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I. GENERAL DESCRIPTION 

The Mini-Micro Designer® (MMD-1) is a complete educational and engineering 
microcomputer using an 8080-type microprocessor chip. The system has been 
designed to teach you about microprocessors whether you are a high school student 
or a digital design engineer. The MMD-1 features direct ke,,>·bo3.rd entry of data 
and instructions, status and data indication via LEDs, immediate access to 
buffered input/output busses and a convenient breadboarding socket. A portion of 
this socket is hardwired to the input/output bus lines and other critical control 
lines. This permits you to monitor what is going on, control input/output and 
interface to other instruments. The socket has been designed to directly accept 
IC's or functional plug-in modules available from E & l Instruments ( 11 D~sign 
Modules11 ), to enhance your learning and to minimize your breadboarding time. 
In addition, the same input/output bus and control signals are available on a 
flex cable connector to more fully utilize the total system capability by adding 
supplemental hardware. The unit is also equipped with an internal power supply. 

The MM0-1 is available in two formats: 

• MM0-1/A: 

I MMO-l/K: 

Factory assembled, inspected and ready to use. Comes 
with the operating r:Janua1. 

Kit form of the MMD-1/A, which requires you to assemble and 
solder the components into a working unit. Due to 
installation difficulty, the BP-25 Breadboarding Pins 
and the SK-10 Interface Socket are factory assembled. The 
unit comes with the operating manual. 

Both formats are completely descri.bed in this manual. 

There are many time-saving accessories available to the MMD-1 user. Complete 
descriptions of available options can be found in the E & L Instruments catalogue, 
"Teachings of the Modern Masters0 • 
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II. SPECIFICATIONS 

Central Processor: Intel 8080A or equivalent 

Memory: RAM - 512 words (8 bits) on board. 

PROM - 256 words (8 bits} comes progr~ed to accommodate 
··· keyboard entry of data. Known as KEX (Keyboard 

Executive) and is located in prom position ~. 

256 words (8 bits) comes progranmed to read data 
from the cassette and store it in successive memory 
locations on the M/I (Memory Interface) Board, 
starting at 03., - .0~0. As the data is input it is 

... .<fisplayed on the MMD_.1 's LED's;. known as l/D 
{loader/Dump) and is located in prom position 1. 

Expansion capability: Up to a total of 65,536 words via 
cable connector - *would require additional power 
over 2 K RAM. 

Displays: PORTS - Three groups of eight ;:s individually latched· 
and addressabie control. Note: during 
keyboard progra~ entry, these LED's display Lo address, 
Hi addresss and'1Memory data a the KEX PROM. Latch 
enab.~,es, for each port, a 's~ are available for 
external use. 

HALT UJOICATOR - LED, located to the left of 10, glows when 
the 8080A has executed a HALT instruction. The .. HALT 
status is cl only through a RESET or a hardware 
interrupt. 

Data Entry: 16 switch keyboard - numerals 0 thru 7, Hi address (H) 
Lo address (l) go (G) reset {RESET) e.xamine/deposit (S) 
three optional keys (A, B~ C). 

Breadboarding Socket: SK-l0/IFl8 Open area on socket wiU take up to 
five {5), sixteen (16) pin ICs and discrete components 
(from 20 to 26 gauge diameter leads) 
Bus signa 1 s hardwired to socket: AO thru A? 

3 

GNIJ 
+5 volts 
HIT 
ItITE 
I.ACK 
MEMR 
MEM W 
Ii 

OUT 
WAIT 
READY 
DO thru 07 
RESET 
Ml 
HALT 
HLDA 



II. SPECIFICATIONS 

Ribbon ca·ble Connector: Dual 20 pin, hardwired to same signals as 
breadboarding socket plus AB thru A15. 

Internal Power Supply: 115 or 230 VAC operation 
*Use 1/2 amp fuse at 115 VAC 
*Use 1/4 amp fuse at 230 VAC 

D.C. Output at 105/210 VAC: +5 v ±5% at l.5 amp 
+12 v ±5% at 0.5 amp 
-12 v ±5% at 0.5 amp 

Current available for +5 v at 0.5 amp 
External use +12 v at 0.4 amp 

-12 v at 0.4 amp 

Operation Range: 105 to 125/210 to 250 VAC 

NOTE: Unit can be switched from· llSV to 230V ~Y setting the switch (LSl) 
in back of unit with a screwdriver. The 11 SV plug wi 11 have to 
be replaced with a plug compattble with the receptacle in use. 
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III. ASSEMBLY !NSTRUCTIONS, GENERAL 

A. The material has been prepacked .in plastic bags in general categories for 
ease of assembly. Check the contents of the bags to make certain all the 
correct parts are there. Inspect packing material for any loose .parts 
before discarding. 

Bring all shortages or discrepancies to the imnediate attention of 
E & L Instruments. 

J'. When a wire is brought to a location, the designation 11 connect11 is 
used; when it is followed by an (S)~ this indicates it is immediately 

1lfJf.~!:.~~j,P.P]a1 c1~; i.!~o J~'tS)L~P.e,;"'~rt.s.?,-.~4. ,.~ds~flder1 .adt t~istim1 ;_: o~ner w1res w1 · ue uroug11 c.o .;na po.n.. n 1 so · e~ is app i"t..-u 

t.oo earlys the assembly will be much more difficult. 

2. When soldering diodes and transistors, ·it is most important that the 
heat used is minimal - a 35W soldering iron is quite adequate for all 
of the assembly and a .larger wattage iron should not be used. 

3. The instructions are given line by line with two 11 Check-Off 11 columns. 
The first is for checking off as you actually do that step; the 
second is for rechecking if a problem i:s encountered. 

4~ Use rosin core solder onl;y. The use of corrosive (acid core) solder 
er .Paste fluxes voids any1and all warranties on the unit. 

5. This manual uses the new IEEE (Institute of Electrical and Electronic. 
Engim~ers) international standard term , .. bertz11 as the basic unit of 
frequency. The terms are used as follows: 

Hz (hertz) 
Ktk (Id lohertz) 
MHz {megahertz) 

= cps {cycles per second) 
= kc (kilocycles per second) 
= me (megacycJ es per second) 
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1. SCLDERI:•G TIPS 
Tne q~ality of your unit is going to deperd on the quality of 
your asser.:b1y and soldering techniques.,~ have outlined. be­
low, sor.;e standard practices that you sho•.ild adhere to. 

1. l Tnere is r:iore to a soldered coni""~ctfon than two or more 
pieces of r:ieta1 held tcgetner CJ' a ··~iob" of so1cer. 
When molten solder is a;:iplied to a metal. tne soljer 
actually disolves sor.e of the metal's surface. Tnus, 
metals wnich have been solderej together are bonded by 
a solidified sobticn of so.leer and parts of the "'1eta1s 
which were joined. Soldering is an: easy task, but it 
is a task that must be done correct~/. If your solcer­
ing techni.:;ues are pocr you wi 11 have a greE dea 1 of 
trouble with the kit that yo~ are atout to asser.ble. 

1.2 In order for molten solder to ;::~rforrn its fonction of 
joining metals toget~er, the oxiaes an t~e surfaces o~ 
tne metals "lli.JSt be ret""'O'Jed. The oxides are rer::ov-:d ::; 
a FLUX. A flux is a ~a~erial w~fch~ when heated, dis­
solves sur ... :Jce ox ides and sus . .:h:::rds t~.e,., a1;ay frorr -:r.e 
s.irface of the :neta1. /:.Jitr. tre swrface o.<'i:1es re"".o',-:;d, 
the :nolten so1der car ::1issolve svre ~f tre surface ~e:al 
ar:ct bor.d itself ·ti-;r.:1y to t!':e :-:e:aL 
We reccmend the use of Rosin flux ;::ire solder "'it'l a 

i(ture of 63% tin and 37% 1e3d. Tnjs is trie or'y :ni<­
ture that goes dfrect1; fron 1L:uid st.ate to sol~j state 
thus, byoassing t~e plastic state which causes cold 
solder joints. 

1.3 A ;ood solder connectiori ~s made in t.wo ste;:s: Tre first 
s.:::i is to :n~lce t!":e ::1ecr-:ardca1 can!"e::::io"l. Theri tr:e ~olt­
e~ soider· is applied to the conn~Ul)n. · Af:.::1· 1Cu r,ave 
stripped a wire, ah.a ... s ch_eck to see that tr:e wire is 
clean ard f.-ee frcr:i 'r.ea1; oxida n. grease o,.. oil. Cxi-
da:fon can be scra:ec off. and on or grease on De re­
mc•ed wit!'l a rag. S:ee1 woc1 or saoo;;a;:;er is excel1en: 
for cleaning badly oxidized wires. Stranced wire sr:c:.ild 
t'! tinned (cove,..ed .,..it!1 soider} to pre-.ent the ~are enc:. 
frcr.s fraying ar.d possib1; cau.;;fr:g a st.or~ circui:. 
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The next steo in making a solder connection is to secure 
the ~vire or wires to tre terrnina~ or lug. The Hire should 
make sufficient contact with the te ... .,inal or 1uc, b:..': 
should not be tightly fastened. ~he sol~er wili provide 
bc:h mec~anical s:re~]th a~d a lo~ resistance junction. 

After the mechanical connectio~s are com~lete, the next 
step is to app1y the solder. Ffrst heat tne ~ec~ar'cal 
conr~ction, witn tne iron, to a·1~w the scl~er :o flew 
on the hot metal. f..:c! ~:re s.c to th~ psin': ,..,-;ere 
the iron meets th.e ccr: ;;_co be so1de Th-e 
should melt and f'ow freely over the contact, d lv-
"fng .:n 1 ·"ox·Mes, ard ai<j i ng he:J::. rransfer fron t • t.o , 
cci~~ection. The solder shculd tr~~ ~elt ard f:aw freel;, 
co~ering the area to :e soldered. Make ;ure y~~ J::1~ 
er.c.1·:;h so1der to cover tbe con:,1cc:. 

1.4 To pre;are p.c. beards for soldering~ clein ~~e 1~ea to 
be soldered on the ;::irinted wH'T by rubb:ng .vi:n a 
per.cil eraser, and ciean the c:n:.'orent leads ... i::i a 
p·ece of steel ·.-1001. Ptace the ccr.:;:;or.ent on tre ':JJrd, 
on t~e side ~fth the r~~encla:ure printed on it, ~~ti 
the 1eacs exte-x!ir.g ti':rou;n tr:e hcles indica:ed ~Jr tne 
co~;:onert. Flio the board over ar.d solder tne 1ea:s. 
Th:: sa:ne gei:eral ru1e for :;olderir.g conventior.ai circ.Jit­
ry should be ad~ered to. 

01. !P EXCESS l.E A;) 
f;_;JSH #!'17,ri 
SOL::'E.R JC!!Nl' 

. ~.~:·:·:: ~......_ PC 80An0 

P.P:~rt:: WIR -.:; ..l. \ht CSY:?O-.!.~'fJ 
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Hes1stor 1aent1t1catlon 

Resistor Color Code Chart #1 I 

3 significant figures (l~b) , . 

Bend to • 45" 
{1.2) for E&L Boards 

~Hf;\~!K I ~ ~ ,, ! 1 k ~ (L ~ , i 2<.:: 

lS't BanJJ L 5th Band 
2nd Band "- 4th Band 3rd Band 

Color BANDS 
]s:I 2n,d J 3rd ..ilh 5th 

~1ac]' \) l ~1 0 1:_ 1. 0 ! 

Brown 1 I 1 I. 1 x 10 13 
Red 2 2 2 x ..100 1 O/ 

..... /0 

Ora119..e 3 3 3 ..x ..1000 ...... nr; 
Yellow 4 4 4 x 10000 .oog 
Green 5 5 5 x 100000 
Blue 6 6 6 x 1000000 
Purple 7 7 7 --
Grey 8 3 8 --
White 9 9 g --
Gold - - 7_ ;. 10 
Si 1 ver - - - ~ 100 
----- - - -

Resistor Color Code Chart #2 

Color BANDS 
J.st 2nd 3rd 4th 5th 

Tiac'K ::g: u _1 l.U -
Brown 1 l x _10 - -. 
Red 2 2 x 100 -
Orange 3 3 x 1000 -
Yellow 4 4 x 10090 -
Green 5 5 x 100,000 -
Blue 6 ' 6 x 1000..s.OOO - RC=Mit-Purple · ... 1 I I -- - R-39008 Gre1 8 8 -- -
White 9 9 -- -.GoJCi .:. _lQ_ +~' - - - .2. 
-sff ver - - .:L.lilil -+ ...l.0.1 
----- - - - -+ 20% RC=MIL-R-11 
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\_;apacttor Identification 

CERAMIC CAPACITOR 

CAPACITANCE---------+--- MUL TIPUER 
VALUE IN PICOFARADS NUMBER OF ZERO'S FOLLOWING 
(pf} THE VALUE 

EXAMPLES: 103 = 10.000 pF OR .01 .uF 

AXIAL 

<JQ2 = ~000 OF OR . oe3 µF 
676 = 6~00QOOO pF OR 67 ,LJF 

ELECTROLYTIC CAPACITOR 

CAPACITANCE IS INDICA.TED ON CAPACITOR 
IN MI CROFARADS (µF) 

TANTALUM CAPACITOR 

-
CAPACITANCE IS INDICATED ON CAPACITOR 

IN MICROFAKAOS (µF) . 

------VOLTAGE & POSITIVE COLOR·· VOLTAGE VALUE MULTIPLIER 

+ 

POLARITY 
.--...---CAPACITOR TOLERANCE 

FIRST SIGNIFICANT 
• FIGURE 

SECOND SIGNIFICANT 
FIGURE 

MULTI PLIER 

BLACK 4 0 
BROWN '6 1 
RED io 2 
ORANGE 15 3 ·-,,,. ... 
YELLOW 20 4 10000 
GREEN 7,Ts 5 100000 
BLUE 35 &"'." 1000000 
VIOLET 50 

.., 
lOOOOOuQ: I 

GRAY -g-
WHITE 9 

CAPACITANCE MAY BE MARKED ON CAPACITOR 
IN MICROFARADS (µF) . OR BY COLOR 
CODE IN PICOFARADS (p.F) 
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Diode (~ LED i<jentitic tior1 

-------------------------------...-------~.-.-----.._._--------=........,,-~ 

CA~HODE (! __ ] ANODE1 

-~-
CATHODE ANODE 

cArHooE {_~ __ }ANODE 

--+~I--- 1'/ 
--~··.·"'.·.'•· -"'.''·-';. 

cAiHoDE · rn:]~ ) ANooE CATHODE ANODE 

--:fi;t---OR I~ 

Color BANDS 
lil 2nd 3rd 

]Jac:K _Q' 0 0 
Brown 1 I 1 Re:d. 2 2 2 
Orange 3 3 3 
Yellow 4 4 4 
Green 5 5 5 
Blue 6 6 6 
Purple 7 7 7 
Gre_..'l 8 8 8 5e 
White 9 9 9 
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IC lde11t1~ ~cation 

TOP VIEW 

1 14 

14 PIN UIP. 

PIN LOUNT IS SEQUENTIAL IN A COUNTERCLOCKWISE FASHION 

PIN 1 LOCATION 

CA~ STYLE TAB IS ALWAYS PLACED ON, HIGHEST 

PIN NUMBER WITH PIN 1 TO THE LEFT SIDE 

NOTCH 

RIDGE Sf 
SMAll lNDENTATlON 



IV. REPLACEMENT PARTS LIST 

PACKING BAG MANUAL OESIG. DESCRIPTION QTY. P/N CHECK 

- Power Su.1m_1y_ P.C. Board~ Mach. l 711-0125 
]) Transistor, TIP3055 l 500-0026 
VRl.i VR2 Vol t(ille Re_g_.-1 7812UC ILM340-12Tl 2 504-0009 
01 Bridge Rect., r6 amp-200VJ Pow~r 

Com_ponents Inc. BR-62 l 502-0007 
02, 03 Bridge Rect., Tl amp-lOOV) 2 502-0002 

Electronic Devices Inc. PF-05 
Cl Elec. CaJ>. 2200 mfd - 16V 1 523-0044 
C2, C3 Elec: Cap. 1000 mfd-35V 2 523-0041 

POWER ~,~ Iant. Ca_Q_. 1.0 m_fd-35! 1: _§_g_4-0009 
SUPPLY 

C6 , Cer. Ca_Q. 0.1 mfd-50V 1 520-0016 
PACKAGE Rl Trim_Qot 2.5Q Thumbwheel 1 515-0023 

RZ_ CCRES _lLiW - lKQ - 5% l 511-0039 
~ CCRES 1/4W - 2.2KQ - 5% 1 511-0046 
R4 WWRES 2W - .25Q - 3% l 519-0023 
Fl Fuseholder, Littlefuse #348-657 l 563-0019 
Sl Switch, SPST, w/integral light, l 570-0019 

Carlin__g_ Co. LTA-110-PBWR 
- * Fuse, 1/2 am..£_. Bussman AGC-Slo-Blo l 563-0013 
- Rubber Feet, self-st1ck, 3M Co. 4 611-0001 

515112 . 
VRl, VR2 Sil-Pad for R~~lator 2 616-0012 
lSl AC line volta_g_e select switch 1 579-0003 
Ql Sil-Pad for transisjor 1 616-0013 

YITT ,VR-Z, Nylon Bushing 3 617-0010 
_Ql 

R35,R42 CCRES l/4W - lOKQ·- 5% 8 511-0062 
Cl Elec. Ca..Q. 33 mfd - 6.3V l 523-0019 
C2 Tant. Ca_p_. 5 mf d - 15V 1 524-0032 

' 
C3iC5-C15 Cer. Ca_Q_ .. 01 mfd - 50V 12 520-0008 
C4 Elec. Ca_p_. 3.3 mfd - 50V 1 523-0003 

MAIN Cl6~Cl7 Mi ca Ca..£_. 4 7 _Q_f d - 5% 2 521-0003 
BOARD ' 

R1, R2 CCRES l/4W - ll<Q - 5% 5 511-0039 
PACKAGE R4-R6 

R3 CCRES l/4W - 2.2Kst - 5% 1 511-0046 
R7-R30 CCRES l/4W - 470n - 5% 24 511-0031 
R3hR33 CCRES ll4W - 4.7KQ - 5% 3 511-0054 
R34 CCRES ll4W - 220Q - 5°1 1 511-Jlll22 
Dl-024 Red LED~Hewlett Packard 5082-4484 24 551-0005 
025 Zener Diode-1 5. 1 V - 5%~ IN7 51 A l 501-'0003 
026 Zener Diode, 3.3V - 5%~ IN746 1 501-0002 

_Qll ]:e]: fil,Jiewiett _Iacka~ ~0_[2-~0 l 551-0003 
.. XTAL Crystal, 5.76 MHz - 0 to 50 degree l 509-0006 

Cent. series resonance 0.1% 
Bliley Elec. HC18/U 
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IV. REPtACEMENT PARTS LIST (contd.) 
·--

P/\.CKlN& 
BAG 

MAIN 
BOARD 
PACKAGE 

INTEGRATED 
'CIRCUITS 

SOCKET 

MANUAL 
DESIG. 

- . 
-
-

I---·-
-
-
-
-
-

Al, A22, 
J\23 

OESCRI PTI ON 
, 

Binding Post, Red, E.F. Johnson 
111-0102-001 

. Binding Post, Black,£.f. Johnson 
111-0103-001 

Binding Post, Blue, LF. Johnson 
111-011 Q.;.QQl 

Binding Post, White, £.F. Johnson 
ll 1-01 Ol-001 

. Ca_Q_acitor Mount, white nylon 
Keyboard 

. ccme!;~t9r, Rt. Angle, 40 Pin P.C. 
rr.uunt 

Label - Interface Socket 

SN7404 

T SN7400 

QTY P/N CHECK 

1 543-0007 

1 543-0008 

1 543-0009 

l 543-0011 

·13 616-0006 
1 575-0002 
l 540-0010 

l 633-0038 

3 503-0041 

3 503-0014 

A4 SN74LS174 l 503-0123 
-.A""""5.-----+--=I n.....,:t-e-=-1.....,a'"""'2_,,_24.,,.------·· ·----------------1--'-1~-503-'0116-.---+------i 
-----------+-----'-

~, Al - . ~~-~:~ ~6~~A Mi{~-i:;::r-1r-o-ce-s-so_r __ ---------<!~._.2-;_,-.,_.·_+-_.1 .• L_, ... ~.~-'.-~0-... '~ .. ...,..,-_-0~~. 11o-=-j18a.::..
7

--1---·- -·--·~ 
A9.:Al2 Intel 8111-2** · '·t: :_._:.; · 

.._..,A,_,,_l.3"""-, -A-17~-1 -SN74LS05 t 2 l ~03-01~2 ~ 
t Al4 SN74lS155 l , . .;03-0121 _____ i 
r--A'---1-"-5---~In.fel 1702-A (Pre-Programmed) 1 ·-'-660-0008 

(Kex) 
A16 Ir.tel 1702-A (Pre-Programmed) 1 660-0024 

1L/Ol 
Al8 SN74l42 1 503-0081 

1 503-0042 
2 503-0120 

_A_l_9 ____ .._S-N/402 
...--.A.;......2-0-, -A-21--· -+-'-sr'--rf 4L04 

A24-A29 l SN74LS75 6 503~0187 
!f--.,.A..,,,.,31,,___--~SN7 4365 1 503.:.0086 
A~ A33 Sfl!Z4148 2 503 .... 0119 
Ul Voltage Reg., LM723 (DIP) +5 volt 

{Power Supp l,Y} 
1 504-0014 

Jl-J3 Socket, DIP, 14 Pi.n 12 542-0005 
Jl3. Jl7 
J19-J23 
J3<» J34 
J4-J7 Socket, DIP, 16 Pin 15 i 542-0008 
J14, J18 
J2+:J·29 
J31-J33 . 
J9-Jl2 Socket, DIP~ 18 Pin 4 542-0021 
JTS,. J16 Socket~ DIP, 24 Pin 2 542-0017 
~ __S_oc_Ket1 IDL ~ E_1 n 1 m-]1Jl§: 
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IV. REPLACEMENT PARTS UST (contd.) 
r----------.--·-
1 PACKING !MANUAL I DESCRIPTION -- QTY I P/N I 6iECK--, 

BAG JDESIG. 
1---------'!-_----+-6---3-2_x_l_/_2_·11-Pa_n_H_d ___ -Sc~ew - 4 605-00o2==t=-----, 

I HARDWARE 

WIRE 
(581-0005) 

FACTORY 
INSTALLED 

MAIN 
BOARD 

ASSEMBLY 

,..._------+--=6'---=-3=-2_,.H.:...e.,,::x--'-_Nut _ 4 606-00_1_2_+--___ __., 
#6 Lockwasher 2 607-0008 

..-------~#§ Ground _ _Ll!_g___ I 545-002·0--1---~ 
' - 4-40 M/F Star.doff -- -3-t-·-615-0019 -+-·---1 
:=-=======::l--,--'4·-'-__ --4-o--'xl/4"Pa n Hd. Screw , -y-i---605-=-011"2'5 I 
.,__.-------l---'--4::-40 Hex :_tµt ~L 6 606-0006 . -1 

- #4 Lockwasher 8 607-0uOT 1 I 
,__ ____ __.._~~_:40~~-_ 3/tJ_"::--ran Hd.· -s-e:r~ew------+-~os-_9tpr--t----=--1_ 
~------ _ii.4-40 .NUL . ~lT!.a 11 . , 2.. . 6.0..6.::-_QQQL._ i _____ -=_~.=-=1 

#4-40 x 7 /8 11 Pan Hd. Screw 3 605-0056 I 
#4 Nylon Spacer 3 615-0016 I 

- 1-1/2" (3,81 crnl_]_Q__gC\. Wnjtc:_____ 1 =r 
- --1::.1L2 11 (3 1 81 cm) 18 ga •• Black J 1 : 
- 211 ~ l cm) Hl qa.-1 Black 1 -1 
- 5-1~ _H3~97 cm) 18 ga •. i·ihite ! _l_ -+------r---~ 

i ~ 66s'.:JJJ?1,~s· ..__,2(~4!'~\1a~~) q!~B~~itk:1ack_-·-j' lr j ·--·-· - --- - - ij 

r-:----f--- __ fl!lL~~-c . _ . J ···--1------< 

f---=- ~-~ ;5-~:~-~~~~9~~LIJ_~-~, Gr1;~~.t~--+kr HHH ~ 
- 511 J12, 7cro) 22 g~Q.r_ange l 6 l 
- 1211 (30,59n.)_~~-1~ m1ite J_. 1 ., 1 

- 1211 (30_,_5cm] 22 ga., Red _ I 1 _ ~ 
_ 12:: (30,5cm) 22 ga .• ~}ue J l I ---1 
- 12 (30,5e;m) 22 aa., tHack. ·---~_-__}-+-_·. . j 

{ _ 1~(30,Scm} 22 ga. _ s W1re _ -+ _!_J_I ~----=7 ~ __ 1 

BP ~P:2ss~~~:db~!~~l~~dPin I 3! · ~H~~~ I I 
1 SK-10 I SK::-10/ IF-18 -Interface Socket . 1_· s+f' .. t~.=Q._9 I!~-

- :
1
_. 4-40 x 5/8"_ Flat Hd. Screw I 5 l _ _':~-2~-QQ~} ___ __J 

t-=-·-----+·_#4 Lockwasher 1 6 l .!;;ri7-0001 T ~ 
,___, -------+i __ 4 __ -__ 4_0_He_,,x-~~uL. I __ 6 l ~o 6- 0006 T . 1 

! - 6-32 x l/2't Pan Hd. Screw, us.oo I 4 605-0002 
I to mount Main Board to 1

1 

· I Housing installed for shi!Jlling 
Housin_g_JE&L Instr.l l 620-1011 

Tl 1 Transformer, (E&l Instr~~L __ j __ } 531-0017 
line Cord w/Molded Plug (115Vl ! 1 1 567-0002 --

i,_; -------+~St_r_a_i_!l ReHef ~ Heyi;o Inc. SR6?1~ I 1 j 617-0002 
MISCELLANEOUS - Op_eratil}g_ Manual 1 1 801-0082 

----+-----I 

Yellow Warranty Card 
1 80~-0147 ]UBUJ'.\ Ins}:. :Reference Card 
1 801-0137 

** Faster RAMs (811 lA-4} (2111-2) may be substituted. 
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·STATIC ELECTRICITY 

the f~ flowing I • • aev1ces. 
INTEL 8080 Microproccessor chip 

I l702A-2 PROM 

INTEL 8212 IN/OUT Port chip 

INTEL 8102A-2 RAM 

INTEL 8111-2 

·INTEL 8216 

INTEL 2102A-6 RAM 

Although protection against e1ectrostatic effects is provided by built.:.in 
circuitry, the following handling precautions should be taken: 

1. Soldering 1ron tips a~nd test equipment should be grounded. 
2. Devi:ces should not be inserted in non-conductive con­

tainers such as conventional plastic snow or trays. 
3. Assembly \\!Ork surfaces should be grounded. 
4. Avoid carpeting or other furnishings that encourage 

electrostatic charging of assembly personnel. 
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V. POWER SUPPLY ASSEMBLY AND CHECKOUT 
{See Illustrations 1, lA and 2) 

A. Line Cord Preparation 

If your unit is for 230V operation, the 1 ine cord wil 1 
have no plug attached. A plug must be obtained that is 
suitable for the receptable available. 

1. Prepare Line Cord as shown below. Slide strain relief 
onto Line Cord with large end towards plug end of cord. 

ti-/2¥.. . S l/2•-:rrRIPjTIN 114' 

( . 3 f/2~/.-- ;_BLACK. 

WHITE 

-
STRAIN 
REUEF 
BUSHING 

POWER CORD PREPARATION 

--
GREEN 

GND LUG 

CONST. 

2. Insert line Cord through hole in rear of housing. Compress 
Strain Relief and snap into hole. Connect the Ground Lug 
to the Green wire as shown. 

B. Transfonner Installation (See Illustration 1) 

. 1. Scrape paint from around frontmost transformer mounting 
hole to bare metal for good grounding contact. 

2. Fasten Transformer into the housing with (2) 6-32 x 1/2 11 

Pan Head Screws, #6 Lockwashers and 6-32 Hex Nuts. Place 
Ground Lug under Transformer at frontmost hole when 
fastening. Tenninals 1 through 4 with wires attached 
should be closest to the Line Cord (See Illustration l }. 

C. Mounting Voltage Regulators VRl, VR2 and Power Transistor Ql 

1. Install with Sil-Pads shown in Illustration 1 using 
a 4~40x1/811 Pan Hd. Screw, #4 Nylon Sr.>acer and 4-40 Hex Nut ...... .___ 

2. Repeat the above step for VRl and Ql. 

D. Completion of Case Assembly 

1. Install (3) standoffs in the 3 remarnrng holes in the bottom 
of the housing using the 4-40 x 1/411 Pan Head Screws and 
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114 lockwashe:rs. 

2. Install 1 ine atitch LSl w:i:th (2) 4-40 x 3/8" scr~11s, 
{2) 4-40 hex nuts (sma:Hl. and (2) f/4 washers. Make 
sure .230V shows toward the top of case. (See Illus. #1). 

3. Install fuseholder {fl} into hole at extreme right of 
housing with word "TOP" printed on fuseholder in the up 
position. Push until it snaps into place. 

4 •. Install ON/Off power switch {Sl) in center hold between 
· Fl and LSl on rear of housing, with terminal 3 towards 

the tap. Push in until it snaps into place. {See 
Illustration #1.) 

STEPS 5 through 10 See Illustration #lA 

5. Connect 5:-1/211 {13,97 cm) white wire from terminal 4 of Tl 
and white wire from line Cord to top lug on switch (Sl-3). 
Connect 1-1/2" (3,81 cm} white wire from (lSl-5) to 
(Sl-3) (S). 

6.- Connect 6-112" (16,51 ·cm} white wire from (LSl-4} (S) 
to terminal 2: of Tl. Conne:'Ct ·611 (15,24 cm} white 
wire from terminal 2 of Tl {S) to (lSl-3) {S). 

7. C<>nnect' 5-1/2" (13, 97 cm} b~ck wire from t~r-minal l 
of Tl (S) to lower lug tm S~ipif:ch {51-1). Connect 
1-1/2" (3,81 cm) black wire from (Sl-1) {S} to . 
(lSl-1) (S}. 

8. Connect:· 211 (5,1 cm) blaclit wire from middle lug on 
Switch (Sl-2) to the top llll9 on fuseholder (Fl} (S). 

9. Connect 611 (15,24 cm} blac!t wire from (lSl-2) to 
terminal 3 of Tl {S). 

TO'. Connect black wire from line: Cord to lower lug on 
fuseholder (Fl) (S). · 

PUT HOUSING ASIDE AT THIS POIHT . 

. E. Powet. Supply P.C .. Board Assembly (See Illustration 2) 

CONST. 

NOT£: All solder connections are made on lower side of board. 

1. The (2) jumper wires u.sing the 22 ga. bus wire supplied. 
Not.e the jumpers should be flat against the board 
before soldering. 

2. The 14-Pin IC Socket (J34}. Note the notch on socket 
is adjacent to white doe on P.C. Board. 

3. The 2. SK Trimpot (Rl). 
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4. The 2.2K Resistor (R3). 

5. lhe 1K Resistor (R2). 

6. lhe .25 ohm wirewound resistor (R4). 

7. The (2) 1 mfd tant. capacitors (C4, CS), making 
certain that polarity agrees with marking on P.C. Board. 

8. The • 1 mfd capacitor (C6). 

9. The (2) bridge receifiers (02, D3), making certain 
that polarity agrees with markings on P .C. Board. 

10. The bridge receifier (Dl) making certain that 
polarity agrees with marking on P .C,,Board. This 
Device should stand approx. 3/8 11 above P.C. Board. 

(Instructions continued on Page 1 6.) . \ 
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E. Power Supply P.C. Board Assembly (contd.} 

11. The (2) 1000 mfd capacitors (C2 &'C3), and 2200 
mfd capacitor (Cl) making certain that polarity 
on capacitors agree with markings on P.C. board. 

12. The (9) 3 1/2" (8,9cm) long green wires ~t hole 
locations marked 1,2,3,B,C, & E along the top edge 
of the P.C. board. 

13. The (6) 5" (12,7cm) long orange wires at hole 
locations marked 5,6,7,8,9, & 10 on the left side 
of the P.C. board. 

14. The 1211 {30,5cm) long black wire at hole marked 
11 GND 11 on P.C. board. 

15. The 1211 (30,Scm) long blue wire at hole marked 
11+5" on P.C. board. 

16. The 12" (30,Scm) long red wire at hole marked 
"+12" on P.C. board. 

17. The 12" (30,Scm) long white wire at hole marked 
"-12" on P.C. board. 

00 NOT install the I.e." at this time. 

This completesthe Power Supply Board Wiring. 
Refer to Illustration 1 for the following steps: 

18. Position the Power Supply Board over the Stand­
Offs in the Housing and fasten with (3) 4-40 
Hex Nuts and. #4 Lockwashers. · 

19. Slip a P' {2,5cm) piece of Heatshrink Tubing over 
each green wire then solder the (3) sets of 3 · 
green wires to the corresponding semiconductors 
at the rear inside of the Housing as shown. Slide . 
the Tubing up over the entire lead and h_eat to 
·secure. 

20. Solder the (6) orange wires to the terminals on · 
the Tran$former (Tl): 

Hole #5 to term. 5. 
Hole #6 to tenn. 6. 
Hole #7 to tenn. 7. 
Hole #8 to term. 8. 
Hole #9 to term. ~­
Hole #10 to term. 10. 
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The remaining 4 wire$, black~ blue, red, and white still 
go to the four Binding Posts on the Main Board at the 
Final Assembly. 

F. Testing the Power Supply 

l. Insert LC. (Ul) LM723 into socket. Be certain that 
pin l is located next to the dot on the P.C. board. 

2. Ins ta 11 the Fuse into the Fuseholder (Fl). 
'!/2 amp for ll SV. 
1/4 amp for 230V. 

3. Check that the 4 unconnected wires are not touch1 ng 
each other or tau.chi ng the Housing. 

4. Plu9 Line Cord into an Outlet and turn on Switch 
(Sl}. Red Tight on switch should glow. If this 
does not happen, unplug cord from power and re­
check all wiring. 

5. Connect appropriate lead .of D.C. voltmeter to 
black wire "GND." 

6. Touch the other lead of ~oltmeter to blue, red 
& white wires to read the foHowing voltages: 

Blue* •.•.•.•.•••.•.•. +5V ±5% 
Red •....•..•...•••.•. + l 2V ±5% 
White .••.•..•••••.••. -12V ±5% 

*Adjust the Thumbwheel on the Trimpot {Rl) to obtain 
this value. If any voltages are missing or incorrect, 
unplug the power c~rd and recheck all wi.ring. 

7. Ins ta 11 ( 4) Rubber Feet at the corners of the bottom 
of the Housing. 

This completes Housing a.nd Power Supply Assembly. 
Set aside and proceed to the Main BOard Assembly. 
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VI. MAIN BOARD ASSEMBLY AND CHECKOUT 
(See I11ustraticn 3) 

All solder connections are made on bottom (solder side 
of this board. 

1. Insert and solder all I.C. sockets in their proper 
locations* Be extremely careful to avoid solder 
bridges between pins or adjacent clad. Pin 1 of 
the sockets is indicated by a notch or cut-off 
corner which is placed nearest to the white dot on 
the Main Board. Be certain that all leads protrude 
thru board and socket is flush with top of board 
before soldering. 

NOTCH NOTC~ 

I 0 0 16 I 0 0 16 
2 0 0 15 2 0 0 15 
3 0 0 14 OR 3 0 0 14 
4 0 0 13 4 0 0 13 
5 0 0 12 5 0 0 12 

SOCKET INSTALLATION 

2. 1·nsert and solder the 40 pin ribbon connector. The 
connector suppl i,ed may be numbered 1 thru 40 or A 
tb.ru VV. Thi,s ts. not 1mportant, just be sure th.at 
the hortzontal pins for-mating plug are on the 
rtght side of the board. 

3. Attach Binding Posts to Main Board as shown with 
colors in positions as indicated below. When 
tightening Binding Posts turn so that test lead 
holes are parallel with sides of board to allow 
test_ 1 ead i nsertton_, ___ _ 

BLK 

UPPER LEFT HAND CORNER 
,-BOTTOM StDE OF MAIN BOARD 

4. iCut (4) 111 (5,lcm) pieces of 22 ga. buss wire; 
Insert each wire into the corresponding hole 
as shown and solder. Trim the excess wire from 
. the top_ of ~~e board. 
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V l. MAIN BOARD ASSEMBLY ANO CHECKOUT (contd. ) 

5. Insert nylon capacitor mounts over leads on (12) 
.01 mfd disc capacitors (C3, C5 thru C15) and 
insert and solder in the proper locations. 

NYLON 
CAPACITOR MOUNT 

6. Insert and solder the 33 mfd electrolytic 
capacitor (Cl) and 5 mfd tant. capacitor (C2) 
at the top left hand corner of the board with (+) 
lead at the ( +) s il kscreened on the P. C. board. 

The following _!steps Refer to Voltag_~ Requlator Section 

7. Insert and so 1 der the f o 11 owing: 
a. The 2.2K resistor (R3). 
b. The lN751 5.lV Zener diode (025). Observe 

Polarity. 
c. The 1N746 3.3V Zener diode (026). Observe 

Polarity. 
d. The 3.3 mfd Electrolytic capacitor (C4). 

Observe Polarity. 

The following± steps Refer to Clock Section 

8. Insert aoo solder the following: 
a. The 22 ga. black wire jumper. 
b. The (2) l K resistors (Rl & R2). 
c. The {2} 47 pf Mica capacitors (Cl6 & Cl7). 
d. The 6.75 MHz crystal, (XTAL), using l 

capacitor mount. 

9. Insert and solder (l) lK resistor (R4) in the 
Memory Decoder Section. 

10. Insert and solder {2) lK resistors (R5 & R6) in 
the I/O Decoder Section. 

H. Insert and solder (24) 470n resistors (R7 thru 
R30) at the 3 ports, f), 1 & 2. 

12. Insert ,and solder (24} Red L.E.iL 1 s (01 thru 
024). Be sure to note polarity. 
Please be advised of the three types of l.E.D. 's 
E&L carries, as shown,on next page. One of these 
types is contained in this kit. 
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VI. MAIN BOARD ASSEMBLY AND CHECKOUT (contd.} CONST. 

©c~ ©CM~ 

FLAT NOTCH 
CATHODE 

'~tfNb 

CAlffION! ! ! The (24) L.E.O. 's are easily damaged by excessive 
heat during soldering. Install the L.LD.'s such that they stand 
up 1/811 from the top of the P.C. Board Solder them in from the 
bottom side of the board, only. Do not solder them in from. 
the top side of the board .as this is unnecessary and risks 
damaging them from excessive heat. 

13. Insert and solder the (3} 4.7Ku resistors (R31 thru 
R33). 

14. Insert (3) 3/411 (19, lmm) ~pieces of buss wire into . 
the (6)·BP-25 ·pins marked 11 MMD, 11 "STB,'' 11 EXT, 11 as 
shown below. · 

MMD 

t-euss WIRE 

STB 

EXT 
15. Insert and solder the large Red L.E.D. {027) in the 

Halt Indicator spot next to the SK-10 socket on 
the .P.C. Board Be sure that this L.E.D. i! put in 
PLUSH with the top of the board and then soldered. 
Mote polarity. 

16. ·. Insert. and solder the 1 22Dn resistor (R34} in P.C. 
Boa'rd next to large Red LE.D. labeled Halt 
Indicator·.~ 
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VI. MAIN BOARD ASSEMBLY AND CHECKOUT (Continued) 

17. Insert and solder (8) lOKQ Resistors R35 through 
142 • 

. 
18. Insert and solder the keyboard, making sure that 

the keyboard is mounted FLUSH with tile top of the 
P~C. Board. Solder and clip the leads once it is 
mounted. 

19. Peel labels from backing for the SK-10 Bread­
boarding socket and affix as shown in 
Illustration 3. 

20. Place completed Main Board above the Housing, 
face down {solder side up), with the Binding 
Posts at the lower left. 

21. Solder the (4) remaining wires, black, blue, 
red and white from power supply board to 
corresponding Binding Post terminals on Main 
Board. 

22. Place Main Boa.rd on top of Housing .Assembly and 
fasten with {6) 6-32 x 1/211 long screws. 

You trill now make some initial tests before inserting 
the integrated Circuit Chips. 

22. 
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VI. MAIN BOARD ASSEMBLY AND CHECKOUT (contd.} 

A. Hafn Board Checkout 

D:C. 

I.C. 

.. .Ml. 

A5 

I. Plug unit into an outlet. Place switch {Sl), in·the 
~ position. The red light should come on. 

Z;. Connect corrmon' 1 ead of D. C. Voltmeter to b 1 ack · 
blnding post (GND}. Check voltages at the following 
points. 

Volts +5V -5V +12V -9V 

Ntamb' er Pin Numbers 

'"'"'~' ·~·±!'<«•~ Ii!:;:.: .-2,fl·,;\;t!\;., .• ,. tr~l'!:~• ;ll"\in.: . : .. 2$ ·Ai'· :·'.~3·-+~,~ 

16 .. "''""f ; ""'~"- •. "9l'Y{lf= t~~ «.11 "'"·"'' '"' -- --
A6..1A7 T5 -- -- --
A9-A12 18 -- -- --
A15, Al6 12,13,15 -- -- TO,N* 

22,23 
A24-A29 5 -- -- --
A1-A3, Al3 1 All 14 - -- --
A20-A23i A30 
A4,Al4,Al8-Al9, 16 -- . -- --
A3l~A33 

*PrtliR must be in p·iace for -9V ~ be present. 
Remember to reverse D.C. Voltmeter leads for Negative 

··Voltage Checks. 

3. Remove power from the MMD-1, and insert the 
SN74LS75 latches (A24 thru A29r Be sure to note 
how the I.C.'s go into their sockets. There is a 
small mark near pin 1 for all the I.C. 's. This is 
part of the whii;e screening. With the; latches 
installed,: apply power to the system. All of the 
LE.O. 's should be on. If any are not on, check the 
associ.flted SN74LS75 L1tch .. With power still applied, 
ground the data bus 1 ·;J:es DO thru DT at the SK-1 O 
socket one, at a time. of the LE.D. •s in each 
group of eight should go out., one at a time. If this 
doesn't happen, again check the SN74LS75 1 s. This 
will prevent acci denta 1 short circuits at. the I.C. 1 s 
which could cause damage. 

4. The keyboard section co.nsists of 16 keyswitches ~ 
15 of which are used to input data and one of wh~ch 
is hardwired to the 8224 chip for the Reset 
function. The; keyswitch closures are encoded in r::wo 
SN74148 octal encoder chips and the encoded bimiry 
data is gated onto the bus 'through ~ three s:at? 
DM8095 or SN74365 chip. Remove Power from the 
fl4D-l, then insert the four integrated circuits,. 
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VI. MAIN BOARD ASSEMBLY AND CHECKOUT (contd.) 

A. Main Board Checkout 

A30 thru A33. The keyboard is tested by monitoring 
the data on the L. L D. 's. CAREFULLY ground pin l on 
A31 being VgfY sure pin 2 is not also shorted. Also 
ground the IN 1 i ne on the SK-10 socket. This wi 11 
cause data from the keyswitch encoders to constant-
ly be output to the bus. With these two points 
grounded, apply power and depress the keys, one at 
a time. The bi nary d.a ta for each keyswitch wi 11 be 
observed on the L. LO. 1 s at all of the output ports, 
simultaneously. You will also note that the most 
significant bit, 07, will be on whenever one of the 
keys is depressed. This is often called a 1 flag 1 since 
it is used to flag down the computer and tell it 
that one of the switches is ready with data. The 
second, third, and fourth most signific.-ant digit may 
be on, as they are not directly connected to the 
keyboard encoder. The lower left key will not output 
any data since it is hardwired to the 8224 clock chip. 
You can check this key's operation by testing the 
voltage at pin l of A5, the 8224 clock chip. When A5 
is installed, it should normally be at about zero 
vo 1 ts and wi 11 go to about 3 volts when the reset key 
is depressed. 

CONST., 

5. After LC. voltages, LE.D. display and :keyboard 
sections have been tested, install the remaining I .C. 's 
Remember to be sure that the I. C. 's are properly 
oriented as shown on the screened legends on the P.C. 
Board. Be sure that the R/W Section is insta11ed 
correctly w/all four 18 pin sockets and all four 
8lll 1s going in sections 2 and 3, the PROM 
{1702A) going in position 0, and the PROM (1702A) 
going in position 1. (Refer to Illustration 3). 
If you have not already done so, obtain one of the 
1702A PROMs with the Keyboard Executive O<EX) soft­
ware, and one 1702A PROM with the Load/Dii.imp (L/D) 
software in it. Preprogrammed PROMs are a va i1ab1 e 
(see Parts list) and if you already have a 1702A 
PROM, it may be programmed from the listing provided. 
There are currently a number of 1702A t~ PROMs 
available. These are 4702A and 8702A. These are pin­
for-pin equivalents of the 1702A, but their access 
times are slower. The 1702A PROMs or eqtliiva lents 
should have a maximum access time of aboot 1300 
nanoseconds to work with the Mini-Micro~ If you 
purchase a 'surplus' PROM, be sure that these 
conditions are met. The PROM containing t:he KEX 
software must be placed in the PROM position 0. It 
will not work correctly if placed in position 1 since 
the addresses wi 11 be incorrect. The PROM containing 
L/D software must be placed in the PROM. J'OSition 1. 
It will not work correctly if placed in :position 0 
since the addresses wi 11 be incorrect. 
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VI. MAIN SOARD ASSEMBLY AND CHECKOUT (contd.) 

A. Main Board Checkout 

6. Turn on the power with all the LC. 1 s in place and 
c.heck the power supply vo 1tages at the Binding Posts. 
They should be at their preset levels of +5 and ±12 
volts. If these are correct, your Mini-Micro system 
should be opera ti ona: 1 . 

7. Depress the Reset key~ R. The l.E.O. displays should 
now indicate 003 or 00000011 at the HI and 000 or 
00000000 at the LO. The Output Port 2 E.D.'s may 
have some random data present. If this doesn 1 t 
happen, remove the power and carefully check your 

··sys,tem. Thiings. to check for are solder bridges, co 1 d 
jointss 1.msoldered I.C. pins and incorrect I.C. 
orientation. Plated through holes don•t have to be 
soldered unless there is a component or other lead 
going through them. Also check for +5 volts and 
ground at all the I.C. 1 s. Refer to Step 2 of Main 
Board Checkout. 

8. If the l.E.D.'s are on in the correct pattern, depress 
and release the S key. time that s key is 
pressed~ the LO address nformation shrnild be 
incremented by l. If this doesn't happen, check the 
keyboard encoder section and the Input/Output sections 
of the Mini-Micro. 

9. If the LE.0 1 s are operating correctly,, try and enter 
some data, 0 through 7 from the_ keyboard. The binary 
codes for these s11itches should enter Data 
Register display {Port 2 three 
significant bits. You wil that as new data is 
entered the old.data is shifted to the left where it 
fi na 1 ly disappears as more ~e1,1 data is entered. 
The actual cperation of software to input 
and output data is discussed later in the KEX 
software section. 
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VII. Operation-HO'« to Use the Mini-Micro 

The Keybpftrd Executive software is the 'heart• of the system. It allows 
you to.examine data or program steps and it allows you to change data 
or program steps stored in the R/W portion of the memory. We can also 
specify any address and start the program there. The keyswitches are 
labeled 0-7 for octal data, H for HI Address,·L for LO Address, G for Go 
and S for See and Store. Three keys are not used by the KEX, A, B and C. 
The Reset key, R, will always reset the computer and restart the KEX if 
its PROM is in place. A1l manual data entry is through the keyboard in 
the basic Mini-Micro system and there are no binary toggle switches to 
worry about. 

Whenever you want to start the system, depress R. This will reset the 
KEX and it will always output the first address in the R/W block of 
memory in section 3. This is HI=003 and LO=OOO. If you will only be 
using one block of R/W memory to get started, it MUST be in block 3. 
The KEX will not function without R/W memory in section 3. 

To enter data, whether it will be used for new data or addresses, simply 
depress the numbered keys as you would on a calculator. Data will be 
entered into the three least significant (right-most) LEDs and it wi 11 
shift to the left as more data· is entered. If a mistake is made, simply 
reenter the data. Mistakes are shifted out the left side and lost. 
The Data Register LEDs will display the data just entered from the key­
board and this may be used as HI Address data by depressing H, or it 
my be used as LO Address data by depressing l. These keys wi 11 transfer 
the data to the proper LEO display register and it will be used by the 
SOBOA to address a new memory location. 

Mhenever a new Hor L is specified by actuating one of these two keys, 
tile KEX will always output the contents of the specified location on the 
Data Register LEDs. To examine the next location, d~press the S key for 
its See function. By depressing S again and again, we can examine 
data in sequential memory locations. It should be noted that this See 
filnction follows increasing memory locations, not the sequential flow 
of a program. - --

To change the data in a R/W memory location, simply load the address 
· using the data input key and the H and L keys. The old data presently 

in the location will imediately appear on the Data Register LEDs. Enter 
tile new data into the Data register using the numeric keys and then 
enter it into the R/W location by depressing the S key for the Store 
function. After S is actuated, the new data is stored and the address 
is automatically incremented by one to go to the next location. The data 
froin the next location is now displayed on the Data Register LEDs. The 
S key has two functions, both See and Store. How can we tell the difference? 
If the data has changed we will store it and see the next location. If 
tile data hasn't changed, we will store it back where it came from and 
then see the next location. When we store old data back to the location 

. fnm which we got it,we can't really see any change, but this is exactly 
llhat the KEX does. It inputs data from the, specified location, allows us 
to make changes and then puts it back. If no changes are made, the old 
data is restored to its memory location. 
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Once a program is entered into the computer through the keyboard~ 
we can start it by loading our starting addr~ss and actuating the 
G or··Go key. This will transfer control from the KEX software to 
the software that we want to try~ Starting addresses are loaded 
in the same way that we use them to examine and alter locations .. 
Starting addresses don 1 t have to be in R/W memory,, but can just as 
easily be in PR~. 

If your program~starts at the first location in R/W memory, 003 000, 
·you can simply depress R followed by G. We can do this because 
KEX'always resets the address back to this first R/W location. 

Keys labeled A, B and C are not used by KEX. It should be 
remembered that the three LED output ports and the keyboard 
input port are not hardwired for KEX alone. They are available for 
you to use in y9ur programs. A 1 l f-i f teen keys may be used in 
any way you like, using software. · 
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Keyboard Executive Software 

The Keyboard Executive software is in a single l702A type PROM 
which·goes in PROM socket 0. This contains all the necessary 
software to operate the keyboard and the LEO displays. This is 
our software controlled 'front panel' ,since the keys and LEDs 
perform functions determined by the KEX software. 

How KEX Operates 

Whenever the R key is depressed, the 8080A CPU chip wil 1 start to 
execute the program that starts at location 0. Looking at the 
software listing for KEX you will see that immediately after 
starting at location 0,, the software instructions cause the computer 
to jump to location HI=OOO, L0=070 (HI=OOO throughout KEX) where 
we START the program by pointing to the first R/W memory address in 
our minimum system, 003 000. The address and the data in that 
location are displayed on the three output ports. This is done 
between POINTA and POINTC. The software between POINTC and POIMTD 
will do the necessary tasks to input new data from the keyboard and 
shift the data onto the LEDs.. The shifting is done inside the 8080A 
with software instructions. Doing this in hardware would take many 
more chips, but it takes relatively few software steps. The soft-· 
ware routines at POINTD, POINTE, POINTF and POINTG make up what is 
·ca 11 ed a ccmnand decoder. The software decodes the key codes into 
real actions. Depressing Hor L causes the data temporarily 
stored in the 8080A as numeric key inputs to be output to either 
the HI or LO set of LEDs. The S key code causes the current or new 
data to be put back into the memory location that we are lookinq at 
Depressing G causes the computer to use the HI and LO address as · 
the starting point for a new program. 

The TIMOUT and KBRD software subroutines have specific tasks. TIMOUT 
will count its way through various loops for about 10 milliseconds, 
while the KBRD subroutine will input code from the keyboard. The KBRD 
subroutine has some unique features which illustrate an interesting 
hardware-software tradeoff. The keyswitches used in the Mini-Micro 
are not bounce free, so that when contacts are opened or closed, they 
can often re-make or re-break the contacts. This can be confusing to 
the computer since it can't distinguish between a real switch closure 
and a bounce. We don't want the computer to sense each bounce as a 
key closure so we would like some way to filter them out. Additional 
circuitry including latches, clocks and mooostables could do this 
for us, but it complicates the system. We can also do the debouncing 
in s.oftware. The KBRD subroutine will recognize any ke_y closure, but 
it will on1y input the key codes after being sure that the key is 
closed and not bouncing. It does this by waiting after sensing 
closure and then rechecking the switch to be sure it is still closed. 
It also checks when we release a key to be sure that it has stopped 
bouncing before it tries to sense another key being depressed by 
the user. We have traded some addi ti ona 1 ·Software steps for a great 
deal of hardware. Since we had plenty of PROM left, it was easy to 
include. 
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Since the TIMOUT and KBRO software segments have been set up as 
_ subroutines, you can use them in your software and in the experiments. 

Each of these subroutines may be started with a CALL instruction, 315. 

The TIMOUT subroutine does not affect any of the registers or 
flags and it only serves to delay the software flow by 10 msec. 
The KBRD subroutine· will retur-n with the key· code for the depressed 
key in the A register in the 8080A CPU chip. Flags and, of course, 
the A register have been used and modi.fied. 

An important distinction between the 8008'and the 8080 processors 
is in the use of subroutines. In the 8008, return pointer addresses 
w~re stored in the 8008 chip itself. In the 8080, these return 
pointer addresses are stored in a portion of the R/W memory. This is 
called a 11stack11 area, Whenever a subroutine is used we want to 
dn t,he subr00Une 1 s task and then return back to the normal program 
flow. These return addresses are very important to the computer since 
they provide the only link between the subroutine and the main 
program. If we are to store them in a portion of R/W memory, the 

. computer must know where this storage area is if it is to be able 
to use the addresses proper1y. In the KEX software this is set to 
be the top of the R/W ,memory with instructions at locations 070, 
071 and 072. The LXISP instruction loads an internal 8080 stack 
Pointer Register to HI=004~ LO=OOO. Since the Stack Pointer 
Register is decremented to point to a new location before anything 
is stored, the, first .sta,ck locatj~n wHtbe HI=QO~, L0=377. Check 
,your sixteen bi't lli1nary 'ntimbers i·f '"'this looks a 1 ittle"<confusi ng. 

You can use the stack as set up by the KEX {generally a good idea) 
or you can put your own, stack anywbere you want, just by using 
the lXISP instruction. Remember to avoid the stack area when writing 
your programs. Remember, too, that you can 1 t put the. stack in 
an area of non-existent memory or'in PROM. '. 

You wil 1 use the stack area and you' 11 see how it can, al so be used 
to temporarily store data. This w:tn be covered 1n software 
modules. Let.' s see how the TIMOUT :and KBRD subrouti,nes can 1be used 
in our own software. We will use the soft\\tlilre stack already set up 
in KEX. . , 

Let's input a keyboard character, add a constant to it and display 
the result •. We would first CALL the KBRO subroutine to input a 
binary key code,, then add the constant and display the result. 

-
The following software will do this: 

HI 
;003 
003 
003 
003 
003 
003 
003 
003 
003 

: 003 

LO INSTR 
000 315 
001 315 
ooz 000 
003 306 
004 ??? 
005 323 
006 000 
007 303 
010 000 
011 003 

MNEMONIC 
CALL 
KBRD 
0 

ADI 
DATA 
OUT 
000 
JMP 
000 
003 

31. 

/Input keyboard character 
/Su~.routine 1 s LO address 
/Subroutine's HI address 
/"1d the following DATA to 
/the contents of register ·A 
/Output data from register A to 
/device 000 (LEQs) 
/Junp back to program at 
/lO address =OOO 
/HI> address =003 



_You can enter this with KEX, just restart, specify HI=003 and LO=OOO 
and start entering data. Enter 000 at location 003 004 so we'll 
first. add zero to the codes. This will let us check what values 
are assigned to each key. Write down the codes. Go back and 
restart KEX and change the value in 003 004 to, say, 005. This will 
add 5 to each code. Restart your software and see if this is the case. 
Congratulations, you have just done your first software experiment! 
The instructions at 003 003 and 003 004 could be changed to do 
other things to the data. Can you suggest one? 

The 10 msec delay routine, TIMOUT, can be useful when we want 
a software delay that is in multiples of 10 msec. The following 
software routine will delay an output of all 1 's on Output Port 0 
by about 2.5 seconds after the program is started. Try it. Can you 
see how the time delay might be shortened? Can you see any use for 
programs like this? 

Assume HI=003 throughout this program: 

LO INSTR MNEMONIC 

000 006 MVIB ·/load register B with the following data 
001 370 370 /Data: time constant 
002 315 CALL /Call TIMOUT subroutine at 
003 277 277 /LO address =277 
004 000 000 /HI address =000 
005 005 DECB /Decrement B by 1 
006 302 JNZ /Jump if result is not zero to 
007 002 002 /LO address =002 
010 003 003 /HI address =003 
011 076 MVIA /load register A with the following data 
012 377 377 /Data; all 1 's 
013 323 OUT /Output to device, 
014 000 000 /device 000 (LEDs) 
015 166 HLT /Stop once you reach here 

The k~yboard input subroutine, KBRD, is called at address 000 315 
and the time delay subroutine, TIMOUT, is called at address 000 277. 

The 8080A Microprocessor 

The 8080A type microprocessor chip is an eight bit par::illed 
central processing unit (CPU) in which data is opera: pon and 
decisions made. Unlike the earlier 8008 and 8008-1, 8080A 
is a more powerful, easy to use device. The 8008 was 18 pin device 
and many things were multiplexed on the same bus. The 8080A is 
a 40 pin package which offers many advantages over the earlier devices: 
- simplified bus, separate address (16 bits) and data (8 bits) buses 
- three state and TTL compatible buses 
- simplified control 
- improved interrupt and stack 
- more instructions 

While the power and clod. requirements for the 8080A are a bit 
11Dre complex than for the 8008, they are easily met. 
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How the Mini-Micro Works 

The Mini-Micro uses the same basic computer functions found in 
most other computers, large or small. These are: 

- Central processing unit (CPU) 
- Memory (R/H and PROM) 
- Control Logic 
- Input/Output Control 
- Clock and power supplies 

The 8080A has 24 data output lines, sixteen of which are used for 
address information and eight of which are a bidirectional 
data bus taking data to and from the CPU. The data flow on the 
data bus is controlled by the OBIN or Data Bus IN signal output 
by 8080A chip on pin 17. Two bus buffers, Intel type 8216, 
are used to boost or buffer the data bus outputs and to protect 
the 3080A's imputs. The OBIN signal switches the 8216 buffer 
chi for either input or output of data on the bus. 

The systemis operation is controlled by signals output by the 8080A 
at various times as synchronized by the clock frequency. An Intel 
a2z~;, clock chip with a 6. 75 MH7 crystal is used to provide the 
750 KHz MOS clock levels to the 8080A. These clocks are slightly 
out of phase and are nonover1apping. While the 8080A chip can 
ope~te at frequencies up to 2 MHz, the Mini-Micra's clock has been 
set 750 KH.,. so that it will work with the relatively slow 
l 702A type PROMs. 'fou can increase the spe.f:.rr of the Mini -Micro by 
using a higher frequency crysta L The 8224 chip di vi des the crys ta 1 1 s 
frequency by nine, so an 18 MHz crysta 1 win give the 2 MHz output 
needed for the highest operating speed. 

The clock chip also synchronizes the Ready with the clock 
so that system can slow down for slow memori and l/O devices. 
The Reset input from the R key is also input to the 8224 chip where 
it, too, is synchronized to the clock, and output to reset the 8080A.* 

The 8080A's data bus will also contain some STATUS information which 
is used by the Control Logic section to synchronize its control 
operations. The STATUS information is output and is available 
when the SYNC signal is output from the 8080A. The 8224 clock chip 
gates the SYNC pulse from the 8080A with the main system clock to 
provide a very short STSTB signal or Status Strobe whi 'catches' 
the status information in the SN74174 latch. The status information 
indicated data output,data input, ha1t tion, memory read, 
memory write and a special condition which signals the start of the 
next instruction, Ml. four of these status sig_nals gated with 
other system signals to provide the nt, OOT, MW and ignals used 
throughout the Mini-Micro. These signals are used ·indicated on 
the next page. 

* Formore information about these signals chip.s see Intel's 
8080 Microcomputer System User's Manual, Sept~ 1975 1nd Bugbooks V 
and VI · > for further iflformation. 
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IN and OUT - used to synchronize data flow to (TN) and from 
(OUT) the 8080A CPU. They are used with external devices for 
data transfer. 

MR and MW - used to indicate to the memory that the computer 
is executing a Memory Read or a Memory Write. 

INTA - indicates that the computer has acknowledged an interrupt. 

HALT and Ml - latched and prQYided for the user. These are not 
used in the Mini-Micro, but ~re described in the experiment 
modules and are avai1ab1e for your use. 

I 

.. 
i 

When the 8080A addresses memory, one and only one address must be 
specified on the 16 bit address lines. Since the 1702A and the 
8111-2 memories only have eight input address lines to address their 
256_, locations, the remaining eight address lines must be used to 
se~ect one and only one of the memory blocks. We can select from 
two blocks of PROM, two blocks of R/W or possibly no blocks on the 
Mini-Micro if we have expanded the memory off the card. 

Address lines AO through A7 are applied directly to the memory 
chips on the Mini-Micro card. Address lines AlO through A15 are 
gated in a six input NOR gate made from an SH74LS05 open 
collector inverter, IC13. When this gate's output is a logic l, 
it indicates that we are selecting one memory location within the 
first 1024 locations. Address lines A10 - A15 are equal to logic 0. 
This would be one of the locations in either R/W or PROM, since 
these are located within the first 1024 locations. If the NOR gate 
indicates a logic 0, at least one of the address inputs, AlO -Al5, 
must be at a logic 1, indicating that we are now addressing memory 
outside the blocks on the Mini-Micro. Address bits A8 and A9 and the 
memory read signal MR are gated together in an SN74LS155 decoder to 
select the proper block of the four possible on the Mini-Micro card. 
The 8111-2 memories input the memory read and memory write signals 
to control the flow of data from and to the CPU. The 1702A PROM 
has only a chip select input, so the memory read synchronizing signal 
is used in the SN74LS155 to gate data from the l702A onto the bus at 
the correct time. Table T shows the memory selection. 
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Table 1~ MEMORY SELECTION 

NOR Gate Output A9 AS MR M~ory .·Se 1 ec ted 

0 x x x NONE 
1 0 0 0 PROMO· 
1 0 1 0 PR-OM 1 
1 0 0 1 NONE 
1 0 1 1 NONE 
1 1 0 x R/W 2 * 
1 1 1 x R{W 3 * 

* MR and MW applied independently to the 8111-2 chips 
X = Don 1 t care cond.ition, logic O or logic 1 

Data flows to and from the memory on the bidirectional data bus 
and the sixteen bit address bus specifies each location. This 
address bus is also used to help control the flow of data to and 
from external devices·. The eight l~ast significant or LO address 
bits can specify one of 256 possib1e peripheral devices. The address 
bits are.decoded in the Mini-Micro to select one of four possible 
on-board devices. These are the three groups of LEDs and the keyboard. 
Address bits A3 - A7 are all ORed together in 1Cl7, an OR gate made 
from a series of open-collector h'rter"ters in an SN74LS05 chip. 
'If the eight bit LO address outputs a va 1 ue greater than seven, the 
OR gate's output becomes a logic 1. Address bits Ao - A2 are used in 
IC 18, an SN74L42 decoder chip to provide a one-out-of-eigbt code 
for devices 0 to 7. The OR gate's output is used to enable the decoder 
for deviCe coded 0 - 7, but to disable it for other. codes. 
The decoding scheme is shown in Table 2;. 

Table 2~ On-Board I/Q DEVICE DECODER 

OR Gate OutEut A2 Al AO Mini-Micro Device 
... I ··-, 

l x x x NONE 
0 0 0 0 LED Port 0, Keyboard 
0 0 0 1 LED Port 1 
0 0 1 0 LED Port 2 
0 0 1 1 

} Available for user 
0 1 0 0 
0 l 0 1 
0 1 1 0 
0 1 1 l . 

l = Don't ·tare condition, logic 1 or logic O. 

You will notice that device code 0 selects· both the LED Port 0 and 
Input Port o. the keyboard. How can the computer output and input 
data at the same time. It can't, and some me~ns must be used to 
distinguish between them. The Control Logice section outputs two 
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control signals, TN and OUT which indicate whether data will be 
input to the CPU or output to an external device. Both signals are 
exclusive, never taking place at the same time. The pulses are generated 
by the 8080A and the Control Logic section under control of our software. 
Only when we execute an 1/0 type instruction will either of these signals 
k_generated. The device codes for theSN74LS75Jatches are gated with 
OUT in IC19, a NOR gate package, and the IN is gated with the keyboard 
device doce in the DM8095 buffer chip associated with the keyboard, IC31. 
Data is input or output only when we have a valid. device code and either 
TN or OUT. -

A software-hardware user's group has been formed for the Mini-Micro. 
People interested should contact: 

Digital Directions, Editor 
E & l INSTRUMENTS, INC. 
61 First St. 
Derby, CT 06418 

36 



VII ! . f<EX PROM PROGRAM . LI ST ING (OCT AL) 

ADDRESS 
lil . LOW 

000 000 
000 001 
000 002 

000 010 
000 011 
000 012 

000 020 
000 021 
000 022 

000 030 
000 031 
000 032 

000 040 
000 041 
Cloo 042 

000 050 
000 051 
000 052 

000 060 
000 061 
000 062 

000 010 
000 071 
000 072 
000 073 
000 074 
000 075 
000.07() 
000 077 
000 100 
000 101 
000 102 

DATA 
Bz ••• Bo 

,303 
070 
000 

*000 000 
JMP 
START 
0 

I JUMP UP 10 R/W MEMORY TO ·sE USED BY 
I RESTARTS & VECTORED INTERRUPTS 

303 
010 
003 

303 
020 
003 

303 
030 
003 

303 
040 
003 

303 
050 
003 

303 
060 
003 

*000 010 
JMP 
010 
003 
*000 020 
JMP 
020 
003 
*000 030 
JMP 
030 
003 
*000 040 
JMP 
040 
00~ 
*000 050 
JMP 
05{) 
003 
*000 060 
JMP 
060 
003 

I BEGINNING OF MAIN PROGRAM 

*000 070 
061 START, LXISP /SET STACK POINTER TO TOP OF R/W MEM. 
000 000 
004 004' 
041 LXIH lINlTIAL VALUE OF H & L 
000 000 
003 003 
116 POINTA, MOVCM /LOAD MEM DATA INTO TEMP DATA BUFFER 
174 MOVAH /OUTPUT H.I TO LED Is 
323 OUT 
001 001 
175 MOVAL /OUTPUT LOW TO LEO'S 

,---···· -
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VI_!!._ KEX PROM PROGRAM_LI2TING. (OCTAL). 

ADDRESS DATA 
fil LOW B]-:-:-:-Bo 

000 103 
000 104 
000 105 
000 106 
000 107 
000 110 
000 111 
000 112 
000 113 
000 114 
000 115 
000 116 
000 117 
000 120 
000 121 
000 122 
000 123 
000 124 
000 125 
000 126 
000 127 
000 130 
000 131 
000 132 
000 133 
000 134 
000 135 
000 136 
000 137 
000 140 
000 141 
000 142 
000 143 
000 144 
000 145 

. 000 146 
000 147 
000 150 
000 151 
000 152 
000 153 
000 154 
000 155 
000 156 
000 157 
000 160 
000 161 
000 162 
000 163 
000 164 
000 165 
000 166 
000 167 
000 170 

323 OUT 
000 000 
171 POINTS, MOVAC 
323 OUT 
002 002 
315 POINTC, CALL 
315 KBRD 
000 0 
376 CPI 
010 010 
322 JNC 
134 POINTD 
000 0 
107 MOVBA 
171 MOVAC 
027 RAL 
027 RAL 
027 RAL 
346 ANI 
370 370 
260 ORAB 
117 MOVCA 
303 JMP 
105 POINTS 
000 0 
376 POINTO, CPI 
011 011 
302 JNZ 
145 POINTE 
000 0 
151 MOVLC 
303 JMP 
076 POINT A 
000 0 
376 POINTE, CPI 
010 010 
302 JNZ 
156 POINTF 
000 0 
141 MOVHC 
303 JMP 
076 POINTA 
000 0 
376 POINTF, CPI 
013 013 
302 JNZ 
170 POINTG 
000 0 
161 MOVMC 
043 INXH 
303 JMP 
076 POINTA 
000 0 
376 POINTG, CPI 

I OUTPUT TEMP. DATA BUFFER DATA TO LED'S 

I WAIT & INPUT NEXT KEY CLOSURE 

I JUMP IF KEY WAS < 010 
I (0-7 , OCTAL DIGIT ) 

I SAVE KEY CODE 
I GET OLD VALUE 
I ROTATE 3 TIMES 

I MAK OUT LEAST SIG. OCTAL DIGIT 

I OR IN NEW OCTAL DIGIT 
I PUT NEW DATA BACK INTO BUFFER 

I 11 L11 KEY 
I JUMP IF NOT AN 11 L11 

I PUT BUFFER DATA IN L 

I 11 H" KEY 
I JUMP IF NOT AN 11 H" 

I PUT BUFFER DATA IN H 

I 11 S" KEY 
I JUMP IF NOT 11 S11 

I PUT TEMP. DATA INTO MEMORY 
I INCERMENT H & L 
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"Vi~l •.. KEX PROM PROGRAM LISTING (OCTAL) -

ADD~SS 
HI LOW --
000 171 
OOtl172 
000 173 
000 174 
000. 175 

000 277 
000 300 
000 301 
000 302 
000 303 
000 304 
000 305 
000 306 
000 307 
000 310 
000 311 
000 312 
000 313 
000 314 

000 315 
000 316_ 
000 317 
.000 320 
000 321 
000 322 
000 323 
000 324 
000 325 
000 326 
000 327 
000 330 
000 331 
000 332 
000 333 
000 334 
000 335 
000 336 
000 337 
000 340 
000 341 
000 342 

DATA 
BZ:-:-:-Bo 

012 
302 
110 
000 
351 

365 
-325 
021 
046 
001 
033 
172 
263 
302 
304 
000 
321 
361 
311 

333 
000 
267 
372 
315 
000 
315 
277 
000 
333 
000 
267 
36-2 
326 
000 
315 
277 
000 
333 
000 
267 
36-2 

012 . I •&° KEY -· 
JNZ I JUMP IF NOT "G11 

POINTC 
0 
PCHL I GO EXECUTE PGM POINTED TO BY H & L 

I THIS lOMSEC DELAY DISTURBS NO REGISTERS OR FLAG' 

*000 277 
TIMEOUT, PUSHPSW I SAVE REGISTERS , -

PUSHD 
LXID I LOAD 0 & E WITH VALUE TO BE DECREMENTED 
046 
001 

MORE, DCXD I JUMP IN THIS LOOP UNTIL 
MOVAD I D & E ARE BOTH ZERO 
ORAE 
JNZ 
MORE 
0 -
POP;{) 
POPPSW I RESTORE REGISTERS 
RET 

I THE KJ3RO ROUTINE DESOUNCES KEY CLOSURES 
I AND TRANSLATES KEY CODES 

·~ 

I FLAGS AND REG A ARE CHANGED 
I A0-A3:;: CODE ; A4-A7= 0000 

KBRD, IN I INPUT FROM KEYBOARD ENCODERS 
000 
ORAA l SET FLAGS 
JM I JUMP BACK' IF LAST KEY NOT RELEASED 
KBRD 
0 
CALL. I WAIT 10 MSEC 
TIMOUT 
0 

FLAGCK, IN 
000 
ORAA 
JP I JUMP BACK TO WAIT FOR A NEW 
FLAGCK I - KEY TO BE PRESSED 
0 
CALL I WAIT 10 MSEC FOR BOUNCING 
TIMOUT 
0 
IN 
000 
ORAA 
JP I JUMP BACK IF NEW KEY NOT STILL 
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VI_Il. KEX PROM PROGRAM LISTING (OCTAL) 

ADDRESS DATA 
~LOW B7 ... Bo ·- --
000 343 326 FLAGCK / PRESSED (FALSE ALARM) 
000 344 000 0 
000 345 346 ANI I MASK OUT ALL BUT KEY CODE 
000 346 017 017 
000 347 345 PU SHH I SAVE H&L 
000 350 046 MVIH I ZERO H REG 
000 351 000 000 
000 352 306 ADI /ADD THE ADDRESS OF THE BEGINNING OF 
000 353 360 360 I THE TABLE TO THE KEY CODE 
000 354 157 MOVLA I 
000 355 176 MOVAM I FETCH NEW VALUE FROM TABLE 
000 356 341 POPH I RESTORE H & L 
000 357 311 RET 

I THIS TRANSLATION TABLE CONVERTS THE CODE 
I GENERATED BY KEY CLOSUR~S TO THE CODE 
I USED BY THE MAIN KEX PROGRAM 

000 360 000 TABLE~ 000 
000 361 001 001 
000 362 002 002 
000 363 003 003 
000 364 004 004 
000 365 005 005 
000 366 006 006 
000 367 007 007 
000 370 013 013 I s 
000 371 000 000 I THIS CODE CAN'T BE GENERATED 
000 372 017 017 I c 
000 373 012 012 I G 
000 374 ' 010 010 I H 
000 375 011 011 I L 
000 376. 015 015 I A 
000 377 016 016 I B 
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IX~ . LOAD/DUMP PROM PROGRAM- USTING (OCTAL) 
This- is a 1isfing of the Loader/Dump program when resident in 
the main board PROM (PROM':c111•). . 

I 7~13-76 MM0-1 M,-l Routines 
/THE F9llOWINGROUTINES ~RE USED WITH THE 
/ MM0-1 MEMORY,,.JNTERFA:CE ~OARD 

J THE READ FROM CASSETTE ROUTINE. RCAS. READS 
/ f1ATA FROM THE CASSETTE AND STORES IT IN 
I SUCESSIVE MEMORY LOCATIONS ON THE M-I 
/·BeARDt' STARTING AT §)3j) ~~~.. AS THE DATA IS INPUT 

· I IT IS DISPLAYED ON THE MMD-1 ~S LEDS •. 

IJl '~ 
LXIH · I IN~TIAlIZE T_HE MEMORY POINTER · ,,, 
J3J 
Ill' / CLEAR FLA~ IF NECESSARY 
'22 
CALL I INPUT A BYTE Of DATA 
CASIN , 

':MfNMA / "&rORE THE ·OAfA 
OUT I OUTPUT DATA AND ADDRESS 

·=At f)U1. 

• .. 

i'§>~·­
MOVAH 
OUT 
J'Stl 
Dml l HlCREMENT THE MEMORY POINTER 
.W -.. · . / JUMP BACK. FOR MORE DATA~ 
IETII -. ,_ 

I TNE WRITE ONTO CASSffiE ROUTfNE. WCAS. IS USED 
/ TO STORE ON CASSETIE FROM 1 TO 8 256 BY.TE BLOCKS 
I OF MEMORY STARTU~- AT i3~ '''· ONCE THE .ROUTINE 
/ HAS BEEN START~D. A- KEY OM THE MMO-l KEYBOARD IS 
/ PRESSED TO INDICATE HOW MANY 256 BYTE BlOCKS .ARE 
I 10 BE TR,ANSFEREO. (KEY 11 ~" INDICATES :-8 BLOC~S.) 
I tHEI AFTER A~S SECOND DELAY THE DATA IS WRITTEN 
J 'OftlP THE CASSETTE; AFTER ANOT.HER 5 SECOND ,DELAY 

_ / COKIROL IS RET~RNED TO KEX. 

WH _ / INITIALIZE THE MEMORY POINTER 

"' f 3' 
00..l 



IX. _LOAD/DUMP PROM PROGRAM LISTING (OCTAL) 
0~1 ~31 315 3l5 / KEX KEYBOARD INPUT ROUTiNE 
~01 ~32 ~~0 jl'~ 
~~H ~33 J.76 CPI I CHECK FOR l'-7 
{t}~l 9)34 tn~ t'19> 
~~l ~35 322 JNC I IF NOT. JUMP BACK 
~"l ~36 jJ~ KEY 
~~1 ~37 ~tal ' ~~1 040 267 ORAA I S SET FLAGS 
"~1 ~41 3~2 JNZ 
~01 042 J'46 NOT.0 
~!bl ~43 ~,fl ' ~Y,1 ~44 ~6 ADI I ADD 8 IF ZERO KEY 
~~1 ~45 jJly} ;np 
~~1 ~46 2~4 NOT~, AODH / COMPUTE STOPPING ADDRESS 
~~1 Y'47 127 MOVDA / SAVE IT IN REG 0 
~~1 ~5~ 315 CALL / DELAY FOR 5 SECONDS 
0~1 ~Si 13~ .FI VS EC 
13~1 ~52 ~~1 ' 13~1 ~53 176 MORE, MOVAM I GET DATA FROM MEMORY 
~Y>l Y'54 315 CALL / OUTPUT TO CASSETTE 
~~l ~55 114 CASOUT 
~~l ~56 itl~l ' ~9'1 ~57 323 OUT / DISPLAY DATA AND ADRESS 
~Y,1 ~6.0 ~Y32 ~~2 
~01 ~61 175 MOVAL 
~Y'1 ~62 323 OUT 
~Y,1 ¥J63 t}µ~ })~~ 
0~1 ~64 174 MOVAH 
YJ~l [365 323 . OUT 
~~l ~66 §1,1 ,,~1 

YJ~l V;67 j-43 INXH / INCREMENT THE MEMORY POINTER 
~~l )17~ 174 MOVAH 
Y'~l Y'71 272 CMPD / CHECK FOR END OF LOOP 
~~1 ~72 3j.l2 JNZ / JUMP BACK If MORE DATA TO BE OUTPUT 
~~1 ~73 jl53 MORE 
~~1 ~74 11~1 " I . 

~~1 ~75 315 CALL / DELAY 5 SECONDS 
~~1 ~76 13~ FIVSEC 
~~1 ~77 j)f}ti· ' ia~l 1~~ 3j}3 \ JM?. . /. RETURN TO KEX 
-~~1 1~1 jt7~ 'J7~ 
,~1 1~2 n~ ~~' 

/ THE CASSETTE INPUT SUBROUTINE!t CASIN, WAITS 
/ FOR DATA TO BE RECEIVED BY THE CASSETTE 
I UART. AND INPUTS THE DATA • . 

{J~l 1~3 333 CASIN, IN I INPUT S"(ATUS B r~s 
~~1 1~4 f'23 ,23 
~~1 1~5 J37 RAR 
~~1 H~6 322 JNC I JUMP BACK IF NO DATA AVAILABLE YET 
~i'l 1~7 1§13 CASIN 
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IX. LOAD/DUMP PROM PROGRAM LISTING (OCTAL! 
1'~1 110 9>~1 . . ,.. 
:99:1 l 11 333 IN I INPUT :DATA 
~lll 112 ~22 P22 
taJIH. 113 31l .RElf . 

~sn 114 365 . CASOUT. 
fa~l HS 333 

.• ,~r.t_ ·1t, .:cl_. 11~_· .... ,,,q;,~. . .._a 
~~l''ifi "t45' 
~~l 12~ 1'~4 
~~1 121 312 
~~1 122 115 
¢~1 123 ~0.1 
~~1: 124 361 
~~l 125 323 
~~l 126 ~22 
p01 127 . 311 

0~1 130 365 FIVSEC, 
~~1 131 . 3~5 
~~l l32 ~1}1 
0~1 133 364 
~~l 134 ~~1 
~~, 135 315 . 
~~1· 136 277 
~S'l 137 -~~~ 
0~1 14~ 013 
Y'~l 141 17~ 
~~1 142 261 
0~J 143 . 3~2 
~~l. 144 135 
~~l 145 0~1 '-
fa~l 146 3~1 
~~1 147 361 
~~, l's~ 311 

I THE ,.CASSETT~ OUTPUT SUBROUTINE, CASOUT • WAITS 
/ lf5JliE ·TRANSMITTER HOLOING;REGISTER IS Futt.. 
I AHO THEN OUTPUTS THE DATA . 

PUSHPSW I SAVE DATA 
IN / INPUT STATUS BITS 
·-·~ 
Ai4r' 
t'P4. 
JZ . I JUMP IF TRANSMISSION REG. NOT EMPTY 
CAsOUT-tl 

' POPPSW l RESTORE DATA: 
our,; I OUTPUT DATA . 
J22 
RET 

l'!-fE ,tmt.c"~.bf-:OND':i· ni;r::AY/>~~Rour·tr~E. 'Pl'tl.&Fc,, oQ.tr:·:A:¥s 
I FOR FIVE StCONDS BY REPEATEDLY CALLING THE 

. I 19 MSEC DELAY IN< KEX. 

PUSHPSW I SJWE REGIS:J:£RS 
. PUSHB . 

LXIB l"'UlAO COUNT 
364 
t)Jl . 
CAll / KEX TIMOUT SUBROUTINE 
1)7 

'" . DCXB / DECREMENT COUNT 
MOVAB 

;, ORAC 
JNZ I .JUMP lF COUNT IS NOT ZERO 
fIVSEC+S 

' POPB. I RESTORE, REGIS_TERSli 
POftPSW 
RET . 

/ THE TELETYPE INPUT SUBROUTINE, TTYlN, WAITS Fl>R 
/ A CHARA~lER TO BE RECEIVED ·BY THE TTY UART, . 
l INPUTS THE CHARACTER, MAStt.S OUT THE PARITY BIT, 
I AND THEN ECHOS IT. 
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IX~ LOAD/DUMP PROM PROGRAM LISTING (OCTAL) 
001 151 333 TTYIN, !.N / INPUT STATUS BITS 
0~1 152 ~21 . J21 
~01 153 P37 AAR 
~~1 154 322 JNC / JUMP BACK UNTIL A CHARACTER JS .,:IVED 
~~1 155 151 lT~IN 

0~1 156 ~!01 ' 
~~1 · 157 333 IN / INPUT THE CHARACTER 
~01 16~ ~2~ J20 
~[Dl 161 346 ANI / MASK OUT THE PARITY BIT 
~~1 162 177 177 

0131 163 365 TTYOUT. 
!0)1f 164 333 
001 165 ~21 
~~l 166 346 
~~1·167 ~~4 
001 . 17~ . 312 
!001 171 164 
!001 172 0~1 
~!01 173 361 
0~1 174 323 
~!01 175 !02!0 
YJYll 176 311 

/THE TELETYPE OUTPUT SUBROUTINE, TTYOUT, WAITS 
/ IF THE TRANSMISSION HOLDING REGISTER IS NOT 
l EMPTY 11 AND _OUTPUTS THE CHARACTER. 

PUSHPSW /SAVE.THE CHARACTER 
IN / INPUT STATUS BITS 
it21 
ANI· ,,4 
JZ · / JUMP IF TRANSMITTER REG. NOT EMPTY 
TTYOUT+l 

' PCPPSW / RESTORE THE CHARACTER 
OUT / OUTPUT THE CHARACTER 
i'20 

. RET 

/ THE PAPER TAPE READER INPUT SUBROUTINE, RDRIN. 
/TURNS ON THE READER RELAY CIRCUIT, WAITS FOR 
/ DATA TO BE RECEIVED, AND INPUTS IT. 

• 
OUT / TURN READER RELAY ON 
,21 
Ilf / INPUT STATUS BITS 

.· §121 . 
~ RAR 

JNC / JUMP BACK IF NO DATA AVAILABLE · 
RDRlN+2 

' IN / INPUT DATA 
J2J 
RET 

RCAS = ~.0] ~~·~ NEXT IN = ~~1 f;'~S WCAS = .fj~rl ~25 KEY = ii~ 1 ~3~ 
NOTJ) = ~~1 ~46 .MORE =· j}~l ~53 CASIN = ~~.l 1~3 CASOUT = ~9)1114 
FIVSEC = ~~J 13~ TTYIN =-~~1. 151 TTYOUT = ~~1 163 RORIN = ~¥'1 177-

ERRORS DETECTED = ~~.0. 
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ENGINEERING NOTICE 

Due to Manufacturers differences in packaging, you may find that ~he Bridge 
Rectifier called out in your manual is different than the actual part. The 
<:f'hagrams below will assist you in defining the leads. 

. . 
PF-05 Bridge Rectifier 0 .SA 50PIV) E & L P/N: 502-0002 

STYLE A. 

This style has _ 
each leg of the 
bridge stamped 
on the top of 
the case. 

The only in­
dii:ation on 

_ .this style is 
a. red dot on 

· top of the 
case and th 
plus leg 
has a red 
tip. The 
other three 
legs are 
assumed• 

+ 

STYLE C 

(-} 

This style is 
color coded. 

<~> 

• .____W"'7."- REf +~OT 

B~A~~)DOT 
-- YELLOW 

DOT f.i) 

RE~+~OT 

\ 
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ENGINEERl'NG NOTICE 

Due to manufacturers availability, t.he following capacitors may ha\e 

been substituted in your kit: 

Part Number: 524-0005 

524-0009 

524-0010 

524-0032 

10 mfd @ 20 V 

1 mfd @ 35 v· · 

22 mfd @ 15 V 

5 mfd @ 15 'I 

The substitution on the above parts is not ~ value substitution but a 

case style substituti.on. 

+ -
OR 

806-0026 (4-78) 

ENGINEERING NOTICE 

• 
- + 

PL. U.·.· .... ,.!J~,_A~ViAYS 
'10'"'1.,..E RIGHT 
OF TH£ DOT. 

Due to manufacturers availability we are temporarily out of 
stock .of SN74LS75' s (P/N 503:::.0187). In order not to hold up 
the shipment M your unit we have elected to substitute SN7475's 
{P/N 503-0045). Please make the necessary changes in your man­
ual. 

,. ·. 

806-0033· 
··3/79 

·~.~~~~aleci 
~ ~I 



ENGINEERING NOTICE 

Due to an internal change, by the manufacturers, to 

the 8224 Clock Generator Chip, the 47 pf capacitors 

(C 16 & C 17) are no longer necessary. We are not 

going to eliminate them from the manual at this time 

or change the pc board until we have made the proper 

tests and are certain that these caps will no longer 

be needed. All you have to do is ignore the refer-

ences to these caps in your manual, we have elimi-

nated from the bag of parts. 

If you wish to go through your manual and note these 

changes now, they appear on pages 6, 18, and 19. 

5/79 
806-0034 

f'2~.·. @ E&l INSTRUMENTS, INCORPORATED 
151.!!!!J 61 FIRST ST. - DERBY, CT. 06.tJI 
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