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0SI MODEL 420C MEMORY EXPANSION BOARC

Theory of Operation
The 0S]1 Model 420C Board is the 40N series memory bnard. The board can

be populated for 8 bit or 12 bit operation and two hnards may be paralleled
for 16 bit operation. The bnard can be populated with 1K, 2K, 3K, or 4K
of 2102 type memories. The board can be used with any 2102 Lype memory
with any access time, and is well suited for operation with vitra-high
speed versions such as the 2102A-2 {25(nscc. worst case).

The 420C has full battery backup capability via both of its two
on-board Nicad AN cells and an external diode isolated input. The board
has both logic level and switch operated write protect. [t also has
two additional address lines for memory management operation. This feature
is particularly useful in 6502 systems which could be 1imited because

of the 1imited stack and page 2ero memnory Sfrace.

The operation of the board is bLraken down into four parls; address

operation, data operation, battery back-up end special features.

Address Operation

Address lines Agy through Ag are fed to all memory chips all the time,
This feature is important for high speed operation. Both Lhe 6502 and
6800 micvroprocessors set up the current address during the clock 91 and
then enable the memory during 2. Ry providing the addresses to memories
during P1, Lhe memory cycle time may be 160 to 400 nanoscconds
longer than f2Z.

Lines Ay and ﬁ]] are decoded via inverters and nand gates into
four distinct states to cnable Lthe appropriate 1K section of menory.

The upper four address lines are available Loth hiqgh true and low true in
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a jumper area at the lower right side of the board for use as inputs
to a four input nand gate which generates the board enable signal (BE).
By appropriate jumpering, the address of the memory can he in any 4K
increment from 0XXX to FXXX so thet 16 4K memory boards can be added

to a 6502 or 6800 system. The board enable signal is gated with
system P2 and Ajg and A)) to emable individual 1K memory segments on

the board.

Data Operation
The 420C Memory Board is interfaced to the bi-dirvectional data bus

via 8726 bus transceivers. These bhuffers split the bus into two
unidirections] buses which feed the data inputs and data outputs of the
2102 memories. The 8126s are nommally in the listen mode, that is,
they are nomally passing data from the system bus into the data inputs
of the 2102s. [If the board is enabled, P2 is high and a read s present,
the buffers change direction and the data direction line(DP) is pulled
low, changing the direction of the 8T26s on the CPU boavrd. Data then
flows from the memory board to the p'mcessar. If slow memories are used,
the board enable signal can be connected to By via a diode (D)) to bring
the system wait line low, stretching P2,

The battery backup feature of the 420 board is optional and must
be used with some care. First of all, the battery backup mode can only
be used with 2102 type memories which are characterized by low power
standby mode operation. P2102AL and 2102LMPC chips are characterized
for this mode of operation, but many other 2102 type memcries are not!
Battery backup works by applying approximately 2 volts to the 2102s and

their chip enables in case of a power fatlure. To keep the battery from

C-2



attempting to operate the rest of the computer, the memory must be
isolated from the +5 power source. TYhis is accomplished by D3 on the

420 board. This complicates matters because the diode has a .7 volt

drop which, if used with a low +5 supply, will yicid only about 4.1 volts
to the memories. P2102ALs v:'ill operate at this voltaqe but will be

much slower than specified (350 nanoseconds) when battery backup is not
actuated. SW» bypasses the isoloation dinde for normal operation. The
board accepts two common Nicad AA cells which fced the board via Dg and are
trickle charged via Rll' The batteries are out of the circutt when SH,

is in the normal position. [he batteries requive about 50 hours to charge
in ¢circuit and can be trickle charged indetinitely without danger of

overe narging.  If SW, is in the battery backup niode, the two AA cells will
autonatically take over in the évent nf a vower failure and hold data for
appri-simately three hours with 0SI supplied mewories,

An additional external backup power souvce can be connected to (Pl)
instead uf or to suppl iment the on-bLoard battery backup. The voltage
should be between 4.5 and 2.0. This allews the user to connect 420C
menr y boards to an external power supply when the mainframe will be
"down” for prolonged periods of time {0 save important proqrams such Js
operoting systems!

[he user should be careful not to leave Hicads fully discharged
for prolonged periods or the batteries will be permanently damaged.
Special Featyres

N . ¢ I

Write Protect- Write operations can be inhibited by SHy or 2 logical low
brought in on an unused bus pin. By using both write protect and battery
backup, the board effectively operates as a PROM board with much more

versatility and much jower cost.
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Memory MHanagement- The 420C has two additional address lines, t.e.,

18 address bits. These bits can be exercised by 0SI's memory wanagement
controller or by a simple PIA driven output port. This §s very important

on 6502 systems because of the inevitable page one and page 2ero

conflicts by large programs and operating systems.

Using the 420C for Graphics Memory
Early 440 manuals refer to use of the 4208 as graphics memory. The

420C can be used exactly as per these instructions by simply installing

a jumper instead of Dj.

Installing the First 4K Memory Expansion Board
There are three ways to confiqure the system to accept the first 4K

memory board {address range 0000-OFFF).

1. Morst Way: Build the standard 400 board, then, to expand, {nstall
the fully decoded memory scheme on page A-7 of the manual. Omit the
lowest addressed 1K of memory on the 420 board set for OXXX. 1Install a
line from the chip enable of the 2102 memories on the 400 board {pin 13
of 1C-C through J} to the input of the 1K pull up Rz on the 420C board.
This should be done via an unused bus line such as B 4.

2. Better Way: Socket the eicht 2102 memories, 1C-C through J and
the two 7403s, IC-N and IC-0, when building the 400 board. Then, when
you add the first 420 board, transfer the 2l 02s over to it and remove

the 7403s. This eliminates using the fully decoded memory scherie!

3. Best May: Build a 420 board in conjunction with the 400 board.

Place the 2102 memories on the 120 board right from the start. Omit [C-M,

1C-N, and IC-0 also from the 400 board.
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420C PARTS LIST

| Model 420C Memory Expansion 8oard
.2 8126 Buffers (3 for 12 bit operation)
‘6 B8 to 48 2102 Type Memories

3 7420
. 2 7404
.1 7430
;5 7417

1 14914 (D))

19 Bypass Capcilors .luf Typical
] 25uf E€lectrolytic

9 1K 1/4 watt Ry- Rg

Battery Backup (Optionat)

1 25uf Capacitor

3 IN4OO) (D3, D,, Ds)

1 Switch (SW»)

I 100 ohm 1/4 watt (Ryz)

¥rite Protect (Optional)

1 Switch {SW7)

fccessories Not Supplied by 0SI (Optioral)
4 or 5 Molex KX-156 Connectors (Supplied with Backplane Boards)

2 Nicad "AA" Cells
1 LED and 100 ohm Resistor {Rjp)
1 Wait Diode IN914 (D)

C-5




Diagram 2.

BUS PIROUT

Wait {optional)
No Connection
Ko Connaection
Data Direction

D

No Lonnection
No Connection
No Connection

Write Protect- Optional

A6 Cptional
No Connection
No Connection

Ho Connection

R/U

Ko Connection

$2 - YMA

A

AIO

A11
12

A3

im
15

O Used Only in 12 Bit Systems
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Assembly Instructions

Step 1. Carefully inspect the board for foil shorts. Back light
the board and inspect the back side with a magnifying glass. Cut any

bridges or shorts apart with a razor or exacto knife. Care at this

stage will save a lot of grief later.

Step 2. Install all ICs. Remember to install oniy the two 8126s to
the left of the board for 8 bit operation. Remember thaot the low ovder
bit of each 1024 word row is to the left of the board and that the lowest
addressed 1K segment is the top row. The board may be populated as 1K,
2K, 3K, or 4K by 8 or 12 bits wide.

Step 3. Install 1K 1/4 watt resistors at Ry through Rg.

Step 4. Install a IN914 at Dy. If slow memories ave used such that
wait states arc desired, install a second 1N914 at 0]'

Step 5. Install a switch at SWy if write protect 15 desired. Be
careful not to get solder or flux in the switch itself. If flux gets in
the switch, spray it with TV contact cleaner.

Step 6. Install Molex connectors if used.

Step 7. Install all 1% bypass capacitors labeled C in the parts overlay.

Step 8. {Address Strapping) For normal use, memory management
addresses M) and M7 should be jumpered to RI as per the parts overlay.

The 4K memory board must be electronically located in the computer memory
address space. This is accomplished by the use of four jumpers on

the lower right side of the board. The pads the jumpers o between are
specified on Diagram 1 and 2 as 1, 2, 3, 4, and Ay,, A12+ M) 3 ﬁ}s. Ala
Ajgs Mg, and Ayg. Four jumpers must be placed as follows: 1 to A1z or A,
2 to Ay, oOr A13» 30 A, or A, and 4 to Ayg or Ei5. Table 1 gives the

address selection combinations,
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Step 9. If battery backup is not desired, install a 25uf capacitor
at €, and a jumper at D3. If battery backup 1s desired, finstall
1N400Ys at D3, Dy, and Dg. Install a 25uf capacitor at C, and 2
100 ohm 1/4 watt resistor at Ryy. Install a switch at SW, and connector
at Py (cut down version of standard connector).

Optionally install 2AA cells at this point. Once the batteries are
installed, the board should be treated with respect. An accidental
short across power tapes could cause damage to the P.C. board and
batteries.

An LED battery indicator can be installed at D¢ with a 100 ohm resistor
at Ryq- For best restults, the LED resistor should be jumpered to the
battery side of Dg as shown in Diagram ] instead of M+ as the board is

laid out for.
Note: Use only a high brightness RED LED.

Step 10. (System Installation) If the 420C Memory Expansion Board is
used with a backplane board, install the four Molex connectors. Before
connecting to the system, verify that the address space of the memory
board 1s unused. Install the board and verify memory coperation with
the monitor.

Step 11. (Memory Testing) To verify proper operation of all bits of all
memories, & memory test program should be run. Each memory location
should be Yoaded and read with all possible numbers (00-FF). Memory

test programs are available from OSI.




Operating Instructions

Remember not to write protect memory containing the stack which
would inhibit even monitor operation!

If write protect and battery backup are both actuated, the memory
data is virtually indestructible. However, if write protect is not
actuated and the power fails, bits can be changed as the processor

runs "wild" during power down and power up. This can be corrected by

hotding reset low when the +5 goes below 4.5 volts.

C-10




*NQALJO
N L= wLIA
"TYNOILAO -2 1ILON

104 110
X1 4 w. O
R ¥Ye .
g.:n..rlljm.“ 4.3 [ 910
Y Y —
€35 >——ct
6. ¢ € 8C
)
e el Lo 20
A I - __.“ m
QA0 Smamlily
9 ¢ e—z- 8-3! |9 °0
T oL P—— !
$% T 9248 ks sa
e Vlﬁ.
R Ko —— T I QO
w_. ’
$C% S = €0
gie .
20C Tlu.h_ 20
21C s v-ol 19
(3¢ :
110 e—at 9218 —— 10
20¢C >
e.G = = G
_...-m\N_I
—— ) £4 ¢ U
o e — T3
X mu
. v
2Q T &J 5
2012 I§ vy
. v
0T T
. ov
o
{4iN)
AG+

"YIINNS 3ANLILSPNS
‘€0 WO 3NN

I WVYYOVIO

NOWLYL3d0
AY3L1iVE
woj 35070

SIHL A0VIY SLYvd

T LIND MO LYEIGO
AY3LAYE-NON HO4 1ILON

r—

31Ge
20t N

‘CILON $$3MN P°A 04 +H

SHOUIINNOD ¥IMOg 1Y

gl St . 2 st . Wl el g % oo W

HQ-B

ngB

1MS
1331040 FL HM

404 ..._mn.woln_n\

e

e

3, ——m———

!
o " . Hunmw
< | P
«

N3,
¥ ag2)
SOYI)-IN Q4
a¥¥, 321 90 7 \ 00!
wwm e AR ICEE
! 2L 2
cMS * ., 2300 Nig-€
_I_ > - N ool
. * oo 60 bNI
0 vC & (o)
ek bl el e— I

F.wm XA}

I 1 - 13 ¥ - |

(i)

Livm TV

{YWNOILSD

18N

1Q "
¢ / (18
5 I N

NOILVYNIJO TYWHON A=

O3 SNHL ¥idnne 9 | 50

AG4 1Y

i




Table 1.

Address
P
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1 XXX
2XXX
3XXX
4 XXX
5 XXX
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7 XXX
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9XXX
AXXX
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CXxXX
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EXXX
FXXX
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Jumper Locations
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