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Pref ace 

77- 68 was de si gned to be a low cost system with which the constructor 

cou l d lea rn about mi c ro comput i ng by di rect experience. The board can then 

be expandeo, wi ~h out restr i c t ion, to the limit of the 6800 microprocessor's 

po t enti al . Th «)u(~ ,-, out t he fo llowin g months, additional items will be made 

ava i l ab le e. g . men~ ry ca r ds, Kan sas City int e rface , RS 232C interface, 

Honi taring ROM's. -i·ne Use r Group wi ll hold all the latest information and 

it is expected to play a major role in the development of this system. 

If d i ff icu lt y i s ex per ie nce d in obt a ining any parts or in commissioning 

the mi crocomputer, do no t hesitate t c co ntact the "B EAR" or the User Group. 

The Instru c tion set is reproduce d by kind permission of Hotorola Ltd. 

BEAR MICROCOHPUTER SYSTEMS 

JUNE 1977 

2nd . Repri n t . 

Inc luded in thi s editi on a r e the details of the two 

ava iab le exte ntions to 77 - 6 8', - the 4Kbyt"s RAM p b . <:: • c. . 

and t h e So f t Moni t or V24/ R2 3 2C interface p.c.b. 

Wi t hin the n ext . f ew weeks a ROM monitor p.c.b. and a 

V.D.D./K eyboa rd p. e .b. will become available , plus 

several mon~ du ring 1978. You are r e commended to the 

Use r Group ~ewsletters No. 1,2 and 3 which have already 

bee n published. 

NEW BEAR COMPDTING STORE 

May 1978. 
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7l - 6H 

Chaa te r ;. in J ~Jdu c tion I ____ • _ _ ~. ___ _ 

The 77-6G was c <.:: sig neci a s co chea p ci nd si mp le way to build d working 

microcompute r wn ich could be expanded at a later date, when the 

cons t ruc tor ' s pocket and time permit. 

Althougn t ne bas i c machine descr i bed here is I imited in terms of 

memory (256 8 bi t "lo rds) and Input/Output devices (only binary 

switcnes a ne l amps a r e prov ided), i t will give the user valuable 

exper ience; of ':ne ha r dware and so f tware techniques associated with 

microprocessors, without commi tt ing hi m to a large initial outlay. 

Ev~n In it s s'imp lest form, the 77-68 can be used to execu t e real 

programs. Ma th emat ica l rout ines can be run, s imple computer games 

played, and t he macn ine can be a controller /seque ncer for household 

devices, .si mp·le production tools, or even a mode ·1 tra i n layout. 

The bas ic 77-68 can be bui 1 t for about £50, or less if the constructor 

has a reasona bly dee p junk box, and the on ly addit ional equipment 

needed i s a source o f +5V DC power. By us i ng togg 1 e swl tcnes and 

LED's as r uci men tary input/output dev i ces , the 77-68 user does not 

need to invest i n a t eleprinte r or VDU before he can get started -

although these and o t her enhan cements can be added to the system later. 

Care has been ta ken i n t he design to ensure that the mac hi ne can be 

expanded eas il y to ha ve a capabil ity close t o that of any 8 bit 

micro? rocesso r cu rrentl y avai lab le . For example, the 6800 MPU chip 

has been cnos en a s the heart of the 77-68, rather than one of the 

simpler, S·iO\,<Jcr and s l ig htly cheaper t ypes wh ich wou1d limit the 

power of a n enrlanced mac hi ne . Al so, prov ision is made for fully 

buffered TTL data and address busses for flexibil ity in adding other 

uni ts to Qui ·Id up a '!arge systern. 

Final'ly, a v.Jord of warning. Although the 77-68 is relatively 

stra ightforward , i t s hou ld no t be attempted until the would-be 

constructor i s fa mi 1 iar wi th the cons t ruc ti on of TTL based logic 

circuits, and ha s some know l edge of mic rocomputer hardware and 

software. The fo'i lowing books are highly recommended as suitable 



bac kg r ou nd r eading ; 

IAn in troduct ion To l-1ic rocornputersl Vo'is I & II by /-\darn OSbOf'[lC. 

Publ ished by Ad am Osbo r ne and Associ a t es Inc . , 2950 Sev enth St. , 

Be rkeky 'l, Cali f o r nia 94710, and d i stributed in Europe by SVBEX , 

Pub l i ca t i o ns Dep t , 313 Rue lecourbe , 75015 Paris, FRANC E. 

or Bear Mi crocomputer Systems 

IM6800 Mi crocompu ter System Des i gns Datal, (or at least the M6800 data 

shee ts ) f rom Motorola. 

or Bear Microcomputer Systems 
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Chap te r 2 77-68 Characte r istics 

1. CPU 

The heart of the 77-68 is the 16800 1 eight bit microprocessor, readily 

avai lable f("om Motorola. AM ! , and others. This features; 

* 72 instructions. 

* 7 Address i ng modes (Direct, Relat ive, Immediate, Indexed, Extended, 

Imp1 ied and Accumulator) . 

6 interna"! registers (two accumulators, index register, program 

counter, stack pointer and condition code register). 

* 8 bit para l lel process i ng. 

* Single (5V) power supply. 

2. Memory 

The bas j c 77-68 ca rd has 255 words of 8 bit s ta tic Random Access MOS 

Memo ry. However, a 11 16 of the 6800 add ress 1 i nes are buffered and 

brought out to the card connector, allowing the constructor to expand 

to the fu l l 64K word capabil ity of the 6800 CPU chip. 

3. CPU Cyc l e Time 

A quartz crystal controlled clock g ives a basic CPU cycle time of 

1.6uS. This may be extended in increments of O.2uS to a maximum of 

SuS to cater for s low ex t ernal memory should the need arise. 

The time taken to execute an instruction depends upon the particular 

operation and the addressing mode used e.g.; 

Add Accumu lators; 2 cycles 3.2uS 

Load Accumu 1 a to r; 2-5 cycles 3.2 - 8 uS 

Branch; 4 cycles 6.4uS 

4. I neu tlOu t[~u t 

Peripheral data and contro l registers are treated as memory locations, 

and can therefore be handled using the full 6800 i nstruction set. 

The basic 77-68 uses e ight togg l e switches as an input register for 

loading the user's program and for entering data during program 

execution, and eight LED's as a data display. Although this might be 

considered a rather pr imi t ive approach, it does give the constructor a 
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minimum 'first cost! system ana emphasises the essentially binary 

nature of microprocessors. More sophisticated peripherals, such as a 

keyboard, display & printer, can easi<ly be added to the basic 

system. 

As well as the eight icata l switches. eight !address 1 switches al low the 

user to examine the contents of any of the 255 memory locations when 

the processor is halted. 

5. Construction 

The 77-68 is designed around the standard 8.0 ii square printed circuit 

board with a 0.111 single sided edge connector. Suitable 'prototyping l 

boards are readily available, alternatively the constructor may use a 

specially designed board suppl ied by BMS. 

The basic machine comprises; 

- a single board containing the 6800 microprocessor chip, 255 words 

of memory, data input and output registers and miscellaneous control 

circuitry. 

- a simple control panel. 

- a source of 5VDC at about IA. 

6. Expandabll1ty 

Enha ncemen ts be i ng des i gn ed fo r th e 77 -68 inc 1 ude; 

- Memory extension 

- Tape cassette interface ('Kansas City' standard) 

- VDU and keyboard interfaces 

These will allow the constructor to build up a system capable of running 

much of the vast amount of software that is readily available to 6800 

based system users. 
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Chapter 3 

The Basic Mach ne 

Fig 1 shows a block diagram of the basic 77-68. It comprises; 

- The 6800 Microprocessof Unit itself. This performs the actual 

mach i ne language instructions stored in the RAM, using data 

read from the RAM or the Data Switch Register. 

- A 256 ,,}ord eight bit Random Access l'1emory used to store data and 

instructions. The particular word to be read from or written 

into is selected by the eight address 1 ines AO - A7. The 6800 MPU 

actually has 16 address 1 ines, providing an addressing range of 

2
16

, or approximately 65000 words, however the high 8 1 ines A8 

to A15 are not used by the basic 77-68. Also, the address 255 

(Hexadecimal F~ accesses the data switches and data display 

register as described below, thus the RAM is disabled when this 

address is selected. 

- A 8 1 ine, 2 way, data selector which allows the address bus 

lines AO to A7 to be driven either from the 6800 MPU or from 

the address switches. 

An eight bit data Input switch register. When the MPU selects 

address FF, a read operation will take information from these 

switches, rather than from the RAM. 

- An eight bit output register, driving an eight bit ldata l display. 

An MPU write operation into location FF will load this register. 

- Miscellaneous clock and control logic. 

The HALT switch disables the MPU (after allowing it to complete the 

current instruction) so that its TRI-STATE outputs go to the high 

impedance state. The address selector is then set so that lines AO - A7 

are controlled by the address switches rather than by the MPU. At the 

same time, the data reg ister input gates are opened so that the data 

display shows wnatever information is on the data bus, and a read 

condition applied to the RAM. Thus the contents of any of the RAM 

locations can be examined by setting the appropriate address on the 

swi tches. 

When the LOAD switch is operated (while the machine is HALTed) the RAM 
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is set to the wr to condition, and the contents of the data switch 

register gatea 0;",1:0 the data bU5 Lo be 'I'lritten 'into merilory at the 

location selected by the address switches. 

Thus, without involving the MPU, we can examine the contents of memory, 

or ioad new nforrnation into any location . 

When the RESET switch is operated. t no MPU goes into an initial isation 

routine, then it reads the contents of location FF (the data switch 

register) as the lo cation at wh ich to start program execution when the 

HALT condit on is rernoved. So, having oaded a program into memory, 

we can run it by simply setting the data sw teh register to the 

program starting address, momentarily operating [he RESET switch, then 

removing the HALT condition. if the HALT co ndition is removed without 

the RESET switch having been operated, the i"\PU wii -: resume operation 

from the point at which it had been halted , 

The RUN lamp is 1 it whenever the 6800 MPU has control of the busses. 

Although the 6800 MPU does not have an explicit HALT instruction, WAI 

(Wait for Interrupt) has roughly the same effect and. when 0 fx:;rated, 

will extinguish the RUN lamp. 

Detailed Circuit Description 

In describing the hardware , the fol l owing conven t ions are used; 

I 11 ish i gh (any vo 1 tage between a bout +2 and +5V) 

I 0 lis low (0 to O. 5V) 

A bar (--) over a 51911a1 name means that it is aSSt~rted 1m'". 

For exarnp]e, the line -swsfC £)oes low to select the switch 

inputs. Simllar-Iy, a circle (0) on a logIc e'lement input means 

that input is asserted low, e.g. Xl3 pin 40 is pulled low 

(to 0) to reset the device. 

Gate functions can, il1 general, be dra~\m in t"IO ways; 

and 
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The vers ion which best represents the logic function being performed is 

used in the schematic. 

All inputs and outputs of th e MOS deVices (XI3, 17 & 18) are protected 

against static e l ectricity by being connected to some other device; a 

TTL device input or output wIl l effectively clamp spikes greater than 

about +8V, or more negative than about -IV. Thus, a l though address 

lines A8 - A'I S are no t used by the basic 7'7-68, it is It/ise to include 

XII, 12 gates from the beginn ing to protect the valuable 6800. 

X13, the 6800, is the heart of the machine. Its low order eight 

address 1 ines AO - A7 are rout ed to t he data selectors X8 & 9. which 

take either the bSoo outputs (ADSEl = 0) or t he pattern set on the 

address switches (ADSEL = 1) and apply the result to the RAM and to the 

connector for system expansion . As well as sele,c trn~j t he appropriate 

address source, x8 & 9 a 1 so buffer the rather low power outputs of the 

6800 to full TTL drive levels. The eight high order address outputs 

A8 - A15 of the 6800 are buffered by the OR gates X12 & Xll t which 

also force A8 - A1S at the connector to jis when ADS EL is hi gh. 

The data sw i tch i nformation is transferred onto the data bus when 

required by the Tri-State buffers X22, X23. Th e inputs of these buffers 

are high impedance when SWSEL is III ~ otherwise they are at 1 or 0 

depending upon the setting of the data switches, (Note; for both the 

data and address switches, open c i rcuit = l? closed = 0). 74125 1 s 

have been used for X22 & X23 as t hese are cheap and readily available. 

The da ta register (X20, 21) t akes information f rom the 6800 data bus 

when RSEL is a t!, and latches t hi s in format ion when RSEL falls to O. 

The Low Speed Schottky version (7LfLS75) is used as a normal 7475 would 

load the 6800 data bus too much, while a' 74L75 would need additional 

buffering to drive the LED's. The ~ outputs of X20, 21 are fully 

loaded dr i v ing the LED1s , so the Q outputs are also taken to the card 

connector t o dri ve any peripheral devices which may be added. 

DM81LS97 Octa l Tri -State buffers XIS, 16 may be added to buffer the data 

bus to fu'! 1 TTL drive capabil ity when it is desired to expand the 

system, t hey are not required for the basic 77-68. 74125'5 cannot be 

used here as their inputs wou ld load the 6800 data bus outputs too much. 
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The memo ry uses two 256 x 4 R,<\M, the widely available 2112 devic es being 

chosen. These memories a re ena bled when MCE is low , the contents of the 

selected location are read out onto the data bus when MRW is 1, when 

MRW is 0 the informat ion present on the data bus will be written into 

the selected location. 

The 6800 MPU inter r upt inputs NMI and IRQ are not used by the basic 77-68, 

but are brought to the ca rd connector for future use, and he ld high by 

R13, 14 (these are lactive low l inputs). 

Timing for the machine is derived fr om a 5 MHz crystal controlled 

oscillator. A cheaper RC oscillator using, say, a 7413 could have been 

used instead, but an accurate t iming source is sufficiently valuable 

in some app 1 icat ions (e.g. a so f twa re routine to drive a se rial 

teleprinter i nput) to make the slight extra expens e wo rth\;Jhil e. 

The 5 MHz is divided by 8 in X2 , giving a normal MPU cycle t ime of 1.6uS. 

This is a b it slower than the maximum ope rat ing speed of the M6800, 

but al lows the use of cheap (1m." speed) memories, and also eases 

var ious t iming problems that OCCUI- if one tries to squeeze the iast ounce 

of performance out of the MPU. The 51 ight reduction in speed does not 

significantl y reduce t he system capabil ity. 

The MPU clock wavefo rms 01 and £12 and various other timing signa l s are 

der ived as shown in Fig 2. Po ints worthy of note are; 

- DBE is hi gh for most of the time . As this l i ne gates the 6800 

outputs onto the bus dur ing a Writ e operation, it allows t he use 

of memories with a relat ively long write time, and those wh ich 

requ ire that the data is pres ent after their IE input goes high 

at the end of a write cycle . 

- The general enable 1 in e (E ) goes to 0 after the end of 02, 

ensur ing that t he 6800 input data hold time requirements are met 

even wh en using a fast memo ry. 

- A der ived clock is used to sy nchron ise the HALT and LOAD inputs 

(by X10) to ensure that they only change state at the correct 

time in the MPU cyc le . 

- 02 can be extended by ho'id i ng the mm; input low by external 

logic. Thi s allows external slow core (or cheap EPROM) memory 
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to be added to the system. Th e ex ternal logic mus t ensure that 

the 02 11 I time is ruJt extended beyond the 4.5uS limit given 

in the M6800 speclficat1on. 

The RE SET input from the switch is 'de-bounced' by the bista ble made 

from t wo of X24 gates. 

When the HALT switch is thrown, X10 pin 5 goes low, apply ing a HALT 

signa l to the 6800. After complet ing the cur rent instruction, the 

6800 wil 'i raise the Bf.\ (Bus Availabh:::) lIne to 1. Note that the BA 

I ine wil l also go to I after execution of the WAf instruc t ion. 

SA going to 1 turns off the RUN L.ED anc, 1f the HALT switch had been 

set, puts ADSEL to 1 whic h puts AO - A] under control of the address 

sw itches and allows RSEL to go high (when the c loc k signal on XS 
p in 4 is high) 50 the data register con ti'nua"ily monitors the state 

of the da ta bL;S. 

The E 1 ina carr' les a genera l purpos e memory enable signa l that goes 

high when the r''dJU c 'lock 01 IS l ow and a va 1 id address is present on the 

address bus (X13 VMA output high or the HALT switch thrown). 

The '2S6SEL' card input is not used in the basic 77- 68, but if pulled 

low de-selects the on-card 256 word RAM , all ow ing the use of an 

axterna 1 memory. " il the bas Ie n-68 th j s card input is 1 eft open, 

pul led high by the 430 ohm resistor. 

The I/IC E 1 i ne enab 1 es the 256 wo rd RAM when low. 

Xl detects the iall ones' condition on the address lines AO - A7 

which is the data sw itch/ regis te r address. It then i nhibits the RAM 

and enables selec tion of the switch register (MRW high) or data 

registe r (M RW low) via X3, X19 etc. 

The MRW 1 ine is normally high ) and goes low for a write operation 

(into memory o r the data reg ister), including a LOAD. 
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Chapter 4 . 

The compon ent and connec tor number' ,; n~J shown i s t.h ~1 t f o r t h€~ 7'7,,68 CPU 

prin ted c i rcu i t board which i~; 2:vi:1il,~bh;; ",jS det.i:1ill;;d elsewher e. The l ayout 

of the major components on t h is board is shown In Fig. 4. Thi!~ boa rd is 

8.0 11 squa re wi th OJ qol d plated D. lli sl n~~jle s idl;;~ d edge connec to r, To cut 

cos t s a 5 i n9 I e sided boa rd has been used t:rlllS soniC ,~dd 1 t i () l1a 'I wi ring is 

needed to comp lete the c irc ui t. Nevert heless It fo rms t he basi s f o r a 

soundly cons t ructed mach i ne. The board has provision for fitti ng the 

opti onal data bus buffers XI S.X16. 

Compatible Ipro toty ping l boards an d co n nee t (:1i rs are ava i 'I ab 1 e f rom 

VERO as; 

VB/'I 07 25 / 1 plug-in s'ingle s i ded 0 .1 11 ma.trix board. 

12681 SRBP 

12682 EPOXY 
DIG pl ug-in boards 

13845/ 1 s i ngl e sided pl ug in DIY board (undrilled, coppe r c lad wi t h edge 

connec tor contac ts a lready etched) 

10859/4 s0 1der-lug 

13597/4 min i -wra p 

sing le-s 'lder.:{ 0 . 111 edge conn('~ctor soc,ket 07 
wa ys p 11.IS pc; 1 i3 rI ;:, l ng key po~, I t lon) 

Also, t he IMH OF-BEDCO i'1C\I /5 C);/100 i lte!C,MU)' m"l,/, be. i..Ised~ al chough this card 

is s1 ig ht'!y smaller (7.9 1 1 wide >< 7.51 1 k 'n£!) and has on l y 75 edge contacts 

(plus pol a r i si ng s lot) corres pon d n9 to pos i tions 2 - 77 on the VE RO boa rds. 

Shou l d the construc tor deci de to Iwire his own' , layout Is not crit ical , 

excep t that the ~l & 12 drive 1 ines from X5 to X13 (v ia R1 7, 18) shou l d be 

kept shor t) an d power 1 ines, espec iall y Ov (G rou nd) sho uld be t hick and 

l a id o u t in t he fo rm of a rnesh to. minimis" the impedance (and hence noise) 

between any two points i n the circuit. Deoo~lpli ng capacitors Cl - ell 

shoul d be di s tributed evenly across th e boa rd. wi t h one of th e electrolytics 

being position t~d c l o~,e to XU. another near X2.0, 21. 

Whichever method is chosen, it is recommended that sockets be used for 

the MOS dev ices (XI3, 17 s Th'i;, 

of rea sonab le quaJ ity, no t requiring exces sive Insertion force. 

The wi ring be t\lI/e<:;~,n the (;;:cl912. con l"l c,ctor and t he power SLipp'ly and cont ro l 

pan e l a re shown i n Fig _ 5. This f gure also shows the ba sic IBus' 

connections 'from the CPU board to other boards (such as Memory. Casse tt e 

Interface, VOU con t rol ) whi ch may be add ed later . 

l 0 



Tes t i ng 

Most of the circuitry can be chec ked without the expensive X13, 17 or 

18. 

When the unit is fully assemb l ed, but before plugging in X13, 17 & 18, 

check for any possible short-c i rcuits be tween 0 and +SV inputs, and 

then apply power. None of the Ie (except for X13, 17 & 18) consume much 

power, so any which fee"1 more than 51 ightly warm to the touch after a 

few minutes should be suspect. 

Testing the oscillato r and 01 ,02 gene l-ator is easy with a Iscope of 

suitable bandwidth, but for those wi thout , a moving coil voltmeter 

(greater than 10K / Volt res istance) shouid show; 

Xl3 pin 3 (~i) approx. 1.8v 

" "37 (~2) " 2.SV 

" II 36 (DBE) about 2.S - 3.5V, and the meas ured voltage should 

rise by about 0.5V or fall to OV (depending upon 

the state of the divider X2) when the oscillator is 

stopped by shorting XI pin 6 to OV (pin 7). 

Edge connector pins 9 (SMHz) and 10 (elK) should be about 1.5V, 

as should XIO pins 3 & 11 and X4 pins 4 & 5. These points should 

go to ei ther I l' (about 3V) or '0' (about O. IV) if the 

ascilla tor is stopped. 

Check the HOLD input (pin 8) by ea rthing it and noting that Xl3 pin 37 

(02) goes to +5V. 

X13 pin 40 (RES ET) shou ld be a t 

switch is thrown. 

" , J , falling to 10' when the RESET 

The RUN LED should be out, but should light when pin 7 (SA) of Xl3 

is temporar il y connected to OV. 

Xl3 pin 2 (HALT) should be Ill, fall ing to 10 1 when the HALT swi tch is 

set. 

With X13 , 17 & 18 still mis s ing, set all address and data switches to 

'0' and switch to HALT. All data LEDls should be on. Turn the 

address swi tches in turn to ' "I I. Only when they are all at '11 should 

the data LED go out (because the address FF of the switch register has 



been selected). Leaving the address set to FF check that each data LED 

can be turned on and off by the co rrespond i ng da ta swi tch. 

With the HALT ~:; w]tch in the RUN position, check that, regardless of the 

addres s switch settings, operation of the LOAD switch transfers the 

setting of the data switches to the LEDls. With the LOAD switch 

unopera ted the display should remain unaffected by any alteration of 

the data switch settings. 

Now, plU9 in one of the 2'1 12 memories (XI7) (the right way round~), turn 

the power back on and switch to HALT. 

You shou ld now be able to store any pattern of bits 4 - 7 in any 

address (00 - FE) by; 

sett i ng the data pattern and address on the switches and then 

operating the LOAD switch. 

The stored pattern is read by setting the appropriate address on the 

switches (with the switch set to HALT). 

For example; 

set data 00, address 00, press LOAD 
II Ii 10 II 01 II II 

II 

II 

II 

II 

20 

30 

Then check that ; 

II 

II 

02 

03 

Ii 

II 

II 

II 

setting address to 00 displays 00 
II II 1/ 02 II 20 

etc. 

If this seems to be working, p'!IJg in the other memory (XI8) and check 

that you can write into and read out of the low four bits as well. 

Before proceed i ng , it is worthwhile spending half an hour or so 

pract icing wr iti ng i nto and reading different memory locations and 

convert ing between hexadecima'i notation and the switch settings. (Note 

that address FF is the switch/register, and the memory is inhibited at 

this address). 

Next, carefull y test the voltages on X13 socket pins (donlt accidentally 
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shor t two pins together when doing this~); 

pins I, 21 & 39 are at OV 

pins 4, 6 & 8 are at +5V 

o t her pins will be at various vo ltages but none should be higher 

than +4V. 

REMOVE AL L POWER FROM THE BOARD . 

PLUG IN Xl3 VERY CAREFULLY - exerting an even pressure on all 40 pins, 

making sure t hat it goes into t he socket straight, watching for signs 

of any i eads bending under the Ie body . The ceramic package version in 

particu lar is rather prone to crack i ng i f an uneven stress is applied. 

CHECK THAT IT IS THE RIGHT WAY RO UND. 

If the machine has been hand wired, rather than built on a PC board, 

check that plugging in Xl3 has no t disturbed any wires causing possible 

s ho r t c ire u its . 

Make sure the supply is the correct voltage and polarity, then reconnect 

it. 

With the switch in the HALT position , check that you can sti l l load and 

read memory as tested previously. 

Then check that pressing the RESET button 1 i ghts the RUN LED. 

Now for the first program. Load the fol lowing ; 

mem loc . data instruction 

START: 00 7C I NC FFFF (sw itch/register) 

OJ FF 

02 FF 

03 20 BR START 

04 FB 

This program reads the contents of locat ion FFFF (the switch register), 

adds one, then stores the result in location FFFF (the data display 

regis te r). I t then bran ches back to the beginning and repeats for ever. 
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Having loaded and checked the program, set the data switches to the 

5 tart address (00), momenta r i 1 y depress the RESET blJtton, then swi teh 

to RUN. Th e RU N LED should light and the data display show OL (switch 

register + 1) . Check that whatever the setting of the switch reg is ter 

the d ispl ay is i'llways one greater . Also check that operation of the 

HALT switch turns off the RUN LED, and that the machine starts again 

when the HALT cond i t ion is removed. 

By chan ging the in s truction stored at location 00, t he program can 

perform other functio ns ; 

loc 00 ins tr display 

7F CLR 00 

73 COM One 1s complement ( inve r se) of sw reg 

70 NEG Twols com pl ement (nega t i vel of S\I. reg 

7A DEC Sw reg minus one 

79 ROL S \1 reg rota ted left one posi ti on (BOwll1 

set accord i n9 to what was in the C bit) 

be 

76 ROR Sw l"eg rotated right one position (87 wi 11 be 

set according to what was in the C bit) 

78 ASl Sw reg shifted 1 eft one position (80 set to 10 1) 

77 ASR Sw l"eg shifted right one pos i t ion, except for 

B7 whl ch remains the same 

7l~ LSR Sw l"eg shifted right one pes i t ion , B7 set to 

10' 

7D TS1" Sw reg unchanged 

Notes; 

Each time the ROL Instruction is performed during the program, the C bit 

will be set accordi ng to B7 of the switch reg, and in the next operation 

this wi 11 be set into BO of the display. BO of the displa y will 

therefore equal 137 of the Swi teh I-eg. 

Similar l y , when using t~i s prog ram with t he ROR instl"uction, the C bit, 

a~d ~en ce 87 of the a i splay, will equal BO of the Sw reg. 

The TST instl"ue t ion as i ~p lemented on the 6800 actuall y reads from the 

ad dressed location, t hen s tores the data, unaltered, back in the same 
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location. Th us in this program it transfers the contents of the switch 

reg into the d isplay reg. 

Further test programs are given in the following section, but take 

heart, having got this far the machine is now basically working. 
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Chapter 5. Programming 

For a detailed knowledge of the 77-68 instruction set, the constructor 

should refer to a publication such as the Motorola M6800 Microprocessor 

Programming Manual or Desig Note 4, however this chapter gives a summary 

of the more importan t features, i 11 us trated by prog rams wh i ch wi 11 run 

on the 77-68. 

Programming Model 

From the programmer's point of view, the 77-68 consists of; 

- Two eight bit accumulators; A & B 

- An eight bit 'Condition Code l register 

- A 16 bit Program Counter 

- A 16 bit Index Register 

255 (decimal) 8 bit words of random access memory (addresses 00 to FE) 

- An 8 bit write-only display register at address FF 

- An 8 bit read-on l y input switch register at address FF 

Notat ion 

The programs i n this book are written in Motorola 6800 Assembly Language. 

Mnemonic codes are used to represent the instructions, and the actual 

machine code is also given, in hexadecimal format (see Appendix I). 

To save space, each 1 ine contains a complete instruction, whether it 

cons ists of one , two or three bytes . Thus in the 177-68 FLASHER 

Version l' example, add res s 06 con ta ins machine code 20, and machine code 

F8 is stored in address 07. 

Address j n9 Mo de.s 

The 6800 (and hence the 77 - 68) has seven addressing modes; 

Accumulator Addressing; ._----_._-------
One byte, singl e operand instructions which operate on either of the 

accumulator s e .g. INC l\ DEC B 

Inheren t Addr es sing ; 

One byte instructions whi ch impl y the use of one or more of the 6800 

registers e.g. INX ABA 
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Immediate Addressing; ----
Two or three byte instructions in which the second {and third} byte of 

the instruction is data. In writing Assembly Language, a # sign is 

written before the data to distinguish it from an address e.g. 

ADD A # 02 adds the value 2 to accumulator A 

LDX # ABeD loads the (hex) va I ue ABeD into the index reg. 

Direct Addressing; 

These are two byte instructions in which the second byte contains the 

address of the operand (which must 1 ie in the range 0 - 255 (decimal) 

00 - FF hex), and are written in the form; 

OP N where N is a number or symbol 

e.g. ADD A 

ADD A 

27 adds the contents of location 27 to acc. A 

I TEM adds the contents of locat ion iTEM to acc. A 

Extended Addressing; 

These are three byte instructions which contain full 16 bit address (in 

the range 0 to FFFF hex) 1 n the second and th i rd bytes. The second 

byte of the instruction contains the most significant 8 bits of the 

address and is Ignored by the basic 77-68 (which only examines the eight 

least significant address bits) 

Branch instructions are all two bytes long, where the second byte contains 

an offset value which specifies the branch destination address according 

to the formula 

Where D 

PC 

R 

D "" PC + 2 + R 

address of destination 

address of first byte of branch instruction 

8 bit, twols complement, binary number stored in the second 

byte of the instruction. 

When writing branch instructions in assembly code, the address is given 

as a label which points to the required destination. Thus, in the 

'Flasher, Version 11 program; 
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Address Mach i ne Code Assembly Language Mnemonics 

00 START 

06 20 F8 BRA START 

Indexed Addressing; 

These are two byte instructions in which the address of the operand is 

obtained by adding the (8 bit) value in the second byte of the 

instruction to the (16 bit) contents of the index register. Note that, 

unl ike the branch instructions, the second byte of the instruction is 

treated as a positive unsigned integer in the range 0 to 255 (decimal). 

This addressing mode is identified in assembly language by the addition 

of ',X' at the end of the instruction, e.g. ADD A ITEM, X 

77-68 Fl ashen, 

These three programs generate a changing pattern on the display, useful 

to amuse the children, impress the neighbours, or as a quick check that 

the system is working. 

The main problem is to slow things down so that the pattern changes are 

visible. Versions 1 & 2 use the index register as a 16 bit counter; the 

program only gets beyond the 'BNE START' instruction when the index register 

steps to zero - every 65000 loops. Version 3 uses three nested loops; the 

inner loop increments accumulator A until it overflows and passes through 

zero, the second (middle) loop increments accumulator B once every 2.4mS 

until B equals the setting on the switch register. (Don't forget that 

when starting this program the switch register should be set to zero while 

the RESET switch is operated). The third, outermost, loop increments 

the index register every so often and displays the least significant 8 

bits. 

Tone Genera tor 

This program gene ra t es an audio tone at a frequency determined by the 

setting of the switch register. To use it, connect bit 7 output of the 
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display register (connector pin 61) to an audio amp1 ifler via a volume 

contro 1 ; 

AMP 

The basic frequency is de t erm i ned by the f i rst three instructions, and 

the (square) waveform generated by incremen t ing the contents of 

accumulator B (hence changing the state of b it 7) after each timing 

period. 

Taking the audio signal from oth er outputs of the display register will 

give a tone one or more octaves lower - for a given set ting of the 

display register. 

Tuner 

Having made 77-68 generate tones, the next step must be to get it to 

play a tune~ To do thi s we need to be able to store in memory details of 

the notes, the order and durat ions for which they are played (and the 

durations of the spaces between the notes). 

In the program Tuner, the tune to be played i s stored as a string of 

pairs of (8 bit) bytes in sequential locat ions, starting at location 

'TUNE' (store address 40 hex). Each data byte is interpreted as an 

unsigned binary integer in the range 0 to 255 (decimal). 

The first byte of the str i ng, a nd s ub s equent bytes stored In even 

numbered locat ions, defines th e l ~n g th of the note or silence. A zero 

value indicates the end of t he tune. 

The second byte , and all those s tored a t odd numbered addresses, define 

the frequency accord i ng to t he fo l lowing t a ble ; 
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Value of byte Note Va I ue of byte Note 
(Hex) (Hex) 

\091 S i I ence 64 C 

27 E 6A B 

2C 0 77 A 

31 C 86 G 

34 B 97 F 

3B A AfI; E 

42 G B4 0 

4B F CA C 

51 E D6 B 

59 0 F0 A 

The first instruction of the program loads the index regis t er with the 

address of the store location two bytes before the beginni ng of the 

'tune' string , the two subsequent INX instructions increment the index 

registe r so that at ins truct i on 'LOA A 0,X', the index register is 

pointing at location 'TUNE'. (This may seem a roundabout way to do 

things, but it simp] ifies later parts of the program). 

LDA A IO,X loads the A accumulator with the value stored at the address 

'Index Reg Contents + ()II i.e . the location TUNE. This is the duration 

of th e first note (or s i lence), and if it has zero value, the program 

branches ba ck to START to begin the tune again. The duration value is 

then stored in the temporary storage location TIME, and accumulator A 

cleared. 

LDA B I,X loads the B accumulator wi th the va l ue stored at the address 

'Index Reg Contents + I' i.e. the location TUNE + I. This is the 

frequency o f the note (branch to routine QUIET if the value is zero). 

The sequence INS, STS FE changes th e state of b it 7 of the display 

register (beginning of one ha lf -cycle of output). 

The routine CYCLE is then entered. This decrements two counters; 

- a 16 bit counter usi ng a ccumulator A as the least s ignificant eight 

bits and temporary loca ti on TIME as the eight most significant. When 

th i s counter reaches zero the program branches to NUNOTE where the index 

regis ter is inCI-emented by two to po in t to t he next pair of bytes in 

the 'tune' list, and the next note (or period of silence) started. 
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an eight bit counter us i ng accumulator B which defines the length of 

one half-cycle of output. When accumulator B reaches zero the program 

branches to NUCYCL to reload accumulator B and change the state of bit 7 

of the display register~ thus starting the next half-cycle of output. 

Routine QUIET merely decrements the 16 bit counter (accumulator A and 

location TIME) unti 1 the end of the period, without changing the state of 

bit 7 of the disp l ay register. The NOP instructions are fillers to mak~ 

the routine cyc lE; time similar to that of the routine CYCLE. 

Constructors who have got this far might I ike to tl'y the tune 1 isted below; 

Notes; 

location Values Loca t i on Values 
MSB LSB MSB LSB 

40 

42 

44 

46 

48 

4A 

4c 

4E 

50 

52 

54 

56 

58 

SA 
5C' 

5E 
60 

62 

64 

66 

68 

6A 

6e 

bE 

20 

20 

60 

20 

20 

20 

20 

20 

20 

20 

58 

08 

20 

20 

60 

20 

20 

20 

20 

20 

20 

20 

08 

51 

00 

51 

2.7 

00 

27 

00 

31 

00 

42 

51 

00 

51 

4B 

51 

1;,2 

00 

42 

00 

4s 

00 

70 

72 

'74 

76 

78 

JA 
]C 

7E 
80 

82 

84 
86 

88 

SA 
8e 

8E 

90 
92 
94 

98 

9A 

9C 

data & addresses gi ven in hexade cima l . 

20 

20 

60 

20 

20 

20 

20 

20 

60 

20 

20 

20 

20 

2.0 

20 

20 

20 

20 

20 

20 

FF 

FF 

00 

MSB = data stored at even numbered location e.g. 40 

LSB '" data stored at odd numbered 'location e.g. 41 

21 

4B 

59 

00 

3B 

34 

38 

31 

42 

00 

42 

4B 

51 

59 

3B 
00 

64 

6A 

42 

00 

42 

64 

00 

00 



BEAR MiCROCOMPUTER SYSTEMS 
24 Co lleg e Roa d, Maidenhead, Berks, Sl6 6BN 

HEXADECIMAL COOING FORM 

PROGRAM 77-~'J FLASHEAS VER SION I AUTHOR Jr'IL DATE ""5"'71 PAGE IOF I 

ADDRESS MACH I NE CODE LABEL OPERATOR & OPERAND COMMENTS 

VEP..~ION .1- D'~PL'+Y' c.otJN7~ U, IAI 8JJ/I'iAY 

1;1~ · 1~1'1 TS7AI{"T • INX - A PP tUnc , SEt:DAlIJ I --1. , 2.. &~F DI BilE sT~IlT »/iLIt'f 

I; 3 It (.1 I A " "H~N It INC. IA/CIL6K1£N7' ltc, - -

If/, It 'i {IFF, STh A FF .,. 
OI~PL.lf~ Po i1Su t,.'T 

~;~ J.. o.FJJI gllR srfJltT AlVo ft61t," (A~O !tGIf'It! .... ) 

• I I 

; 
, I 1 W07E: ~"1 O/iC A l /l..OL~ e'1'C~ 

• 

I I I I I . I 

; VERS ION 2 'f.dMPLli 'RIH/OOM ' Se-&UENC~ ON o ISPLIIY 
~.~ --

1;,tJ ~,Sl I S7AIZ.,.. JH'X ; 

•• 

111,'_ 2.,6 I FDl ~IJF. STAR,.. I I; 3 It c. 1 1 L INC. A 1,.'1 COM IUftl/t-r'DA!S of OECIt 1 , 
1 

19,. I At Cf I • 
gOL It "'oR . ('oM DAA ! 

- , , i 
IlJ S 

'17
1

':': 

__ }-s.r~A FF 
:J I I 1",7 B1(1t S "Tit t..-r 1. 0 IF7 

; ! 

YERSION 3 VA&lASU; c;,. f6 ED (OU'" - lrJN'TIt.DU€1J g" S IV II../f6· I 
ItJ,lJ C;F1 I S1A((" C L.A B ! 
J~' It,( I I LOoP IWC It l-4 .... S DEJA'I (s~s IT '()tv~ j ... 

,; 2- l ,bl F 0 1 811E UJoP ~ wi c.JIN ~6 ~/~'LIW C,HAIJC8) I 
td>,. ;( I I lYe B 
IG~ if) , IFFI , eMf 8 FF ' B :: SlII'1U( ~S6 

, . 
,~7 11.',6 I F. g ! ENE LOOP IF No.., IV~IT If NO "TII£A ,2.",.,.,.s 1 

,d Cf id,fl ,JJX ~.c ,01"" ('iI'l-~ FP) 6e:TS FE/) 
l 

I 

1; A 
... ! 

DFi1~E'1 Sl'X FE WITH J.O t/II ~ 8 ITS of IAlI'l( ~i6 ! 
It ( 2.dJ IF 2.! g~A 5JTAP-r l 

I ! I 

t I • ! 
I I I ! 

i 
I 1 I ! 

t t I , _ .. , 

t I ! ! 

J - , 

J I I , 

I I i 
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BEAR 1\./lICROCOMPUTER SYSTEMS 
24 College Road, Maidenhead, Berks, SL66BN 

HEXADECIMAL COOING FORM 

-rON€ 
PROGRAM 6eNfM1'ofJ... VER SION J AUTHOR ML DA TE l.~ .. g-71 PAGE I OF J 

ADDRESS MACHINE CODE LABEL OPERATOR & OPERAND COMMENTS 

,~rJ it C, S7AR'T INC. A 
i-, WAI1 rOA. 'PElI.lof) PE7EIl.I'JJ~EJ) 

l~ ~ I A FF 
~ 

$E-rr/~{, lPF) Cf J,' P, (.MP 8y sw R6t. 
~ 

If 3 2.6,FB ! 8N€ 57111(.1' 

'f S i Col I IWC. B (HII"" Slltt' OF DAr" fl.'6--

,; 6 D 7iF 1', S'11f B Fr 811 7 
;7 40 F, I eM fA 1 /tND RDII/IIO "61t,}/ ! 
,;,9 2.¢IF 51 ! BRA STIU~" 

, 
I I I I ---, 

-L-L-L , I I I i 
1 

I - i I ·--3 I I I 
--~--- -----.-. 

I I i ----- . ~ 

I I I I 
I 

J i I .. 

~ I I , 
I I I 

I , I 

, I , 
, , I 

I ~ I I ! i - -- I , I , i 
-- - -------i, 

~ 

I I I ! 

1 1 , I , 
I I I I 
, I I 

l I 1 
1 
! 

r; ! 

I I I , ~ 

I ' ! 
\ ! 

I I I I ~ l 

~ , I I I I I , I I J 

I 
! 

: : : I : : 
I I I 

I , ! 1- =l I \I 
1, 

! f ! 
I I I I I I i I 

, ! I 
i ~: ! 
t '--t I I I L-l ).~. ------'r---
~ i:' , 

i- -~-~-"-- -i~~..L~-. -----i--------+----------------il 
~__'__:..__'_ I I I f i ......L ______ ""-____________ -I 
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! VERS I ON I I AUTHOR I'1L OA TE Z. ' .. S-71 PAGE I OF I PROGRAM 1"VAIER 
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I; l d, 9, , i, NUNOTE ' ~ INX I., fUN' //11'.14 itS, A.., JlP'" _. 
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I , ,~ 14-1;' I I £,*,-L8 TiIr:C. If I ... 

1'.It I2. 61 d,S', I INt. DE(B 
1 , , 7 It IfJJ.d, 3 a ~ 11MI! NtIIXT N016 ,,:: '1111111' 

I I q a'1IE,91 BI.QIIIJNO-rE i" HitS (l.ull 0#/'( 
~~~~~~~--------~~~~~~~---------------.-------~. 
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Chapter 6 t~)< tc-n a 

Enhancemen ts p anrH;;(\ GMS for the basic 77-68 system include; 

- additiona·i memory. 

- tape cassette interface. 

- VDU and keyboard inter face. 

However, the following notes are offered as guidance to the exper imenter 

who wishes to design 5 own circuitry, or interface the 77-68 CPU board 

to other computer part ~'i. 

77-68 Bus 

This is in three main parts; 

1. A bidirectional data bus (pins 38-45) which carries data and 

instructions between the CPU board and memory or peri 

optional buffers XIS and XI6 conve r t the low power OU 

to normal three-state TTL levels. 

1 devices. The 

t:io·f the 6800 

A maximum of 10 standard TTL inputs can be driven by the bus, or 44 low 

power Schottky TTL inputs. Data from external memory or peripherals 

should be put on to the bus via a three-state buffer (DM8ILS97 or similar) , 

suitably controlled so that no more than one buffer is trying to drive the 

bus at any time: 
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2. A unidirectional 16 1 ina address bus (pins 21 - 26) with a maximum 

drive capabi 1 ity of ~) standard TTL. gate inputs (or 40 low power schottky). 

3. Miscellaneous timing and bus control signals (pins 4 - 12); 

- R/W is a signal from the CPU card whi ch controls the direction of trans­

mission on the data bus. When it is a t logical 1 (read) information should 

f low to the 6800 from memory or per i phera 1 s. When at log i ca 1 0 (wri te) , 

data is being sent from the CPU and therefore no other part of the system 

should be trying to put information onto the bus . 

- When extra memory (or peripherals) are added to the basic system, suitable 

address decoding circuitry should be included to discriminate between 

those addresses which I-efer to the external memory (or peripheral) and 

those which refer to the memory and data register/d ispiay on the CPU 

board. This external address decoding circuitry should pull the '256SEL I 

I ine to 0 (low) with a three-state or open collector gate output whenever 

external memory is selected by the address bus. 

The lEI output from the CPU board goes to logical I when there is a valid 

address on the address bus 1 ines. 

- The HoT6 input to the CPU card should normally be high as when pulled 

low (by the output of a three-state or open collector gate) it wi 11 hold 

the 6800 clock driver in the 1~2 high' s tate. This al lows the use of 

slow external memory, holtJever care should be taken to ensure that the 

'~2 h igh' state is not extended beyond the 4.5uS specification limit for 

the 6800. 

15MHzI and lelK I outputs are provided to drive external circuitry (for 

example that which may be incorporated to extend the ~2 time). Note 

that lelK I is equivalent to \iJ2 and thus goes to 11 1 about 200nS later 

than E. I t also changes from i 11 to 10' 51 ightly earl ier than E and is 

therefore useful for gating information frol11 the data bus into external 

memory or peripheral control registe rs, 

ii 
E M 

eLK __ 7r'---ni1 __ !'~ ___ _ 

. \ 
200ms APPROX. 25ms 
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- I I RQ I and are the 6800 interrupt inputs and are normally at +5V. 

For details of their use, the constructor should refer to the 6800 

data sheets. 

Critical bus timing which should be examined when designing external memory 

or peripheral circuits are given in Fig. 3. The times shQl,\}n are the worst 

case values, thus for a normal (I.e. not extended) cycle; 

- data read from memory should be valld not 'later than 800nS after the 0 

to 1 transition of E, and not later than 1100n5 after the R/W I ine has 

settled into the III (read) state. 

during a write cycle, the address l in es are stable for at least 1300n$ 

before the III to '0 1 transition of E, and the data from the CPU board 

is valid for at least JOOOnS before the III to iOi transition of E, and 

for at least 150nS afterwards. 

Spare Data Register Outputs RO - RI 

These are brought out to the board edge connector for use as the constructor 

sees fit. For example, a two digit hexadecimal display Lis inq 7 segment 

LED displays may be added as shown below; 

9368 
3 i 

it 
8 (:; ;;: .,~ 

t 
~.1 

II, I I 

A t I 

R7 R6 RS R4 

7 SEGMENT COMMON r 
CATHODE LED DISPLAY ~ 

FN D500 ~ L,,_ abc d Ii! f 9 

+5V 

~t6 -,,5 
.~ 9366 

~t~~f_tr-l ....,...71""""""" 
R3 R2 RI 

Alternative'jy, these outputs could be used to drive relays (model tr'ain 

control), aloudspeak.oJ' ('musIc' generation), i::1 digital to analogue 

converter (waveform syntnesis) or in whatever way the user wishes. 
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Chapter 7. User Group 

77-68 is a "live" project. It is a small start to a large system (by 

microcomputer standards). Designs for other boards wi 11 be made. Some 

by the "Bear" and some no doubt by users. News of al I the latest 

developments and available software will be held by the User group 

and circulated by the quarterly newsletter. Contained in the newsletter 

will be a register of all the names and addresses of users, this is to 

enable a free discussion between constructors as to the merits and 

deficiences of the system. 

The purchase of this book plus registration gives the individual a year's 

free subscription to the user group. 

It is hoped tha t th is "back-up" support wi II encourage those 

individuals with a non-technical background to take the plunge 
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5MHz LrLJ>W"LJ-LJ-~.J""'UlIUl.JLJ1J1.j-LrlJ1JlJ 1 J 1 
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FIG.2 MPU CLOCK WAVEFORMS 
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FIG. 3 IM PORTANT BUS TIMiNGS FOR EXTERNAL MEMORY 

31 



! ' 

Iss 

fl 6 ,I 

]- 5-77 
._-----_._-----------_._---,,' "' '' '' .".~'''--,~ 

fXl 
LJ 

I ----_. ~ 

XTL 

-[R10r --
.~. 'ErIJ~ ff :ro:J. -;-:' ~g ~,; )12 :: 
rl.."'R61--- '1 

t; I El i11 

... .. 
:: ... ... .. .. .. 
: .. 
:: 

-+-­: .. ... .... : 
LD :: 

¥E .. .. .. .. 
,~ 

X 
15 

.,°b ::d 
~ c 

+i, 
+1 J 
:: k 

i, + 
! ,£C3:::1- i 

;~ .. "' :: : 
; "...", 'F ff ~;;l' '<.~ 6:i}hl?:_:6".1-.~ --

" ' 

v e till 

~t.f~tt~~.f " \ . . ~4.t.tfi~~ •. ttf .• fff E 
; 1i.~ :-f; h -::t;, , ;' ,,}: #r •••.•...... ' ' . it 5:0 c ii e 'g f i k m" 0: 

f~i.!,!.~~.~ •• +,.P .... ( •• ' . ~ ~~~ ... ~ •• ~. ,.; .... b iQ 'f .. ~ J' I n D : 
" .... , ..•• r ,) " j i ,' .. " •••. i .: '.' : i ' ••••. • •.•. Ii ••• uuuah .• -... 1)~U .. JU.uuu .......... w » '" ,j, " . ' \ J ;'.: ~r .~, 

77-68 CPU BOARD - VIEWED FROM COMPONENT SIDE 

Showing positions of componen ts and straps . 
Join AO - - A7 to AD - - A7, and a,b,c etc . to a,b,c (8 way ribbon 
cable makes a neai job; use sol id cored type such as Doram 10 way 
miniature cable No 357-491) 

Note; all IC' s are the same way round, al J straps are parallel to 
board edges. 

FiG.4 CPU BOARD - LAYOUT OF MAJOR COMPONENTS 
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'ADDRESS' 
SWITCHES 

TRACK SIDE 
OF BOARD 

~ 
COMPONENT 
SID E OF 
BOARD 

REAR VIEW 

+5V '07' 

,'" 
o 
I.I.l 
-I 

')0.. 

:.a: O-+~-+-l H i'--<) 
-I 
a.. 
IJ"J o ~~~..j.....i H f-() 

« 
t;: 
;:5 li~-"'JH-I 

Si2 

38 

40 

4S 

0----11--065 

E
S2 

SET 

.5 .. I lOA. 0 , 0-:.:;.;;.;.:.; 

SO !'tAlT 

+5V . 

75 

~ 07 
06 * 
05 U) 

::> 
04 tD 

03 « 
t-

02 
« 
0 

01 

O~ 

R7 

* R6 C) 
w 
0:: 

RS « 
I-« 

R4 
0 

u.. 
0 

R3 a.. --0 
R2 w 

a:: 
« 

I a.. 
RI I 

U) 

! 

R~ j 

* NO WIRING REQUIRED TO DATA 
BUS, AOOR!SS BUS, SPARE alP 
OF DATA REG; MISC TIMING 
AND BUS CONTROL SIGNALS 
IN BASIC 77 68 SYSTEM 

NOTE; DATA AND ADDRESS 
SWITCHES; 
OPEN CIRCUIT :'4' 
CLOSED :'0' 

FIG.5 77-68 CPU BOARD CONNECTOR WIRING 



I 

I 
I 
L 

17 

IS 

1 
I 

L 
17 

TO )( 13 (6 BO 0 ) 
r---------------------, 

/ 

D3 

42 

03 

15 

43 

02 

6 

~44 
01 

00 

145 
DO 

\ ____________________________________ J 

DATA BUS 

TO XI3 (6800) 
\ 

D7 D6 ID4 

3 16 5 14 12 - -- -

- - - - -
2 15 4 13 6 II 

38 39 40 41 

D7 06 D5 04 

DATA BUS 

FiG.6 OPTIONAL BUFFERS DM81L S9 7 

34 

9 
-l 

I 

9 
XI6 

- -I 
I 

16 

- _I 
8 

MR.W DiN 



4 AMP RECTIFIERS 

EARTH 

OR 

100,., 4·3v 

,.-----------I'--I'---r--l'-----_---1)-_------1~ __ - +5v 

.~--~------~----+-~--~------~~~ov 

TRANSFORMEA/ RECTIFIER REGULATOR CROWBAR 

FIG.7 POWER. SUPPLY 
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FOLD 

~ 

~ 
AO A7 

~r-" 

a h 

t~ 
i 

I 
j 

>C k 
-m 

\ "-- n 
~o p 

FITTING WIRE LINKS 

The ea siest way [s to IVlti.!OSut<i! slG!.:ving to length . slide on to leng th of 
22 S.W.G. wire leav ing 1J2" bare wire either end I bend and insert .. 

FIG.8 NOTES ON THE PC.B. WIRING 8 WAY RIBBON CABLE 

36 
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Table 1 ---
77-68 Comeonent Distribution 

Logic 

Xl 7404 Xl3 6800 
X2 7495 X14 7400 
X3 7410 X15 81LS97 
x4 7400 X16 81LS97 
X5 742 8 o r 74021: Xi] 2112 ) any type 
x6 7428 or 7402~: x18 2112 ) & speed 
X7 7430 X19 7402 
x8 74 157 X20 74LS75 
X9 74157 X2i 74LS75 
Xl0 7474 X22 74125 
XI I 743 2 X23 74J25 
X12 7432 x24 7400 

Resistors (a 11 ~ Wa tt) 

Rl 430 R20 4.7K 
R2 430 R21 4.7K 
R3 430 R22 4.7K 
R4 430 R23 4 .7K 
R5 4.7K R24 4.7K 
R6 4.7K R25 4.7K 
R7 4. 7K R26 4.7K 
R8 4 .7K R27 4.7K 
R9 4 .7K R28 4.7K 
RIO 4.7K R29 4.7K 
Rll 4 .7 K R30 4.7K 
Rl2 4. 7K R31 270 
R13 430 R32 430 ) 
Rl 4 430 R33 430 ) 
R15 220 o r I K,': R34 430 ) 
R"16 220 or 1 K,': R35 430 ) not mounted on 
R17 22 R36 430 ) p.c.b. 
R18 22 R37 430 ) 
R19 4.7K R38 430 ) 

R39 430 ) 

Caeacitors 

Cl 0.1 uF c8 O. I uF 
C2 33uF+ C9 O.lu~ 
C3 33uF+ CIO 33uF 
C4 0.1 uF en 0.1 uF 
C5 0. 1 uF Cl2 33pF 
C6 O. I uF 
C7 O. I uF + s i mil a r sma 11 electrolytics or 

LEDls 9 off Cr1: sta1 5 MHz 

Switches 

51 Single po le n.o. push 52,54-511 Single pole on/off 
S3 5 i ngl e pole c.o. push togg 1 e 

Power 5ue2i1: 
+5V at 1 Amp . See sepa rate diagram. 

;', opt icn 
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Tab le 2 

77-68 Components List 

3 off 7400 x4, X14, 24 1 off 7495 X2 
1 off 7LI02 X19 .2 off 71:.125 X22, X23 
I off 740 if Xl 2 off 74157 X8. X9 
1 off ] Lr 10 X3 "):;2 off 81LS97 X15, x16 
2 off 71~f28 X5, X6 2. off 2112 Xl?, X18 
] off 71;,30 X7 1 off 6800 X13 
2 off 7432 Xll, X12 
1 off 7474 X10 
2 off 74LS75 X20, X21 '/::. optional buffers 

Resistors Capacito rs 

20 off ~,7k ~ \,v 3 off 33uF 6.3V ta nt 
," 2 off 1 k Jw 8 off 0< 1l..lF ceramic 
14 off 430 ~ w off 33pF 
1 off 270 -i It" 
2 off 22 0 ~w 
2 off 22 ~w 

L. E. D. I 5 9 off Swi tches -----
17 subminiature toggle swi tches 

Crys t al 5 /'Idiz single pole 2 way 53-19 
push sing le pole n.o . S] 
push single pole c .o. 52 

,', o pt ion 

Low pro f i 1 e socke ts 2. off 16 pin 

off 40 pin 

3 feet 22 s .w.g. wire and sleeving 

foot 8 way ribbon cable 

Pr inted Circuit Board 

Edge Connector, 77 way + polaris ing key 0.1" single sided . 
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~~ 
ACCUMULATOR AND 1,'(MOIlY INSTRUCTIONS'}> f" 

f\~ 

AOORfSSING MOOES 

[_iM~~i!i~~~£!:]~-~.I.I~X- HIND 

O[,~~~~I~!!~ ___ ",~~~n~lc LO~ ___ ~ __ I _~_~_: ~~-= OP , 

A.!d AIJOA 31: 1 ] gR 3 ] All 5 2 88 

11.001; til ] 08 3 2 It: fO 4 
Add 1\lf! 1 111~ 

Atld wIth C-tu't 

Aillt 

lh! lUI 

CltM 

Compa,e 

Ctll'II" ~ ' " Af. fltllls 

COIIII,icIIIPllt.I's 

Cum::I" lIlrllt , l's 

AlIA 

III/CA 

AIl"t: 
ANIlA 
ANOB 
811 f, 

811 0 

Cl fi 
CI RA 
CLAU 
CMPA 
CMPU 

CIlA 
_ COM 
COMA 
ro~foll 

NEG 

(NrljJlcI NEfiA 

NIGH 

Uo?lim,,1 AlitoH. A OA/\ 

OCUl'UII:II, 

luuemr.1I1 

O •. lui:lml'ilt 

Pull 0 .11 ,1 

Rora, .. hit 

ShIh lefl . Afllhlllf'ln: 

O[C 
OECA 
orcs 
WIIA 

fORU 
INC 

INCA 

INca 
10M 
lOAn 

ORM 
ORAD 
PSHA 
pSlm 

rULA 

PUI" 
ROL 

IIOLA 

ROLR 
ROA 

ROAA 
Rona 
ASI 

ASlA 

ASLB 
ASR 

ASIIA 

ASAB 
ShIh UIII'o!, lIHJI[ t Sf! 

LSHII 

t sr:n 
SIIlIr.I\ C: llllr 51 fl.A 

SlAB 

Slob!.,ul SlWA 

SI/88 
S(,hl!.II.I"!"t IlIl.s Sli A 
SulJlr \\f1,1I (my $I ~ CA 

SI : C~ 

lfdll ~ t l ! 1\( l' llIl"s l AB 

l il A 

h'il, 1"111 or MUIUS 1 Sl 
I SlA 

l SI B 

UGEND : 

01' Olll'U" :'1I Cq~ " · flln,nln "1;,,11 . 

NLJI"I~ 'I ril MPU (:ytll"; 

NUlllhn uf P" 'lIIJnr Ilvl"S 
fI(. ; j !ll~ ;'h( Plu, ; 

',rrthll ll'II, ~,1, " ,,\. . 

80u:,:,111 f,NO. 

Bg I 

VJ 
~4 

( 4 

a~ 

81 

Cl 

811 
CB 

H, 
er; 
RA 

CII 

99 
09 

94 

U4 

9~ 

05 

91 

01 

98 

08 

96 
06 

911. 
Oil 

" ~l 
f'J 

M 
[ 4 

Al 
El 

63 

60 I 

K9 
f9 
1J4 

J 4 

85 4 

F5 
If 

Bl 
Fl 

10 6 

f,A 1 2 711. 6 

A8 
ES 
6C 

11.6 
If, 

/III. 

EA 

69 I 

2 I 8B 4 
2 fB 
2 IC 

B6 4 
F6 4 . 3 

811. 4 3 
fA 4 3 

19 6 

66 1 7 16 6 

6811186 

6/ I 2 11 6 

1 14 6 

1

64 

91 2 AI 81 3 
F / . 3 01 ] I [J 

80 ~ U 21 J\O 
CO 7 ] 00 7 10 

EO 4 

J 0 4 

87 ] 9] 1 I A2 

"_'I __ ' L:: 

82 4 
[2 4 

10 6 

t.: 'HlIi.'.I'1 'ndu \lVe 0 R: 

G:) Ho olcd!l [x ch ",lve OR; . 

M COllllller'I(:1l1 01 "1 ; 

1,,an\ II" Into . 

f!l l '. Zero; 

00 flVIt! bro. 
MSp ll1 ! , ft 'lIl~ til II,,'IIIIIIV IOl.rlluIIIIUIIII , '11 I"j,,' ~: I ; It : ~ PUHI!I'f , 

~Ol" I\l f ll' lIlI l .II \I ' .. 11t1l ,· .. .. ' " '1 mOlt!- 1It \I'tIlIHH 1 ~ .. ' r ,I t( lt :,kl1", thp. I UIUIlIII 1(11 Ir.~Pll l n 'ld"Il's\If1~ 

IMPliED 

OP -

111 2 

4F 

~F 

11 

43 
53 

40 

50 
19 

4A 

511. 

4t 
SC 

36 
31 
32 
33 

49 

59 

46 
56 

48 
58 

4/ 

10 1 

16 

II 

41J 

SO 

Table 3 6800 Ins truct i on Set 

BOOLEAN/ARlltlM[TlC OPERATION 

(All 'tt,nef labeh 

refer 10 tonrent$) 
--. ' .-- ---~-. - ,---------

AiM " A 

B'M ' M 

A" 8 - /\ 
A. M t (: 'A 

B t M I C 'II 

A - M -1\ 

a'M -6 
A-M 

e - M 
00 -'M 

00 -- A 
00-8 
A - M 

B-M 
A - 8 

M 'M 
A -' A 

8 ' 8 
00 - M • M 
~o .. II -. A 

00 - 8 -8 
Con"llcllS &1I1<lry Add. 01 8 CO CharOltltl S 

into 8CD f 01 mal 

M -- I -'M 

A - 1-'11. 
B-1 .• 8 

A(+Y" '· A 
80M - a 
~"I - ·M 

/I<1 · - A 

S<1 .. 8 

M - 'A 

M '8 

A' M - II 

O--[LH LU TI 

A -M 

!l -M 

A 1.1-A 

8 M-8 

A a'A 

bl .0 
D 
C 

A M C-A 
8 - M C- 6 

A -8 
B ./1. 

M 00 
A 00 
U - 00 

CUNDITION ~OOE SYMBOLS 

N 

l 
V 

C 
R 

S 

Hi.!tf carrv Iram bIt 3; 

InlCffl!ftl rrtJsk 

~t'CJ" II\"~ hlljn bIt) 

b~ln (uyl,') 

Ovtdlnw. 7\ LOnlllll!l1ll!lll 

C~Jr\, hUlIIltit 7 
Reset Alw,}'I\ 

$f-r AlwdY'\ 

CO~O . CODE R[G 

_5_ 4 3. 2 .- 01 
H I N V C 

.! !! 

• ! i 
• I I 

I • I 

• I 
II • 

. . 

T I'~I (j11 \1 SI't 11 trUt', t! CJfl;,1 ulh('t,'" v' 

Not AlTr" ... d 

( i ) 

l •. 



POINTER OPERATIONS 

Compare Index Reg 
Decrement Index Reg 
Decrement Stack Pn" 
Increment Index Reg 
Increment Stack Pntr 
load Index Reg 
load Stack Pntr 
Store Index Reg 
Store Stack Pntr 
Ind. Reg ... Stack Pnlf 
Stack Pntr .... Ind. Re<J 

OPERATIONS 

Branch Always 
Branch If Carry ClNr 
Braoch If Carry Set 
Branch If = Zero 
Branch If ~ Zero 
Branch If > Zero 
Branch If Higher 

Branch II '" Zero 
Branch" lower Or Same 
Branch" < Zero 
Branch" Minus 
Branch If Not Equal Zero 
Branch If Overflow Clear 
Branch If Overflow Set 
Branch If Plus 
Branch To Subroutine 
Jump 
Jump To Subroutine 
No Operation 
Rtturn From Interrupt 
Return From Subroutine 
Softwa .. Intmupt 
Wlitlor I,,\lrrupt 

INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

BOOLEAN/ARITHMETIC OPERATION CONDo CODE M ' 

i514TJT2T1 ;" , 
MNEMONIC 

~~~_~IRES!~E~ EXTND IMPLIED 

OP j -- i # I OP 1·-. # r OP i - i # I OP - # I OP - # BOOLEAN/ARITHMETIC OPERATION I H I I ! N!Z V I C 

CPX 
OEX 
OG; 

INX 
INS 
lO X 
LOS 
STX 
STS 
TXS 
TSX 

BC 3 3 9C 4 2 lAC 16 I 2 BC 5 3 

I I 

09 4 I 
XH - M, Xl - (M + 1) 

X -I-X 

CE 
BE 

MNEMONIC 

BRA 
BCC 
BCS 
BED 
BGE 
BGT 
8HI 
BlE 
BLS 
BU 
BMI 
BNE 
BVC 
BVS 
BP l 
BSR 
JMP 
JSR 
NOP 
RTI 
RTS 
SWI 
WAI 

I EE 16 2 FE 5 
AE 6 2 BE 5 

HI7 2 FF 6 
AF I 7 2 BF 6 

i [ 

3 DE 
9E 

11 ! 
i 

OF 
SF 

3 
3 
3 
3 

34 4 I 
08 4 I 
31 4 1 

35 4 I 
30 4 1 

SP - I .... SP 
X + I .... X 
SP+l - SP 
M ... XH. (M + 1) 'x l 
M ~ SPH. (M tIl' SPl 
XH-M. Xl " IM + 1) 

SPH'- M. SPl -. (M tIl 
X - I-+SP 
SP+l-+X 

JUMP AND BRANCH INSTRUCTIONS 

lRElATIVE INOEX 

OP - # LOP -

20 4 ' 2 !I 

24 4 1 2 

25 4 ~ I 

:~ I: 2 I 
! 2E 14 2 

22 4 2 

~~ I : I ~ 
20 I 4 2 
28 4 2 
26 4 

28 4 2 
29 4 2 
2A 4 2 
80 1 8 2 

I 

6E 4 
AD 8 

I EXTNQ 

# OP -

2 7E 3 
2 80 9 

I 

! IMPLIED 

# OP -

I 

I 
I 

• 

# 

02 2 I 
38 10 1 
39 5 1 
3F 12 1 
3E 9 1 

} 

} 

None 
CoO 
C=1 
l=1 

BRANCH TEST 

N (±) V = 0 
z. (N (±) VI - 0 
C+Z=O 
Z + (N (±) VI- 1 
C + Z = 1 
N (±) V = I 
N = I 
l=O 
V=O 
V= I 
N=O 

See Special Operations 

Advances Prog. Cnlr. Only 

See Special Operations 

CONDITiON CODE REGISTER MANIPULATION INSTRUCTIONS 

CONDo COOE REG. 

OPERATIONS MNEMONIC ~~'-D:l 800lEAN OPERATION I-'-:+-~+~'--I>--:.--+ -~+~ 
I Cle", Carry I, CCLLC

I
' !I °OEC 

I,. 22 1 11 0
0 

',C
I ! Cle.r Inlerrupr Ma<k I - R - -I- -

.
1 Cle,,, Ovetllow ! C LV ! OA : 2 I 1 0 - V - I - • - R -

i Sel Carry : SEC i 00 I 2 • I I -. C -\- -I- -'I s 
I Set Inlerrupl Mask I SEI IO F : 2 I 1 II I -I - S - -\- -
I Set Overllow Sf V i DB 2 i I I I ~ V·' - I - - S -

I Atml" A ·'eC R I' TAP 106: 2 I I A~CCH - -.-@2----
I I -1-1-1- 1-1-L£CH " Acml \t_A __ ,~ fPA I 07 : 2 I . __ C,.C'-R_4_A ____ "--'-_-'-_'---'-_'---' 

• - - - -

CONDITION CODE REGISTER NOTES: 

10 
11 
12 

IBil VI 
IB., CI 
IBit CI 
(B,I Vi 
ISII VI 
(': .tV) 
(8 11 NI 
,B ., Vi 
IB It N, 
iAU 

IBit I) 

,Aln 

(Bit set if lest is true and deared otherwise) 
T.,t Re,,,1t ~ 10000000? 
rest He,,,11 0000000(j? 
Test DeCimal value of most significant BCD Character greater than nine? (Not cleared if previously set.) 

T est Operand 10000000 prior to executlon '~ 

Test : Operand ~ 011 11 111 pro or to execution? 
Test Set eqllallo ,.,1I1t 01 N(±)C al ler shih has occurred . 
Test Sign bit of most sign lf ,can: , MSI byte = P 
Test 1\ c i)jnpl p'JO.~1l 1 O\.' ;£: rf~ ow from subtrac tio n of MS bytes? 

Test R~~sullle$s thaillera? iSit 15::: 1) 

LOad CandHi::." Cude Register from Stack . (See Special Operations) 

Set when Interrupt occurs. If previously set, a Non·Maskable Interrupt is reqUired to exit the wait state 

Set according t .;;. :r.-e can.tents of Accumulator A 

-1-!CUI1 1CV --1-' - tl- -_ !e l • _I_ . 
• • • ! • • 

1

-: · · · · · -® t R --® I R _ 

_-®tIR­
- -@ t R -
••• -I- • 
- - - -I- -

CONO. CODE REG. 

5 .. J 2 1 0 

H I N Z V C 

• • • • • • 
:::1: 1 :: 1 

: :::1:1
:: : 

: :1: : :1:_ 1.' 
- - I -I - -- -1-1- -1-\ __ ,_ . : . ~ 10 ~ 

___ lol_ : _! 
__ 1_

1
_

1
_

1 
.. 

: -1- 1 -
1

: : : 

: =. =1' : I: i: 
- - I -, - I - I -- - _1_j_l_ 

i
- -I-I- i - : '­
--@--I 

I: I :, I :11 : 1, : ,.: I 
• @I - - -I- ! 

Table 3 6800 Instruction Set ( i i ) 
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1 o.v 40 05 
2 O.V 41 04 
3 +5V 42 03 
4 R/W 43 02 Data Bus 
5 SEL 44 01 
6 E 45 00 
7 blank 46 D7 
8 HOlO 47 
9 5HHZ 48 Db 

10 ClK 49 
1 1 IRQ 50 05 Data LED's 12 NMI 51 05 
13 A'/J 52 D4 & 

14 Al 53 04 Spare Data 
15 A2 54 D3 Reg Outputs 
16 A3 55 D3 
17 A4 Address switches 56 02 
18 AS 57 02 
19 A6 58 DT 
20 A7 59 01 
21 A'/J 60 O'/J 
22 Al 61 00 
23 A2 62 D7 
24 A3 63 06 
25 A4 64 D5 
26 A5 65 04 Data Swi tches 
27 A6 66 03 
28 A7 Address Bus 67 D2 
29 A8 68 Blank 
30 A9 69 01 
31 A1~ 70 Dra 
32 A 11 71 'RUN' LED 
33 A12 72 J RESET J 34 A13 73 To Control 
35 A14 74 LOAD Swi tches 
36 A 15 75 HALT 
37 o.v 76 +5V 
38 D7 "\ 77 ov 
39 06 78 ov 

Tab le 4 77-68 pin assignment - edge connector 
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Appendix 1 

Binary, Deci mal and Hexadecimal Notations 

Although the 77-68, I ike most other computers, actually handles information 

in binary form, human s l,ave grea t difficulty in remembering long strings 

of '1 's a nd la's. However, by taking groups of 4 binary bits and 

express ing each group in 'hexadecimal' (base 16) format, we can write 

binary patterns in a more readable form. 

Binary Hexadecimal 
MS B LSB reeresentation 

o 0 o 0 0 

o 0 o 1 

0 0 0 2 

0 0 3 
0 o 0 4 

0 0 • 5 

0 0 6 

0 7 
0 o 0 8 

0 a 9 

0 0 A 

0 B 

o 0 c 
0 D 

0 E 

F 

No tes ; MSB mo st significant of 4 binary bits 

LSB least significant 

Thus eac h 8 bit word can be express ed as two hexadecimal characters; 

Binary (e .g. inf as stored in comp ut er or set on data: 

switch re g or displayed) 

Hexadeci mal (as vn i tten for human use) 

And a 16 bit addres s as fou r hex characters; 

o . . 0 ~ 0 0 . .1 1 'i 1 1 0 1 0 ~.1 ~ ............... -.~~~ "-v- --' 
6 1 F A 

43 

I 0 1 0 0 0 1 1 

~~ 
A 3 



Generally the information conta ined in an eight bit word is considered 

to be a positive (unsigned) integer in the range 0 to 255 (decimal). 

(In practice the information may instead be an ASCI I coded character, or 

two BCD digits, or whatever else the user decides - but ignore these 

possibi1 ities for the moment). Then each binary bit in the word has a 

particular value; BO (least sign ificant) = 1, Bl = 2, B2 = 4 - - - B7 

(most significant) 128. Thus for example; 

o 0 0 001 128 + 2 + 1 = 131 (decimal) 

However, this binary word wou l d be written in hexadecimal as 183 1. 

Conversion be tween hexadecimal representations and their decimal equivalents 

may be done by re ference to the fol lowing table; 

Hex Charac t er dec imal 
(Hex char Hex char on right) 

0 0 0 

16 

2 32 2 

3 48 3 
4 64 4 

5 80 5 

6 96 6 

7 112 7 
8 128 8 

9 144 9 

A 160 10 

B 176 11 

c 192 12 

D 208 13 

E 224 14 

F 240 15 

Thus Hex 183 1 = decimal 128 + 3 = 131 

Note again that t hi s convers ion tab l e appl ies only to unsigned positive 

integers s tored in natural binary form. 
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