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IN CLOSING 

THIS IS THE'LAST ISSUE OF THE "SCEl..bI COMPUTffi DIGEST & USER'S 8UL-
LETUJ.o IN THE JULY ISSUE WE NOTIFIED OUR RJ::ADERS THAT THI:. DIGE~T tJOULD 
BE DISCONtINUED IF USER'S DID NOT SHOW CONSIDERABLY t10RE INTEREST IN 
PARTICIPATING. DURING THE PAST THREE i10NTHS WI:: DID RECEIVE SEVERAL LET-
TERS - URGING US TO CONTINUE PUBl.ICATION. TWO 0 F THESE LETTERS CONTAINED 
CONTRIBUTIONS. THOSE CONTRIBUTIONS ARE INCLUDED IN THIS ISSUE. SEVERAL 
MORE 1.ETTtRS INDICATED "INTiNT"o BUT AS Of THE PUBLICATION DATE THERE 
WAS NO FOLLOW-UP; THESE fIGURES REPRESENT BUT A TINY ptRCENT OF THE 
SUBSCRIBERS I ' , 

THE CONCLUSION WE REACH IS THE OBVIOuS ONE. PEOPLE ARE U~TU\ESTED 
IN RECEIVING INtoRMATION ON THE SUoJECT. fEW"--HOWEVm,, ARE IN A POSI-
t!ON (FOR -WHATEVER REASON) TO PROV~IlE THE ~NFOP.MAT~ON DESIRED BY OTHl:RS. 

SCELBI IS Vn.L EQUIPPED TO PROVIDE INFORMATION AND PRODUCE PUBLICA
TIONS 'ON THt SUBJ ECT. - WE CURRENTLY HAVE Fl VE MANUALS AVAILABLE- WkiCH 
WE HOPE OUR DIGEST READERS HAVE RU:EIVu> INF"ORMATION ON. WEARE PLA&-
NING MANY MORE SUCH PUBLICATIONS IN THE FUTURE. WE PLAN ON KtEPING OUR 
Pf{EVIOUS "DIGEST" SUBSCRIBERS INFORMED AS THESE PUBLICATIONS B£.C.OME AV-
AlLAaLE. - - '. -

WE ARE" HOWEVER .. DISCONTINUElNG- THE PUBLICATION OF THE "(}IG-EST." 
PRODUCING A BULLETIN ot THE NATuRE VE VAl-lTED'IT to BE DID NOT-WORK~- VE 
HAD INtENDED IT TO-BE ESSENTIALl.Y A "SERVICE"'AND HAD PRICED IT HOPE-
FuLLy TO BREAR EVEN (VE LOST).. WE MADE EVERY ATTEMPT TO KEEP' IT NON 
COMMERCIAL SO THAT usm's WOut:D BE FREE TO DISCUSS OTHm PRODUCTS" OR 
CRITICIZE OUR PRODUCTS. - WE VANTED TO PROVIDE A VEHICLE FOR COMPUTER m
tHuslAST TO EXCHANGE IDEAS THROUGH. llE ENDED UP PRODUCING ESSENTIALLY , 
ANoTant "PUBLICAtION'" WRt TTm MOStt;y BY OUR OWN STAFF At COSTS FAR ABOVE 
WHAT'THE-PRODUCT VAS PRICED Ai. WE CANNOT~ REGRETFULLYi CONTINUE TO Qp-
ERME ON tHAT BASIS. - . ,- ' 

FORTUNATEl.Y# FOR THOSE THAT DESIRE TO RECEIVE A VIDE RANGE OF RELA
TIVELY SHORT ARTICLES ON THE USE 0 F' SHALL COMPUTER SYSTEMS" THERt IS A ' 
N£\i" FULL FLEOGEO MAGAZINE NOV AVAILABl.E CALLED "BYTE.·' THIS MAGAtINE 
15 DEVOTED EXCLUSIVS.V, to THE SHAL1. SYSTEMS ENTHUSIAST- AND' IS GFAR£O, TO 
PRESENT THE TYPE OF ARTICLES WE TRI ED TO PRESENT HI THE DIG~T. AFTER 
JUST THREE MONTHS Oy'OPmATION ITI.5 CIRCULATION IS REP()RTtD TO"BE IN EX-
CESS 0 F 80" 000 I THE PUBLI CATION COVERS A WI DE RANGE 0 F TOPICS W£ tEEL 
HOST OF OUR FORMER DIGEST-R£AOERS WOULD BE INTERESTED IN. MANY LFADING 
AUTHORS IN THE FIELD-ARE fEATURED IN THE MAGAZINE. (IN rACT~ YOU WILL 
nrm FIND ARTICLEs ay MEMBERS OF TRE SCa.BI- STAFF"-mOM TH1£-"0-TIHE~) 
THE COST ON A-SUBSCRIPTION BASIS IS JUST S12.00·PER YEAR; VHICH,,-QUrt~ 

'FRANKLY WE CONSIDER AN lXTREMELY REASONABLE ~RICE. (NOPE - \IE DO NOT 
HAVE ANY SPtcIAL INTmEST IN THE MA-GAZINE OTHER'THAN THE FACT THAT WE 
ADVERtISE IN-It. -VE ARE PLUGGING ITBtcAUSE VE FESL rr IS'A MUCH NEED
~ PUB1.ICAtION AND IN'A MUCH BtTTEil pOSItION TO PROVIDE THE'KIND OF SER
VICE Otm'DIGEST READERS HAVE 'INDICATED tHt'Y WANTED.)' SUBSCRIPTIONS MAY 
at-OBTAINED BY WRItING: -

BYTE - SUBSCRIPTION DEPT. 
PETERBOROUGH - - ., 

NEV- HAMPSHIRE 03458 

TO OUR SUBSCRIBERS" AND ESPECIALLY THOSE WHO CONTRIBUTED ARTICLES .. 
WE EXTEND OUR TflAAKS FOR HELPING - OS "MAKE A GO' AT IT ... ' MAY YOUR' SYSTniS 

RUN SMOOTHLY. ' 
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BEWARE OF CHEAP MD10P.IES! 

A COMMON DESIRE OF THE SMALL SYSTEMS USER IS TO OBTAIN AS MUCH MD1-
ORY FOR THE USER'S SYSTEM AS THE USER CAN AFFOP.D - OR THE SYSTEM IS ABLE 
TO HOLD • 

. IN THE QUEST TO FILL THIS DESIRE l1ANY SYSTEM OV!\IERS OFTEN PROCEED TO 
ACQUIRE ADDITIONAL MEMORY BY LOOKING FOR SUPPLIERS OFFERING MEMORY ELE
MENTS AT THE LOWEST POSSIBLE PROCUREMENT COST. UNFORTUNATELYI THE LOV
EST INITIAL PROCUREMENT COST MAY NOT RESULT IN THE USER SPENDING THE 
LEAST AMOUNT OF MONEY (TO SAY NOTHING OF TIME - WHICH TO MANY pEOPLE IS 
MONEY) IN THE LONG RUN. 

SOME TESTS MADE AT SCELBI COMPUTER CONSULTINGI INC.I TEND TO INDI
CATE THAT MD10RY ELEMENTS WHICH CAN BE OBTAINED AT "TOO GOOD TO BE TRUE 
PRICES" ARE JUST THAT! UNFORTUNATELYI MANY OF THE PURCHASERS OF THESE 
MEMORY ELEMENTS ARE NOT IN A POSITION TO MAKE A GOOD DETERMINATION OF 
THE QUALITY OF THE DEVICES THEY ARE OBTAINING. AND INDEEDI THE WIDE 
DIFFERENCES IN PRICES OF MEMORY DEVICES CURRENTLY AVAILABLE FROM VARIOUS 
SUPPLIERS CAN BE ACCOUNTED FOR BY THAT ELUSIVE TERM "QUALITY." 

THE PURPOSE OF THIS ARTICLE IS TO DISCUSS SOME OF THE PARAMETERS 
THAT AFFECT "QUALITY" OF MEMORY DEVICES SO THAT THE NOVICE MIGHT GET A 
BETTER IDEA OF WHAT TO LOOK FORI AND "BElJARE OF" WHEN PURCHASING MEMORY 
DEVICES. THE TERM "MEMORY DEVICES" IN THIS ARTICLE REFERS TO "RAM" 
(READ AND WRITE) SEMICONDUCTOR DEVICES SUCH AS THE COMMONLY AVAILABLE 
STATIC 1101 AND 2102 TYPES. 

IT MIGHT HELPI AT THE START OF THIS ARTICLE TO POINT OUTI IN CLEAR 
TERMSI THE FACT THAT VIRTUALLY ALL THE DIFFERENCES IN PRICES ASSOCIATED 
WITH THESE MEMORY DEVICES CAN BE ATTRIBUTED TO "QUALITY." THERE IS TO
DAY I ONE CAN SEE BY READING THE VARIOUS "TRADE JOURNALS" A WIDE RANGE OF 
PRICES ASSOCEATED \11TH THE DEVICES. FOR INSTANCEI TODAY ONE CAN SEE 
THE TYPE "2102" - A 11024 BIT STATIC RAM DEVICEI BEING ADVERTISED IN 
SINGLE QUANTITY FROM A LOW OF S2.00 TO AS MUCH AS S10.00! THIS IS QUITE 
A PRICE SPREAD FOR AN ITEM THAT IS PRODUCED IN QUANTITIES OF HUNDREDS 
OF THOUSANDS! 1 T ALSO CAN MAKE QUI TE A DI FFERENC ElF ONE IS BUYI NGI SAY 
A HUNDRED OR SO DEVICES TO ADD 12K OF MEMORY TO A SMALL COMPUTER SYSTEM! 
WHAT IS GOING ON? IS THERE SOME MYSTICAL SUPPLIER THAT HAS A CELLAR OF 
GOBLINS TURNING OUT MEMORY ELEMENTS AT FANTASTICALLY LOW COST WHO THEN 
SELL THESE "SPECIAL" DEVICES TO "SELECTED DEALERS" SO THAT THEY CAN PASS 
THESE DEVICES ON TO THE WAITING MULTITUDES AT "FANTASTIC" SAVINGS? NO. 
NOT HARDLY. THERE ARE RELATIVELY FEV FIRMS PRODUCING THESE DEVICES. 
FOR ONE THINGI IT COSTS HUNDREDS OF THOUSANDS - AND INTO THE MILLIONS OF 
DOLLARS JUST TO EQUIP A FACTORY CAPABLE OF PRODUCING THESE DEVICES. THE 
TECHNOLOGY IS SUCH THAT THOSE THAT CAN AFFORD THE EQUIPMENT AND HAVE THE 
"KNOW-HOW" TO RUN THE PROCESS END UP HAVING VERY CLOSE TO THE SAME OVER-
ALL COSTS TO PRODUCE "GOOD" DEVICES. THERE IS NO "FIVE TO ONE" EDGE AT 
THE MANUFACTURING LEVEL TO PRODUCE THE SAME QUALITY DEVICE. IF THERE 
WEREI THOSE ATTEMPTING TO SELL THE S10.00 DEVICES WOULD BE OUT OF BUSI
NESS! 

THE PRICE SPREAD THAT EXIST THENI CAN BE PRETTY MUCH ATTRIBUTED TO 
QUALITY AND THE ABILITY (KNOWLEDGE) OF THE BUYERS TO DETERMINE WHAT THEY 
ARE PAYING FOR IN THIS REGARDS. THE BUYERS SHOULD THUS BE "EDUCATED" AS 
TO WHAT THEY ARE LIABLE TO BE RECEIVING (OR NOT RECEIVING) AS A FUNCTION 
OF THE PRICE THEY ARE PAYING. 

FIRST OF ALLI IT MAY BE HELPFUL TO REALIZE HOW IMPORTANT MEMORY DE-
VICES ARE IN A COMPUTER SYSTEM. THEY ARE INDEEDI VERY CRUCIAL ELEMENTS 
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IN A TYPICAL MINICOMPUTER SYSTEM. ALL THE INSTRUCTIONS IN A PROGRAM 
MUST BE HELD IN THE MEMORY ELEMENTS ALONG WITH ANy DATA TliAT IS TO BE 

. PROCESSED. I F MEMORY DO ES NOT "Rn1EMBE'R" INSTRUCTIONS ANDIOR DATAl THE 
COMPUTER CAN NOT OPERATE PROPERLY. A FAILURE OF ONE SINGLE BIT IN JUST 
ONE "WOP-D" IN MEl-1ORY CAN BE JUST AS DEVESTATING TO THE OPERATION 0 F THE 
CONPUTER AS NOT HAVING ANY MEMORY AT ALL! THIS IS BECAUSE THE CHANGING 
OF ONE BIT IN AN INSTRUCTION CODE CAN RLSULT IN THE COMPUTER PE'RH)RMING 
AN ENTIRELY DIFFERENT OPERATION THAN THE ONE INTENDED - AND THIS CAN 
LEAD TO A "CHAIN REACTION" OF EVENTS WHICH CAN TOTALLY "DESTROY" THE OP
ERATION OF A PAFTICULAR PROGRAM. 

IN ADDITION TO THE FACT THAT A DEFECTI VE MD10RY ELEMENT CAN RESULT 
IN A PROGRAM OPERATING INCORRECTLY" IT IS ALSO IMPORTANT TO UNDERSTAND 
HOV A BAD MEMORY DEVICE MAY AFFECT OTHER PORTIONS OF THE COMPUTER SY-
TEM. AS ILLUSTRATED IN THE DIAGRAM BELOV" IN A TYPICAL MINICOMPUTER 
SYSTEM THE MEMORY ELEMENTS 0 FTEN HAVE THEIR INPUTS (AND SOMETIMES THEIR 
OUTPUTS) TIED INTO A "BUSS" SYSTEM THAT GOES TO OTHER PORTIONS OF THE 
SYSTEM. - SUCH AS I/O DEVICES. A DEFECTI VE INPUT TO A MEMORY ELEMENT IN 
SUCH A STRUCTURE CAN THUS EFFECT ANOTHER PORTION 0 F THE COMPUTER NOT 
DIRECTLY REl.ATED TO "MEMORY REFERENCE" OPERATIONS. 

c 
p 

U 

PERIPHERALS 

MEMORY 

DATA TO CPU 

A WHILE AGO" SCELBI COMPUTER CONSULTING" INC." PURCHASED A FAIRLY 
LARGE AMOUNT' OF RAM SEMICONDUCTOR DEVICES FROM VARIOUS SOURCES (ABOUT 
1000 PIECES) AT THE CUT RATE PRICES ONE FREQUENTLY SEE'S ADVERTISED IN 
THE VARIOUS "POPULAR" TRADE JOURNALS. \1E THEN PROC EEDtD TO CONDUCT SOME 
TESTS TO SEE HOW GOOD THEY REALLY WERE AND TO ANALYZE THE VARIOUS FAIL
URE MODES FOUND,! I F ANY,. 

WE FOUND PLENTY OF DEFECTIVE DEVICES IN THESE LOTS. INITIAL INCOM-
ING TEST" WHICH CONSISTED OF SIMPLY ATTEMPTING TO WRITE INTO AND TO 
THEN IMMEDIATELY READ DATA BACK OUT" RESULTED IN AN INITIAL FAILURE RATE 
THAT AVERAGED ABOUT FIFTEEN (1'5) PERCENT. (SOME LOTS HAD INITIAL FAIL-
URE RATES AS HIGH AS 50 PERCENT - SOME LOTS AS LOW AS 8 PERCENT.) RE-
MEMBER" THIS WAS THE FAILURE RATE ON JUST A SIMPLE GROSS TEST BEFORE 
TESTING FOR MORE SUBTLE DEFECTS OR OPERATION AFTER "BURN IN." MANY 0 F 
THE FAILURES NOTED DURING THIS TESTING STAGE WERE RELATED TO STUCK LOW 
INPUTS" INCORRECT ADDRESSING" DEVICES WITH EXCESSI VE CURRENT DRAIN THAT 
LITERALLY "BURNED UP" AND STUCK OUTPUTS. THEY WERE" TO PUT I T SIMPLY -
GROSS FAILURES. 

DEVICES THAT PASSED THE INITIAL INCOMING TEST" WERE THEN EXAMINED 
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FOR A SUBTLE DEFECT THAT CAN HAVE DEVESTATING EFFECTS IN A MINICOMPUTER 
SYSTEM BUT THAT ARE SELDOM SPOTTED BY NOVICES. THIS DEFECT HAS TO DO 
WITH THE INPUT "IMPEDANCE" (DYNAMIC RESISTANCE) OF THE MEl10RY DEVICE. 

SOME READERS t1AY REALIZE THAT THE INPUT IMPEDANCE ON AN "110S" (\lHICH 
STANDS FOR "METAL OXIDE SILICON) DEVICE IS DESIGNED TO BE IN THE MEGOHM 
(MILLIONS OF OHMS) RANGE BECAUSE IT IS EFFECTIVELY A "CAPACITIVE" JUN-
CTION. WHAT IS SO IMPORTANT ABOUT THIS INPUT IMPEDANCE 1 F THE DEVICE 
IS ABl.E TO APPEAR TO FUNCTION \lHEN INSTALLED IN A SIMPLE TEST CIRCUIT'? 
IN ORDER TO SEE THE IMPLICATIONS, ONE HAS TO CONSIDER HOW THE MEMORY 
ELEMENTS ARE TYPICALLY ARRANGED IN A MINICOMPUTER. 

THE DIAGRAM BELOW REPRESENTS A SCHEMATIC 0 F THE INPUT TO A MOS MEM
ORY ELEMENT IN IT'S IDEALIZED FORM (A SIMPLE CAPACITOR OF SMALL VALUE -
TYPICALLY 10 TO 15 PICOFARADS). BELOW THAT IS A SCHEMATIC OF AN INPUT 
THAT HAS A DEFECT RESULTING IN- THE INPUT EXHIBITING A DC RESISTANCE THAT 
CAN BE AS LOW AS 10 K-OHMS OR LESS. 

r------

) : II GOOD L ______ _ 

iNPUTS r---------

>----f--r11 
; jl DEFECTIVE 
I "':' 

L. ________ _ 

A MEMORY ELEMENT THAT HAS A "GOOD" (ESSENTIALLY CAPACITIVE) INPUT 
WILL REQUIRE VERY LI TTLE DRI VING POWER FROM THE CIRCUI T THAT ACTI VATES 
THE INPUT - BE IT AN ADDRESS OR DATA LINE. WHEN THE INPUT LEVEL CHANG-
ES, THE DRIVING CIRCUIT ONLY HAS TO "SOURCE" OR "SINK" ENOUGH CURRENT TO 
CHARGE OR DISCHARGE THE INPUT CAPACITANCE PLUS A VERY SMALL AMOUNT OF SO 
CALLED "LEAKAGE" CURRENT <IN THE ORDER OF NANO-AMPERES, OR MILLIONTHS OF 
AN AMPERE). 

IF A DEVICE HAS A DEFECTIVE INPUT, HOWEVER, THE DRIVING CIRCUIT MUST 
THEN SUPPLY ADDITIONAL CURRENT REQUIRED BY THE EFFECTI VE RESISTANCE THAT 
IS REPRESENTED SCHEMATICALLY IN THE ABOVE DIAGRAM. THIS ADDITIONAL RE-
SISTANCE CAN INCREASE THE DRIVER CURRENT DEMAND BY SEVERAL ORDERS OF 
MAGNI TUDEI 

A DRI VER MI GHT BE CAPABLE 0 F SUPPLYING ENOUGH CURRENT TO TH E INPUT 
OF JUST ONE DEFECTIVE DEVICE. HOWEVER, LET'S LOOK AT HO\l MEMORY DEVICES 
ARE TYPICALLY AP.RANGED IN A COMPUTER SYSTEM; 

THE ADDRESS AND DATA INPUT LINES TO MEMORY DEVICES ARE OFTEN TIED IN 
PARALLEL WITH MANY OTHER SUCH DEVICES. FOR INSTANCE., IN A SCELBI~8H OR 
SCELBI-8B MINICOMPUTER, THE LOW ADDRESS LINES AND THE DATA INPUT LINES 
MAY BE CONNECTED TO A~ MANY AS 128 MEMORY DEVICES IN PARALLEL. THE C IR
CUlTS THAT DRIVE THESE INPUTS HAVE BEEN DESIGNED TO BE ABLE TO DRIVE ALL 
THOSE INPUTS PROVIDED THAT THEY ARE TRUE "MOS" INPUTS. SINCE TRUE "MOS" 
INPUTS ARE SUPPOSED TO BE ESSENTIALLY CAPACITIVE" THE-DRIVING CIRCUIT 
NEED ONLY BE DESIGNED TO PROVIDE ENOUGH CURRll-JT TO SATISFY 128 RATHER 
Sf1ALL CAPACITORS IN PARALLEL. FOp. A FULL SYSTEM THIS CAPACITANCE IS EQ-
UIVALENT TO 1 TO 2 NANOFARADS SINCE INDIVIDUAL CAPACITORS IN PARALLEL 



SIMPLY ADD IN VALUE. 

THE FIGURE SHOWN NEXT ILLUSTRATES AN ADDRESS LINE IN A SYSTEM CONN-
ECTED TO A NUMBER OF DEVICES IN PARALLEL. THE TOP ILLUSTRATION REPRE-
SENTS A GROUP OF GOOD DEVICES. THE BOTTOM ILLUSTRATION DEPICTS A GROUP 
WITH SOME DEFECTI VE DEVI C ES. 

NOTE \THAT HAPPENS IF THE INPUTS TO SEVERAL DEVICES ARE DEFECTIVE. 
THE TOTAL RESISTANCE ON THE LINE DECREASES RAPIDLY BECAUSE OF THE MANNER 
IN \THICH RESISTANCES IN PARALLEL BEliAVE. FOR INSTANCEJ IF THE THREE DE
FEcTIVE INPUTS IN THE DIAGRAM EACH HAD A RESISTANCE OF 10 K-OHMS" THE 
TOTAL RESISTANCE ON THE ADDRESS LINE \TOULD ONLY BE ABOUT 3.3 K-OHMS BE
CAUSE OF THE PARALLEL RESISTOR RELATIONSHIP: 

RP -

AT SOME POINT" \TITH DEFECTIVE INPUTS IN PARALLEL ON A LINEJ THE CUR
RENT DEl1AND WILL BECOME SO GREAT THAT THE DRI VER WILL BE "STARVED" AND 
UNABLE TO SUPPLY ENOUGH CURRENT TO PROVIDE THE REQUIRED VOLTAGE CHANGES 
TO THE INPUT OF THE DEVICES. THIS TYPE OF DEFECT" CAN, .IN FACT" BE ES
PECIALLY INSIDIOUS BECAUSE IT CAN CAUSE SYMPTOMS THAT CAN MAKE IT APPEAR 
AS THOUGH A PERFECTLY GOOD DEVICE IS MALFUNCTIONING. HOW? BECAUSE" THE 
VOLTAGE LEVEL S\TINGS MAY BE LOWERED TO THE POINT WHERE SOME "GOOD" DE
VICES CANNOT FUNCTION, BUT THE DEFECTIVE DEVICES (PARTLY BECAUSE OF 
THEIR DEFECTS) STILL DO FUNCTION. THIS CAN RESULT IN THE REMOVAL OF 
PERFECTLY GOOD DEVICES FROM A SYSTEM THROUGH MIS-DIAGNOSIS! 

ADDRESS LINE 'ttX 

1111111111 
TTTTTTTTTT 

ADDRESS LINE ·X 14 I lit I I I 1ft TTTTTTTTTT 
~ ~ ~ 

REMEMBER" SUCH DEFECTI VE DEVICES MAY WELL PASS AN OPERATIONAL TEST 
IN A TEST SETUP \THEN THEY ARE THE ONLY DEVICE BEING DRI VEN. WHAT IS AN 
EASY 'JAY FOR THE READER TO CHECK FOR THIS TYPE 0 F DEFECT? A VERY CRUDE 
TEST" BUT ONE THAT \TORKS QUITE SATISFACTORILY CAN BE MADE WITH A SIMPLE 
OHM METER! 

TO MAKE THE TEST" BE SURE AND USE AN OHM METER THAT USES A VERY LOW 
VOLTAGE BATTERY (1.5 TO 3 VOLTS). DO NOT USE AN OHM METER THAT USES 
HIGH VOLTAGE BATTElUES (SUCH AS "6, 9 OR 22 VOLTS - OR A "VTVM"). PLACE 
ONE LEAD ON A POWER SUPPLY PIN (SUCH AS PIN 5 ON A 1101 DEVICE)"AND THE 
OTHER LEAD ON AN INPUT PIN. TAKE A READING AND THEN REVERSE THE LEADS· 
THE READING IN ONE DIRECTION MAY BE RELATI VELY LOW (REFLECTING AN INPUT 
PROTECTION DIODE) IN VALUE. THE OTHER READING SHOULD BE VERY HIGH - IN 
THE MEGOHM RANGE. I F IT IS NOT - BEWARE! 
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AN AVERAGE OF ABOUT FIVE PERCENT OF THE. DEVICES EXAMINED IN THE TEST 
CONDUCTED ON THE DESCRIBED LOW COST ELEMENTS HAD ONE OR MORE DEFECTIVE 
INPUTS OF THE NATURE DESCRIBED. (SOME BATCHES HAD ONLY 1 OR 2 PERCENT" 
OTHERS RAN AS HIGH AS 40 PERCENT!) 

ANOTHER COMMON PROBLEM THAT MAY BE ENCOUNTERED WITH LOW COST MEMORY 
ELEMENTS THAT IS NOT READILY DETECTED BY THE AVERAGE USER HAS TO DO WITH 
THE "SPEED" OF THE DEVICES. THIS "SPEED" PARAMETER HAS TO DO WITH THE 
AMOUNT OF TIME REQUIRED BY THE DEVICE AFTER AN "ADDRESS" HAS BEEN SET UP 
ON THE ADDRESS LINES BEFORE THE CELL ADDRESSED PROVIDES AN OUTPUT (OR 
IS READY TO HAVE IT'S CONTENTS CHANGED BY A "WRITE" OPERATION). THIS 
TIME IS USUALLY REFERRED TO AS THE "ACCESS" TIME OF THE DEVICE". IT IS 
GENERALLY SPECI FI ED BY MANUFACTURERS TO BE IN THE RANGE 0 F FROM A FEW 
HUNDRED NANOSECONDS TO A MICROSECOND OR SO. THIS PARAMETER IS VERY MUCH 
A "QUALITY" RELATED ONE AND IS PARTLY DETERMINED BY THE PRECISENESS OF 
THE MANUFACTURING PROCESS. IN FACT" MANY MANUFACTURERS "GRADE" DEVICES 
WITHIN A FAMILY ACCORDING TO TESTS MADE AFTER A PRUDUCTION RUN AND THEN 
SELL VARIOUS LOTS FROM THE SAME PRUDUCTIUN RUN GRADED (AND PRICED!) AC
CURDING TO HOW FAST THE ACCESS TIMES 0 F THE DEVICES ARE. FOR INSTANCE" 
IN THE "21U2" FAMILY" UNE OFTEN SEES A MANUFACTURER SELL THE DEVICES BY 
ASSIGNING THEM "DASH NUl'1BERS" SUCH AS "21U2-1,," "21U2-2,," "2102-3" ETC." 
WHERE EACH DIFFERENT "DASH NUMBER" SIGNIFIES A PARTICULAR "MAXIMUM" OR 
WORST CASE "ACCESS" TIME FOR THE PARTS. 

OF COURSE" LOW COST MEMORY ELEMENTS OFTEN DO NOT COME WITH "SPECIFI
CATION SHEETS" INDICATING THE WORST CASE ACCESS TIME AND THUS THE BUYER 
SHOULD BEWARE! THE SPEED OF SUCH DEVICES MAY BE MUCH WORSE THEN THE 
GENERALLY ACCEPTED MAXIMUM FUR SUCH DEVICES OF ABOUT 1 MICROSECOND! 
WITHOUT AN ELABORATE TEST SET UP" THERE IS VIRTUALLY NO WAY FOR THE BUY
ER TO DETERMINE THE SPEED OF THE DEVICES OTHER THAN BY "TRYING" THEM IN 
THE PURCHASERS SYSTEM. THEY MAY THEN SHOW UP AS SIMPLY A DEFECTIVE 
UNIT" OR THEY MAY CAUSE "TRANSIENT" OR "INTERMITTENT" PRUBLEMS IF THE 
ACCESS TIME IS JUST AT THE MAXIMUM AT WHICH THE SYSTEM CAN TOLERATE. 
WHAT ACTUALLY HAPPENS WHEN SUCH A DEVICE IS r"N A SYSTEM" IS THAT A SLOW 
DEVICE WILL NOT HAVE ENOUGH TIME TO "OUTPUT" THE VALUE AT A SEl..ECTED 
ADDRESS BEFORE THE COMPUTER "READS" THE OUTPUT. THE COMPUTER MAY THEN 
RECEIVE AN INCORRECT VALUE FROM THAT MEMORY LOCATION. 

WHILE ON THE SUBJ ECT 0 F SPEED 1 T MI GHT BE WORTH WHILE TO pO INT OUT 
A SIDE ASPECT THAT SOME READERS DO NOT SEEM TO REALIZE. SOME POPULAR 
MINICOMPUTERS USE CPU'S THAT OPERATE FASTER THAN MANY MEMORY El..EMENTS 
ARE ABLE TO RESPOND TO. IN SUCH SYSTEMS" THE DESI GNERS INCLUDE CIR-
CUITS THAT DIRECT THE CPU TO "WAIT" UNTIL A MEMORY ELEMENT HAS HAD TIME 
TO" ACCESS AN ADDRESS BEFORE ALLOWING THE CPU TO "SAMPLE" THE OUTPUT 0 F 
THE MEMORY. THIS IS ACCOMPLISHED THROUGH THE USE OF A "READY" LINE GU
ING TO THE" CPU. UNFORTUNATELY" SOME USER'S SEEM TO HAVE THE IMPRESSION 
THAT THEY CAN USE ANY SPEED MEMORY BECAUS£ THIS CIRCUITRY WILL AUTOMAT
ICALLY WAIT UNTIL THE MEMORY ELEMENT IS READY. IN OTHER WORDS" THEY 
THINK THE MEMORY ELEMENTS THEMS ELVES PROVI DE THE "READY" INDICATION. 
THIS IS NOT THE CASE. THE CIRCUIT THAT PROVIDES THE "READY" SIGNAL""IS 
DESIGNED TO PROVIDE A FIXED DELAY FROM THE TIME A MEMORY ELEMENT IS IN
ITIALLY ACCESSED SU THAT THE TYPE 0 F MEMORY PLANNED ON BEING USED IN 
THE SYSTEM WILL HAVE TIME TO PROVIDE AN OUTPUT BEFORE A "READY" SIGNAL 
IS FED BACK TO THE CPU. IT IS STILL POSSIBLE TO INSTALL MEMORY ELEMENTS 
THAT REQUIRE MORE TIME"THAN THE DELAY CIRCUIT PROVIDES. TYPICALLY" SUCH 
"READY" CIRCUITS ARE DESIGNED TO PROVIDE ABOUT 1/2 A MICROSECOND DELAY 
SO THAT MEMORY DEVICES AS SLOW AS SAY" 1 MICROSECOND CAN BE USED IN A 
SYSTEM THAT MIGHT BE CAPABLE 0 F RUNNING AT FULL SPEED WI TH MEMORI ES THAT 
HAVE ACC ESS TI MES 0 F 400 TO 500 NANO SECONDS. I F ON E PROC EEDS TO INSTALL 
MEMORY ELEMENTS WITH ACCESS TIMES 0 F" FOR INSTANCE" 2 MICROSECONDS" THEN 
THE "READY" DELAY CIRCUIT WILL NOT PROVIDE SUFFICIENT TIME AND THE SYS-
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TEM WILL NOT OPERATE PROPERLY. 

A PICTORIAL BELOW ILLUSTRATES HO\l THE READY CIRCUITRY IS COMPLETELY 
INDEPENDENT OF THE MEMORY DEVICE. IN A TYPICAL SYSTEM .. A SIGNAL IS FED 
TO A "DELAY" CIRCUIT WHENEVER A PARTICULAR MEMORY ELEMENT IS "ENABLED" 
BY THE "CHIP ENABLE" (CE) SIGNAL \mICH IS SENT AT THE SAME TIME AN AD-
DRESS APPEARS ON THE MEMORY ADDRESS LINES. THE DELAY CIRCUIT THEN PRO-
VIDES A DELAY BEFORE ACTI VATING THE "READY" SI GNAL TO NOTI FY THE CPU 
THAT IT MAY "READ" THE DATA ON THE OUTPUT OF THE MEMORY DEVICE. (THE 
ACTUAL DELAY CIRCUITRY MAY RANGE FROM AN "RC" CONTROLLED GATE .. TO A ONE
SHOT MULTIVIBRATOR~ OR A CLOCKED FLIP-FLOP CIRCUIT DEPENDING ON THE AC
TUAL DES IGN). 

THE SCELBI-8H AND SCELBI-8B MINICOMPUTERS DO NOT UTILIZE A t-1EMORY 
READY SIGNAL AS NORMALLY SUPPLIED BECAUSE THE 8008 CPU PROVIDES PLENTY 
OF TIME FOR RELATIVELY SLOW 11EMORY ELEMENTS (1 MICROSECOND ACCESS). 
HOWEVER~ ONE SHOULD NOT ATTEMPT TO USE A MEMORY ELEMENT THAT REQUIRES 
MUCH MORE THAN THAT ACCESS TIME (AS MIGHT OCCUR WITH SECOND RATE MEMORY 
DEVICES) UNLESS ONE IS WILLING TO MODIFY THE SYSTB1 TO INSTALL A SUIT
ABLE MEl-WRY "READY" CIRCUIT. 

ADDR { M , OUTPUT 

CE 

L---.( DELAY"' -'" READ), 

DEVICES THAT PASSED THE INCOMING INITIAL TEST AND INPUT IMPEDANCE 
TESTS IN OUR SURVEY WERE THEN SUBJECTED TO A 72 HOUR "BURN IN" TEST CUN
SISTING OF CYCLING THE PARTS THROUGH WARM AND CULD TEMPERATURES (32'TO 
200 DEGREES FAHRENHEIT AMBIENT) AND THEN OPERATING THEl1 UNDER SYSTEM 
CUNDITIONS FOR THREE DAYS. THEY WERE THEN RETESTED. ANUTHE:R TWO PE-
Cl:::NT ON AN AVERAGE WERE FOUND DEFECTI VE AT THIS PUINT. 

A COMMON FAILURE PATTERN WE NOTED AFTl:.;R "BUHN IN" \lAS THE INABILITY 
OF A MEMORY CELL TO "HOLD" A MEMORY STATE FOR A LONG PERIUD 0 F TIME. 
(LONG IN THIS CONTEXT BEING ABUUT FIVE SECONDS) HOWEVER~ THE SAME CELL 
CUULD RETA-IN A VALUE FOR SEVERAL SECONDS. THIS PROBLEl1 WAS APPARENTLY 
CAUSED BY SOME SORT OF INTERNAL "LEAKAGE" CO~DITION IN A CELL THAT WUULD 
EVENTUALLY CAUSE THE CELL TO CHANGE STATE.. BUT WHICH DID NOT BECOME AP
PARANT IF THE CELL WAS REPEATEDLY "REFRESHED" BY READ AND WRITE OPERA
TIONS (EVEN THUUGH THE TYPE OF MEMORY ELEMENTS BEING TESTED WERE SPECI
Fl ED AS BEING "STATIC" DEVICES NOT REQUIRING "REFRESHING" AS ANUTHER 
TYPE OF MEMORY DEVICES TERMED "DYNAMIC" MEMORIES DO). IN FACT~ THE PRO
BLEM WAS SO PREVALENT THAT WE HAD TO MODI~Y OUR TEST PROGRAM IN ORDER TO 
DETECT SUCH FAILURES BECAUSE OUR ORIGINAL TEST PROGRAMS CYCLED THROUGH 
MEMORY SO FAST THAT THEY EFFECTI VELY "REFRESHED" THESE DEFECTI VE CELLS 
BEFORE THEY HAD TIME TO SHOW THEIR WEAKNESS! 

DEVICES THAT PASSED THE 72 HOUR BURN IN TEST Wl:.'RE THEN INSTALLED IN 
A NUMBER OF SYSTEl1S AND USED FOR MANY MONTHS. RECORDS ",ERE KEPT OF THE 
FAILURE RATES OF THESE DEVICES. IT WAS HORRIBLE. DURING THE NEXT SIX 
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MONTHS ANOTHER THPEE. PERCENT OF THE DEVICES FAILED. MOST DEVICE FAIL-
URl:.S \.JERE EITHER OF THE TYPE JUST DESCPIBED (\.JhERE: A BIT \.JOULD CHANGE 
STATE) Op A COMPLETE FAILl'RE OF ONE Op MORE BITS IN A DEVICE TO RETAIN 
A PARTICULAR STATUS. THERE: \.JERE SLIGHTLY MOPE FAILVRES DURING THE FIRST 
SO: TO EIGHT \.JEE1{~ OF OPERATION THAN IN LATER PERIODS. HOT.l.'EVER" A SIG
Nl FI CANT fJUMBER 0 F DE.VI C E.S CONTINUED TO FAI L .AT RANDOM 1 NTE'RVALS • SUCH 
A FAILl'RE RATE IS CERTAINLY FA? BEYOND \.JHAT ANY SERIOUS APPLICATIONS CAN 
TOLERATE. A COMPUTER SYSTEM \.JITH FROM 96 TO 128 MEMOPY DEVICES (SUCH AS 
A 3 TO 4 K-WOPD SCELBI-8H Op 12 TO 16 K-\.JOPD SCELBI-8E) SHOULD BE ABLE 
TO OPERATE ON AN AVERAGE 0 F SEVERAL YEAPS BEFOPE: ENCOUNTERING A MEMORY 
FAILl'RE: 1 F GOOD QUALITY MEMORY ELEMENTS APE INSTALLED. THE FAILURE 
RATES OBSERVED ON LOW' COST MEMORY ELEMENTS CLEABLY INDICATE THEY ARE OF 
MUCH LOW' ER QUALI TY. 

A SUMMARY OF THE TEST RESULTS IS ILLUSTRATED IN THE GRAPH BELO\.J. 
THE GRAPH STAPTS BY DEPICTING THE 15 PERCENT R&JECT RATE FOUND AT INCOM-
ING INSPECTION. THE POINT ON THE "X" AXIS MARKED "1M" SHOWS THE TOTAL 
PERCENTAGE AFTER TESTING THE INPUT IMPEDANCE. THE "X" AXIS THEN RE-
FLECTS THE PERCENTAGE OF TOTAL FAILURES AFTER THE 72 HOUR BURl\! IN TEST. 
THE BALANC E 0 F THE GRAPH ILLUSTRATES HOY: FAILURES CONTINUED AT A SI GNI
FICANT RATE AS THE DEVICES \.JERE OPERATED UNDER NORMAL OPERATING CONDI
TIONS. 

25 

GROUP :3 

20 

GROUP 2. 

15 

GROU P 1 

aT I I I I I 

IN 1M 72 2W 4W 6W 3M , .. 
ALONG THE "Y" AXIS THE nEADER MAY NOTE THAT THE PERCENTAGE OF FAIL

URES lJERE DIVIDED INTO THREE GROUPS. THE FIRST GROUP REPRESENTS THOSE 
DEVICES THAT WERE FOUND DEFECTIVE AT INCOMING INSPECTION AND lJHICH ONE 
MIGHT BE ABLE TO GET THEIR MONEY BACK ON I F THEY PROMPTLY RETURNED THE 
t]lIIITS TO THE VENDOR. (PROVIDING THE VENDOR 0 FFERED A MONEY BACK OR EX
CHANGE POLICY - lJHICH SOME PARTS VENDORS DO NOT!) THE SECOND GROUP RE
PRESENTS DEFECTIVE DEVICES THAT" FIRST OF ALL" THE UNINITIATED MIGHT NOT 
DISCOVER \.JERE DEFECTIVE UNTIL THEY \.JERE INSTALLED IN A SYSTEM - AND THEY 
THEY STILL MIGHT HAVE PROBLEMS LOCATING THE "GUILTY" UNITS AT THAT TIME. 
SECONDLY" IT IS A GROUP THAT ONE MIGHT HAVE A LITTLE MORE DIFFICULTY OB
TAINING THEIR MONEY BACK ON - FOR SEVERAL REASONS. ONE BEING THAT SINCE 
THE DEVICE COULD PASS A SIMPLE TEST AND NO "SPEC SHEET" SPECI FYING AN 
INPUT IMPEDANCE lJAS SUPPLIED lJITH THE DEVICE - A VENDOR MIGHT FIGURE YOU 
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GOT WHAT YOU PAID FOR. A SECOND BEING THAT THIS TYPE OF PROBLEI'-'. MIGHT 
NOT BE DISCOVERl::D UNTIL THE WARRANTEE PERIOD WAS OVER - OR THE DE.VICE 
HAD BEEN INSTALLED (SOLDERED) IN A SYSTEM" IN WHICH CASE MOST VENDORS 
WOULD HAVE NO PART IN ACC EPTING THE RETURN FOR A REFUND. 

THE THIRD GROUP REPRESENTS THE PERCENTAGE THAT ONE WOULD ALMOST CER
TAINLY HAVE TO ACCEPT AS MONEY DOWN THE DBAIN - EI THER BECAUSE THE WAR
RANTEE PERIOD HAD EXPIRED" OR THE DEVICE HAD BEEN INSTALLED IN A SYS
TEM. 

JUST HOW SERIOUS OF A PROBLEM CAN POOR QUALITY MEMORY ELI:;MFl.JTS BE 
FOR THE INDIVIDUAL USER1 IT DEPENDS" SOMEWHAT ON THE SYSTEM'S APPLICA-
TION. IF THE USER IS PURELY A HOBBYIST" HA~ PLENTY OF FRJ::E: tIML IS 
WILLING AND ABLE TO CONDUCT THE TESTS" SEND IN DEFECTI VE PARTS AND WAIT 
FOR NEW ONES TO ARRIV£" AND LIVE WITH A DEVICE GOING BAD EVERY MONTH OR 
SO IN THE SYSTEM - WELL" PERHAPS IT IS SOME MONEY SAVED IN THE "HARD 
CASH" S ENS E. 

IF HOWEVER" THE USER IS AT ALL SERIOUS ABOUT THE SYSTEM'S USES" OR 
INTENDS ANY KIND OF BtTSINESS APPLICATIONS" IT IS ALMOST CERTAINLY Lll{ELY 
TO BE A RISKY VENTURE. SETTING UP AND PERFORMING THE INITIAL TESTS AND 
BURN IN IS QUITE TIME- CONSUMING. WAITING FOR REPLACEMENT PARTS TO AR-
RIVE CAN MEAN HAVING LESS THAN THE DESIRED SYSTEM. PE'RHAPS MORE DEVES-
TATING" HOWEVER" IS THE CONSTANT OCCURANCE OF A CHIP GOING BAD IN THE 
SYSTEM. HAVE YOU EVER SPENT 8 OR 10 HOURS TRYING TO "DEBUG" A PROGRAM 
UNDER DEVELOPMENT ONLY TO FINALLY ASCERTAIN THAT A BORDER LINE MEMORY 
ELEMENT WAS OCCASIONALLY DROPPING A BIT? HO~ VALUABLE IS THAT TIM~ 
OR" SUPPOSE A CHIP GOES BAD WHILE A MAILING LIST IS BEING SORTED AND A 
FEW HUNDRED CUSTOMER NAMES "DISAPPEAR" FROM yOUR SYSTEM BECAUSE THE COM
PUTER RECEIVES AN INCORRECT INSTRUCTION AND PROCEEDS TO PERFORM A SYSTEM 
"WIPE OUT1" THE READER WILL NATURALLY HAVE TO BE THE JUDGE. THE POINT 
OF THIS ARTICLE HAS BEEN TO INFORM. TO PROVIDE SOME FIRST HAND EXPER-
IENCE IN THE FORM OF LESSONS WE HAVE LEARNED. (YOU DON'T THINK WE WENT 
OUT AND PURCHASED 1000 CHEAP RAM'S JUST SO WE COULD WRITE THIS ARTICLE 
DO YOU?) 

WE HAVE FOUND IT PAYS IN THE LONG RUN TO BUY MEMORY ELEMENTS FROM 
TOP SUPPLIERS - EVEN THOUGH IT MEANS PAYING TOP PRICES. WHAT KIND OF 
FAILURE RATES DO WE EXPERIENCE WITH THOSE DEVICES? TO- DATE - FROM ALL 
CAUSES - THE RATE HAS BEEN IN THE VICINITY OF 1/3 OF 1 PERCENT - OR TO 
PUT IT ANOTHER WAY" ABOUT 75 TIMES LESS THAN THE LOW COST UNITS WE TEST-
ED. WHAT'S MORL WE HAVE FOUND THAT VIRTUALLY ALL THE FAILURES HAVE. 
BEEN DETECTED DURING INITIAL TESTING. FOR THIS "75 TIMES" IMPROVEMENT 
VE FIND VE ONLY HAVE TO PAY ABOUT TWICE THE "LOW COST" PRICE - AND THAT" 
READERS" IS A BARGAIN! 

JUST HOV SERIOUS IS THE "CHEAP MEMORY" PROBLEM AMONG COMPUTER USERS1 
VEI..L" VE CAN TELL YOU THIS FACT: MORE THAN HALF 0 F ALL THE SCELBI-8H 
AND SCELBI-8B SYSTEMS RETURNED FOR SERVICE HAVE BEEN A DIRECT RESULT OF 
THE USER INSTALLING LOW COST MEMORIES! BY THE TIME THESE CUSTOMERS HAD 
PAID FOR ROUND TRIP SHIPMENT OF THEIR SYSTEM AND THE SERVICE CHARGE WE 
DOUBT IF VERY MANY OF THEM HAD SAVED ANY MONEY! TO SAY NOTHING OF THE 
INCONVENIENCE AND LOST TIME ON THEIR SYSTEMS. 

THIS ARTICLE IS NOT A SUBTLE REQUEST FOR READER'S TO PURCHASE OUR 
MEMORY DEVICES - IT IS A SUGGESTION FOR READER'S TO-SERIOUSLY CONSIDER 
PURCHASING "GOOD QUALITY" DEVICES FROM REPUTABCE MANUFACTURER:S REPRE
SENTATI VES. 

IN ANY EVENT" AFTER READING THIS ARTICLE" YOU SHOULD KNOW ENOUGH TO 
BEWARE! 
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AN UCTAL TERi1INAL 

BY 

DAVID DA11ERON 
40c E. 0 '}{EEFE ST. 

E. PALU ALTu" CA. 94303 

11~. DAMERUiJ SEi\IT lI'J THE SCHEl1ATIC FOR Al-.J UCTAL TERt1HJAL hE. DESIGNED 
''''HICH IS ILLUSTRATED ON THE FULLUWING PAGE. PIN loJU113E~S ON THE I.C·S 
USED I.JERE NOT INCLUDED SO YOU WILL HAVE TO REFER TU A l1ANTJFACTURER'S DE-
VICE HANDBUOK UR CUNTACT 11R. DA:1ERON. HE ALSO INCLUDED SUl1E PRuliRAMS 
ANI) THE FOLLOWING COMMENTS. 

"I HAVE FINISHED AN OCTAL TERMINAL WHICH U'!HE:R USERS MIliHT BE INTER
ESTED IN. IN THE "READ" l1UDE" DIGITS 0 - 7 ARE ENTERED IN CYCLIC URDER. 
VHEN A WORD 15 TO BE ENTERED" THE "ENTER" KEY IS PRESSED TJHICH LOCKS OUT 
THE DIGIT KEYS AND SETS "DATA READY" HIGH. TO ACKNUWLEDGE THE: DATA TJORD 
THE COMPUTER STROBES THE "DATA ACCEPT" TJHICH RESETS THE COUNT FLIP-FLOP 
ANlJ PLACES THE TERMINAL IN THE "WRITE" MUDE. IN THE "TJRITE" MODE" AN 
OUTPUT PORT IS DISPLAYED. TO SET THE TERMINAL IN THE "READ" MODE" ANY 
DI G I T KEY 1 S PR ES SED. " 

THE FOLLUWING OPERATING PROGRAMS WERE INCLUDED BY i1R. DAMERON. 

I 
003 000 103 TEST" INP 001 IINPUT PORT 1 
003 001 044 OO'~ NDI 004 . IFLAG "DATA READY" 
003 003 15U 000 003 JTZ TEST ITRY AGAIN FOR "DATA READY" 
003 006 105 INP 002 IINPUT DATA 
003 007 370 LMA ISTORE IN MEMORY 
003 010 141 OUT 020 I ACC EPT DATA 
003 01 1 060 INL I INCREASE PO INTER 
003 012 306 START" LAL IPUT "L" INTO "A" 
003 013 121 OUT 010 10UTPUT "L" 
003 014 104 000 003 JMP TEST IJUMP "TEST" 

I 

"TO USE THIS ROUTINE" JUMP TO "START" AT LOCATION 012 ON PAGE 03. 
THE LOCATION 0 F THE NEXT WORD IN MEMORY WILL BE: VI ETJED AT THE TERMINAL. 
ENTER THE DATA WORD" THEN PRESS "ENTER." THE WORD TJILL BE STURED AND 
THE NEXT LOCATION WILL BE VIEWED. INTERRUPT TO TERMINATE THIS ROUTINE." 

I 
002 000 103 TEST" INP 001 IINPUT PORT 1 
002 001 044 004 NDI 004 I FLAG "DATA READY" BI T B2 
002 003 150 000 002 JTZ TEST ITRY AGAIN FOR "DATA READY" 
002 006 307 LAM IMO VE "M" TO "A" 
002 007 141 OUT 020 I CL EAR TERM I NAL 
002 010 121 OUT 010 10UTPUT WORD 
002 011 060 INL I INCREMENT PO INTER 
002 012 104 000 002 JMP TEST IJUMP "TEST" 

I 

"PRESS "ENTl:."R" TU DISPLAY SUCCESSIVE TJJRDS UN A PAGE. INTERRUPT TO 
TERMINATE THIS ROUTINE." 
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A SIMPLE MAG TAPE ULE PRUGRAM - -

IT IS OfT~ DESIRAB1.E TO USE A COMPUTER COUP1.ED TU A l"lASS STURAliJ:; 
DEVICE SUCH AS A TAPE UNlT TO ACT AS A l'I1.E SYSTEM. joUR INSTANCt;., ONE 
MIGHt WANT TO MAINTAIN A~LIST OF" NAMES AND ADDRESSES fOH MAI1.lNG PUR
pOsEs. "PDUODICAU.y; ONE MIGHT WANT TO PROCESS THE ~ES AND-ADDRESSES 
AND S'iND INFoRMATION- TO SELEcTED INDIVIDUALS. A SIMPLE AUDIO CASSETTE 
MAG TAPE SYSTEM CAN BE USED FUR SUCH-PURPOSES' If THE NUMBl:Jl-OJ' "FILES" 
15 NOT TOO LARGE" AND THE DATA DOES NUT TO HE UPDATED ONCE IT HAS-Bl::EN 
PLACED ON THt TAPE. (IF IT IS NECESSARY TO UPDATE FILES THm A MORt. 
soplUSTICATED SYST'at THAN - THE ONE TO BE DESCR18ED HERE SHOULD 81:: USED" 
AND IT WOULD BE ADVISABLE TO USE MULTlPLE TApE UNITS WITH FAST SFARCH-
CAPAt:ULITY.) ONE CAN; HOWEVER, USING~ A SIMPLE AUDIU TApE SYSTEMI DEvEL-
oP A SYSTEM-THAT W1LL" ALLOW CERTAIN "FILES" TO BE SELECTED, AND UTH1R 
FIL£S TO BE SKIPPED WHm THE-DATA-IS"PROCESSl::lh 

ALJ... TliAT IS NEEDED TO DEVEl.UP A SIMPLE MAG TAPE Fl1.E PROliRAM IS SOME 
SORT OF PROGRAM THAT WILL ALLOW DATA to BE WRITTEN AS-"BLOCKS" ON~A TAPE 
AND ~OTHm PROGRAM THAT CAN READ IN THE BLOCRS. ONE CAN THEN SIMPLY 
SPEC! FY A FORMAT FOR ··BLOCKS" SO TltAT A SUBROUTfNI:: CAN - SELECT CERTAIN 
KINDS "OF- INFORMATION FROM A "BLOCK"" AND DETEItMINE WHETHER THE iNFORMA-
TION IN -THE BLOCK-IS 0 I' INtEREST OR WHETHER TO SKIP A BLOCK. -

THE EXAMPLE TO BE PRESDITED HERE ILLUSTRATES THE SYSTDt F'OR PROCES
SING A LiSt OF NAMES ~D ADDRESSES BUt THE CONCEPT COULD BE APPLI ED-TO--
OTHER" TYPES OF SIMILAR DAtA HANDLING PROBLDtS. "- ~ 

THE FIRST STEP IN DEVn.OPING SUCH A SYSTDt IS TO CREATE A PROGRAM 
THAT WILL-AU..OW A BLOCH OR .... FILE-· OF DATA TO BE-CRFATED AND tH~ WRIT
Tm ON-THE" MAG TApE. THE PROCiRAM SHOWN an.ow CONSIST OF A VERY SIMPLE 
"EDITOR" "PROGRAM THAT ALLOWS THE OPEaATOR TO PLACE- INFORMATION INtO A 
"BUFFER" AREA IN MEMORY. TKE "BUFFER'· IN THIS CASE IS LlMltED to ON£ 
PAGE "OF" MatORY- IN AN 8008 SYSTEM. WHENEvER DESIREDI ~THE- OP~TOR CAN 
TRANSFER THE CONTENTS OF THE BUFJ'ER TO THE TAPE- UNIT TO CREATE A .. t1LE." 
THE PROGRAM, WHICH IS SHOWN BELOW, ASSUMES THAT THE STANDARD SC£J.BI-TA~E 
READ AND WR1TE PROGRAM (DESCRIBEI)" HI THE JULY" 1975 ISSUE" OF THE SCELai 
DIGESi') RESIDES ON pAGE,c 17 IN- THE SYSTEM. FURTHERMORE" IT 15 AsSUMED ~ 
THAN AN ASCII KEYBOARD INPut ROUTINE AND"ANOUTPUT (DlSP1.AY) ROUTlNE IS 
oN-PAGE 16 1~ THE SYSTEM. THESE ROUTINES "WOULD BE USER PROVIDED ROUT;' 
INES" FOR THE USER'S PARTrCULAR I/O DEVICES. NOTE THAT THE I&PUT ROUTINE 
~PU;TS AN-flECHO"-FUNCTION TO THt DISP!.Ay rJEVICE TO OCCUR AS EACH CHAR
ACTm IS INPUTTED SO THAT TrtE OPt.RA'i"Utt CAN Vlt;W DATA AS IT" IS tl'4TatDh 
tHE READm MAY ALSO NUTl:; THAT A DI FFERJ::liI'f cuut: WAS SWSTI TU1't:D F'UK ThE 
CARRIAGE RETURN' AND LlNE FEED ii'UNCTIONS. ituS WAS DUNE IN nil:; f.xilMPl.1:; 
TO PROVIDE AN ILL.USTRil·U,UN 01' T.tU:;~T:t.cHNrQUt:-BECAUSE C!:JHAIN TYPES" Ofo" 
DISPLAY-DEViCES KIGHT"HAVE TO PERFURM DiFFERENT t~NCtIUNS-iN ORDER TO 
atULATE THOSE PROCESSES~ FUR INSTANCE" -A CRT DISPLAY~M1(mt NEED TO RE-
CEIVE SEVERAL NEW-OIREC'tlVE$ WHEN A CARR1AGE RETURN"CODt WAS UETECTED IN 
ORum TO POSIT'UN Tilt; D1SPLAY TU A NEW LINE.. ONE CUUL.D THUS SUBSTITUTE 
AN APPROPRIATl:;-ROUTINE Wkt1:HEVt.H A"CAtttU,AUJ:; Ht:rUHN CUDE WAS DETaTED IN
STtAD OF MAKING THE-SIMPLE SUBSTITlri'lUN IW.US'I'RATl:;U. UH,; ONi; MIGHT DE
SIRE TO '''IGNORE'' A LINE FEED" IN-WHICH CASE ONE COul,;u MUDIFY Tii~ PRUliRAM 
ACCORDINGLy. - - ~ " - ~ " 

THE FILE WRITE PROGRAM IS ILLUSTRATED RESIDlNij ON PAijE 15 wITK PAGE 
14 BE1NG USED AS THE DATA BUF'rm. 01'"" CUUttSE" - Tiu:; Kl:ADER 111 GiiT DtSlRl:: TO 
MODIFY THE PROGRAM TO USE A LARGl'.H (UM SMA1.1..UU" HUFl'i:.R AHEih - (TKIS ART
ICLE "IS iNTmDED"TO lLI..USTRATE THE CONCfPi'S INVOLVED, AND wHIL"E: tHE \1m;'; 
SiON PRESalTED DOES OPERATEi 11' is ASSUMED THAT VARIOUS HEADERS WILL GU"' 
ON TO ~R~TE MORE SUPH~S1'~CATED~-CUSTUM TA1LURED VEKS~UNS.) -
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I 
015 000 106 156 015 5TART~ CAL CRLF IPROVIDE INITIAL CR&LF 
015 003 I 
015 003 106 136 015 NE\10NE" CAL CLEAR ICl..EAR BUFFER AREA (000) 
015 006 360 1.. LA 15ET REG I.. TO ZE.."RO 
015 007 056 014 LHI 014 I****BUFFER PAGE 
015 011 I 
015 all 106 000 016 NEXT~ CAL l:;CHOIN I FE-ICB CHAR WI T11 ECHO 
015 014 074 215 CPI 215 IS EE 1 F CODE FOR CR 
015 016 110 023 015 J FZ NOTCR 15KIP NEXT 1 F NOT CR 
015 021 006 074 LAI 074 ISUBSTITUTE FOR CR CODE 
015 023 I 
015 023 074 212 NOTCR~ CPI 212 ISEE 1 F CODE FOR LF 
015 025 110 032 015 J FZ NOTLF ISKIP NEXT 1 F NOT LF 
015 030 006 076 LAI 076 ISUBSTITUTE FOR LF 
015 032 I 
015 032 074 203 NOTLf~ CPI 203 ISEE If CTRl.. "c" 
015 034 150 000 015 JTZ START I"CL EAR" BUFFi.'R I F CTRL "C" 
015 037 074 213 CPI 213 IS EE If CTRl. ·'K" 
015 041 150 116 015 JTZ URITIT I\TRITE A Fll.E ON TAPE I F SO 
015 044 074 217 CPI 217 ISEE 1 F CTRL "0" 
015 046 110 071 015 JFZ PACK IPUT CHAR IN BUFFER IF NOT 
015 051 306 l.AL IERASE PREVIOUS CHAR If 
015 052 240 NOA IA CTRL "0" - BUT 1 GNORE THE 
015 053 150 011 015 JTZ NEXT ICOMMAND IF AT LOCATION Z mo 
015 056 250 XRA lIN THE BUFFER 
015 057 061 DC 1.. 10ECREl1ENT POINTER TO PREV 
015 060 370 LMA IENTRY AND CLEAR IT 
015 061 006 337 l.AI 331 IPRINT " .. " AS ERASE 
015 063 106 200 016 CAl.. SEND IINDICATOR 
015 066 104 011 015 JMP NEXT ICONTINUE INPUTTING CHARS 
015 071 I 
015 071 370 PACK, LHA IPUT CHAR IN BUFFER 
015 072 240 NOA ICLEAR CARRY BI T 
015 073 306 l.AL IMO VE PNTR TO ACC 
015 074 004 004 ADI 004 ISEE I F BUFFER IS ALMOST 
015 076 100 112 015 JFC NEXONE I FULl.. - RI NG BELL 
015 101 106 150 015 CAL BELL IIF SO 
015 104 306 LAL ITHEN CHECK TO SEE IF 
015 105 004 002 ADI 002 IREALLY FILLED - I F SO 
015 107 150 116 015 JTZ WRITIT I\TRITE BUfFER TO TAPE 
015 112 I 
015 112 060 NEXONu INL IELSE ADVANCE aUf FER PNTR 
015 113 104 011 015 JMP NEXT lAND GET ANOTHER CHARACTER· 
U15 116 I 
015 116 106 150 015 \ffiITIT~ CAL BEJ..L IRING BELL AT START 0 F' VRI TE 
U15 121 346 LEI.. IMU VE BUF-FER PNTRS TO 0 & E 
015 122 335 1.011 ITU HARK I:;NO OF FILE POINT 
015 123 066 000 1..1..1 UOO ISET POUlTER TO START OF 
015 125 106 147 017 CAL WRITE IBUffER AND WRITE TO TAPE 
015 130 106 150 015 CAL BELL I R IN G B ELL AT FIN I S 11 0 F WR I T E 
015 133 104 U03 015 JMP NEVONE IPREPARE BUFFER FOR NEW FILE 
U15 136 I 
015 13b ~50 CLmR~ XRA ICLEAR FlLE BUFFER AREA 
015 137 360 LLA IBY SETTING ACC TO ZERO 
015 140. 056 014 LHI 014 I****AND INITIALIZE POINTER 
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015 142 370 NOTDON .. l.MA ITHEN DEPOSIT ZE'ROS IN BUFFER 
015 143 060 INl. IM£MORY AREA UNTIl. 
015 14.Q 053 RTZ IFINISHED I::NTIRE PAGE 
015 145 104 142 015 JMP NOTDON IYES - THE WHOl.E PAGEl 
015 150 / 
015 150 006 207 SELl. .. l.AI 207 ISET ASCII CODE fUR B1:1..l.. 
015 152 106 200 016 CAl. SEND ISEND TO OUTPUT DEVIC E 
015 155 007 RET 
015 156 / 
015 156 006 215 CRl.F .. l.AI 215 IPROVIDE CR & LF 
015 160 106 200 016 CAl. SEND IBY FIRST SENDING CODE 
015 163 006 212 LAI 212 I FOR CR AND THEN CODE 
015 165 106 200 016 CAL SEND IFOR l.F 
015 170 007 Rl:.'T 

I 

TO CREATE Fll.E(S)~ THE PROGRAM IS STARTED (PAuE 015 LOCATION 000). 
THE AUDio TAPE 'R~ORDER SHOULD ~E CONNECTED TO THE TAPE INTERFACE wItH 
THE MOTOR CONTROL"OPTION BEING USED. THE SIMPLE "ED1TOR f

, PORTION OF THE 
PROGRAM usEs THE ro1..l.0WING SPfX:IAL "CONTROL - FUNCTIONS" TO DIREi;T OPERA
'UON OF THE PROGRAM FROM THE USER'S"INPUT DEVICE <SUCR AS A-KEYBOARD.)'" 

-. - ... ~ - . 

"CONTROL/C" ("CONTROL" AND LETTER "C" DEPRESSED SIMUJ..TANEOUSLY) RE
SULTS-IN THE-INPUt BUFFER-B£1NG CLEARED-tO THE ALL ZERO CONDiTION. - IT' 
smvES- AS AN EASY WAY TO mASE THE BUFFm SHOUl..l> THE OP~TOR DISCOVER 
AN mROR WHILE' DiTElUNG DATA." . 
. .. -. . .. 

"CONTROl./O'· smvES TO DELETE THE PREVIOUS CHARACTER ENTERED BY THE 
OPERATOR FROM tHE BUyym. IT MAY BE USED-MORE THAN' ONCE TO DELETE SEV-
ERAl.' INCORRECT CHARACTERS'. -ABACK ARROW IS DISpLAYED t'ACH TIME THIS 
FUNCTION IS USEl>. THE ruNCT10N IS lNTENDED A~ A SIMPl.E'-· EDI TING" CAPA-
BILITY FOR CORREt:TING MINOR "TYPO" mRORS. - - -

"CONTROL/K" CAUSES THE CURRENT CONTENTS OF THE BUFFER TO BE WRITT~ 
ONTO'THE TAPt UNIT TO CREATE A BLOCK OR "FIl.E." THE StiFFER IS THEN 
AUTOMATICALLY "C1. FAR ED') TO PREPARE' FOR A-NEw 'ENTRY;' AT THE START AND AT 
tHE END-OF THE--ACTUAL FILE WRIT1NG PROCESS" A "BI:1.1;" 1s RUNG elF A'TTY" 
UNIT IS IN USE) ·to 1NDICATE TO tHE OPERATOR THE START-AND am" Or THE AC
TuAL. tAPE WRITt PROCESS; '"" 

THE OPERATOR DOES NOT HAVE TO USE THE "CONTROL/Kit COMMAND TO SDiD A 
FULl. BLOCK OF- DATA TO THE TApE UNIT. THE PROGRAM ILLUSTRAtED WILl. AUTO
MATICAl.l.Y TRANSFER DATA TO THE TAP£""UNIT WHEN THE BUFFER 1s fILLED WITH" 
256-(DEClKAL·) CHARACTms. FURTH~OREi AS THE BUf'r'ER "APPROACfu:;S IT'S' 
CAPACITY; tHE '-'sE:U.·' eON"A TTY) 15 RUNG TO WARN THE OPUiATOR - TO "SLOW 
i>C)WNi'-TH}; INPut PROCESS. (A GaUD TYPIST COULD TYPE tHREE OR SO CHARAC
TERS'AFTER-THE TAPE-UNI'!' si'ARTED BUT BEFORE REJ'1.EXES RESPONDED TO'tHE"" 
"BELL" AT THE START OF-THE WRITE CYCLE 1 F NO WARNING WAS Gl VEN! ) - - - ...-

A SIMPLE FILE READ PROGRAM IS 1 1..l. US THAT ED AT THE TUP 0 F THE NEXT 
PAGE. tHE PROGRAM SHOWN SIMPLY-READS IN ~CH FILE FROM THE TAPE UNIT 
INTO'"THE-aU!,'FER AREA AND THm DISPLAYS" THE' CONT~TSOF THE BUFFER. - FOR 
ttU: VERSION "SHOWN It Is ASSUMED-THAT THl::' DISPLAY DEVICE IS A TTY." AS 
SOON AS THE DATA HAs BEa. PRINTEO" TI1E PROGRAM GOES 01\1 TO READ IN ANOTI1-
ER t'U.E. THIS PROGRAMS IS ONLY INTWDED AS A fRAMl:.)iURK fROM' WHiCH THE" 
REAOtR MAy PROCEED TO BuILD UP A-MORE SOPHISTICATED SYSTEM. A tEW COM
M~TS ON' EXPANDING THE PROGRAMS"S CAPABILIty to' IMPLEMu.JT ~ "CHEX;K AND' 
SKIP" FIl.E SYSTbt WILL ~E PRES l:lQT ED' NEXt. - . 

- - - .. 
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I 
01~ 200 106 210 (J 1 '/ I-RLAI)" l;AL RJ:J.\[; I~I:AD A HLl:. l-~lJi'1 TAP~ 

015 203 250 X?A ICL..~AP A.ce l:r-1ULATUR 
015 204 36U Li.A ISET P~TR BACK TU START 
015 205 056 U14 LHI U14 1 •••• .dlH f l:.R PAul:. 
015 207 I 
015 207 307 l;Hfl rET" LAM lUI- rILL 0:. rE.TCH A CHAR 
015 210 ~4U NDA ISl:.T FLAliS AFTER LOAD 
010 211 15U 200 010 ..JTZ l-Rt.AD Ill- "OOU" uET NEXT FILL 
015 214 074 074 cpl 07Jl ISEl:: 1 r GlJUE "CR" 
U15 216 110 226 U15 J:Z NUCR ISK!P i'JD<T J. r NUT 

015 221 006 215 LAI 215 IIF Su" SUBST 1 TUT E CR 
015 223 104 235 015 JMP PRINT lAND lJl SPLAY 
015 226 I 
015 ~26 074 076 NOCR.# CPI 076 ISEE. If CUDE.D "Lf'II 
015 230 110 235 015 J I-Z PRINT ISKlP NL'XT I I- NOT 
015 233 006 212 LA! 212 Ill- so" SUBSTITUTE. 1..1-

015 235 I 
015 235 106 200 016 PRINT" CAL SEND IDISPLAY CHARACTER 
015 240 I 
015 240 060 AH !:.AD" INL IADVANCE BUrFER PNTR 
015 241 104 207 015 JMP (;HRH .. T lAND CONTINUE PROCESS 

I 

TO IMPl.EMENT A "CHECK AND SKIP" CAPABIl.ITY ONE WOUl.D SIMPl.Y PROCEED 
TO l::STABl.ISH A COD1f.JG CONVi=:.NTION- WHEN' Fil.Es - WERE liHl TTEN AND THEN ADD A 
SUBROUTINE TO THE rIl.L-READ PROGRAM TU TEST FUR A DESIHED' CONDiTION. ' 
suPPOSEi FOR INSTANCu ONE HAD A Cl.UB MAIl.ING l.IST WHERE HEHB~S-COUl.D 
BELONG TO 'ANY ONE (OR'MORE) SPECIAl. INTEREST GROups. ONE COUl.D USE THE 
COMPUTm TO SI:l.ECT INDIVIDUALS WHO WtHE TO RECEIVE ~PECIAL-INTEREST NflIS 
BY USING THE FOw:.owING-Ttt:auiHQUE~ -

ON THE FIRST LltJE OF THE DATA Bl.OCK CONTAINING THE MEl'tBERS NAME AND 
ADDRESS, ASSIGN A LETTER OR NUMBm CODE tu REPREsENT EACH SPE&IAl. INTER-
EST GROUP THAT THE MEl1BER WAS ACTIVE IN. THUS, AN ENTRY HIGllt-APPEAR 
ASI 

AEGH 
JOHN OOE 
123 MAIN ST. 
ANYTOWN, US"12345 

WHERE THE l.ETTERS A, E" G A .... 4D H ON THE FIRST l.INE REPRESENTED THE CUDl:;S 
FOR VARIOUS SPECIAL- INTEREST GROUPS tHAT-THE MEMBER PARTICIPATED IN. 

, . 

TO PROCESS SUCH A SYSTEM, ONE WUUl.D SIMPl.Y NEED TO 1'1001 FY THE RFAD 
PROGRAM ABOVE (SAY, By CALl.ING A SUBROUTINE JUST BEFORE "CHRFET") SO' 
THE F1RST l.INEOr' AN ENtRY WAS SCANNED FOR A PARTICtn..AR CODE'REPA.ESENT
ING A-GROUP' THAT 'wAs TO BE INCl.Ui>l:D IN THE CURRENt MAIl.ING. 1 l' THE DE
SIRED CHARACTER WAS FOUND, tHW THE PROGRAM COUL.D PROCEED YO PRINT THE 
REsT OF tHE'FIl.l:: (STARTING WITH THE NEXT l.INEI) AS THE NAME AND-ADDRESS. 
OTHERWISE" NO - PRINT OUT-WOULD BE REQUIRED, - AND- THE PROGRAM wOUl.D CON- •• 
TINUE SE lMMEDIAtELY PRUCEEDING TO READ I~ ANOTHER FIl.E ~OM THE tAPE 
UNIT. - - -

ONE MIGHT NOV BE ABl.E TO SEE" THAT THE CONCEPT CAN THEN BE EXPANDED 
TO ALl.OW, -SAY, MULTIPl.E INTEREST' GROUPS TU BE SELECT1::D (BY PERFORM1NG A 
"LOGICAl.' ANO'" TEST) -UR COMBINATIONS OF GROUPS. ONE COUloD, IN tACTi EX
PAND'THl:; READ PROGA.AM INTO A FUl.l. Bl.OWN PROGR1-04 TO ENABl.E- AN UNSKILLED' 
OPl:.RATOR TO D}:;FINE THE- SELECTION CRITERIAl GUT SOME IDEAS' NOW1 -

. - - - -
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MR. WILLARD 1. NICO# OF DELTA T, 11020 OLD KATY ROAD# SUIT 204# 
HOUSTON# TX. 77043# 5 ENT IN TWO CONTRIBUTIONS. THE l'1RST IS A MUDI U(;A-
TION TO THE"SCEL.Bl-tsH THAT ALLOWS THE PROCl:.SSO'R TO WAI T lJURING IIU - CyC
LES FOR A PUUPHERAL DEVICE TO INDICATE THAT IT IS ttRl:ADY." TH£SECOND 
CUNTRIBUTION IS A ROUTINE THAT CONVERTS BINARY NUMHERS STUREU IN A SIN
tiLE RtGlS'i'ER TO IT'S DEcIMAL EQUIVAl..I:NT.THANKS JOUR TAKING THE TIME TO 
SHARE yOUR CREATI0~S WITH OTHiRS# MR. NICO. 

J«)DIFICATIONS 'fO ~ELBI CPU CARD TO ALLOW PROCESSOR TO "wAIT" DURING 
IJU?UT AIm OUTPUT Clems FOR A PERIPHERAL THAT IS NOT READY. 

The "Interrupt" prOvisions of the 8008 CPU are usef'ul in many circWlStances, 

but not so useful when a dedicated program is being run with asynchronous 

input and/or output requirements. For emaple, a routine to simply copy 

a paper tape auat wa1 t until the reader has finished cycling trOll the last 

input strobe before it can fetch the new byte. S1m:U.arly, the rO\1tine 1IU8t 

va1 t tor the punch to tinish cycling froa the last output before a new punch 

coaaDd can be issued. WhUe thila vaiting is gOing on, there is nothing the 

coap\lter can ''be oft 80lleWhere doing" while waiting tor an interrupt. 

Certain t1ra:lzag pronsiona of the Scelbi 8B CPU card do not allow for the CPU 

to w.1t in this 1I&DIler, but they can be easUy a:>dif'1ed, and the extra gates 

re41u1red tor the lIOd1f'1cations are "extras" that rellBin UllUsed on the standard 

CPU card. 

IBPl1r .A1ID OU'rPUT ''WAIT'' CIRCUIT 

!bere are any waya to coDf'i.gure the peripheral control interrace circuits. 

~ circuit shown in Figure 1 mn1tors data from the high address latches 

and drives. select line -low" when an input or output ca.and is decoded. 

The select line is ''Bm Id" with the READY line frOll the selected peripheral 

and after inversion, comb1n1ng with other sim:Uar circuits and the RDYN 

line from the CPU card, is returned as the new RDYN output. 
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THE IROBIEM 

WhUe Figure 1 looks good on paper and should work, it didn't. The 

device identification i~ strobed into the high address latches at T2 

time and may be extracted by enabling the decoders with the ~N signal from 

the CPU card (pin &-12). 

The problem is that the High Address strobe (HAS on pin B-19 of CPU 

card) occurs at clock p'i!2 and the 8008 1DU8t have the READY line at logic 

"0" prior to p'i!2 of T2 to guarantee entry into the WAlT state. (See note 1 

on page 23 of INTEL 8008 Users Manual, November 1913, Revision 4). 

An investigation of the timing chart (above reference) shows that the data 

for the High Address latches is valid one clock pulse earlier tba., P22, which 

is p12.. By malting the JDOd1t1cation shown in Figure 2, tbe device identit1cation 

vUl be strobed into the High Address larches earlier sO that it can be decoded 

and the !lADY line brought to logic "0" prior to P'i!2 it the device is not 

ready. 

A fBCOJm PfiOBIBM 

Afier DIlking the above modification (it 18 easy), you vUl tind that the 

circuit stUl doesn It vork! It von't wait for a slow peripheral the 

~ time you address it, but does seem to wait the ~ ti'lJle. This 

can be fixed just as easily. 

This problem is caused by the Z26 "anticipation" circuit. It I S needed 

SO that everything is ready to go at the very beginning of T3 time instead 

of having to wait for the first· available clock pulse, which is p21. 
But the trouble is, all conditions are "GO" at the last gasp of T2 time 

and the Input or Output strobe gets generated Just as T2 waves goodbye. 

- 19 -



Obvioualy, it doesn't do any good to enter a wait atate between T2 and T3 

if the deed haG already been done. So the strobes get generated and the 

cOc:qluter waits ~ a Iltrobe which went cut lihUe the device lias stU! 

busy with the one before. 

The fix is to hold off on the DIP aDd our strobes untU the CPU gets to T3 

time and ~ it has done any necessary waiting. 

The circuit ot Figure 3 uses another spare gate to add T3 time intonation 

to the strobe generating circuits. 

fIr, 3 
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ROUTINE FOR CONVERTING BINARY CON'IENTS 
OF ''E'' REGISTER TO THREE IECDIAL DIGrrS 
(WITH IEADING ZERO SUPmESSlON) AND ourPl1rl'ING. 

Note: Addresses follow "Monitor 8" software convention of six digit group 
with page number first. 

Rote: Restart 2 (R~~) 1s User's output routine. 

001000/ 036 LDl 060 

001002/ 323 WD 

001003/ 313 LBD 

001004./ 3>4 LAE 

001005/ 074 CPI 000 

001007/ 150 JTZ 001061 

001012/ 006 LA! 072 

001014/ 03) IND 

001015/ 273 CPD 

001016/ 1.10 JFZ 001033 

001021/ 036 LDI 060 

001023/ 020 ~ 

001024/ 272 C~ 

001025/ 110 JFZ 001033 

00103>/ 026 WI 060 

001032/ 010 DB 

001033/ 041 DeB 

0010?fo/ 110 JFZ 001014 

001037/ 3>1 LAB 

Load Aa:II number code for zero in' liD" register 

And Register "C" 

And Regiater liB" 

Get number to be converted 

Is it zero? 

If so, go priDt a single zero 

Set up A with A9JII zero plus ten 

Tally one in liD" Register (least significant digit) 

Did that get D to "ten" decimal? 

If not, go keep score in ''E" Register 

If so, reset liD" to Mell zero 

And add one (carry) to "c" 

Did that get "C" to "ten" deciuBl'l 

If not, keep score 

It so, reset "C" to 14111 zero 

Carry to liB" 

Decrement ''E'' 

Rot done yet j loop back 

All done. Get IDOst significant digit 
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0010~/ 074 CPI 060 

001042/ 110 JlI'Z 001056 

001045/ 312 LAC 

001046/ 074 CPI ow 
0010rp/ 110 J}'Z 001060 

001053/ 104 JMP 001061 

001056/ 025 R8l'02O 

0010 57/ 3>2 LAC 

0010fIJ/ 025 RSro2O 

001061/ 3>3 LAD 

001062/ 025 RS'ro2O 

001063/ 001 BE'! 

Ie it zero (AS::II)'l 

No. Go print all throe digits 

Yes. How about middle digitt 

Ie it at zero (.AreII)t 

Ho. Go print last tvo digit. 

Yeo it is. Print 1aa.ut aign1t1cant 41ait 0Dl.1. 

CO2 bere to print aoast sigDit1cant d1sit 

Get aiddle digit 

AmI print it 

Get 1eu-t significant d1g1t 

And print it 

Go hC3It 

THE NAVAl.. AD:I1RAL HAD ~UST PURCHASED A MUJ1COMPUTER TO UELP KIU nem 
HIS tilGUTY FLEET. HE QUICKLY ~PACKED HIS t,JPUTI SET IT UP Ul HIS STATE 
ROOH .. -PLUGGED IT""U,,, AUD"VITHOUT tlASTUJG"AlJY TIME.. PROCEEDED TO-~SK HIS 
NEll COUPUTER AU UlPORTruJ1' OU£5TI01.l. - - -

"V-lU. THE WEATHER BE SUITABLE f'ORl.O~!:!IUG PL.1WES mWi In' AIRCaAPT 
CARR 1 Eft TOiWRROV - OR WILL IT RAIlS?" 

"YES." ANSWERED HIS tJW LITTLE BRAUJ. 

"YES lIMAT1" SHOUTED THE DCl\SPERATED AmtlRJU.. 

"YES SIR II" PIPED UP 1US LITTLE MUll. 
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