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CHAPTER 1

YOUR KIM-1 MICRCCOMPUTER MODULE

Congratulations and welcome to the exciting new world of micro-
computers! As the owner of a KIM-1 Microcomputer Module, you now have at
your disposal a completely operational, fully tested, and very capable
digital computer which incorporates the latest in microprecessor tech-
nology offered by MOS Technology, Inc. By selecting the KIM-1 module,
you have eliminated all of the problems of constructing and debugging a
microcomputer system. Your time is now available for learning the opera-
tion of the system and beginning immediately to apply it to your specific
areas of interest. In faect, if you will follow a few simple procedures
outlined in this manual, you should be able to achieve initial operation
of your KIM-1 module within a few minutes after unpacking the shipping

container.

Your KIM-1 module has been designed to provide you with a choice of
operating features. You may choose to operate the system using only the
keyboard and display included as part of the module. Next, you may add
a low cost audio cassette tape recorder to allow storage and retrieval
of your programs. Also, you may add a serial interfaced teleprinter to
the system to provide keyboard commands, hard-copy printing, and paper

tape read or punch capability.



At the heart of your KIM-1 system is an MCS 6502 Microprocessor
Array operating in conjunction with two MCS 6530 arrays. Fach MCS 6530
provides a total of 1024 bytes of Read-only Memory (ROM), 64 bytes of
Random Access Memory (RAM), 15 Input/Output pins, and an Interval Timer.
Stored permanently in the ROM's of the MCS 6530 arrays are the monitor
and executive programs devised by MOS Technology, Inc. to control the

various operating modes of the KIM-1 system.

The KIM-1 system is intended to provide you with a capable micro-
computer for use in your "real-world" application. Accordingly, the
system includes a full 1024 bytes of RAM to provide data and program
storage for your application program, In addition, you are provided
with 15 bidirectional input/output pins to allow interface control of
your specific application. Finally, one of the interval timers included
in the system is available for generation of time base signals required

by your application.

Your KIM-1 system comes to you complete with all components mcounted
and tested as a system. You need not worry about timing signals {(we've
included a 1MHz crystal oscillator on the module), interface logic or
levels between system components, or interface circuitry to peripheral
devices. In fact, you need only apply the indicated power supply voltages

to the designated pins to achieve full operation of your KIM-1 system.

We recommend that you read all of this manual before applying power
to or attempting to operate your KIM-1 module. In the order presented,
you will find:

Chapter 2 - "hints and kinks" to help you achieve initial
system operation

Chapter 3 - a more detailed descripticn of the KIM-1 system
hardware and software

Chapter 4 - operating procedures for all system modes

Chapter 5 - an example of a typical application program
using all of the features of the KIM-1 system.



At some future time, you may find it desirable to expand the KIM-1
system to incorporate more memory, different types of memory, or addi-
tional input/output capability. Again, we have tried to make system
expansion as simple as possible with all required interface signals
brought out to a special connector on the module. Watch for:

Chapter 6 - a guide to system expansion for increasing
both memory and input/output capability

Despite our best efforts to provide you with a fully operable
and reliable system, you might encounter some difficulties with your
KIM-1 module. If so, refer to:

Chapter 7 - some guidance on warranty and service
procedures for your KIM-1 module

Following the basic text of this manual, you will find a series of
Appendices intended to provide you with detailed information on certain
specialized subjects of interest to you in understanding the operation

of the KIM-1 system.

Lastly, since this manual cannot presume to provide all of the
technical information on the hardware or programming aspects of the
MCS 6502 microprocessor array, we are including with your KIM-1 system
two additional manuals for your reference. The Hardware Manual defines
the various elements of the system, their electrical and interface
characteristics, and the basic system architecture and timing. The
Programming Manual provides the detailed information required to write

effective programs using the MCS 6502 instruction program set.

So much for introductory comments! WNow lets get started and see

if we can get your KIM-1 Microcomputer Module doing some real work for you.






CHAPTER 2

GETTING STARTED

This chapter is intended to guide you through the first important
steps in achieving initial operation of your KIM-1 Microcomputer Module.
We will ask you to perform certain cperations without explanation at this
time as to why they are being done. In later sections of this manual,

full explanations will be offered for every operating procedure.

2.1 PARTS COMPLEMENT
After unpacking the shipping container for your KIM-1, you should
have located the following items:

3 Books - KIM-1 Users Manual
Hardware Manual
Programming Manual

1 Programming Card

1 System Schematic

1 XIM-1 Module

1 Connector (Already mounted on the Module)
1 Hardware Packet

1

Warranty Card

You may wish to save the shipping container and packing material

should you need to return your KIM-1 module to us at some future date.



2.2 A FEW WORDS OF CAUTION

WARNING

Your KIM-1 module includes a number of MOS integrated circuits. All such
circuits include protective devices to prevent damage resulting from
inadvertant application of high voltage potentials to the pins of the
device. However, normal precautions should be taken to prevent the appli-

cation of high voltage static discharges to the pins of an MOS device.

Immediately before removal of the packing material from your KIM-1 module,

you should develop the following precautionary habits:

1. Discharge any static charge build up on your body by touching a
ground connection before touching any part of your KIM-1 module.
(This precaution is especially important if you are working in a

carpeted area)

2. Be certain that soldering irons or test equipment used on the
KIM-1 module are properly grounded and not the source of

dangerously high voltage levels.

On a different subject, after unpacking your KIM-1 module, you will
note the presence of a potentiometer. This adjustment has been set at
the factory to insure correct operation of the audio cassette interface

circuits, It should never be necessary for you to change the position of

this potentiometer.

2.3 FIRSTSTEPS

After unpacking the KIM-1 module, locate the small hardware packet
and install the rubber pads provided. The rubber pads are located at the
bottom of the module (see attached sketch) and act both to 1lift the card
off your work surface and to provide mechanical support for the module

while you depress keys.



Place the module such that the keyboard is to your lower right and
observe that two connector locations extend from the module to your left.
The connector area on the lower left is referred to as the Application
connector (A). You will note that a 44 pin board edge connector is
already installed at this location. The connector area to the upper
left is for use by you for future system expansion and is referred to

as the Expansion connector (E).
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VIEW VIEW

KIM-1 Module
FIGURE 2.1



Remove the (A) connector from the module and connect the pins as

shown in the sketch.

(A) +5
[ Ala— LiS, [ +5 v.
(+ 5%)
_1 1.2 A
+12
VBB
N ] +i2v.
(£ 5%)
1 ﬁ[ 0.1 A.
K =

Power Supply Connections
FIGURE 2.2

Reinstall the (A) connector making certain that the orientatien is

correct.

Note 1: The +12 wvolt power supply is required only if you
will be using an audio cassette recorder in your system.

Note 2: The jumper from pin A-K to Vss (Pin A-1) is essential
for system operation. If you expand your system later,
this jumper will be removed and we'll tell you what to
do to pin A-K.

Note 3: If you don't have the proper power supplies already
available, you may wish to construct the low cost
version shown with schematic and parts list in
Appendix D. 1In any event, your power supply must
be regulated to insure correct system operation and
must be capable of supplying the required current
levels indicated in the sketch.



Now, recheck your connections, turn on your power supplies, and
depress (reset). You should see the LED display digits light
as your first check that the system iIs operational. If not, recheck

your hookup or refer to Appendix C (In Case of Trouble).

2.4 LETS TRY A SIMPLE PROGRAM

Assuming that you have completed successfully all of the steps thus
far, a simple program now can be tried to demonstrate the operation of
the system and increase your confidence that everything works properly.
We'll be using only the keyboard and display on the module for this
example. (In the next two sections we'll worry about the teleprinter
and the audio cassette).

For our first example, we will add two 8 bit binary numbers together
and display the result. We presume that you are familiar with the hex-
adecimal representation of numbers and the general rules for binary arith-
metic.

First check and be sure that the slide switch in the upper right
corner of the keyboard is pushed to the left (SST Mode is OFF). Now

proceed with the following key sequence:

Press Keys See On Display Step #
XXXX XX 1
[0~ o1 e 0002 xx 2
(Da] 0002 xx 3
[ &1 0002 18 4
(] =] 0003 AS 5
(o] o] 0004 00 13
] [61[5] 0005 65 7
[l 0006 01 8
| Ce1 =] 6007 85 9
1 [a] 0003 FA 10
] =1 0009 A9 11
RN 00CA 00 12
=] 000B 85 13
K| Ced[e] 000C FB 14
] [a] ] 000D 4C 15
[ | 000E 4F 16
| O] 000F 1C 17




What vou have just done is entered a program and stored it in the
RAM at locations 0002 through 000F. You should have noticed the purpose

of several special keys on your keyboard:

- selects the address entry mode

- selects the data entry mode

- increments the address without
changing the entry mode

ETOEE] - 16 entry keys defining the hex
code for address or data entry
You've noticed as well that your display contains 6 digits. The
four on the left are used to display the hex code for an address. The
two on the right show the hex code for the data stored at the address
shown. Therefore, when you pressed (step 1) and EI EIE
(step 2), you defined the address entry mode, selected the address 0002,
and displayed the address 0002 in the four left-most display digits.
Incidentally, when we show an "x" in the display chart, we mean that we

don't know what will be displayed and we '"don't care."

Next you pressed (step 3) followed by [Il (step 4). Here,
you have defined the data entry mode and entered the value 18 to be
stored at your selected address 0002. Of course, the 18 then was dis-

played in the two right-most digits of your display.

You remained in the data entry mode but began to press followed
by a two digit number (steps 5 to 17). Note that each depression of the
key caused the address displayed to increase by one. The hex keys
following the key continued to enter the data field of the display.
This procedure is merely a convenience when a number of successive address

locations are to be filled.

If you made any mistakes in pressing the keys, you should have noticed
that correcting an error is simply a matter of reentering the data until

the correct numbers show on the display.

10



The program you have entered is a simple loop to add two 8 bit
binary numbers together and present the result on the display. For a

programmer, the listing of the program entered might appear as follows:

POINTL = $FA

POINTH = $FB

START = $1C4F

0000 VAL1

0001 VAL2

0002 18 PROG CLC

0003 A5 00 LDA VAL
0005 65 01 ADC VAL2
0007 85 FA STA POINTL
0009 A9 00 LDA #¢@
0008 85 FB STA POINTH
000D 4C 4F 1C JMP START

Stated in simple terms, the program will clear the carry flag (CLC),
load VALl into the accumulator (LDA VALl), add with carry VAL2 to the
accumulator (ADC VAL2), and store the result in a location POINTL (STA
POINTL). A zerc value is stored in a location POINTH (LDA #@@ and STA
POINTH) and the program jumps to a point labelled START (JMP START).

This pre-stored program will cause the display to be activated and will
cause the address field of your display to show the numbers stored in
locations POINTH and POINTL. Note that the result of the addition has

already been stored in location POINTL.

The hex codes appearing next to the address field of the listing are
exactly the numbers you entered to store the program. We refer to these
as machine language codes. For example, 4C is the hex code for the JMP
instruction of the microprocessor. The next two bytes of the program

define 1C4F (START) as the jump address.

As yet, you are mot able to run the program because you have not yet

entered the two variables (VALl and VAL2). Lets try an actual example:

Press Keys See On Display Step #
[ap) 000F 1C 17A
(e[ el F1] 00F1 xx 178
[oa] (619l 00F1 00 18

AD 00F1 00 19
ool el o] 0000 xx 20
[oal lo]l21 0000 02 21
(I o= 0001 03 22
1 0002 18 23

11



Steps 17A, 178, and 18 insure that the binary arithmetic mode is
selected.

Steps 19 to 21 store the hex value 02 in location 0000 (VALl). Step
22 stores the hex value 03 in location 0001 (VAL2). Now we are ready to
run the program. In step 23, the key causes the program to execute
and the result, 05, appears in the right two digits of the address display.
Although the problem appears trivial, it illustrates the basic principles
of entering and executing any program as well as providing a fairly high

assurance level that your KIM-1 module is operating properly.

You should try one mcre example using your stored program. Repeat
steps 17A to 23 but substitute the value FF for VALl and VAL2 at locations
0000 and 0001. ©Now when you press the key, your display should read:

00FE xx
The answer is correct because:
FF = 1111 1111
+ FF = 1111 1111
FE 1111 1110

1]

]

Try some more examples if you wish and then let's move on to the rest

of the system.

2.5 ADDING A TAPE RECORDER

In the previous section, you entered and executed a program. Lf you
turn off the power supplies to the system, your program is lost since the
memory into which you stored your program is vclatile. If you require
the same program again, you would have to repower the system and reenter

the program as in the previous example.

The KIM-1 system is designed te work with an audio cassette tape
recorder/player to provide you with a medium for permanent storage of your
programs or data. The cassette with recorded data may be reread by the
system as often as you wish. In this section, you will connect the audio

cassette unit to the system and verify its operation.

12



The recording technique used by the KIM-1 system and the interface
circuits provided have been selected tc insure trouble-free operation
with virtually any type and any quality level audio cassette unit. (We
have demcnstrated correct operation with a tape unit purchased for less
than $20.00 from a local discount outlet). In addition, tapes recorded
on one unit may be played back to the system on a different unit if
desired. We recommend, of course, that you make use of the best equip-

ment and best quality tapes you have available.

In selecting a tape unit for use with your KIM-1 system, you should
verify that it comes equipped with the following features:
1. An earphone jack to provide a source of recorded
tape data to the KIM-1 system.

2. A microphone jack to allow recording of data from
the KIM-1 system on the tape.

3. Standard controls for Play, Record, Rewind, and Stop.

Note: You should avoid certain miniaturized tape equipment intended
for dictating applications where the microphone and speaker are enclosed
within the unit and no connections are provided to external jacks. If
such equipment is used, you will have to make internal modifications to

reach the desired connection peints.

To connect your tape unit to the KIM-1 module, turn off the power
supplies and remove the connector (A) from the module. Add the wires

shown in the sketch:

L Mic

M AUDIO DATA OQUT (LO) .

/ REMOTE
VSS

' Ael

= EARPHONE

L AUDIO DATA IN _{E)

TAPE
UNIT

O)

P ———® AUDIO DATA OUT (HI)

|

Audio Tape Unit Connections
FIGURE 2.3
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Keep the leads as short as possible and avoid running the leads near
sources of electrical interference. The connections shown are for typical,
portable type units. The Audio Data Out (LO) signal has a level of approx-
imately 15 mv. (peak) at pin M. Should you desire to use more expensive
and elaborate audio tape equipment, you may prefer to connect the high
level (1 volt peak) audio signal available at pin P to the "LINE" input
of your equipment.

Return the connector (A) to its correct position on the KIM-1 module
and turn on the power supplies. To verify the operation of your audio
cassette equipment, try the following procedures:

1. Reenter the sample program following the procedures
outlined in the previous section (2.4). Try the
sample problem again to be sure the system is
working correctly.

2, Install a cassette in your tape equipment and REWIND
to the limit position,.

3. Define the starting and ending address of the program to
be stored and assign an identification number (ID) to
the program.

Press Keys See On Display Step #
AD XXXX XX 1
o Mo l[r ]l 00F1 xx 2
(oA ] [o Lol 00F1 00 3
[Cap_ 00F1 00 4
I A ) 17F5 xx 5
[ oA ] [o I[ o] 17F5 00 6
L+ ] [o L o] 17F6 00 7
[+ | 1 ] o] 17F7 10 8
o J[o] 17F8 00 9
& <] 1 17F9 01 10
AD 17F9 01 11
(=)o il e] 1800 xx 12

You will recall that the program we wish to store on tape was loaded
into locations 0000 to O0OQOF of the memory. Therefore, we define a start-
ing address for recording as 0000 and store this in locations 17F5 and
17F6 (Steps 4 to 7). We define an ending address for recording as one
more than the last step of our program and stored the value 0010
(= 000F + 1) in locations 17F7 and 17F8 (Steps 8,9). Finally we pick

an arbitrary ID as 01 and store this value at location 17F9 (Step 10).

Note that before we use the audio cassette unit for recording

or playing back, we must put 00 in location O0F1 (Steps 1,2 and 3).



The starting address of the tape recording program is 1800. In Steps
11 and 12 we set this address value into the system. If we were to press
, the system would proceed to load data on to the magnetic tape. But
first, we'd better start the tape!

4, Select the Record/Play mode of the tape recorder. Wait a
few seconds for the tape to start moving and now:

Press

5. The display will go dark for a short time and then will
relight showing:

0000 xx

6. As soon as the display relights, the recording is finished
and you should STOP the tape recorder.
Now, you should verify that the recording has taken place correctly.
This can be proven by reading the tape you have just recorded. Proceed
as follows:
1. Rewind the tape cassette to its starting position.
2. Turn off the system power supplies and then later,
turn them back on.
This has the effect of destroying your previously stored program
which you already have recorded on tape,.

3. Prepare the system for reading the tape as follows:

Press Keys See On Display Step #
 As
AD KKK XX 1
Lo e [ F 1] 00F1 xx 2
o [ o] 00F1 00 3
[aD] Q0F1 00 4
L7 F 1[e ] 17F9 xx 5
[oa] 17F9 =x 6
[ ] 17F9 01 7
AD | 17F9 01 8
I | e 1873 xx 9
[eo] (Dark) 10



The KIM-1 system is now looking for tape input data with the ID
label 01. Recall that this is the same ID label we assigned when we
recorded the program.

4. If your tape unit has a volume control, set the control
at approximately the half way point.

5. If your tape unit has a tone control, set the control
for maximum treble.

6. Now, turn on the tape using the PLAY mode. The tape
will move forward and the system will accept the recorded

"data. As soon as the data record (ID=01) has been read,
the display should relight showing:

0000 xx

You may now stop the tape unit. If the display relights and shows;
FFFF xx
this means that the selected record has been located and read but that an
error has occurred during the reading of the data. In this case, press
the key and repeat the read tape procedures from the beginning. If
the FFFF still shows on the display, repeat the entire recording and play-
back procedures checking each step carefully. If the problem persists,

refer to Appendix C, (In Case of Trouble).

If the tape continues to run and the display does not relight, this
means that the system has been unsuccessful in reading any data back from
the tape. 1In this case, repeat the entire recording and playback proce-
dures checking each step carefully. If the problem persists, refer to
Appendix C, (In Case of Trouble).

7. Assuming that you have read the tape successfully, you

now may verify that the program has been restored to
memory by trying a sample problem. (02 + 03 = 05)

NOTE: The KIM-1 interface circuits for the audio tape system
are designed so that you do not require special test
equipment to set up correct coperating levels. If you
have followed the procedures indicated, the tape system
should work without the need of any adjustments by you.



2.6 ADDING A TELEPRINTER

If you have access to a serial teleprinter, you may add such a unit
to the KIM~1 system with very little effort. One of the more commonly
available units of this type is the Teletype Model 33ASR which we will
use for the purposes of illustration in this section. However, if you
have available different equipment, you may use the information presented
here as a guide to connecting your specific unit. 1In any case, we recom-
mend you follow the directions offered by the equipment manufacturer in

his instruction manual to effect the desired wiring and ccnmection options.

The KIM-1 provides for a &4 wire interface to the TTY. Specifically,
the "20 MA loop" configuration should be used and you should check that
your TTY has been wired for this configuration. If not, you may easily
change from "60 MA loop" to '20 MA loop" configurations following the
manufacturers directions. The KIM-1 has been designed to work properly
only with a teleprinter operating in full duplex mode. Check the
literature supplied with your teleprinter if you are unsure if your
unit is properly configured., You are not restricted to units with specific
bit rates (10 CPS for TTY) since the KIM-1 system automatically adjusts
for a wide variety of data rates (10CPS, 15CPS, 30CPS, etc.).

To connect the TTY to the system, proceed as follows:

1. Turn off system power and remove connector (A) from
the module.
2. Add the wires shown in the sketch to connector (A) and

to the appropriate connector on the TTY unit.

17



Lt L3

ONE

Rl } EXTERNAL SWITCH TO SELECT
EITHER MODE

JUMPER FOR TTY OPERATION

TTY Connections
FIGURE 2.4

3. The jumper wire from A-21 to A-V is used to define for the
KIM-1 system that a teleprinter will be used as the only
input /display device for the system. If you expect to use
both TTY and the KIM-1 keyboard/display, you should install
the switch shown instead of the jumper. WNow, the switch,
when open, will allow use of the keyboard and display on
the KIM-1 module and, when closed, will select the tele-
printer as the input/display device. (Of course, you may
use a clip-lead instead of the switch if you desire).

4. Be sure pins A-21 and A-V are connected. Reinstall con-
nector {A) and return power to the system. Turn-on the TTY.

5. Press the key on the KIM-1 module then press

the 33-?- key on the TTY. This step is most important
since the KIM-1 system adjusts automatically to the
bit rate of the serial teleprinter and requires this
first key depression to establish this rate.

18

















































































































































































































































































































































































