



















































































Theory of Operation

6. At the next positive positive edge of PHII, the shared memory timing flip-flops return to the idle
state. The ACCESS SELECT flip-flop and address latches are re-enabled.

If a memory cycle is already in progress when a processor tries to request shared memory, that processor
will be held off via WAIT- (Z-80A CPU) or DTACK- (host CPU) until it can get access to shared
memory.

Memory Address Space

The 64K byte-portion of host memory assigned to the Z-80A is divided into several sections as shown in
figure 3-3. The 2K bytes of RAM located on the card are shown in figure 3-4.

As you can see from figure 3-3, the addressing space is divided into three major areas: EPROM (program
space), RAM space, and hardware register space. The contents of the MUX RAM, US55 [27E] and
hardware registers (Semaphore register, U16 [24B]; Reset ID register, U38 and U75 [23B};, and Interrupt
register, U38 and U73 [23C]) exist in shared memory, thus the host can address them. Note that the
Z-80A and host addresses on figure 3-3 are different to access the same location. To convert a Z-80A
address to a host address, shift the bits left one location and add one. For example, to address the first
location in RAM, the Z-80A address is C000, but the host address is 8001.

Interface Registers

All communication between the host and the MUX card is performed by passing information between
several interface registers. These interface registers consist of the three hardware registers (Reset ID,
Interrupt, and Semaphore), and RAM locations which are called registers. All of these registers are
described in Chapter 4, Programming.

Reset

On power-up, the host pulls (sets to low) the RESET - line to the I/O cards. On the MUX card, this resets
the Z~-80A, causing its program counter to reset and begin execution of the self -test routine.

The RESET- line also clears the RESET flip-~flop, U38 [34A], which is normally used to initiate a
software reset. (Clearing this register would normally cause a Z-80A Non-Maskable Interrupt (NMI), but
the NMI input is edge sensitive and will not see the edge during a power-on reset.)

See Chapter 4 for information on a programmed reset.
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HOST ADDRESS

Z—-80 ADDRESS

2K EXTERNAL RAM

(HEX) (HEX)
FFFF FFFF
UNUSED
RAM
SPACE
9001 €300
8FFF C7FF
SHARED RAM
8005 C0Q2
8003 COMMAND REG. G001
8001 INT_COND REG. C000
7FFF | yNusep | BFFF
REGISTER
0007 SPACE 8003
0005 | sewarnore Res | 8QO2
0003 | INTERRUPT REG 800.1
0001 RESET/ID REG 8000

UNUSED 7FFF
N/A PROGRAM
: SPACE
2000
1FFF
8K EPROM
N/A | (PROGRAM
SPACE)
(4]

MEMORY MAP WITH 2K RAM

SHARED
MEMORY
SPACE

Figure 3-3. 64K Byte Addressable Memory Map




HOST ADDRESS (hex)

8FFF

8F61
8F5F

8F41
8F3F

8F21
8FIF

8FO1
8EFF

BEE1
8EDF

8EQ1
80FF

8CO1
8BFF

8A01
89FF

8801
87FF

8601
85FF

8401
83FF

8005
8003

8001

Z~80Q ADDRESS (hex)

STACK - 80 BYTES

FAFO -

TRANSMIT 16 BYTES

PORT @

FAFO -

TRANSMIT 16 BYTES

PORT 2

AF0 -

TRANSMIT 16 BYTES

PORT 3

FIFQ -

TRANSMIT 16 BYTES

PORT 3

SHARED RAM REGISTERS
AND CONFIG. DATA

BIT MAP

- 256 BYTES

RECEIVE
FIFQ -

236 BYTES
PORT 0O

RECEIVE
FIFO -~

256 BYTES
PORT 1

RECEIVE
FIFO -

256 BYTES
PORT 2

RECEIVE
FIFO -

256 BYTES
PORT 3

SCRATCH

variagbles

§10 BYTES
~ card only

COMMAND REGISTER

INT-COND REGISTER

2K MEMORY MAP

C7FF

C780
C7AF

C7A0
C79F

C790
C78F

€780
C77F

c770
C76F

€700
CG6FF

C600
CSFF

C3500
C4FF

€400
C3FF

C300
C2FF

€200
CIFF

€a02
Ca01

€00

Figure 3-4. 2K Byte RAM Memory Map
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Modem Lines

Port 0 on the MUX card supports seven modem control lines, in addition to two data lines (send and
receive) and a signal ground. Of the seven control lines, four are input and three are output. Refer to the
paragraph "SIO/ 2 (Serial I/0O Controller)" for information on the SIO lines that correspond to the modem
control lines.

The lines are summarized in table 3-1.

Table 3-1. Modem Lines

TWO CHARACTER ALTERNATE INPUT/
MNEMONIC MNEMONIC DESCRIPTION OUTPUT
RD Rx RECEIVED DATA INPUT
sD Tx TRANSMITTED DATA (SEND DATA) [OUTPUT
RS RTS REQUEST TO SEND OUTPUT
TR DTR DATA TERMINAL READY OUTPUT
cs CTS CLEAR TO SEND INPUT
RR cD RECEIVED LINE SIGNAL DETECT
(RECEIVER ‘READY) INPUT
DM DSR DATA SET READY (DATA MODE) INPUT
SR SR FREQUENCE SELECT (SIGNAL RATE) |OUTPUT
IC RI RING INDICATOR (INCOMING CALL)|INPUT
SG GND SIGNAL GROUND
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I/0 Address Space

The Z-80A provides addressing capability for 256 distinct 1I/O port registers. The MUX addressin
assignments are shown in table 3-2.

S10/2 (Serial 1/0 Controller)

The SIO/2 is a programmable serial I/O controller with two independent full-duplex channels with
separate control and status lines. Each channel can be independently programmed. The MUX has two
SIO/2s, with each channel used as a fully programmable asynchronous terminal controller.

Each SIO channel has two I/0O addressable ports. One bi-directional port is for data transfer, and the
other is for control information. The assigned SIO lines are described in table 3-~3.

CTC (Counter Timer Circuit)

A Z-80A CTC (Counter Timer Circuit) provides four independent counter/timer channels. Three of
these timers can supply outputs for other devices, and the fourth channel can only cause an interrupt to
the Z-80A CPU. The MUX card uses two CTCs, which supply four timer outputs and four additional
interrupt-only timers. The assigned uses of the CTC timer outputs are shown in table 3-4.

Priority Iinterrupt Structure

All 1/0O devices connected to the MUX card can interrupt. These interrupts are prioritized using the
standard Z-80A priority chain. The MUX card interrupt priority structure is shown below.

Highest Priority - SIO Number O, Channel A Receiver
| - SIO Number 0, Channel A Transmitter
] - SI10 Number 0, Channel A External/Status
| - SIO Number 0, Channel B Receiver
| - SIO Number O, Channel B Transmitter
| - SIO Number 0, Channel B External/Status
| -~ SIO Number 1, Channel A Receiver
| - SIO Number 1, Channel A Transmitter
| - SIO Number 1, Channel A External/Status
] - SIO Number 1, Channel B Receiver
| - SIO Number 1, Channel B Transmitter
| - SIO Number 1, Channel B External/Status
| - CTC Number 1, Counter/Timer Channel 2
Lowest Priority - CTC Number 0, Counter/Timer Channel 2

Note that the host interrupts to the Z-80A have the priority corresponding to CTC Number 0, Channel
2.

3-11



Theory of Operation

Table 3-2. I/O Address Space

I/0 ADDRESS SPACE

BITS
716151413 ]2¢2 DEVICE
0 1 1 1 X | X SIo CHANNEL A DATA
0 1 1 1 X1 X SIO CHANNEL A CONTROL
0 1 1 1 X1 X SIO CHANNEL B DATA
0 1 1 1 X1 X SIO CHANNEL B CONTROL
1 0 1 1 X1 X SIO CHANNEL A DATA
1 0 1 1 X1X SIO CHANNEL A CONTROL
1 0 1 1 X1X SI0 CHANNEL - B DATA
1 0 1 1 X1X SIO CHANNEL B CONTROL
1 1 0 1 X | X CTC CHANNEL O
1 1 0 1 X1 X CTC CHANNEL 1
1 1 0 1 X1 X CTC CHANNEL 2
1 1 0 1 X | X CTC CHANNEL 3
1 1 1 0| X | X CTC CHANNEL 0
1 1 1 0|l X | X CTC CHANNEL 1
1 1 1 0| X | X CTC CHANNEL 2
1 1 1 0| X | X CTC CHANNEL 3
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Table 3-3. SIO Lines

SIO CHANNEL SIO LINE SYMBOL DESCRIPTION
0 A RTS- RS Request To Send (modem output)
0 A DTR- TR Terminal Ready (modem output)
0 A CTS- CcS Clear To Send (modem input)
0 A DCD- RR Data Carrier Detect (modem
input)
0 A SYNC- DM Data Mode (modem input)
0 B RTS- SR Signal Rate Generafor (modem
out)
0 B CTS~ HD1 Hood Detect - port 1
0 B DCD- IcC Ring Indicator (modem input)
1 A CTS- HD2 Hood Detect - port 2
1 B RTS- Enable Frontplane Drivers
1 B CTS HD3 Hood Detect - port 3
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Table 3-4. CTC Timer OQutputs

EXT. TIMER

CTC CTC CLOCK OUTPUT

NO. NO. SOURCE MNEMONIC DESCRIPTION
0 0 PHI2 BRGO Channel O baud rate clock
0 1 PHI2 BRG1 Channel 1 baud rate clock
0 2 PHI INTERNAL Host interrupt line

0 3 PHI INTERNAL Unused
1 0 PHI2 BRG2 Channel 2 baud rate clock
1 1 PHI2 BRG3 Channel 3 baud rate clock
1 2 PHI INTERNAL Time-out timerb
1 3 PHI INTERNAL Unused
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Chapter 4

Programming

Firmware on the MUX card is contained in a 4K byte EPROM. Features of the MUX firmware are as
follows:

e Character recognition via a host-controlled bit map

o Break detection

¢ Break generation via host command

¢ Receive data 16-millisecond continuous time-out timer

e 128-character Receive buffers and 16-character Transmit buffers for each of the four channels
¢ Baud rates supported: 110, 134.5, 150, 300, 600, 1200, 2400, 4800, 9600, 19200

e Parity checking: odd, even, or none

e Number of stop bits: 1 or 2

¢ Number of data bits per character: 7 or 8

¢ Full-duplex transmission mode

OVERVIEW OF SHARED MEMORY FIRMWARE SCHEME

Data is passed between the MUX card and the host computer in circular FIFO buffers. There are eight of
these buffers: four Receive buffers (one for each port), and four Transmit buffers (one for each port).
These buffers are not hardware buffers, they are RAM locations which are accessed by both the card and
the host. This shared memory scheme thus allows four basic types of memory accesses (see figure 4-1).
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HOST BUFFER ACCESS CARD BUFFER ACCESS
RECEIVE DATA RECEIVE BUFFERS RECEVE DATA
FROM CHANNEL < ’ é FROM CHANNEL
TRANSMIT DATA E TRANSMIT BUFFERS . ; TRANSMIT DATA
TO CHANNEL . TO CHANNEL
SHARED RAM

Figure 4-1. RAM Transmit and Receive Buffers

PASSING DATA BETWEEN MUX CARD AND HOST

The following paragraphs contain a general overview of how transmit and receive data is passed between
the MUX and the host computer. Note that receive data is defined as data from a peripheral device to
the MUX card and from there to the host computer; transmit data is defined as data from the host to the
MUX card and from there to the peripheral device.

Receive Data From Channel

There are two basic parts to receive data processing: Putting receive data into the Receive buffers (card
processing), and removing the data from the buffers (host processing).

When a character arrives from the peripheral device, the card retrieves it from the line receiver, and
checks its bit map to determine if it is to be processed as a special character (see the paragraph "Bit Map
Format and Accessing” for information on bit map checking). If the character is a special character, the
card will send a Special Character interrupt to the host (see the paragraph "Interrupts" for information on
interrupts). The card then writes the character to the Receive FIFO buffer for the appropriate port.

Each character written to the Receive buffers has an accompanying status byte. The status byte indicates

whether a framing error, parity error, transceiver overrun error, buffer overflow error, or break occurred
at the character.
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The host is notified of data in the Receive buffers by time-out interrupts. During card initialization, the
host sends a Start Timer interrupt, and the card begins a timer (time-out length is 16 milliseconds). When
the timer goes off, the card sends the host a Time-Out interrupt and resets the timer. The host clears any
data in the buffers and waits for the next Time-Out interrupt. (The host, therefore, reads data in the
Receive buffers every 16 milliseconds.)

Transmit Data to the Channel

When the host has transmit data to send, it first checks if the Transmit buffer is full. If it is full, the host
will wait for a TX Buffer Empty interrupt from the card. If the buffer is not full, the host places
characters in the buffer until the buffer is full or the transmission is finished. If the buffer was empty,
after the host has put the character in the buffer, the host will send a TX Buffer Not Empty interrupt to
the card indicating that now there is data in the buffer.

When the card receives the TX Buffer Not Empty interrupt from the host, it begins to empty the
Transmit buffer. When the card finishes emptying the buffer, it sends a TX Buffer Empty interrupt to
the host. The host ignores this interrupt if it does not have data to send.

Firmware Priority Scheme

All firmware events are interrupt driven; therefore, the priority of these events is largely dependent on
the priority of the SIO and CTC channels and their placement on the interrupt daisy chain. The priority
order of the major firmware events are listed below:

RECEIVE DATA - PORT 0
TRANSMIT DATA - PORT O
MODEM LINE CHANGES - CS, DM, and RR
RECEIVE DATA - PORT 1
TRANSMIT DATA - PORT 1
MODEM LINE CHANGES - IC
RECEIVE DATA - PORT 2
TRANSMIT DATA - PORT 2
RECEIVE DATA - PORT 3
10. TRANSMIT DATA - PORT 3
11. TIMER INTERRUPT

12. HOST INTERRUPTS

OONOOT A WN —

INTERFACE REGISTERS

Interface registers consist of both hardware registers and RAM locations (also called registers). The
interface registers are accessed by both the card and the host; all information between the card and the
host is performed by passing information between these registers. (The FIFO buffers, although they also
are RAM locations and are accessed by both the card and host, are not considered to be interface registers
because they require special handshaking.)
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Refer to Chapter 3, figure 3-4 for a RAM memory map.

NOTE

Technically, all of RAM is accessible by both the card and the host.
However, a portion of RAM is reserved for card use only. Because there is
no hardware protection mechanism for this portion of RAM, the host
computer driver should be written such that these locations are not
accessed.

Hardware Registers
Hardware registers on the MUX card are:

Reset/ID register
Interrupt register
Semaphore register

RESET/ID REGISTER.

Z-80 ADDRESS: 8000H
HOST ADDRESS: 0O0O01H

The Reset/ID register is used to reset the card and to contain the card identification information. On the
MUX card, using this register to reset the card causes a Non-Maskable Interrupt (NMI) to the Z~80. The
NMI in turn causes a fetch at location 66 in ROM which contains a jump instruction to the Initialize
routine. At the end of the initialize code is the wait loop the card performs while waiting for interrupts.
In other words, on the MUX card, a card reset using this register will reinitialize the card but will NOT
return to the code that was being executed at the time the NMI was issued.

In the following diagrams, the first figure shows the definition of the bit locations when a write is issued
to this register. The second shows the bit definitions when a read is issued. Both the card and the host
will have occasion to write to this register; however, only the host will have need to read it.

7 6 5 I 4 | 3 | 2 I 1 | 0
WRITE reset Don;t care |
card
] 1 1 1 L

Bit 7: When set (1) the card is RESET and a nonmaskable interrupt is generated to the Z-80. This
causes a jump to location 066H in ROM which is the beginning of the Z~80 initialization
code. This bit must be cleared before another RESET can be issued.

Bits 0-6: Not defined
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7 6 5 4 | 3 l 2 l 1 l 0
READ ' Rem |Secondary CARD ID
Cntl |ID 00 0 0 1 0 1
] L ] 1

Bit 7:  This bit is set or reset by the REMOTE/LOCAL switch (see Chapter 2). When this bit is set,
it indicates that there is a system console hooked up to this card.
Bits 5,6: These bits constitute the card’s Secondary ID. These bits are hardwired to 00.

Bits 0-4: These bits form the unique ID code of the MUX card. The MUX card ID is § and so these
bits are hardwired as shown in the figure above.

INTERRUPT REGISTER

Z-80 ADDRESS: 8001H
HOST ADDRESS: 0O0O03H

The Interrupt register is used to enable interrupts to the host and to reflect the interrupt priority of the
card. After card initialization the card will not access the Interrupt register again. The host will write to

bit 7 when it wants to enable or disable interrupts.

T 6 | ) | 4 | 3 I 2 l 1 I 0
" WRITE Int 7 bon't éare 7 |
Enbl | 1 ] 1 1 1

Bit 7. This bit enables and disables card interrupts to the host. When set (1), interrupts are enabled.
When reset (0), interrupts to the host are disabled.

Bits 0-6: Not defined

7 6 5 4 3 | 2 l 1 | 0
READ Int Int Interrupt Undef'ined for this
Enbld|Rgst Level card
] I 1 ]

This bit indicates the current status of the host Interrupt enable flip flop (1’=enabled, ’0’=
disabled).

Bit 7:

Bit 6: This bit is set when the card is requesting an interrupt and reset when it’s not.

Bits 4-5: These bits indicate the interrupt level of this card. The interrupt level is set by the two
interrupt level switches (see Chapter 2)
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Bits 0-3: These bits are not defined for the MUX card (not used).
SEMAPHORE REGISTER

Z-80 ADDRESS: 8002H
HOST ADDRESS: 000SH

The Semaphore registér is used by both the card and the host while sending and servicing interrupts
~ generated by the interrupt registers (the INT-COND and COMMAND registers). The following is a
description of the Semaphore register and an explanation of its use. '

76|5|4|3|2|1|0

sem Don’t care
| 1 | | 1 1

Bit 7: This bit gives the status of the semaphore: ’0=not busy, ’I’=busy. The semaphore is
automatically set after it is read.

Bits 0-6: These bits are not defined.

The Semaphore register is used by the card and the host to determine whether the shared RAM is
currently available for access. The Semaphore register performs an indivisible read and set operation.
When either the host or the card reads this register, bit 7 is set to indicate that a memory access is in
progress. When the access is completed, the Semaphore register can be cleared by writing any value to it.
Bits O to 6 are meaningless.

It should be noted that the Semaphore register does not perform any hardware lockout function. Its use is
part of the backplane protocol. The Semaphore register will only be used when either the card or the host
wants to access one of the interrupt registers (see the INT-COND and the COMMAND registers and their
associated tables in the following paragraphs).

Registers with Interrupt Capabilities

There are two RAM registers which are capable of generating an interrupt when they are written to.
These registers are used to send status and command information between the card and the host. Most of
the software interfacing between the card and the host will be initiated through these registers. The
following is a description of each. For further information on the interrupts each of these registers can
generate, refer to the paragraph "Interrupts."
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COMMAND REGISTER

Z-80 ADDRESS: COO1H
HOST ADDRESS: 8003H

WRITE: HOST ONLY - GENERATES INTERRUPT TO THE Z-80

READ : CARD ONLY - TURNS OFF INTERRUPT

The COMMAND register is used to send commands and status information from the host to the card.
When the host writes to this register, an interrupt to the Z-80 is generated. The interrupt informs the
card that there is a command to be read in the COMMAND register. When the card reads the register,
the interrupt line is automatically cleared.

The bits in the COMMAND register are used to identify the type of interrupt request. There are two
types of interrupts generated by the host; port specific interrupts and non-specific interrupts. If the
interrupt is port specific, i.e., it pertains to a particular port, a bit will be set in the COMMAND register
to indicate which port. The actual interrupt information will be contained in a 4-byte table called the
CMND-TAB. This table is discussed in detail in the paragraph “Interrupts".

Since non-specific interrupts do not concern a particular port, there is a bit reserved for them in the
COMMAND register. The CMND-TAB is not accessed.

7 6 5 4 3 2 1 0

NOT |SELF |TIMER|MODM |PORT {PORT |PORT |PORT
USED |TEST |[ON/
OFF 3 2 1 0

COMMAND REGISTER

Bits 0-3: A ’1’ in any of these bit positions indicates that there is a port-specific interrupt for that
port. The card will check the correct byte in the CMND-TAB to identify the interrupt.

Bit 40 A ’I’ in this bit position indicates that the host wants to change one of the modem output
lines. The card will access the MODM-OUT register to determine which line to change.

Bit 5© A D’ in this bit position indicates that the host wants to turn off or on the 16 millisecond
timer.

Bit 62 A’l’in this bit position indicates that the host wants the card to perform its self test.
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INT~-COND Register

Z-80 ADDRESS: COOOH
HOST ADDRESS: 8001H

WRITE: CARD ONLY - GENERATES INTERRUPT TO HOST

READ : HOST ONLY - CLEARS INTERRUPT

The INT-COND register is used to send status information and messages from the card to the host. When
~ the card writes to this register, an interrupt to the host is generated. The interrupt informs the host that
there is an interrupt to be read in the INT-COND register. When the host reads the register, the
interrupt line is automatically cleared. The bits in the INT-COND register are used to identify the type
of interrupt request.

As with the COMMAND register, there are two types of interrupts generated by the card; port specific
interrupts and non-specific interrupts. If an interrupt is port-specific, a bit will be set in the INT-COND
register to indicate which port the interrupt involves. The actual interrupt information is contained in a
4-byte table called the ICR-TAB.

Since non-specific interrupts do not concern a particular port, there is a bit reserved for them in the
INT-COND register. The ICR-TAB is not accessed.

7 6 5 4 | 3 2 1 0

I[NOT |TIME [MODM | ST ||PORT |PORT {PORT |PORT
USED | ouT DONE 3 2 1 0

INT-COND REGISTER

Bits 0-3: A ’I’ in any of these bit positions indicates thatthere is a port-specific interrupt for that
port. The card will check the correct byte in the ICR-TAB table to identify the interrupt.

Bit 4; This bit is set after the card has finished self-test and card initialization. This interrupt
notifies the host that it may now communicate with the card.

Bit §: A ’!l’ in this bit position indicates that that a change occurred on one of the input modem
lines. The host will access the MODM-IN register to determine which line changed.

Bit 6: A ’1’ in this bit position means that the 16 millisecond Receive buffer timer has gone off.
The host will respond by retrieving any characters that are in the four Receive buffers.

4-8



Programming

Special Character Bit Map Table

The bit map consists of 256 RAM locations, each byte representing one character. The first four bits in
each byte correspond to the four ports on the card.

The purpose of the bit map is to enable the host to be notified immediately‘When a "special" character is
received. The host defines a character as special by setting (within the byte representing the character)
the bit representing the port.

When the card receives a character, it uses the character as an index into the bit map and checks the bit
representing the port the character came from. If the bit is set, the card sends the host a Special
Character interrupt. The following is an illustration of a bit map location. :

7 | 6 ' 5 | 4 3 2 1 0
UNUSED PORT3 | PORT2 | PORT1 { PORTO
1 1 I —
NOTE

The host will set bits in the bit map dynamically. There is no handshaking
with the card before making a change to thq bit map.

Other Shared Memory Registers

There are a number of special purpose RAM locations which will be used to pass information between the
host and the card. Table 4-1 contains a list of these shared RAM locations and a description of their
usage. .

Shared RAM registers

The following paragraphs contain a more detailed explanation of the uses of the shared RAM registers.

RECEIVE FIFO HEAD POINTERS. These pointers contain the index of the current head of the Receive
buffers. The Receive buffer head pointers are updated by the host when it removes data from the
Receive buffers.

RECEIVE FIFO TAIL POINTERS. These pointers contain the index of the current tail of the Receive
buffers. The Receive buffer tail pointers are updated by the card when it places new data into the
Receive buffers. .

TRANSMIT FIFO HEAD POINTERS. These pointers contain the index of the current head of the
Transmit buffers. The Transmit buffer head pointers are updated by the card when it removes data from
the Transmit buffers.
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Table 4-1. Shared Memory Registers

(IN HEX)

Z2-80 HOST
RAM REGISTER DESCRIPTION ADDRESS ADDRESS
RHEAD-0 RECEIVE FIFO HEAD POINTER - PORT 0 C700 8E01
RHEAD-1 " - PORT 1 Cc701 8E03
RHEAD-2 " - PORT 2 croz 8E05
RHEAD-3 " - PORT 3 c703 8E0T
RTAIL-0 RECEIVE FIFO TAIL POINTER - PORT O C704 8E09
RTAIL-1 " - PORT 1 C705 8EOB
RTAIL-2 " - PORT 2 C706 8EOD
RTAIL-3 " - PORT 3 cro7 8EOF
THEAD-0 TRANSMIT FIFO HEAD POINTER - PORT O c708 8E11
THEAD-1 " - PORT 1 C709 8E13
THEAD-2 " - PORT 2 CT70A 8E15
THEAD-3 " - PORT 3 c7oB 8E1T
TTAIL-0O TRANSMIT FIFO TAIL POINTER - PORT O c7ocC 8E19
TTAIL-1 " - PORT 1 Cc7oD 8E1B
TTAIL-2 " - PORT 2 CTOE 8E1D
TTAIL-3 " - PORT 3 CTOF 8E1F
CONFIGURATION DATA REGISTERS:
CONFG-0 LINE SPECS REGISTER - PORT O Cc710 8e21
BD-0 BAUD RATE INDEX - " c711 8E23
CONFG-1 LINE SPECS REGISTER - PORT 1 cri2 8E25
BD-1 BAUD RATE INDEX - " C713 8e27
CONFG-2 LINE SPECS REGISTER - PORT 2 c714 8E29
BD-2 BAUD RATE INDEX - " C715 8E2B
CONFG-3 LINE SPECS REGISTER - PORT 3 C716 8E2D
BD-3 BAUD RATE INDEX - " c717 8E2F
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Table 4-1. Shared Memory Registers (Continued)

(IN HEX)
Z-80 HOST
RAM REGISTER DESCRIPTION ADDRESS | ADDRESS
MODM-IN MODEM INPUT LINES c718 8E31
MODM-OUT MODEM OUTPUT LINES cT719 8E33
MODM-MASK MODEM MASK FOR INPUT LINES CT1A 8E35
CMND-TAB COMMAND REG. INTERRUPT DATA c718B 8E37
4 BYTES - 1 PER PORT
ICR-TAB INTCOND REG. INTERRUPT DATA CTiF 8E3F
4 BYTES - 1 PER PORT
ST-COND SELF TEST RESULT REGISTER cra3 8EA4T

TRANSMIT FIFO TAIL POINTERS. These pointers contain the index of the current tail of the
Transmit buffers. The Transmit buffer tail pointers are updated by the host when it places new data into
the Transmit buffers.

Configuration Data Registers

There are two bytes of configuration data for each port. The first byte (CONFG) is used to specify parity,
bits per character, and number of stop bits per character for each port. The second byte, BD, contains a
value which corresponds to the desired baud rate. Both registers are detailed in the following paragraphs.
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CONFG REGISTER. This register is used to specify three pieces of configuration information; parity
method, number of bits per character, and the number of stop bits per character. The card is capable of
being programmed for the options shown below even though all the options are not supported.

7 6 5 4 3 2 1 0

Don’t care

0 0 - NO PARITY

0 1 - ODD PARITY

1 0 - EVEN PARITY
0 0 - 1 STOP BIT/CHARACTER
0 1 - 1-1/2 STOP BITS/CHARACTER
1 0 - 2 STOP BITS/CHARACTER

5 BITS/CHARACTER
6 BITS/CHARACTER
7 BITS/CHARACTER
8 BITS/CHARACTER

e Ne)
- O - O
LI}

BD REGISTER. This register is used to indicate the baud rate the host wants the port set to. As with
the options available in the CONFG register, not all of the available options are supported for the card.
The options that are supported are listed at the beginning of this chapter and in table 1-1 in Chapter 1.

BD REGISTER VALUE (HEX) BAUD RATE (BITS/SEC)
50
75
110

134.5

150
300
600
900
1,200
1,800
2,400
3,600
4,800
7,200
9,600
19,200
38,400

“~« OTMMUOTI>POO~NOOOL WD -

-

4-12



Programming

Modem Input Lines

The first four bits in the MODM-IN register are used to represent the four input modem lines. The
remaining four bits are unused. The host will read this register when it wants to know the status of the
input modem lines - i.e., which ones are on and which are off. The card will update this registéer when it
receives notification of an input modem line change from the transceiver. If one of these lines change,
the card will access the MODM-MASK register to see if the host wants to be interrupted for a change on
that particular line. MODM-~-IN will always contain a copy of the current status of the input modem
lines.

MODM-IN REGISTER
7 l 6 l 5 | 4 3 2 1 0
Don’t Care CS DM RR IC
| ] |

CS - Clear to Send
RR - Receiver Ready
IC Incoming Call
DM Data Mode

Modem Outiput Lines

The first three bits in the MODM-OUT register are used to represent the three output modem lines. The
remaining five bits are unused. When the host wants to change a particular output modem line it will
first write to this register, setting the appropriate bit position, then generate a Modem Output Change
interrupt to the card. The MODM-OUT register will always contain the current status of the modem
output lines.

MODM-OUT REGISTER
T l 6 I 5 l 4 ‘ 3 2 1 0
Don’t Care SR TR RS
] i 1 i

SR - Signal Rate Selector
TR - Terminal Ready
RS - Request to Send

Modem Mask Register

The first four bits in this register correspond to the first four bits in the MODM-IN register. The other
four bits will be set. If there is a change on one of the input modem lines, this register will be used by the
card to determine whether the host wants to be interrupted. If the bit in MODM-MASK corresponding
to the input line is set, the card will send the host a Modem Input Change interrupt. If the bit is reset (0),
the card will not send an interrupt. The format of the Modem Mask register exactly matches that of
MODM-IN.
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INT-COND Register Interrupt Data (ICR-TAB)

The INT-COND register interrupt data is contained in a 4-byte table which is used to identify port
specific interrupts sent by the card to the host. This table is used in conjunction with the INT-COND
register. Each of the bytes in the ICR-TAB is reserved for one of the 4 ports. When the card sends the
host a port specific interrupt (one of the port bits (0-3) in the INT-COND register is set), the host will
read the corresponding byte in ICR-TAB for the actual cause of the interrupt. See the paragraph
“"Interrupts" for more detail on ICR-TAB.

COMMAND Register interrupt Data (CMND-TAB)

The COMMAND register interrupt data is also contained in a 4-byte table. It is used the same as the
ICR-TAB except that it identifies port specific interrupts from the host to the card. The CMND-TAB is
used in conjunction with the COMMAND register. See the "Interrupts" paragraph for more detail on
CMND-TAB.

ST-COND Register

The ST-COND register is used to indicate the result of Self Test. It Self Test passed, ST~-COND will
contain the value EOH. If Self Test failed, the register contains the value of the IX register (internal to
the Z-80) at the time of failure. This value indicates what routine Self-Test was executing when it
failed. See Chapter 5 for additional information.

SHARED MEMORY ACCESS AND DATA FORMATS

There are 2K bytes of shared RAM on the MUX card. All of the communication between the card and
the host will be via shared RAM (the INT-COND and COMMAND registers are part of the RAM address
space). The following paragraphs describe shared memory access protocols, including a description of the
FIFO buffers, receive and transmit data formats, FIFO pointer management, Transmit FIFO protocol, and
Receive FIFO protocol.

Bus Arbitration

The host and the card will alternate RAM accesses when they both need the bus at the same time. This is
accomplished in the hardware. As a result, if both the card and the host try to access RAM at the same
time, the host will get the bus for one memory access, then the card. In a worst case situation the host
and the card will have to wait one RAM cycle between each memory access.

There is one exception to the above. Both the card and the host will use the Semaphore register to lock
each other out when sending or responding to card-to-host or host~to-card interrupts. These interrupt
processes are critical regions for both the host and the card and, as such, will be protected by mutual use
of the Semaphore register. The use of the Semaphore register in the interrupt processes is described in the
paragraph "Interrupts".
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Pointer Management - Receive and Transmit Buffers

Recall that there are a total of eight buffers, each organized as a circular FIFO queue: one Receive buffer
and one Transmit buffer for each of the four ports. There are two pointers associated with each of the
buffers: a head pointer and a fail pointer. Both of these pointers are indexes from a base FIFO address.
The base address is hard~coded.

The management of the head and tail pointers is the responsibility of both the card and the host. The
card will be adding data to the Receive buffers and removing data from the Transmit buffers. Therefore,
it will be responsible for updating the Receive buffer Tail pointers and the Transmit buffer Head
pointers. ‘Conversely, the host will be removing data from the Receive buffers and adding data to the
Transmit buffers. It will be responsible for updating the Receive buffer Head pointers and the Transmit
buffer Tail pointers.

Receive Dafa Format

The receive data format scheme requires two bytes per character. The first byte will be the character and
the second byte will be the status byte which contains error information and break detection. The data
format is illustrated below:

T 6 5. 4 3 2 I 1 J 0
CHARACTER
| |
i i
F 0 P B OVF UNUSED
1 1

1. (F) Framing Error - This is to notify the host that a framing error occurred on this character.

2. (O) Overrun Error - This is to notify the host that a UART overrun condition occurred on this
character.

3. (P) Parity Error - This is to notify the host that a parity error occurred on this character.

4. (B) Break Detection - This is to notify the host that a Break was received. The character will be
null.

5. (OVF) Overflow Error - This is to notify the host that a Receive buffer overflow condition
occurred before this character.
Receive FIFO Buffer Management
Recall that there are four receive buffers, one for each port. They are organized as circular FIFO data

structures of 256 bytes each. As each character requires 2 bytes, this is enough buffer space for 128
characters per port.
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TIME-OUT TIMER FCR RECEIVE CHARACTERS. Recall that the card will interrupt the host every
16 milliseconds. The host will respond to this interrupt by emptying all of the characters in the four
Receive buffers. The host turns on the timer during boot-up and the timer will cycle continuously
whether there is Receive data in the buffers or not. The host does have the option to turn off the timer if
it so desires by sending a Timer Off/On interrupt. This interrupt is discussed in more detail under the
paragraph Interrupts.

CARD PROCESS FOR RECEIVE BUFFER MANAGEMENT. The card will only access the Receive
FIFO buffers when a Receive character has arrived at a port. When a character arrives the following
sequence of events is performed by the card.

1. Check if the buffer is full. If so, the card will simply exit this routine without retrieving the
character from the transceiver. :

NOTE

The transceiver has a 3-byte internal buffer which insures protection in
the event the Receive buffer is full. However, if there is still no room in
the Receive buffer when the fourth character arrives, the transceiver will
overrun. It is the responsibility of the host to service the buffer enough to
prevent this occurrence. There will be no overrun prevention done on the
card.

2. Retrieve the character from the transceiver.
3. Strip any parity bits.

4. Create the status byte.

5. Check the Bit Map location for the character. If the correct bit is set, it identifies the character as
a "special character” and the card sends a Special Character interrupt to the host.

6. Write both the character and the status byte to the FIFO buffer and update the appropriate

pointers.

HOST PROCESS FOR RECEIVE BUFFER MANAGEMENT. The host will only access the Receive
FIFO buffers after it receives a Time-Out interrupt from the card. The Time-Out interrupt will occur
every 16 milliseconds whether there is data in the Receive buffers or not. Upon receipt of the interrupt,
the host will begin checking and emptying all four Receive buffers. The host will perform the following
sequence of events for each Time-Out interrupt.

For each buffer -

1. If head=tail then exit (buffer empty), else . . .

2. Retrieve data byte and staius byte.

3. Update buffer pointers.
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4. Begin sequence again.

Transmit Data Format. There is no special transmit data format: because there is no status byte
associated with transmit data, the Transmit buffers will simply contain characters to transmit.

Transmit FIFO Buffer Management. Recall that there are four Transmit buffers, one for each port.
They are organized as circular FIFO queues of 16 bytes each, one byte per character.

CARD PROCESSING FOR TRANSMIT BUFFER MANAGEMENT. The card begins to send transmit
data out the port after it receives a TX Buffer Not Empty interrupt from the host informing it that the
transmit buffer for the port is'no longer empty. The card starts the transceiver and begins sending. out
characters. The card performs the following sequence of events.

1. If head=tail then exit (buffer empty) else. . .

2. Retrieve character and send to the UART.

3. Update necessary pointer(s).
HOST PROCESSING FOR TRANSMIT BUFFER MANAGEMENT. The host will add data to the
Transmit buffers whenever it has the need unless the intended buffer is full. If the host encounters a full
buffer, it will hold off and wait for a TX Buffer Empty interrupt from the card. The TX Buffer Empty
interrupt informs the card that there is now room in the Transmit buffer for more characters.
If the buffer is empty when the host wants to put characters in, the host will send the card a TX Buffer
Not Empty interrupt. This interrupt tells the card that there are now more characters to send to the
transceiver. The following is the sequence of events the host executes for each character it wants to place
in a Transmit buffer.

1. Is the Transmit buffer full? If yes, exit routine.

2. Is the Transmit buffer empty? If yes, send a TX Buffer Not Empty interrupt to the card.

3. Do the following until either finished or buffer full

a. Put character into buffer
b. Update pointer.
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INTERRUPTS

This discussion on interrupts is divided into two general parts: First is an overview of the Interrupt
sending and receiving process between the card and the host. Second is an explanation of each of the
possible card-to-host and host~to-card interrupts.

NOTE

Both the host and the card will assume that there may be more than one bit
set (more than one interrupt) in the Interrupt register when the actual
interrupt signal is received. This is the reason that a bit is reserved for
each type of interrupt instead of using a value to represent a particular
interrupt.

Interrupt Sending and Receiving — Semaphore Register

The interrupt process between the host and the card is critical to both and, as such, cannot tolerate a
possible interleaving of memory accesses. As a result, the Semaphore register is used by both the card and
the host as notification that a critical process is being performed.

Whenever either the host or the card is sending or receiving an interrupt, both will check the Semaphore
register before accessing the Interrupt register. If bit 7 in the Semaphore is "0", the Interrupt registers are
not being accessed and the host or the card (whichever is checking the register) may proceed. If bit 7 is
"1", the host or the card is in the critical region. The entity wishing to begin must wait. For example, if
the host wants to send-an interrupt to the card, it will first check the Semaphore register. If bit 7 in the
Semaphore register is set, the card is in the process of accessing one of the Interrupt registers. The host
will wait for the Semaphore register to be cleared before sending the interrupt.
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Host-to-Card Interrupts

Host-to-card interrupts are generated when the host writes to the COMMAND register. As mentioned
previously, if the interrupt is port-specific, the bit in the COMMAND register indicating the port will be
set, and the bit in CMND-TAB indicating the interrupt will be set. In other words, if the interrupt is
port-specific the card will check the corresponding byte in CMND-TAB for the interrupt. If the
interrupt is not port-specific, CMND-TAB will not be accessed.

COMMAND REGISTER CMND-TAB

{non-specific}{port-specific}
7 6 5 4 3 2 1 0

xxx |ST |TME|MOD|P3 |P2 |P1 |PO

7 - 3 2 1 0
L——— UNUSED BRK| TX | CON
" BRK| TX | CON

BRK| TX | CON

" BRK| TX { CON

NON-SPECIFIC INTERRUPTS

1. MODEM OUTPUT CHANGE (MOD) =~ This interrupt is used in conjunction with the
MODM-OUT register. The host will generate this interrupt when it wants the card to change one
or more of the modem output lines. After receiving this interrupt, the card will read the
MODM-OUT register and set the indicated modem lines. :

2. TIMER OFF/ON (TME) - This interrupt is used to toggle the timer on and off. If the timer is on
when this interrupt is received, the card will turn the timer off. If the timer is off, the card will
turn it back on again.
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3. SELF TEST ON (ST) - This interrupt tells the card to begin self-test. The purpose of this
interrupt is to give the host the capability of dynamically invoking self-test without having to
power the system down and back up.

CAUTION

It is critical that the host does not interrupt the card after invoking
self ~test until the card sends a Self-Test Done interrupt.

PORT-SPECIFIC INTERRUPTS

1. CONFIGURATION DATA CHANGE (CON) - This interrupt informs the card that the host has
changed the configuration data for the indicated port. Configuration data includes line
characteristics and baud rates for the specified channels. The card will respond to this interrupt
by changing the line configuration and baud rate as specified in the CONFG and BD registers.

NOTE

The host waits for the TX buffer to be empty before sending this interrupt
so that there is no timing collision.

2. TRANSMIT BUFFER NOT EMPTY (TX) - This interrupt tells the card that the host has put data
into a previously empty Transmit buffer. Upon receipt of this interrupt, the card will start the
transceiver and begin retrieving characters from the Transmit buffer.

NOTE

This interrupt is identified and processed after the configuration interrupt
so that no transmit data is sent until the card has completely finished
changing the line configuration for the port.

3. SEND BREAK (BRK) - This interrupt works as a toggle. The first time it is sent, it informs the
card to send a break on the port specified. The break condition remains until the card receives
this interrupt a second time which tells it to stop the break.
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NOTE

The host waits for the TX buffer to be empty before sending the interrupt
so that there is no timing collision.

Card-to-Host Interrupts

Card-to-host interrupts are generated when the card writes to the INT-COND register. As mentioned
previously, if the interrupt is port-specific, the bit in the INT-COND register indicating the port will be
set and- the bit in ICR-TAB indicating the interrupt will be set. In other words, if the interrupt is
port-specific the host will check the corresponding byte in ICR-TAB for the interrupt. If the interrupt is
not port-specific, ICR-TAB will not be accessed.

INT-COND REGISTER ICR-TAB

{non-specific}{port-specific}

716 15]4]3]¢2 1 0
xxx | TME|MOD|ST |P3 |P2 [P1 PO
T - 2 1 0
UNUSED SPEC| TX
" SPEC| TX
" SPEC| TX
" SPEC] TX

NON-SPECIFIC INTERRUPTS

1.

TIMER (TME) - The card will send the host a Time-Out interrupt every 16 milliseconds. This
signals the host to come retrieve any characters that might be in the Receive buffers. The host
will respond to this interrupt by checking to see if the buffers are empty, then retrieving all
characters from the Receive buffers that are not empty.

MODEM INPUT CHANGE (MOD) - This interrupt is used in conjunction with the MODM-IN
and the MODM-MASK registers. The card will send this interrupt to the host when there has
been a change in one of the modem lines indicated by the MODM-MASK register. If there is a
change in a2 modem line whose corresponding bit in the MODM-MASK is not set, the card will not
issue this interrupt.

SELF TEST COMPLETE (ST) - This interrupt informs the host that the card has completed

self-test. The host will check the ST-COND register to determine whether self -test passed or
failed. If self-test passed, it also means that the card is initialized and ready for processing.
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PORT-SPECIFIC INTERRUPTS

1.

4-22

SPECIAL CHARACTER RECEIVED (SPEC) - This interrupt is sent when the card receives a
character whose bit position in the Bit Map was set. Possible special characters might be XOFF,
XON, etc. As mentioned previously, the host is responsible for designating which characters are
special. '

TRANSMIT BUFFER EMPTY (TX) - This interrupt informs the host that the Transmit buffer for
the port indicated is now empty. When the host wants to send the card a character but finds the
Transmit buffer full, it will back off and wait for this interrupt before attempting to send any
more characters. :
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Maintenance

If the MUX card did not pass the self-test described in Chapter 2, it is recommended that you return the
card to Hewlett-Packard. If further testing is desired, however, test hoods can be installed on the card
and the self -test can be rerun (the test hoods test slightly more of the card’s circuitry).

The MUX self -test is programmed in ROM and functionally tests portions of the hardware on the card.
(If the test hoods are installed, more hardware is tested.)

The self -test includes a ROM test, a RAM test, a CTC test, and an SIO test. There are two ways to invoke
self -test: it is automatically invoked during power up when the Auto Reset line is pulled low, or it may be
invoked dynamically by a self -test interrupt from the host computer.

CAUTION

The host must NOT attempt to interrupt the MUX card until it has
received a Self-Test Done interrupt from the card.

The self -test on the MUX card automatically tests for the presence of the loop-back test hoods on each
port. For each port that has a test hood connected, a pattern is generated in a section of the self -test that
externally loops back through the transceivers. To fully test the transceivers on all four ports in one pass,
four test hoods need to be installed. The test hood part numbers are as follows:

Part Number - This test hood tests ports 1,2, and 3. Note that three of these hoods
98642-67950 are necessary to test the transmitters and receivers on ports 1, 2, and 3
in a single pass of the self-test.

Part Number - This test hood tests the modem channel (port 0).
98644-67950

The wiring for the test hood for ports 1, 2, and 3 is shown in figure 5-1. Figure 5-2 shows the wiring for
the modem test hood (port 0).
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RECEIVE DATA
HOOD DETECT
GROUND
TRANSMIT DATA

= N U

]

RECEIVE LINES.

THIS TEST HOOD USES A 6—-POSITION
PHONE JACK, PART NUMBER 641335-1.
PINS 1 AND 4 ARE CONNECTED TO
LOOP—-BACK THE TRANSMIT AND
PIN 3 (HOOD DETECT)
IS CONNECTED TO PIN 2 (GROUND) TO
SENSE THE TEST HOOD.
THE PINS ARE NUMBERED FROM LEFT TO
RIGHT LOOKING INTO THE RECEPTACLE.

Figure 5-1. Test Hood for Ports 1, 2, and 3

TRANSMIT DATA
RECEIVE DATA

REQUEST TO SEND
CLEAR TO SEND

DATA SET READY
GROUND

CARRIER DETECT

DATA TERMINAL READY (20)
RING INDICATOR (22)
FREQUENCY SELECT (23)

ONDIO &N

-
1

THIS TEST HOOD USES A MALE 25-PIN
D-TYPE CONNECTOR, TRW PART
NUMBER DEM—25P. PINS 2 AND 3 ARE
CONNECTED TO LOOP—BACK THE SEND
AND RECEVE UNES. PINS 4 AND 5
ARE CONNECTED TO LOOP-BACK THE
REQUEST TO SEND AND CLEAR TO SEND
UNES. PINS 6 AND 20 ARE
CONNECTED TOGETHER TO LOOP—BACK
DATA SET READY AND DATA TERMINAL
READY. PINS 8, 22, AND 23 ARE
CONNECTED TOGETHER TO LOOP—BACK THE
CARRIER DETECT, RING INDICATOR, AND
FREQUENCY SELECT UNES, WHICH ARE
ALSO USED FOR THE HOOD DETECTION.
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Figure 5-2. Test Hood for Port 0
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To test the card using the test hoods, perform the following:
1. Turn computer system power éff.
2. Connect test hood part number 98644-67950 to port 0 (modem channel).
3. Connect test hoods part number 98642-67950 to ports 1, 2, and 3.

4. Turn on computer system power. The self -test will execute.

Upon successful completion of self -test, the following will occur:
1. The ST-COND register will contain the value EOpex to indicate that self -test passed.
2. The card will send the host a Self-Test Complete interrupt.

3. The card will execute the initialization routine.

Upon unsuccessful termination of self -test, the following will occur:

1. The ST-COND register receives the value in the IX register. This value indicates where the test
failed.

2. The system console will display an error message identifying the card by ID number and select
code, and specify a number which indicates the type of failure (the value in the ST__COND
register). See the paragraph "Code Displayed to Console on Self-Test Failure" for an explanation
of the codes.

3. The card sends the host a Self-Test Complete interrupt.

4. The card will exgcute (or attempt to execute) the initialization routine.
CODE DISPLAYED TO CONSOLE ON SELF-TEST FAILURE

As stated above, when self-test fails, a number representing the section of self-test that failed is written
to the ST-COND register. In the event of self-test failure, the host reads the ST-COND register and
displays this number on the system console.
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The following listing shows individual tests executed in self-test in the order they are executed. The
number to the left of each test is the one displayed on the system console if that component of the test
fails.

ST-COND = 1 INT-COND/INTERRUPT register test
2: NMI/RESET ID register test
3: Semaphore register test
4 ROM test
5: RAM test
6: CTC 0 test - algorithm 1
7: CTC 0 test - algorithm 2
8: CTC 1 test - algorithm 1 K
9: CTC 1 test - algorithm 2
10: SIO 0 CH A test (internal loopback)
11: SIO 0 CH B test (internal loopback)
12: SIO 1 CH A test (internal loopback)
13¢ SIO 1 CH B test (internal loopback)
14: SIO O CH A test (with test hood - external loopback)
15: SIO 0 CH B test (with test hood - external loopback)
16: SIO 1 CH A test (with test hood - external loopback)
17: SIO 1 CH B test (with test hood - external loopback)

NOTE

Self -test executes the component tests in the order shown above and
terminates at the first failure encountered. Any components of self-test
beyond the one in which the failure occurred are not executed.

REPAIR

If desired, isolation to a defective part may be performed. Please be advised, however, that such work is at
your discretion and is your responsibility; moreover, NOTE THAT CUSTOMER REPAIR OR
MODIFICATION OF THE MUX CARD WILL INVALIDATE WARRANTY AND RENDER THE CARD
INELIGIBLE FOR REPAIR BY HEWLETT-PACKARD COMPANY. If such repair service is performed,
the replaceable parts information in Chapter 6 and the schematic logic diagrams in Chapter 7 will be of
assistance.
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Chapter 6

Replaceable Parts

This chapter contains information for ordering replaceable parts for the MUX card. Table 6~-1 contains a
list of replaceable parts, table 6-2 contains the names and addresses of the manufacturers indexed by the
code numbers in table 6-1, and figure 6-1 shows the locations of the parts on the MUX card.

REPLACEABLE PARTS

Table 6-1 contains a list of replaceable parts in reference designation order. The following information is
listed for each part:

1. Reference designation of the part.
2. The Hewlett-Packard part number.
3. Part number check digit (CD).

4. Total quantity.

5. Description of the part.

6. A five-digit manufacturer’s code number of a typical manufacturer of the part. Refer to table
6-2 for a cross~reference of the manufacturers.

ORDERING INFORMATION

To order replacement parts or to obtain information on parts, address the order or inquiry to the nearest
Hewlett-Packard Sales and Service Office (Sales and Service Offices are listed at the back of this manual).

To order a part listed in the replaceable parts table, quote the Hewlett-Packard part number (with the

check digit), and indicate the quantity required. The check digit will ensure accurate and timely
processing of your order.
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To order a part that is not listed in the replaceable parts table, specify the following information:

1. Identification of the kit containing the part (refer to the product identification information
supplied in Chapter 1).

2. Description and function of the part.

3. Quantity required.
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Table 6-1. HP 98642A Replaceable Parts

Replacement Parts

Reference HP Part |C s Mir
Designation Number |D Qty Description Code Mfr Part Number

98642-66501 1 1 PCA 4CH DIO MUX 28480 98642-66501

Ct 0160-3847 ] 10 CAPACITOR-FXD .01UF +100-0% S0VDC CER 28480 0160-3847

c2 0160-3847 9 CAPACITOR-FXD .01UF +100-0% SOVDC CER 28480 0160-3847

Cc3 0160-4810 8 7 CAPACITOR-FXD 330PF +-5% 100VDC CER 28480 0160-4810

c4 0160-4810 8 CAPACITOR-FXD 330PF +-5% 100VDC CER 28480 0160-4810

cs 0160-4810 8 CAPACITOR-FXD 330PF +-5% 100VDC CER 28480 0160-4810

cé . 0160-3847 9 CAPACITOR-FXD .01UF +100-0% SOVDC CER 28480 0160-3847

c7 0160-4810 8 CAPACITOR-FXD 330PF +-5% 100VDC CER 28480 0160-4810

c8 0160-4810 8 CAPACITOR-FXD 330PF +-5% 100VDC CER 28480 0160-4810

c9 0160-4810 8 CAPACITOR-FXD 330PF +-5X 100VDC CER 28480 0160-4810

c10 0160-4810 8 CAPACITOR-FXD 330PF +-5% 100VDC CER 28480 0160-4810

cH 0160-3847 9 CAPACITOR-FXD .01UF +100-0% SOVDC CER 28480 0160-3847

ci2 0160-4807 3 2 CAPACITOR-FXD 33PF +-S% 100VDC CER 0+-30 28480 0160-4807

c13 0160-3847 9 CAPACITOR-FXD .01UF +100-0% SOVDC CER 28480 0160-3847

ct4 0160-3847 9 CAPACITOR-FXD .01UF +100-0% SOVDC CER 28480 0160-3847

(%1 0160-3847 9 CAPACITOR-FXD .01UF +100-0% SOVDC CER 28480 0160-3847

C16 0160-3847 9 CAPACITOR-FXD .01UF +100-0% SO0VDC CER 28480 0160-3847

c17 0160-4807 3 CAPACITOR-FXD 33PF +-S% 100VDC CER 0+-30 28480 0160-4807

ci8 0180-0197 8 1 CAPACITOR-FXD 2.2UF+-10% 20vDC TA 56289 150D225X9020A2

cig 0180-1746 3 1 CAPACITOR-FXD 15UF+-10% 20VDC TA 56288 150D156X902082

c20 0180-0228 6 1 CAPACITOR-FXD 22UF+-10% 15VDC TA 56289 150D226X9015B2

c21 0160-3847 9 CAPACITOR-FXD .01UF +100-0% S0VDC CER 28480 0160-3847

c22 0160-3847 9 CAPACITOR-FXD .01UF +100-0% S0VDC CER 28480 0160-3847

CR1 1901-1088 1 2 DIODE-SWITCHING 1N4150 SOV 200MA 4NS ON1T1 1N4150

CR2 1801-1088 1 DIODE-SWITCHING 1N41S0 SOV 200MA 4NS SN171 1N4150

CR3 1801-0518 8 2 DIODE-SM SIG SCHOTTKY 28480 1901-0518

CR4 1801-0518 8 DIODE-SM SIG SCHOTTKY 28480 1801-0518

Jo 1252-0269 ] 1 CONN-RECT D-SUBMIN 25-CKT 25-CONT 28480 1252-0269

Ji1 1251-7532 1 3 MODULAR PHONE RCPT RIGHT ANGLE PC MOUNT 28480 1251-7532

J2 1251-7532 1 MODULAR PHONE RCPT RIGHT ANGLE PC MOUNT 28480 1251-7532

J3 1251-7532 1 MODULAR PHONE RCPT RIGHT ANGLE PC MOUNT 28480 1251-7532

R1 0698-7252 7 ) RESISTOR 4.64K 1% .0SW F TC=0+-100 24546 C3-1/8-T0-4641-F

R2 0698-7252 7 RESISTOR 4.64K 1% .0SW F TC=0+-100 24546 C3-1/8-T0-4641-F

R3 0698-7252 7 RESISTOR 4.64K 1% .0SW F TC=0+-100 24546 C3-1/8-T0-4641-F

R4 0698-0082 7 3 RESISTOR 464 1% .125W F TC=0+-100 24546 C4-1/8-T0-4640-F

RS 0698-0082 7 RESISTOR 464 1% .125W F TC=0+-100 24546 C4-1/8-T0-4640-F

R6 0757-0346 2 2 RESISTOR 10 1% .125W F TC=0+-100 24546 C4-1/8-T0-10RO-F

R7 0757-0346 2 RESISTOR 10 1X .125W F TC=0+-100 24546 C4-1/8-T0-10R0O-F

R8 0757-0405 4 1 RESISTOR 162 1X .125W F TC=0+-100 24546 C4-1/8-T0-162R-F

RS 0698-0082 7 RESISTOR 464 1% .1254W F TC=0+-100 24546 C4-1/8-T70-4640-F

R10 0698-7252 7 RESISTOR 4.64K 1% .0SW F TC=0+-100 24546 C3-1/8-T0-4641-F

R11 0698-7252 7 RESISTOR 4.64K 1% .05W F TC=0+-100 24546 C3-1/8-T0-4641-F

Ut-

u1o NOT ASSIGNED

U1 1820-1427 8 1 IC DCDR TTL LS 2-TO-4-LINE DUAL 2-INP 01295 SN74LS156N

ui2 1820-1245 8 2 IC DCOR TTL LS 2-TO-4-LINE DUAL 2-INP 01295 SN74LS155N

U3 1820-1197 ] 1 IC GATE TTL LS NAND QUAD 2-INP 01295 SN74LS0ON

ui4 1820-1208 3 2 IC GATE TTL LS OR QUAD 2-INP 01295 SN74LS32N

uis 1820-2488 3 1 IC FF TTL ALS D-TYPE POS-EDGE-TRIG 01295 SN74ALS74N

uie 1820-1112 8 2 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74LS74AN

u17 1820-1199 1 1 IC INV TTL LS HEX 1-INP 01295 SN74LS04N

u1g 1820-0990 8 2 IC RCVR DTL NAND LINE QUAD 01295 SN75189AT

u1g 1820-0509 5 2 IC DRVR OTL LINE DRVR QUAD 04713 MC1488L

[370] 1820-0508 S IC DRVR OTL LINE DRVR QUAD 04713 MC1488L

uz21 1820-0990 8 IC RCVR DTL NAND LINE QUAD 01295 SN75189AT

U22 1820-2300 8 2 IC-Z80A SIO/2 28480 1820-2300

uz23 1820-2300 8 IC-Z80A SIO/2 28480 1820-2300

u24-

u3o NOT ASSIGNED

U3t 0340-0944 3 1 INSULATOR-IC NYLON BLACK 28480 0340-0944

U3t 1813-0225 7 1 CRYSTAL -CLOCK-OSCILLATOR 28480 1813-0225

u32 1820-1245 8 IC DCOR TTL LS 2-T0-4-LINE DUAL 2-INP 01295 SN74LS155N

us3 1820-14490 S 1 IC LCH TTL LS QUAD 01295 SN74LS279N

U34 1820-1428 9 1 IC MUXR/DATA-SEL TTL LS 2-TO-1-LINE QUAD 01295 SN74LS 158N

u3s 1820-1144 6 1 IC GATE TTL LS NOR QUAD 2-INP 01295 SN74LS02N
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Replacement Parts

)

Table 6-1. HP 98642A Replaceable Parts (continued)

Reference HP Part |C . Mfr
; ; Mfr Part
Designation | Number |D| QY Description Code rt Number
u3e 1820-0693 8 1 IC FF TTL S D-TYPE POS-EDGE-TRIG 01295 SN74574N
u3? 1820-1206 1 1 IC GATE TTL LS NOR TPL 3-INP 01285 SN74LS27N
u3s 1820-1112 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74LS74AN
U39 1820-1568 8 1 IC BFR TTL LS BUS QUAD 01295 SN74LS125AN
u40 1820-1208 3 IC GATE TTL LS OR QUAD 2-INP 01235 SN74LS32N
u41 1820-1470 1 1 IC MUXR/DATA-SEL TTL LS 2-TO-1-LINE QUAD 01295 SN74LS1S7N
u42-
us4 NOT ASSIGNED
Uss 1818-1611 7 1 IC CMOS 16384 (16K) STAT RAM 150-NS 3-S 54013 HME116P-3
use 1820-1202 7 1 IC GATE TTL LS NAND TPL 3-INP 01295 SN74{ S10N
us7 1200-0553 S 1 SOCKET-IC 28-CONT DIP-SLDR 28480 1200-0553
usg NOT ASSIGNED
ueo NOT ASSIGNED
ust 1820-1804 S 1 IC BFR NMOS CLOCK DRVR 04713 MPQ6842
us2 1810-0162 S 1 NETWORK-RES 14-DIP4.7K OHM X 13 11236 760-1-R4.7K
us3 3101-2747 S 1 8-P0S AI DIP SW 28480 3101-2747
us4 1820-2740 0 1 IC COMPTR TTL LS MAGTD 2-INP 8-BIT 01295 SN74LS688N
ues 1820~1905 7 1 IC GATE TTL LS NOR DUAL S-INP 07263 74LS260PC
ues NOT ASSIGNED
us7 1820-2298 3 1 1C-Z80A CPU 28480 1820-2298
ues 1820-2301 9 2 IC-Z80A CTC 28480 1820-2301
ueg 1820-2301 9 IC-280A CTC 28480 1820-2301
uz0-
un NOT ASSIGNED
u72 1820-2206 3 2 IC MISC TTL LS 01295 SN74LS640N
u73 1820-1917 1 2 IC BFR TTL LS LINE DRVR OCTL 01295 SN74LS240N
u74 1820-2206 3 IC MISC TTL LS 01285 SN74LS640N
u7s 1820-1917 1 IC BFR TTL LS LINE DRVR OCTL 01285 SN74LS240N
U7t 1820-1444 9 4 IC MUXR/DATA-SEL TTL LS 2-TO-1-LINE QUAD 01295 SN74LS298N
u77 1820-1444 9 IC MUXR/DATA-SEL TTL LS 2-TO-1-LINE QUAD 01285 SN74L5298N
u78 1820-1444 8 IC MUXR/DATA-SEL TTL LS 2-TO-1-LINE QUAD 01295 SN74LS298N
u79 1820-1444 9 IC MUXR/DATA-SEL TTL LS 2-TO-1-LINE QUAD 01295 SN74LS298N
[th} 0811-3716 2 4 RESISTOR ZERO OHM 28480 0811-3716
74 0811-3716 2 RESISTOR ZERO OHM 28480 0811-3716
w3 0811-3716 2 RESISTOR ZERD OHM 28480 0811-3716
(23 0811-3716 2 RESISTOR ZERO OHM 28480 0811-3716
0515-0076 3 2 SCREW-MACH M3 X 0.5 6MM-LG S0-DEG-FLH-HD 28480 0515-0076
0590-1445 0 2 THREADED INSERT-NUT M3 X 0.5 CARB-STL 28480 0590-1445
1818-3384 S 1 JC NMOS 65536 (64K) EPROM 250-NS 3-S 28480 1818-3384
7121-1010 9 1 LBL-LINE PTR .S-IN-WD X .5-IN-LG 28480 7121-1010
5180-7226 3 1 PC BOARD 28480 $180-7226
98642-00001 8 1 COVER PLATE 28480 98642-00001
98642-81003 | 6 1 BURNIN DIO MUX 28480 98642-81003

Update 1 (August 1986)
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Replacement Parts

Table 6-2. Code List of Manufacturers

Mfr

Code Manufacturgr Name Address Zip Code
S4013 | HITACHI TOKYO, JAPAN

01121 | ALLEN-BRADLEY CO MILWAUKEE WI 53204
01295 | TEXAS INSTR INC SEMICOND COMPNT DIV DALLAS X 75222
04713 | MOTOROLA SEMICONDUCTOR PRODUCTS PHOENIX AZ 85008
07263 | FAIRCHILD SEMICONDUCTOR DIV MOUNTAIN VIEW CA 94042
11236 | CTS OF BERNE INC BERNE IN 46711
24546 | CORNING GLASS WORKS (BRADFORD) BRADFORD PA 16701
28480 | HEWLETT-PACKARD CO CORPORATE HQ PALO ALTO CA 94304
56289 | SPRAGUE ELECTRIC CO NORTH ADAMS MA 01247

ON171 | UNITRODE CORP LEXINGTON MA
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Replaceable Parts
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Figure 6-1. HP 98642A Parts Location Diagram




Chapter 7

Schematic Diagrams

This chapter contains schematic logic diagrams for the MUX card.
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Chapter 8
Product History

This chapter lists the c_:hanges that have been made to the HP98642A MUX.

Date Code Remarks
A-2432 Original board.
A-2526 EPROM changed from 986;12—81001 to 98642-81002.
A-2530 Pin 1 of US7 jumpered to pin 28 of U57.
B-2535 Previous change incorporated into board layout.
B-2627 EPROM changed from 98642-81002 to 98642-81003.

Update 1 (August 1986)
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A

Address space, 3-7
Address space, I/0, 3-11
Arbiter, memory, 3-4

B

BD register, 4-12

Buffer management, 4-15

Buffer management, transmit FIFO, 4-17
Bus arbitration, 4-14

C

Cables, 2-5

Card process for receive buffer management, 4-16
Card-to-host interrupts, 4-21

Clocks, 3-4

Command register interrupt data, 4-14
Command register, 4-7

Configuration Data register, 4-11
Configuration switches, 2-3
Controller, memory, 3-4

Controller, serial 1/0, 3~11

Counter timer circuit, 3-11

CONFG register, 4-12

CTC test, 5-1

CTC, 3-11

Current requirements, 21

D

Data formats, 4-14
Data passing, 4-2
Data
received from channel, 4-2
received from peripheral device, 4-2
transmitted to channel, 4-3
transmitted to peripheral device, 4-3
Determining current requirements, 2-1

E

EPROM installation 2-1
Equipment supplied, 1-1
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Index

F

Firmware event interrupts, 4~3
Firmware installation, 2-1
Firmware

priority scheme, 4-3

shared memory, 4-1
Functional theory of operation, 3-1

G

General description, 1-1

H

Hardware registers, 4-3, 4-4
| History, Product, 8-1
’ Hoods, test, 5-1
Host process for receive buffer management, 4-16
Host shared memory write, 3-6
Host-to-card interrupts, 4-19

1/0 address space, 3-11
ICR-TAB, 4-14
Identification, 1-2
Installation, 2-7
cables, 2-5
configuration switches, 2-3
current requirements, 2-1
EPROM, 2-1
firmware, 2-1
interrupt level switches, 2-§
jumpers, 2-3
Remote/Local Switch, 2-5
select code switches, 2-3
start up, 2-7
switches, 2-3
Interface registers, 3-7, 4-3
Interrupt capability registers, 4-6
Interrupt level switches, 2-5
Interrupt register, 4-5
Interrupts, 4-18
card-to-host, 4-21
firmware events, 4-3
host-to-card, 4-19
priority structure, 3-11
sending and receiving, 4-18
Self -Test, 5-1
Special Character, 4-2
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Index

time-out, 4-3

TX Buffer Empty, 4-3

TX Buffer Not Empty, 4-3
IND-COND register, 4-8
INT-COND register interrupt data, 4-14

J

Jumpers, 2-3

Maintenance, -4

Memory address space, 3~7
Memory arbiter, 3-4
Memory controller, 3-4
Modem lines, 3-10

Modem Mask register, 4-13
Modem Output Lines, 4-13
MODM-IN register, 4-13
MODM-OUT register, 4-13

o)

Ordering parts, 6-1
Overview, 3-3

P

Parts, ordering information, 6-1
Parts, replaceable, 6-1
Pointer management, 4-15
Pointers

receive FIFO head, 4-9

receive FIFO tail, 4-9

transmit FIFO head, 4-9

transmit FIFO tail, 4-11
Printed circuit assembly, 1-2
Priority interrupt structure, 3-11
Priority, firmware interrupt, 4-3
Product History, 8-1 l

R

RAM test, 5-1

Read cycle, 3-6

Receive data format, 4-15

Receive data, 4-2

Receive FIFO buffer management, 4-15
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Receive FIFO head pointers, 4-9
Receive FIFO tail pointers, 4-9
Registers
BD, 4-12
Command, 4-7
Configuration Data, 4-11
CONFG, 4-12
hardware, 4-3, 4-4
interface, 3-7, 4-3
Interrupt, 4-5
INT-COND, 4-38
Modem Mask, 4-13
MODM-IN, 4-13
MODM-OUT, 4-13
Reset/ID, 4-4
shared RAM, 4-9
special purpose RAM locations, 4-9
Semaphore, 4-6, 4-18
ST-COND, 4-14
with interrupt capabilities, 4-6
Remote/Local Switch, 2-5
Repair, 5-4
Replaceable parts, 6-1
Reset/ID register, 4-4
Reset, 3-7
Reshipment, 2-8
ROM test, 5-1

S

Select code switches, 2-3

Self -test, 2-7, 5-1

Self -Test interrupt, 5-1

Semaphore register, 4-6, 4-18
Serial 1/0O controller, 3-11

Shared memory access, 4-14

Shared memory controller, 3-4
Shared memory firmware scheme, 4-1
Shared memory read, Z-80A, 3-6
Shared memory write, host, 3-6
Shared RAM registers, 4-9

SIO test, 5-1

SI0/2, 3-11

Special character bit map table, 4-9
Special characters, 4-9

Special Character interrupt, 4-2
Special purpose RAM location registers, 4-9
Specifications, 1-2

Start up, 2-7

ST-COND register, 4-14

Switches, 2-3

System clocks, 3-4
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T

Test hoods, §-1

Theory of operation, 3-1

Time-out interrupts, 4-3

Time-out timer for receive characters, 4-16
Transmit data format, 4-17

Transmit data, 4-3

Transmit FIFO buffer management, 4-17
Transmit FIFO head pointers, 4-9
Transmit FIFO tail pointers, 4-11

TX Buffer Empty interrupt, 4-3

TX Buffer Not Empty interrupt, 4-3

Z

Z-80A shared memory read, 3-6
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MANUAL UPDATE

MANUAL IDENTIFICATION UPDATE IDENTIFICATION

Titlee  Four-Channel Asynchronous Update Number: 2 (April 1988)
Multiplexer (MUX)
This update also includes:
Part Number: 98642-90001 Update 1 August 1986

This Update Goes With: First Edition (September 1985)

THE PURPOSE OF THIS MANUAL UPDATE
is to provide new information for your manual to bring it up to date. This is important because it
ensures that your manual accurately documents the current version of the product.

THIS UPDATE CONSISTS OF

this cover sheet, a printing history page (if any), any replacement pages, and write-in instructions (if
any). Replacement pages are identified by the update number at the bottom of the page. A vertical
line (change bar) in the outside margin indicates new or changed text material. The change bar is not
used for typographical or editorial changes that do not affect the content of the text.

“TO UPDATE YOUR MANUAL

identify the latest update (if any) already contained in your manual by referring to the printing
history page. Incorporate only the updates from this packet not already included in your manual.
Following the instructions on the back of this page, replace existing pages with the update pages and
insert new pages as indicated. If any page is changed in two or more updates, such as the printing
history page which is furnished new for each update, only the latest page will be included in the
update package. Destroy all replaced pages. If write-in instructions are included they are listed on the
back of this page.

HEWLETT-PACKARD COMPANY 98642-90001
Roseville Networks Division U0488:
8000 Foothills Boulevard Update 2
Roseville, California 95678 ‘ April 1988
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TECHNICAL MANUAL UPDATE
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Note that "*" indicates a changed page.

DESCRIPTION

A. Replace the following pages with new attached:
Title* / ii*
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vii* / blank
6-3 / 6-4*

B. Add new Chapter 8, Product History.
C. Replace the following pages with new attached:
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