uP Memory Expansion
for the KIM 1

D.M. de Boer

Although the 1K memory space of the KIM 1 is very generous for a beginning
programmer, sooner or later the need for more memory will arise. This allows larger
programs to be written, or more programs to be held in memory at the same time.

There are several ways to expand the memory. You can buy a number of ICs yourself and
mount them on a home-made circuit board, which is by far the cheapest solution. The
nicest solution is simply to buy a ready-made memory card; you then have a
professional piece of work, with the reliability that goes with it. The consequence,
however, is the higher price. An attractive in-between solution is to offer such a
professional memory card as a kit. This allows the selling price to be considerably lower
than that of the fully assembled card, while you still have the reliability of a professional
system. The manufacturer of the well-known BEM memory cards has now decided to
release the BEM-1 as a kit. For RB this was reason to devote an article to this memory
card in kit form.
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1. The KIM-1 already contains the decoding for a 4K memory expansion.

The organisation of the BEM-1 card

The BEM-1 is a 2K static RAM card. It is divided into 2 sections of 1K and has 10 address
connections (A0. .. A9), enough to decode 1024 locations. Together with the memory
already present in the KIM, the total available RAM is thus divided into blocks of 1K. The



KIM-1 board carries a BCD-to-decimal decoder (Fig. 1). This decoder decodes
addresses A10...A12 and in this way determines which 1K block is being addressed.
Depending on the code presented on address lines A10. .. A12, one of the outputs of
this IC goes low. For example, for addresses 0000 . . . 03FF output KO goes low (A10. ..
A12 are'0"). KO selects the 1K RAM of the KIM-1. So we must never use this output to
select another 1K block. Outputs K1 through K4 are free to use; K5 ... K7 are used to
select the 2K RAM timers and the 1/0 of the KIM. With outputs K1 through K4 we can
therefore add a total of 4K RAM, corresponding to 2 BEM-1 cards. If we want to expand
the memory further, separate circuits must be added to decode addresses A13...A15;
in addition, buffers must then be
placed in the address lines so as not
to load the microprocessor too
heavily. We will return to this in due
course. For the time being we limit
ourselves to a maximum expansion
of 4K.

The kit

The BEM-1 kit (Fig. 2) contains all the
parts needed to assemble the 2K
memory card. The Eurocard-size
board is a double-sided epoxy board
with plated-through holes. In
addition, a socket is supplied for
every IC, so that any defective ICs
can easily be replaced. As
instructed in the assembly manual,
we checked the board for any
imperfections before soldering. The
board looked well made, however,
and we found no faults. For
soldering, a 15 to 20 Wattiron with a
small tip is recommended. Irons
with a higher power rating (e.g. 40
Watt) have far too much capacity,
which can damage the board!! If you
don't have a small soldering iron yet,
itis certainly worth buying one. You
will badly need it in the future as
well. Next, the connector, the IC




sockets and the passive components are soldered onto the board, in that order. The
assembly manual gives some useful tips for this. Thanks to the plated-through holes,
the board only needs to be soldered on one side, which with 345 solder joints saves a
considerable amount of time. The supplied solder was more than enough to solder the
whole board.

The final step is inserting the ICs. Here we must take care that the ICs are placed the
right way round. With the RAMs we must also remember that they are sensitive to static
charges.

The connections

The BEM-1 kit is now fully assembled and ready to be connected to the KIM-1. On the
BEM-1 board, each pin is clearly marked with the signal it carries. Table 1 lists these
connections once more. Signals AO. .. A9 are the ten address lines, signals DO ... D7
are the eight data (information) lines. In addition we have ground (Vss) and +5V (Vcc). By
making S1 or S2 low we can enable one of the two 1K sections. If, for example, we
connect S1 of the BEM to K3 of the KIM, the 1K RAM section will be located at addresses
0CO00. .. OFFF. Table 2 shows which addresses the 1K RAM sections get when we
connect one of the S lines of the BEM to K1, K2, K3 or K4 of the KIM. It will usually be
most convenient to connect S1to K1 and S2 to K2.

Together with the RAM already on the KIM, we then have a continuous address range
from 0000 to OBFF. A second BEM-1, if any, can then be connected to K3 and K4, in
which case the address range runs from 0000. . . 13FF. Table 3 shows once more which
points of the KIM-1 must be connected to the BEM-1.
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4.The board layout for linking two BEM-1 cards; two connectors are soldered
onto the board, into which the BEM-1 cards can then be plugged.

5. A method of making the power supply heavier. The condition is that the
transformer and the rectifier can supply the extra current.

6. The power supply can also be made heavier this way. Disadvantage: the power
supply is no longer short circuit protected.

Mini-bus for 2 BEM-1 cards

When 2 BEM cards are connected to the KIM, the board from Fig. 4 can be put to good
use. 2 connectors are soldered onto the board. In addition, 4 card guides must be
screwed onto the board. The connections have remained the same (Table 3). In this way
the 4K memory becomes a complete unit.

The power supply

According to the specifications, the maximum current drawn by a BEM card is 890 mA.
The power supply you built or bought for the KIM-1 is probably just not heavy enough to
supply the extra current. If the transformer and the rectifier can supply this current, a
voltage regulator can simply be added for each expansion (Fig. 5). The maximum current
aregulator IC can supply can also be increased by adding an extra transistor (Fig. 6).



This last method has the disadvantage that the regulator's internal overload protection
no longer works. If the transformer you use is not heavy enough, you had best take a
second transformer and build an entirely separate power supply. In that case the ground
connections of the different supplies must be connected together.

Testing
Once all connections have been made and the power supply has been connected (mind
the correct polarity), we can start testing the board.
We must check whether all the new memory locations can indeed be written to, and
whether the numbers written are indeed retained. A little job the KIM can do excellently.
A test program is shown in Listing 1. The start address of the memory area to be tested
goes into addresses 00 and 01, the end address into 02 and 03. If we have connected
the S lines of the BEM-1 to K1 and K2 of the KIM, the memory to be tested lies between
addresses 0400 and OBFF. We enter this as follows:

00 00 startaddress

04 01

FF 02 stop address

0B 03
We can start the program at address 0100. When an error is detected, the address of
the error appears on the display. Pressing one of the keys (not RS or ST) makes the test
program continue. When the program has finished (this takes quite a while), address
0000 appears on the display. If an error is detected, you should check the board
carefully for short circuits.
By swapping the RAMs you can determine whether a RAM is faulty (the error then gets a
different address). If you cannot find the fault, the supplier of the kit will be glad to carry
out the repair for you. If the fault was not caused by, for example, bad soldering, wrong
voltages or other incorrect handling, no repair costs will be charged.
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