICATIONS 

Maximum Rl tings 

Ratill9 Symbol V.lul Unit 

SUPCl I.,. Voltage Vee -0.310 +7.0 Vd, 

Inpu, Volt. V. .0..310+1.0 Vd, m 
O~ralin!l Tamper.lu", TA o to +70 'e 

Storage Temper-uura TSTG ·55 to +'50 'e 

This dllY i ~. ,ontli"s input p rotection againll damage dult 10 high SllIt ic voltages or electric fields; howw.r, ""nu llons should b. Ilk," 10 
w oid application o f volta!!'" h igher than th ' muimum rltl n9. 

Electrical Characteristics 

(Vee " S.O!.5". Vss '" O,T A "'2S0C) 

41" rlI2 1PPlin 10 R6512, 13, 14, IS, 410Bnl applies IO,A6502. 03, 04, 05, 06 and 07 . 

Ch •• ..:t .. iltic Sym bol Min T" M .. Unit 

Input HI'iI" Voltage V. H 
Vdo 

Logic, <Polin) VSS" 2.4 - Vee 

41" rIl 2 VCC ·O.2 - Vee" 0.25 • 
Input Low Volu,ge V. L 

Vd, 

L.ogic·$olinl VSS · C.l - VSS + 0.4 

41,,41 2 VSS · C.l - 11 55 +0.2 

Input High Threshold Volt. V IHT 
rn, ml, ROY, iJRi, 01'1, S.O. VSS'" 2.0 - - Vdo 

Inout Low Threshold Vollage VILT 
m, Fmi. R,JY, nrn:, 0118, S.O. - - VSS + 0.8 Vd, 

Inpul Leakage Current •• m 

IVin '" 0 10 5.25V, VCC '" 0) • 
Logie: ( Exe:!. ROY , S.O.) - - ' .5 . A 

41,,412 - - '00 .A 

¢lolin) - - 10.0 .A 

Three-Slate iO lf Sliliel Input Currant ITS1 .A 

N in ," 0 .4 10 2.4V , V CC '" S.2SVI 

Data Lines - - '0 

Ourput High VOltige VOH 

(lLOAO '" · l00uAde:. VCC '" 4 .7SVI 

SYNC, Olla, AO-A1S, RM VSS + 2.4 - - Vd, 

Output Low Voltage VO L 

(l LOA D " 1.6 mAde:. VCC" 4 .7SVI 

SYNC, Dlla, AO·A 15, AM - - VSS + 0 .4 Vdo 

Power Diuipation '0 - 0 .25 0 .70 W 

Capacitane:e e ,F 

N . '" 0, T A" 2S
o

C, I '" 1 MHd m 
Logie: Cin - - .0 

Dati - - 15 

AO·A1S. AM, SYNC e~, - - " 
¢loi in ) C¢loiinl - - 15 

0, CO, - 30 50 

0, CO, - 50 80 

Note : i'Fi'ei and NMI reQuinr Jj( pull~p ra';lIol'1. 



INSTRUCTION SET - OP CODES. Execution Time. Memory Requirements 
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2048 x a-BIT PROM 

Electrically Programmable/Ultraviolet Erasable ROM 

FEATURES 

a Replacement for popular 2048 x a bi12716 type
EPROM 

a Single +5 Yolt po ..... e~ supply during READ operation 

a Fast Access Time in READ mode 

P I N 
MK2716·5 
MK2716-6 
MK2716·' 
MK2J·16-8 

Access Time 
300n5 
350ns 
39005 
4S0ns 

o Low Power Dissipation: 525 mW max active 

DESCRIPTION 

Tna MK2716 is a 2048 II 8 bit elec1rically program
mable/ultraviolet erasabLe Read Only Memory. The 
circu i l is fabricated with Mostek's advanclitd N-channe! 
silicon gate technology for the highesl performance and 
reliabil ity, The MK2716 offers significant advances over 

BLOCK DIAGRAM 
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MK2716 (Tl-5 / 6 / 7/8 
a Power Down mode: 132 mW mall standby 

o Three State Output OR· lie capabi li ty 

a FiYe modes of operation for greiner system 
flex ibil i ty (see Table) 

a Single programming requirement single 
location programming with one 50 msec pulse 

o Pin Compatible w i th Mostek's W ide Word 
Memory Family 

o TTL compat ible in aU operating modes 

.:I Standard 24 pin DIP With transparent lid 

hardwired logic in COSL system flexibility. turnaround 
time and performance. 

The MK2716 has many useful system oriented features 
including a STANDBY mode 01 operation which lowers 
the device power from 525 mW maximum active power 
to 132 mW maximum for an overall savings of 75%. 
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ABSOLUTE MAXIMUM RATINGS· 

Vollage on any pin rela tive to VSS (Except VPP) •..•••.. • •.••.. .•• . • _, .• • • • •••••••••••••..• . ••• .Q.3V to .. 6V 
Voltage on VPP supply pin reliltive 10 VSS ......•.••..•• _ ............. .... . .... . . . ... . . . .... . -0.3'01 to +28V 
Operating Temperature TA (Ambient) ••••••••••.•••••• •• •••••• ••• •• . .• • • _ •. ...•...•..•.• •. O'C :51.: 1A :S;70·C 
Storage Temperature (A.mbient) ...... . •...•...........••...... . •.•..... •• ......... _ . . ·5S· C :s;; TA :S;+12S'C 
Power Dissipation .• •.•........ _ . .. _ .................................... . .......................... 1 Watt 
Short Circuit Output Current ...........•....•.......... _. _ .... _ ...•..........•...•......•. •........ SOmA 

'5...- 9 ...... ,h on ,n,.. hOI .. _ .• _",. Mu.<m .... A:o<",p·· _ a ... _ ........ !Samog. ,,,!ft. _ •. n. .. '0 '""", ,"",.only ,nil "'~ 

_""'" of .no """"c ... ,_ Of .... .. _ ....-.1_. or.- ,_ ,~Od in""~" -""'- of ,nil _"iQI""," n .. i .......... ~.10 ...... ,"'. 
_ .. ",,,m '''''''I """""_. I .. ____ "...,"111_ ~ ''''i .~,';,y. 

REAO OPERAnON 

RECOMMENDED D .C. OPERATING CONOITIONS AN O CHARACTER1ST1CS'.l .•.• 
(O°C .;;; T A .;;; 70°C) (veC .:: .. 5V :5%. VPP = VCCP 

SYM PARAMETER MIN TYP MAX 

V," Input High Voltage 2.0 Vcc+l 

V" Input Law Voltage -0.1 0.8 

1m vce Standby Power Supply Current 10 25 
(M = VIL; a = VIH) 

Icc: vce Activ. Pawer Supply Current 57 100 
(O"E" .:: cr :: VIL) 

I~ .. VPP Current (VPP :: 5 .25V) • 
VO " 

OUIDut High Voltage 2.4 
(IOH " -400 ."A) 

V" Output Low Voltage .45 

I (lOL.:: 2.TmA) 

I" Input Leakage Current 10 
(VIN = 5.25V) 

'0' Output Leakage Current 10 
(VOUT :: 5.25V) 

AC CHARACTERISTICS',l, ' 
10·C .;;; TA .;;; 70°C) (VCC :: "5V .:: 5%. VPP ,,·VCCp 

-5 -. ·7 -8 

YM PARAMETER MIN MAX MIN MAX MIN MAX MIN 

h.:.: Address 10 Output Delay 300 350 390 
(CE :: OE :: VIL) 

~, \ ~a Output Delay 300 350 390 
tOE :: VILI 

tut Output Enable 10 Output 120 120 120 
Delay ICE:: VIL) 

'0' ChIp Deselel:t 10 OutDut 0 100 0 100 0 '00 0 
Float ICE:: VIL) 

. .l. ........ cc .,. 1'"\",,,,,, ... ,,1 .... I n I 0 I 0 0 

UNITS NOTES 

Vol ts 

Volts 

mA 2 

mA 2 

mA 2.3 

Volts 

Volts 

,.A 

,.A 

MAX UNITS NOTES 

450 " 
450 " • 
120 " 10 

100 " 9 

", 

S I 



CAPACITANCE 
ITA '" 25~C)1 

SYM PARAMETER 

~ 
Input CtP,aCilance 
Output apacitance 

NOTU. 

TYP 

4 
8 

I . vee _ .......... "" Of a_. v",. _ Ro_ ,II., Of 01 In ....... " ..... ao v",.. 

MAX UNITS 

6 pF 
12 pF 

2. __ ."" yee "'ay ................ ,_~ .... _ "",."t "'''''''''''''''19. ,,' _ ..... au <h •• """ .. <,.,,_, II ,ne .~'" 0' ICC .M ,"" 

NOTES 

7 
7 
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TIM ING DIAGRAM 
(Program Mode) 
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DeSCRIPTION CONTINUED 

Programming ciln be done with a single TIL. level pulse. 
and may be. done on ilnv individual location Bither 
sequentially or .11 random. The three-Slilte output 
controlled by the OE input allows OR-lie capabi lity for 
constructton 01 large arrays. A slngl'! power supply 
reqUirement of ... 5 volts makes Ihe MK271 6 ideally 
SUited for use w ith M051el(s new 5 volt on ly 
microprocessors. such as the MK3880 (Z801. The 
MK2716 IS packaged In the IndUStry slandard 24 ' pin 
dual·in line package wilh a transparent hermetically 
sealed lid. This allows the user to expose the chip to 
ul traViolet l ight 10 erase the data panern. A new oattero 
may then be writ;en ,nto the deVice by follOWlno ::,e 

t- 'OEH-

-
~""T 

The MK2716 is specllically deSigned to lit Ihose 
applications where lasl turnaround time and panern 
e)(perimentalin are reQuired. Since daut may be allered 
in the device (erase and reprogram) It allows for ea rly 
debugging 01 the system program . Since single location 
programming is available the MK2716 can have ItS data 
content increased (assuming all 2048 bytes were no: 
programmed) at any lime lor easy updating of system 
capabilil ies In Ihe !ield.- Once the dalal program .s fixed 
and Ihe Inlention IS to produce large numbers of 
systems. Mostek also supplies a pm compatible mask 
programmable ROM. the MKJ4000. To ttansfer the 
program dala to ROM. the user need only send the 
PROM along with deVice Inlormatlon 10 MOSTEK. from 
which the ROM with the desired panero can be 
generated. ThiS means a reduClion in Ihe posslbiliry of 
error when converting dala to other forms (cards. tape. 
etc.) for thiS purpose. However. data may slill be mOUI by 
any of these traditional means such as paper tape. card 
deck. etc. 

READ O PERATION 

The MK2716 has five basic modes of ooeral ion. Under 
normal operating conditions i non·programmmg) Ihere 
are two modes including READ and STANOBY. A REAO 
aperatlon is accomplished by matnlalfllng pH'I 18 ('EEl al 
VIL and Pin 21 (VPP) at ~5 vol ts. If OE (pm 201 15 held 
active low alter addressing (AD· A 1 01 have stabi lized 
then valid OUlout data will appear on Ine OUlpu1 pins at 
access ume lACe (address access). In I~IS mode. aC:::I!."s 
I" .. ". ,.,,,,, ..... , .. I"",_~."' ·· 1V' ..... ~ 

5'1 



POWER DOWN operallon IS Iccomplished by lIking pm 
181CE) 10 I TTL high level{VIHI. The power IS reduced by 
75% from 525mW malumum 10 132mW. In power down 
vpp must be at .. 5 vailS and the outputs will be open
CirCUit regardless of the condition of OE. Access time ' 
from a high to low transition 01 CE UCE) is the same as 
Irom addresses UACe). (See STANDBY Timing 
Diagram). 

PROGRAMMING INSTRUCTIONS 

The MK2716 as shipped from Moslek w ill be complelely 
erased. In Ihls II"\lIial Slall! and aher any subsequent 
erasure. all b.ts Will be at a . " level (oulput high). 
Information IS Introduced by selectively programming 
'O's Into the proper bit locallons. Once a '0' has been 
programmed InlO Ihe chip II may be c~anged only by 
erasing !he enllre chip With UV l ighl. 

Word address selection is done by the same decode 
circuitry used in the READ mode. The MK2716 IS PUI 
inlO the PROGRAM mode by mamtainingVPP at "'"25V. 
and OE al VtH. In thiS mode the output pins serve as 
InpUIS (8 bits m parallel) for Ihe required program dall. 
LogiC levels lor other inputs and the VCC supply voltage 
are the same as In the READ mode. 

The program a " byte " (8 bits) of data, a m active high 
level pulse IS applied to the CE/ PGM pin once addresses ' 
and data are stabil ized on the Inputs. Each locallon must 
have a pulse ipplied With only one pulH per location 
requ ired. Any individual location. a sequence of 
locations or locations at random may be programmed in 
this manor. The program pulse has a minimum widlnol 
45 msec and a maximum 01 5Smsec, and must not be 
programmed With a h.gh level D.C. Signal appl ied 10 the 
CE/ PGM pin. 

PROGRAM INHIBIT is another uselul mode oloperatlon 
when programmmg multiple parallel addressed 
MK271S's with different dala. II is necessary only to 
maimain OE at VIH, VPP at ... 25, allow addresses and 
dala to stabilize and pulse the ~/PGM pin of the device 
to be programmed. Data may then be changed and the 
nelll device pulsed. The devices with CElPGM at Vil 
will not be programmed. 

PROGRAM VERIFY allows thll Mt<2716 programdala to 
be vetllied without naving to reduclI VPP from ... 25V to 
+- SV . V PP should only b. used i n Ihe 
PROGRAM / PROGRAM INHIBIT and PROGRAM 
VERIFY modes and must be at +-5V in all other modes. 

MK2716 ERASING PROC EOURE 

The MK2716 may be erased by exposure to high 
intenSity ultravIolet light. i lluminating the chip tnru the 
transparent window. This exposure to ultraviolet light 
induces the flow of a phOIO current from the floating 
gate thereby discharging t~e gate to its initial state. An 
ultraviolet source 01 2537A yielding a tOlal integrated 
dosage 0115 Wan-seconds/ cm! is reQuired. Note that 
all bits of the MK2716 wtll be erased. The erasure time 
is approximately 15 to 20 minutes utilizing a ultra -violet 
lamp with a 12000 ... W/cm J power rat ing, The tamp 
should be used without short wave filters. and the 
MK2716 to be erased should be placed about onl! inch 
away Irom the lamp lUbeS. It should be noted that as the 
distance berween Ihe tamp and the.Chip is doubled, the 
exposure time required goes up by.i factor 014. The UV 
content of sunlight is insufficient to provide a practical 
means 01 erasing the MK2716. However. it is not 
recommended that the MK2716 be operated or stored in 
direct sunlight. as the UV content 01 sunlight may cause 
erasure 01 some bits in a shon period of time. 

60 



FEATURES 

: Address Activatedf'" Interlace combines benefits 0' 
Edge Activatecfl" and full stal ic 

: High performance 

Plrt Number Acea" Time Cycl. Time 

MK4118-1 120 !'Isec 120 nsec 
MK4118·2 1500sec 1 SO nsec 
MK4118·3 200 nsec 200 nsec 
MK4118-4 250 nslte 250 nsec 

: Sing'e "'5 volt power supply 

DES CRIPTION 

The MK41 18 uses Mostek's Poly R N-Channel Silico" 
Gate process and advanced clrcui' design techrllques 1,1 
~ackage 8192 bits of static RAM on I single chiI' . 
\4oslek's Address Activated'" circuit design technique 
'$ uti lized to achieve high performance. low power, and 
easy user implementation. The device has a VIII '" 2 .2 , 
v", '" a.av, V"H '" 2.4, VOl. '" DAV making it lotally 
compatible With aU TTL family devices. 

The MK41 1S is designed fOf aU wide word memory 
appl icatIons. The MK4118 provides the user with a 

BLOCK DIAGRAM 

'.-- --...... ' .. 

'.-

'9~B={J'--
_0-

' . , , 

" , , .- -
.... ... - --.... .. _.-

1 K x 8 STATIC RAM 

MK4118(P I N) Series 

a TTL compatIble l i D 
fanou t 2 - Standard TTL 

2 - 5chonky TTL 
12 - Low power 5chonky TTL 

a Low Power - 400mw Active 

a CS, DE, and LATCH functions for flell:lble system 
operation 

a Pin compatible with Mostek's wide word memory 
family 

high-density, cost·effective 11( l( 8 -bit Random Access 
Memory. Fast Output Enable (~l and Chip Select (B) 
corurols are provided for easy interface i n 
microprocessor or other bus-of'iented systems. The 
MI(4118 features a flel( ible L..ltCh IL) funClion to permit 
latching of Ihe address and CS stalus at the user's 
option, Common data and address bus operation may be 
performed at the system level by utiliZing the Land C"E 
functions for Ihe MK4118, The latCh funcuon may be 
bypa$$e<i by merely tying the latCh pin to lin. prOVld,ng 
fast ripple -through operation , 

PIN CONNECTIONS ., 
~. "" ., , n .. , 

" 
, n lI i .. 7, wr ., , 

B 
1{J0! ., • ,,~ .. ,. a 

~ • 111 011 .. , • 
""1 ,a 
VOl 11 

..... I~ 

PIN NAMES 

"" ' AS cs 
V .. 
Vo< 

Address Inputs 
Chip Select 
Ground 
Power 1+5V) 

" 1'01 

,~ "VIi 
,. I'O!I 

1) 1'''' 

~ Write Enable 
~ Output Enable 
r L..ltch 
110, li aS Data In l 

Data Qut 
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" 

MK4118-1 MK4118 -2 MK4"S·3 ! MK4118 ·4 I , 
SYM PARAMETER MIN MAX MIN MAX MIN MAX j MIN I MAX I UNIT NOTES 

ht" Read Cycle Time 120 150 200 250 i n. 
I_- Address Access Time 120 150 200 250 n. 
t.;", Chip Selee'! AccltSs Time 60 75 100 125 n, I , 
tcsz Chip Select Dati Ot! 

Time 0 60 a 75 a 100 a 125 n. 

""- Output Enable Access 
Time 

60 75 100 125 n, j 
, 

~~ Output Enable Data a 60 0 75 0 100 a 125 n, : ON Time 
i , 

! t.u Address Data Olf Time 10 10 10 I 10 n, 
I~ Address to Latch 10 10 10 20 

, 

" I 
Setup Time 

I I 
i 

1.oIl Address From Latch 40 I 50 I 65 80 I n. 
Hold Time 

k"L CS To Latch Setup Time 0 0 0 I 
! 0 n, 

"'ML CS From latCh Hold 
1

40 50 65 80 n, 
Time 

." Latch Off Actess Time 155 200 260 320 n. 
tw~' Write Cycle Time 120 150 200 250 I n, 

I 
I~. Address To W rite I a a 0 0 n, 

Setup Time 

I .... ,", Address From Write 40 50 65 80 n. 
Hold Time 

L;.w CS To Write Setup Time 0 0 0 0 n, i 

CS From W rite 40 50 65 80 
, 

In,w n. I Hold Time 

~. Data To Wflle Setup Tim 20 I 30 40 50 , n, 
J 

\u .. '" Data From Write 20 30 40 50 n, I "-

Hold Time , 
tWI> Write Pulse Duration 35 50 60 70 n, , 

, 

I..,." Latch Duration, H igh 35 OC 50 OC 60 OC 70 OC n, ! 
tUM. Latch Ouralion. Low DC OC DC DC n. I 
tWI ~. Write Enable Data 0 60 0 75 0 100 0 125 n, , , 

Off Time : 
ttt lalch Dala Off Time 10 10 10 10 n' i 

t ....... Write Pulse Lead Time 75 90 130 170 I 

• 
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PROGRAM OPERATION' 
a.c. ELECTRICAL CHARACTERISTICS AND OPERATING CO ND iTIONS") 
!TA ,.. 25-C ± 5°C) (VCC -= 5'1 ±5%. VP P. " 25\1 ~1V) 

SYMBOL PARAMETER MIN 

ilL Input Le.uge Current 

VIL Input Low Level -0 .1 

VI" Inout Hi;" Level 2.0 

ICC vee Power Supply Current 

IPPl VPP Supply Current 

IPP2 'Ipp Supply Curreot during 
Programming Pulse 

A.C. CHARACTER ISTICS AND OPERATING COND ITIONS' ,1.'.' 
ITA " 25°C :t S·CltVCC " 5V:t. 5%, VPP " 2SV ± WJ 

SYMBO PARAME1CR MIN TYP 

'AS Add,"s Setup Time 2 

IOES DE Setuo ':' ime 2 

'OS Oata So!lUO Time 2 

'A" Address Hold Time 2 

tOEH c5E Hold Time 2 

'0" Oilla Hold Time 2 

' OF Outout Enable 10 Output Floilt 0 

'OE Qutout Enable 10 Outpul Oelav 

'PW Program PuiS. Width 45 50 

tpRT Program Pu lse Rise Time 5 

'PFT Program Pulse Fan Time 5 

Norn: 

MAX 

10 

0 .• 

vee .. , 

100 

5 

30 

UNITS NOTES 

,.A 3 

Volts 

Volts 

mA 

mA 4 

mA 5 

MAX UNITS NOTES 

,.. 
. .. . 

"' .. 
,.. 
.. 

120 " 4 

120 " 4 

55 m, 

"' 
"' 

1 "c~ '"~" 1M .""" .... , ,~. """'. """ '" ""'0" "" ."d ' ........ d .~., '" .. ", ... m. t,,,, ••• V~ To ot ...... , ... m~. '0 ,no .... "'. " "' .... "'" ... ,nwn", ,"'" ..... ... ,n "p, .. 15V 
2 COl . _ .... , .... " 1o Of ........... ...- 0/ ' ... V"' ___ ._."''''' ... . Z~" 
1 O.S" _"lH . 51SV a I'GM Vil 
1 a , PGM 'J!" 
, " . 10.._ 

." lV ' Of .ro~" ."".~ .. Z" ' .... ,..." ........ . ........ , ........ "'"'''''' .... .. 
.• _ .~ ... ><, ~ '. ' ,. __ .. ' _. "." ,_ ......... ' _ " .. "..,... " • . ~~ •• "'. 'ot .. , ".on ~~ ...... " 
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STATIC READ CYCLE 
wi!' "L '" HIGH 

AOOR[SS "-K "----./ 

cs 

of 

DATA O 

-7,"=1/ 
UT VA LI D " 

LATCHED READ CYCLE 
m : HIGH 

~ , oollns V 
~ 

- 'U. L 

, 

.. ,~ 

.~ 

11- ·_·- , , C ""- ' J , /" 
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I j 

I 
• , ~ __ 'Ou ...... 

I 
,~ 

"-

/ 

- 'On I--

-J ~ .. ;+-

V "'~IO 

/ 

, 

-
,. . . _-.. 

, 
.. .. , 

.. 

--1 I- "": fOi 

. I. 
"' . UO - - -- -- .. 

f'-. 
,~-

- ·'u ~ 

~ 
f'-. 

- '0 (.0. -
V"'UO 

r-~~ 
,~ 

• I 

'U'" I 
, . , . -- ---------. _- - ---- --

'" [ 
.. 

, 
, 

"A~tO 1 v ALtO 

" 





WRITE CYCLE 
OE = lOW,L " HIGH 

'.' 
-""'\ 

VUIO OON' T CAAf V ALlO 
---/ 

~ • 'ASW ~ 

, 
- '" '.- ' WPl 

,~. 

'. 'OH_ ~ '., ~-~ '\lU - _ ' OSW _ .. ~ DATA OUT 
VALID O'VALIO 

-''''~ 

OPERATION 

READ MODE 

The MK4118 is in Ihe READ MODE whenever theWril. 
Enable control input (wr) is in the h igh slale. The state 
of the 8 data 110 signals is controlled by the Chip5elect 
ICS) and Output Enable lor) conuol signals. The REAO 
MODE memory cycle may be either STATIC (r ippte
through) or LATCHED. depending on user control of the 
Lalch Inpul Signal iLl. 

STATIC READ CYCl.E 

In the STATIC READ CYCLE mode 01 operation. the 
.IJIK4118 prOVides a lasl address , ipple-thrOu9" access 
of data Irom 8 of 8192 local ion s In the stalic Storage 
array. Thus, Ihe uniQue address specified by the 10 
o),ddress Inputs (Anl deline which 1 of 1024 bytes of data 
IS 10 be accessed. The STATIC READ CYCLE isdelinedby 
WE "L " High. 

A transit ion on any of the 10 address inputs w ilt disable 
the 8 Data Output Drivers after I ..... . Val id Data will be 
available to the 8 Data Output Drivers w ithin tu after all 
address input signals are stable, and Ihe dala wilt be 
output under control ollhe Ch ip Select (CS) and Output 
:'nable 16E) signals. 

l..A,TCHED READ CYCLE 

VALID V AllO 
DATA OU T ' DATA ou 

Enable conltol input 1m) bemg in Ihe nigh state, 3nd it 
is synchroni:ed by proper control of I"e Latch tL) input. 

As the Latch control input ill is l aken low. Address (An) 
and Chip Select ICS) inputs that are stable for the 
specified set-up and " old l imes are lalched internally. 
Dala out corresponding to the latched address w ill be 
supplied to Ihe Data Output dr ivers. The output dr ivers 
will be enabled to drive the Output Data Bus u"der 
co"trol of the Output Enable 1M ) and latched Cnip 
Select tal inpulS. 

TakIng the latcn Input high begins another read eycle for 
Ihe memory local io"s specified by the address then 
appear ing on Ina Address Inpul (An). Ret urning the 
lalch conuol to lne low state latChes the new Address 
and Cnip Select inputs internally for the remainder of 
the LATCHED READ CYCLE. 

NOTE: If the 'LATCH' funct ion is not used pin 19 (( ) 
must be ned nigh IV ,,, min). 

WRITE MOCE 

T"e MK41 1 8 is in Ihe W RITE MODE whenever l he 
Write Enable ('W£) and Chip Sel ect (C5) control InputS 
are in tha low state. The status of the a OUlput buffers 
dUring a w rite cycle ' 5 explained be low 



ABSOLUTE MAXIM UM RAnNGS' 
Vol tage on any pin r"lalil/_ to V .............. -.. .. . . . .. " ...... .. , ................ , •. . ....... ....Q.SV to ~ 7 .OV 
Operating Temperil'lure T .. (Ambient) ... . ............. . ........ .. ... . ... " .. .............. . . . . O'C to +70'C 
Storag_ Temperature (Ambient) (Ceramic) . . .. • , ....... . ........ .... .... , • ...•..... _6SoC to +lS0'C 
Storage Temperature [Ambiem) (Plastic) ............................ . ................•....• -S5'C 10 +'25"C 
PowerOissipation .... ..•...... .••........... . ...•...•..... . ....•.•....•.••..•........ . .....•.•.•. 1 Watt 
Short Circuit Output Current .......•.•..•.................................... . ...•. . ............... 20mA 
·s" ..... ~I .. ' .. '~.n ....... !i._ u_ ··_u,. M ........... A .. i ... · ...., QIj" --"0'" d ....... '0 ''' __ . This .......... '""'" .... "'."" lunaron.! 
...... ,.on 0/ In. _oc. .. ,~ ..... ""ny "' ... ~IIOn.I_ ....... ,nGic.I_ ," 111. _." ..... 1 __ GI """ ._i~ '. nat itnpliorrl ~IG . _ ..... 

"' .... """" ,.,"'" ""no'" ..... I .. . ... ,.,.., ~ "'" .H_ 1.11Obo1i",. 

RECOMMENDED DC OPERATING CONDITIONSl 
(O·C ... T • ... .,. 70'C) 

SYM PARAMETER 

V~'c Supply Voltage 

Vo;, 
, 

Supply Voltage 

V," Logic .. \ .. Vol tage All Inputs 

V" Logic ' ·0" VOltage All Inputs 

DC ELECTRICAL CHARA CTERISTICS") 
(O'C'" T, ... ·70'C) (V..:..: '" 5.0 volts ~ 5%) 

SYM PARAM ETER 

MIN 

4.75 

0 

2.2 

-<l.3 

I, c, AI/srags Vee Power Supply Current (Active) 

I,,; AI/erage V, c Power Supply Current (Standby) 

I" Inpu t Leakage Current (Any Input) 

lOll OUtpul Leakage Current 

v,," OUtput Logic .. , .. Voltage '''l r '" -\ mA 

V". Output LogiC ·'0" Voltage I"ll '" 4mA 

AC ELECTR ICAL CHARACTE RISTICS"] 
10'C ",. T , ~ ~70"CI(V" = ·5 .01/0115 :::5%) 

SYM PARA M ETER 

c, , 
Capacllance on all pms except \/0 I 

C,. , i Capacitance on 110 pins 

NOTES, 
I '>'11",,, , 90. rofe'.",," '0 v., 
2. M ... u,o<I _," 0 .. v, ... ~v.no Qu''''',. ". .. 1«,.-.1 IV •• • 51/1 

TY. MAX UNITS 

5.0 5.25 Volls 

0 0 Volts 

70 Volts 

0.8 Volts 

M IN MAX UNITS 

80 mA 

60 mA 

- 10 10 pi< 

- 10 10 .A 

2.' Volts 

0 .4 Volts 

TV . M AX 

4pF 

10pF 

3 .... m'n,m~'" of 100 ._ ,.".. .,...~ •• 'OGu"'" .~ ... ""'''ca,,'''' 0/ 1/ •• 1· ~\/1 """"" __ .eo _."on <.n" """, ...... 
~ .UK'''' c,_",,,,,, 0.01<:"1 ..... 1<0'" , ... OGu."on C , 2 wo," ~v • JV.ncr v •• """,."" -, 

S<lr>d1N "'ooo,s de" n04 .. cono""", w"n _ ...... I.re".,.., WE ,.", .. n """n.no;JOCI. 
6 -'C '","n9 ...... "'9m ..... m __ ,,, 2 IT\. ,_ oIu. IIXIoI' 

NOTES 

1 
, 

1 I 
1 

1 

N OTES 

. 
I 5 

2 

2 

NOTE S 
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2332 
Static ROM (4a96 x 8) 

un 
.SO'" 

• Access r_ LeiJ TlwIl50ns • Sinpe 5V Power StIppIy 
• TOI~ Sf<ltic: Open,lion • Pk\ COfnlW~ With 2116 & 2732 EP'ROMs 
• FuIy m Cornp.Atille • 400 mV Noi5e Immunity on Inputs 
• Tlwft-SI~le Outputs !Of Wft-OfI: Exp.lnsion • l1OIII1716 ~OMl Accepted n ~ DOiliOil Inputs 
• Two Prognmm.\ble Chip Sel«ts 

D<.SaJI'TKlN 

The MOS Technology 2)]2 i$. J2.7&8-bit Stili( Read-Only ,'-'emory organiz.ed u 4096 • 8 bits. It feOlture'S fiSl.tCC~S 
li'ne(4SOm rNXirnum with the 2)]2, 350m mumum with the 2332A). The 2332 is designed 10 be compatible with aI 
microprocessor and simiW" ~tiom when! high ~ormV'Ce. wgt> bit ~tora8e u~d!y met simple interlacing 
requirements an! important ~ considen.liom. 

The 2)]2 opentM totallv uync:hronously; no dock input i$ required. With two prognmrnable chip select inputs, !(XI 
J2K ROMs cOlIn be OR-tied with 1"10 need fOf extMnal decoding logic. Designed to rep/4ce twO 2716 16K EPROM!;. the 
2)]2 can elimlnOile the need to redesign printed circuit ~ds'Of volume m,uk-prosrmuned ROMs OIlter prototyping i~ 
completed with EPROMs. 

P'N CONRGlIRA T10N IlOCX DlAGRAM 

- -'-

" ~Ol 
2112 .. f--" • A7 ~ , • .-~;C • • .. • 32:161 • 1--" '. ( 

, 
" A. 0 • 

0 
, 
1--" A, ( P A. " '" • , 

" 
v • .. ( eCS2!CSZ 

.. 0 CELL f--0
' I • " • , 

A, C :lcs, 'CSt .. • ARRAY • 0, , '0 0 • 
" C J AtO '" • , 

0, • ,. 0 

A, C 7 " ::1.6. " "',, _ 0' 

'0 C • " J oe '-- 'r-r 0, c • ,. J 07 
0, C " " J 06 (51 C52 

0, C " " ~ o, COLU MN 

GNO C " " J o. OECOOER 
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AI., All ~2 J, 
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I 
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2332 

DC DiARACT1JUST1CS T .. O"C 10 +70"C V .. 5 0 v + 5'" (unless OIherwise specified) A CC - • 
S, ...... P.u~Ift' Min """ Unit. Test COfIditions 

Ic" Pow« Supply Current 125 "'" V,.. '"' Vee. Vo .. Open, T, .. O' C 

Ico Power Supply CurrMt 120 mA v,.. .. Vee. Vo "" Open, TA .. 25"C 

10 OutptJt leJk~ge CIXT@I"II 10 "" Chip Deselected. Vo .. 0 to Vee 

\ Input LO.Id CUI'T~t 10 "" Vee" Mu. V,.. .. OIOVec 

v" OJlput lo:o'" Volt~8e 0.' Volls Vee " Min. IoL .. 2.' rnA 

V"" Output High VoIloiIse 2.' Volt. Vee'" Min. 1oH ,. - 400 l'-" 

V, Input Low Voltage -0.5 0.8 Volts See nOle 1 

V. Input I-figh Vo/tOise 2.0 VCC+ l VollS 

AC CHAaACTEJUSTlCS T .. O~C to +70"C V .. 50 V ... 5'" (unles o therwise specified) , cc - .• 
llJl 

S, ...... PJRmeift Min Mu 

1..,,( "ddr~ Access fllTle , so 

<co Chip Select De'-y 200 

"" Chip Deselect Del .... 175 

"'" Previoui Om. V .. lid After 
Addreu Chilnge DispiolY 40 

CAPAOTANa T .. 'S·C f .. 10 MHz See Nole 3 , . 
S,...... Pu.neler Min 

c.. Input Capacitilnce 

"= Output Cilp.ilcit ilnce .-, MrIuI .... INt ''''"''' men fIeI.tIl'<e IIIMI -0.1 V ... bot ~ ..-.I 
""Y c_ ~It '0 "'" diI"f\Cf . 
l ........ I m.pF. _II' __ 'mr.20M, 
:-...." ........ _ .... Ik: """'" , SV, OUIpuI O.IV _ 2 (N 

't - 1OO:lf. 
I n. _ _ t<" _'06",1'1 ~ _" _ 1(0", t..-,ttd.. 

ABSOlun MAXlMUM RATINGS 

! Nnbitont ~ating Temperalur~ O' 10 +70"C 
1 S!()tag~ Te-rnperarure - 65' C 10 + 15O"C 
j Supply Voltage to Ground Potential -{l.5V to +7JN 
: .-'lpprted OJlput Voltage -{l.SV to +7.0V 
I ApPlied Input Voltage -{l.SV to + 7Jjl/ 
! Power CMsiparion 1.m 

ll32A 

..... """ Units Tnt Conditions 

]SO '" 
200 '" See ."+ote 2 
175 '" 

40 " 

""" U .... T t'St COf1dTtions 

8 

10 

of All Pins except Pin under Test TIed to 

pF AC Ground 

COMMENT 
Str~ MJove those isted under "AbsoLte ~imum Rat
inp- lNy c.~ ~t d~rN8e to the device. Thi5 15 
~ Jtress winS only Uld functioNl oper.tion of the device 
i t t~ ()t my o/~ conditions <lbove those incf/c<lted in 
the oper.tiomJ sections of this spedflC.tion is no( implied. 
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, . SSI GATES .. . LOGIC AND PIN ASSIGNMENTS ,ITOP VIEWS) 

.. 

00 
QUAORIWLE 2·INI>UT 
I'OIITI\lI-HAHO GATU 

02 
Q(JAOflUflI.l 2·INPUT 
I'OIITIW.ftCNII44.!M 

114 
MllIl"""'IIilTlIIIS 

.. _-

1II1IIfIIVUITIII .u",.",/tIIUVI ... 
,.y'M Of'II~LLECTOII 
....... \I'OLTAO.OUT'l'\ITS --,., .. _,. 

~/Ulllo1OQIJ, "" 
-"OO1lN'J....a04J. HI • 
5N64LOOIIH'''lOOU, HI 
ItoIIIUSOO/SN7 .. LSIOIIIJ. N. WI 
urt5o&SOO""""-U. N. WI 

.. .. .. ,. . .. . .. . . . . 

-
SIrI6IOlISH140ZIJ. HI 
IH6'LG2I1HU,L02IJ, HI 
5HWL502I$N7 .. ~tJ. N, W) 
5H~'U02(L N, WI 

SNMCMlSN7.&01tJ, HI 
lNMi'IOallH1 .... U, HI 
.. IWLOoIN'f7.LG&I.I. HI 
..... n. ... /SII7.UOUJ. N. f'fI 
SMMaOoIIIII'I1'-IJ, N, WI 
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