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SERIAL INPUT/OUTPUT

' SERIAL INPUT/OUTPUT
General Information

The material within this section covers the
Serial/Input Output unit equivalent to the Z80A SIO/2
manufactured by Zilog. The information also applies
to those integrated circuits produced by other
manufacturers that may have somewhat different
nomenclatures, but very similar phyesical and
electrical characteristics.

Feature List

The following list summarizes the most important
and salient features of the 280 Serial Input/Output
chip.

Two Full Duplex Communications Channels

Quadruple Buffering of Receive Data Bytes

Double Buffering of Transmit Data Bytes

Data Rates to 550 Kbps @ 2.5 MHz System Clock

Data Rates to 880 Kbps @ 4.0 MHz System Clock

Modem Control I/O-Separated by Channel

Provision for Automatic Interrupt Vectoring

Synchronous, Isosynchronous, Asynchronous Operation
' HDLC, IBM SDLC Compatibility

All I/0 Pins are TTL-Compatible

Single +5-Volt Supply

40 Pin Dual In-Line Package

Single Phase 5-Volt Clock

Block Diagram and Pin Assignment
Figure D-1 is a block diagram representation of the

functions contained within the SIO. Figure D-2 is a
drawing of the actual DIP pin assignments.

D-1




SERIAL INPUT/OUTPUT
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SERIAL INPUT/OUTPUT

Overall Description

. The SIO is a programmable serial communications
device that allows microcomputer systems to meet
widely varying data communications requirements. The
SIO contains two complete, independent communications
channels in one package and can handle both
synchronous data (data accompanied by clock) and
asynchronous data (data with no clock). The SIO
converts incoming serial data to parallel bytes for
the host processor and converts parallel bytes from
the host to outgoing serial data.

The SIO is able to meet a variety of serial
communications protocols, such as IBM Bisync, IBM
SDLC, and HDLC. The SIO will also support many other
protocols to allow communication with such devices as
cassette and floppy disk interfaces.

Data error checking is important in data
communications environments and the SIO can generate
and check error codes in the synchronous mode for
this purpose. It also provides error status bits that
may be read and acted upon by the host processor.

There is also provision for interfacing to a modem
through the modem control lines. If a modem is not

' used, these lines may be used for general-purpose
I/0.

The SIO consists of the following functional blocks:

Bus I/0

Internal Control Logic

Interrupt Control Logic

Channel A,B Read/Write Registers
Channel A,B Serial I/0

Channel A,B Control and Status

Pin Description

Table D-1 summarizes the function of each pin of the
SIO.




SERIAL INPUT/OUTPUT

Table D-1. SIO Pin Functions

Function

Data Bus. This eight bit bidirectional
data bus allows data and commands to be
transferred between the host processor and
the SIO.

Interrupt Request. When the SIO is interrupt
ing the host, this line goes low.

3

B

more interrupting devices, this line is used
in conjunction with IEO to provide a daisy-
chained interrupt priority structure. A high
level indicates that higher-priority inter-
rupting device is being serviced.

4

Interrupt Enable Out. This signal is used in
conjunction with IEI to provide a daisy-
chained priority interrupt structure. This
signal is high only if IEI into the SIO is
high and the SIO is not in the process of
being serviced for an interrupt it gave to
the host CPU, It is low if there is any high|
er priority device being serviced or if the |
SIO itself is being serviced. In this way, al
higher-priority device locks out all lower- |
priority devices. 1
Machine Cycle One. When the 280 is fetching |
an instruction, Ml1* and RD* are active low. |
However, if Ml* and IOREQ* are both active |
low, the SIO interprets this as an interrupt|
acknowledge from the 280 if the SIO is the |
highest-priority interrupting device at the :
|

|
|
|
|
|
|
|
|
|
:
Interrupt Enable In. When there are two or 1
|
|
|
I
|
|
|
|
|
|
|

oo

M1*

moment (IEI is high).

%
. | TP (I S Y b 0 PACHIRE AN VRO TR 0T

Wait/Ready A,B. These lines serve either one|
of two purposes: They can serve as Wait out-|
puts to synchronize the host CPU to the SIO |
data rate, or they may be programmed to act |
as Ready lines for a DMA controller. :

— e . e e e e e e e — e e T . . — — e — — — — — —— — — ——— — ——— o, . i, it .

Note: An asterisk (*) denotes an active-low signal.
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Table D-1. SIO PIN FUNCTIONS (Cont.)

| Synchronization A. This signal is bidirec- |
| tional. It serves as an input while the SIO is|
| operated in the asynchronous or external sync |
| modes. In the asynchronous mode, it acts as a |
| modem control input similar to CTS* and DCD*. |
In the external sync mode, it acts as an input|
that is driven low by external logic on the |
second rising edge of RXCA* after the edge of |
RXCA* on which the last bit of a sync char- |
acter was detected. This signal, when used in |
the external sync mode, should be kept low |
until the sync status changes. In the internal|
sync mode (Monosync and Bisync), this pin acts|
as an output that goes low each time a sync |
character is recognized. {

I

|

|

Receive Data A, B. These are the serial data
input signals for the two channels.

Receive Clock A, B. These clock inputs deter- |
mine the receive data rate.In synchronous mode|
the clocks must run at the baud rate desired. |
In the asynchronous mode, theymybenmat
1, 16, or 64 times the desired baud rate. Re-
ceive data is sampled on the rising edge of
Receive Clock.

|
|
|
l
Transmit Clock A, B These clock inputs deter- |
mine the transmit data rate. In synchronous |
mode the clocks must run at the baud rate des-|
ired. In the asynchronous mode, they may be |
run at 1, 16, or 64 the baud rate, but the |
clock rate multiplier must be the same for |
both the transmitter and the receiver. Trans- |
mit data changes on the falling edge of trans-|
mit clock. I
|
|
|
|
I
|
|
|

Transmit Data A,B. These are the serial tran-
smit data output signals for the two channels.

16,25 }mm,s*

Data Terminal Ready A,B. These are outputs
which are programmed to a high or low state by
system software. They can either be used as
modem control or general-purpose outputs.

—_— — —— —— — — S —
— — —— — — — — —— —— — — — — —— — —— ——— — — — — — — — — —

I
I
I
I
I
I
I
I
|
I
|
|
I
I
I
I
I
I
I
|
I
I
|
|
I
|
I
I
I
I
I
I
|
|
|
I
I
|
I
|

Note: An asterisk (*) signifies that the signal is active low.
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Table D-1. SIO PIN FUNCTIONS (Cont.)

|17 ,24 |RTSA,B*

Request to Send A,B. This bit is used as a mo-|
dem control signal and is controlled by soft- |

| ware, It may also be used as a general-purpose|

|
|

output. When operating in the asynchronous |
mode, the RTS* output is set low according tol
the software bit with no delay, However, when |
the software sets the bit high, the RTS output|
does not go high until the transmitter is |
empty. In the synchronous mode, the RTS output |

=
@©
-

no
(]

-.a
o
*

follows the software bit exactly. |

|
Clear to Send A,B. These inputs may be pro- |
grammed as either Auto Enable or general-pur- |
pose inputs. When used in the Auto Enable mode|
a low on the respective input enables the |
appropriate transmitter. The SIO generates an |
interrupt to the host processor when the CTS* |
input makes a transition in either direction.

=t
o
-

B~
L]

Data Carrier Detect A,B. These inputs are sim-
ilar to the CTS* inputs, except they may be
used to enable the receiver channels.

n
o

System Clock.This is a single phase clock that
the SIO uses to generate and synchronize all
its internal timing signals.

N
[

I
I
I
|
|
|
|
I
|
|
|

Reset, This signal resets the SIO internal
registers and disables both the receivers and |
transmitters. It also disables interrupts, I
forces the transmit outputs to the high state, |
and forces all the modem control outputs high.}

w
[ 8]

»

Read. This is an input which is used to cause |
the SIO to read data and commands issued to it]
by the host processor. When active, it means |

that either a memory or I/O cycle is in pro-
mssl

W
w

I
|
|
|
|
|
I
|
I
|
I
I
|
I
|
I
|
|
|
|
|
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
|
I

— e — — — — ——— — . — . o T s — — s — — — — —— —— ——

—_—— e — e e — e e — e — e — e — e — e ——— — e ——— ——— ——

allows control information to be written to
the SIO from the host. When C/D* is low, data

|
|
Control/Data Select. This line, when high, {
|
may be transferred to and from the SIO. |

|

Note: An asterisk (*) denotes an active-low signal.

" B
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SERIAL INPUT/OUTPUT

TABLE 1. SIO Pin Punctions (Cont.)

Channel B/A* Select. This line, when high,
selects Channel B as the channel over which
data is to be transferred to or from the CPU.
When B/A* is low, Channel B is selected.

Chip Enable. When low, this input allows the
SIO to transfer data and commands between it-
self and the host.

S
8
»

to transfer data and commands between the SIO
and the host. When IORQ*, CE*, and RD* are all
low, a read operation occurs in which data is
transferred from the SIO to the CPU. When the
CE* and IORD* lines are low and the RD* line
is high, a write operation takes place in
which data or conmand information, as deter-
mined by C/D*, is transferred from the CPU to

|
|
|
|
|
|
|
|
Input/Output Request. This signal is used i
I
|
|
|
|
|
|
the SIO. :

Note:

Hardware Functional Description
Bus I1/0

An asterisk (*) denotes an active low signal.

The Bus I/0 section of the SIO provides the basic
interface between the host CPU and the SIO for the
transfer of data and command information. This
transfer of information can be controlled in one of
three ways:

1. Polling
2. Block Direct Memory Access (DMA) Transfer

3. Interrupts

Polling

The SIO has two internal read registers, Read
Register Zero (RRO) and Read Register One (RR1l), in
which are contained status bits that indicate that a
receive byte or transmit byte needs to be
transferred. There are also error status bits
contained in these registers for use by the program.
The interrupt capability of the SIO must be disabled
in order for it to be used in the polled mode.
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Block DMA Transfer

The SIO has an internal write register, Write
Register One (RR1), that has Wait/Ready bits that are
used along with the W*/RDY* line of the device to
allow interfacing to a DMA Controller or CPU in a
block transfer mode. This output line of the SIO can
be defined by software to be a READY* signal for use
by a DMA Controller or it can be defined to be a WAIT*
line for use by a CPU. When interfacing to a CPU, the
WAIT* line indicates to the CPU to extend its 170
cycle. The READY* line is used when interfacing with
a DMA Controller to indicate readiness of the SIO to
transfer data to or from memory.

Interrupt Transfer

Interrupt transfers are typically used when there is
a need to conserve real time. The SIO is capable of

interrupting the host upon any of the following
conditions:

The SIO is Ready to Transmit a Character
The SIO Has Received a Character
Sync or Status Changes

When an interrupt occurs, the CPU needs an interrupt
vector so it knows where to go to get the interrupt
service routine. Write Register Two (WR2) and Read
Register Two (RR2), located only in Channel B
register space, contain this interrupt vector value.
Under program control, this vector can be changed to
point to any one of eight interrupt-service routines.

When the SYNC*, CTS*, or DCD* Pins undergo any

transition, an interrupt is generated. An interrupt
is also generated if it is detected that there has
been a break in the data stream in the asynchronous

moge Or an abort condition in the SDLC synchronous
mode.

The SI0 is Programmable to allow several conditions
at the receiver to cause an interrupt. Interrupts may
be generated on the first character received, all

characters received, or on special receive
conditions,
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Internal Control Logic

The Internal Control Logic is responsible for
generating all internal address, control, and timing
signals. When a read or write cycle is to be
performed on the SIO, this logic orchestrates and
supervises the overall signal generation.

Interrupt Control Logic
This part of the SIO is responsible for monitoring
all the conditions that can cause an interrupt, and
starting into motion the appropriate signals that

result in a correct, prioritized interrupt to the CPU
when enabled to do so.

Channel A, B Read/Write Registers
The SIO contains eight write registers, WR0O - WR7,
and three read registers, RR0O - RR2., These registers
are configured by appropriate system software to put

the SIO into the mode of operation desired for the
particular application.

A summary of the function of each register is given
below:

WR0O~-~ Register Pointers, CRC, Initialization Commands
WR1-- Tx/Rx Interrupt and Data Transfer Mode

WR2-~ Interrupt Vector (Channel B Only)

WR3-- Receive Controls

WR4-- Tx/Rx Controls

WR5~-~- Transmit Controls and Parameters

WR6-- Sync Character or SDLC Address Field

WR7-- Sync Character or SDLC Flag

RRO-- Tx/Rx Buffer, External, and Interrupt Status
RR1-- Special Receive Condition Status

RR2-- Channel B Modified-Interrupt Vector

These registers will be discussed more in-depth in
the Software Information section.

Channel A, B Serial I/0

The Serial I/O0 portion of the SIO provides the
serial-to-parallel and parallel-to-serial interface
between the CPU and the data communications channel.
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Receiver Logic

gerial data flows into the receiver logic in several ’
different ways, depending on how the SIO has been

programmed. If the SIO is being operated in the
synchronous mode, the SI0 must establish that
synchronization has taken place before accepting data
and transferring that data to the host. If the SIO
has been programmed for Monosync, a match must be
made between incoming data and a single sync
character stored in W7. If Bisync has been
programmed, a match must be made with two separate
sync characters, stored in WR6 and WR7. Once
synchronization is established, incoming data is no
longer matched against the sync register(s).

If the SDLC mode has been programmed, the SIO
performs zero deletion; that is, if the sixth bit is
a zero following five ones in a row, the zero is
deleted from the data stream. If the sixth bit is a
one instead of a zero, the seventh bit is examined
and is determined to indicate an abort sequence if a
one, and a flag sequence if a zero. In order to sync
on SDLC data, the SIO looks for a match between
incoming data and the flag character, which is stored

in WR7.

In the asynchronous mode, data is routed through an 6
eight-bit shift register if its bit length has been
programmed to be five or six bits. If the bit length
is seven or eight bits, the data is routed through an
additional three-bit shift register first.

The SIO performs a Cyclic Redundancy Check (CRC) on
received data. This may be done for both synchronous
and SDLC data. The SIO provides an eight-bit dela in
the synchronous mode and no delay in the SDLC mode.
The eight-bit delay is to allow the CPU to decide
which bytes to include in the CRC check. For SDLC, no
delay is needed since the SIO has internal logic
which determines which bytes to include in the CRC
calculation for SDLC.

Transmitter Logic

The transmit logic of the SIO allows both synchronous
and asynchronous data to be transmitted. When
transmitting asynchronous data, the SIO appends the
proper parity, start, and stop bits to the data
stream. The data is shifted out from the parallel,
eight-bit transmit register at the appropriate rate.

In order to transmit synchronous data, the SIO must ‘

first send one sync character (Monosync) or two
characters (Bisync) at the beginning of the data.

D-10 |
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This is done by placing the sync characters from WRé6
or WR7 into the transmit shift register. These
characters are then shifted out first before the
actual data. In the SDLC mode, the flags are loaded
into the shift register at the beginning and end of
messages., A CRC generator allows real-time CRC
generation.

SDLC and HDLC data is shifted out through zero
insertion logic, which appends a zero to a field of
five consecutive ones.

Channel A, B Control and Status

The SIO maintains internal status registers which are
available to the CPU. Parity, overrun, and framing
errors are detected and reported to the CPU,.

The SIO also allows manipulation of several modem
control signals so that interfacing to a modem is a
simple task.

Timing Information

Four types of timing cycles important to the
operation of the SIO will be explained below.

Read Cycle

Figure D-3 illustrates the timing relationships
involved in reading a status or data byte from the

SI0.,
Ty T2 Tw T T
"W
€€ “f / CHANNEL ADDRESS )
IoR0 ,—
D ,——.—
i
- D
FIGURE D-3,. SIO READ CYCLE
Write Cycle

Figure D-4 illustrates the timing for a write cycle
to the SIO. A write cycle is necessary in order for

data or control information to be loaded into the SIO
from the host CPU.

D-11
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Ty T2 Tw Ta T
&

@ =] / cwawneL Acoress  f

o —_—
AD

Wi

DATA P [ 1
FIGURE D-4. SIO WRITE CYCLE

Return From Interrupt Cycle

Figure D-5 illustrates the return from interrupt
timing. The 280 CPU issues a Return From Interrupt
instruction at the end of an interrupt service cycle.
This is a two-byte instruction consisting of the
bytes hex ED and 4D.

Ty 72 Ta Ta Ty ‘I‘; Ty Ta T

———— -

L2

- e

10 -
FIGURE D-5. SIO RETURN FROM INTERRUPT

Interrupt Acknowledge

Figure D-6 below illustrates the interrupt
acknowledge timing.

Ty TZ Tw Tw T3 Ta

W\ SRR
o= PR
RO
iR [T T
FIGURE D-6. SIO INTERRUPT ACKNOWLEDGE b
D-12
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Electrical Characteristics

Listed below are the DC electrical characteristics of
the SIO. These characteristics apply, unless
otherwise noted, at an ambient temperature of 0 to 70
degrees Centigrade and Vcc = +5 V, plus or minus 5%.

TABLE D-2. SIO ELECTRICAL CHARACTERISTICS

Parameter Min Max Onit
Clock Input Low (Vilc) -0.3 +0.45 v
Clock Input High (Vihc) -0.6 +5.5 v
Input Low (Vil) -0.3 4.8 v
Input High (Vih) +2.0 +5.5 v
Output Low (Vol) +0.4 v
(Note: Iol = 2.0 mA)

Output High (Voh) +2.4 v
(Note: Ioh = =250 up)

Power Supply Current (Icc) 100.0 mA
Input Leakage Current (Ili) -10.0 +10.0 uA
Tri-State Output Leakage (Iz) -10.0 +10.0 uA
Sync Pin Leakage Current -40.0 +10.0 uA

Software Addressing

The SIO must be programmed by writing to several
internal registers. Also, the status information and
data transfer operations must be able to take place
in an orderly fashion. Therefore the SIO is arranged
so that all the internal Read, Write, and Data

re?isters are located in specific address locations
using the Channel Select input B/A* and Command Data

input C/D* as shown below in Table D-3:

TABLE D-3., SIO ADDRESSING

: Operation { B/A* l(yb‘:
| Channel A Data R EERET R WY
| Channel A Read/Write Reg. | 0 | 1 |
| Ghannel B Data | 3¢ el §
{ Channel B Read/Write Reg. | 1 { 1 S

| |
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Read/Write Registers

The SIO contains three Read Registers, RR0O - RR2, and
eight Write Registers, WR0 - WR7. SIO status details
are available through RRO - RR2, RRO and RR1 apply to
both Channel A and B, while RR2 applies only to
Channel B. Note that WR4 must be set up first when
initializing the SIO.

D-14
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' SI0 Read Registers
| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
| | | | | | | | |
| | | | | | | |
| | | | | | | |__ Rx Character Available
| | | | | | | l=available
| | I' | : II | O=not available
| I | |
R 3 LA e g oty =% il ndich
it J6 bt O T g iy
[ | | [ | | Ready For Tx Character
| | | | | 1=Ready*
I I I I I 0=Not Ready
| | | | | *This bit is not set when
| | | | | sending a CRC character
| : II : : in SDLC or sync mode
|
| I | I I Data Carrier Detect
| | | | 1=DCD* input low
e i 0=DCD* input high
| | | | This bit must be read immed-
| | | | iately following a Reset/Ext-
| | | | ernal Status Command in order
{ | | i to determine current status.
| |
| I | | Sync/Bunt
| | | Asynchronous Mode:
| | | 1=High to Low SYNC* transition
| I | _____ Clear to Send O=Low to High SYNC* transition
| | 1=CTS* Input Low This bit must be read immed-
| | 0=CTS* Input High iately following a Reset/Ext-
| [ ernal Status Command in order
| |____ Tx Underrun/End Msg to determine current status.
| 1=Tx Underrun Occured
| 0=No Tx Underrun External Sync Mode:
| 1=External Sync Achieved
| Break/Abort 0=External Sync Not Achieved
Asynchronous Mode:
1=Break Sequence in Data Monosync/Bisync Modes:
0O=Break Seqguence Terminated 1=Enter Hunt Mode Bit is Set
0=Sync Achieved
SDLC Mode:
1=Abort Sequence(7 or more 1's) SDLC Mode:
0=No Abort Sequence 1=Enter Hunt Mode Bit is Set
0=Opening Flag Detect
Synchronous Mode: (not used)
FIGURE D-7. READ REGISTER 0
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|__ All Sent

Asynchronous Mode:
1=Al]l Tx Characters Sent
0O=Not All Sent Yet

Synchronous Mode: (always a 1)
Residve Codes 0, 1, 2 (SDLC)

For I Field = Integral Character Multiple
(8 bits/character)
D3 D2 D1 I-Field I-Field
(Previous Byte) (2nd Previous)
3

OHOMHFOKOK
OFHHOOMMO
OO OO
NHOOOOOO
OO oI &

For I Field<{Integral Character Multiple

. — T — — — — —— — —— — — — — — — — — — — — — — — S S —— —— —— — — ——— — —
————— e e e e e — e e —— —— —— e ———— . — — — ——
g R S S———— -

D3 D2 Dl Bits/Character
2 S | 8
9 0 0 7
. 'L 0 6
T (. | 5
— Parity Error
1=Error
0=No Error
— Receive Overrun
1=Overrun
0=No Overrun
RC/Framing Error
Asynchronous Mode: SDLC Mode:
1=Start/Stop Bit Error 1=CRC Check Error
0=No Error 0=No Error

— e e e ———— e —— e —— e — e — — — —

End of Frame (SDIC Only)
1=Valid Ending Flag,CRC,Residue
0=Invalid Ending

FIGURE D-8. SIO READ REGISTER 1
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| This byte contains the Interrupt Vector., If
the Status Affects Vector bit is set in WR2,
it contains the modified vector. D7 is the
most significant bit of the vector.

FIGURE D-9. SIO READ REGISTER 2 (CHANNEL B ONLY)

D-17
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SIO Write Registers
|D7ID6|D5[D4]DB|02ID1IDDI
| | | | | | | | |
\ I\ =) ; /
| |
| | | Pointer. These three bits are
| | set so that they address the
| | next read or write register to
| | be read or written.
| | After the read or write is
| | completed, the bits are reset
| | to zero.
| |
| | Register D2 DI DO
| |
| | 0 0 0 0
| | 1 0 0 1
| | 2 0 1 0
| | 3 0 1 1
| | 4 1 0 0
| | 5 1 0 1
| | 6 3 | 1 0
| | 7 1 : | 1
| |
| | b
lI | Command Bits.
| Command D5 D4 D3
|
| No Command 0 0 0
| Send Abort (SDLC) 0 0 1
| Reset Ext/Status Interrupts 0 1 0
| Channel Reset 0 1 1
| Enable Int. On Next Rx Char 1 0 0
| Reset Tx Int. Pending 1 0 1
| Error Reset (latches) 1 1 0
: Return From Int. (Channel A) 1 1 |
| CRC Reset Codes.
Reset Code D7 Dé
No Code 0 0
Reset Rx CRC Character 0 1
Reset Tx CRC Character 1 0
Reset Tx Underrun/End Msg. 1 1
FIGURE D-10. SIO WRITE REGISTER 0
D-18
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| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
| | | | | | | | |
N /\ Y4 |
N Status Int. Enable
IBHD*;CIS*,SYM:*;BIGBR/
Abort transitions cause
interrupt.

0=No interrupt from trans-
itions of above signals

|
I
|
|
I
|
| Transmitter Int. Enable
| 1=Interrupt on Tx buffer
W*/RDY* Control empty

0=No interrupt
01X=RDY* High
00X=Ww* Floating Status Affects Vector

(Channel B Only)

I
I
|
I
I
I
I
I
I
|
|
|
I
I

——— A e— . — S S—— A — —

1X0=RDY* High when Tx Buffer full. 1=Vector returned from int.
W* Low when Tx buffer full and acknowledge is according
an SIO data port is selected. to below table

RDY* Loow when Tx Buffer

empty. | Interrupt Condition Vi w2 v

W* Floating when Tx

buffer empty | B Tx Buffer Empty e 0D

| B Ext/Status Change 0 0 1

1X1=RDY* High when Rx buffer B Rx Character Available 0 1 0

empty. | B Special Rx Condition* 0 1 1

W* Low when Rx buffer

empty and an SIO data A Tx Buffer Empty N R

port is selected. A Ext/Status Change 1 0 1

RDY* Low when Rx buffer A Rx Character Available 1 1 0

is full, | A Special Rx Condition* 1 1 : |

W* Floating when Rx
buffer is full.
* Parity Error, Rx Overrun Error, Framing

Error, End of Frame (SDLC).

|

I

|

| 0=Fixed Interrupt Vector
| from WR2 is used.

|
|

Receive Interrupt Mode

Mode

Rx Interrupts Disabled

Rx Interrupt on lst Character
Int. on All Rx Characters*
Int., on All Rx Characters*¥

oo o
~oro g

*Parity Error=Special Condition; **Parity Error=Special Condition

FIGURE D-11. SIO WRITE REGISTER 1
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[D?IDGIDS%DA}EBIMIDI{DO}
| |

ST BTN N O e
vV V% V5 v V3 w2 V1 W

FIGURE D-12. SIO WRITE REGISTER 2

WR2 is the Interrupt Vector byte. This is written in Channel B

only. If the Status Affects Vector bit in WRL is set, V3, V2, and
J V1 are modified according to the information presented in the WRL
information. If the bit is not set, the Interrupt Vector bits in
this byte are returned to the CPU with Interrupt Acknowledge
exactly as written in WR2,

D1 } DO |

| |

I |_ Receiver Enable

| 1=Receiver Enabled
| O=Receiver Disabled
|

|

—____ Sync Load Inhibit
1=Strip Sync Characters
0=Don't Strip

Address Search Mode (SILC) b
1=Reject messages with address
not matching either global
address (11111111) or the

address in WR6.
0=Don't reject messages

Receiver CRC Enable

1=Start CRC calculation at the
beginning of the last char-
acter transferred from the
Rx shift reg. to the stack.

0=No CRC calculation

Enter Bunt Phase

1=Sync/Hunt bit in RRO set and
SIO begins looking for sync
characters

O=Don't look for sync

Auto Enables

1=DCD* and CTS* enable Rx, Tx

0=DCD* and CTS* are general
purpose inputs,

FIGURE D-13., WRITE REGISTER 3 '
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E
8
E
E
&
8
2
g

I I

| |___ Parity Enable

| 1=Parity Enabled
| O=Parity Disables
|
I

Synchronous Mode

(no stop bits)
1 stop bit/character
1-1/2 stop bits/character
2 stop bits/character

O o

= O o

Sync Modes

Mode

8-bit programmed sync
16-bit programmed sync
SDLC mode (01111110)
flag pattern
External sync mode

= moo g
R lovs o

Clock Rate
Mode D7 D6
Data rate X 1 = Clock Rate 0 0
Data rate X 16= Clock Rate 0 1
Data Rate X 32= Clock Rate 1 0
Data Rate X 64= Clock Rate 1 1

FIGURE D-14. WRITE REGISTER 4
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SERIAL INPUT/OUTPUT
lD?ID6ID5ID4|D:iID2|01IDOI
| | | | | | | | |
T Y A | | | |
| | | | | | |_ Tx CRC Enable
| | | | | | 1=Calculate CRC on Tx char-
I | | | | | acter in Tx shift req.
| | | | | | 0=No CRC calculation
| | | | | |
| | | | | | to Send
| | | | | 1=RTS* output low
| II | |l |I 0=RTS* output high
[ |
| | | | | Note: In asynchronous mode,
| | | | | RTS* goes high after all bits
| | | | | are transmitted and Tx buffer
| | | | | is empty. In sync mode, RTS*
| II I Il : directly follows this bit.
| |
| | | | | CRC-16/SDLC*
| I | I 1=CRC-16 polynomial selected
| | | | (X16+X15+X2+1)
| | | | 0=SDIC polynomial is selected
} } II II (X16+X12+X5+1)
| | | | Tx Enable
| | | 1=Transmitter enabled
t % |I 0=Transmitter disabled
| | | Send Break
| | 1=Force Tx Data Output to a
| | Spacing condition (break)
% { 0=No break
} | Transmit Bits/Character
| Bits/Character D6 D5
| Five or less 0 0
| 7 0 1
| ‘ 1 0
|__ Data Terminal Ready 8 1 1
1=Um: output low Note: If five or less bits are sent
0=DIR* output high the CPU should format them as shown
below:
D7 D6 D5 D4 D3 D2 D1 DO #Bits
SRR | (i T e TR I B 1
M | I (TR R IR 2
15 B8N DhIbhorD 3
1 0 0 0 D D D D 4
0 0 0 D D' D D D 5
FIGURE D-15. WRITE REGISTER 5
4—0-1—44
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Imlnslnslmlmlnzlmiml

|
s7

T T T e
S6 S5 sS4 S3 Ss2 Sl S0
FIGURE D-16. WRITE REGISTER 6

This register contains sync bit information which is used
in the following ways:

SDLC Mode: Secondary address field used to compare
against the address field of the SDLC frame.

External Sync Mode: Transmit Sync Character
Bisync Mode: First eight bits of a 16-bit sync word
Monosync Mode: Transmit Sync Character

Imlnslmln3|02|nlln0{
I e I !

I I I | I | I
Sl14 S13 Sl12 S11 S10 Ss9 S8

FIGURE D-17. WRITE REGISTER 7

This register contains sync bit information which is used in
the following ways:

SDLC Mode: Flag character (01111110)

External Sync Mode: Not used

Bisync Mode: Second eight bits of a 16-bit sync word
Monosync Mode: Receive sync character
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SERIAL INPUT/OUTPUT

Osborne Executive Applications Information

The SIO as used in the Osborne Executive does not
implement the following features available on the
chip:

External Sync

wWait/Ready

Interrupt Enable Daisy-Chaining Option (IEI is
strapped high, always enabling interrupts)
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CENTRAL PROCESSING UNIT

General Information

The material within this section covers the Central
Processing Unit equivalent to the ZB80A manufactured
by Zilog. The information also applies to those
integrated circuits produced by other manufacturers
that may have somewhat different nomenclatures, but
very similar physical and electrical characteristics.

Feature List

The following list summarizes the most important and
salient features of the Central Processor Unit (CPU).

REFRESH Output for Dynamic RAM Control
Non-Maskable Interrupt Capability
64K-Byte Addressing Range
Memory-Mapped and I/0 Operation

8-Bit Data Bus

Block Diagram and Pin Assignments

Figure D-18 is a block diagram representation of the
functions contained within the CPU, Figure D-19 is a
drawing of the actual DIP pin assignments.

B-8IT
DATA BUS

DATA BUS
CONTROL

NAL
A
INST.
— REG ALY
INSTRUCTION
CPU
DECODE
C:> & CPU REGISTERS
13 CONTROL
CPU AND H
SYSTEM
%?Gumm
NALS . cPU ADDRESS
-jcomm CONTROL
16-8IT
ADDRESS
+5/ GND ¢ 8sus

FIGURE D-18. Z80A CPU BLOCK DIAGRAM
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E m.-i-.— _m-..lo )
A..A,
EFEH-%—- L2 o.a,
SYSTEM ]  iORG w—— L3 Ay
CONTROL S a2l 3 Ay
.._!.-.-ls
| w2 A7 | ADDRESS
|38 . Ay BUS
AT -—— 2 A

2
-8

WET — - zmcry ——""n

CPU ¢ 3
INT ———— - A\3
CONTROL 4

- e

o (2 S
CONTROL RS AL, - .-_B—- Dy -
6 <M >0 rﬁﬁs“

.T- "TPD‘

t— ==ty

GND —————ny ag————

FIGURE D-19., Z80A CPU PIN ASSIGNMENTS
Overall Description

The CPU's function is to obtain instructions from P
program memory and execute them. Both instructions

and data will be contained in program memory where
they are available to the CPU. When the CPU reads an
instruction from memory, it decodes it and then
performs the required operation. The operation may be
a read, write, add, shift, jump, etc. When the CPU is
finished with the operation, it fetches a new
instruction from memory and performs a new operation.
The CPU carries out its operations using a 16-bit
address bus, capable of addressing 64K bytes of
program or data memory, and an 8-bit bidirectional
data bus, used for exchanging data with memory and
peripheral devices.,

The CPU is also capable of performing the refresh
operation on dynamic Random Access Memory (RAM)
chips by using its REFRESH output along with the
seven least-significant address bits,

I/0 Addressing allows access of up to 256 ports using
the IORQ* control signal.

The CPU consists of the following major functional
blocks:

Registers

Arithmetic and Logic Unit (ALD)
Control

D-26
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CENTRAL PROCESSING UNIT

Pin Description

Table D-4 summarizes the function of each pin of the

CPU.

Table D-4. Z80A CPU PIN FUNCTIONS

FUNCTION

Address Bus., These signals allow the CPU to address
up to 64K bytes of memory. I/0 addresses use the
lower 8 bits, while memory-mapped addresses use the
entire 16 bits. During refresh time, the lower 7
bits contain a refresh address.

Clock. This is a single-phase TTL clock.

Data Bus, This is the eight-bit bidirectional data
bus over which the CPU exchanges data with memory
and peripherals.

Interrupt Request. This is an input to the CPU and
is generated by an external device needing CPU ser-
vice. If the interrupt-enable flip-flop has been
enabled, the request will be honored at the end of
the currently executing instruction, if any. When
the CPU accepts and responds to the interrupt, it
generates an acknowledge signal by driving low the
IORQ* output during Machine Cycle One time (Ml).

Nom-Maskable Interrupt. Upon the negative-going
transition of this input signal, the CPU recognizes
that the highest-priority interrupt has occurred,
and acknowledges it at the end of the currently
executing instruction regardless of the state of
interrupt-enable flip-flop. The CPU is forced to
jump to program location 0066H at this point.

Halt State. This output, when low, signifies that
the CPU has executed a Halt instruction, The CPU
now needs either an NMI or maskable interrupt to
resume operation. NOP instructions are executed
while in this state in order to maintain the re-
fresh operation needed for the dynamic RAM memory.

Memory Request. This output, when low, means that

a memory-mapped operation is taking place and that
the address bus is valid for either a write or read
operation,

————— ————— — — — — — —— — — —— — — —— — —
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TABLE D-4. Z2Z80A CPU PIN FUNCTIONS (Cont.)

S

:

I/0 Request. This output is low when the CPU is
doing an I/0 mapped operation, such as a read or
write. The lower eight bits of the address bus are
used for the address in this case. When an inter-
rupt is being acknowledged, IORQ* is taken low dur-
ing Ml time.

=

g

Read. This output goes low when the CPU is request-
ing that a read cycle be executed from memory or
from an I/0 device. The memory or I/0 device may
drive the data bus once this signal goes active.

B

3

Write. This output signals the external memory or
I/0 device that the CPU is driving the data bus
with valid data.

8

E

ter devices to gain control of the CPU data, ad-
dress, and control lines. When the signal is low,
the CPU has relinquished control.

24

Wait. This input signals the CPU that the external
memory or I/O is not yet ready for the read or
write transfer. The CPU will enter wait states,
thus prolonging the execution of the cycle until
WAIT* line goes back to a high state.

:

Bus Request. This input requests the CPU to turn
over control of its data, address, and control
signals to an external device that shares these
lines. Upon completion of the currently executing

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
: Bus Acknowledge. This output allows other bus mas- }
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
; instruction, the lines enter high impedance state.|

26

;
3

| Reset. This input, when low, resets the CPU and
forces the program counter to zero.

R

Machine Cycle One. This output, when low, means the
CPU is doing an Opcode fetch. Ml* also occurs in
conjunction with IORQ* to signal an Interrupt

— — — — — — — — —— — — — — — — — — — — —— — — —— — — — — —— — — — — —— — — — — — — —

28

o g

Refresh., When this output is low, the lower 7 ad-
dress lines contain the refresh address to be used
to refresh dynamic RAM, if used.

— e = e — — — e — —

|
|
|
:
: Acknowledge cycle.
|
|
I
!
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Hardware Functional Description
Registers

Program Counter

Stack

The program counter is a 16-bit register that
contains the address of the currently executing
instruction, This counter increments each time an
instruction's address is placed on the CPU's address
lines. It is set by a jump instruction to the value
of the address being jumped to.

Pointer

This is a 16-bit register that contains the address
of the last data byte placed on the stack. Data is
placed onto the stack with a PUSH instruction and
taken off the stack with a POP instruction, The data
which is removed from the stack is the last byte that
was pushed onto the stack.

Refresh Register

This 8-bit register contains the 7-bit address
counter used when refreshing dynamic RAM from the
CPU. During memory refresh cycles, the CPU RFSH* pin
goes low and the refresh address appears on the lower
seven bits of the address bus.

Interrupt-Page Address Register

Index

This register is used to store the upper 8 bits of an
interrupt vector so that the CPU may use the lower 8
bits provided by an external interrupting device.
This allows interrupt routines to be located anywhere
in memory space.

Registers

The CPU has two independent 16-bit registers for use
in indexed addressing modes,

Accumulator and Flag Registers

There are two accumulator and two flag registers, all
of which are eight bits. The accumulators hold the
results of arithmetic and logical operations, while
the flag registers contain bits that get set for
certain conditions, such as not equal to zero, etc.
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General Purpose Registers

There are twelve 8-bit registers that may be used
alone or in 16-bit pairs for general reading and
writing.

Instruction Register
The instruction register is where the instruction

read from memory is placed when the CPU does an
Opcode fetch operation.

ALU
The ALU performs logiocal and arithmetic operations,
such as:
Test Bit OR
Increment Reset Bit
AND Subtract
Rotate Exclusive-0OR
Set Bit Compare
Decrement Add
Shift
Control

Once the CPU has fetched an instruction, it then
decodes it and activates the proper set of control
signals (such as RD*, WR*, IORQ*, MREQ*, etc.)
according to the requirements of the specific
instruction,

Maximum Ratings

Listed below are the maximum ratings of the CPU. If
these ratings are exceeded, permanent damage may
result, Also, exposure to the maximum ratings for
extended periods may affect the reliability of the

device,

Storage Temperature -65 to +150 Degrees C
Voltage on Any Pin -0.3 to +7 Volts
Power Dissipation 1.5 Watts

Electrical Characteristics

The folloging table describes the DC electrical
characteristics of the CPU. These characteristics
apply, unless otherwise noted, at an ambient

temperature of 0 to 70 degrees Centrigrade and
Vec = 5 Vi5%.




TABLE D-5.

Parameter Min,
Clock Input Low (Vilc) -0.3
Clock Input High (Vihc) Vee 0.6
Input Low (Vil) -0.3
Input High (Vih) 2.0
Output Low (Vol)

Output High (Voh) 2.4

Power Supply Current (Icc)
Input Leakage Current (Ili)
Tri-State Output Leakage (Iloh)
Tri-State Output Leakage (Ilol)
Data Bus Leakage Current (Ild)

CPU Timing

CENTRAL PROCESSING UNIT

CPU ELECTRICAL CHARACTERISTICS

Max., Units Notes
0.8 Vv
Vee 0.3 v
0.8 v
Vee \'J
0.4 V Iol=l,.8 ma
V  Ioh=-250 ua
150 va
10 ua Virn=0 to Vcc
10 ua Vout=2.4 to Vcc
=10 ua Vout=0.4 V
+10 va 0<=Vin<=Vcc

The following paragraphs are intended to convey
information about the timing relationships that exist
when the CPU is executing its basic operations, such

as:

Memory Write and Read Cycles
I/0 Write and Read Cycles
Interrupt Acknowledge Cycles
Bus Request/Grant Cycles

Opcode Fetch Cycles

|l M1
(OF CODE FETCH)

FIGURE D-20.

Memory Write and Read Timing

M2
(MEMORY READ)
INSTRUCTION CYCLE |

BASIC CPU TIMING EXAMPLE

The following figures, D-21 and D-22, illustrate the
CPU memory read and write cycles, both with and

without wait states.
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MEMORY READ CYCLE MEMORY WRITE CYCLE————ef
Ty T: TJ Ty Tz 13
_
a8 g \ \ \ Aok Sl
AD~ATS )| MEMORY ADDR b { MEMORY ADDR ' -

-~ \ IR /
e A [ |

WA

DATA BUS j’E‘r et DATA OUT

FIGURE D-21. ZB0A MEMORY WRITE AND READ TIMING
(No Wait States)

Tw | T3 Iy }
e

L T2 Tw
y— , A, X \ | \ \
AD-ATS 1 WEWORY ADOR [ X
MRED ——
= o
£ — !
\ ' / READ
DATA BUS : e | joe
DO-07 : L) !
Wh
\ / lm
J CYCLE
*io0-on { [ DATA oUT S
l
------.-----4- - ﬂ- [—— - - - -
g1 20 105 Sl .].'.\_/_'_-..\__/:_._-n_..-___---__. _________ i

FIGURE D-22. ZB80A MEMORY WRITE AND READING TIMING
(with Wait States)
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I1/0 Write and Read Timing

Figures D-23 and D-24 below illustrate I/O Write and Read
cycles, both without and with wait states.

T1 Tz Tw' T:’ T‘
@ — \ \ \_J \_J \_
AO~AT7 Xl PORT ADDRESS | 4
o \ 0 o g
Ab ——
A £z }m
CYCLE
DATA BUS {F}
A ) SN [ A A N T R
WR e ——
J } WRITE
CYCLE
DATA BUS ———oA ouT ’ —
FIGURE D-23,., Z80A WRITE AND READ TIMING
(No Wait States)
T T2 Tw* Tw T3
® \ \ | -y \ eyl R tet
AD~ A7 b PORT ADDRESS A
0RO \ I
DATA BUS E READ
. CYCLE
L Ly
] PR S a1, i e 5, VR M S i
DATA BUS ——( ouT ) —— oy
- Icvcu
\ e |

FIGURE D-24., Z2Z80A WRITE AND READ TIMING
(with Wait States)
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Opcode Fetch Timing

Figures D-25 and D-26 below illustrate the CPU Opcode ’
fetch timimg, both without and with wait states.

M1 CYCLE
T T2 T3 Ts T
.- i ALl g \ | — \ ' \
AD-ATS PC 1 REFRESH ADDR X
l
i R, F3¢ [ TY A
T BTG
P a8 7 e AR NN [
) — |
iy T i
| |
D80 —DBY " )—

FIGURE D-25. ZB0A OPCODE FETCH TIMING

(No Wait States) ’
M1 CYCLE
Ty T2 Tw Tw T3 Ta
i i\ \ L e T e R 2 AN
AD~AT5 PC 1 REFRESH ADDR ) {
P \ o I
S oy /
D80 ~DB7 E}
L ——\
-5 A oy 1 oot i, VO e . ) ity IR L8
RFSH | \ ]—-

FIGURE D-26. Z80A OPCODE FETCH TIMING
(with Wait States) .
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Interrupt Acknowledge Timing

Figures D-27 and D-28 below illustrate the CPU
Interrupt Acknowledge Cycle timing relationships.

—LAST M CYCLE OF INSTRUCTION
LAST T STATE Ty T2 w' Tw* T3
- \ \ \ \ ke (s T

————————— p oo —

i O L Vo i A e B 15T e P B I % o . 1

AO~A15 ) { PC L REFRESH

w \ /
MRED i

10RO

\ /

DATA BUS {E}
W--- """"" TR S S AR SIS A 0 ARNE A0 50 200N Mbiu oh 9 "'"""'""""‘:/_\'_"""“'"'"

Ab
FIGURE D-27. Z80A INTERRUPT ACEKNOWLEDGE TIMING
(No Wait States)
LAST T STATE OF USER WAIT
RS, noln | we | w W
b
L B B Bl S Y [ ek i P e e T L
NT e i
g L /
Ag=Ag _[ Y
m &
iR I—_
DATA BUS J‘ ‘F
ST B s M 7 [ Sl R
| NORMAL ACKNOWLEDGE __ |
—A W%Wﬁm—-—ﬂ

"AUTOMATIC WAIT

FIGURE D-28. ZB0A INTERRUPT ACKNOWLEDGE CYCLE
(with Wait States)
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Bus Reguest/Acknowledge Timing

Figure D-29 below illustrates the Bus ’
Request/Acknowledge timing relationships for the CPU.

ANY M CYCLE BUS AVAILABLE STATES ——————=

LAST T STATE Tx | Tx Tx T
CHA o W8 2 (Y o OO (555 VY D P R
BUSRO \ ' [SAMPLE
SAMPLE

A0~ TS Jmmmmme et SEEELEED o AR

. s, SRR oo Ui
MREQ, AD,
ER_&% = iy |~ FLOATING _ll— ------- :

FIGURE D-29. Z80A BUS REQUEST/ACKNOWLEDGE TIMING )

Halt Exit Timi

Figure D-30 below illustrates the Halt Exit sequence
performed by the CPU.

M1 - M1 - M
| i & T2 T3 Ta N T2
sk e \ (1 v, SO oy
o /
14 Yo ISl S WaC )| [P aiT s P pe— Smamnagy | e e e ) I —" R
gl U WL TRy B e R e femeenee- L

HALT INSTRUCTION
IS RECEIVED
DURING THIS
MEMORY CYCLE

FIGURE D-30. Z80A HALT EXIT TIMING

D-36

oo s Ae TR - S ] ERE TR




CENTRAL PROCESSING UNIT

Non-Maskable Interrupt Timing

Figure D-31 below illustrates the CPU Non Maskable
Interrupt timing relationships.

[+ N iy v | METAA L+ ean e e = S
ok X Vs T eufheide fas) \ , O
DO TR, 7 R, P s s g g e
AD~A15 ) PC REFRESH X
» /
s \ 135 \ -
3 \ /
e \ g

FIGURE D-31. Z80A NON-MASKABLE INTERRUPT TIMING

Software Information

The CPU can execute the following types of instructions:

I/0

Call, Jump, and Return
Load and Exchange

Shift and Rotate

Logical and Arithmetic
Block Search and Transfer
Bit Test, Set, Reset

The are 158 instructions in all that may be executed.

Osborne Executive Applications Information

The CPU is used in a specific way in the Osborne
Executive, Several of the features of the CPU are not

used in this application. Those CPU features not used
are as follows:

Non Maskable Interrupt
Bus Request/Acknowledge
Halt
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PROGRAMMABLE TIMER

PROGRAMMABLE TIMER
General Information

The material within this section covers the
Programmable Timer unit equivalent to the 8253
manufactured by Intel., The information also applies
to those integrated circuits produced by other
manufacturers that may have somewhat different
nomenclatures, but very similar physical and
electrical characteristics,

Feature List

The following list summarizes the most important and
salient features of the Programmable Timer chip.

Three separate 16-Bit programmable timere in a
single package.

+5-Volt-Only Operation,

Binary Coded Decimal (BCD) or Binary Counting,

0 to 2 MHz Count Rate

Block Diagram and Pin Assignments
Figure D-32 below is a block diagram representation

of the functions contained within the Programmable
Timer, Figure D-33 is a drawing of the actual DIP pin

assu;nmenta .
INTERNAL
Bus
=
DATA ——C1LE O
0y~ s K K| covaren Ly careo
- l—e-0ut 0
L —— ]
[ p—— pe—cix 1
READ) -
WRITE C COUNTER  Lg——GATE |
4 -
Ay OGIC OUT 1
Ay
A | P |
pap—— LM 2
WORD CUW;E" ls—— GATE 2
REGIST -
- —— OUT 2

FIGURE D-32. PROGRAMMABLE TIMER BLOCK DIAGRAM
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FIGURE D-33. PROGRAMMABLE TIMER PIN ASSIGNMENTS
Overall Description

The Programmable Timer IC contains three programmable
timers. The operation of these timers is controlled
by system software, Each of the timers may be
initialized to a particular count value and mode of
operation by the CPU. The Programmable Timer has a
microprocessor-compatible interface for easy
connection to most host systems.

The Programmable Timer consists of the six following
functional blocks:

Data Bus Buffer
Read/Write Logic
Control Word Register

Counter 0
Counter 1
Counter 2
ADDRESS BUS (16)
I}
P‘[% | CONTROL BUS
[ I I DATA BUS (8) II: 5" ||Illa==
[ ]
| ¥ i II * é
Al Ao T Dp-0y
COUNIER 0 CDUN’A‘I'ER 1 COUPiTER 2
OUT GATE CLK GA OUT GATE CLK

T oho i kAt

FIGURE D-34. 8253 SYSTEM INTERFACE
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Pin Description

Table D-6 summarizes the function of each pin of the
Programmable Timer chip.

Table D-6. PROGRAMMABLE TIMER PIN FUNCTIONS

FUNCTION

|
|
Data Bus. These eight lines provide a bi- |
directional data interface to the host micro-|
processor. The microprocessor uses the data |
bus to write into the timer's registers and |
read status and timing count information from|
the timer. }

Clock 0,1,2. These are the timing inputs that|
are used to run timers 0, 1, and 2, respect- |
ively.

Output 0,1,2. These are the final outputs
of timers 0, 1, and 2, respectively.

Gate 0,1,2. These signals control the op-
eration of timers 0, 1, and 2. They are used
to start, stop, and resynchronize the count-
ing of the timers.

19,20| A0, A1 | Address 0,1. These two signals are used to
| | select which of the three timers is to be
; : accessed and to select the control register,
|

21

%

. | Chip Select. When this signal is low, the
| | timer is enabled and may be written into or
read from,

N
g

|

|

| Read, When this signal is low, the timer

| provides information at the data bus D0-D7
I that may be read by the host system.
|

|

|

— — T — —— — — —

3

Write, When this signal is low, the timer
accepts information from the data bus D0-D7.

— e e . e — — ———— ——— ————— — —— e e St e, .
[
=)

—_— e — —  — ——  —— —— e e

Note: An asterisk (*) denotes that the referenced
signal is active low.
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Hardware Functional Description

Data Bus Buffer

The Data Bus Buffer allows the Programmable Timer to

interface to the system data bus. This consists of an
eight-bit tri-state bidirectional buffer arrangement,
Basically, the buffer is used to read from and write

to the timer chip.

Read/Write Logic
The Read/Write logic is responsible for the overall
control of the timer. This section of the timer chip
receives read, write, address, and chip select

signals from the system bus and causes the proper
registers within the timer to be loaded or read.

Control Word Register

The Control Register is write-only and is accessed
when both address inputs (A0 and Al) are high. The
data stored in this register is used to control the
operational characteristics of each of the three
counters,

Counters 0., 1. and 2

As mentioned previously, the Programmable Timer
contains three identical counter circuits. Each
counter is controlled by the information loaded into
the control register by the system CPU, Each counter
counts down in either binary or BCD fashion,
depending on how it was programmed. Each counter is
16 bits long, and may be read by the software while
operating, thus preventing the need to stop the
counter for reading.

Maximum Ratings
Listed below are the maximum ratings of the
Programmable Timer chip. If these ratings are
exceeded, permanent damage to the device may result.

Also, exposure to the maximum ratings for extended
periods may affect the reliability of the device.

Operating Temperature 0 to 70 Degrees C
Storage Temperature =65 to 150 Degrees C
Positive Voltage on Any Pin -0.5V to 7V

Power Dissipation 1 watt
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Electrical Characteristics

Listed below are the D.C.
characteristics of the Programmable Timer. These

characteristics apply, unless otherwise noted, at an
ambient temperature of 70 Degrees Centigrade and at a

power supply voltage of +5 V +10%.

and A.C,

electrical

Refer to figures D-35, D-36, and D-37 for more
information regarding the timing parameters mentioned

below.

TABLE D-7.

Input Voltage

Low Level
High Level

Output Voltage

Low Level
High Level

Input Current
Load Current
Leakage
Output Float
CQurrent
Vee Supply
Capacitance

Input
1/0

Add. Stable Before Read (Tar)
Add. Hold Time for Read (Tra)

Read Pulse Width (Trr)
Data Delay From Read  (Trd)
Read to Data Floating (Tdt)

Recovery Time Between Read
and Any Other Control (Trv)

PROGRAMMABLE TIMER D.C,

AND A.C,

ELECTRICAL CHARACTERISTICS

Min. Max., Unit
-0.5 0.8 Vv
2.2 Vect.5 v
0.45 \'4
2.4 v
+10 ua
+10 ua
140 ma
10 pE
20 pf
50 ns
5 ns
400 ns
300 ns
25 125 ns
1000 ns

D-42

Comment

Iol=2.2 ma
Ioh=400 ua

Vin=Vcc to 0V

Vout=Vcc to 0V



PROGRAMMABLE TIMER

TABLE D-7 (cont.)

Parameter Min, Max. Unit
Add. Stable Before Write(Taw) 50 ns
Add. Hold Time for Write(Twa) 30 ns
Write Pulse Width (Tww) 400 ns
Setup Time for Write (Taw) 300 ns
Hold Time for Write (Twd) 40 ns

Recovery Time Between Write

and Any Other Control (Trv) 1000 ns
Clock Period (Tclk) 380 dc ns
High Pulse Width (Tpwh) 230 ns
Low Pulse Width (Tpwl) 150 ns
Gate Width High (Tgw) 150 ns
Gate Width Low (Tgl) 100 ns
Gate Setup to Clk High (Tgs) 100 ns
Gate Hold After Clk (Tgh) 50 ns
Output Dly From Clk Low (Tod) 400 ns
Output Dly From Gate Low(Todg) 300 ns
' 2

Ao, CS X ;K

5 AR l’—"“__- t—TRA
'RD[=— —= ‘n.:l——

DATA BUS ////// HIGH IMPEDANCE ///%/% VAUD  [HIGH IMPEDANCE

FIGURE D-35, PROGRAMMABLE TIMER READ TIMING

Ap.1. €S

X

Taw Ty |—

DATA BUS

X

Www

FIGURE D-36. PROGRAMMABLE TIMER WRITE TIMING
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FIGURE D-37. PROGRAMMABLE TIMER GATE AND CLOCK TIMING
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Software Addressing

Since the Programmable Timer is controlled with two
address inputs, A0 and Al, it is apparent that there
are four distinct address locations within the device
that can be accessed. Three of these locations allow
writing or reading values into or from the count
registers for each of the three counters. The fourth
location is write-only and allows setting up the
control register., The addressing map is shown in

Table D-8. PROGRAMMABLE TIMER ADDRESS MAP

| AL | AD | CS* | RD* | WR* | Operation |
: X }X : 1 : X { X { Timer Not Selected ;
: 0 I 0 ; 0 : 1 : 0 : Write Counter 0 {
: 0 : 1 l 0 : 1 ; 0 : Write Counter 1 }
: 1 : 0 : 0 : 1 : 0 : Write Counter 2 {
i 1 : 1 : 0 : 1 : 0 : Write Control Register :
; 0 i 0 i 0 i 0 E 1 i Read Counter 0 i
PO k- 1 -Eahaeteng 51 | Read Counter 1 |
! 1 E 0 i 0 i 0 i 1 i Read Counter 2 i

Control Register

The Control Register is written when both A0 and Al
are high and a write operation is performed to the
timer. The purpose of the control register is to set
up each of the three counters so they are in the
desired counting mode. Bits 6 and 7 of the control
register select the particular counter of interest,
bits 4 and 5 specify the manner in which the count
registers will be read or loaded; bits 1, 2, and 3
specify the count mode operation; and bit 0 selects
between binary and BCD counting. Figure D-38
following shows the control register format.
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|
/\. i N84l 0 = Binary Counting

| 1 = BCD Counting

| 000 = Mode 0
001 = Mode 1

X10 = Mode 2
= Mode 3

= Mode 4

5

X1l
100

00 = Latch Counter

01 = Read/Load LS Byte

10 = Read/Load MS Byte

11 = Read/Load LS Byte,
Then MS Byte.

00 = Select Counter 0
01 = Select Counter 1
10 = Select Counter 2

———— —— —— — —— —— — — —

FIGURE D-38. PROGRAMMABLE TIMER
CONTROL REGISTER FORMAT

Counter Modes

The following sections, along with Figures D-39
though D-44 provide information about the counter
modes possible with the Programmable Timer.

Mode 0--Interrupt on Terminal Count

When Mode 0 is programmed into a particular counter,
the output pin for the counter goes to a low state.
Then, after the count value is loaded into the count
register, the output pin will stay low while the
counter is counting down toward zero. When the zero
count is reached, the output goes to a high state and
stays there until a new count value is loaded, or
until a new mode is written into the control
register.

If new count values are written during the time the
counter is counting and the zero count has not been
reached, the counting will stop when the first byte
is Jéoz:]ded and will resume when the second byte is
aoded.
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Mode 1--One-Shot

When Mode 1 is programmed, the output pin for the
particular counter goes to a low state on the rising
edge of the counter's gate input. The counter begins
counting down according to the previously loaded
count value. When zero count is reached, the output
returns to the high state. If another rising edge of
the gate input occurs before zero count is reached,
the output stays low and the counting starts again
from the initial counter value. In this manner, the
timer can be used as a retriggerable one-shot.

Mode 2--Rate Generator

When Mode 2 is programmed, the output pin for the
particular counter will go to a low state for one
period of the counter's input clock, and then return
back high. The time between these low pulses
corresponds to the value of the previously loaded
count value. The gate input controls the operation of
the counter. When the gate signal is low, the output
goes to a high state and stays there, When the gate
input goes high, the counter is allowed to run,

If the counter is reloaded between pulses, the

current period is not affected, but the following
period will conform to the new value.

Mode 3--Square Wave Generator

When Mode 3 is programmed, the operation is similar
to that of Mode 2, except that the output will remain

high for half of the count value, and go low for the
other half.

Mode 4--Software Strobe

When Mode 4 is programmed, the output pin for the
particular counter goes high until after the count
value is loaded, at which time the counter begins
counting. The counter is inhibited, however, if the
gate input is low. When the counter reaches zero
count, the output pin goes low for one clock period
and then returns high., If the counter is reloaded
between low pulses, the counter starts counting from
the new value (even if the same value is continuously
reloaded). Thus it is possible to prevent the pulse

from ever occurring provided the software services the
counter reqularly,
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Mode 5--Hardware Strobe

When Mode 5 is programmed, the output pin for the
particular counter goes high. Then after the count
value is loaded, the counter begins counting on the
rising edge of the gate input. When the counter
reaches a count value of zero, the output goes to a
low state for one clock period. If the gate input
provides another rising edge before zero count is
reached, the counter starts over again., Thus it is
possible to prevent the pulse from ever occurring
provided the hardware toggles the gate signal often

enough,
e NWWM
Wi e r |
OUTPUT (= 4) 4 3 2 1 0
INTERRUPT)
WHm —_—
GATE 1 r
OUTPUT im=8i ] 4 3 2 1 /]
(INTERRUPT) _\ =
}—-a—- ]

A+fB=m

FIGURE D-39. PROGRAMMABLE TIMER MODE O OPERATION
(Interrupt on Terminal Count)
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TRIGGER —/

OUTPUT

4 3 2 1 0

X /
TRIGGER ——l _\_/

4 3 2 a 3 2 1 /]

OUTPUT —\_ I

FIGURE D-40, PROGRAMMABLE TIMER MODE 1 OPERATION
(One Shot)
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PROGRAMMABLE TIMER
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in=31 \ ’ \ ’ \ '(
RESET ﬁ ]

FIGURE D-41, PROGRAMMABLE TIMER MODE 2 OPERATION
(Rate Generator)

FIGURE D-42. PROGRAMMABLE TIMER MODE 3 OPERATION
(Square Wave Generator)

WL ———— r
in=4&)
OUTPUT - : 2 SR
LOAD n
\ n=d ’
GATE 4
OUTPUT 4 4 3 2 1 0

it

FIGURE D-43, PROGRAMMABLE TIMER MODE 4 OPERATION
(Software Strobe)
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aocx P XN NN NSO
GATE —I

OUTPUT 4 3 2 ] 0

In=4) \ ’
vy il W

4 ] 4 a 2 1 0

QUTPUT
in=4i \ ’

FIGURE D-44, PROGRAMMABLE TIMER MODE 5 OPERATION
(Hardware Strobe)

Read/Load Operation

Bits 4 and 5 of the Control Register specify the
manner in which bytes may be read from or loaded into
the count registers. Once these bits have been
programmed, the counters must be read or loaded in
the specified manner. All that is required is that
the control register be set up prior to reading or
loading any of the count registers. In other words,
the register(s) for counter 1 do not have to be read
or loaded prior to those of register 2. The count
registers may be loaded or read in any order once the
proper control register values have been set up for
each.

Remember that each counter has its own control
register as specified by bits 6 and 7 of the control
register itself. These bits are the address of the
individual control registers for each counter.

The Programmable Timer allows the count value of each
individual counter to be read without disturbing the
counter value, This may be done in one of two ways,
The first is reading while counting and the second is
stopping the count before reading.
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Reading While Counting

In order to read the counter value(s) "on the fly"
without stopping the counters, a special code is
loaded into the control register. This code consists
of setting bits 6 and 7 to point to the counter of
interest and setting bits 4 and 5 to zero. This
causes the present count to be latched into a storage
register. A normal read command is then issued to the
counter of interest and the contents of the latched
register become available. This special control
register operation has no effect on the control
register values previously set up for the counter,
and the sequence and number of bytes must be read
exactly as previously programmed.

Stopping Before Reading

If the above method of latching before reading is not
used, the counter of interest must be stopped by
either controlling the gate input or by stopping the
clock input. Only in this manner can a stable count
be guaranteed to be read. Again, the reading of the
counter bytes must be performed in the manner
previously specified in the control register bits.

Osborne Executive Applications Information

The Programmable Timer is used in the Osborne
Executive portable computer for the following
functions:

Timer 0 = Serial Communications Clock A
Timer 1 = Serial Communications Clock B
Timer 2 = Floppy Disk Drive Spindle Clock

The clock inputs for Timers 0 and 1 are generated by
a divider circuit that divides a 24 MHz signal by 13.
This yields a clock of 1.846 MHz, a common
communications clock frequency which the Programmable
Timer can divide further to yield the common baud
rate values for serial communications.

The clock input for Timer 2 is 2 MHz. The
Programmable Timer is equipped to supply the proper
spindle clock for the floppy disk drive, although
this feature is not currently utilized.

All the gate inputs are pulled up to +5 Volts and are
thus not controllable by the Executive logic circuits.
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PERIPHERAL INTERFACE ADAPTER
General Information

The material within this section covers the
Peripheral Interface Adapter equivalent to the F6821
manufactured by Fairchild. The information also
applies to those integrated circuits produced by
other manufacturers that may have somewhat different
nomenclatures, but very similar physical and
electrical characteristics.

Feature List

The following list summarizes the most important and
salient features of the PIA chip.

Two Separate 8-Bit Bidirectional Ports

Interrupt Capability Under Program Control
Microprocessor-Compatible Bus Interface
Programmable Data Direction and Control Registers
+5-Volt-Only Operation

TTL-Compatible Inputs and Outputs

Block Diagram
The following figure, D-45, is a block diagram
representation of the functions contained within the

Peripheral Interface Adapter., Figure D-46 is a
drawing of the actual DIP pin assignments,
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FPIGURE D-45. PIA BLOCK DIAGRAM

FIGURE D-46. PIA PIN ASSIGNMENTS
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Overall Description

The Peripheral Interface Adapter contains two eight-
bit parallel ports that can be manipulated by system
software to act as either inputs or outputs and
provides four control lines that allow interrupts to
be received or generated under software control. The
data direction and use of control lines for the
parallel ports is set up by the software which
configures the control register for the applicable

port.

The Peripheral Interface Adapter consists of the
following functional blocks:

Data Bus Buffer

Bus Input Registers

Chip Select and Read/Write Control
Control Registers A and B

Output Registers A and B

Data Direction Registers A and B
Peripheral Interface A and B
Interrupt Status Control A and B
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Pin Description

Table D-9 summarizes the function of each pin of the
Peripheral Interface Adapter chip.

Table D-9. Peripheral Interface Adapter Pin Functions

Pin | Mnemonic Function

Parallel Port A Data. These eight lines pro-
vide the parallel data interface for port A
of the Peripheral Interface Adapter. It is
over these pins that data may be transferred
to and from a peripheral device connected to
Port A.

2 - 9|PA0 - PA7

Parallel Port B Data. These eight lines pro-
vide a similar function to the PAO-PA7 lines,
except for Data Port B.

10-17 |PBO - PB7
I

Cel Port B Interrupt. This signal is an input
only and is used to set the interrupt flag of

Control Register B.

18

19 |CB2

input, it is used to set the interrupt flag
Control Register B, When used as an output
function is controlled by Control

ster B.

g

21 |R/w*

The host processor uses this line
control the direction of data flow. When
s signal is high, data is being transfer-
from the Peripheral Interface Adapter

the host processor. When the signal is low
ta is being transferred from the host pro-

ssor to the chip.

Eﬁgs

REE

Selects, These three input signals are
to select the Peripheral Interface

The chip is enabled only when CSO
are high and CSO* is low. Any other
on these lines will disable the device

ig

I

25 |E

f

e. This signal is a timing or clock
ignal into the chip to which all of the in-
rnal device timing is referenced.

y _________________

|
|
I
I
I
I
I
I
|
22-24 {CSO 1,2%
|
|
|
I
|
I
I
|

Note: An asterisk (*) denotes an active-low signal.
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TABLE D-9. PERIPHERAL INTERFACE ADAPTER PIN
FUNCTIONS (Cont.)

in conjunction with bit 2 of the control
registers to address the various registers
within the chip. .

| PIN | MNEMONIC FUNCTION
| |
| |
26-33|D7 - DO Data Bus. These eight lines provide the bi-
| directional data path to the host processor
|
|
34 | RESET* Reset. This signal is an input and is used to
| initialize the chip to a known state, This
| line is active low and may be generated dur-
| ing power-on reset or master clear,
|
35-36| RS1,0 Register Select 1,0. These signals are used
|
|
|
I

Interrupt Request.

These lines are used as interrupt request in
puts to the host processor based on activity
of the interrupt and control lines for the
particular port. These lines may be tied to-
gether in a “wired-or" configuration.

——————— — — — — — — — ———— — —— ——

39 | caz2 Port A Control. This signal is similar to the|
Port B Control signal described above, except|
it applies to port A.

40 CAl Port A Interrupt. This signal is similar to

the Port B Interrupt signal described above,

|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
l except it applies to port A.

Note: An asterisk (*) denotes an active-low signal,
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Hardware Functional Description

Data Bus Buffer

The data bus buffer allows the PIA to interface to
the system data bus. This consists of an eight-bit,
tri-state bidirectional buffer arrangement used to
place data onto the data bus during read cycles and

to accept data from the data bus during write cycles. ‘

Bus Input Register
When data is written to the PIA from the host, it is [
placed in the Bus Input Register. Then, depending on
the state of the Register Select inputs RSO and RS1,
and the state of bit two of the control register, the

data in the Bus Input Register is transferred into
one of the following internal PIA registers:

Control Register A
Control Register B
Data Direction Register A
Data Direction Register B
Output Register A
Output Register B |
Chip Select and Read/Write Control
The Chip Select and Read/Write Control section of the '
PIA is used to create all of the PIA internal control |
signals for reading, writing, and controlling data
flow to and from the chip, CS0, CS1, and CS2 are used
to enable the chip; RSO and RS1 are used to address
the internal registers; R/W* is the read/write
control; ENABLE is a clock signal that is used to

generate internal chip timing; RESET* serves to
initialize all internal storage elements.

Control Registers A, B

These two control registers allow the host processor
to enable and monitor interrupts, to control
peripheral input and output lines, and control the
direction of data flow to and from external
peripheral devices.

Qutput Registers A, B .

These registers may be loaded with the data bits
being output to the peripheral device. If the
cgrresponding Data Direction Register bit is set

high, the data will appear at the output of the PIA.

A high level in the Output Register will appear as a

high level at the PIA output, and a low will appear

as a low., A bit set low in the Data Direction
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Register will cause the peripheral device bit to be
input to the host. The data in the Output Registers
may be written and read by the host processor.

Data Di i Regist A, P
These registers are used to individually control the
input/output direction of each bit stored in the
Output Registers. A high bit causes the corresponding
bit of the Output Register to appear at the PIA
input/output pin. A low bit causes the corresponding
bit at the PIA input/output pin to appear as an input
to the host processor during a read cycle.

Peripheral Interface A, B

Both Peripheral Interface A and B sections act as
eight bit bidirectional ports to peripheral devices,
but with differing characteristics. The A side is
designed to drive CMOS logic to normal 30% to 70%
levels, and has an internal pull-up. The A side, then,
requires more drive current in the input mode than

the B side. The B side uses normal three-state NMOS
buffers which cannot pull-up to CMOS levels without
external pull-up resistors. The B side can drive
heavier loads than the A side.

Interrupt Status Control A, B

Bits 3, 4, and 5 of Control Registers A and B are
used to control the Peripheral Device lines CA2 and
CB2., Bits 0 and 1 of the Control Registers are used
to control the Peripheral Device Lines CAl and CBl.
CA2 and CB2 can be used as either interrupt inputs or
output control signals. CAl and CBl are used as
interrupts only. When used as outputs, CA2 and CB2
have slightly different loading characteristics.

Maximum Ratings

Listed below are the maximum ratings of the
Peripheral Interface Adapter. If these ratings are
exceeded, permanent damage to the device may result.
Also, exposure to the maximum ratings for extended
periods may affect the reliability of the device.

Supply Voltage -0.3 V to 7.0 V
Input Voltage -0.3 V to 7.0 Vv
Operating Temperature 0 to 70 Degrees
Centigrade
Storage Temperature ~55 to 150 Degrees
Centigrade

D-57




PERIPHERAL INTERFACE ADAPTER
Electrical Characteristics
Listed below are the D.C. and A.C. electrical
characteristics of the Peripheral Interface Adapter.
These characteristics apply at a power supply voltage
of 5.0 VDC+5%, and a ground voltage (Vss) of 0 VDC
unless otherwise noted.
Refer to figures D-47 through D-55 for more
information regarding the timing parameters mentioned
below.
TABLE D-10. PERIPHERAL INTERFACE ADAPTER D.C. AND
A.C, ELECTRICAL CHARACTERISTICS
Characteristic Min Typ Max Unit
Bus Control Inputs
(Cs0,0s1,052, RS0, RS, R/W* , Enabl e, Reset*)
Input High Voltage (Vih) Vss+2.0 - Vee \'/
Input Low Voltage (Vil) Vss-0.3 - Vsst0.8 V
Input Leakage Current (Iin) - 1.0 2.5 uA
Capacitance (Cin) - - 15 pF
Interrupt
(IRQA*, IRDB*)
Output Low Voltage (Vol) (Ilocad=3.2 ma) Vsst0.4 V
Three State Output Leakage (Ioz) - 1.0 10 vA
Capacitance (Cout) - - 5 23
Data Bus
(D0 - D7)
Input High Voltage (Vih) Vss+2.0 - Vee \
Input Low Voltage Vss-0.3 - Ves+).8 V
Three State Input Leakage (Iiz) - 2.0 10 uA
Output High Voltage (Voh) (Iload=-205ud) Vss+2.4 - - v
Output Low Voltage (Vol) (Iload=1.6 ma) - - Vsst0.4 V
Capacitance (Cin) - - 12:5 pF
D-58
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TABLE D-10 (Cont.)

Characteristic Min. Typ.
Peripheral Bus
(CAl ,CA2,CR1 , (82, PAD-7 ,PBO-7)
Input Leakage Current (Iin) - 1.0
Three State Leakage (Iiz) (PB0-7,CB2) - 2.0
Input High Current (Iih) (PAD-7,CA2) =200 -400
Darlington Drive (Ioh) (PB0-7,CB2) -1.0 -
Input Low Current (Iil) (PAO-7,CA2) - =1.3

Output High Voltage (Voh)
Iload = -200 uA) (PAO-7,PB0-7,CA2,(B2) Vss+2.4

Iload = =10 uwA) (PAO-7,CA2) Vee-1.0 -
Output Low Voltage (Vol)(Iload=3.2 mA) - -
Capacitance (Cin) e -
Power Requirements
Internal Power Dissipation (Pint)

Bus Timing Characteristics Min Max
Cycle Time (Tcyc), #1 1.0 10
Pulse Width, E Low (Pwel), #2 430 —
Pulse Width, E High (PwWeh), #3 450 —_
Clock Rise and Fall Time (Tr,TE), #4 —_ 25
Address Hold Time (Tah), #9 10 —_
Address Setup Time Before E (Tas), #13 80 -—
Chip Select Setup Time Before E (Tcs), #14 80 _
Chip Select Hold Time (Tch), #15 10 —_
Read Data Hold Time (Tdhr), #18 20 50%
Write Data Hold Time (Tdhw), #21 10 —
Output Data Delay Time (Tddr), #30 — 290
Input Data Setup Time (Tdsw), #31 165 -_
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TABLE D-10 (Cont.)

Peripheral Timing Characteristics
Characteristics Min., Max, Units

Data Setup Time (Tpds) 200 —_ ns
Data Hold Time (Tpdh) 0 —_ ns
E Low to CA2 Low (Tca2) — 1.0 us
E Low to CA2 High (Trsl) _ 1.0 us
CAl, CA2 Rise, Fall Time (Tr, Tf) —_— 1.0 us
CAl Active to CA2 High (Trs2) _— 2.0 us
E Low to Data Valid (Tpdw) _— 1.0 us
E Low to PAD-7, CA2 Data Valid (Tcmos) _— 2,0 us
E High to CB2 Low (Tcb2) i 1.0 us
Data Valid to (B2 Low (Tdc) 20 o= ns
Enable High to CB2 Highm (Trsl) e 1.0 us
CA2/CB2 Pulse Width (FwWct) 500 —_ ns
CBl, CB2 Rise, Fall Time (Tr, Tf) _ 1.0 us
(Bl Active to (B2 High (Trs2) _ 2.0 us
Interrupt Release Time, IRQA*/IRQB* (Tir) —- 1.6 us
Interrupt Response Time (Trs3) _ 1.0 us
Interrupt Input Pulse Time (PWl) 500 _— ns
RESET* Low Time** (Trl) 1.0 —_ us

* The Data Bus Output Buffers are no longer sourcing or sinking
current by Tdhr max (High Impedance).

** The RESET* Line must be held high a minimum of 1.0 us before
addressing the chip.

E 2
/ 3 N
e
P JFYE— PO —_ |—d
R/W, ADDRESS Vs
INON-MUXED) Qe
B
14 T
= \
—18 0 —i18
READ DATA \ MPU READ DATA NON-MUXED
NON-MUXED y
— e 31—l
WRITE DATA K MPU WRITE DATA NON-MUXED F.
NON-MUXED y z <
2 —

FIGURE D-47. PIA BUS TIMING
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FIGURE D-48. PIA DATA SETUP AND HOLD TIMES
(Read Mode)
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FIGURE D-49. PIA CA2 DELAY TIME
(Read Mode: CRA-5=CRA-3=1, CRA-4=0)
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FIGURE D-50. PIA CA2 DELAY TIME
(Read Mode: CRA-5=1, CRA-3=CRA-4=0)
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FIGURE D-51. PIA DATA DELAY TIMES
(Write Mode: CRA-5=CRA-3=1, CRA-4=0)
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FIGURE D-52. PIA DATA AND CB2 DELAY TIMES
(Write Mode: CRB-5=CRB-3=1, CRB-4=0)
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FIGURE D-53. PIA CB2 DELAY TIME
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FIGURE D-54. PIA CB2 DELAY TIME
(Write Mode: CRB-5=1, CRB-3=CRB-4=0)
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CB2 DELAY TIME
(WRITE MODE: CRB-5= 1, CRB-3= CRB-4=()

ENABLE
YR ——

/
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FIGURE D-56. PIA IRQ* RELEASE TIME

INTERRUPT PULSE WIDTH AND 1RO RESPONSE

AL

m?—\ /_

*THE RESET LINE MUST BE A Vjy FOR A MINIMUM OF
1.0 48 BEFORE ADDRESSING THE PIA.

FIGURE D-57. RESET* LOW TIME

Software Addressing

As mentioned previously, the PIA has several internal
registers. These are addressed by the RS0 and RSl
inputs, along with bit 2 of the appropriate control
register. Access to the Control Register does not, of
course, depend on the setting of its own bit number

2, but access to the remaining registers does.
Therefore, the Control Register must be set up before
attempting to access any other register of the PIA.
Table D-11 below summarizes the PIA register addresses:

TABLE D-11. PIA Register Address Map

| |
| | |
| T O g LR g i o
| CONTROL A| 0 ! | X | X |
| CONTROL B| 1 J X | X | X |
| DDR A | 0 | 0 | 0 | X |
| DDR B | 1 TR | X | 0 |
| PER A | 0 | 0 | 1 | X |
| PER B | 1 | 0 | X | 1 |
| | | | | |
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Control Register

There are two separate control registers, one for
Port A and one for Port B. These control registers
allow the host processor to manipulate the four
peripheral control lines, CAl, CA2, CBl, and CB2. Via
the control registers, the host also may enable
interrupt lines and monitor interrupt status flags.
The format of the control registers is given in
Figure D-58.

| 7 I 6 Jisabeok 4 3. 1 2 /4,200 0

; IRQA(B)1|IRQA(B) 2| | CA2(CB2) II DDRII CAl1(CBl) {
|

FIGURE D-58., PIA CONTROL REGISTERS A
AND B FORMAT

Bit 0—Interrupt Request Enable/Disable
Zero: Disables IRQA(B) interrupt by CAl(CBl) active
transition. IRQA(B) will occur on the next positive
transition of this bit caused by the host processor
if CA1(CBl) active transition occurred while the in-
terrupt was disabled.

One: Enables IRQA(B) interrupt by CAl(CBl) active tran—
sition,

Bit 1—Determine CAl(CHl) Active Transition for Setting
Interrupt Flag IRQA(B)1

Zero: IRQA(B)1 set by high-to-low transition on CAl(CBl)
One: IRQA(B)1 set by low-to-high transition on CAl(CBl)
Bit 2—Data Direction Register/Output Register Select
Zero: Data Direction Register Selected
One: Output Register Selected
Bits 3, 4, 5—CA2((82) Input/Output Establishment
Bits

0 X X  CA2(CB2) are inputs

0 X 0 Disables IRQA(B) interrupt by CA2(CB2)
transition. IRQA(B) will occur on the
next_host processor positive transition
of bit 3 if CA2((B2) active transition
occurred while the interrupt was disabled.
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Bits 3, 4, 5—CA2(CB2) Input/Output Establishment (Cont.)

0 X 1 Enables IRQA(B) interrupt by CA2((CB2) active
transition.

0 0 X IRQA(B) 2 set by high-to-low transition of
CA2(CB2) .

0 1 X IRQA(B) 2 set by low-to-high transition of
CA2(CB2).

]! X X CA2((B2) are outputs,

1 0 0 Read Strobe with CAl Restore. CA2 goes low
on the first low going Enable transition
following a read by the host of the A Output
Register. It is returned as a high by the
next active CAl transition.

1 0 1 Read Strobe with E Restore. CA2 goes low on
the first low transition following a read by
the host of output register A. It is
returned high by the next low-going E trans-
ition during a deselect.

1 0 0 Write Strobe with CBl Restore. CB2 goes low
with the first high transition of E
following a host write into Output Register
B. It is returned high by the next active
CBl transition, Bit 7 of Control Register B
must first be cleared by a read of data,

1 0 p Write Strobe with E Restore. CB2 goes low on l
the first low transition of E following a
host write into Output Register B. It is
returned high by the next high E transition
following an E pulse occuring during the
time that the chip was not selected.

1 1 0 CA2(CB2) goes low when the host writes a
zero into bit 3 position of the Control Reg-
ister.

1 1 1 CA2(CB2) goes high when the host writes a
one into bit 3 of the Control Register.
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Bit 6—IRQA(B)2 Interrupt Flag

When CA2 or (B2 are being used as inputs, IRQA(B) goes high
on the active transition of CA2(CB2). This bit is cleared
by a host read of Output Register A(B) or by a hardware
reset condition. If CA2 or CB is being used as output,
IROQA(B)2 is always set to zero and is not affected by CA2

(CB2) transition(s).

Bit 7—IRQA(B)1 Interrupt Flag

This signal goes high on the active transition of CAl(CBl),
and is cleared by a host read of Output Register A(B) or by
hardware reset.

Osborne Executive Applications Information

The two Peripheral Interface Adapter chips are used
in the Osborne Executive to handle the following

functions:

IEEE 488 Interface

Modem Control

Real Time Clock Interrupt (Vertical Blank Signal)
50/60 Hz Video Timing Selection

Serial Communication Port Clock Selection
Floppy Disk Drive Select

Floppy Disk Density Selector

Audio Beeper Control

Keyboard Control

ZBOA Interrupt Requests

RAM Bank Enable
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FLOPPY DISK CONTROLLER

General Information

The material within this section covers the Floppy
Disk Controller equivalent to the MB8877M
manufactured by Fujitsu or the SYP1793 manufactured
by Synertek. The information also applies to those
integrated circuits produced by other manufacturers
that may have somewhat different nomenclatures, but
very similar physical and electrical characteristics.

Feature List

The following list summarizes the most important and
salient features of the Floppy Disk Controller (FDC).

Flexible Formats

IBM 3740 Single-Density FM

IBM System 34 Double-Density MFM

Operates With Both 8" and 5-1/4" Floppy Disk
Drives

Microprocessor-Bus Compatible

Handles Write Precompensation

DMA Data Transfer Capability

Automatic Track Seek

Programmable:
Head Step Rate
Head Engage/Settle Time
Sector Length
Side Compare
Write Operation (Single/Multiple Sector,
Entire Track)
Read Operation (Single/Multiple Sector,
Entire Track)

+5 Volts Only

Single 40-Pin DIP Package

Block Diagram and Pin Assignment

Figure D-59 is a block diagram representation of the
functions contained within the FDC. Figure D-60 is a
drawing of the actual DIP pin assignments.
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* NC NON CONNECTION

«+/MB BE76A NEGATIVE LOGIC
MB 8877A POSITIVE LOGIC

FIGURE D-60. FDC PIN ASSIGNMENTS

Overall Description

The FDC is a single-package floppy disk controller.
The FDC performs all those functions that a host
microprocessor needs in order for it to read data
from or write data to a floppy disk. Both 5-1/4" and
8" single- and double-density storage configurations
are supported with this device.

The FDC contains a microprocessor interface which
allows it to communicate over a standard address,
data, and control bus to all bus-oriented
microprocessors.

The floppy disk interface consists of all the signals
normally required by industry-standard floppy disk
drives. The FDC will not only read and write, but
will also format the diskette in IBM standard single-
and double-density formats. This is done under
processor command. Once the command has been received
by the FDC, the rest is automatic.

The FDC consists of the following functional blocks:

Command Register ALU

Status Register Data Modulator
Data Register Programmable Logic
Data Shift Register Array

Track Register Sector Register

CRC Circuit
Address Mark Detection Circuit
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Pin Description

Table D-12 summarizes the function of each pin of the
FDC.

TABLE D-12. FDC PIN FUNCTIONS

FUNCTION

Write Enable. This active-low input allows data
and conmands to be written into the FDC fram the
host processor.

|

|

|

|

|

|
Chip Select. When this input is low, the FDC is |
enabled, and read, write, and command sequences |
can be accomplished. I
|

|

|

|

|

|

|

I

|

Read Enable. When this input is low, the FDC places
its data or status information onto the data bus
so that the processor may read it.

Address. These two lines allow the processor to
select a particular FDC internal register for a
read or write operation,

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

:

| Data Bus, These eight bits provide for the transfer
| of bidirectional data between the FDC and the pro-
| cessor. The direction of transfer is determined by
II the state of the RE* and WE* lines,

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Step. This output provides a pulse to the floppy
disk drive for each track the drive is to increment
either in the inward or outward direction,

|
|
|
|
I
I
}
Direction. This output is provided to the floppy |
disk drive and is high when the drive is to step |
toward the inward tracks and low when it is to |
step in the outward direction. {
|
I
|
|
|
|
|
I
I
|

Early. When this signal is active high, it ind-
icates that the data being written to the drive
should be shifted early for purposes of write pre-

compensation,

Late, When this signal is active high, it ind-
icates that the data being written to the drive
should be shifted late for purposes of write

precampensation,

Note: An asterisk (*) denotes an active-low signal.
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TABLE D-12, FDC PIN FUNCTIONS (Cont.)

Master Reset. A low level at this input resets the |
FDC and loads 03H into the command register. Status|
bit 7, the Not Ready bit, is set at this time also. |
When the MR* input returns to a high level, a Res—
tore command is executed. Also, O1lH is loaded into
the sector register.

Test. For test purposes only. This is normally tied
to a high level.

23

it indicates that the head on the drive is engaged

24

Clock, This input is used for internal timing
generation. A 2 MHz clock is required for inter-
facing with 8" drives, and a 1 MHz clock,

|
|
|
|
|
|
Head Load Timing When this input is at a high level|
I
I
|
:
for interfacing with 5-1/4" drives. |

|

|

25

Side Select Output. This output, when high, ind-
icates to the drive that side number 0 of the drive|
is selected. A low level indicates that side number|

1 is selected. l

Read Clock. This input is clock that has been sep- |
arated from the incoming data stream. The relation-|
ship of ROCLK transitions relative to incoming read|
data is critical. |

27

Raw Read Data. This input is the data from the disk
drive after it has been separated fram the clock.

28

Bead Load. This output may be used to load the
drive head against the diskette.

29

Track > 43, When this output is high, it indicates
that the head is positioned on any of the tracks
from 44 through 76. When low, it indicates that the

30

Write Gate. This output indicates to the drive that
data is being written to the diskette.

31

Write Data. This is the write data output. It con-
sists of 250 ns pulses for MFM data(Double Density)
or 500 ns pulses for FM data (Single Density).

WD also contains the address marks and embedded

|
|
|
|
|
|
|
|
head is located on any of the tracks fram 0 to 43. :
|
|
|
|
|
|
|
clock. |

|

Note: An asterisk (*) denotes an active-low signal,
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TABLE D-12. FDC PIN FUNCTIONS (Cont.)

|
Ready. This input informs the FDC that the disk |
jve is ready for a read or write operation. |

=3

te Fault/VFO Enable, This is a bidirectional

. When WG is high, it serves as an input to
tor write faults as reported by the drive dur-
a write sequence, If WF goes low, indicating
rite fault, any write command will terminate, When
is high, pin 33 serves as a VFOE output to
external PLO data separator.

5138

B&ES

0. This input is from the drive and indicates
t the head is positioned over track 0.

4

. This input from the drive pulses each time
index hole in the diskette passes by the sensor
t into the drive,

T

te Protect., This signal comes from the drive and

BE

rformed on the disk.

B

:

e-Density Enable. This input selects the den-
with which data is to be read and written. A
level selects the double-density option.

el

. This output indicates when the Data
ister contains data during read operations, Or

empty during write operations. When the proces=
r x or writes the data register, this output
r L

]

6

w8

Interrupt Request. This output is set high at the
end of any operation and is reset when a new com™
mand is loaded into it from the processor, Or when
the status register is read.

|
|
|
|
|
|
I
I
|
|
I
I
|
|
|
|
orms the FDC that no write operation is to be :
|
|
|
|
|
|
|
|
I
|
|
I
I
|
|
|

An asterisk (*) denotes an active low signal.
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Hardware Functional Description

Data Register
This register is accessible by the processor and may
be both written and read. During a read operation,
this eight-bit register gets loaded in parallel from
the Data Shift Register which contains the serial
data coming from the drive. During write
operations, the processor loads up the Data Register
with an eight-bit parallel word. The data is then
loaded in parallel to the Data Shift Register and
then shifted out serially to the disk drive.

Therefore the Data Register serves as a temporary
data buffer between the processor and drive.

Data Shift Register
This is an eight-bit shift register which is the
direct interface to the disk drive from the FDC.
Serial data coming from the drive is shifted serially
into this register and then loaded into the Data
Register as a single eight-bit parallel word. The
data is then accessible by the CPU. Data coming from
the processor is transferred in parallel from the

Data Register into the Data Shift Register and then
transferred serially out to the drive.

Command Register

This register iswritten into from the CPU to cause
the FDC to execute a particular command. The CPU must
wait until the BUSY bit of the Status Register is low
before attempting to load in a command. After the
command that was loaded is finished executing, the
FDC sets the FDC Interrupt-Request output pin high,

Status Register
This register contains eight bits of data which may
be read by the CPU to gain knowledge of the operating
status of the FDC, After the status has been read,

the FDC automatically resets the Interrupt Request
pin.

Sector Register
This byte is used by the processor to designate the

required sector number for both read and write
operations to the disk drive.
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Track Register

For Read Data and Write Data commands issued by the
CPU, this register contains the track number to be
used during the execution of the command. For Step-
in, Step-out, Step, and Restore commands, this
register contains the present track number.

pata Modulator

This circuit prepares the data being written to the
disk so that it is in the proper single- or double-
density format, For single-density recording, the
data gets modulated in Frequency Modulated (FM)
format, and for double-density, it gets modulated in
Modified Prequency Modulation (MFM).

Address Mark Detection Circuit

This circuit is capable of detecting the following
unique data patterns encoded into the serial data:

Index Mark
ID Address Mark
Data Address Mark

CRC Check Circuit

During write operations the FDC automatically
calculates a 16-bit CRC and this data is transferred
to the disk along with the normal data. When the data
is read back from the disk, a new CRC is calculated
based on the incoming data and then compared against
the CRC coming off the disk. This is how error
checking is performed. The polynomial used is

G(x) = x16+x12+x5+1,

Arithmetic Logic Unit

The Arithmetic Unit is a serial comparator,
incrementer, and decrementer and is used for
modifications to the registers and for comparisons
with the disk-recorded ID field.

Programmable Logic Array

This circuit allows the FDC to execute a micro-
program which generates the control signals for the
FDC. The size of the program is around 232 X 19 bits.

D-74




FLOPPY DISK CONTROLLER I

Maximum Ratings

Listed below are the maximum ratings of the

Floppy Disk Interface. If these ratings are exceeded,
permanent damage to the device may result. Also,
exposure to the maximum ratings for extended periods
may affect the reliability of the device.

Voltage On Any Pin -0.3 to +7.0 Volts
Operating Temperature 0 to 70 Degrees C
Storage Temperature -55 to 150 Degrees C

Electrical Characteristics

Listed below are the D.C and A.C. characteristics of
the FDC. These characteristics apply, unless
otherwise noted, at an ambient temperature of 0 to 70
degrees Centigrade, Vcc=+5Vi5%, and Vdd=+12V+5%.

Figures D-61 through D-65 give more information
regarding the timing parameters listed:

CHARACTERISTICS

Parameter Min. Max, Units
Output High Voltage (Voh) 2.4 v
(Ioh=-200ua)
Output Low Voltage (Vol) 0.4 \'
(Iol=1.8 ma)
Power Consumption (Pc) 350 Mw
Input Leakage Current (Iinl) 2.5 ua
(Except for HLT,TEST*,WE*,WPRT*, DDEN*)
Input Leakage Current (Iin2) 100 ua
(For HLT,TEST*,WE*,WPRT*,DDEN*)
Three State Input Current (Itsi) 10 ua
Three State Output Leakage (Iloh) 10 ua
READ TIMING (PROCESSOR/FIC)
Address Setup Time (Tset) 50 ns
Address Hold Time (Thld) 10 ns
RE* Pulse Width (Tre) 280 ns
DR) Reset Time (Tdrr) 250 ns
IRD Reset Time (Tirr) 500 ns
Data Delay Time (Tdacc) 250 ns
Data Hold Time (Tdoh) 50 150 ns
DR) Service Time (Tsevr) 13,5%% us
(for RDCIK cycle=2 us)

Note: ** These values are doubled for CLK=1 MHz
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TABLE

Parameter Min.
WRITE TIMING (mm

Address Setup Time (Tset) 50
Address Hold Time (Thid) 10
WE* Pulse Width (Twe) 200
DRQ Reset Time (Tdrr)
IRQ) Reset Time (Tirr)

pata Setup Time (Tds) 250
Data Hold Time (Tdh) 0
DRQ Service Time (Tsevw)
(DDEN*=10w)

Parameter Min.
READ TIMING (DISK/FIC)

RAWRD* Pulse Width (Tpw) 100
Clock Setup Time (Td) 40

Clock Hold Time for MPM (Tcd) 40
Clock Hold Time for P (Tcs) 40
RAWRD* FM Cycle Time (Tbc)

RAWRD* MPM Cycle Time (Tbc)

RDCLK MFM Hich Pulse Width (Ta) 0.8
RDCLK FM High Oulse Width (Ta) 0.8
ROCLK MFM Low Pulse Width (Tb) 0.8
RDCLK FPM Low Pulse Width (Tb) 0.8
RDCLK MPM Cycle Time (Tc)

RDCLK M Cycle Time (Tc)

D-13 (Cont.)

Max.

250
500

11.5%*

2%% 3%%, Or 4 %%
2** or 4%
1**

2**

1**

2**

L
4**

FRRRR R DB g

J

250%**

20
20

20

FEREGRGEERRR®
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TABLE D-13 (Cont.)
Parameter Min, vp. - Max, Onits

WRITE TIMING (DISK/FDC)

Write Data Pulse Width (Twd)** 450 500 550
(FM, QLK=2Mhz)

Write Data Oulse Width (Twd)** 150 200 250
(MFM, CLK=2 Mhz)

Write Gate to Write Data (Twg)** 2

(FM, CLK=2 Mhz)

Write Gate to Write Data (Twg)** 1

(FM, CLK=2 Mhz)

Write Gate Off From WD (Twr)** 2

(FM, CLK=2 Mhz)

Write Gate Off From WD (Twr)** 1 2
(MFM, CLK=2 Mhz)

Early (Late) to Write Data (Ts) 125

(MFM, CLK=2 Mhz)

Early (Late) From Write Data (Th) -50

(MFM, QLK=2 Mhz)

WD Valid After CLK (Tdl) 200

(MFM, CLK=1 Mhz)

WD Valid After CLK (Tdl) 30

(MFM, CLK=2 Mhz)

WD Valid to CLK (Td2) 50

(MFM, CLK=1 Mhz)

WD Valid to K (Td2) 50

(MFM, CLK=2 Mhz)

B B B @ B 8 6 E 8 B 8 @

:

Parameter Min. TYp. Max,

QLK Low Pulse Width (Tcdl) 230 20000
CLK High Pulse Width (Ted2) 200 20000
STEP Pulse Width, MFM (Tstp) 2**

STEP Pulse Width, FM (Tstp) 4**

DIR Setup Time (Tdir) 12%%

MR* Pulse Width (Twmr) 50%*

INDEX* Pulse Width (Tip) 10%*

WF* Pulse Width (Twf) 10%*

(K Cycle Time (Tcyc) 0.5%*

FEGERERR B

Note: ** These times are doubled when CLK=1 MHz.
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Software Addressing

STEP-OUT

DR
0.4v

0.4V
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FDC MISCELLANEOUS TIMING

The FDC is programmed by writing to its internal
registers, FDC status is read by accessing the
internal status register. The register addressing
information is given in Table D-14.
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TABLE D-14, FDC ADDRESSING

Register Addressed

|

|

| Command Register
| Track Register

| Sector Register
| Data Register
|

|

|

l

|

Status Register
Track Register
Sector Register
Data Register

HHEHMOO OO ﬁ
COOO I H - %
| wroorroo|
HorHororo| B

— — — ———— — — — —
— —— —— — — — —— —

Commands

Commands must be loaded into the command register
only when the busy status bit of the status register
is off. The commands executed by the FDC fall into
four basic categories, labeled Type I, II, III, and
IV. There are 11 commands in all, summarized in Table

D-15.

TABLE D-15. FDC COMMAND TYPES
| Command | Type | Byte Format I
} i : e 3 2% D {
| Restore 1“2 {00 0 . so Ryl 10 |1
| Seek ik Los B P Yol -V 2) 20 |
| Step I 1. 1 0assh ViAEl 20 )
| Step In kel 0 0 NN B
BEtap'Dat i G D T e g el - )
| Read Sector| II |1 0 0 m F2 E Fl1 0 |
IWriteSector| II |1 0 1 m F2 E F1 a0 |
|Read Address|III el =0 el Byl § |
B Track X" 1221090 B 00 |
Meite 9rack [T J2 1 1 1 0 B O O |
|Force Int., | IV : DR DR ¢ R (R o ey o T £ R 1 :

| I
Type I Commands

Each of the Type I commands contains a rate field
(Bits 0 and 1, r0 and rl) which determines the
stepping rate as defined in Table D-16.

}
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TABLE D-16. FDC STEPPING RATES

|CLK (Mhz) : 2 2 1 1 2 1 |
| DDEN* & 0 1 0 1 X X |
| TEST*: 1l 1 1 ;. 0 0 |
| |
{ rl 0 Stepping Rate (ms) :
| 0 0 3 3 6 6 184 368 |
| 0 1 6 6 12 12 190 380 |
| 3 0 10 10 20 20 198 396 |
| 1 : § 15 15 30 30 208 416 |
| |

The head load flag (h) determines whether the head is
to be loaded at the beginning of the command, When
h=1, the HLD output goes high, and if h=0, HLD goes
low.

The verification flag (V) determines if a
verification operation is to take place on the
destination track. When V=1, a verification is done.

The Step commands have an update flag (u) which is
used to update the track register for each step. When
u=l, the track register is updated.

Iype 11 Commands

The Type II commands have a multiple-sector flag (m)
which, when set to a high, signifies that multiple
sectors are to be read or written. If this flag is
set low, only single sectors are read or written.

The side select flag (F2) is set high for side 1 and
low for side 0.

The side compare flag (Fl) is set high for testing
side number and set low for not testing.

The delay flag (E) is set high for a 15 ms delay
between activation of HLD and HLT. It is set low for
no delay.

The data address mark flag (a0) is set high when a
pattern of FBH (deleted data) is to be written into
the Data AM field, and low when a pattern of FBH
(data) is to be written into the Data AM field.
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Type III Commands

The Read Address command reads the next ID field (6 "
bytes) into the FDC. The Read Track command reads all
bytes of the entire track, including gaps. The Write
Track command writes all bytes to the track,
including gaps.

Type IV Commands

The only Type IV command is the Force Interrupt
command. This allows the processor to abort any
command in process.

The I0, Il, I2, and I3 bits allow several conditions
to be attached to this command, as given below:

3: Immediate. 0=No Effect
1=Force INTR) Immediately

I2: Index Pulse. 0=No Effect
1=Force INTRQ on next Index Pulse

Il: Not-Ready Transition. 0=No Effect
1=Force INTRQ when READY input
goes fram high to low

I0: Ready Transition. 0=No Effect
1=Force INTR) when READY input
goes from low to high
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Status Register

The status register allows the processor to monitor
the activity of the FDC. The status bits are
summarized below.

I

| 1=Command In Progress

| 0=No Command In Progress
l
I

INDEX
l=Index Mark From Drive
0=No Index Mark

TRACK 00
1=Head at Track 00
O=Head Not at Track 00

CRC ERROR
1=CRC Encountered in ID Field
0=No (RC Encountered

SEEX ERROR
1=Track Not Verified

0=Track Updated

HEAD LOADED
1=Head Loaded and Engaged
0O=Head not Loaded

PROTECTED
1=Disk is Write Protected
0=No Write Protection

NOT READY

1=Drive Not Ready
O=Drive Ready

FIGURE D-66. STATUS BYTE FOR TYPE I COMMANDS
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1=Command In Progress
0=No Command In Progress

_________DATA REQUEST

1=Data Register is Full/Empty
0=Data Register Updated

__JLOST DATA

1=DRQ Not Serviced in Time
0=DRQ Serviced

CRC ERROR

1=CRC Encountered in ID Field
0=No CRC Encountered

RECORD NOT FOUND

1=Track,Sect.,Side Not Found
0=Found OK

_RECORD TYPE/WRITE FAULT

For Read Records:
1=Deleted Data Mark
0=Data Mark

For Write Records:
1=Write Fault
0=No Fault

1=Disk is Write Protected
0=No Write Protection

__NOT READY

FIGURE D-67.

1=Drive Not Ready
0=Drive Ready

STATUS BYTE FOR TYPE II AND III
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Osborne Executive Applications Information

/ The FOC is a very flexible and powerful chip, and is
used in the Executive in some unique ways that bear

explaining.
Interrupts

The FDC does not directly interrupt the Z80
processor. Instead the Z80 polls the FDC status byte
to see whether or not an interrupt is pending.

Drive Ready

The FDC assumes that the drive is always ready since
this signal is not connected to the drive, but is
pulled up to +5 volts right on the PC board.

WE*/VFOE*

The particular data-separator circuit does not need
the VFOE* signal as an output, and there is no
provision made for inputting a write fault status
into WF* as an input.

Data Request
' The DRQ pin output is not monitored by the processor

to see when the FDC needs data servicing. Instead
this is accomplished by polling the status register.

Head Load

The HLD output is not used to command the drive head
to be loaded. Instead it is connected to the Head
Load Timing input so that every time the FDC commands
the head to be loaded, the HLT input receives the HLD
signal and the FDC therefore is made to believe that
the head did indeed load.
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FLOPPY DISK DATA SEPARATOR
General Information

The material within this section covers the Floppy
Disk Data Separator equivalent to the FDC 9216
manufactured by Standard Microsystems Corporation.
The information also applies to those integrated
circuits produced by other manufacturers that may
have somewhat different nomenclatures, but very
similar physical and electrical characteristics.

Feature List

The following list summarizes the most important and
salient features of the Floppy Disk Data Separator
chip.

Eight Pin Dual In-Line Package (DIP)

+5-Volt-Only Operation

Inputs and Outputs Completely TTL Compatible

Provides Data Separation on Frequency Modulated
(FM) or Modified Frequency Modulated (MFM)
Data

No Adjustments Needed |

Compatible with Industry-Standard Floppy Disk
Controller Chips

Block Diagram and Pin Assignments

Figure D-68 below is a block diagram representation of

the functions contained within the Floppy Disk Data |
Separator. Figure D-69 is a drawing of the actual DIP

pin assignments.

+ BV
GND

B
Do CLOCK

CDl——an] DIVIDER
| DATA/CLOCK L.- PULSE RE- |—=SCLK

SEPFARATION =1 GENERATION

|'_- LOGIC LOGIC —&=DouUT*
EDGE ——
DIN"——8 DETECTION

LOGIC

FIGURE D-68. DATA SEPARATOR BLOCK DIAGRAM
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FIGURE D-69. FLOPPY DISK DATA SEPARATOR PIN ASSIGNMENTS mf
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FLOPPY DISK DATA SEPARATOR

‘ Overall Description

When data is recorded on a floppy disk, it is
recorded as a single, serial bit stream. Within the
bit stream the data is encoded in a manner that
allows both clock and data information to be present.
When the data is read from the disk drive, it is read
as a single, serial bit stream; it is the job of the
data separator chip to extract and separate the data
and clock signals so that they may be presented to
the floppy disk controller chip.

The data separator consists of the four following
functional blocks:

Clock Divider

Edge Detector
Data/Clock Separation
Pulse Regeneration
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Pin Description

Table D-17 summarizes the function of each pin of the

data separator chip.

TABLE D-17. DATA SEPARATOR PIN FUNCTIONS

Function

Disk Data In.This is the data directly
from the disk drive. It contains the com-
bined clock and data information.

Separated Clock. This is the clock
which has been derived and separated from
the disk-drive data stream.

Reference Clock. This is the clock pro-
vided by the host system. Its frequency is
either 4 or 8 MHz, depending on the density
of the recorded data.

Ground. This is the package ground con-
nection.

Dl

the divisor that is applied to the Reference
Clock on pin 3. The resulting clock is used
internally and runs at a rate according to
the following table:

o l
0
0
1

1

2.
0 & o -
g

Disk Data Out. This is the data from the
data separator once the clock information
has been removed,

I
I
I
I
I
I
|
I
I
I
I
I
I
I
|
I
I
|
I
I
I
|
I
I
I
|
I
I
I
I
I
I
I
I
I
|
I
I

Power Supply This is the +5-Volt power

|
|
I
I
|
I
I
I
I
|
|
|
|
I
|
|
I
|
Clock Divisor. These inputs determine :
I
|
I
|
I
I
I
I
I
I
|
I
I
i
pin for the package. |
I

Note:

An asterisk (*) denotes that the referenced
signal is active low.
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Hardware Functional Description

Clock Divid

The Data Separator uses the Reference Clock provided
on pin 3 to derive an internal operating clock. The
Reference Clock can run at a frequency of either 4 or
8 MHz, depending on the disk drive size and data
recording density. The two clock-divider inputs on
pins 5 and 6 determine the final internal clock
frequency. The various clock divider options are
summarized in Table D-18.

TABLE D-18. DATA SEPARATOR CLOCK DIVIDER OPTIONS

CD1 | CDO | DRIVE SIZE | DRIVE DENSITY | CK | COMMENT |
| | | | (MHZ) | |
| | | | | |
I } 8" {5 1/4" |Single |Double | | |

| | | | |

o EE XA LEY iy Ak ALy I
FEale 3 | -1 X%l ayeel | 4 | Combination |
0o | § ipfie) pox Ly } g |
| | | | | | | |
SRETY | | Xl o x ~ 8] [
0 ; 0 ; { X { = X : 4 } Combination :
1 TR S T TR === A IR |
0 } 0 } X : r'us.~i | 4 | Combination |
| | | | |

e I x 1 | X g8 | !
| | | | | | | I

The operating frequency of the Data Separator
internal clock is normally 16 times the Separated
Clock output frequency. As internal timing
corrections take place to properly position the data
with respect to the clock, the internal clock may
vary from a minimum of 12 to a maximum of 22 times
the Separated Clock frequency.
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Edge Detector

The edge detector's function is to detect the leading (
edges of the combined data and clock data-stream

pulses. The phase of the internal operating clock is

then adjusted so that data and clock may be properly

located with respect to each other. Short-term and

long-term timing correctors provide proper timing
relationships.

Data Separation

|

I The data separator's main function is to provide an

‘ output that is the recreation of the original data
that was sent to the disk drive.

Pulse Regeneration
Once data has been separated from the combined data
and clock stream, the pulse regeneration circuitry
provides the final separated clock and data outputs
in the proper synchronized time relationship. The
trailing edge of DOUT* is always two internal clock

cycles ahead of the SCLK trailing edge. See Figure
D-?U. (

ALWAYS TWOD INTERNAL CLOCK CYCLES

|
Il FIGURE D-70. DATA SEPARATOR CHIP TIMING OUTPUTS

Maximum Ratings

Listed below are the maximum ratings of the Data
Separator chip. If these ratings are exceeded,
permanent damage to the device may result. Also,
exposure to the maximum ratings for extended periods
may affect the reliability of the device.

Operating Temperature 0 to 70 Degrees C
Storage Temperature -55 to 150 Degrees C
Lead Temperature 325 Degrees C
(soldering, 10 sec)

Positive Voltage on Any Pin 8.0 V

Negative Voltage on Any Pin “0.3 V

|

;i
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Electrical Characteristics

. Listed below are the D,C, and A.C. electrical
characteristics of the Data Separator. These
characteristics apply, unless otherwise noted, at an
ambient temperature of 70 Degrees C and at a power
supply voltage of +5V +5%.

Refer to Figure 4 for more information regarding the
timing parameters mentioned below.

TABLE D-19. DATA SEPARATOR D.C. AND A.C. ELECTRICAL

CHARACTERISTICS
Parameter Minimum Typical Maximum Units Comments
Input Voltage
Low Level Vil 0.8 Vv
High Level Vih 2.0 v
Output Voltage
Low Level Vol 0.4 v Iol=1.6 ma
High Level Voh 2.4 v Ioh=-100 vA
Input Current
| . Leakage Iil 10 UA  0<Vingvad
Input Capacitance
All Inputs 10 pF
Power Supply Current
Idd 50 mA
CK Frequency (Fcy) 0.2 4.3 Mhz
CK High Time (Tckh) 50 2500 ns
CK Low Time (Tckl) 50 2500 ns
CK to DOUT* "On" Dly
(Tsdon) 100 ns
CK to DOUT* "Off" Dly
(Tsdoff) 100 ns
CK to SCK Dly
(Tspck) 100 ns
DIN* Active Low Time
(Tdll) 0.1 100 ns
DIN* Active High Time
(Tdlh) 0.2 100 ns
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FIGURE D-71. DATA SEPARATOR TIMING RELATIONSHIPS

Software Information

The Data Separator contains no programmable registers.

Osborne Executive Applications Information

The Data Separator's use in the Osborne Executive is
specifically oriented toward operation with a 5-1/4"
single- or double-density disk drive. You will notice
that the CDl1 input is tied to ground and the CDO
input is a bit controlled by software,

Also, the CK input runs at a fixed frequency of 4
MHz. Given these conditions, it becomes apparent
after referring to Table D-18 that the Data Separator
is configured for operation in the above mentioned

modes.

D-92







OSBORNE




