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CHAPTER 1

INTRODUCTION

The SBC 104/108 Combination Memory and I/0 Expansion Boards are
members of Intel's complete line of SBC 80 memory and I/0 expansion
boards. They interface directly (via the system bus) with any SBC 80
Single Board Computer to expand system interrupt levels, RAM and ROM memory
capacity, and serial and parallel I/0 lines. The SBC 108 is functionally
identical to the SBC 104 except in RAM memory capacity. The SBC 104 has
4K of RAM implemented with INTEL®2104s while the SBC 108 has 8K, of RAM
implemented with INTEL®2108s. This manual presents a complete functional
and physical description of the SBC 104. Except where otherwise noted,
or reference is made to RAM capacity, this description is also true of the

SBC 108.

The RAM memory expansion feature consists of eight Intel dynamic RAM
memory components, providing 4K/8K bytes of read/write memory. Refresh
control is provided onboard using an Intel®3222 refresh controller. Refresh
cycles are initiated asynchronously with respect té system memory (read/

write) cycles. Any resulting competition between refresh and system
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is the memory and I1/0 address assignment hardware, consisting of two
rocker switch packages and various sets of wire wrap jumper pins.

The Random Access Memory (RAM) section provides 4096 x 8 bits of

read/write storage, Eight Intel® 2104 dynamic memory chips (4096 x 1
bits each) are used for the memory elements. The other circuit func-
tions directly related to RAM functions include the following.

. Intel®8222 refresh controller, which coordinates RAM cycle
requests from the system bus with internally generated re-
fresh requests. Sixty-four refresh cycles are required to
refresh all memory cells in the array.

+ Address multiplexer, which multiplexes the six or seven low—
order address bits (row) with the six or seven high-order ad-
dress bits (column). During refresh cycles, only the row ad-
dress bits are used.

Intel®8212 latched buffer, which stores the read data that
is present at the RAM array's data out pins.

. Various flip-flops, shift registers and combinatorial logic
elements that, together, control access to the RAM and its
output buffer. These elements also control the generation
of RAM access acknowledge signals.

. Intel®8224 crystal-stabilized clock generator, which provides

the fundamental timing reference for the RAM access control
logic. It also supplies TTL-level clocks to the USART.

The Read Only Memory (ROM/PROM) section provides sockets for in-

stalling up to 4096 x 8 bits of ROM or PROM. There are four 24-pin
sockets that can accept either Intel's 8708 Erasable and Electrically
Programmable Read Only Memory chips or Intel's 8308 Static MOS Read
Only Memory chips. Each of these chips contains 1024 x 8 bits.

The Parallel I/0 Interface consists of two Inte1®8255 Programmable

Peripheral Interface devices, four Intel 8226 Four-Bit Parallel Bidirec-—

tional Bus Driver chips and eight 14-pin sockets for installing quad



1line driver and/or terminator packages as required to satisfy the par-
ticular I/0 interface requirements. The input/output configuration

of each 8255 device is programmed independently, with the three ports
(A, B and C) of one device treated as one group and the three ports of
the other device as a separate group. Wire wrap jumper pins allow the
factory-installed 8226 devices to be conditioned for input, output or
bidirectional operation. Other jumper pins allow the user to imple-
ment up to four I/0 lines (two per group) to be implemented as inter-
rupt request lines.,

The Serial I/0 Interface provides a bi-directional serial data

communications channel that can be programmed to conform to most current
serial data transnmission protocols. It consists of an Intel 8251 Pro-
grammable Communication Interface chip, three binary counters, a baud
rate select switch and two sets of level translators. One set of level
translators converts TTL levels to RS232C-compatible levels, The other
set converts signals received from the RS232C lines to TTL levels. Var-
ious wire wrap jumper connections are also provided to permit the user
to configure the Serial I/0 Interface as a data set or as a data pro-

cessing terminal.

The Interrupt Status/Mask section consists of an Intel 8212 Eight-

Bit Input/Output Port, a set of interrupt mask gates, an interrupt status/
mask multiplexer, an 8-into-1 OR function, a set of line drivers and an
interval timer interrupt circuit. The 8212 serves as the mask register
providing appropriate enables for the interrupt status gates. The mul-
tiplexer holds either the current mask word or interrupt status for in-

terrogation by the bus master. Multiplex control is exercised by the



bus master. The OR function combines the eight masked interrupt re-
quests into a single interrupt flag. The interval timer interrupt
circuit consists of a latch that is set approximately every 1 ms and
is cleared by the bus master. This feature is incorporated by wire
wrap connection at the factory. If both external interrupts are to
be used, the interval timer interrupt jumper must be replaced by an
external interrupt jumper. Jumper connections are also required to
connect each of the interrupt requests outputs to the Pl connector.
This feature provides maximum flexibility in making interrupt request

line assignments.

2.2 PROGRAMMING CHARACTERISTICS
This section summarizes the SBC-104 memory and I/0 addressing

characteristics.

Separate base address assignments are made for the RAM, PROM and
1/0 facilities through the use of wire wrap jumpers and switch selec-
tions. A single base address is used for all I/0 elements (i.e., paral-
lel 1/0 interface, serial I/0 interface and interrupt mask/status re-
gisters).

This base address selectability feature affords great flexibility
in fitting the SBC-104 into the system addressing scheme., However,
when assigning address space to the SBC-104 memory and I/0O elcments,
the user must be careful not to violate any dedicated or previously

assigned address space (e.g., the CPU module's on-board memory).

2.2.1 RAM ADDRESS ASSIGNMENT

Memory space is assigned to the SBC-104 RAM in 4K segments, with



data, which had been received py the USART in serial form, can be read
from the I/0 port via the SBC 104 data bus. The control register is
used to program the USART. Details regarding the control word used
for USART programming are provided in Section 3.5.

The USART I/0 data port and control registers have the following

addresses.

USART DATA 2 XC READ/WRITE

| USART CONTROL = XD | READ/WRITE

1

X = any hex digit; assigned by jumper selection;
X is the same for all I/0 ports and registers.
2.2.6 INTERRUPT MASK/STATUS REGISTER ADDRESSES
The interrupt mask and interrupt status registers have separate
addresses. If the interval timer interrupt option is used, the func-
tion must be initialized after each timed interrupt. This is done at
a third interrupt address.

The three interrupt addresses are as follows.

Interrupt Status X0 READ ONLY

Interrupt Mask Register | X1 READ* /WRITE
| * %

Interval Timer Interrupt ; X2 : WRITE ONLY
i |

*
Note: Read to mask register yields the mask in
complement form.,

*
Note: The interval timer can be reset at the same
time the mask register is loaded by using X3.



Chapter 3

THEORY OF OPERATION

In the preceding chapter, each of the SBC 104 functional blocks
was identified and briefly defined. This chapter explains how these
functions are implemented.

Summarized schematics of the relevant logic elements are included
for clarification. ﬁowever, these diagrams are intended as supple-
ments to the text only. Although they are derived from the enginecer-
ing logic drawings, they may differ from the controlled drawings in
non-functional specifics. For detailed circuit information, refer to

the SBC 104 schematics, which are provided in Appendix A,

Note: Both active-high (positive true) and active~low (negative true)
signals appear in the SBC 104 schematics. To avoid confusion
when referring to these signals in this chapter, the following
convention is used. The mnemonic (signal label) for each active-
low signal is terminated by a slash; e.g., IOW/ means that the
signal level on that line will be low when the I/0 write command
is true (active). A mnemonic without the slash refers to an
active-high signal; e.g., the line labeled MEM W is at the high
logic level when the memory write signal is true.

3.1 BUS INTERFACE

The Bus Interface refers to those logic elements that participate
directly in the following types of system bus activity.

1) System address, control and data buffering

2) System address decoding

3) System control signal propagation

4) Transfer acknowledge generation.



The four groups of Bus Interface logic responsible for these tasks

are described in the following paragraphs.

3.1.1 BUS ADDRESS, CONTROL, DATA BUFFERS

The bus address and control signal buffer circuits consist of in-
verting line receivers of the 74LS04 (address) and 74504 (control)
types. These circuits restore the signals on the system bus lines to
their proper logic levels with very high switching speed.

The data buffers are formed by two Intel 8226 inverting bidirec-
tional driver/receiver chips (A74 and A75). The system data bus is
connected to the devices! DB pins. The DO and DI pins of each chip are
connected, via printed wires, to the interrupt mask register, RAM data
inputs and outputs, PROM data inputs, parallel I/0 interface ports and
serial I/0 interface USART chip.

Directional control (DIEN/) for A74 and A75 is excercised by the
memory read and I/0 read commands (MRDC/ and IORC/) through NOR gate
A41-1, If either read command is asserted by the bus master, the data
buffer!s driver mode is selected. At all other times, the data buffer's
receiver circuits are enabled.

Control of chip select (CS/) for the data buffer is exercised
through a set of combinatorial logic, whose final stage is NOR gate
A41-4, The data buffer is selected if any one of the following sets
of conditions is decoded.

1) RAMAD . INH 1/(NOT) . (MWIC/ + MRDC/) -

If a RAM address is decoded AND the memory space is not
shared by the PROM AND either a memory write or memory

read command is received, a chip select is generated for
A74 and A75.



2) PMAD/ -+ INH 2/(NOT) * MRDC/ -
If a PROM address is decoded (PMAD/) AND INHIBIT 2 is
not present AND a memory read command is received, a
chip select is generated for A74 and A75.

3) 1I0AD/ - (IOWC/ + IORC/) -
If an I/0 address is decoded AND either an I/0 write or
I/0 read command is received, a chip select is generated
for A74 and A75.
3.1.2 SYSTEM ADDRESS DECODE LOGIC
This logic decodes the appropriate system bus address bits into
a RAM request, PROM request or an I/O select. Associated with the

decode logic are switches and jumper connections that permit field-

modification of base address assignments.

Note: Row and column address decoding for memory accessing is a
separate function, which is performed in the selected memory
chips.

Memory address decoding is carried out by a pair of 74S151 devices,
designated A56 (RAM address decoder) and A57 (PROM address decoder).
These are 8-into-1 multiplexers, with true and complementary outputs.

Device A56 tests bus address lines ABC, ABD and ABE for the base
address assigned to the RAM expansion memory. This base address is
assigned by opening the appropriate switch on S3, which applies a high
(true) logic level at the corresponding data input of the address de-

coder.

Note: The address decoder's data inputs are high-true, so that
an OPEN switch is required to activate an input.

Address bit F is applied to the RAM address decoder's strobe input

in either its true or complementary form (ABF or ABF/). This selection



determines the bit significance of the S3 switches. 1If ABF is used,
the switch values range from 0 to 7. ABF/ increases the switch values
to the range 8 to F.

Jumper pins 90, 89 and 91 are provided for this selection (90 - 89
selects ABF; 90-91 selects ABF/).

The three-bit address (ABC, ABD, ABE) enables one of the switch
controlled data inputs through to the RAM address decoder's Y (true)
output. When that address value corresponds to the switch-selected
base address, the address decoder's output will go high (true).

This output, designated RAMAD, is ANDed with various other logic
conditions to provide a chip select to the bidirectional data buffer
(A74, A75) and to produce the RAM logic enable RAM REQ. The conditions

required to generate RAM REQ are:
RAMAD - INH 1/.(MWRC/ + MRDC/)

INH 1/ is a RAM inhibit that is part of the system bus. It is
used to prevent RAM devices in the system from responding whenever
system memory space used by a PROM is addressed. On the SBC-~104, it
is used to prevent the generation of RAM REQ. INH 1/ must be false
for RAM REQ and the bidirectional data buffer chip select to be gen-
erated.

RAM REQ 1is used to enable various elements of the RAM control
logic for operation. Details regarding its implementation are pro-
vided in Section 3.2, Random Access Memory (RAM).

Additional address space can be assigned to the SBC-104 RAM ele-
ments by opening (selecting) more than one S3 switch. Each open switch

specifies a base address for a separate 4K block of RAM.



A PROM REQ/ is generated in a manner similar to RAM REQ genera-
tion.

Base address assignments for the PROM are made through switch
package S4. Decoder A57 tests address bits ABC, ABD and ABE as speci-
fied by the S4 selection. A57 is enabled by either ABF or ABF/ through
jumper connections 93-92 or 93-94. This selection controls the bit
significance of the S4 switches. If ABF is used (pins 93-92), the 5S4
switches are assigned the values 0 to 7. ABF/ (pins 93-94) increases
the switch values to the range 8 to F.

If A57 is enabled and the ABC, ABD and ABE bits contain the base
address specified by S4, the W (complementary) output of A57 goes low
(true).

This output, designated PMAD/ , is combined with the INH 2 and
MEM R conditions to provide a chip select to the bidirectional data
buffer (A74, A75) and to produce the PROM logic enable PROM REQ. The

conditions required for PROM REQ are:
PMAD/ * INH 2/ - MEM R

INH 2 is a system—-wide PROM inhibit. It is asserted when a seg-
ment of memory space that is shared by more than one PROM is pre-
empted by one of the PROM's for some special function such as bootstrap
initialization.

PROM chip select generation is performed by one half of A43, which
is a dual one out of four binary decoder (74S 139). This device de-
codes address bits ABA and ABB to generate one of four PROM chip se-

lects, PCSO/ through PCS3/. Provision is made for future memory enhance-



ment in which the ABA input will be deleted and the ABC input added.

The other half of A43 is used by the I1I/0 address decode logic to
generate one of four I/0 port selects. This general function is de-
scribed next.

I1/0 address decoding is carried out in two stages, represented
by A42 and A43.

The first stage, A42, is an Intel 8205 one out of eight binary
decoder., It decodes address bits AB4, AB5 and AB6 into the I/0 select
level labeled IOAD/.

Jumper pad S2 allows IOAD/ to be taken from any of the eight de-
code outputs of A42. This means that any of the eight possible address
combinations provided by AB4-6 can be assigned to IOAD/.

Furthermore, jumper pins 87, 88 and 86 permit the selection of
either AB7 or AB7/ as the enable for A42. 1If AB7/ is used (connect
87 - 86), the eight address decoder outputs are given the relative
values 0 to 7. If AB7 is used (connect 87 - 88), the decoder outputs
take the values 8 to F.

When the AB4 through AB7 bits correspond to the I/0 address that
is specified by S2 and pins 87, 88 and 86, IOAD/ goes low (true). This
level enables the I/0 port select decode stage, which consists of one
half of A43.

A43 decodes address bits AB2 and AB3 into one of four I/0 port

selects:



ADDRESS

BITS 1/0 SELECT
3 2 Output
0 0 SINT/ - Enables interrupt logic; see

Section 3.6

0 1 SPOl1/ - Enables group 1 parallel inter-
face ports (8255 device A20); see Section
3.4

1 0 SP0O2/ - Enables group 2 parallel inter-
face ports (8255 device A21); see Section
3.4

1 1 SS01/ - Enables serial interface chip;

see Section 3.5

3.1.3 System Control Signal Propagation

These are the circuits that forward the I/0 and memory read/write
commands to their respective destinations.

The memory write command, MWTC/, is received by the high speed hex
inverter A69-6 to become MEM W, MEM W is sent to the RAM control logic
where it is used with timing control circuits to provide a write enable
to the RAM., It is also combined with various conditions at the inter-
face to produce a chip select for the bidirectional data buffer (A74
and A75) and to generate the signal RAM REQ. See Sections 3.1.1 and
3.1.2 for details.

The memory read command, MRDC/, is received by the high speed
hex inverter A69-4 to become MEM R. MEM R is forwarded to the RAM
output buffer via a second hex inverter. There, it gates the contents
of the buffer onto the internal (SBC-104) data bus. MEM R isalso com-
pbined with other interface conditions to generate either a PROM REQ/ or
a chip select for A74, A75 and a RAM REQ. See Sections 3.1.1 and 3.1.2

for details.



The I/0 write command, IOWC/, and I/0 read command, IORC/, are
received by high speed hex inverters A69-10 and A69-12. The read com-
mand is sent to the interrupt logic, parallel interface and serial in-
terface as IOR/, following a second inversion by A68-8, The write com-
mand is latched into D-type flip-flop A19-9/8 to allow data setup time for
the serial and parallel I/0 interfaces. The Q side of A19-9/8 is applied
to the interrupt logic, parallel interface and serial interface as IOW/.

The IOW and IOR signhals are also ORed with the PROM REQ/ signal to
remove a disable from the transfer acknowledge control circuit, A28.

This circuit is discussed in the next section.

3.1.4 Transfer Acknowledge Generation

This logic provides a transfer acknowledge response, XACK/, to
notify the bus master that write data provided by the bus master has
been accepted or that read data it has requested is available on the
system bus, XACK/ allows the bus master to conclude the current input
or output instruction cycle,

All of the logic involved in generating XACK/, except that related
to RAM requests, is shown on sheet 1 of the schematics. Timing for the
PROM and I/0 related XACK generation is illustrated in Figure 3-1. Con-
trol logic for generating RAM transfer acknowledge signals is discussed
in Section 3.2. Timing for RAM transfer acknowledge is shown in Figure
3-2.

The principal XACK control elements shown on sheet 1 consist of
the timing control circuit A28 and A30-4, the XACK latch A39-9/8, NOR
gate A53-10 and a set of combinational logic that enableﬁ/disables the
timing control circuit and clears the XACK latch.

The final stage of the combinational logic is A52-6. A high level
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at this point removes the clear (disable) from A28 and A39-9/8., There

are three sets of conditions that produce this high level.
PROM REQ/ + (IOAD/ - IOWC/) + (IOAD/ * IORC/)

A28 is a high speed hex D flip-flop (74S174) that is wired to
function as a shift register. 1Its purpose is to provide a delay in
the generation of XACK/ to allow sufficient time for PROM or 1/0 port
accessing. When the clear is removed, A28 is driven by the 0SC/ out-
put of the SBC-104 clock generator (described in Section 3.2). 0sc/
is a 22.1184 MHz (approximately 45 ns period) square wave.

The positive edges of 0SC/ cause A28 to first shift through a
series of 1's and then a series of 0's. The shift register outputs
are decoded in such a manner that A30-4 goes low approximately 90 ns
after the first OSC/ edge following the enable. This low level arms
the clock input of A39-9/8. Then, approximately 360 ns later (T + 450 ns),
A30-4 goes high again, clocking the XACK latch set. Timing for this se-
quence is shown in Figure 3-1,

The Q siderof A39-9/8 is inverted by A53-10 and driven out onto the
system bus by the tri-state driver A54-11. This driver is enabled by
the same gate that provides a chip select to the bidirectional data buffer
A74, A75.

A39-9/8 remaihs set until the CPU removes MRDC/, IOWC/ or IORC/.

At that point, A52-6 goes low, which resets A39-9/8 and disables A28,

Since PROM and I/0 requests are not synchronous with the 0SC/ clock,
leading edge timing of XACK/ includes a +45 ns tolerance with re-
spect to the read or write command.

The other input to A53-10 is supplied by RAM XAK. Its timing and



control are discussed in Section 3.2,

A28 also provides timing control for an earlier acknowledge sig-
nal, labeled AACK/ (advanced acknowledge). AACK/ can be used in some 8080-
based systems, but not by the SBC-80/10, as advance notification that
requested data will be valid when the bus master is ready touse it. This early
acknowledge avoids a carry-over into another WAIT state, as would be re-
quired if XACK/ were used. Provision is also made for generating AACK/
in response to RAM requests. Timing for this path is determined by the

RAM control logic.

3.2 RANDOM ACCESS MEMORY (RAM)

The RAM section of the SBC-104 is illustrated on sheet 3 of the
schematics. It consists of eight Intel 2104 dynamic RAM memory chips,
a pair of 74157 devices for multiplexing row and column address bits,
an Intel 8222 refresh controller chip, an Intel 8212 chips for read
data buffering, an Intel 8224 clock generator and a pair of 748195 shift
registers for timing control and various gates and flip-flops for general
sequence control.

RAM transfer acknowledge (RAM XACK) circuits are included as part
of the general RAM control logic.

A battery backup circuit is also provided to assure full refresh
services to the RAM in the event of primary power loss. This circuit
supplies auxiliary +5V, -5V and +12V power to critical circuits in the

RAM section and prevents any access to the RAM except for refresh cycles.
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There are three types of operations associated with the dynamic

RAM elements.

1) Memory Write - In this operation, the contents of the internal
data bus are written into an addressed location in the RAM
array (one bit per 2104 chip) and a RAM transfer acknowledge
signal is forwarded to the XACK/ circuits at the interface.
Row and column address information is taken from address bits
ABO to AB5 and AB6 to ABB, respectively. These are applied to
the 2104 address inputs in multiplexed fashion via devices
A65 and A8l. RAM control logic provides multiplex control of
the row and column addresses, timing control of the 2104
chip select, write enable and address strobe inputs and timing
control of the RAM transfer acknowledge signal RAM XAK.

2) Memory Read - In this operation, the contents of an addressed
RAM location are loaded into the 8212 data buffer and then
transferred to the bidirectional data buffer at the interface.
RAM XAK is also forwarded to the XACK/ circuits at the inter-
face. As with memory write operations, all sequences are co-
ordinated by the RAM control logic.

3) Refresh Cycle - For this cycle, an SBC 104 performs a normal
read operation (with all chips deselected) while the SBC 108
performs a "CAS before RAS" operation at a row address speci-
fied by the 8222 refresh controller. For each new refresh
cycle, the row address is increased by one; 64 such cycles

refresh the entire memory array. RAM control logic coordinates
read/write requests with refresh requests so that competing

requests are honored on a first received, first serviced basis.
A timing control circuit that is part of the 8222 assures that
the frequency of refresh requests is sufficient to maintain
full data retention in the array.

Two of these memory operations, memory read and memory write, are
initiated by the system and are referred to as system memory cycles. De-
tails regarding these operations are presented in Section 3.2.2., Refresh
cycles are discussed further in Section 3.2.3. Section 3.2.1 provides

general information.

3.2.1 GENERAL RAM CONTROL
This logic coordinates memory read/write requests with refresh re-

quests. It also provides sequence and timing control of the row/column



address multiplexing, of the 2104 control inputs (RAS, CAS, CS and
WE) and of the RAM transfer acknowledge circuits.

Requests for access to the RAM array are made through the Intel
8222 refresh controller A48,

The two types of system requests, memory read and memory write,
are consolidated into a single request input to the 8222, This low-
true input is designated C REQ/. Requests for a refresh cycle, which
are designated R REQ/, are generated by a refresh timing eircuit within
A48.

A third input, BUSY/, informs the refresh controller whether or
not a memory cycle (system or refresh) is in progress. If BUSY/ is
low (memory is busy), neither C REQ/ nor R REQ/ will be accepted.

When BUSY/ is high, the refresh controller honors the next memory
request it receives. If a request is received while BUSY/ is low, the
controller services that pending request after BUSY/ goes high.

The refresh controller initiates a memory control sequence in the
RAM control circuits by bringing its SC/ (start cycle) output low. A
second refresh controller output RO/ (refresh on) determines the nature
of the memory control sequence. If RO/ is low when SC/ goes low, a
refresh control sequence is executed. A high level at RO/ causes a
memory read or memory write control sequence.

When a system memory cycle is specified (SC/ without RO/), two
inputs from the interface logic, MEM R and MEM W, determine which type
of system memory cycle is performed.

The RAM control sequence for system memory cycles is described

further in the next section. Refer to Figure 3-3 for timing control

information.
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3.2.2 SYSTEM MEMORY CYCLES (C REQ/)
A single request is made to the refresh controller for either a
memory read or memory write cycle. This request, C REQ/, is made by

NAND gate A51-12 as a result of successfully decoding the following

three general conditions
1) The RAM REQ line from the Bus Interface must be high (true).
2) Flip-flop A67-9/8 must be reset. This condition indicates
that the current RAM REQ is a new request, When it sets
later in the cycle, it disables C REQ/, thereby preventing
the 8222 from responding to the same RAM REQ twice.

3) The memory protect latch, A25-9/8 is in the reset state.
This circuit is described in Section 3.2.4.

When these three conditions are satisfied, A51-12 applies a cycle
request to the refresh controller A48, 1If neither the R REQ/ (refresh
request) nor BUSY/ input to the refresh controller is active (low),
the cycle request will be accepted and a start cycle (SC/) signal will
be applied to FFl1 (A38-9/8) of the RAM control logic.

FF1 will be clocked set by the next rising edge of the 0OSC clock.

This 22.1184 MHz square wave is generated by the Intel 8224 clock
generator circuit. It serves as the primary reference clock for syn-
chronizing the various RAM control functions as well as the XACK con-
trol circuits in the interface. Other clock generator outputs are the
baud clock (BD CLK) and @2 TTL clock, which are forwarded to the serial
interface. Their uses are discussed in Section 3.5.

Since a refresh operation is not in progress at this point, the
refresh controller's refresh on (RO/) output is high (false). This
level allows the set state of FFl to be propagated through gates A50-11

and A51-8 to the J and K inputs of shift register A66,



With the J and K inputs of A66 both set to 1, that device begins
shifting 1's through, starting with the next positive edge of 0SC.

The A66 outputs then provide a sequence of transitions that are used
to synchronously step the various RAM control functions through a

read or write operation. One A66 output is also applied to a second
shift register, A82, to extend the transition sequence. The full set
of shift register outputs are referred to as OA through OH. OA corre-
sponds to the QO output of A66 and OH corresponds to the Q3 output of
A82, See Figure 3-3.

The next OSC edge after FFl sets causes FF2 (A38-5/6) to set. FF2
brings the refresh controller's BUSY/ input low (true) via NOR gate
A83-4., This in turn disables the refresh controller's Sc/ (start cycle)
output.

At the same time BUSY/ goes true, the OA output of A66 goes high,
with the following consequences,

- The RAM array's RAS/ input goes true, which loads the row

address (ABO-AB5) into the chip's internal address register.
These address bits are propagated through the 8222 refresh
controller because a refresh cycle is not in effect and
through the row/column multiplexer (A65, A81) because the
multiplexer's SEL input is high. SEL does not go low until
later in the control sequence, just before CAS/ is asserted.

- The RAM AAK (Advance acknowledge) latch A67-9/8 is clocked set.
Since the advanced acknowledge signal is not used in SBC-80/10
systems, this flip-flop's chief function in this case is to
disable the cycle request gate, A51-12,

One input to the CAS control gate A50-3 is satisfied. However,

this gate will not provide CAS/ to the RAM array until the OD
output of A66 goes high.

The OA output of A66 is also tied to a jumper set, W7, to allow its

use as an alternative clock for the RAM AAK latch. It has no significance



in this application.

The OC output causes the row/column address multiplexer's SEL input
to go low. This level selects the column address bits (AB6-ABB).

If the RAM REQ is for a write cycle (MEM W input is high), OC also
activates the RAM array's WE (write enable) input. This strobes the
contents of the SBC-104 data bus into the RAM's data in register.

Next, the OD output of A66 enables gate A50-3. As a result, the
RAM array's CAS/ input goes low, which strobes the column address into
the internal address register.

The OD output also provides 1l's to the J and E.inputs of the second
shift register, A82. This causes A82 to begin contributing sequence
control outputs to the operation.

If a memory read cycle has been requested, the RAM array's WE/
input will be high (false) during CAS/. This combination causes the
array's data out pins to go to their high impedance states during cell
access time. At the end of the period, valid data is presented at the
8212 data in pins. This timing is controlled within the 2104.

So long as the RAM XAK latch A67-5/6 remains reset, the STB (strobe)
input to the 8212 will be high and the data latch in the 8212 will re-
flect the contents of the data in lines. This condition changes as a
result of the next event described.

The fifth positive 0SC edge after CAS/ goes low causes the shift
register's OA output to go low, with the following consequences.

. The RAM array's RAS/ input goes high.

A50-3 is disabled, causing the array's CAS/ input to go high.

A50-3 also clocks the RAM XAK latch set, which causes the
8212 STB input to go low. This latches the RAM array's out-
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put data into the 8212's data latch. RAM XAK is also for-
warded to the XACK/ drivers at the interface.

The 8212's tri-state output buffer is enabled by the chip's DS1/
and DS2 inputs. The low-true DS1/ condition is satisfied by MEM R,
inverted. DS2 is satisfied by RAM REQ. When enabled, these drivers
forward the contents of the 8212's data latch to the bidirectional

data buffer at the interface.

3.2.3 REFRESH CYCLE (R REQ/)

Whenever the refresh controller's BUSY/ and C REQ/ (cycle request)
inputs are not active, the controller is able to honor a refresh request.
Refresh requests are made approximately every 14 us by a timing
control circuit that is part of the 8222 device. An external RC net-

work determines the duration of the refresh request intervals.

Each request is made by bringing the 8222's R REQ/ input low.

R REQ/ is provided by a latch in the 8222 so that if the BUSY/
input is low at the time R REQ/ is asserted, the refresh request will
be maintained until it is serviced.

When the 8222 accepts R REQ/, the controller's SC/ (start cycle)
output goes low, followed by the RO/ (refresh on) output. As in a
read/write cycle, SC/ allows OSC to clock FFl1 (A38-9/8) set. However,
RO/ disables the shift register until FF2 (A38-5/6) sets one OSC cycle
later. Then, the shift register begins its output sequence.

When FF2 sets, the refresh controller's BUSY/ input goes low to
clear SC/ and to block any cycle request that might occur during refresh.

Next, the 8222 gates the six-bit refresh address out to the row/
column address multiplexer (A65, A81) in place of system address bits

ABO - AB5).



This refresh address is supplied by a six~-bit counter in the 8222
device, which is incremented by one count after each refresh cycle.

The counter's output is multiplexed within the 8222 with the row ad-
dress bits supplied by the system (ABO-AB5). Internal address select
logic selects the system address bits during read or write and the re-
fresh address bits during refresh cycles.

NAND gate A50-8 prevents the row/column address multiplexer from
selecting its column address inputs so long as RO/ is low.

The shift register's OA output enables the RAM array's RAS/ input
and then, eight 0SC cycles later, it disables RAS/.

Two clocks later, BUSY/ is held up by A26-4. The trailing edge of
BUSY/ causes the 8222s RO/ output to clear, which marks the end of the
refresh cycle.

The refresh timer begins a new timing cycle and, after approximately
14 us, generates a new R REQ/.

The SBC 108 performs a special "CAS before RAS" refresh cycle. When
jumper W8 is removed the normal shift register sequence is modified such
that the CAS input to the memory array goes low one clock cycle before

RAS. This sequence informs the RAMs that a refresh cycle is being performed.

3.2.4 MEMORY PROTECT

The memory protect feature consists of a set of auxiliary power busses,
which can supply power to critical RAM and RAM control circuits when main
power is lost. It also includes a flip-flop, A25-9/8, which prevents
new cycle requests from being initiated once the memory protect feature
is invoked.

The auxiliary power supplies, +5V, -5V and +12V, are distributed
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to the appropriate RAM logic elements via separate busses from the

main power. The affected logic elements are listed below.

AUX PWR
SUPPLY LOGIC ELEMENTS
+5V A25, A26, A36, A37, A38, A48,
A50, A51, A61 - AB7, A77 - A83
-5V A61 - A64, A77 - A8O
+12V A36, A61l- A64, A77 - A8O

Ordinarily, the auxiliary supplies are connected by solder jumpers
to the corresponding main power supplies: +5V uses jumper W9; -5V
uses jumper W5; +12V uses jumper W6. To implement the auxiliary sup-

plies, these jumpers are removed, which isolates the auxiliary supplies

from the main supplies,

Specifications for both main and auxiliary supplies are provided
in Section 7.1.

Before power is lost, a low-true signal labeled MEMORY PROTECT
must be asserted at P2-20., This signal must be generated in such a
fagshion that it predicts imminent loss of main power. Its low level
causes A25-9/8 to reset. The true-to-false transition of BUSY/ is
used as the source for the A25-9/8 clock, This synchronizes the re-
setting of the memory protect latch with the conclusion of a memory
cycle. Memory protect must thus precede loss of power by 16 us.

When A25-9/8 resets, its Q output disables the C REQ/ generator
A51-12. ©No new cycle requests can be issued until MEMORY PROTECT/
goes false, allowing A25-9/8 to set again., Refresh requests are not

affected.



3.3 READ ONLY MEMORY (ROM/PROM)

The SBC-104 provides sockets for installing up to 4096 x 8 bits
of read only memory. Four Intel 8708 Erasable and Electrically Pro-
grammable Read Only Memory (EPROM) chips or four Intel 8308 static
MOS mask read only memory (ROM) chips can be installed in the four 24
pin sockets shown on sheet 6 of the SBC-104 schematic.

In addition to the four sockets, the ROM/PROM section includes
an Intel 8212 1/0 port. This device receives the data read from the
addressed PROM location and forwards it to the bidirectional data buffer
at the interface via a set of tri-state bus drivers.

Each PROM chip is enabled by a separate chip select, PSCO/ through
PCS3/. These chip selects are produced by address decode logic at the

interface. When a chip select goes low, the corresponding PROM chip's

output stage is enabled.

Address bit ABA is made available to jumper set W3 so that it can
be used for future PROM expansion. In the standard SBC-104, pin 19 is
connected to +12V to maintain the read mode,

The contents of the addressed PROM location are output to the
8212 device, A35. The STRB (strobe) input to A35 is kept high so that
the PROM data is not latched in the 8212 but is simply passed on through
to the device's tri-state output buffer.

The output buffer is enabled by the low-true state of PROM REQ/.

See Section 3,1.2 for details regarding the generation of PROM REQ/.



3.4 PARALLEL I/O INTERFACE

The Parallel I/0 Interface logic on the SBC-104 provides forty-
eight (48) signal lines for the transfer and control of data to or from
peripheral devices. Sixteen lines have bidirectional driver and ter-
mination networks permanently installed. The remaining thirty-two lines
are uncommitted. Sockets are provided for the installation of appro-
priate line driver and/or termination networks for these thirty-two lines.
The optional drivers and terminators are installed in groups of four by
insertion into the 14-pin sockets.

All forty-eight signal lines emanate from the I/0 ports on two
Intel 8255 Programmable Peripheral Interface devices, as shown on sheets
4 and 5 of the SBC-104 schematic, The two 8255 devices, A20 and AZ21,
allow for a wide variety of I/0 configurations, Before describing the
possible configurations, however, we will summarize the general opera-

tional characteristics of the 8255 device.

3.4.1 INTEL 8255 OPERATIONAL SUMMARY

The 8255 contains three 8-bit ports (A, B, and C). All can be
configured in a wide variety of functional characteristics by the system
software but each has its own speical features or "personality" to fur-

ther enhance the power and flexibility of the 8255,

Port A: One 8-bit data output latch/buffer and one 8-bit data input
latch.

Port B: One 8-bit data input/output latch/buffer and one 8-bit data
input buffer.

Port C: One 8-bit data output latch/buffer and one 8-bit data input

buffer (no latch for input). This port can be divided into



two 4-bit ports under the mode control. Each 4-bit port
contains a 4-bit latch and it can be used for the control
signal outputs and status signal inputs in conjunction with

Ports A and B.

The bus master dictates the operating characteristics of the
ports by outputting two different types of control words to the 8255:
1) mode definition control word (bit 7 = 1)
2) port C bit set/reset control word (bit 7 = 0)
Bit 7 of each control word specifies its format, as shown in Figures

3-4 and 3-5, respectively.

Mode Selection

There are three basic modes of operation that can be selected by
the system software:

Mode 0 - Basic Input/Output

Mode 1 - Strobed Input/Output

Mode 2 -~ Bi-Directional Bus

When the RESET input goes "high" all ports will be set to the
Input Mode O (i.e., all 24 lines will be in the high impedance state).
After the RESET is removed the 8255 can remain in the Input mode with
no additional initialization required. During the execution of the
system program, the other modes may be selected using a single OUTput
instruction. This allows a single 8255 to service a variety of periph-
eral devices with a simple software maintenance routine,

The modes for Port A and Port B can be separately defined, while
Port C is divided into two portions as required by the Port A and Port
B definitions. All of the output registers, including the status flip-

flops, will be reset whenever the mode is changed except for OBF in
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modes 1 and 2. Modes may be combined so that their functional defini-

tion can be tailored to almost any I/0 structure. For instance, Group

B can be programmed in Mode O to monitor simple switch closings or dis-
play computational results, Group A could be programmed in Mode 1 to

monitor a keyboard or tape reader on an interrupt-driven basis.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a single
OUTput instruction (see Figure 3-6). This feature reduces software re-
gquirements in Control-based applications.

When Port C is being used as status/control for Port A or B, these
bits can be set or reset by using a Bit Set/Reset operation just as if

they were data output ports.

Interrupt Control Functions

When the 8255 is programmed to operate in Mode 1 or Mode 2, con-
trol signals are provided that can be used as interrupt request inputs
to the bus master. The interrupt request signals, generated from Port C can
be inhibited or enabled by setting or resetting the associated INTE
flip-flop, using the Bit set/reset function of Port C.

This function allows the Programmer to disallow or allow specific
1/0 devices to interrupt the bus master without affecting any other device in
the interrupt structure,

INTE flip-flop definition:

(BIT-SET) - INTE is SET - Interrupt enable
(BIT-RESET) - INTE is RESET - Interrupt disable

Note: All Mask flip-flops are automatically reset during mode selec-
tion and device Reset.
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Operating Modes

Mode O (Basic Input/Output):

0= ACTIVE

BIT SET/RESET CONTROL WORD FORMAT.

This functional configuration provides simple Input and Output

operations for each of the three ports. No "hand-shaking" is required,

data is simply written to or read from a specified port. Mode 0 timing

is illustrated in Figure 3-7.

Mode 0 Basic Functional Definitions:

+ Two 8-bit ports and two 4-bit ports.

+  Any port can be input or output.

- Outputs are latched.

+ Inputs are not latched.

Sixteen different Input/Output configurations are possible in this

Mode. Figure 3-8 shows two possible configurations.
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Mode 1 (Strobed Input/Output):

This functional configuration provides a means for transferring
I/0 data to or from a specified port in conjunction with strobes or
"handshaking" signals., In Mode 1, Port A and Port B use the lines on

Port C to generate or accept these "handshaking" signals.

Mode 1 Basic Functional Definitions:
* Two transfer ports (A and B).

Each transfer port contains one 8-bit data port and 4 bits from
one half of the control/data port (Port C).

+ The 8-bit data port can be either input or output. Both inputs

and outputs are latched.

Input Control Signal Definition for Mode 1

STB (Strobe Input)

A "low" on this input loads data into the input latch.

IBF (Input Buffer Full F/F)

A "high" on this output indicates that the data has been loaded
into the input latch; in essence, an acknowledgement IBF is set by the
falling edge of the STB input and is reset by the rising edge of the

RD input.

INTR (Interrupt Request)
A "high" on this output can be used to interrupt the bus master when an
input device is requesting service. INTR is set by the rising edge
of STB if IBF is a 1 and INTE is a 1. It is reset by the falling edge
of RD. This procedure allows an input device to request service from

the bus master by simply strobing its data into the port.



INTE A
Controlled by bit set/reset of PC4.
INTE B

Controlled by bit set/reset of PCZ2.

Figure 3-9 illustrates the Mode 1 input configuration, while Figure

3-10 shows the basic timing for Mode 1 input.

Output Control Signal Definition for Mode 1

OBF (Output Buffer Full F/F)

The OBF output will go low to indicate that the bus master has written
data out to the specified port. The OBF F/F will be set by the rising
cdge of the WR input and reset by the falling edge of the ACKX input

signal.

ACK (Acknowledge Input)
A low on this input informs the 8255 that the data from Port A
or Port B has been accepted. 1In essence, a response from the periph-

eral device indicating that it has received the data output by the

bus master.

INTR (Interrupt Request)

A high on this output can be used to interrupt the bus master when
an output device has accepted data transmitted by the bus master. INTR
is set by the rising edge of ACK if OBF is a 1 and INTE is a 1. It is
reset by the falling edge of WR.

INTE A

Controlled by bit/reset of PC6.
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INTE B
Controlled by bit set/reset of PC2.

Figure 3-11 illustrates the Mode 1 output configuration, while Figure

3-12 shows basic Mode 1 output timing.

MODE 1 (PORT A) MOQOE 1 (PORT B}

Pa,Pag 8 > P, P8, z>
CONTROL WORO

CONTROL WORD

D, Dg Og O, Dy D, O, D, - - D; Dg D; O, D; D, D, D,
eI To meXIXIX] ’ : L DD T i I
Fe=
| INTE | -
PCqs VoA PCs AR, pC, |+— ACR,
1= INPUT --4
0= OUTPUT
PCy b—— INTR, PCy |——— INTRy
WR ~———=0f

PCys Saraned

FIGURE 3-11., MODE 1 OUTPUT CONFIGURATION

o T\ i

OBF f
(OUTPUT BUFFER FULL)
// 7/
7/, Py
//Q%?%A/
(DOUBLE

NO PROTECTION WRITE
FOR THISOPERATION  w/0 ACK)

3

g

DATA BUS X x

ouTPUT \

— e e ——— — — — —— —— — — — — ——

FIGURE 3-12, MODE 1 BASIC OUTPUT TIMING



Mode 2 (Strobed Bi-Directional Bus 1I/0):

This functional configuration provides a means for communicating
with a peripheral device or structure on a single 8-bit bus for both
transmitting and receiving data (bi-directional bus 1/0). "Handshaking"
signals are provided to maintain proper bus flow discipline in a similar
manner to Mode 1. Interrupt generation and enable/disable functions
are also available,

Mode 2 Basic Functional Definitions:

+ Used in Port A only.

One 8-bit, bi-directional data Port (Port A) and a 5-bit
control Port (Port C).

» Both inputs and outputs are latched.

+ The 5-bit control port (Port C) is used for control and
status for the 8-bit, bi-directional data port (Port A).

Bi-Directional Bus I/0 Control Signal Definition

INTR (Interrupt Request)

A high on this output can be used to interrupt the bus master for both

input or output operations.

Output Operation Control Signals

OBF (Output Buffer Full)
The OBF output will go low to indicate that the bus master has

written data out to Port A.

ACK (Acknowledge)
A low on this input enables the tri-state output buffer of Port A

to sent out the data. Otherwise, the output buffer will be in the high-

impedance state,



INTR A and B (The INTE flip-flop associated with OBF)

Controlled by bit set/reset of PC6 (INTE 1)

Input Operation Control Signals

'STB (Strobed Input)
A low on this output indicates that data has been loaded into
the input latch.

INTE 2 (The INTE flip-flop associated with IBF)
Controlled by bit set/reset PC4 (INTE 2)

INTRA = PC6 - OBFA + PC4 - INFA

Figure 3-13 illustrates the port configuration for Mode 2, Figure

3-14 shows Mode 2 timing, and Table 3-1 summarizes 8255 Mode definition.

CONTROL WORD

O; Dg Dy Dy D3 D, D, D

1 1 170 | 1/0 | 1/0

= PCao

1= INPUT
0= OUTPUT

‘"———— PORT B [ inTe | 3
1= INPUT 2 | PC, 378,

0= QUTPUT L -J

PCy 1BF,
WR —————=Of

L+ GROUP B MODE
0= MODE 0
1= MODE 1

o PCyo 7 1o

FIGURE 3-13. MODE 2 PORT CONFIGURATION
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1/0 DEVICE : 1/Q CHIP 1/Q CHIP - 1/Q DEVICE

FIGURE 3-14, MODE 2 TIMING



MODE DEFINITION SUMMARY TABLE

MOODE 0 | MODE1 MODE 2
|_IN ouT IN ouT GROUP A ONLY
PAQ IN ouT IN ouT R -
PA; IN ouT IN ouT -
PA9 IN ouT IN our R
PA3 IN ouT IN out -
PAg4 IN ouT IN ouT -~
PAs5 IN ouT IN ouT -
PAg IN ouT IN ouT -
PA7 iN ouT IN ouT -
PBq IN ouT JN ouT e _]
PB4 IN ouT IN ouT —
P8, IN ouT N ouT _—
PB3 IN ouT IN ouT _— MODE 0
PBg IN ouT IN ouT _ ~ OR MODE 1
PBg IN ouT IN ouT e ONLY
PBg IN ouT IN ouT _
P87 IN ouT IN ouT e
PCo IN ouT INTRg INTRg 1/0
PCy IN ouT IBFg OBFg 110
PCy IN ouT STBg ACKg 1/0
PC3 IN ouT INTRA INTR INTRA
PCy4 IN ouT §TB A 10 STBa
PCg IN ouT 1BF o 110 1BF 5
PCg IN ouT 10 ACK A ACKp
PCy IN ouTt 1/0 OBF 5 OBFa

TABLE 3-1. 8255 MODE DEFINITION SUMMARY



3.4.2 PARALLEL I/0 CONFIGURATIONS

As shown on sheets 4 and 5 of the schematic, there are two 8255
devices, one loacted at A20, the other at A21. For convenience the
following device designations will be used: The device at A20 is
called the "group 1" device and the device at A21 is referred to as
the "group 2" device. Each device has three eight-bit ports. The

"group 1" ports are designated Ports 1, 2 and 3 while the "group 2"
ports are designated Ports 4, 5 and 6.

The group 1 and group 2 devices both communicatewith the bus master
through the SBC-104 interface logic. Except for their separate select
lines, they both use the same signal lines: the 8-~bit data bus (DBO-DB7)
and five control/address lines (IOR/, IOW/, RESET, ABO and ABl). The
two select lines are labeled SPO1/ (A20) and SP02/ (A21). The data
lines bring control bytes or data bytes to an 8255 or deliver data from
an 8255 to the bidirectional data buffer at the interface. The chip
select control signals, SPOl/ and SP02/, select the group 1 and group 2
devices, respectively, when the proper I/0 address appears on the sys-
tem address bus. SPOl/ and SP02/ are the result of decoding address
bits 2 through 7 (AB2-AB7), as shown on sheet 1 of the schematic. The
two least significant address bits (ABO and ABl) select the control
register (when programming an 8255) or one of the three I/0 ports (when
reading or writing data). IOR/ (8255 — bus master) and TOW/ (bus mas-
ter — 8255) indicate the direction of data flow, as summarized in Table
3-2, Specific I1/0 addresses for the six ports and two 8255 control re-
gisters on the SBC~104 are listed in Table 3-3.

A high on the RESET line clears all internal 8255 registers in-

cluding the control register; all ports (A, B and C) are set for input.



TABLE 3-2.

BASIC 8255 OPERATION FOR EITHER GROUP 1 OR GROUP 2

Al AO IOR/ 10w/ cs/ Input Operation (Read)
0 0 0 1 0 Port A — Data Bus
0 1 0 1 0 Port B — Data Bus
1 0 0 1 0 Port C — Data Bus
Output Operation (Write)
0 0 1 0 0 Data Bus — Port A
0 1 1 0 0 Data Bus — Port B
1 0 1 0 0 Data Bus — Port C
1 1 1 0 0 Data Bus — Control
Disable Function
X X X X 1 Data Bus — High-Impedance
1 1 0 1 0 Illegal
TABLE 3-3. PARALLEL I/0 PORT ADDRESSES
Port 8255 Device Location ¥*Eight-Bit Address (Hexadecimal)
Group 1
: 1 A20 Port (A) X4
2 A20 Port (B) X5
3 A20 Port (C) X6
- A20 Control X7 For 1/0 write only.
Group 2
4 A21 Port (A) X8
5 A21 Port (B) X9
6 A21 Port (C) XA

A21 Control

*¥Notes: X

XB For I/0 write only.

is any hex digit assigned by jumper selection

Default condition = D4, D5, etc.

Group 1 select (SPO1l/)

]

xxxx01xx

Group 2 select (SP02/) = xxxxl0xx




Both parallel interface groups, 1 and 2, have the same interface
characteristics with respect to the system bus, They are also both capable
of the same range of configurations with respect to their peripheral
interfaces. The only functional difference between group 1 and group 2
is that four signal lines associated with the serial interface are made
available to Port 6 (Port C of group 2) via wire wrap jumper pins. Three
of the signals are RS232 inputs, which cannot be sampled by the user
through the USART. They can, however, be connected by jumper to unused
Port 6 bits and read through Port 6. The fourth line allows the user
to drive one of the serial I/0 interface output signals by setting a
bit in Port 6. Details regarding the use of Port 6 by the serial inter-
face are provided in Section 3.5, Serial I/0 Interface.

The operating characteristics of each port are determined by the
mode and direction control information supplied by the bus master in its con-
trol word. 1In addition, certain mode/port relationships impose restric-
tions on the use of other ports in the group. These mode-related char-
acteristics and restrictions are discussed briefly below. Details re-
garding mode implementation and the associated inter-port restrictions
are presented in Chapter 4, User Selectable Options.

Since the two groups are functionally identical, only one group
(group 1) will be referred to in the following discussion. Statements
made about group 1 ports apply equally to gréup 2 ports. The reader
should keep in mind, however, that the peripheral interface consists
of two sets of equally versatile ports, which are independently pro-
grammed.

The allowable port configurations for either group are summarized

below:



Port 1 (Group 1 Port A)

Mode O Input

Mode 0 Output (Latched)
Mode 1 Input (Strobed)
Mode 1 Output (Latched)
Mode 2 Bidirectional
Port 2 (Group 1 Port B)
Mode O Input

Mode O Output (Latched)
Mode 1 Input (Strobed)
Mode 1 Output (Latched)

Port 3 (Group 1 Port C)

Mode O 8 Bit Input
Mode O 8 Bit Output (Latched)
Mode 0 Split 4 bit input and 4 bit output

Note: Control mode dependent upon Port A and B mode.

Port 1 is the most versatile of the three group 1 ports. It can
be programmed to function in any one of the three 8255 operating modes.
This first port is the only port in the group that already includes a
permanent bidirectional driver/termination network (two 8226 bus dri-
ver devices at Al and A2).

Before Port 1 is programmed for input or output in any one of
three operating modes (as described in Section 3.4.1), certain jumper
connections must be made to allow the port to function properly in
the chosen mode. The 29-30-31 jumper pad specifies the direction of
data flow for the two 8226 bidirectional bus drivers. If input in
mode 0 or mode 1 is to be programmed for Port 1, jumper pair 29-30
should be connected. If output in mode 0 or mode 1 is to be used,
jumper pair 30-31% should be connected. If Port 1 is to be programmed

for bidirectional mode 2, then a wire must be run from jumper pin 37
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to pin 30, This connection allows the Port 3 acknowledge output ACK/,
which is available at bit 6 of Port 3, to dynamically dictate direc-~

tion for the two 8226 devices.

Note: ¥ indicates a default connection, which is the factory-
selected connection. If some path other than the one
provided by a default connection is selected (e.g., pins
29-30), the default wire must be removed (e.g., delete
30-31%),

When Port 1 is programmed for mode 1 or mode 2, an interrupt can
be added to the Port 1 bit array by connecting jumper pins 49 and 40
(delete 40—41*). This allows the INTR output from bit 3 of Port 3 to
activate the peripheral I/0 interrupt request PIOAl. Refer back to
Section 3.4.1 for details regarding INTR.

PIOAl is forwarded to the interrupt logic shown on sheet 2 of the
schematic.

When Port 1 is in mode O, which has no provision for interrupts,
the default connections 40—41* and 48-49" must remain to allow the use
of bit 3 of Port 3 and to inhibit Port 1 interrupts.

Because the 8226 bus drivers are inverting devices, all data
input to or output from Port 1 is considered to be negative true with
respect to the levels at the J1 edge connector.

Port 2 can be programmed for input or output in either mode O or
mode 1 (see Section 3.4.1). If Port 2 is to be used for input (in
either mode), terminator networks must be installed in the sockets at
A5 and A6. Because of the passive nature of termination networks, data.
that is input to Port 2 must be positive true. If Port 2 is to be used
for output (in either mode), driver networks must be installed in the

sockets at A5 and A6, Assuming that the driversare inverting devices,
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then the data being output will be negative true at the J1 edge connec-
tor.

When Port 2 is programmed for mode 1, a Port 2 interrupt can be
implemented by connecting jumper pins 43-50 (delete 50—51*). This
allows the INTR output from bit 0 of Port 3 to activate the peripheral
I/0 interrupt request PIOBl. PIOBl is forwarded to the interrupt logic
shown on sheet 2 of the schematic.

When Port 2 is in mode O, the default connections 50-51% and 42-43%
must remain to allow the use of bit O of Port 3 and to inhibit Port 2
interrupts.

As was described in Section 3.4.1, the use of Port 3 depends on
the modes programmed for Ports 1 and 2. If Port 1 is in mode 1 or
mode 2, bits 3, 4, 5, 6 and 7 of Port 3 can have the following dedi-

cated control functions.

Port 3 bit 3 — INTR (interrupt request) - input or output
Port 3 bit 4 « STB/ (input strobe) mode 1 input
Port 3 bit 5 — IBF (input buffer full flag) } or mode 2
Port 3 bit 6 « ACK/ (output acknowledge) mode 1 output
Port 3 bit 7 — OBF/ (output buffer full flag)} or mode 2

If Port 2 is in mode 1, bits O, 1 and 2 of Port 3 have these dedicated

control functions:

Port 3 bit 0 — INTR (interrupt request) - input or output
Port 3 bit 1 — IBF (input buffer full) .

Port 3 bit 2 « STB/ (input strobe) }mPUt only

Port 3 bit 1 - OBF/ (output buffer full)

Port 3 bit 2 « ACK/ (output acknowledge) }output only

While certain Port 3 bits are available if Port 1 is in mode 1 or if
Port 2 is in mode 0, the use of Port 3 as an eight-bit data path is

restricted to those configurations that have both Port 1 and Port 2



programmed for mede 0. In this case all 8 bits of Port 3 can be pro-

grammed for mode 0 input (termination networks must be installed in

the sockets at A3 and A4) or output (driver networks must be installed
at A3 and A4) or split 4 bits input and 4 bits output.

Note: If Port 1 and 2 are not both in mode 0, then a driver network
must be installed in the sockets at A3 and a termination net-
work must be installed at A4, so that the Port 3 control lines
can function properly.

3.5 SERIAL I/0 INTERFACE

The Serial I/0O Interface logic provides a serial data communica-
tions channel that can be programmed to operate with most of the cur-
rent serial data transmission protocols, synchronous or asynchronous.

Baud rate, character length, number of stop bits and even/odd parity

are program selectable.

The Serial I/0 Interface logic consists primarily of an Iﬁtel
8251 USART device, a counting network for baud rate selection, and
RS-232C interface circuitry, as shown on sheet 6 of the schematic.
Before describing the specific operation of the Serial I/0 logic how-
ever, we will summarize the general operational characteristics of the
8251 USART, because it essentially defines the character of the Serial

I/0 Interface.

3.5.1 INTEL 8251 OPERATIONAL SUMMARY
The 8251 is a Universal Synchronous/Asynchronous Receiver/Trans-
mitter designed specifically for the 8080 Micro-computer System. Like

other I/0 devices in the 8080 Micro-computer System its functional
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configuration is programmed by the systems software for maximum flexi-
bility. The 8251 can support virtually any serial data technique

currently in use (including IBM "Bi-Sync'").

Modem Control

The 8251 has a set of control inputs and outputs that can be used
to simplify the interface to almost any Modem. The modem control sig-
nals are general purpose in nature and can be used for functions other

than Modem control, if necessary.

DSR (Data Set Ready)

The DSR input signal is general purpose in nature. Its condition
can be tested by the bus master using a Status Read operation (as described
later)., The DSR input is normally used to test Modem conditions such

as Data Set Ready.

DTR (Data Terminal Ready)

The DTR output signal is general purpose in nature. It can be
set low by programming the appropriate bit in the Command:Instruction
word., The DTR output signal is normally used for Modem control such

as Data Terminal Ready or Rate Select.

RTS (Request to Send)

The RTS output signal is general purpose in nature. It can be
set low by programming the appropriate bit in the Command Instruction
word. The RTS output signal is normally used for Modem control such

as Request to Send,



CTS (Clear to Send)
A low on this input enables the 8251 to transmit data (serial)

if the TxEN bit in the Command byte is set to a 1.

PIN CONFIGURATION
S
0, 1 28 0,
0, 2 27 Dgy
AxD 5 3 26 Vee Pin Name | Pin Function Pin Name | Pin Function
— 0709 Data Bus (8 bits) DSR Data Set Read
GND 4 AxC Yoh Kt eady
25 x C(D Control ar Data is to be Written or Read DTR Data Terminal Ready
D, .5 24 OTR E:P Read Data Command . SYNDET | Sync Detect
0, 6 2 aTs WR Write Data or Control Command ATS Request to Send Data
o , 2 o cs Chip Enable CTS Clear to Send Data
& 8251 CLK Clock Puise (TTL) TxE Transmitter Empty
D, 8 21 RESET RESET Reset Vee +5 Voit Supply
bl E 9 20 LK TxC Transmitter Clock GNOD Ground
p— TxD Transmitter Data
wf 10 1911 7«0 AxC Receiver Clock
cSs n 18 TxEMPTY RxD Receiver Data
c/iB 12 17 s RxRDY Receiver Ready (has character for 8080}
— TxRDY i <
= . % SYNDET xRD Transmitter Ready (ready for char. from 8080)
RxROY 14 15 TxROY

FIGURE 3-15., 8251 PIN ASSIGNMENTS

TXRDY (Transmitter Ready)

This output signals the bus master that the transmitter is ready to accept
a data character. It can be used as an interrupt to the system or for
polled operation when the bus master can check TXRDY using a status read opera-
tion. TXRDY is active only when CTS is enabled. TXRDY is automatically

reset when a character is loaded from the bus master.

TXE (Transmitter Empty)

When the 8251 has no characters to transmit, the TXE output will
go high. 1t resets automatically upon receiving a character from the
bus master. TXE can be used to indicate the end of a transmission mode,

so that the bus master knows when to turn the line around in the half-

duplex operational mode.



In SYNChronous mode, a high on this output indicates that a char-
acter has not been loaded and the SYNC character or characters are

about to be transmitted automatically as fillers.

TXC (Transmitter Clock)

The Transmitter Clock controls the rate at which the character
is to be transmitted. In the Synchronous transmission mode, the fre-
quency of TXC is equal to the actual Baud Rate (1X). In Asynchronous
transmission mode, the frequency of TXC is a multiple of the actual
Baud Rate., A portion of the mode instruction selects the value of the
multiplier; it can be 1X, 16X, or 64X the Baud Rate.

For Example:

If Baud Rate equals 4800 Baud,
TXC equals 4800 Hz (1X)
TXC equals 76.80 kHz (16X)

TXC equals 307.2 kHz (64X).

The falling edge of TXC shifts the serial data out of the 8251.

RXRDY (Receiver Ready)

This output indicates that the 8251 contains a character that
is ready to be input to the bus master. RXRDY can be connected to the
interrupt structure of the bus master or for polled operation the bus
master can check the condition of RXRDY using a status read operation.

RXRDY is automatically reset when the character is read by the bus master.
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BXC (Receiver Clock)

The Receiver Clock controls the rate at which the character is
to be received. In Synchronous Mode, the frequency of BRXC is equal
to the actual Baud Rate (1X). In Agynchronous Mode, the frequency
of RXC is a multiple of the actual Baud Rate., A portion of the mode
instruction selects the value of the multiplier; it can be 1X, 16X
or 64X the Baud Rate.

For Example:

I1f Baud Rate equals 300 Baud,
RXC equals 300 Hx (1X)

RXC equals 4800 Hz (16X)

RXC equals 19.2 kHz (16X).

If Baud Rate equals 2400 Baud,
RXC equals 2400 Hz (1X)

RXC equals 38.4 kHz (16X)

RXC equals 153.6 kHz (64X).

Data is sampled into the 8251 on the rising edge of RXC.

Note: 1In most communications systems, the 8251 will be handling both
the transmission and reception operations of a single link.
ConsequentlyL_Ehe Reggive and Transmit Baud Rates will be the
Same. Both TXC and RXC will require identical frequencies for
this operation and can be tied together and connected to a
single frequency source (Baud Rate Generator) to simplify the
interface.

SYNDET (SYNC Detect)

This pin is used in SYNCHronous Mode only. It is used as either

input or output, programmable through the Control Word. It is reset

to low upon RESET. When used as an output (internal Synch mode), the



SYNDET pin will go "high" to indicate that the 8251 has located the
SYNC character in the Receive mode. If the 8251 is programmed to use
double Sync characters, then SYNDET will go high in the middle of the
last bit of the second Sync character. SYNDET is automatically reset
upon a Status Read operation.

When used as an input, (external SYNC detect mode), a positive
going signal will cause the 8251 to start assembling data characters
on the falling edge of the next RXC. Once in SYNC, the high input
signal can be removed. The duration of the high signal should be at

least equal to the period of RXC.

Programming the 8231
Prior to starting data transmission or reception, the 8251 must
be loaded with a set of control words generated by the bus master. These
control signals define the complete functional definition of the 8251
and must immediately follow a Reset operation (internal or external).
The control words are split into two formats:

1. Mode Instruction,
2. Command Instruction.

Both the Mode and Command instructions must conform to a specified
sequence for proper device operation. The Mode Instruction must be
inserted immediately following a Reset operation, prior to using the
8251 for data communication.

All control words written into the 8251 after the Mode Instruc-
tion will load the Command Instruction. Command Instructions can
be written into the 8251 at any time in the data block during the

operation of the 8251. To return to the Mode Instruction format a
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bit in the Command Instruction word can be set to initiate an inter-
nal Reset operation which automatically places the 8251 back into
the Mode Instruction format. Command Instructions must follow the

Mode Instructions or Sync characters (see Figure 3-16).

RESET
v
=1 MODE INSTRUCTION
R SYNC CHARACTER 1
SYNC MODE
cB =1 SYNC CHARACTER 2 ONLY
cB =1 COMMAND INSTRUCTION
cb«0 J: DATA A
C/D =1 | COMMAND INSTRUCTION
c/b=0 4 : DATA =z
cB=n COMMAND INSTRUCTION

*The second SYNC character is skipped it MODE instruction
has programmed the 8251 to single character Internat SYNC
Made. 8ath SYNC characters are skipped if MODE instruction
has programmed the 8251 to ASYNC moda.

FIGURE 3-16. TYPICAL 8251 DATA BLOCK

Mode Instruction:

This format defines the general operational characteristics of
the 8251. It must follow a Reset operation (internal or external).
Once the Mode instruction has been written into the 8251 by the bus
master, SYNC characters or Command instructions may be inserted.

The 8251 can be used for either synchronous or asynchronous data
communications. The two least significant bits of the Mode Instruc—
tion control word specify synchronous or asynchronous operation. The
format for the remaining bits in the control word depends on the mode

chosen by bits 0 and 1, Figure 3-17 shows the control word format



for the asynchronous mode, while Figure 3-18 illustrates the control

word format for the synchronous mode.

Command Instruction:

once the functional definition of the 8251 has been programmed
by the Mode Instruction and the Sync Characters are loaded (if in
Sync Mode) then the device is ready to be used for data communica-
tion. The Command Instruction controls the actual operation of the
selected format. Functions such as: Enable Transmit/Receive, Error
Reset and Modem Controls are provided by the Command Instruction.

Once the Mode instruction has been written into the 8251 and Sync
characters inserted, if necessary, then all further control writes
(C/B = 1) will load the Command Instruction. A Reset operation (in-
ternal or external) will return the 8251 to the Mode Instruction For-
mat.

Figure 3-19 illustratesthe format of a Command Instruction control

word.

Status Read Definition

In data communication systems it is often mnecessary to examine
the status of the active device to ascertain if errors have occurred
or other conditions that require the processor's attention. The 8251
has facilities that allow the programmer to read the status of the
device at any time during the functional operation.

A normal read command is issued by the CPU with the C/D input at
1 to accomplish this function.

Some of the bits in the Status Read Format have identical meanings
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8AUD RATE FACTOR

l— [ 1 0 A\

————— 0 0 1 1

SYNC
MoLE | 11 | t1exi | eaxy

CHARACTER LENGTH
0 1 [} 1

"0 0 1 1

5 § 7 8
BITS | BITS | BITS | BITS
PARITY ENABLE
1+ ENABLE 0= DISABLE

EVEN PARITY GENERATION/CHECK
1=EVEN 02000

NUMBER OF STOP BITS
0 1 0 1

0 0 1 1

T % |2
INVALID| gi7 | gi7s | BiTs

Mode Instruction Format, Asynchronous Mode

TRANSMITTER QUTPUT

TART
™0 MAHKINGLSB” I

f PARITY srlo
P
DAYAJ BLurs ] BIT I A

I

START PARITY sToP l
RxD L BIT | DA“‘B‘SS [ BIT l BITS
4§ §

RECEIVER INPUT

TRANSMISSION FORMAT
CPU BYTE (5.8 BITS/CHAR)

l DATA CHARACTER l

4 b
1r

ASSEMBLED SERIAL DATA OUTPUT (TxD}

7 (
START PARITY sToP I
[ BIT I DAAA CHARACTER [ 8IT l BITS
4

1 F

RECEIVE FORMAT

SERIAL DATA INPUT (RxD)

l START

‘ —
o I DATA CHARACTER { PARITY

BIT

sTop
BITS

{
4

CPUBYTE (5.8 BITS/CHAR)"®

[ DATA CHARACTER l

i

*NOTE: {F CHARACTER LENGTH IS DEFINED AS5,60R 7
BITS THE UNUSED BITS ARE SET TO "ZERO".

FIGURE 3-17. ASYNCHRONOUS MODE.

D, Dg Dy D, D, D, D, D,

SCS [ESD| EP |PEN| L, | L.

CHARACTER LENGTH

— 4] 1 [+] 1

0 0 1 1

5 6 7
BITS | BITS | BITS | BITS

PARITY ENABLE
{1« ENABLE}
{0 = DISABLE)

EVEN PARITY GENERATION/CHECK
1= EVEN
0= 00D

EXTERNAL SYNC DETECT
t=SYNDET IS AN INPUT
0= SYNDET IS AN OUTPUT

SINGLE CHARACTER SYNC
1 = SINGLE SYNC CHARACTER
0= DOUBLE SYNC CHARACTER

Mode Instruction Format, Synchronous Mode

CPUBYTES (5-8 BITS/CHAR)

| DATA CHARACTERS J
.

ASSEMBLED SERIAL DATA OUTPUT (TxD)

SYNC SYNC N
[ CHAR 1 I CHAR 2 l DATA CHARACTERS 1

— +

RECEIVE FORMAT

SERIAL DATA INPUT (RxD)

DATA CHARACTERS l

CPU BYTES (5-8 BITS/CHAR)

SYNC SYNC
CHAR 1 CHAR 2

L DATA CHARACTERS ]

i "

FIGURE 3-18. SYNCHRONOUS MODE.



EH IR | RTS | ER |SBRK| RxE | OTR | TxEN

L TRANSMIT ENABLE
1 = enable

0 = disable

DATA TERMINAL
READY

“high’* will farce DTR
oulput to zero

RECE!VE ENABLE
1 = enable
Q = disable

SEND BREAK
CHARACTER
1 = forces TxD "low™
0 = normal operation

ERROA RESET
1 = resat alt error flags
PE, OE, FE

REQUEST TO SEND
“high’”* will force RTS
output to zero

INTERNAL RESET
‘“high’’ returns 8251 to
Mode Instruction Format

ENTER HUNT MODE
1 = anable search for Sync
Characters

FIGURE 3-19. COMMAND INSTRUCTION FORMAT

to external output pins so that the 8251 can be used in a completely
Polled environment or in an interrupt driven environment (refer to

Figure 3-20).

8251 DATA TRANSFERS
Once programmed, the 8251 is ready to perform its communcation

functions. The TXRDY output is raised "high" to signal the bus master that



D, D¢ Ds D, O3 0, 0, Dg

DOSR SYNDET FE o] PE TxE RxRDY | TxROY

SAME DEFINITIONS AS (/O PINS

PARITY ERROR

The PE flag is sat when a parity
error is detected. {t is reset by
the ER bit of the Command
Instruction. PE does not inhibit
operation of the 8251,

OVERRUN ERROR

The OE flag is set when the CPU
does not read a character before
the next one becomes available.
it is reset by the ER bit of the
Command Instruction. OF does
hot inhibit operation ot the 8251;
however, the previously overrun
character is lost.

FRAMING ERROR (Async only)
The FE flag is set when a valid
Stop bit is not detected at the
—e—. end of every character. It is reset
by the ER bit of the Command
Instruction. FE does not inhibit
the operation of the 8251.

FIGURE 3-20. STATUS READ FORMAT

the 8251 is ready to receive a character. This output (TXRDY) is

reset automatically when the bus master writes a character into the
8251. On the other hand, the 8251 receives serial data from the MODEM
or I/0 device; upon receiving an entire character the RXRDY output is
raised high to signal the bus master that the 8251 has a complete char-
acter ready for the bus master to fetch. RXRDY is reset automatically

upon the bus master read operation.

The 8251 cannot begin transmission until the TXEN (Transmitter
Enable) bit is set in the Command Instruction and it has received a
Clear To Send (CTS) input. The TXD output will be held in the marking

state upon Reset.



Asynchronous Mode (Transmission) :

Whenever a data character is sent by the bus master the 8251 automati-
cally adds a Start bit (low level) and the programmed number of Stop
bits to each character, Also, an even or odd Parity bit is inserted
prior to the Stop bit(s), as defined by the Mode Instruction. The
character is then transmitted as a serial data stream on the TXD out-
put. The serial data is shifted out on the falling edge of TXC at
a rate equal to 1/16 or 1/64 that of the TXC, as defined by the Mode
Instruction. BREAK characters can be continuously sent to the TXD
if commanded to do so.

When no data characters have been loaded into the 8251 the TXD
output remains high (marking) unless a Break (continuously low) has

been programmed.

Asynchronous Mode (Receive):

The TXD line is normally high. A falling edge on this line trig-
gers the beginning of a START bit. The validity of this START bit
is checked by again strobing this bit at its nominal center. If a
low is detected again, it is a valid START bit, and the bit counter
will start counting. The bit counter locates the center of the data
bits, the parity bit (if it exists) and the stop bits. If parity
error occurs, the parity error flag is set. Data and parity bits
are sampled on the RXD pin with the rising edge of RXC. If a low
level is detected as the STOP bit, the Framing Error flag will be
set. The STOP bit signals the end of a character. This character
is then loaded into the parallel 1/0 buffer of the 8251. The RXRDY

pin is raised to signal the CPU that a character is ready to be fetched.



If a previous character has not been fetched by the bus master, the present
character replaces it in the I/0 buffer, and the OVERRUN flag is

raised (thus the previous character is lost). Allof the error flags

can be reset by a command instruction. The occurrence of any of these

errors will not stop the operation of the 8251,

Synchronous Mode (Transmission):

The TXD output is continuously high until the bus master sends its first
character to the 8251 which usually is a SYNC character., When the
CTS line goes low, the first character is serially transmitted out.
All characters are shifted out on the falling edge of TXC. Data is
shifted out at the same rate as the TXC.

Once transmission has started, the data stream at TXD output must
continue at the TXC rate. TIf the bus master does not provide the 8251 with
a character before the 8251 becomes empty, the SYNC characters (or
character if in single SYNC word mode) will be automatically inserted
in the TXC data stream. In this case, the TXEMPTY pin will momentarily
go high to signal that the 8251 is empty and sync characters are being
sent out. The TXEMPTY p;n is internally reset by the next character

being written into the 8251,

Synchronous Mode (Receive):

In this mode, character synchronization can be internally or ex-
ternally achieved. If the internal SYNC mode has been programmed,
the receiver starts in a HUNT mode. Data on the RXD pin is then
sampled in on the rising edge of RXC. The content of the RX buffer

is continuously compared with the first SYNC character until a match



occurs. If the 8251 has been programmed for two SYNC characters,
the subsequent received character is also compared. When both SYNC
characters have been detected, the USART ends the HUNT mode and is
in character synchronization. The SYNDET pin is then set high, and
is reset automatically by a STATUS READ.

In the external SYNC mode, synchronization is achieved by applying
a high level on the SYNDET pin. The high level can be removed after
one RXC cycle. (The SBC-104 does not provide the capability to exer-

cise this line.)

Parity error and overrun error are both checked in the same way
as in the Asynchronous receive mode.
The bus master can command the receiver to enter the HUNT mode if syn-

chronization is lost.

3.5.2 SERIAL I/0 CONFIGURATIONS

The 8251 USART presents a parallel, eight-bit interface to the
SBC-104 data bus (DBO-DB7) and presents a EIA RS232C interface to
an external device (via edge connector J3). The 8251's interface
with the data bus is enabled by a low level on its chip select (CS/)
pin, which is controlled by the signal SSO1/. This signal is gener-
ated by address decode logic in the SBC—104.interface as the result
of the decoding system address bits 2 through 7. Bits 2 and 3 must
both be active (set) to select the USART. The address value speci-
fied by bits 4 through 7 is jumper selected. The least significant
bit, ABO, is applied to the 8251's C/ﬁ input to indicate a control
(if set) or data (if reset) byte on the data bus. Table 3-4 summarizes

the serial I/0 Interface address characteristics.



TABLE 3-4. SERIAL COMMUNICATION (8251) ADDRESS ASSIGNMENTS

1/0 ADDRESS COMMAND DIRECTION FUNCTION

(Base 16)

XD or XF 10W/ CPU — USART Write Control Woxrd
XC or XE 10W/ CPU —s USART Write Data

XD or XF 10R/ USART —s CPU Read Status

XC or XE TOR/ USART —s CPU Read Data

X = any hex digit; assigned by jumper selection.

An output instruction (IOW/ is true) to port XD or XF (CS/ is
low and ABO is high) causes the 8251 to accept a control byte through
its data bus pins. The control byte can be either a mode instruction
or a command instruction, depending on the sequence in which it is
sent. The various bits in the mode control word specify the baud
rate multiplexer, character length, parity and the number of stop
bits as described in Section 3.5.1, Note that the atual baud rate
selected is dependent on the configuration of the baud rate jumper
network (refer to Section 3.5.3). The various bits in the command
control word instruct the USART to enable/disable the receiver and
transmitter, to reset errors, to reset internal control and return
to the mode control cycle, and to set/clear the Data Terminal Ready
output.

An output instruction to port XC or XE (CS/ and ABO are low)
causes the 8251 USART to accept a data byte through its data bus
pins. Bit 0 is the least significant bit and bit 7 is the most sig-
nificant bit. The 8251 will subsequently transmit the data byte (if

the transmitter is enabled), in serial fashion, to the external device



as described in Section 3.5.1.

An input instruction (IOR/ is true) to port XD or XF (CS/ is low
and ABO is high) causes the 8251 USART to place a status byte onto
the system bus. The status bits are the result of status and error
checking functions performed within the USART (see Section 3.5.1).

An input instruction (IOR/ is true) to port XC or XE (CS/ and
ABO are low) causes the USART to output a data byte (previously re-
ceived from the external device) from its data bus pins. Bit O is
the least significant bit and bit 7 is the most significant bit.

Timing for the USART's internal function is provided by the
@2 TTL signal, which is supplied by the 8224 clock generator (see
sheet 3 of the schematic).

The USART is reset by the occurrence of a high level on the
RESET 1line.

The 8251 USART transmits and receives serial data, synchronously

or asynchronously, as described in Section 3.5.1.

3.5.3 BAUD RATE CLOCK GENERATION

The baud rate clock network consists of two 74161 divide-by-16
counters and a set of wire wrap jumper pins for baud rate clock se-
lection. The two counters are driven by the 1.2288 MHz square wave
labeled BD CLK. This clock is supplied by the SBC-104 clock gener-
ator's ¢2 TTL output (2.4576 MHz) via a divide-by-two circuit.

The outputs from the two 74161 counters, each providing a dif-

ferent clock frequency, are tied to jumper pins that can be connected



to the USART's TXC and/or RXC inputs. The available frequencies are
listed in Table 4-9. When selecting the appropriate baud rate, the
state of the 8251's iuternal frequency divider must be considered,
The 8251 is capable of dividing the baud rate clock input by 1, 16
or 64,

To provide a 110 baud rate, the count cycle of the second counter,
Al17, must be modified., This is done by connecting jumper pins 1 and 2,
which completes a path from Al7's carry output to its T.0AD input. This
makes 110 baud available at jumper pin 9.

A third 74161 counter, A27, is included in this chain to gen-
erate the 1 ms timing required by the interval timer interrupt cir-
cuit shown on sheet 2 of the schematic.

This counter is driven by BD CLK and is enabled by the carry
output of A17. It outputs high-true pulses to flip-flop A19-5/6 at
approximately 1 ms intervals via the CLK INT line.

If the 110 baud rate is selected (jumper pins 1 and 2 are connec-
ted), the parallel load inputs of A27 must be changed to maintain the
1 ms periods. To do this, the existing jumper at 3-4% is deleted and

jumper pins 3 and 5 are connected.

3.5.4 SERIAL 1I/0 INTERRUPTS

The Serial I/0 logic can be configured by jumper connections to
provide one or two interrupts.

One interrupt, SIORLl, can be generated by the 8251's receiver
ready (RXR) output. By connecting jumper pins 84—85*, SIORL will go

high whenever the receiver enable bit of the command word has been



set and the 8251 contains a character that is ready to be input to
the bus master. This interrupt line is disabled by connecting jumper
pins 83-84.

The user can also elect to have either the transmitter ready
(TXR) or transmitter empty (TXE) output of the 8251 activate the
other interrupt, SIOT1l, If jumper pair 79—81* is connected, SIOT1L

will go high when the 8251 is ready to accept a character from the

bus master (TXR is high). If jumper pair 79-80 is connected, SIOT1 will go
high when the 8251 has no characters to transmit. In either case,
the transmit enable bit of the command word must be set.

To disable the SIOT1l line, jumper pair 79-82 must be connected.

3.5.5 RS232 INTERFACE FEATURES

The input and output paths between the 8251 and the RS232 inter-
face at J3 contain a number of selectable features that the user needs
to consider when implementing the interface., Each of these features
is briefly described below.

. Capacitors - Each output line and the RECEIVE DATA input
line includes a provision for installing a capacitor to
ground, This allows the user to modify the rise time
on any of these signals by installing custom-selected
capacitors, where needed.

» Handshaking Signal Jumpers - The signal paths for the
four handshaking signals, DATA TERMINAL READY, DATA SET
READY, REQUEST TO SEND and CLEAR TO SEND; include jumper
pins so that the paths can be configured to present any
one of six types of interfaces to the RS232 cable. Three
of the configurations apply when the 8251 is operating in the
data terminal role and the other three apply when it is
operating as a data set. In general, these configurations
provide for a standard interface, where each side of the



interface (terminal and data sét) participates actively in
the handshaking task, or an optional interface, where the
handshaking response signal is produced passively by loop-
ing the initial signal back as its own response. TFor ex-
ample, if the 8251 is operating in the data terminal role,
but the RS232 circuit does not provide a DATA SET READY
response to DATA TERMINAL READY, the 8251's DSR/ pin can

be connected to the DATA TERMINAL READY line instead of

to the DATA SET READY line. This will provide a DSR/ input
automatically whenever DATA TERMINAT, READY is activated.
This configuration is selected by connecting jumper pins
15-16% and 16-18. The default jumper at 17-18% must be re-
moved. All of the possible configurations for these paths
and the jumper connections required to implement them are
presented in Section 4.2.

DTE TRANSMIT Clock Jumper - The selected baud rate clock
(8251 TXC input) can be output on the pTE TRANSMIT CLOCK
line by connecting jumper pins 13-14% and 23—241* Tf this
configuration is selected, the STXD option described next

cannot be used.

SEC TRANSMIT DATA Jumper - The SEC TRANSMIT DATA and

SEC REQUEST TO SEND lines, which are permanently connected
on board, can be controlled through one of the bits in

Port 6 of the peripheral interface (A21)., To implement this
feature jumper pins 23-25 and 12-13 must be connected and pin
76 (shown on sheet 5 of the schematic) must be connected

to the appropriate Port 6 jumper pin (56, 58, 60, 62, 64,
66, 68 or 70), The user can then activate the SEC TRANSMIT
DATA line by setting the selected Port 6 bit. See Section
3.4 for details regarding the use of Port 6. If this fea-
ture is implemented, the DTE TRANSMIT CLOCK path cannot be
used.

Reading RS232 Inputs via Port 6 - Three RS232 input signals,
CARRIER DETECT, RING INDICATOR and SEC CLEAR TO SEND/SEC
RECEIVED DATA can be connected to otherwise unused Port 6
bits so that they can be read by the user through that port.
These inputs are available to Port 6 from the following jum-
per pins (see Sheet 5 of the schematic)

CARRIER DETECT - Pin 75
RING INDICATOR - Pin 78

SEC CLEAR TO - Pin 77
SEND/SEC RECEIVED
DATA



All RS232 input and output paths include on-board level transla-

tor circuits.

3.6 INTERRUPT STATUS/MASK REGISTERS

This section consists of an Intel 8212 Eight-Bit Input/Output
port (A33), a set of interrupt mask gates (A44, A45), a multiplexed
status/mask input multiplexers (A58, A59), a 74148 priority encoder (A32),
a set of 7407 bus drivers and an interval timer interrupt latch (A19-5/6).
These functional elements are shown on sheet 2 of the schematic.

There are four types of operations that involve the interrupt cir-
cuits: write status mask into the mask register, read status mask,
read masked interrupt status and reset interval timer interrupt latch.
This last operation is performed as a write.

In each operation, the interrupt select line SINT/ must be true
(low). This select line is generated by I/0 address decode logic in
the interface,

The system address assignments for each of these operations are

shown below.

Address R/W
Function ABO-AB7 Command
Write Interrupt Mask X1 10W/
Read Mask (Inverted) X1 I0OR/
Read Masked Status X0 I0R/
Reset Interval Timer x2* 0w/

*
Note: Interval timer can also be reset at same
time mask register is loaded by using X3.
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When SINT/ and IOW/ are both low and ABl is high, the contents
of the data bus are written into the interrupt mask register A33.
The output bits of A33, which always reflect the register's contents,
are applied to the interrupt mask gates.

Both the inputs and outputs of A33 are high~true. A mask bit
must be set to 1 to enable the corresponding interrupt status bit.

Eight interrupt lines are NANDed with the mask register outputs
at gates A44 and A45. For those mask bits that are set, the corre-
sponding interrupt path is enabled.

Seven of the interrupt lines are controlled by fixed sources.
Two are from parallel I/0 interface group 1 (PIOAl and PIOBl), two are
from parallel I/0 interface group 2 (PIOAZ and PIOB2), two are from
the serial 1I/0 interface (SIORL and SIOT1) and one is provided via J2-50
by a user-selected external source (EXTERNAL INTERRUPT 2).

The eighth interrupt can be supplied by another external source
(via J1-50) or by the interval timer interrupt circuit. This choice
is made by the user by jumper selection. The interval timer latch is
selected by a jumper at pins 27-28%, which is the default mode., The ex-

ternal source is selected as the source by a jumper at pins 26-27,

The interval timer latch (A19-5/6) is clocked set at 1 ms inter-
vals. It must then be reset by a write to X2, where X is the jumper
selected 1/0 address.

The low true output of the interrupt mask gates is routed to the

following three destinations.



1) Tt is applied to the A inputs of the status/mask multiplexer
A58, A59. These masked interrupt bits can then be read by
the bus master via the bidirectional data buffer at the inter-
face. The interrupt status bits are inverted at the multiplexer
so that they are high true on the SBC-104 data bus.

2) The masked interrupt bits are logically ORed at A32. The
INRQ/ output of this device is low (true) whenever any one of
the interrupt bits is low (true). INRQ/ is connected to one
of the interrupt pins (INT O/ - INT 7/) at Pl. This connection
is made by wire wrap jumper at the user's discretion. The INRQ/
default connection is at INT 1/ (103-111%),.

3) The masked interrupt bits are also made available to the Pl

interrupt pins via jumpexr connections, This provides maxi-
mum freedom in establishing a priority handling scheme.

The interrupt mask bits are also applied to the status/mask multi-
plexer. They can be read in inverted form via the bidirectional data

buffer at the interface.

Note: The mask bits are inverted at the multiplexer so that they are
low true on the SBC-104 data bus,

The interrupt request ORing circuit (priority encoder A32) is dis-
abled whenever the mask register is being written into or the interval
timer is being reset. These two conditions are represented by SINT/
and IOW/ both being low. This causes a low to high transition of the

INRQ/line to provide the edge required by edge triggered devices.



CHAPTER 4

USER SELECTABLE OPTIONS

The SBC-104 provides the user with a powerful, and flexible I/0
capability for both parallel and serial transfers.

The serial I/0 Interface, using Intel's 8251 USART, provides a
serial data communications channel that can be programmed to operate
with most of the current serial data transmission protocols. Synch-
ronous or asynchronous mode, baud rate, character length, number of
stop bits and even/odd parity are all program selectable.

The Parallel I/0 Interface, using two Intel 8255 Programmable
Peripheral Interface devices, provides 48 signal lines for the trans-
fer and control of data to or from peripheral devices. Sixteen lines
already have bidirectional driver and termination networks permanently
installed. The remaining 32 lines, however, are uncommitted., Sockets
are provided for the installation of active driver nétworks or passive
termination networks as required to meet the specific needs of tﬁe
user system.

In this chapter, each of the options available to the user will
be reviewed and the specific information required to implement the de-
sired I/0 configurations will be summarized. Information required for
assigning address space to the memory and I/0 facilities is also pro-
vided. Section 4.1 deals with address allocation. Sections 4.2 and

4.3 cover the Serial and Parallel I/0 Interface options, respectively,



4.1 MEMORY AND I/0 ADDRESS ALIL.OCATION

The memory and I/0 address decode logic in the SBC-104 interface
is controlled in part by various wire wrap jumpers and switch selections.
These switch/jumper connections and their use in assigning addresses to

the SBC-104 memory and I/0 facilities are summarized below.

RAM Address Selection
Each switch position in S3 specifies a RAM base address at a 4K
byte boundary. A wire wrap jumper is used at pins 89-90-91 to select

the lower or upper half of the system address space. See Table 4-1.

TABLE 4-1., RAM ADDRESS SELECTIONS

RAM Base Address (Hex)

Open Switch Jumper Jumper
# at S3 89-90% 90-91
1 0000 8000
2 1000 9000
3 2000 A000
4 3000 BO0O
5% 4000%* c000
6 5000 D000
7 6000 EO00
8 7000 FO00

*
Default setting - selected when shipped

PROM Address Selection
Each switch position in S4 specifies a PROM base address at a 4K
pyte boundary. A wire wrap jumper is used at pins 92-93-94 to select

the lower or upper half of the system address space. See Table 4-2,



TABLE 4-2., PROM ADDRESS SELECTIONS

PROM Base Address (Hex)

QgegtsgitCh Jumpei Jumper

92-93 93-94
1 0000 8000
2% 1000% 9000
3 2000 A000
4 3000 BO0OO
5 4000 C000
6 5000 D000
7 6000 E000
8 7000 FO0O0

*
Default setting - selected at factory

Chip selects for the individual PROMs are hard wired to provide

the addresses shown in Table 4-3.

TABLE 4-3. PROM Chip Select Addresses

Chip Select Address Range Prom Device

Mnemonic Per Chip Location
PCS0/ X000 ~ X3FF A34
PCS1l/ X400 - X7FF A46
PCS2/ X800 -~ XBFF A60
PCS3/ XC00 ~ XFFF A76

X = any hex digit; assigned by jumper selection

I/0 Address Selection
The base address of the set of I/0 facilities is determined jointly
by wire wrap jumpers at two locations, 82 and pins 86-87-88. Sece Table

4-4,



Table 4-4, 1I/0 BASE ADDRESS SELECTION

Connect Pin S2-1 1/0 Base Address (lHex)
To S2 Pin #

Jumper Jumper
86-87 87-88%

9 00 80

8 10 90

7 20 AO

6 30 BO

5 40 Cco

4% 50 po*

3 60 EO

2 70 0

*
Default selection

Individual I/0 port addresses are hard wired according to the
address schemes shown in Table 4-5, Parallel I/0 Addresses Table 4-6,

Serial I/0 Addresses and Table 4-7, Interrupt Addresses

Table 4-5. PARALLEL I/0O ADDRESSES

Group 1 Group 2
L.ocation A20 L,ocation A21
CONTROL CONTROL
1 2 4 5 6
PORT ) 3 REQ REQ
ADDRESS{ X4 X5 X6 X7 X8 X9 XA XB

X = any hex digit; assigned by jumper

Table 4-6., SERIAL I1/0 ADDRESSES

USART DATA XC READ/WRITE

USART CONTROL XD READ/WRITE

X = any hex digit; assigned by jumper



Table 4-7, INTERRUPT ADDRESSES

INTERRUPT STATUS REGISTER X0 READ ONLY
INTERRUPT MASK REGISTER X1 READ/WRITE
RESET TIMER INTERRUPT X2 WRITE ONLY

*Note: The interval timer can also be reset at the
same time the mask register is loaded by
using X3;

X = any hex digit; assigned by jumper

4,2 SERIAL I/0 INTERFACE OPTIONS

The Serial I/0 Interface includes a variety of jumper selectable
features that affect how the 8251 and the RS232 interface interact,
what baud rate the 8251 uses, and how serial I/0 interrupts are gen-
erated. It also includes some jumper options that give the bus master
access to certain RS232 signal lines via the parallel I/0 interface
rather than through the 8251, Implementation of each feature is sum-

marized in the following sections,

4,.2,1 USART/RS232 INTERFACE CONFIGURATIONS
The 8251 is capable of assuming the role of a data processing

terminal or a data set. Whichever role it is assigned influences the

source or destination connector pins for the two pairs of handshaking
signals (DATA TERMINAL READY; DATA SET READY) and (REQUEST TO SEND;
CLEAR TO SEND) gnd the serial data lines.

For example, when the 8251 operates in the data terminal role, its

TXD pin is an output providing serial data to the TRANSMIT DATA line
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and its RXD pin is an input for receiving serial data from the RECEIVE
DATA line. When the 8251 operates in the data set role, its TXD and
RXD pins exchange functions with each other. TXD becomes the RECEIVE
DATA output pin and RXD becomes the TRANSMIT DATA input pin.

The same exchange of pin functions takes place at the 8251's four
handshaking signal input/output pins. In the data terminal mode DTR/
and RTS/ are the DATA TERMINAL READY and REQUEST TO SEND outputs while
DSR/ and CTS/ are the DATA SET READY and CLEAR TO SEND inputs. In the
data set mode, DTR/ and DSR/ exchange functions and RTS/ and CTS/ ex-
change functions,

Jumper pins are provided on-board for connecting the RS232 hand-
shaking signal line to the appropriate 8251 pin, according to the
selected role of the 8251, However, the capability to reverse the
TRANSMIT DATA and RECEIVE DATA lines must be made externally as the on-
board paths for these signals do not include provisions for jumpers.

Table 4-8 identifies the necessary jumper connection to allow
the 8251 to assume the role of either a data processing terminal or a

data set.

4.2.2 DTE TRANSMIT CLOCK

The baud rate clock frequency, which is supplied to the 8251 TXC

input, can also be connected to the RS232 output line DTE TRANSMIT CLOCK.

To complete this path, the following three jumpers must be connected:

9-10%, 13-14* and 23-24%. As indicated by the asterisks, this is con-

sidered a standard configuration.
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Table 4-8, USART/RS232 HANDSHAKING JUMPERS

REQUIRED JUMPER ACTION

- GOAL DELETE » ADD
8251 TO OPERATE AS DATA TERMINAL
+ With normal handshaking None Use default
as is
Loop DATA TERM RDY back to 17-18% 16-18
8251 as DATA SET RDY use 15-16%
« Loop DATA SET RDY back to 15-16% 15-17
data set as DATA TERM RDY use 17-18%
Loop REQ TO SEND back to 19-20% 19-21
8251 as CLR TO SEND use 21-22%
+ Loop CLR TO SEND back to 21-22% 20-22
data set as REQ TO SEND use 19-20%
8251 TO OPERATE AS DATA SET T
« With normal handshaking 15-16% 15-18
17-18% 16-17
19-20% 19-22
21-22% 20-21
Loop DATA SET RDY back to 15-16% 16-17
8251 as DATA TERM RDY Lo-20¥ use 17-18%
21-22% 19-22
21-20
Loop DATA TERM RDY back 15-16% 15-18
to data term DATA SET RDY 19_20* use 17_18*
21-22% 19-22
20-21
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Table 4-8. Continued

REQUIRED JUMPER ACTION

GOAL
_ DELETE ~_ADD
. Loop CLR TO SEND back to 15-16" 15-18
8251 as REQ TO SEND *

17-18 16-17
21-22% 20-21

use 19-20%
Loop REQ TO SEND back to data 15-16% 15-18
term as CLR TO SEND 17-18% 16-17
21-22% 20-21

use 19-20%

*Denotes default connections

t(Provision for reversing TXD and RXD must be made externally)
4.2.3 SEC TRANSMIT DATA OPTION

This optional path allows the bus master to activate the SEC TRANSMIT DATA
output through Port 6 of the parallel 1I/0 interface. To implement this
option, connect the following pairs of jumper pins: 12-13, 23-25 and
pin 76 to an appropriate jumper pin at Port 6. Pin 76 and the Port 6
jumper pins are shown on sheet 5 of the schematic. If this option is used,
the DTE TRANSMIT CLOCK path is disabled.

Note that the pin convention for secondary transmitted data and
secondary received data conforms to the RS232C specification. If reverse
channel operation with Bell 202 C,D type datasets is desired, it is neces-
sary to move the wire connected to pin 14 of the RS232C connector to pin

11 and pin 16 to pin 12.
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4.2.4 SERIAL I/0 INTERRUPT SELECTIONS

There are two serial I/0 interrupt lines, SIORL and SIOTL.

To implement the SIOR1 interrupt, connect jumper pins 84-85*. SIOR1
is disabled when pins 83-84 are connected.

SIOTL can be controlled by either the TXR or TXE output of the 8251.
To generate interrupts from TXR, connect pins 79—81*. To generate inter-
rupts from the TXE output, connect pins 79-80. A jumper at pins 79-82

will disable SIOTL.

4.2.5 BAUD RATE AND PROGRAM SELECTABLE SERIAL I/O OPTIONS

Before it can begin its serial I/0 operations, the 8251 must be
program-initialized to support the desired mode of operation. The bus
master initializes the 8251 by outputting a set of control bytes to the
USART device. These control words specify:

. synchronous or asynchronous operation,

. baud rate factor,

+ character length,

. number of stop bits,

+ even/odd parity,

. Dparity/no parity

As explained in Section 3.5.1, there are two types of control words:

(1) Mode instruction and (2) Command instruction. The Mode instruction
initializes the 8251 USART. Because the USART supports either synchronous
or asynchronous operation, the Mode instruction has one format for syn-
chronous operation and another for asynchronous. The two least signifi-

cant bits of the Mode instruction byte specify the format. If DO and D1

4-9



both equal 0, synchronous operation is indicated; otherwise, it is
asynchronous. The Mode instruction format for asynchronous operation
is illustrated in Figure 4-1., The Mode instruction for synchronous
operation is shown in Figure 4-2,

Notice in Figure 4-1 that the baud rate factor is specified by the
two least significant bits of the instruction byte (labeled Bl and B2).
During asynchronous communications, the Baud Rate Clock frequency
supplied to the 8251's TXC and RXC input pins is divided by the baud
rate factor to produce the effective baud rate (i.e., the frequency
at which data bits are serially transmitted by the 8251 USART). Con-
sequently, the Baud Rate Clock, as well as the program-selected baud
rate factor, must be considered in implementing the desired effective
baud rate. The Baud Rate Clock frequency is selected through various
jumper connections as shown on sheet 4 of the SBC-104 schematic
(Appendix A). The selection of an effective baud rate is summarized
in Table 4-9.

Notice from the schematic that TXC and RXC inputs can be supplied
by externally supplied clocks (via connector pins J3-3 and J3-7, respec-
tively), instead of using the Baud Rate Clock, if jumpers 10-11 and 6-7

are connected and jumpers 9-10% and 7—8* are disconnected.
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PARITY ENABLE
1=ENABLE 0= DISABLE

EVEN PARITY GENERATION/CHECK
1=EVEN 0=00DD

NUMBER OF STOP BITS

0 1 0 1
0 0 1 1
'1 17 2

INVALID} g7 | gi7s | BiTS

Mode Instruction Format, Asynchronous Mode

TRANSMITTER OUTPUT

. { £
§ 4 4
0 Marking | START DATA BITS ARy sroe
(. l

3 F

RECEIVER INPUT

{ &
—

! 4
START PARITY |  stop |
R )
xD BIT DATA BITS BIT BITS
¢

TRANSMISSION FORMAT
CPUBYTE (58 BITS/CHAR)

¢
1Y
DATA CHARACTER

Y T
T r

ASSEMBLED SERIAL DATA QUTPUT (TxD)

14 —
START - PARITY STOP
l BIT I DA&F A CHARACTER | BIT I BITS

1 ¥

RECEIVE FORMAT

SERIAL DATA INPUT (RxD)

{4

START 7' PARITY stap
s DATA CHARACTER ik BiTs
vy

m—

CPUBYTE (58 BITS/CHAR)"

{

1 f
DATA CHARACTER ]

it
i

"NOTE: IF CHARACTER LFNGTH 1S DEFINED AS5,6 OR 7
BITS THE UNUSED BITS ARE SET TO “ZERO".

Asynchronous Mode

FIGURE 4-1. ASYNCHRONOUS OPERATION



D, Dg D; D, D, D, D, D,

SCS|ESD} EP |PEN[ L, | L, | O (o]

CHARACTER LENGTH

] 1 0 1

0 0 1 1

5 6 7 8
BITS { BITS | BITS | BITS

PARITY ENABLE
(1 = ENABLE)}
{0 = DISABLE)

EVEN PARITY GENERATION/CHECK
1=EVEN
0 =000

EXTERNAL SYNC DETECT
1=SYNDET IS AN INPUT
0= SYNDET IS AN OUTPUT

SINGLE CHARACTER SYNC
1=SINGLE SYNC CHARACTER
0= DOUBLE SYNC CHARACTER

Mode Instruction Format, Synchronous Mode

CPUBYTES (5-8 BITS/CHAR)

DATA CHARACTERS

4 oo

ASSEMBLED SERIAL DATA OUTPUT (TxD)

1 ¢
DATA CHARACTERS

—1 ¢

SYNC SYNC
CHAR1 CHAR 2

RECEIVE FORMAT

SERIAL DATA INPUT (RxD}
DATA CHARACTERS

SYNC SYNC
CHAR 1 CHAR 2

CPUBYTES (58 BITS/CHARI

‘b

4 ¥
I DATA CHARACTERS I

i b

v

Synchronous Mode, Transmission Format

FIGURE 4-2., SYNCHRONOUS OPERATION
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TABLE 4- 9, BAUD RATE SELECTION

Effective Baud Rate (Hz)

Asynchronous Mode
Jumper
Connection Synchronous Mode @)
Baud Rate Factor =16(2) Baud Rate Factor = 64
3-1 - 19,200 4800
4-1 - 9600 2400
5-1 - 4800 1200
6-1 38,400 2400 600
7-1 19,200 1200 300
8-1 9600 600 150
(1) 9-1 4800 300 75
(1) !i:;} 6980 - 110 (TTY)

Note: (1) 1If jumper pair 1-2 is not connected, the frequency at
jumper pole 9 is 4.8 KHZ. If jumper 1-2 is connected, how-
ever, the frequency at jumper pole 8 is 6.98 KHZ which, with
a programmed baud rate factor of 64, provides an effective
baud rate of approximately 110 baud for Teletype use. If
jumper pair 1-2 is connected, the jumper at 3-4 must be moved
to the 3-5 position to maintain the 1 ms frequency on CLK INT.

(2) Baud rate factor is software selectable.
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4.3 PARALLEL I/0 OPTIONS

The Parallel I/0 Interface consists of six 8-bit I/0 port implemented
with two Intel 8255 Programmable Peripheral Interface devices. The primary
user considerations in determining how to use each of the six I/0 ports are:

1) Choice of operating mode (as defined in Section 3.4.1),
2) direction of data flow (input, output or bidirectional),

3) choice of driver/termination networks for port's data path.

In the following paragraphs, we will define the capabilities of each port and
summarize, in tables, that information which is necessary to use the port in
each of its potential configurations. Each table will list the port I/0 ad-
dress, the control register address and the format for the control word which
is output to the 8255 by the bus master and which specifies the particular con-
figuration to be used. Each table will also summarize all of the relevant in-
formation concerning the choice and use of driver/termination networks, the
data polarity, the connecting of jumpers and what they enable, and any re-
strictions on the use of the other two ports in each group. Examples of suit-
able driver/termination networks are listed in Section 5.1.

The configuration tables for group 2 ports are identical to those for
group 1 ports except for I1/0 address, port numbers, component location numbers
and jumper pin numbers. For this reason the tables are organized as three sets:
Ports 1 and 4, Ports 2 and 5 and Ports 3 and 6.

At the beginning of each set, the general characteristics of that port are
reviewed. Where port numbers are used in the text, the group 1 number is pre-
sented first and the corresponding group 2 number follows in parentheses. For
example, when referring to B ports, the reference will appear as Port 2(5).

The introductory text is followed by a series of tables that cover all of
the configurations that are possible for the ports under discussion. To simply
the search for specific tables, each table is presented on a separate page.

Table 4-10 summarizes the various mode combinations that are possible with
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TABLE 4-10. PARALLEL I/0 INTERFACE CONFIGURATIONS

8255 8255
PORT C PORT C
8255 8255 Lower Upper
CONFIGURATION PORT PORT S ——
NUMBER A B Cg C1 02 03 Cy 05 06 C7
1 MODE (=1  MODE ¢-1/0 === 1/0 —=-- --=-= 1/0 ==--

2 MODE ¢-0O MODE @-1/0 -—= 1/0 ==-- e 1/0 m———

3 MODE @-1 MODE 1-1/0 R R R I 0O 0 0 U

4 MODE @-1 MODE 1-1/0 R R R O I I I U

5 MODE -0 MODE 1-1/0 R R R I 0O 0 0 U

6 MODE ¢-0  MODE 1~I/0 R R R O 1 1 1 U

7 MODE 1-I MODE ¢-1/0 I I I R R R O O

8 MODE 1-I MODE ¢-1/0 0O 0 O R R R I I

9 MODE 1-0 MODE ¢-1/0 I I I R 0 0 R R

10 MODE 1-0 MODE ¢f=1/0 0O 0 0 R I T R R

11 MODE 1-I MODE 1-I/0 R R R R R R I I

12 MODE 1-I MODE 1-1/0 R R R R R R O O

13 MODE 1-0 MODE 1-I/0 R R R R I I R R

14 MODE 1-0 MODE 1-1/0 R R R R 0 0 R R

15 MODE 2-B MODE ¢-1/0 U I I R R R R R

16 MODE 2-B MODE ¢-1/0 U 0 0 R R R R R

17 MODE 2-B MODE 1-1/0 R R R R R R R R
I = INPUT R - Reserved
0 = OUTPUT U - No unused drivers/terminators
1/0 = INPUT OR OUTPUT available. These bits may be

) used on 8255 #2 (A21) to connect
B = BIDIRECTIONAL control lines on the Serial I1/0
interface. (Jumpers 75-78).



Ports A and B and indicates how each Port C bit can or cannot be used for
each mode combination. This table can serve as useful starting point for
selecting an I/0 configuration for either group 1 or group 2 ports. Once
the desired mode combination is selected and the Port C bit assignments are
made, the appropriate configuration tables (Tables 4-11 through 4-36) can be
referred to for implementation details.

Appendix C gives an add/delete wire list for a possible implementation
of each configuration. Those tables can be used to simply the generation

of a wire list for a given configuration.

4.3.1 PORTS 1 and 4 (8255 PORT A)

Port 1(4) is the only port that already includes a permanent bidirec-
tional driver/termination network (two 8226 Bidirectional Bus Drivers).
Port 1(4) is also the only port which can be programmed to function in any
one of the three 8255 operating modes, which were defined in Section 3.4.1.
Before Port 1(4) is programmed for input or output in any one of the three
modes, certain jumper connections must be made to allow the port to function
properly in the chosen mode. Other jumper connections must be made to enable
interrrupts when Port 1(4) is in mode 1 or mode 2. 1In all, there are five
potential configurations for Port 1(4). All of the necessary information for

implementing each configuration has been summarized in the following tables:

PORT 1(4) CONFIGURATIONS

TABLES
Mode Direction Group 1 Group 2
1. Mode O Input 4-11 4-12
2. Mode O Output (Latched) 4-13 4-14
3. Mode 1 Input (Strobed) 4-15 4-16
4., Mode 1 Output (Latched) 4-17 4-18
5. Mode 2 Bidirectional 4-19 4-20



TABLE 4-11., PORT 1, MODE O INPUT CONFIGURATION

PORT 1 ADDRESS: X4, CONTROL REGISTER ADDRESS: X7

CONTROL WORD FORMAT : 7 6 5 4 3 2 1 0
1lofo |1t W

DRIVER/TERMINATION NETWORKS: Two Intel 8226 Bidirectional Bus Drivers
are factory-installed at Al and A2,

DATA POLARITY AT Jl: Negative

JUMPER ACTION: DELETE ADD EFFECT
* = Default 30-31% 29-30 Enable input
connection at 8226's

40-41% Disables PIOAl

PORT RESTRICTIONS - PORT 2: None; Port 2 can be programmed for
mode O or mode 1, input or output
(see Section 4.3.2)

PORT 3: None; Port 3 can be programmed for:
mode 0, 8-bit input or output, unless
Port 2 is in mode 1 (see Section 4.3.3)
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TABLE 4-12,

PORT 4 ADDRESS: X8,

PORT 4, MODE O INPUT CONFIGURATION

CONTROL REGISTER ADDRESS: XB

CONTROL WORD FORMAT: 7 6

DRIVER/TERMINATION NETWORKS:

DATA POLARITY AT J2:

JUMPER ACTION: DELETE
* = Default 52-53%

connection
PORT RESTRICTIONS =~ PORT 5:
PORT 6:

Two Intel 8226 Bidirectional Bus
Drivers are factory-installed at
A7 and AS.

Negative true

ADD EFFECT
53-54 Enable input
at 8226's
71-72% Disables PIOA2
None; Port 5 can be programmed for

mode O or mode 1, input or output
(see Section 4.3.2)

None; Port 6 can be programmed for

mode 0, 8-bit input or output, unless
Port 5 is in mode 1 (see Section 4.3.3)
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TABLE 4-13, ©PORT 1, MODE O LATCHED OUTPUT CONFIGURATION

PORT 1 ADDRESS: X4, CONTROL REGISTER ADDRESS: X7

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

I

1] 0 \ 0o 4 Eo

DRIVER/TERMINATION NETWORKS: Two Intel 8226 Bidirectional Bus
Drivers are factory-installed at
Al and AZ.

DATA POLARITY AT Jl: Negative true

JUMPER ACTION: DELETE ADD EFFECT
* = Default 30-31% Enable output at
connection 8226's

40-41*  Disables PIOAL

PORT RESTRICTIONS - PORT 2: ©None; Port 2 can be in mode O or
mode 1, input or output (see Section
4.3.2)

PORT 3: None; Port 3 can be in mode 0, 8-bit
input or output, unless Port 2 is in
mode 1 (see Section 4.3.3)
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TABLE 4-14.

PORT 4 ADDRESS: X8,

PORT 4, MODE O LATCHED OUTPUT CONFIGURATION

CONTROL REGISTER ADDRESS: XB

CONTROL WORD FORMAT: 7 6

DRIVER/TERMINATION NETWORKS:

DATA POLARITY AT J2.:

JUMPER ACTION: DELETE
¥ = Default
connection
PORT RESTRICTIONS: ~ PORT 5:
PORT 6:

Two Intel 8226 Bidirectional Bus
Drivers are factory-installed at
A7 and AS8,

Negative true

ADD EFFECT
52-53% Enable output
at 8226's

71-72*  Disables PIOA2
None; Port 5 can be in mode O or
mode 1, input or output (see Section
4.3.2)
None; Port 6 can be in mode 0, 8-bit

input or output, unless Port 5 is in
mode 1 (see Section 4.3.3)
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TABLE 4-15. PORT 1, MODE 1 INPUT STROBED

PORT 1 ADDRESS: X4, CONTROL REGISTER ADDRESS: X7

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: Two Intel 8226 Bidirectional Bus
Drivers are factory installed at
Al and A2. A terminator network
must be installed at A3 and a
driver network must be installed
at A4.

DATA POLARITY AT JL : Negative true. Polarity of Port 3 control
outputs depends on whether driver at A4 is
inverting or non-inverting.

JUMPER ACTION: DELETE ADD EFFECT
¥ = Default 30-31% 29-30 Enable input at 82261's.
connection 48-49%  40-49 Connects Port 3, bit 3
and to PIOAL.
40-41%

38-39% Connects STB,/ input
(J1-26) to bit 4 of Port 3.

36-37% 37-48 Connects bit 5 of Port 3
(IBFA) to J1-18.

'PORT RESTRICTIONS - PORT 2: None; Port 2 can be in mode 0 or mode 1,
input or output (see Section 4.3.2)

PORT 3: Port 3 bits perform the following dedi-
cated functions:

Bits 0,1 and 2 - provide control for
Port 2 if Port 2 is in mode 1

« Bit 3 - INTR (interrupt request)
output for Port 1

. Bit 4 - STB/ (strobe) input for
Port 1
Bit 5 - IBF (input buffer full) out-
put for Port 1

. Bits 6 and 7 - Can be used for input
or output; both have same direction.
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TABLE 4-16. PORT 4, MODE 1 INPUT STROBED

PORT 4 ADDRESS: X8, CONTROL REGISTER ADDRESS: XB

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

1 0 1 1

DRIVER/TERMINATION NETWORKS: Two Intel 8226 Bidirectional Bus Drivers
are factory-installed at A7 and A8. A
terminator network must be installed at
A9 and a driver network must be installed
at Al10.

DATA POLARITY AT J2.: ©Negative true. Polarity of Port 3 control out-
puts depends on whether driver at A10is inverting
or non-inverting.

JUMPER ACTION: DELETE ADD EFFECT
* = Default 52-53% 53-54 Enable input at 8226's
connection ¥
71-72 70-71 Connects Port 6, bit 3
and to PIOAZ2,
69-70"

61-62% Connects STBp/ input (J2 - 26)
to bit 4 of Port 6.

59-60% 60-69 Connects bit 5 of Port 6 to
J2-18.

PORT RESTRICTIONS - PORT 5: None; Port 5 can be in mode O or mode 1,
input or output (see Section 4.3,2)

PORT 6: ©Port 6 bits perform the following dedicated
functions:

Bits 0, 1 and 2 - provide control for
Port 5 if Port 5 is in mode 1.
Bit 3 - INTR (interrupt request) output

for Port 4.

Bit 4 - STB/ (strobe) input for

Port 5

Bit 5 - IBF (input buffer full) output
for Port 4

Bits 6 and 7 ~ Can be used for input or
output; both have same direction.

4-22



TABLE 4-17. PORT 1,

PORT 1 ADDRESS: X4,

MODE

CONTROL REGISTER ADDRESS:

1 LATCHED OUTPUT CONFIGURATION

X7

CONTROL WORD FORMAT: 7 6

DRIVER/TERMINATION NETWORKS:

DATA POLARITY AT Jl:

at A4.
JUMPER DELETE
* = Default
connection 40-41%
and
48-49%
32-33%

PORT RESTRICTIONS - PORT 2:

PORT 3:

Negative true.
outputs depends on the type of driver installed

Two Intel 8226 Bidirectional Bus Drivers
are factory-installed at Al and A2. A
terminator network must be installed at
A3 and a driver mnetwork must be installed
at A4.

The polarity of Port 3 control

ADD EFFECT

30-31% Enable output at 8226's

40-49 Connects Port 3, bit 3 to
PIOAL.

34-35% Connects ACK,/ input (JL1-30)
to bit 6 of Port 3.

33-48 Connects bit 7 of Port 3
(OBFy/) to JL-18.

None; Port 2 can be in mode O or mode 1,

input or output.

Port 3 bits perform the following dedicated
functions:

Bits 0, 1 and 2 - Dedicated to the
control of Port 2 if Port 2 is in
mode 1.

. Bit 3 - INTR (interrupt request)
output for Port 1,

. Bits 4 and 5 - Can be used as input
or output; both have same direction.

. Bit 6 - ACK/ (acknowledge) input for
Port 1.

. Bit 7 - OBF/(output buffer full) out-
put for Port 1,
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TABLE 4-18.

PORT 4 ADDRESS: X8,

CONTROL WORD FORMAT:

PORT 4, MODE 1 LATCHED OUTPUT CONFIGURATION

CONTROL REGISTER ADDRESS: XB

7 6 5 4 3 2 1 0

1 0 1 (0]

DRIVER/TERMINATION NETWORKS: Two Intel 8226 Bidirectional Bus Drivers

DATA POLARITY AT J2.:

JUMPER ACTION:

* = Default
connection

PORT RESTRICTIONS -

are factory-installed at A7 and A8. A
terminator network must be installed at
A9 and a driver network must be installed
at Al0.

Negative true. The polarity of Port 6 control
outputs depends on the type of driver installed
at Al0.

DELETE ADD

52-53% Enable outputs at 8226's

71-72% 70-71 Connects Port 6, bit 3 to
and PIOAZ.
69-70%

57-58% Connects ACK,/ input (J2-30)
to bit 6 of Port 6.

55-56% 56-69 Connects bit 7 of Port 6
(OBFA/) to J2-~18.

PORT 5: None; Port 5 can be in mode O or mode 1,
input or output.

PORT 6: Port 6 bits perform the following dedicated
functions:

Bits 0, 1 and 2 - Dedicated to the
control of Port 5 if Port 5 is in
mode 1.
Bit 3 - INTR (interrupt request)
output for Port 4.
. Bits 4 and 5 - Can be used as input
or output; both have same direction.
. Bit 6 - ACK/ (acknowledge) input for
Port 4.
Bit 7 - OBF/(output buffer full) out-
put for Port 4.
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TABLE 4-19., PORT 1, MODE 2 BIDIRECTIONAL CONFIGURATION

PORT 1 ADDRESS: X4, CONTROL REGISTER ADDRESS: X7

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

1]1 X X

DRIVER/TERMINATION NETWORKS: Two Intel 8226 Bidirectional Bus Drivers
are factory-installed at Al and A2. A
terminator network must be installed at
A3 and a driver network must be installed
at A4.

DATA POLARITY AT Jl: Negative true. The polarity of Port 3 control
output depends on the type of driver installed

at A4.
JUMPER ACTION: DELETE ADD EFFECT
% = Default 30-31% 30-34 Allows ACK,/ output of Port 3
connection to control 8226 direction mode.
See NOTE below for alternatives.
40-41% 40-49 Connects Port 3, bit 3 to POIAL.
and 48-49
38-39% Connects STBA/ input (J1-26) to
bit 4 of Port 3.
42-43% 37-42 Connects bit 5 of Port 3 (IBF,)
and 36-37% to J1-24,
34-35% Connects ACK,/ input (J1-30) to
bit 6 of Port 3.
32-33% 33-48 Connects bit 7 of Port 3 (OBF,/)

to J1-18.

PORT RESTRICTIONS - PORT 2: None.

PORT 3: ©Port 3 bits perform the following dedicated
functions:

e Bit O - Cannot be used

. Bits 1 and 2 - Can both be used in
either input or output if Port 2
is in mode O.

. Bit 3 - INTR (interrupt request) output
for Port 1.

. Bit 4 - STB/ (strobe) input for Port 1.

. Bit 5 = IBF (input buffer full) output
for Port 1.

. Bit 6 - ACK/ (acknowledge) input for Port 1.
Bit 7 - OBF/ (output buffer full) output
for Port 1,

NOTE: If Port 2 is in mode 0, source for PIOAl could be bit 0, 1 or 2 of
pPort 3. If external interrupt (jumper 26) is not used, an external
signal could be used via J1-50.
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TABLE 4-20: PORT 4, MODE 2 BIDIRECTIONAL CONFIGURATION

PORT 4 ADDRESS: X8, CONTROL REGISTER ADDRESS: XB

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

1 1 XX

DRIVER/TERMINATION NETWORKS: Two Intel 8226 Bidirectional Bus Drivers
are factory-installed at A7 and A8. A
terminator network must be installed at
A9 and a driver network must be installed
at A10.

DATA POLARITY AT J2: Negative true. The polarity of Port 6 control
outputs depends on the type of driver used at Al0.

JUMPER ACTION: DELETE ADD EFFECT
*
¥ = Default 52-53 53-57 Allows ACKp/ output of Port 6
connection to control 8226 direction mode.
See NOTE below for alternatives.
71-72% 70-71 Connects Port 6, bit 3 to PIOAZ2.
and 69-70%

61-62% Connects STB,/ input (J2-26) to
bit 4 of Port 6.

63-64% 60-63 Connects bit 5 of Port 6 (IFB,)
and 59-60% to J2- 24,

57-58% Connects ACKp/ input (J2-30) to
bit 6 of Port 6.

55-56% 56-69 Connects bit 7 of Port 6 (OBF,/)
to J2-18,

PORT RESTRICTIONS - PORT 5: None

PORT 6: Port 6 performs the following dedicated
functions:

. Bit O - Can be used to control bits on
Serial I/0 Interface; cannot be used
otherwise.

. Bits 1 and 2 - Can both be used as either
input or output if Port 5 is in mode O.

« Bit 3 - INTR (interrupt request) output
for Port 4.

. Bit 4 - STB/ (strobe) input for Port 4.

. Bit 5 - IBF (input buffer full) output
for Port 4,

. Bit 6 - ACK/ (acknowledge) input for Port 4.

. Bit 7 - OBF/ (output buffer full) output
for Port 4.

NOTE: 1If Port 5 is in mode O, source for PIOA2 could be bit 0, 1 or 2 of
Port 6.
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4,3.2 PORTS 2 AND 5 (8255 PORT B)

Port 2(5) can be programmed for input or output in either mode 0
or mode 1. IFf Port 2(5) is to be used for input, in either mode,
terminator networks must be installed in the sockets at A5(11) and
A6(12)., 1f Port 2(5) is to be used for output, in either mode, driver
networks must be installed in the sockets at A5(11l) and A6(12), When
Port 2(5) is programmed for mode 1, interrupts can be enabled by con-
necting jumper pair 43-50 (64475). The four potential configurations

for Port 2(5) are summarized in the following tables:

PORT 2(5) CONFIGURATIONS TABLES
Mode Direction Group 1 Group 2
1. Mode O Input 4-21 4-22
2. Mode O output (Latched) 4-23 4-24
3. Mode 1 Input (Strobed) 4-25 4-26
4, Mode 1 output (Latched) 4-27 4-28
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TABLE 4-21. PORT 2, MODE O INPUT CONFIGURATION

PORT 2 ADDRESS: X5, CONTROL REGISTER ADDRESS: X7

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: Termination networks must be installed
at A5 and A6,

DATA POLARITY AT Jl: ©Positive true

JUMPER ACTION: DELETE ADD EFFECT
* = Default 50-51% Disables PIOB1
connection

PORT RESTRICTIONS - PORT 1: None

PORT 3: Nomne; Port 3 can be in mode O,
input or output unless Port 1 is
in mode 1 or mode 2.
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TABLE 4-22, ©PORT 5, MODE O INPUT CONFIGURATION

PORT 5 ADDRESS: X9,

CONTROL WORD FORMAT:

CONTROL REGISTER ADDRESS: XB

7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: Termination networks must be

DATA POLARITY AT J2.

JUMPER ACTION:

* = Default
connection

PORT :RESTRICTIONS -

installed at All and Al2.

Positive true

DELETE ADD EFFECT

73~74% Disables PIOB2

PORT 4: None
PORT 6: None; Port 6 can be in mode 0, input

or output unless Port 4 is in mode 1
or mode 2.
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TABLE 4-23. PORT 2, MODE O LATCHED OUTPUT CONFIGURATION

PORT 2 ADDRESS: X5, CONTROL REGISTER ADDRESS: X7

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: Driver networks must be installed
at A5 and A6

JUMPER ACTION: DELETE ADD EFFECT
* = Default 50-51% Disable PIOB1L
connection

PORT RESTRICTIONS - PORT 1l: None

PORT 3: None, Port 3 can be in mode O input
or output, unless Port 1 is in mode 1
or mode 2.
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TABLE 4-24. PORT 5, MODE O LATCHED OUTPUT CONFIGURATION

PORT 5 ADDRESS: X9, CONTROL REGISTER ADDRESS: XB

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: Driver neétworks must be installed
at All and Al2

DATA POLARITY AT J2: Negative true, assuming inverting drivers
are used at All and Al2,

JUMPER ACTION: DELETE ADD EFFECT
% = Default 73-74%* Disable PIOB2
connection

PORT RESTRICTIONS - PORT 4: None

PORT 6: None; Port 6 can be in mode 0, input
or output, unless Port 4 is in mode 1
or mode 2.
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TABLE 4-25. PORT 2, MODE 1 STROBED INPUT CONFIGURATION

PORT 2 ADDRESS: X3, CONTROL REGISTER ADDRESS: X7

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: Terminator networks must be installed
at A3, A5 and A6. A driver network
must be installed at A4.

DATA POLARITY AT Jl: Positive true. The polarity of Port 3 control
outputs depends on the type of driver at A4.

JUMPER ACTION: DELETE ADD EFFECT
* = Default 50-51%  43-50 Connects Port 3, bit O
connection and to PIOB1
42-43%

44-45% Connects bit 1 of Port 3
(IBFB) to J1-22,

*
32-33 32 -47 Connects STBp/ input
and (J1-32) to bit 2 of
46-47% Port 3.

PORT RESTRICTIONS - PORT 1l: None

PORT 3: Port 3 bits perform the following
dedicated functions:

Bit 0 - INTR (interrupt request)
output for Port 2.

Bit 1 - IBF (input buffer full)
output for Port 2,

Bit 2 - STB/ (strobe) input for
Port 2,

Bit 3 - If Port 1 is in mode O,
bit 3 can be input or output;
otherwise bit 3 is reserved.

Bits 4 to 7 - Can be input or
output if Port 1 is in mode O

or in some mode combinations where
Port 1 is in mode 1. These bits
are always reserved when Port 1
is in mode 2. See Table 4-10 for
details regarding bits 4 to 7.



TABLE 4-26, PORT 5, MODE 1 STROBED INPUT CONFIGURATION

PORT 5 ADDRESS: X9, CONTROL REGISTER ADDRESS: XB

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: Termination networks must be installed
at A9, All and Al2, A driver network
must be installed at AlO,

DATA POLARITY AT J2 : Positive true. The polarity of Port 3 control
outputs depends on the type of driver at Al0,

JUMPER ACTION: DELETE ADD EFFECT
* = Default 73-74% 64-74 Connects bit 0 of Port 6
connection and to PIOB2.
63-64%

65-66" Connects bit 1 of Port 6
(IBFR) to J2-22.

55-56F 55-68 Connects STBy/ input (J2-32)
and to bit 2 of Port 6
67-68%

PORT RESTRICTIONS - PORT 4: None

PORT 6: ©Port 6 bits perform the following dedicated
functions:

. Bit O - INTR (interrupt request)
output for Port 5.

. Bit 1 - IBF (input buffer full)
output for Port 5.

. Bit 2 - STB/ (strobe) input for
Port 5.

. Bit 3 ~ 1If Port 4 is in mode O,
bit 3 can be input or output;
otherwise bit 3 is reserved,

. Bits 4 to 7 - Can be input or
output if Port 4 is in mode O
or in some mode combinations
where Port 4 is in mode 1, These
bits are always reserved when
Port 4 is in mode 2. See Table 4-10
for details.
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TABLE 4-27. PORT 2, MODE 1 LATCHED OUTPUT CONFIGURATION

PORT 2 ADDRESS: X5, CONTROL REGISTER ADDRESS: X7

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: Driver networks must be installed
at A4, A5 and A6. A terminator
network must be installed at AS3.

DATA POLARITY AT Jl: Negative true, assuming that inverting
drivers are used at A4, A5 and AG.

JUMPER ACTION: DELETE ADD EFFECT
* = Default 50-51%  43-50 Connects bit 0 of
connection and Port 3 to PIOBL.
42-43%

44-45% Connects bit 1 of Port 3
(1BF,) to J1-22.

*

32-33 32-47 Connects STBB/ input
and (J132) to bit 2 of
46-47% Port 3.

PORT RESTRICTIONS - PORT 1: None

PORT 3: Port 3 bits perform the following
dedicated functions:

Bit O - INTR (interrupt request input
for Port 2.
. Bit 1 - OBF/ (output buffer full)
output for Port 2.
Bit 2 - ACK/ (acknowledge) input for
Port 2,
* Bit 3 - If Port 1 is in mode O, bit 3
can be input or output; otherwise
bit 3 is reserved.
. Bits 4 to 7 - Can be input or output
if Port 1 is in mode O or in some
combinations where Port 1 is in mode 1.
These bits are always reserved when Port 1
is in mode 2. See Table 4-10 for details.
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TABLE 4-28, PORT 5, MODE 1 LATCHED OUTPUT CONFIGURATION

PORT 5 ADDRESS: X9, CONTROL REGISTER ADDRESS: XB

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: Driver networks must be installed
at A10, All and Al2. A terminator
network must be installed at A9.

DATA POLARITY AT J2 : Negative true, assuming that inverting
drivers are used at Al10, All and Al2,

JUMPER ACTION: DELETE ADD EFFECT
73-74% 64-74 Connects bit 0 of
and Port 6 to IPOB2.
63-64%

65—66* Connects bit 1 of
Port 6 (IBFp) to

J2-22,
-55-56 " 55-68 Connects STBp/ input
and (J2-32) to bit 2 of

67-68* Port 6.

PORT RESTRICTIONS - PORT 4: Nonme

PORT 6: Port 6 bits perform the following
dedicated functions:

Bit 0 - INTR (interrupt request)
input for Port 5.

. Bit 1 - OBF/ (output buffer full)
output for Port 5.

. Bit 2 - ACK/ (acknowledge) input
for Port 5.

+ Bit 3 - If Port 4 is in mode O,
bit 3 can be input or output;
otherwise bit 3 is reserved,

. Bits 4 to 7 - Can be input or
output if Port 4 is in mode O
or in some combinations where
Port 4 is in mode 1. These bits
are always reserved when Port 4
is in mode 2, See Table 4-10 for
details.
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4.3.3 PORTS 3 AND 6 (8255 PORT C)

The use of Port 3(6) depends on‘the modes programmed for Ports 1(4)
and 2(5). It can be implemented as an 8-bit input or output data path
or as two 4-bit I/0 paths only if both Port 1(4) and Port 2(5) are pro-
grammed for mode 0. If Port 1(4) is in either mode 1 or mode 2 or if
Port 2(5) is in mode 1, various individual Port 3(6) bits are available
while the other Port 3(6) bits are either dedicated to control functions
or are unavailable for any purpose.

Tables 4-29 through 4-36 specify the use of Port 3(6) bits as
separate pairs of 4-bit I1/0 ports. As such, the two halves of Port 3(6)
can both operate as input or output ports or they can have separate
direction characteristics. The two halves are referred to as lower
(bits 0 to 3) and upper (bits 4 to 7).

When Port 1(4) is in mode 1, it uses bit 3 of Port 3(6) and two
upper bits of Port 3(6) for control functions. When Port 1(4) is in
mode 2, it uses bit 3 of Port 3(6) and all four upper bits of Port 3(6)
for control functions. Similarly, when Port 2(5) is in mode 1, it uses
bit 0 of Port 3(6) and two lower bits from Port 3(6) for control.

Table 4-37 summarizes the use of Port 3 bits for control by Ports 1
and 2, Table 4-38 serves the same purpose for Port 6, These tables can
be used as final check lists to verify the correct wiring of Port 3 and

Port 6 control bits.
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TABLE 4-29, PORT 3 (LOWER) MODE O, INPUT CONFIGURATION

PORT 3 ADDRESS: X6, CONTROL REGISTER ADDRESS: X7

CONTROL WORD FORMAT : 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: A termination network must be installed
at A4,

DATA POLARITY AT Jl1: ©Positive true

JUMPER ACTION: DELETE ADD EFFECT
* = Default 42-43% Connects bit 0 to

connection J1-24,
44-45% Connects bit 1 to

J1-22,
46-47% Connects bit 2 to

. J1-20.
48-49% Connects bit 3 to

J1-18,

PORT RESTRICTIONS - PORT 1: Port 1L must be in mode 0 for all four bits
to be available,

PORT 2: Port 2 must be in mode 0 for all four bits
to be available.

4-37



TABLE 4-30. PORT 6, (LOWER) MODE O, INPUT CONFIGURATION

PORT 6 ADDRESS: XA, CONTROL REGISTER ADDRESS: XB

CONTROL WORD FORMAT: 7 6 S 4 3 2 1 0

1o o 1 o | 1]

DRIVER/TERMINATION NETWORKS: A termination network must be installed
at Al10.

DATA POLARITY AT J2: Positive true.

JUMPER ACTION: DELETE ADD EFFECT
% = Default 63-64* Connects bit 0 to
connection J2-24,

65-66* Connects bit 1 to
J2=-22,

67-68% Connects bit 2 to
J2-20,

69-70% Connects bit 3 to
J2-18.

PORT RESTRICTION - PORT 4: Port 4 must be in mode O for all four bits
to be available,

PORT 5: Port 5 must be in mode O0for all four bits
to be available,




TABLE 4-31. PORT 3 (UPPER) MODE O, INPUT CONFIGURATION

PORT 3 ADDRESS.: X6, CONTROL REGISTER ADDRESS: X7

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: A termination network must be installed
at AS3.

DATA POLARITY AT Jl: Positive true

JUMPER ACTION: DELETE ADD EFFECT
* = Default
connection 38-39% Connects bit 4 to
J1-26,

36-37% Connects bit 5 to
J1-28,

34-35% Connects bit 5 to
J1-30.

32-33% Connects bit 7 to
J1-32.

PORT RESTRICTIONS - PORT 1: Port 1 must be in mode O for all four bits
to be available.

- PORT 2: Port 2 must be in mode O for all four bits
to be available.
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TABLE 4-32. PORT 6 (UPPER) MODE O, INPUT CONFIGURATION

PORT 6 ADDRESS: XA, CONTROL REGISTER ADDRESS: XB

CONTROL  WORD FORMAT: 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: A termination network must be installed
at A9.

DATA POLARITY AT J2: Positive true.

JUMPER ACTION: DELETE ADD EFFECT
* = Default 61-62% Connects bit 4 to
connection J2-26,

59-60% Connects bit 5 to
J2-28,

57-58% Connects bit 6 to
J2-30,

55-56% Connects bit 7 to
J2-32.

PORT RESTRICTION -~ PORT 4: Port 4 must be in mode O for all four bits
to be available.

PORT 5: Port 5 must be in mode 0 for all four bits
to be available.
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TABLE 4-33. PORT 3 (LOWER) MODE O, LATCHED OUTPUT CONFIGURATION

PORT 3 ADDRESS: X6, CONTROL REGISTER ADDRESS: X7

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: A driver network must be installed
at A4.

DATA POLARITY AT Jl: Negative true, assuming inverting drivers are

used at A4,

JUMPER ACTION: DELETE ADD EFFECT
¥ = Default 42-43% Connects bit 0 to

connection J1-24,
44-45% Connects bit 1 to

J1-22,
46-47F Connects bit 2 to

J1-20,
48-49% Connects bit 3 to

J1-18.

PORT RESTRICTIONS - PORT 1: Port 1 must be in mode O for all four bits
to be available.

PORT 2: Port 2 must be in mode 0 for all four bits
to be available.

4=41



TABLE 4-34.

PORT 6 ADDRESS:

PORT 6 (LOWER) MODE O, LATCHED OUTPUT CONFIGURATION

XA, CONTROL REGISTER ADDRESS: XB

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: A driver network must be installed

at Al10.

DATA POLARITY AT J2: Negative true, assuming inverting drivers

JUMPER ACTION:

* = Default
connection

are used at A1lO0.

DELETE ADD EFFECT

63-64*  Connects bit 0 to

J2-24,

65-66% Connects bit 1 to
J2-22,

67-68% Connects bit 2 to
J2-20,

69-70°  Connects bit 3 to
J2-18.

PORT RESTRICTIONS - PORT 4: Port 4 must be in mode 0 for all four bits

to be available,
PORT 5: Port 5 must be in mode 0 for all four bits
to be available.
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TABLE 4-35. PORT 3 (UPPER) MODE O, LATCHED OUTPUT CONFIGURATION

PORT 3 ADDRESS: X6, CONTROL REGISTER ADDRESS: X7

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

DRIVER/TERMINATION NETWORKS: A driver networks must be installed
at A3.

DATA POLARITY AT Jl: Negative true, assuming inverting drivers are

used at A3.
JUMPER ACTION: DELETE ADD EFFECT
% = Default . 38-39" Connects bit 4 to
connection J1-26.

36-37" Connects bit 5 to
J1-28,

34-35% Connects bit 6 to
J1-30.

32-33% Connects bit 7 to
J1-32.

PORT RESTRICTIONS - PORT 1: Port 1 must be in mode 0 for all four bits
to be available.

PORT 2: Port 2 must be in mode 0 for all four bits
to be available.
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TABLE 4-36. PORT 6 (UPPER) MODE O, LATCHED OUTPUT CONFIGURATION

PORT 6 ADDRESS: XA, CONTROL REGISTER ADDRESS: XB

CONTROL WORD FORMAT: 7 6 5 4 3 2 1 0

[rlofof Jojof [o

DRIVER/TERMINATION NETWORKS: A driver network must be installed
at A9.

DATA POLARITY AT J2: Negative true, assuming inverting drivers
are used at A9.

JUMPER ACTION: DELETE ADD EFFECT
*
* = Default 61-62 Connects bit 4 to
connection J2-26,

59-60% Connects bit 5 to
J2-28,

57-58% Connects bit 6 to
J2-30.

55-56% Connects bit 7 to
J2-32.

PORT RESTRICTIONS - PORT 4: Port 4 must be in mode 0 for all four bits
to be available,

PORT 5: Port 5 must be in mode O for all four bits
to be available.

4=44



TABLE 4-37,

PORT 3 PORT 1  PORT 2
BIT # MODE MODE

0 - 1-1/0

0 2-B 0-1/0

1 - 1-1

1 - 1-0

2 - 1-1

2 - 1-0

3 1-1/0 -

3 2-B -

4 1-1 -

4 2-b -

5 1-1 -

5 2-B -

FUNCTION

Provides INTRB
to PIOB1

Cannot be used; no
drivers/terminators
available

Provides IBF
output to J1-22

Provides OBFB
output to J1-22

Provides STB
input from J1-32

Provides ACKp/
input from J1-32

Provides INTRp
to PIOAL

Provides INTRA
to PIOAL

Provides STB,/
input from J1-26

Provides STBA/
input from J1-26

Provides IBF,/
output to J1-18

Provides IBF
output to J1-18

(Table Continued on Next Page)
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PORT 3 RESTRICTION SUMMARY
(PORT 1/PORT 2 CONTROL FUNCTIONS)

JUMPER
ACTION

Delete 42-43%
Delete 50-51%*
Add 42-43

Delete 42-43*

Add 44-457

Add 44-45%

Delete 32-33%
Delete 46-47%
Add 32-47

Delete 32-33:
Delete 46-47
Add 32-47

Delete 40-41%
Delete 48-49%
Add 40-49
Delete 40-41§
Delete 48-49
Add 40-49

Add 38-39%

Add 38-39%

Delete 36-37%
Add 37-48

Delete 36-37"
Add 37-48



TABLE 4-37,  PORT 3 RESTRICTION SUMMARY

(Continued)
PORT 3 PORT 1 PORT 2 JUMPER
BIT # MODE MODE FUNCTION ACTION
6 1-0 - Provides ACK,/ Add 34-35°
input from J1-30
6 2-B - Provides ACK,/ Add 34-35"
input from J1-30
*
7 0-1/0 1-1/0 Cannot be used; no Delete 32-33
drivers/terminators
available
7 1-0 - provides OBF Delete 32-33"
output to J1-18 Add 33-48

NOTE 1: 1If Port 3 pin is not shown in this table as having a
prescribed function for certain Port 1/Port 2 modes
and if a spare driver or termination network is avail-
able, that pin can be used as an input or output, as
determined by the driver/terminator availability.

NOTE 2: I Input
0 output
1/0 = Input or Output
B = Bidirectional
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TABLE 4-38.

PORT 6 PORT 4 PORT 5
BIT # MODE MODE
0 - 1-1/0
0 2-B 0-1/0
1 - 1-1
1 - 1-0
2 - 1-1
2 - 1-0
3 1-1/0 -
3 2-B -
4 1-1 -
4 2-B -
5 1-1 -
5 2-B -

PORT 6 RESTRICTION SUMMARY
(PORT 4/PORT 5 CONTROL FUNCTIONS)

FUNCTION

Provides INTRB
to PIOB2

Cannot be used;
no drivers/texr-
minators available

Provides IBFB
output to J2~22

Provides OBFB
output to J2-22

Provides STBB input
from J2-32

Provides ACKp/
input from
J2-32

Provides INTRA
to PIOA2

Provides INTRA
to PIOA2

Provides STB,/
input from J§—26

Provides STB,/
input from J2-26

Provides IBF
output to J2-18

Provides IBFA
output to J2-18

(Table Continued on Next Page)
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JUMPER
ACTION

Delete g3-64*
Delete 73-74%
Add 64-74

Delete 63-64%

Add 65-66%

Add 65-66*

Delete 55-56%
Delete 67- 68
Add 55-68

Delete 55-56%
Delete 67-68%
Add 55-68

Delete 69-70%
Delete 71-72%
Add 70-71

Delete 69-70%

Delete 71-72%
Add 70-71

Add 61-62%
Add 61-62%
Delete 59-60%

Add 60-69

Delete 59-60%
Add 60-69



TABLE 4-38, PORT 6 RESTRICTION SUMMARY

(Continued)
PORT 6 PORT 4 PORT 5 JUMPER
BIT # MODE MODE FUNCTION ACTION
6 1-0 - Provides ACK,/ Add 57-58%
input from J2-30
6 2-B - Provides ACK,/ Add 57-58%
input from J2-30
7 0-1/0 1-1/0 Cannot be used; Delete 55-56"
no drivers/ter-
minators available
7 1-0 - Provides OBF, Delete 55-56%
output to J2-18 Add 56-69
NOTE 1: If a Port 6 pin is not shown in this table as having a
prescribed function for certain Port 4/Port 5 modes and
if a spare driver or termination network is available,
that pin can be used as an input or output, as determined
by the driver/terminator availability. Unused Port 6
pins can also be connected to certain control lines on
the Serial I/0 interface via jumper pins 75 to 78. These
include pins shown in the table as unavailable because of
a lack of unused drivers and terminators.
NOTE 2: 1 = Input
0 = Output

1/0 = Input or Output
B = Bidirectional
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CHAPTER 5

SYSTEM INTERFACING

This chapter identifies each of the SBC-104's external connec-

tions and defines all signals on the external system bus.

5.1 ELECTRICAL CONNECTIONS
The SBC-104 electronics are mounted on a 12,00 X 6.75 inch printed

circuit board that requires maximum average DC current at the following

levels:
1 2

= +5 5 = 3,6A o = 2,85A max,
Vog = ¥V £ 5% Tee max Tec

= 2 = 700 = .
Vpp = *12V x 5% Ind 700mA max., L. 450mA max

= - = 180 . = ax,
Vg = 5V + 5% L mA max IBB 3mA max

= -12 5 = 60m N = 60 .
VAA V + 5% IAA A max IAA mA max

Notes: 1 The values assume that four 8708 PROM's are

present and that eight optional 220/330 Q
termination networks being driven low have

been installed in the Parallel I/0 Inter-

face.

2 These values assume that the 8708 PROM's
and optional termination networks are not
present.

The SBC-104 has five edge connectors, as shown in Figure 5-1. Edge
connectors at the top of the module are designed for compatibility with
both flat cable and round cable hardware. All parallel I/0 functions are
paired with an independent signal ground pin (odd pins are ground). This

allows flat cable implementation toutilize an alternate signal/ground scheme



for reduction of cross talk. Round cables may easily be implemented
as twisted pair with an individual ground pin for every return wire.
The serial connection hardware has similar flexibility but ground
return lines are not as extensive. The connector is wired for RS232C
compatibility, thus, only one signal ground is provided,

The Parallel I/0 Interface communicates with external I1/0 de-
vices via two 50-pin double-sided PC edge connectors (J1 and J2), 0.1
inch centers. External devices can be attached to J1 or J2 using any

of the following mating connectors:

J1 and J2 Mating Connectors

Connector Type Vendor Part No.
Flat Cable 3M 3415-0001
AMP 2-86792-3
Soldered AMP 2-583715-3
VIKING 3VH25/1JV-5
TI H312125
Wire-wrap TI H312125
VIKING 3VH25/1JND=5
CDC VPBO1lE43A00A1
ITT EC4A050A1A
Crimp AMP 1-583717-1

Tables 5-1 and 5-2 provide pin lists for the J1 and J2 connectors,
respectively. The following TTL line drivers and Intel terminators
are all compatible with the I/0 driver sockets in the Parallel I1/0

Interface:

NOTE: All pin numbers listed in the following tables refer to numbers
printed on the board, not to mating connector pin positions,

When specifying pin numbers for cable harnesses, use caution since
SBC-104 pin numbering is not necessarily the same as the connector

pin numbering scheme.



Driver Characteristic Sink Current (ma)
7438 I,0C 48
7437 1 48
7432 NI 16
7426 I,0C 16
7409 NI, OC 16
7408 NI 16
7403 1,0C 16
7400 I 16
Note: I = inverting; N.I. = non-inverting
OC = open collector

I/0 Terminators:

Terminators:

2200/3302

2200/330Q divider or 1 kO pull up

2202

+5

3300 |

SBC-901

OPTION 1

+5 e AAA————O OPTION 2
Ko

SBC--902

See Appendix B for schematics

TABLE 5-1. PIN ASSIGNMENTS FOR CONNECTOR J1
(Parallel I/0 Interface - Group 1)
* *

PIN SIGNAL PIN SIGNAL

1 GND 2 PORT 2 - BIT 7
3 A 4 PORT 2 - BIT 6
5 6 PORT 2 -~ BIT 5
7 8 PORT 2 - BIT 4
9 10 PORT 2 - BIT 3
11 12 PORT 2 - BIT 2
13 14 PORT 2 - BIT 1
15 16 PORT 2 - BIT O
17 18 PORT 3 - BIT 3
19 20 PORT 3 - BIT 2
21 22 PORT 3 - BIT 1
23 24 PORT 3 -~ BIT O
25 26 PORT 3 - BIT 4
27 28 PORT 3 - BIT 5
29 30 PORT 3 - BIT 6
31 32 PORT 3 - BIT 7
33 34 PORT 1 - BIT 7
35 36 PORT 1 - BIT 6
37 38 PORT 1 - BIT 5
39 40 PORT 1 - BIT 4
41 42 PORT 1 - BIT 3
43 44 PORT 1 - BIT 2
45 46 PORT 1 - BIT 1
47 \ 48 PORT 1 - BIT O
49 GND 50 EXT INTR 1/

1;Refers to pin numbers shown on SBC-104 at Jl.
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FIGURE 5-1. SBC-104 /108 Edge Connectors



TABLE 5-2. PIN ASSIGNMENTS FOR CONNECTOR J2
(Parallel I/0 Interface - Group 2)

PIN STGNAL PIN* SIGNAL
1 GND 2 PORT 5 ~ BIT 7
3 A 4 PORT 5 - BIT 6
5 6 PORT 5 -~ BIT 5
7 8 PORT 5 - BIT 4
9 10 PORT 5 - BIT 3
11 12 PORT 5 - BIT 2
13 14 PORT 5 - BIT 1
15 16 PORT 5 - BIT O
17 18 PORT 5 - BIT 3
19 20 PORT 6 - BIT 2
21 22 PORT 6 - BIT 1
23 24 PORT 6 - BIT O
25 26 PORT 6 - BIT 4
27 28 PORT 6 - BIT 5
29 30 PORT 6 - BIT 6
31 32 PORT 6 - BIT 7
33 34 PORT 6 - BIT 7
35 36 PORT 4 - BIT 6
37 38 PORT 4 - BIT 5
39 40 PORT 4 - BIT 4
41 42 PORT 4 - BIT 3
43 44 PORT 4 - BIT 2
45 46 PORT 4 -~ BIT 1
47 ] 48 PORT 4 - BIT O
49 GND 50 EXT INTR 2/
l}Refers to pin numbers shown on SBC-104 at J2.

The Serial I/0 Interface communicates with an external I/0 device
via a 26-pin double-sided PC edge connector (J3), 0.1 inch centers. An
external device can be connected to J3 using a 3M 3462-0001 flat cable
connector or one of the following soldered connectors: TI H312113 or
AMP 1-583715-1, Table 5-3 provides a pin list for connector J3.

The SBC-104 connects to the system bus via an 86-pin double-sided
edge connector (Pl), 0.156 inch centers. This edge connector will

accept any of the following mating connectors: CDC VPBO1E43A000A1,



Micro Plastics MP-0156-43-BW-4 or ARCO AE 443WPl. Section 5.2 de-
fines each of the external system bus signals and includes a pin

list for P1 (Table 5-5).

TABLE 5-3. PIN ASSIGNMENTS FOR CONNECTOR J3
(Serial I/0 Interface)

PIN PIN
1 SEC TRANSMIT DATA 2
3 TRANSMIT CLOCK 4 TRANSMIT DATA
5 SEC RECEIVED DATA 6 RECEIVE DATA
7 RECEIVE CLOCK 8 REQUEST TO SEND
9 10 CLEAR TO SEND
11 SEC REQUEST TO SEND 12 DATA SET READY
13 DATA TERMINAL READY 14 GND
15 16 CARRIER DETECT
17 | RING INDICATOR 18
19 | i 20
21 } DTE TRANSMIT CLOCK 22
23 | 24
25 GND 26 SEC CLEAR TO SEND

NOTE: These pin numbers refer to pin assignments on the
SBC-104 board at J3. They do not apply to any pin
numbers shown on the mating connector, See Table 5-6
for a correlation between J3 pin numbers and the RS232C
connector pin numbers.
The 60-pin double-sided connector labeled P2 in Figure 5-1 con-
nects the auxiliary power supplies to RAM control circuits (see
Table 5-4). These supplies may be used to supply power to the RAM memory
in lieu of the main bus power. (The battery power requirements for these
auxiliary supplies are shown in Table 7-1B in Section 7.1.) The mating
connector for P2 is an Intel part number MDS-980. A key slot is provided

on this connector between pin pairs 15-16 and 17-18 to allow protective

keying of the mating connector.
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TABLE 5-4. PIN ASSIGNMENTS FOR CONNECTOR P2

(Auxiliary Connector)

PIN PIN
1 GND 7 -5V Aux
2 GND 8 - =5V Aux
3 +5V Aux 11 +12V Aux
4 +95V Aux 12 +12V Aux
20 MEMORY PROTECT/
Note: a key slot is provided between pin pairs 15-16

and 17-18.

5.2 SYSTEM BUS SIGNAL DEFINITIONS

A summary definition of each system bus signal that is used by

the SBC-104 is provided below.

INIT/

MRDC/

MWTC/

Initialization signal; resets the entire system to

a known internal state.

Memory read command; indicates that the address of

a memory location has been placed on the system address
lines and specifies that the contents of the addressed
location are to be read and placed on the system data
bus.

Memory write command; indicates that the address of

a memory location has been placed on the system address
lines and that a data word has been placed on the sys-
tem data bus. MWTC/ specifies that the data word is

to be written into the addressed memory location.
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TABLE 5-5.

PIN ASSIGNMENTS FOR CONNECTOR Pl

(External System Bus)

(COMPONENT SIDE) (CIRCUIT SIDE)
PIN MNEMONIC DESCRIPTION PIN MNEMONIC DESCRIPTION
1 GND Signal GND 2 GND Signal GND
3 VCC + 5VDC 4 VCC + 5VDC
POWER 5 VCC + 5VDC 6 VCC + 5VDC
SUPPLIES 7 VDD +12VDC 8 VDD +12VDC
9 VBB - 5VDC 10 VBB - 5VDC
11 GND Signal GND 12 GND Signal GND
13 BCLK/ Bus Clock 14 INIT/ Initialize
15 BPRN Bus Pri. In 16 o=
BUS 17 BUSY/ Bus Busy 18 i
CONTROLS 19 MRDC/ Mem Read Cmd 20 MWTC/ Mem Write Cmd
21 IO0RC/ I/0 Read Cmd 22 I0WC/ I/0 Write Cmd
23 XACK/ XFER Acknow 24 INH 1/ RAM Inhibit
25 AACK/ Advanced 26 INH 2/ PROM Inhibit
27 Acknowledge 28
SPARES 29 30
31 CCLK/ Constant Clock 32
33 INTR/ Direct Interrupt 34
35 INT6/ Parallel 36 INT7/ parallel
37 INT4/ Interrupt 38 INT5/
INTERRUPTS 39 INT2/ Requests 40 INT3/ Interrzpt
41 INTO/ 42 INTL/ Requests
43 ADRE/ 44 ADRF/
45 ADRC/ 46 ADRD/
47 ADRA/ Address 48 ADRB/ Address
ADDRESS 49 ADRS8/ Bus 50 ADR9/ Bus
51 ADR6/ 52 ADR7/
53 ADR4/ 54 ADR5/
55 ADR2/ 56 ADR3/
57 ADRO/ 58 ADR1/
59 = 60 >
61 == 62 =
63 [T 64 >
DATA 65 . 66 e
67 DAT6/ 68 DAT7/
69 DAT4/ Data Bus 70 DAT5/ Data Bus
71 DAT2/ 72 DAT3/
73 DATO/ 74 DAT1/
75 GND Signal GND 76 GND Signal GND
re> 78 -
POWER 79 VAA -12VDC 80 VAA ~-12VDC
SUPPLIES 81 VCC + 5VDC 82 vCC + 5VDC
83 VCC + 5VDC 84 VCC + 5VDC
85 GND Signal GND 86 GND Signal GND

m:>Used by Intellec® MDS Bus.




IORC/ 1/0 read command; indicates that the address of

an input port has been placed on the system address
bus and that the data at that input port is to be
read and placed on the system data bus.

10WC/ 1/0 write command; indicates that the address of

an output port has been placed on the system address
bus and that the contents of the system data bus are
to be output to the addressed port.

XACK/ Transfer acknowledge signal; the required response

of an external memory location or I/O port which
indicates that the specified read/write operation
has been completed., That is, data has been placed
on, or accepted from, the system data bus lines.

AACK/ Advance acknowledge signal; used with 8080 CPU-based

systems. AACK/ is an advance acknowledge, in response
to memory or I/0O access commands, that allows the CPU
to proceed with the current instruction cycle.

INH 1/ RAM Inhibit; generated when PROM memory space is ad-
dressed and is used to prevent any RAM that might
share that space from responding.

INH 2/ PROM Inhibit: generated when PROM memory space is

addressed for a special function, such as bootstrap
routines, and is used to prevent other PROMs from

responding.



ADRO/~ADRE/ 16 Address lines; used to transmit the address

of the memory location or I/O0 port to be accessed
ADRF/ is the most significant bit.

DATO/-DAT7/ Bidirectional data lines; used to transmit/receive

information to/from a memory location or I/0 port.
DAT7/ is the most significant bit.

INTO/=INT7/ Parallel Interrupt request lines; any one or

more of the eight masked interrupt bits or the
interrupt flag (INRQ/) can be connected to these
eight bus lines via on-board jumpers., These jum-
pers also allow any desired bit organization among
the lines. These lines are independent of the
data bus and bus interface logic. Unless blocked
by the mask, the interrupt bits can be sampled via
these lines without requiring an address or strobe.

INTR/ Direct Interrupt signal; signal line provided to

support coded interrupt requests in special applica-

tions of system interrupt structure.

5.3 RS232C CABLING

A 26-pin mating connector, 3M 3462-0001, should be attached to the
serial I/0 Interface edge connector J3 on the SBC-104 and to a 25-wire
flat cable, 3M 3349/25. The flat cable is, in turn, attached to the
RS232C pin-compatible connector, 3M 3483-1000. Table 5-6 equates the
J3 edge connector pins with the associated RS232-compatible pins on the

3M 3483-1000 connector.
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TABLE 5-6. J3/RS232C CONNECTOR PIN CORRESPONDENCE

J3 CONNECTOR RS232C CONNECTOR
PIN NO, PIN NO.
1 14
2 1
3 15
4 2
5 16
6 3
7 17
- 8 4
9 18
10 5
11 19
12 6
13 20
14 7
15 21
16 8
17 22
18 9
19 23
20 10
21 24
22 11
23 25
24 12
26 13

NOTE: The J3 pin numbers refer to pin assignments
shown on the SBC-104 board at J3.






CHAPTER 6

COMPATIBLE EQUIPMENT

The SBC-104 is designed to interface directly with any SBC-80
single board computer via the system bus. It is mechanically com-

® MDS chassis requirements and SBC-604

patible with both Intellec
and SBC-614 4-module card holder, designed specifically for OEM

applications. Details are presented in the following section.

6.1 SBC-80/10

The SBC-80/10 is completely compatible with the SBC-104 OEM
Combination Memory and I/O Board module. The SBC~80/10 can be in-
terfaced with up to 10 combination modules. Table 6-1 summarizes
access characteristics of the SBC-104,

The board includes a CPU chip set, 48 programmable I/0 lines,
an RS232C or TTY communications interface, 1K bytes of RAM memory,
capacity for up to 4K bytes of EPROM/ROM memory, system clock, bus
control logic and bus driver/receiver networks.

When using an SBC-104 with the SBC-80/10 care should be taken
when assigning RAM and PROM memory addresses. The SBC-80/10 has
fixed memory locations assigned to RAM (3C00-3FFF) and PROM (0000-
OFFF). 1If the SBC-104 addresses are selected to overlap these loca-

tions, improper operation will result.

6.2 MASTER MODULES
The SBC-104 can operate in systems containing more than one

master module.



TABLE 6-1. SBC- 104 ACCESS CHARACTERISTICS
WHEN USED WITH SBC-80/10 CPU
CPU WAIT CYCLE TIME REFRESH
P
CPU CYCLES STATES (usec) DEGRADATION
MODULE INSTRUCT ION RAM
MIN MAX MIN | MAX MIN MAX * MIN | MAX
MR 8 8 1 1 4.4 0 +1
MW 9 9 2 2 4.9 +1
o) ATION
COMBINATIO I0R 11 11 1 1 ————
0W 12 12 2 2 —_—
*Includes maximum refresh degradation.
REFERENCE ;
MR . . . . MEMORY READ: MOV A,M . . 7 CYCLES
MW . . . . MEMORY WRITE: MOV M,A . . 7 CYCLES
IOR . . 1/0 READ: IN Addr . . . . 10 CYCLES
oW . . 1/0 WRITE: OUT Addr 10 CYCLES

6.3 MODULAR BACKPLANE AND CARDCAGE

The SBC-604/614 Modular Backplane and Cardcage is designed speci-

fically for OEM modules such as the SBC-104,

up to 4 modules.

"ganged' together for expanded capability.

distribution,

on the OEM card holders,

Each card holder supports
The modules may be electrically and mechanically
Provisions for power supply

air circulation and bus exchange functions are featured




6.4 INTELLEC®MDS CARDCAGE

The SBC 104 is physically and electrically compatible with
the Intellec MDS bus except as noted below. The interface signals
required by the SBC 104 (Table 5-5) are a subset of the Intellec MDS

bus signal requirements.

6.4.1 POWER SUPPLIES

Intellec MDS power supplies do not support a -5V supply although
a -5V bus conductor is built into the cardcage motherboard. An
auxiliary power supply or converter (to convert -10V to -5V) connected

to this line will suffice.

6.4.2 INHIBIT OPERATIONS
In order to minimize the access time for PROM read operations, the
SBC 104 does not artificially delay the acknowledge signal to meet the
Intellec MDS bus specification of 1200 ns. Therefore, in order to
overlap RAM with SBC 104 PROM the setup time of INH1l/ to command (tIS)
of the RAM board must be less than the bus master address setup time
(tAS) minus the inhibit delay time (tID) of the SBC 104. This would
guarantee that the RAM operation would be blocked completely. Alter-
natively the RAM board may still be overlapped if the inhibit hold
time (tIH) of RAM is less than the SBC 104 inhibit hold time (t

IHC)

or less than the minimum interval between memory commands on the bus.

6-3






CHAPTER 7

SBC-104 SPECIFICATIONS

7.1 DC POWER REQUIREMENTS

DC Power Requirements are given in Table 7-1,

7.2 AC CHARACTERISTICS
AC Characteristics are given in Table 7-2 and Figures 7-1 and

7-2.

7.3 DC CHARACTERISTICS

DC Characteristics are given in Table 7-3.

7.4 ENVIRONMENT

Temperature extremes can cause instability, or result in permanent
damage to the circuits on the module. Ambient temperature must, there-
fore, be maintained within the limits of 0°C to 55°C. Exercise caution
in locating the module, giving particular attention to radiant and con-
ducive sources of heat. Remember that the module itself, when installed,
will contribute some heat to the environment. Maintain an adequate
clearance to permit the convective dissipation of heat from the elements
on the card,

Relative humidity should not exceed 90%, non~condensing.

7.5 SBC-104 BOARD OUTLINE

See Figure 7-3.



TABLE 7-1. DC POWER REQUIREMENTS

(MAIN POWER AND BATTERY BACKUP)

A. MAXIMUM AVERAGE CURRENT

Notes:

g =>
= +5 59 = =
VCC +oV + 5% ICC 3.6A max. ICC 2.85A max.
= 2 = -
Vpp = +12V & 5% Iop = 700mA max. I = 450mA max.
= =5 5 = =
BB V + 5% Iog = 180mA max. Iog 3mA max.
:""2 - =
Vaa 12V + 59 Toa 60mA max. I, 60mA max.
[T> The values assume that four 8708 PROM's are
present and that eight optional 220/330 Q ter-
mination networks being driven low have been
installed in the Parallel I/0 Interface.
These values include RAM power requirements.
If the auxiliary power jumpers are removed,
the bus power is reduced by the amounts shown
in Table 7-1B below.
[2>> These values assume that the 8708 PROM's and

optional termination networks are not present.

B. BATTERY BACKUP POWER

VCC = +5V + 5% 600mA max.
Vpp = *12V £ 59 400mA max.
Ve = -5V + 5% 3mA max.
VAA =-12V + 54 = =———-




TABLE 7-2. SBC 104/108 AC CHARACTERISTICS
RAM READ OR WRITE

PARAM- | - MIN MAX DESCRIPTION REMARKS
ETER ns ns

tAS 50 Address Setup to Command

tDS -145 Write Data Setup to Command From Data to Command
*tMK 100 220 Command to Advanced Acknowledge Time | Jumper W7A - W7E
*tACK 610 Command to Transfer Acknowledge Time

tAH Address Hold Time

tDH Write Data Hold Time

tOHR 0 Read Data Hold Time

tTO 65 Acknowledge Turn Off Delay
*tACC 575 Access Time to Read Data

% . .

tCY 675 Minimum Cycle Time tack + tTO

tRD 0 590 Refresh Delay Time

ter 12.4us 15.6u Refresh Interval l4us typical

tig 0 Inhibit Setup Time To Block Cycle

tIH 475 Inhibit Hold Time To Block XACK

* .
Since Refresh is asynchronous, tRD may be added to tAAK’ tACK’ tACC’ tCY'

PROM READ

50
95
470

560

495

206
595

90
465
685

62

Address Setup to Command

Command to Advanced Acknowledge Time
Command to Transfer Acknowledge Time
Address Hold Time

Read Data Hold Time

Acknowledge Turn Off Delay

Access Time to Read Data

Minimum Cycle Time

Address to INH1/

Inhibit Hold Time

ACK TO




TABLE 7-2. SBC 104/108 AC CHARACTERISTICS (CONTINUED)
I/0 READ OR WRITE

PARAM~ MIN MAX

ETER ns ns DESCRIPTION REMARKS

tAS 50 Address Setup to Command

thg 50 Write Data Setup to Command

tAAR 105 243 Command to Advanced Acknowledge Time |Jumper W1-H - W1-E

tACK 630 Command to Transfer Acknowledge Time

tAH 50 Address Hold Time

tDH 50 Write Data Hold Time

tDHR 0 Read Data Hold Time

to 130 Acknowledge Turn Off Delay

tace 395 Access Time to Read Data

tCY 760 Minimum Cycle Time tACK + tTO

INTERVAL TIMER INTERRUPT

tINVl 1.002 ms |1.004 ms |Interval Timer Interrupt Period Baud Rate = 110
tINv2 1.041 ms [1.043 ms |Interval Timer Interrupt Period Baud Rate = 110
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TABLE 7-3. SBC-104 DC CHARACTERISTICS

PARAMETER TEST
SIGNALS SYMBOL DESCRIPTION - CONDITIONS MIN MAX UNITS
ADR@/-ADRF/ VIL Input Low Voltage 0.8 \'f
ADDRESS VIH Input High Voltage 2.0 v
INIT/ IIL Input Current at Low V Vin = 0.4 -0.36 mA
(74L804) IIH Input Current at High V VIN = 2,7V 20 MHA
*CL Capactive Load 18 pF
AACK/ VoL Output Low Voltage Iy = 32 mA 0.4 \'
XACK/ You Output High Voltage Igy = 5.2 mA 2.4 \
(8097) ILH Output Leakage High V0 = 2.4 40 HA
ILL Output Leakage Low V0 = 0.4 -40 HA
*CL Capacitive Load 15 pF
DAT@®/-DAT7/ VoL Output Low Voltage Iop, = 50 mA 0.6 v
= - A g
(8226) VOH Output High Voltage IOH 10 m 2.4 v
VIL Input Low Voltage 0.95 v
VIH Input High Voltage 2.0 A
IIL Input Current at Low V VIN = 0.45 -0.25 mA
ILH Output Leakage High V0 = 5,25 100 HA
*CL Capacitive Load 18 pF
MEMORY PROTECT/ VIL Input Low Voltage 0.8 \'
(74LS74) VIH . Input High Voltage 2.0 v
10K P.U.
: IIL Input Current at Low V VIN = 0.4V _ ~-.89 mA
IIH Input Current at High V VIN = 5,5V .18 mA
*CL Capacitive Load 18 pF
I0WC/, IORC/ VIL Input Low Voltage 0.8 \'
MWIC/, MRDC/ VIH Input High Voltage 2.0 v
INH2/ IIL Input Current at Low V VIN = 0.5 -2.0 mA
(74S04) IIH Input Current at High V VIN = 2.7V 50 HA
*CL Capacitive Load 18 pF




TABLE 7-3.

SBC-104 DC CHARACTERISTICS (Continued)

PARAMETER TEST
SIGNALS SYMBOL DESCRIPTION CONDITIONS MIN | MAX ] UNIIS
INHI/ VOL Output Low Voltage IOL = 16 mA 0.4 v
7400/7407 Vou Output High Voltage OPEN COLLECTOR
VIL Input Low Voltage 0.8 A
VIH Input High Voltage 2.0 v
IIL Input Current at Low V VIN = .4 -1.6 mA
IIH Input Current at High V VIN = 5.5 1 mA
*CL Capacitive Load 22 pF
INTR/ VoL Output Low Voltage Io, = 16 mA 0.4 v
INTO/-INIT/ OH Output High Voltage OPEN COLLECTOR
(7407) *CL Capacitive Load 18 pF
EXT INT 1/ VL Input Low Voltage 0.8 \
EXT INT 2/ Vin Input High Voltage 2.0 v
(7404) IiL Input Current at Low V | V . = 0.4V -6.6 -mA
(1K P.U.) IIH Input Current at High V VIN = 5,5V 1.75 mA
*CL Capacitive Load 18 pF
PORT D4,D8 VoL Output Low Voltage IOL = 20 mA .45 v
BIDIRECTIONAL VOH Output High Voltage IOH = -12 mA 2.4 v
DRIVERS VIL Input Low Voltage .95 v
(8226) VIH Input High Voltage 2.0 v
(1K P.U.) IIL Input Current at Low V VIN = 0.45 -5.05 mA
IIH Input Current at High V VIN = 5,25V .60 mA
*CL Capacitive Load 18 pF
8255 VoL Output Low Voltage IOL = 1.6 mA 4 v
DRIVER/ \Y Output High Voltage I . = -100 pA 2.4 \'
RECEIVER oH o
VIL Input Low Voltage .8 A
VIH Input High Voltage 2.0 v
*CL Capacitive Load 18 pF

*Capacitance values are approximations only.
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APPENDIX A

SBC 104/108 SCHEMATICS

Schematic drawings for the SBC 104 and 108 are provided in this appendix.
Information and diagrams in this section are subject to change without
notice., References should be made to schematics shipped with this

module,
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APPENDIX B

SBC-901, SBC-902 SCHEMATICS

Schematic drawings for the SBC~901 and SBC~902 are provided in this

appendix. Information and diagrams in this section are subject to

change without notice,.
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APPENDIX C

ADD/DELETE WIRE LIST

An add/delete wire list is given in this appendix for one possible
implementation of each parallel I/0 configuration given in Table 4-10.
These tables should aid the user in preparing a wire list to implement
a given configuration on the SBC-104 parallel I/0 interface. The tables
include information on driver/terminator installation, jumper wire adds
and deletes, the final jumper configuration and the C Port I/0 connec-
tion pin assignments. The pin-outs in the table have been chosen to
minimize wire changes when changing configurations. The tables assume
as a starting point that the I/0 jumpers are wired to the default con-
figuration (configuration 2). In some cases an alternate wire list is
also given. These lists require fewer add/deletes but result in
non-standard pin-outs for control lines, i.e., these lists will not

correlate with the information given in Section 4.3.



8255 {#1 A20 (Ports 1,2,3)
CONFIGURATION INSTALL DELETE ADD FINAL JUMPER C—PORTS
NUMBER PORT C JUMPER JUMPER CONFIGURATION PINOUTS
DRIVERS TERM,
30-31 29-30 29-30 |38-39 | G (J1-24) | C,>(J1-26)
40-41 136-37 | o ,(51-22) | c_+(J1-28
AS AS 42-43 | 34-35 1 (J1-22) 5 ~28)
! REQUTRED | REQUIRED priveal R C,7(J1-20) | Cq>(J1-30)
48-49 C3—>(J1—18) C7->(J1—32)
50-51
30-31 |38-39
40-41 | 36-37
REQUIRED | REQUIRED P CONFIGURATION 1
48-49
50-51
5031 |38-39 |20-30 |39-42 [29-30 |39-42 | c *(PIOBL) | C,>(J1-24)
19-43 |36-37 |43-50 |37-48 |40-41 |37-48
46-47 | 36-35 |32-47 |35-46 |43-50 |35-46 c,>(31-22) | C5>(J1-18)
3 AL A3 |as-49 |32-33 |36-49 4445 ¢ »(J1-32) | € ~(31-20)
50-51 32-47 CZ+(J1-28) c6+ OPEN
36-49 3 7
30-31 |32-33 |29-30 29-30 [38-39 | CG*(PTOBL) | C,>(31-26)
4243 43-50 40-41 |36-37
- 1-

3 b4 32-45 oo 134035 | 7@ | €57 (ILm28)
(’Alternate A3 AL 50-51 32-45 c2+(J1-20) c6+(J1-30)
Configuratiog 46-47 _

4849 C3->'(J]. 18) C_]—* OPEN
30-31 |32-33 |29-30 29-30 |38-39 | C,*(PTOBL) | C€,>(J1-26)
4243 43-50 40-41 |36-37
4647 32-47 i3-50 |34-35 | 171722 C5>(J1-28)
. N A3 ggzzg ¢,7(J1-32) | C>(31-30)
o ¢,>(J1-18) | C;> OPEN




€-0

8255 #2 A21 (Ports 4,5,6)
CONFIGURATION INSTALL DELETE ADD FINAL JUMPER C-PORTS
NUMBER PORT C JUMPER JUMPER CONFIGURATION PINOUTS
DRIVERS TERM.
52-53 53-54 53-54 [61-62 | C.»(J2-24) | ¢ +(J2-26)
71-72 | 59-60 0 4
63-64 |37-58 | ©17(32-22) | c>(32-28)
1 AS AS 65-66 | 55-56 C.,+(J2-20) C>(J2-30)
REQUIRED | REQUIRED 67-68 c2 1918
69-70 37(J2-18) | C€,>(32-32)
73-74
52-53 | 61-62
71-72 | 59-60
63-64 | 57-58
2 AS AS - -—= - - 65-66 | 55-56 CONFIGURATION 1
REQUIRED | REQUIRED 67-63
69-70
73-74
52-53 | 61-62 | 53-54 | 62-63 | 53-54 | 62-63 Co*(PI0B2) | C,>(J2-24)
63-64 | 59-60 | 64-74 | 60-69 | 71-72 | 60-69
67-68 | 57-58 | 55-68 | 58-67 | 64-74 |58-67 | C17(J2-22) | C.>(J2-18)
3 A10 A9 69-70 | 55-56 | 59-70 65-66 C,+(J2-32) | ¢ +(J2-20)
73-74 55-68 2 6
59-70 C3->(J2—28) C7—> OPEN
52-53 | 55-56 | 53-54 53-54 | 61-62 | G >(PI0B2) C,>(J2-26)
63-64 64-74 71-72 | 59-60
3 65-66 55-66 64-74 | 57-58 | ©;7(J2-32) | C.>(J2-28)
g Alternate ; A9 Al0 73-74 55-66 C2->(J2—20) C6—>(J2—30)
onfiguratio 67-68
69-70 C3—>(J2—18) C7—> OPEN
52-53 | 55-56 | 53-54 53-54 | 61-62 | C »(PIOB2) C,>(J2-26)
63-64 64-74 71-72 | 59-60
67-68 55-68 64-74 | 57-58 | ©;7(J2-22) | C.>(J2-28)
4 A10 A9 65-66 C,>(32-32) | € »(32-30)
55-68
69-70 C3-+(J2-18) C7+ OPEN




7-D

8255 #1 A20 (Ports 1,2,3)
CONFIGURATION INSTALL DELETE ADD FINAL JUMPER C-PORTS
NUMBER PORT C JUMPER JUMPER CONFIGURATION PINOUTS
DRIVERS TERM.
4o-43 |38-39 |43-50 |39-42 |30-31 |39-42
46-47 |36-37 |32-47 |37-48 |40-41 |37-48
48-49 |34-35 |36-49 |35-46 |43-50 |35-46 SEE
5 Al A3 50-51 |32-33 44-45 CONFIGURATION 3
32-47
36-49
42-43 | 32-33 | 43-50 30-31 | 38-39
4445 32-45 40-41 | 36-37
s 50-51 43-50 | 34-35 SEE CONFIGURATION
2_
< Alternate Q A3 A 26-23 3 ALTERNATE
Configuratio 4849
42-43 |32-33 |29-30 30-31 | 38-39
46-47 43-50 40-41 | 36-37
32-47 43-50 |34-35 SEE
6 Al A3 44-45 CONFIGURATION 4
32-47
48-49
30-31 |36-37 |29-30 |36-48 |29-30 |38-39 Cy>(31-30) Cg+(Jl—26)
40-41 |34-35 |34-43 |35-46 |34-43 |36-48
4a-43 |32-33 |36-45 |33-42 |36-45 |35-46 ¢,>(J1-28) | Cg>(J1-18)
7 Al A3 4445 32-47 32-47 |33-42 C2+(J1—32) c6+(31-20)
46-47 40-49 40-49
48-49 50-51 C3—>(PIOA1) C7—>(J1—24)
30-31 | 38-39 | 29-30 | 39-48 | 29-30 39-48 CO+(J1—24) 04+(J1—18)
40-41 40-49 42-43 | 36-37 _ _

7 4849 inas | 3a-35 | G102 C>(J1-28)
(’Alternate A3 Al 46-47 | 32-33 C2+(J1—20) C6+(J1—30)
Confi uratio; 40-49 _

g So-c1 C3+(PIOA1) ¢, ~(J1 32)




atd)

8255 #2 A2l (Ports 4,5,6)
CONFIGURATION INSTALL DELETE ADD FINAL JUMPER C-PORTS
NUMBER PORT C JUMPER JUMPER CONFIGURATION PINOUTS
DRIVERS TERM.
63-64 61-62 |64~74 [62-63 |52-53 [62-63
67-68 |59-60 |55-68 |[60-69 |71-72 |60-69
69-70 |57-58 159-70 |58-67 |64-74 |58-67
5 A10 A9 73-74 | 55-56 65-66 CONFIGURATION 3
55-68
59-70
63-64 | 55-56 |64-74 52-53 | 61-62
5 65-66 55-66 71-72 | 59-60
73-74 64-74 | 57-58 SEE CONFIGURATION
é A%Fernai? N AlO 55-66 3 ALTERNATE
on 1gura lOI}J 6 7"68
69-70
63-64 |55-56 |53-54 52-53 | 61-62
67-68 64-74 71-72 | 59-60
55-68 6474 | 57-58
6 AlO A9 65-66 CONFIGURATION 4
55-68
69-70
52-53 159-60 |53-54 |60-69 |53-54 |61-62 C>(32-30) | ¢, >(J2-26)
71-72 | 57-58 |57-64 |58-67 |57-64 |60-69
63-64 155-56 |59-66 |56-63 |59-66 |58-67 | C17(J2-28) | C>(I2-18)
7 A10 A9 65-66 55-68 55-68 | 56-63 | C,>(J2-32) Co>(J2-20)
67-68 70-71 70-71
69-70 ‘ 73-74 C3—>(PIOA2) C7—>(J2—24)
52-53 161-62 |53-54 |62-69 |53-54 |62-69 Co>(92-24) | ¢, >(J2-18)
71-72 70-71 63-64 | 59-60
7 69-70 65-66 |57-58 | €;7(J2-22) | C.>(32-28)
é’Alternate'Q A9 AlO 67-68 | 55-56 Cz+(J2—20) 06+(J2—30)
onfiguratio 70-71
o C4>(PI0A2) | C »(J2-32)




9-0

8255 #1 A20 (Ports 1,2,3)
CONFIGURATION INSTALL DELETE ADD FINAL JUMPER C-PORTS
NUMBER PORT C JUMPER JUMPER CONFIGURATION PINOUTS
DRIVERS TERM.
30-31 |36-37 |29-30 |37-48 |29-30 }38-39 C >(31-24) c,>(31-26)
40-41 40-49 42-43 | 37-48
48-49 4i-45 | 34-35 c,>(J1-22) | Co>(I1-18)
g AL A3 ZS_Z; 32-33 | C,*(J1-20) C+(31-30)
Sos1 C>(PTOAL) C.+(31-32)
40-41 |38-39 |38-43 |39-46 |30-31 |39-46 C,>(31-26) ¢,>(31-20)
4o-43 | 36-37 [36-45 |37-42 |38-43 |37-42
iid5 |32-33 |32-47 |33-48 |36-45 |34-35 c,>(J1-28) | Cg>(J1-24)
9 AL A3 46-47 40-49 32-47 |33-48 | €,>(31-32) | C~(J1-30)
48-49 40-49 Cz->(PIOA1) C6->(J1—18)
50-51 3 7
40-41 |34-35 |40-49 |35-48 |30-31 |38-39 Cy>(J1-24) C,>(31-26)
Alternate A3 A4 46-47 |32-33 | c,>(31-20) | C>(J1-18)
Configuratio 4L0—49 2 6
Sos1 C>(PTOAL) C>(J1-32)
40-41 |32-33 |40-49 |33-48 |30-31 | 38-39 C > (31-26) C,>(J1-26)
48-49 42-43 | 36-37
Li-45 34-35 Cl+(J1—22) C5—>(J1—28)
10 A4 A3 4L6-47 | 33-48 c.~(J1-20) | C€.+(J1-30)
40-49 2 6
50-51 C3—>(PIOA1) C7+(J1—18)
30-31 | 36-37 |29-30 |37-48 |29-30 |38-39 C>(P10B1) C,>(31-26)
n0-41 |32-33 |43-50 |33-36 |43-50 |37-48
42-43 32-47 sins | 3a-3s | G0 Cg>(I1-18)
11 Ab A3 46-47 40-49 32-47 33-36 Cc.~(J1-32) Cc,~(J1-30)
48-49 40-49 2 °
50-51 C3+(PIOA1) C7+(J1—28)




L~D

8255 #2 A21 (Ports 4,5,6)
CONFIGURATION INSTALL DELETE ADD FINAL JUMPER C=PORTS
NUMBER PORT C JUMPER JUMPER CONFIGURATION PINOUTS
DRIVERS TERM.
52-53 |59-60 |53-54 |60-69 |53-54 |61-62 Co(32-24) | ¢, >(32-26)
71-72 70-71 63-64 | 60-69
69-70 65-66 |57-58 | €;7(J2-22) | C>(J2-18)
8 ALO A9 67-68 [55-56 | C.+(J2-20) | C.>(J2-30)
70-71 2 6
> >(J2-
o C;>(P10A2) | C.+(32-32)
71-72 |61-62 |61-64 |62-67 |52-53 |62-67 Co>(32-26) | ¢, >(32-20)
63-64 [59-60 |59-66 |60-63 |61-64 |60-63
65-66 |55-56 |55-68 |56-69 |59-66 |57-58 | C17(J2-28) | Co>(32-24)
9 ALO A9 |67-68 70-71 55-68 156-69 | €,>(J2-32) | C_>(32-30)
69-70 70-71 .
o C;>(PI0A2) | C>(32-18)
71-72 [57-58 [70-71 |58-69 |52-53 |61-62 Co™(32-24) | C,>(32-26)
69-70 63-64 | 59-60
9 65-66 |s58-69 | C17(J2-22) | C.>(J2-28)
Alternate A9 AlO 67-68 55-56 C,~>(J2-20) C,+>(J2-18)
Configuratio 70-71 2 6
S C;>(PI0A2) | C.»(32-32)
71-72 | 55-56 |70-71 |56-69 |52-53 |61-62 C*(32-24) | ¢, >(32-26)
69-70 63-64 59—62 € (32-22) | cor(I2-28)
1o ALO A9 65-66 | 57-5 1 5
67-68 |56-69 | C,>(32-20) | C_>(32-30)
70-71
o C;>(21042) | € >(32-18)
52-53 | 59-60 |53-54 |60-69 |53-54 |61-62 Co™(PI0B2) | C,>(32-26)
71-72 | 55-56 | 64-74 |56-59 |64-74 |60-69
63-64 55-68 65-66 |57-58 | €7(J2-22) | C.>(J2-18)
11 ALO A9 |67-68 70-71 55-68 | 56-59 | C,>(J2-32) | C >(J2-30)
69-70 70-71 N 6
>(J2—-
73-74 C3 (P10A2) C7 (J2-28)




8-0

8255 #1 A20 (Ports 1,2,3)
CONFIGURATION INSTALL DELETE ADD FINAL JUMPER C_PORTS
NUMBER PORT C JUMPER JUMPER CONFIGURATION PINOUTS
DRIVERS TERM.
7031 136-37 |29-30 |37-48 |29-30 [38-39 | Cq>(PIOBL) ¢, (31-26)
4041 |34-35 |43-50 |35-46 |43-50 |37-48
49-43 |32-33 |32-47 |33-42 |44-45 |35-46 c,>(31-22) | Cg>(I1-18)
12 Al A3 22_2; 4049 23—2; 33-42 | €,»(J1-32) | Co(31-20)
e ¢,>(p10AD) | C(31-24)
oi1 |132-33 |43-50 |33-48 |30-31 |38-39 | Cq>(PIOBL) ¢, (31-26)
4243 32-47 43-50 |36-37
46-47 40-49 ians |34-35 | G702 C>(J1-28)
13 Al A3 | 48-49 3947 |33-48 | €.+(31-32) | C>(I1-30)
50-51 40-49 2 6
- C3+(PIOA1) C7->(J1—18)
ol |38-39 |43-50 [39-46 |30-31 |39-46 | C,>(PT0BL) ¢, (71-20)
4r-43 |36-37 |32-47 |37-42 |43-50 |37-42
i6-47 |32-33 |40-49 |33-48 |44-45 |34-35 c,7(31-22) | Cp>(I1-24)
14 Al A3 | 48-49 39-47 |33-48 | €.>(J1-32) | C>(J1-30)
50-51 40-49 2 6
¢,>(P10A1) | C;>(31-18)
20-31 |36-37 |36-45 |37-42 |36-45 |38-39 | Cq* OPEN ¢,*(31-26)
021 |32-33 [32-47 |30-35 |32-47 |37-42
42-43 20-49 | 33-48 |40-49 |34-35 c,>(J1-28) | Cg>(J1-24)
15 Ab A3 | 44-45 30-35 | c.~(J31-32) | ¢ >(J1-30)
46-47 33-48 CZ+(PIOA1) c6->(J 1-18)
48-49 3 7
50-51
3031 |36-37 |40-49 |37-42 |44-45 |38-39 | C,> OPEN ¢, +(J1-26)
40-41 |32-33 30-35 | 46-47 |37-42
42-43 33-48 | 40-49 | 34-35 c,>(71-22) | Co>(J1-24)
iy N A3 égzgi gg:zg ¢,>(31-20) | CE>(31-30)
¢,>(p10AL) | C;>(31-18)




6-0

8255 #2 A2l (Ports 4,5,6)
CONFIGURATION INSTALL DELETE ADD FINAL JUMPER C—PORTS
NUMBER PORT C JUMPER JUMPER CONFIGURATION PINOUTS
DRIVERS TERM.
52-53 159-60 |53-54 [60-69 |53-54 |61-go Co*(PI0B2) | ¢, (32-26)
71-72 157-58 |64~74 |58-67 |64-74 |60-€9 o i
63-64 155-56 |55-68 |56-69 |65-66 |58-67 | C;”(92-22) C57(J2-18)
12 ALO A9 |67-68 70-71 5568 [56-69 | C,*(32-32) C,*(32-20)
69-70 70-71 )
73-74 C3—>(PI0A ) C7—>(J2—24)
7172 |55-56 |64-74 |56-69 |52-53 |ol-go Co™(P10B2) | ¢, >(32-26)
6364 55-68 64-74 | 59-60
67-68 70-71 65-66 |57-58 | C17(J2-22) | C.>(J2-28)
13 AlO A9 69-70 55-68 |56-69 C,>(J2-32) | c +(J2-30)
73-74 70-71 2 6
C>(PI0A2) | C_+(J2-18)
71-72 161-62  |64~74 |62-67 |52-53 |62-57 Co>(P10B2) | C,>(J2-20)
63-64 |159-60 [55-68 |60-63 |64-74 |60-63
67-68 155-56 |70-71 |56-69 |65-66 |57-58 | C;*(J2-22) C5>(J2-24)
14 ALO A9 |69-70 55-68 15669 | C_>(32-32) | C.>(32-30)
73-74 70-71 2 6
C3->(PIOA2) C7—>(J2—18)
52-53 159-60 [59-66 |60-63 |59-66 |61-c2 Cy> OPEN C,>(32-26)
7172 155-56 |55-68 |53-58 |55-68 |60-63
63-64 70-71 156-69 |70-71 |57-58 | C1>(32-22) | C>(32-24)
15 A10 A9 |65-66 53-58 | C»(J2-32) | C.»(32-30)
67-68 56-69 2 6
69-70 C3—>(PIOA2) C7—>(J2-18)
7374
52-53 159-60 [70-71 |60-63 |65-66 |61-c2 G4 OPEN C,>(J2-26)
71-72 | 55-56 53-58 |67-68 |60-63
63-64 56-69 70-71 |57-58 | C1>(J2-22) | C.>(J2-24)
16 AlO A9 69-70 53-58 C,>(J2-20) | c,»(J2-30)
73-74 56-69 2 6
C;>(PI0A2) | C_»(32-18)




01-D

8255 {1 A20 (Ports 1,2,3)

CONFIGURATION INSTALL DELETE ADD FINAL JUMPER C-PORTS
NUMBER PORT C JUMPER JUMPER CONFIGURATION PINOUTS
DRIVERS TERM.
3031 |36-37 |43-50 |37-42 |43-50 |38-39 ¢, (P1OBL) | €, >(31-26)
o-ul |32-33 |32-47 [33-48 |44-45 |37-42
42-43 40-49 39-47 |34-35 ¢ >(J1-22) | C5>(I1-24)
17 Al A3 | 46-47 4049 |30-35 | C,>(J1-32) | C>(J1-30)
48-49 33-48 2 °
48 ¢,>(P10AL) | C;>(J1-18)




IT-D

8255 #2 A21 (Ports 4,5,6)

CONFIGURATION

INSTALL

DELETE ADD FINAL JUMPER C—PORTS
NUMBER PORT C JUMPER JUMPER CONFIGURATTION PINOUTS
DRIVERS TERM.
52-53  159-60 |64-74 |60-63 |64-74 |61-62 Co™(PI0B2) | C,>(32-26)
7172 155-56 [55-68 [56-69 |65-66 |60-63
63-64 70-71 55-68 [57-58 | €;7(J2-22) | Co>(32-24)
17 ALO FUR Py 7071 5358 | €,2(32-32) | c(32-30)
69-70 56-69 _
S C;*(PIOA2) | C.>(J2-18)
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