MB64

64K Static RAM Board

User’s Manual



MB64™ 64K STATIC RAM
$-100 Bus

USER'S MANUAL

SSM MICROCOMPUTER PRODUCTS, INC.
2190 Paragon Drive
San Jose, California 95131

Telephone: (408) 946-7400
TWX: 910-338-2077
Telex: 171171
DDD: (408) 946-3644 (110 Baud)



"MB64 is a trademark of SSM Microcomputer Products, Inc.

Written by Malcolm T. Wright
Illustrated by Barbara R. Bastian

(©)1981 SSM MICROCOMPUTER PRODUCTS, INC.
All Rights Reserved

Part No. MNOO32
January 1982



TABLE OF CONTENTS

1.0 INTRODUCTION
2.0 SETTING UP YOUR MB64
Memory Addressing

Extended Addressing
Bank Select

N NN
e e
W N =

2.3.1 Bank Select Enable
2.3.2 Bank Bit
2.3.3 Power-Up State

2.4 EPROM Option

2.5 2K Memory Disable/Memory Organization
2.6 Board Enable Indicator

2.7 Battery Connector Jl

2.8 Setup for CROMIX

2.9 Standard Setup

1 64K memory, no options

2 60K memory with top 4K EPROM

3 Bottom 32K banked with top 32K master
.4 Two 32K banks, lower address

5 48K banked slave memory

6 64K memory with extended addressing

2,10 SWO Option
3.0 THEORY OF OPERATION

32K Memory Select PROM
Memory Address Select
2K Memory Decode

Magic Mapping

Extended Addressing
Bank Select Circuit
Battery Backup

Bus Interface

Wwwwwwww
.
ONIU LS WN

4.0 MEMORY TEST PROGRAM
5.0 TROUBLESHOOTING
5.1 Bank Select Test
5.2 Bank Preset
5.3 Memory Addresing

6.0 WARRANTY



APPENDIX:

Assembly Drawing

Jumper Drawing

Memory Map

Parts List

HM6116 Specification Sheet
Schematic (INSERT)

ii



1.0

INTRODUCTION

The SSM MB64 represents a significant advance in low-cost, high-density,
static memory boards. It incorporates such features as bank select,
extended addressing, diagnostic LEDs, and a provision for battery backup.

The MB64 is configurable as two 32K byte bank-switched memory blocks, or
64K bytes of memory with standard or extended addressing. The MB64 can be
disabled in 2K increments by the use of a Magic Mapping™ circuit to
provide memory space for other memory-mapped devices within the computer
system. This board is equipped to sense the phantom disable line to
prevent hardware conflicts with auxiliary system boot ROMs on another 696
compatible board.

Features:

& Two 32K byte memory blocks

» Low power CMOS RAM chips (HM6116P)

¢ High speed access, approximately 150 nsec.

e Bank swyitching circuity to support MP/M, CROMIX, DASIS, etc.

® Extended addressing to support IEEE 696 products

e LED indicators for RAM select and bank select

e Low power consumption of less than 300 ma typical

& Up to 8K of the top 32K can be replaced with EPROM (2716 type) on~board
® Card ejectors

# Goldplated PCB edge connector

The board has been designed to conform to the proposed IEEE 696 standard.

Magic Mapping is a trademark of SSM Microcomputer Products, Inc.

CROMIX is a trademark of Cromemco, 280 Bernardo Avenue, Mountain View, CA.
QASIS is a trademark of Phase One Systems, 7700 Edgewater Drive, Oakland, CA.
MP/M is a tademark of Digital Research, P.0. Box 579, Pacific Grove, CA.






2.0 SETTING UP YOUR MB64

[

2.

This section provides the information necessary to configure the MB64 to
your particular application. Section 2.9 provides several example setups
to assist you in performing this task. Be sure to also read Section 2.10,
SWO OPTION, for proper read/write operation of the MB64 with your CPU.

NOTE: All of the following options (except BANK BIT) can be selected
either by using supplied mini-jumpers or wire-wrapping.

MEMORY ADDRESSING

The MB64 is divided into two memory blocks of 32K bytes each. Block-A is
physically located on the left half of the board; Block-B is physically
located on the right half. Refer to the Memory Map in the APPENDIX for
the address location of each memory chip.

Each 32K block can be addressed to either the lower or upper portion of
the 64K memory space. Both 32K blocks can be addressed to the same
address space i1f the MB64's Bank Select option is used and the bank bit
for each block is different (refer to Section 2.3).

ADDRESS BLOCK-B BLOCK-A
Upper 32K E17 to E18 E20 to E21
Lower 32K El18 to El9 E21 to E22
Block Disabled E18 open E21 copen

EXTENDED ADDRESSING

The MB64 is designed to support extended addressing (Al6 thru A23) as
defined in the proposed IEEE 696 standard. This will allow the MB64 to be
placed on any 64K boundary within a maximum memory space of 16 megabytes.

The Extended Addressing option 1s enabled by connecting E26 to E27 for
Block-A, and E29 to E30 for Block-B.

To select the extended address range which will enable the MB64, jJumpers
will be either installed or removed on the the header El thru El6 listed
below.

Installing a jumper will provide a match when that particular address line
is at a logic zero (low). Removing a jumper will provide a match when
that particular address line is at a logic one (high).
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2.3.1

2.3.2

Jumper installed 0

Jumper removed =1

A23 | A22 | A21 [ A20 | A19 | A18 |Al17 |Al6
ADDRESS ADDRESS
(Hex) E9 |EIO [Ell | El2 | E13 | El4 [El5 |El6 RAEGE
El |E2 |(E3 |E4 | E5 |E6 |E7 |ES8
000000 0 0 0 0 0 0 0 0 st 64K
010000 0 0 0 0 0 0 0 1 2nd 64K
020000 0 0 0 0 0 0 1 0 3rd 64K
030000 0 0 0 0 0 0 1 1 4th 64K
040000 0 0 0 0 0 1 0 0 5th 64K
FE0000 1 1 1 1 1 1 1 255th 64K
FF0000 1 1 1 1 1 1 1 1 256th 64K

When Extended Addresing is selected, Bank Select is disabled; therefore,
Bank Select and Extended Addressing are not possible together for the
same memory block.

BANK SELECT

To extend the amount of memory available for an 8~bit CPU, Bank Select
can be used on the MB64. This memory management technique switches in
and out a 64K bank of memory by writing to an I/0 port. Multiple 32K
blocks, on one or more MB64s, can be addressed to the same address
space, but only ONE block will be active at a time. All bank control is
done through port 40 Hex (or 41 Hex). When Bank Select is selected,
extended addressing is disabled; therefore, bank select and extended
addressing are not possible together on the same memory block.

Bank Select Enable

The two 32K blocks of memory on the MB64 can be individually bank
selected. E26 thru E28 controls Block=-A, while E29 thru E31 controls
Block-B.

OPTION BLOCK-A BLOCK-B
Bank Select E27 to E28 E30 to E31
Extended Addressing E26 to E27 E29 to E30
Neither option E27 open E30 open

Bank Bit

One of 8 bits sent out to I/0 port 40 Hex can be used to turn on (or
off) a 64K bank of memory. If the data bit sent is a zero, the bank is
disabled. If the data bit sent is a one, the bank is enabled.
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All bank bit selection is through a 16 pin IC header.

are data bits D7 thru D0, respectfully.

and pin E38 & E39 are for banking Block-B.

(D7) D6 D5 D4 D3 D2 DI (D)

E4]

E48

O 0O OO0 O0O0o

. BLOCK B JBLOCK A

O 00 00000

E38
E39

E4Q

BANK BIT HEADER

Pins E41 to E48

Pin E40 is for banking Block-A,

Connect pins E38, E39 and E40 to the data bit desired by soldering a

wire on the IC header.
can jumper E38 to E39.

TOGETHER.

If only one bank bit is used for Block B, you
Be careful that pins E41 thru E48 DO NOT SHORT
Pins E41 thru E48 are the main S-100 bus' data output limes,

and shorting them together may cause damage to other boards in your sys-—

tem.

Power-Up State

In a bank selected memory management system, one of the memory banks

must be active on power-up to allow normal CPU operation.

Each block on

the MB64 can be set up to be enabled or disabled on reset (bus pin 75)

of the computer.

POWER—-UP STATE BLOCK-A BLOCK-B
Disabled E35 to E36 E33 to E34
Enabled E36 to E37 E32 to E33

If the Bank Select option is used on the MB64,
of the Power-Up options for each block.

[NOTE:

the user MUST select one

Reset must be generated

on power—up of the computer during POC per the IEEE 696 standard.]

EPROM OPTION

The MB64 board is capable of supporting up to four 2716 EPROMs.

Four IC

sockets (U7, Ul4, U21, U28) have been provided with a jumper option to

connect the Vpp (programming pulse) pin on the EPROM to +5 volts.,

The

four IC sockets are addressed as the top 8K bytes of Block-B.

Address RAM ROM Socket
1st 2K of 8K E50 to E51 E49 to E50 U28
2nd 2K of 8K E53 to E54 E52 to E53 U21
3rd 2K of 8K E56 to E57 E55 to E56 Ul4
4th 2K of 8K E59 to E60 E58 to E59 U7

[Remember that there are NO wait cycles generated by the MB64 for the
EPROMs; therefore, the board cannot be run any faster than the EPROM's

speed.]



2.5

2.6

2716 Manufacturers

CURRENT AVAILABLE
RAME PART STANDBY READ SPEED
Intel 2716 25ma 100ma 350ns to
(10ma Typ.) (57ma Typ.) 6 50ns
NEC UPD2716 25ma 100 ma 450ns
(10ma Typ.) (57ma Typ.)
Motorola MCM2716 2 5ma 100ma 250mns
AMI 54716 25ma 100ma 450ns
Fujitsu MBM2716 25ma 100ma 450ns
Hitachi HN462716 35ma 100ma 450ns
(21lma Typ.) (62ma Typ.)
National NMC27C16 200ua 30ma 450ns to
(12ma Typ.) 650ns

2K MEMORY DISABLE/MEMORY ORGANIZATION

The MB64 board is equipped with a special Magic Mapping circuit which
allows the board to be disabled in 2K byte increments by simply removing
the appropriate memory IC. This allows the user to free up memory space
for memory-mapped devices such as disk interfaces, video boards, general
I/0, ROM boards, etc.

Magic Mapping relies on the assumption that the master CPU board has
external pull-up resistors on the data input (DI) lines or the computer
system has a terminated bus. The pull-up resistors on the DI bus will
force the bus to "FF" Hex state, even if no S$-100 board is present.
Therefore, "FF" does not have to be transferred from the memory board to
the data input bus. The code "FF" Hex is used internally by the MB64 to
disable the ability to read the memory.

To determine which memory chip should be removed for a particular free
address space, refer to the memory location map in the APPENDIX.

If the user wants to disable Magic Mapping for some reason, simply remove
IC U44 (741L830).

BOARD ENABLE INDICATOR

The MB64 has 4 memory state indicators at the top edge of the board. Two
indicators show whether a 32K block of memory is selected. Two indicators
show whether the bank for a block is enabled.

32K BLOCK ...’
32K BLOCK B _~/////

BANK A ENABLED
BANK B ENABLED
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If the MB64 is set up for Bank Select (Sectiomn 2.3), both the block LED
(label: ENA,ENB) and bank LED (label BNK A,BNK B) must be lit to read or
write to the corresponding 32K bytes of memory.

BATTERY CONNECTOR J1

The MB64 is set up for a future battery backup piggyback board which will
interface through connector Jl1. The connector Jl is used for:

. Battery power input (VBAT)

. Remote MB64 enable/disable (Sense)
. Off-board logic power (+5V)

. Battery charger power (+16V)

. General purpose power (+8V)

When no battery backup is connected to the MB64, J1 pin 5 to pin 6 (semnse)
must be shorted together to enable the MB64. Also, J1 pim 3 to in 4 must
be connected to supply power to the memory chips when no battery power is
available.

i

TR B EDE

i

+8V +i8V
VBAT SENSE

BAT TERY CONNECTOR

SETUP FOR CROMIX

The MB64 can be set up to support the "User Memory" requirements of the
CROMIX operating system by Cromemco. Under CROMIX, there can be up to 6
user memory boards of 64K bytes each. CROMIX requires bank—-switched
memory, with the upper 32K residing in the selected user space and also in
the common memory bank (number 7).

The MB64 is split into two 32K banks called "A"™ and "B". Bank-A will be
addressed to low memory range, while Bank-B will be addressed to the upper
32K range. Bank~B has two bank bit inputs (E38 & E39) so that it can be
switched into two different banks per CROMIX. First, set up the MB64 for
64K with bank switching, and then select the bank bits for the user memory
you are supporting. Typical setup is as follows:




64K Banked Slave Memory

CONNECT COMMENT

E17 to EI8 Enable upper 32K

E21 to E22 Enable lower 32K

J1-3 to J1l-4 Enable memory power

J1-5 to J1-6 Enable MB64 (battery chip select)
E27 to E28 Enable Bank-A mode

E30 to E31 Enable Bank-B mode

E39 to E40 Set both bank bits the same
E35 to E36 Reset Bank-A to OFF

E33 to E34 Reset Bank-B to OFF

E24 to E25 Enable SWO signal

E38 to E4] Enable upper 32K at Bank 7

User Memory Setup

USER CONRECT CROMIX SIZE

1st E40 to E47 One user system
2nd E40 to E46 Two " "
3rd E40 to E45 Three " "
4th E40 to E44 Four v
5th E40 to E43 Five "
6th E40 to E42 Six " "

2.9 STANDARD SETUP

In this section we will try to show some standard configurations for the
MB64.

2.9.1 64K memory, no options

CONNECT COMMERNT

El7 to E18 Enable upper 32K bytes

E21 to E22 Enable lower 32K bytes

J1-3 to J1-4 Enable memory power

J1-5 to J1-6 Enable MB64 (battery chip select)
E35 to E36 Reset Bank-A (turn off LED)
E33 to E34 Reset Bank-B (turn off LED)
E50 to E51 Set U28 as RAM

E53 to E54 Set U21 as RAM

E56 to E57 Set Ul4 as RAM

E59 to E60 Set U7 as RAM




2.9.2 60K memory with top 4K EPROM

CONNECT COMMENT

El7 to E18 Enable upper 32K bytes

E2]1 to E22 Enable lower 32K bytes

J1-3 to Jl-4 Enable memory power

J1-5 to J1-6 Enable MB64 (battery chip select)
E34 to E36 Reset Bank-A (turn off LED)
E33 to E34 Reset Bank-B (turn off LED)
E55 to E56 Set Ul4 as a ROM socket

E58 to E59 Set U7 as a ROM socket

E50 to E5I1 Set U28 as RAM

E53 to E54 Set U2l as RAM

Remove U7 and Ul4 RAM chips. Place first 2K of EPROM (2716) into socket
Ul4. Ul4's socket 1s addressed at OF000 Hex. Place second 2K of EPROM
into socket U7. U7's socket is addressed at 0F800 Hex. Remember that
the CPU's speed cannot be any greater than the access time of the on-
board EPROMs unless wait states can be preset on the CPU or other 696
memory support boards.

2.9.3 Bottom 32K banked with top 32K master

CONNECT COMMENT

El7 to EL8 Enable upper 3ZK bytes

E21 to E22 Enable lower 32K bytes

J1-3 to J1-4 Enable memory power

JI-5 to J1-6 Enable MB64 (batter chip select)
E35 to E36 Reset Bank-4A

E33 to E34 Reset Bank-B (turn off LED)
E27 to E28 Enable Bank—A mode

E40 to * Select bank bit

E50 to E51 Set U28 as RAM

E53 to Eb54 Set U2l as RAM

E56 to E57 Set Ul4 as RAM

E59 to E60 Set U7 as RAM

* Select bank bit per Section 2.3.2.

This setup makes the top 32K of memory a permanent (non-banked) master,
while the lower 32K of memory is bank selected. The lower 32K of memory
is switched off during reset or power-up, but can be turned on if E35 to
E36 is changed to E36 to E37.



2.9.4 Two 32K banks, lower address

CONNECT COMMENT

E18 to E19 Enable lower 32K bytes (Block B)
E21 to E22 Enable lower 32K bytes (Block A)
J1-3 to Jl-4 Enable memory power

J1-5 to J1-6 Enable MB64 (battery chip select)
E35 to E36 Reset Bank-A

E33 to E34 Reset Bank-B

E27 to E28 Enable Bank=-A mode

E30 to E31 Enable Bank~B mode

E40 to * Select bank bit for A

E39 to * Select bank bit for B

E38 to E39 Strap up used input

E50 to EbI1 Set U28 as RAM

E53 to E54 Set U2l as RAM

E56 to E57 Set Ul4 as RAM

E59 to E60 Set U7 as RAM

* Select bank bit per Section 2.3.2.

2.9.5 48K banked slave memory

16K of memory (from Block-B) will be removed from the MB64 to make it a
48K only board.

CONNECT COMMENT

El7 to E18 Enable upper 32K

E21 to E22 Enable lower 32K

J1-3 to Jl-4 Epnable memory power

J1-5 to J1-6 Enable MB64 (battery chip select)
E27 to E28 Enable Bank—A mode

E30 to E31 Enable Bank-B mode

E39 to E40 Set both bank bits the same
E38 to E39 Strap up used input

E38 to * Select bank bit

E35 to E36 Reset Bank-A to OFF

E33 to E34 Reset Bank-B to OFF

* Select bank bit per Section 2.3.2.

Remove U6, U7, Ul13, Ul4, U20, U21, U28 and U35 from their sockets. This
will disable the top 16K of memory with the help of Magic Mapping.




2.9.6 64K memory with extended addressing

2.
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CONNECT COMMENRT

E1l7 to E18 Enable upper 32K

E21 to E22 Enable lower 32K

J1-3 to Jl-4 Enable memory power

J1-5 to J1-6 Enable MB64 (battery chip select)
E35 to E36 Reset Bank-A LED

E33 to E34 Reset Bank-B LED

E26 to E27 Enable extended addressing (A)
E29 to E30 Enable extended addressing (B)
*E1 thru El6 Select extended addressing code
E50 to E51 Set U28 as RAM

E53 to ES4 Set U2l as RAM

E56 to ES57 Set Ul4 as RAM

E59 to E60 Set U7 as RAM

* See Section 2.2 on Extended Addressing.

SWO _OPTION

Some of the S-100 CPUs, and most of the IEEE 696 CPUs, are equipped with
This signal can be used by the MB64
Tf your CPU doesn't have this
the SWO option can be

a write status signal called SWO.
to control memory writing operations.
signal or the timing on this line is not correct,
disabled. Be sure to check your CPU for SWO (bus pin 97) and select the
appropriate mode.

e Enable SWO for writing:
e Disable SWO for writing:

RECOMMENDED SETTIRG

Connect E24 to E25.
Connect E23 to E24.

Model CPU Manufacterer Connect

CBl1A 8080 SSM E24 to E25
CB2 2-80 SSM E24 to E25
SCC Z-80 Cromemco E24 to E25
ZPU Z2-80 Cromemco E24 to E25
ZPB Z-80 Northstar E23 to E24
- Z-80 Dynabyte E23 to E24
- 8080 WAMECO E24 to E25
SBC-100 | 2-80 SD Systems E23 to E24
ZPU Z-80 TDL E24 to E25

2-9







3.0 THEORY OF OPERATION

3

1

32K MEMORY SELECT PROM

The selection of 32K bytes of memory is controlled by a 256 x 4 PROM which
replaces several discrete logic ICs by acting as a memory-mapped truth
table of the logic functions desired. The address lines and chip select
pins of the PROM are used as inputs to the logig¢ function, while the
output pins equal the truth table solutiomn

The input PROM signals are as follows:

SINP [bus 461 = PROM chip select 2 (E2)
SOUT [bus 45] PROM chip select 1 (E1)

BANK-A ENABLE = PROM, address A7
BANK-B ENABLE = " " A6
NOT ENABLE-A = " " A5
NOT ENABLE-B = " " Ab
MAGIC MAPPING = " " A3
SMEMR [bus pin 47] = " " A2
PHANTOM [bus pin 67] = " " Al
PDBIN [bus pin 78] = " " A0

BANK-A or BANK-B ENABLE must be at a logic one to activate 32K of memory
on the MB64. The NOT ENABLE lines are used to select the lower or upper
32K block of memory within a 64K boundary. The Magic Mapping line must be
a logic one to enable a memory read. The PHANTOM line (per the proposed
IEEE 696 standard) must be a logic one to read from or write into memory.

The output PROM signals are as follows:

32K SELECT-A = PROM data 3
32K SELECT-B = " " 2
OUTPUT ENABLE = " " 1
READ ENABLE = " "0

The 32K SELECT lines from the PROM are used to control a 4-to-16 decoder
which drives sixteen 2K RAM chips. The OUTPUT ENABLE line from the PROM
goes to the OE pin on each RAM. The READ ENABLE line from the PROM
controls a tri-state buffer to transfer data fiom the selected memory chip
to the data input (DI) bus in the computer.

To select a 32K block of memory, we need BANK ENABLE and ADDRESS (NOT
ENABLE); therefore:

32K BLOCK-A = BANK-A ENABLE and not NOT ENABLE-A
= A7 A5
32K BLOCK-B = BANK-B ENABLE and not NOT ENABLE-B

i

A6 A4

To select one 32K block that does not conflict with the other 32K block,
both conditions MUST NOT be true. Also, PHANTOM disable must be true to
select anything.



32K SELECT-A (D3) = 32K BLOCK-A and not 32K BLOCK-B and PHANTOM
A7+A5°(A6°A4) Al

32K SELECT-B (D2) 32K _BLOCK—-B and not 32K BLOCK-A and PHANTOM

A6-AL* (AT *A5) Al

To provide an OUTPUT ENABLE signal to the RAMs, first the CPU must be
performing a memory fetch operation (SMEMR) and the 32K must be selected.

SMEMR and (32K BLOCK-A or 32K BLOCK-B)
A2°(A745) @ (A6°A4)

OUTPUT ENABLE (D1)

To turn on the tri-state buffer (U43) to read memory, the read strobe
(PDBIN) from the CPU must be true, as well as the Magic Mapping control
line.

PDBIN and SMEMR and MAGIC and PHANTOM
and (32K BLOCK-A or 32K BLOCK-B)

READ ENABLE (DO)

n

A0°A2°243-(A7°A5) @ (A6-34) Al

With these four equations for the data lines of the PROM, the following
truth table can now be generated for the PROM.




TRUTH TABLE

DATA
(Hex) COMMENT

D3 D2 D1 DO

A7 A6 A5 A4 A3 A2 Al AQ

ADDRESS
(Hex)

No condition met
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COMMENY

DATA
(Hex)

A7 A6 A5 A4 A3 A2 Al A0 D3 D2 D1 DO

ADDRESS
(Hex
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(Hex)

DATA

D3 D2 D1 DO

A7 A6 A5 A4 A3 A2 Al AO

ADDRESS
(Hex)

Write Block-B
Write Block-B
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3.2 MEMORY ADDRESS SELECT

Memory address selection is provided by jumpers E17 thru E22. These
jumpers allow the user to select the lower or upper 32K of memory within a
64K boundary by selecting the normal or inverted state of the Al5 bus
line. The input pins A4 & A5 must be a logic zero to enable 32K of

Memory.
u40
(32> &
AIS O [F20  gp7-8 Uai
! 2
. E2l| O4+——fo}——=as
|
—O |E22
U4Oi PROM
. : O BT gpr-7
|
7415368 El8) O 2ag
- O [es e —

MEMORY ADDRESS SELECT

3.3 2K MEMORY DECODE

After the input conditions are met on the PROM per Section 3.1, one of the
two 32K select lines (D3 or D2) goes low, enabling a 4-to-16 decoder IC
(741.8154). The 4-to-16 decoder receives address lines All thru Al4 as its
input and therefore will decode down to every 2K memory increment within
one 32K boundary. Each of the 16 outputs of the 74LS154 goes to the chip
select pin of a memory IC within a memory block.

The 4-to-16 decoder has two enabling pins. While one enable pin goes to
32K Select, the other enable pin goes to the battery back—up connector Jl.
J1, pin 5, is used by the battery back-up option to protect the data
within RAM from being changed while on battery power. Without battery
back—up, this pin is normally grounded to enable the 4-to-16 decoder.
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3.4
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I |
O
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2K DECODER

MAGIC MAPPING

Originally incorporated into the MB8A in 1977, the Magic Mapping circuit
allows a socket on the memory board and its supporting circuitry to be
disabled by simply removing the IC chip. The Magic Mapping circuit
disables the tri-state buffer from driving the data input (DI) bus if the
memory IC is removed. Memory space (in 2K increments) can be made
available for memory mapped video, 1/0, disks or ROM boards within the 64K
of memory.

Magic Mapping relies on the assumption that the master CPU board has
external pull-up resistors on the DI lines or the computer system has a
terminated bus. The pull-up resistors on the DI bus will force the bus to
"FF" Hex state, even if no $~100 board is present. Therefore, "FF" does
not have to be transferred from the memory board to the DI bus.

U44 (74L830) is an "FF" detector on the MB64. If an addressed memory chip
puts out any Hex code except FF, then U&44 outputs a one which will enable
the read buffer (U43)., 1If "FF" is detectd, the output tri-state buffer
is turned off, allowing any external S-100 board to drive the DI bus.

Magic Mapping allows for an entire 2K memory increment to be available for

other memory boards or smaller areas by filling selected areas of RAM with
"FF" Hex.
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