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SERIAL INPUT/OUTPUT 

SERIAL INPUT/OUTPUT 

General Inforaation 

The material within this section covers the 
Serial/Input Output unit equivalent to the Z80A SrO/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 physical and 
electrical characteristics. 

Feature List 

The following list summarizes the most important 
and salient features of the Z80 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 HRz System Clock 
Data Rates to 880 Kbps @ 4.0 HHz System Clock 
Modem Control I/O-Separated by Channel 
Provision for Automatic Interrupt Vectoring 
Synchronous, Isosynchronous, Asynchronous Operation 
HOLC, rBM SOLC Compatibility 
All I/O Pins are TTL-Compatible 
Single +5-volt Supply 
40 Pin Dual In-Line Package 
Single Phase 5-Volt Clock 

Block Diagram and Pin Assign.ent 

Figure 0-1 is a block diagram representation of the 
functions contained within the SID. Figure 0-2 is a 
drawing of the actual DIP pin assignments. 
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FIGURE D-1. 
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OVerall Description 

The SIO is a programmable serial communications 
device that allows microcomputer systems to meet 
widely varying data communications requirements . The 
SID contains two complete, independent communica t ions 
channels in one package and can handle both 
synchronous data (data accompanied by clock) and 
asynchronous data (data with no clock). The SID 
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 Berial 
communications protocols, such as IBM Bisync , IBM 
SOLe, and HOLe. The SIO will also support many othe r 
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 / O. 

The SIO consists of the following functional blocks: 

Bus I / O 
Internal Control Logic 
Interrupt Control Logic 
Channel A,B Read/Write Registers 
Channel A,B Serial I/O 
Channel A,B Control and Status 

Pin Description 

Table 0-1 SUmmarizes the function of each pin of the 
SID. 
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I Pin 
I 
I 
11-4 
137-40 
I 
I 
I 
I 5 
I 
I 
I 6 
I 
I 
I 

7 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

MneJronic 

DO - D7 

INT" 

IEI 

lEO 

Table D-l. SIO Pin Functions 

Function 

IlIlta Bus. 'Ihis eight bit bidirectional 
data bus all""s data and cannancls to be 
transferred between the host processor and 
the 510. 

Inter~ Request. When the SIO is interrupt 
in9 the host, this line goes 1"". 

Interrupt Enable In. When there are two or 
more interrupting devices, this line is used 
in conjlDlction with 1m to provide a daisy­
chained interrupt priority structure. A high 
level indicates that higher-priority inter-
rupting device is being serviced. 

Inter~ Enable Out. This signal is used i n 
conj W'lction with IEI to provide a daisy­
chained priority interrupt structure. This 
signal is high only if IEI into the 510 is 
high and the SIO is not in the process of 
being serviced for an interrupt it gave to 
the host CPU. It is 1"" if there is any high 
er priority device being serviced or if the 
SIO itself is being serviced. In this way, a 
higher-priority device locks out all lower­
priority devices. 

e :""'Ml=*'--- IIadUne C¥de CkJe. When the Z80 is fetching 
I an instruction, MI· and RD· are active low. 
I However, if Ml.. and IORDJ· are both active 
I low, the SIO interprets this as an interrupt 
I ackn""ledge fran the zeD if the SIO is the 
I I highest-priority interrupting device at tbe 
I I nunent (IEI is high) • 

~=I I~~~~~~~~ __ ~ __ ~ __ ~ 
IIO,30IW*/RDYA,B*1 wait/lleadyA,B. These lines serve either one I 
I I I of two pJrposes: They can serve as Wait out-I 
I I I pJts to synchronize the host CPU to the SIO I 
I I I data rate, or they may be progranmed to act I 
I I I as Ready lines for a I:MA controller. I 
I I I I 

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

SERIAL INPUT/OUTPUT 

Table D-l. SIO PIN FUNCTIONS (Cont.) 

Syndlronization A. 'lhis signal is bidirec- I 
tional. It serves as an input while the SIO isl 
operated in the asynchrooous or external sync I 
modes. In the asynchronous mode, it acts as a I 
JOOdem cootrol input similar to crs* and lXlJ*. I 
In the external sync mode, it acts as an inpJt 
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. 'lhis Signal, when used in 
the external sync roode, should be kept low 
until the sync status changes. In the internal 
sync mode (MonosynC and Bisync), this pin acts 
as an outp.It that goes low each time a sync 
character is recognized. 

I I =:-::-- --:==-;::::-:::-;:----;:--;;;:-:-=~:-::;:-::-::::-::;-:c;_:;=_-112,29IRXll1\,B lIeceive Dlta A, B. These are the serial data 
I I input signals for the two channels. 
I 1=-=- --::---:---=-.,--=---=-=----;--,-,,---.,--77-1 
113,28IRXCA,B* _ve Clock A, B. These clock inp.Its deter- I 
I I mine the receive data rate. In synchronous mode I 
I I the clocks must run at the baud rate desired. I 
I I In the asynchronous mode, they may be run at I 
I I 1, 16, or 64 times the desired baud rate. Re- I 
I I ceive data is sampled on the rising edge of I 
I I Receive Clock. I 
I I I 
114 ,27 ITXCA,B* Tranaait Clock A, B These clock inp.Its deter- I 
I I I mine the transmit data rate. In synchronous I 
I I I mode the clocks must run at the baud rate des-I 
I I I ired. In the asynchronous roode, they may be I 
I I I run at 1, 16, or 64 the baud rate, but the I 
I I I clock rate multiplier must be the same for I 
I I I both the transmitter and the receiver. Trans- I 
I I I mit data changes on the falling edge of trans-I 
I I I mit clock. I 
I I I I 
115,26ITXll1\,B I Tr_t Dlta A,B. These are the serial tun- I 
I I I smit data output signals for the two channels. I 
I I I I 
116,25IumA,B* I Dlta TeDllinal Ready A,B. These are outputs I 
I I I which are prograrrmed to a high or low state by I 
I I I system software. They can either be used as I 
I I I JOOdem oontrol or general-p.Irpose outp.Its. I 
I I I I 

Note: An asterisk (*) signifies that the Signal is active low. 

D-5 



SERIAL INPUT/OUTPUT 

Table D-l. 510 PIR PORCTION5 (Cont.) 

117 ,241RTSA,B* I Request to send A,B. This bit is use<! as a mer 
I I I clem control signal and is controlled by soft-
I I I ware. It may alao be use<! as a general-p.1rpose 
I I I outp.1t. When operating in the asynchronous 
I I I mode, the Rl'S* outp.1t is set low according to 
I I the software bit with no delay. However, when 
I I the software sets the bit high, the R'l'S outp.1t 
I I does not go high until the transnitter is 
I I enp:y. In the synchronous mode, the R'l'S outp.1t 
I I follows the software bit exactly. 
1_1 __ - --::;;-:-:--;--;:::::-;--:-:::-:::-:-:-:--;-:=-::-::::::-~=_ 
118,231=,B* Clear to send A,B. These inp.1ts may be pr~ 
I I granrned as either Auto Enable or general-p.1r-
I I pose inputs. When used in the Auto Enable mode 
I I a low on the respective inpIt enables the 
I I awropriate transnitter. The 510 generates an 
I I interrupt to the host processor when the CTS* 
I I inp.1t makes a transition in either direction. 

I_II~:-=-c- ~-:=:-;:;:=-::::-:::::-;:-:=-:o-::---;;;=:--;-:=-::-::=:-::.=-119,221=,B* Data COrrier Detect A,B. '1llese inputs are sim-
I I ilar to the C!'S* inpIts, except they may be 
I I used to enable the receiver channels. 
I_I!= __ ! -:=:=-=:::;:-;;;:-;::-;-:~=::;-:-~:=-==-= I 20 ICLK SYstao Clock. This is a single It>ase clock that 
I I the 510 uses to generate and synchronize all 
I I its internal timing signals. I 
I_I==-_ --:=;--;;;:-;-:--:-;-:-=--:-:--:-:--::-;:-,--::-::;-;-::-=::-;-_1 
I 21 IRESEl'" Reset. 'lllis signal resets the SIO internal I 
I I registers and disables both the receivers and I 
I I transnitters. It also disables interrupts, I 
I I forces the transmit outp.1ts to the high state,l 
I I and forces all the IOOden control outputs high. I 
I_I I 
I 32 IRD* Read. 'lllis is an inp.1t which is used to cause I 
I I the SIO to read data and cannands issued to itl 
I I by the host processor. When active, it means I 
I I that either a memory or I/O cycle is in pro- I 
I I cess. I 
I_I I 
I 33 IC/O* Co!trol/Data select. This line, when high, I 
I I allows control information to be written to I 
I I the SIO fran the host. When C/O* is low, data I 
I I may be transferred to and fran the SIO. I 
1 __ 1 I 

Note: An asterisk (*) denotes an actiVe-low Signal. 
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TABLB 1. SIO Pin Functions (Cont.) 

34 IB/A" Olamel B{A" Select. ~s line, when high, I 
I selects Olannel B as the channel aver which I 
I data is to be transferre<l to or fran the CPU. I 
I When B/A" is 1"", Olannel B is selecte<l. I 

--;;-;--I=-_ !-=-'-:-::=C::-:"'-""7:""----:-;,-;-=:;::-:::;-;-c:-:-;:-:-1 
35 1CE* <hip l!l1ahle. When 1"", this input allows the I 

I SIO to transfer data and cxmnands between it- I 
I self and the host. I 
I I 

-3"'60-"1 IOl(l" Input/QJtput 1IeqUest. '!his signal is used I 
I to transfer data and cxmnands between the SIO I 
I and the host. When IOl(l", CE", and RD" are alII 
I low, a read operation occurs in which data is I 
I transferred fran the SIO to the CPU. When the I 
I CE* and 101()* lines are 10«' and the RD· line I 
I is high, a write operation takes place in I 
I I which data or C<11J1lOlld information, as deter- I 
I I mine<l by C/O", is transferre<l fran the CPU to I 
I I the SIC. I 

--_I I I 

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

Hardware Functional Description 

Bus I/O 

The Bus I/O section of the SIO provides the basic 
interface between the host CPU and the SID 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 (RRl), 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 OMA Transfer 

The SIO has an internal write register, Write 
Register One (RRl), that has Wait/Ready bits that are 
used along with the W*/RDY* line of the device to 
allow interfacing to a OMA 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 DHA 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 I/O 
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 j 
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 anyone of eight interrupt-service routines. 

When the SYNC*, CTS*, or OCO* 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 
mode or an abort condition in the SOLC synchronous mode . 

The SIO 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 SID, this logic orchestrates and 
supervises the overall Signal generation. 

Interrupt Control Logic 

This part of the SID 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, WRO - WR7, 
and three read registers, RRO - 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: 

WRO-- Register Pointers, CRC, Initialization Commands 
WRl-- Tx/Rx Interrupt and Data Transfer Mode 
WR2-- Interrupt Vector (Channel B Only) 
WR3-- Receive Controls 
WR4-- Tx/Rx Controls 
WRS-- Transmit Controls and Parameters 
WR6-- Sync Character or SOLC Address Field 
WR7-- Sync Character or SOLC Flag 
RRO-- Tx/Rx Buffer, External, and Interrupt Status 
RRl-- 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/O 

The Serial I/O 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 

Serial data flows into the receiver logic in several 
different ways, depending on how the SIO has been 
programmed. If the SID is being operated in the 
synchronous mode, the SIC must establish that 
synchronization has taken place before accepting data 
and transferring that data to the host. If the SID 
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 SOLC mode has been programmed, the SID 
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 SOLe 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 
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 SID performs a Cyclic Redundancy Check (CRC) on 
received data. This may be done for both synchronous 
and SOLC data. The SID provides an eight-bit delay in 
the synchronous mode and no delay in the SDLe mode. 
The eight-bit delay is to allow the CPU to decide 
which bytes to include in the CRC check. For SOLC, no 
delay is needed since the SIO has internal logic 
which determines which bytes to include in the CRe 
calculation for SOLe. 

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 {Mono sync) or two 
characters (Bisync) at the beginning of the data. 
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This is done by placing the sync characters from WR6 
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 eRe generator allows real-time CRe 
generation. 

SOLC and HOLC data is shifted out through zero 
insertion logic, which appends a zero to a field of 
fi ve consecutive ones. 

Channel A, B Control and Status 

The SIO maintains internal status registers which are 
ava ilable 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 
Simpl e task. 

Tiaing Inforaation 

Fou r types of timing cycles important to the 
ope ration of the SID will be explained below. 

Read Cycle 

Figur e 0-3 illustrates the timing relationships 
i nvolved in reading a status or data byte from the 
SID. 

' . " " '. 
• 

1Il-':::::::~_ 

PIGURB D-3. SIO READ CYCLB 

Write Cycle 

Figure 0-4 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. 
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m.-------------------
~,.,::======:xI====~·====I(==== 

FIGURE 0-4. SIO WRITE CYCLE 

Return From Interrupt Cycle 

Figure D-5 illustrates the return from i nt errupt 
timing. The Z8D 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 40. 

' . " " '. '. " '. '. '. 
• "', / \ / 
II! 

'0-0, .. .. ---------"--------------­________ J 

00 ___ --1/-
FIGURE 0-5. SIO RETlJRH FROM IM'ERRUPT 

Interrupt Ackoowledge 

Figure 0-6 below illustrates the interrupt 
acknowledge timing. 

' . " 
• 
m'L ________ ~,--

---------~\---~,--
111------------------
. _nnoun_j 

- ---- ------ c .::: 
~",-------------~r---

FIGDRB 0-6. SIO IM'ERRUPT ACDlOIILBDGB 
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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%. 

TABLB D-2. SIO BLB~ICAL CllARAC'!BRIS'I'ICS 

PArart:gr 

Clock Input Low (Vile) 
Clock Input High (Vihe) 
Input Low (Vil) 
Input High (Vih) 
OUtput Low (Vol) 
(Note: 101 = 2 .0 11'A) 
OUtput High (Voh) 
(Note: Ioh = -250 uA) 
i'Ower SUWly CUrrent (Icc) 
Input Leakage CUrrent (Ili) 
Tti-State OUtput Leakage (Iz) 
syne Pin Leakage CUrrent 

Software Addressing 

IIin 

-0.3 
-0.6 
-0.3 
+2.0 

+2.4 

-10.0 
-10.0 
-40.0 

+0.45 
+5.5 
+0.8 
+5.5 
+0.4 

100.0 
+10.0 
+10.0 
+10.0 

Prlt 

V 
V 
V 
V 
V 

V 

11'A 
uA 
uA 
uA 

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 
registers are located in specific address locations 
using the Channel Select input B/ A. and Command Data 
input C/O' as shown below in Table 0-3: 

TABLB D-3. SIO ADORBSSDIG 

1 ~ation 1 I!/A* 1 C/D" 1 
I!~~~~~ ______ I 1 1 
1 Channel A Data 1 0 1 0 1 
1 Channel A Read/Write Reg. 1 0 1 1 1 
1 Qlannel B Data 1 1 1 0 1 
1 Channel B Read/Write Reg. 1 1 1 1 1 11 ________________ 1 1 1 
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Read/Write Registers 

The SIO contains three Read Registers, RRO - RR2, and 
eight Write Registers, WRO - WR7. SIO status details 
are available through RRO - RR2. RRO and RRl 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. 
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SIO Read Registers 

1 07 1 D6 1 05 1 D4 1 03 1 02 1 01 1 DO 1 
1_1_1_1_1_1_1_1_1 

1 1 1 1 1 1 1 
1 1 1 1 1 1 1_ Rx a.aracter ""eIJable 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 1 1 1 1 I-available 
1 1 1 1 1 O=not available 
1 1 1 1 1 
1 1 1 1 1 ___ Pending Interr14't (A or B) 
1 1 Ill-pending 
1 1 1 1 D"IlOt pending 
1 1 1 1 
1 1 1 1 ____ Beady Por 'l'X a.aract:er 
1 1 1 l~Ready* 
1 1 1 D~Not Ready 
1 1 1 *'Ihls bit is not set when 
1 1 1 sending a Ole character 
1 1 1 in SILC or sync JOOde 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

Dota carrier Detect 
------ l~lXD* input 1<>< 

D=lXD* input high 
ibis bit must be read inmed­
iately fo11<><ing a Reset/Ext­
ernal Status Catmand in order 
to determine current status. 

1 1 1, ______ Sync/Ib1t 
1 1 Asynchrooous Kode: 
Ill-High to L<>< SYNC" transition 
1 1 __ Clear to Sen:! D-L<>< to High SYNC* transition 
1 l-crs* Input L<>< ibis bit must be read inmed-
1 D~crs* Input High iately fo11<><ing a Reset/Ext-
1 ernal Status CamIand in order 
1 __ TJ: thierrtm/lnl IIsg to determine current status. 

laTx Underrun Occured 
O=No Tx Underrun External SYnc Kode: 

1__ Break/Nx>rt 
l~External SYnc Achieved 
~External SYnc Not Achieved 

Asynchrooous Kode: 
l~Break Sequence in Data 
D~Break Sequence Terminated 

SILC Kode: 
locl\bort Sequence(7 or more 1 's) 
~No Abort Sequence 

SYnchrooous Kode: (not used) 

lIonosync/Bisync Kodes: 
I-Enter Hunt Kode Bit is Set 
D=SYnc Achieved 

SILC Kode: 
I-Enter Hunt Kode Bit is Set 
D~ning Flag Detect 

PIGIJIIB D-7. READ RlIGISTBR 0 
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1 07 1 D6 1 D5 1 D4 1 03 1 02 1 01 1 DO 1 
1_1_1,1_1,1_1_/_1_,_1 

1 1_ All Sent 
1 Asynchronous Mode: 
1 I-All Tx =acters Sent 
1 {PNot All Sent Yet 
1 
1 Synchronous Mode: (always a 1) 
1 
1 ResiWe O>des 0, 1, 2 (SLe) 

For I Field = Integral Claracter Multiple 
(8 bits/character) 

1 03 02 01 I-Field I-Field 
1 (Previous Byte) (2nd Previous) 
1 1 0 0 0 3 
1 0 1 0 0 4 
1 1 1 0 0 5 
1 0 0 1 0 6 
1 1 0 1 0 7 
1 0 1 1 0 8 
1 1 1 1 1 8 
1 0 0 0 2 8 
1 
1 
1 

For I Field<>Integral Claracter Multiple 

1 03 02 01 Bits/Claracter 
1 
1 0 1 1 8 
1 0 0 0 7 
1 0 1 0 6 
1 0 0 1 5 
1 
1_ Pari\¥ Error 

l=E[[o[ 
a .. No Error 

___ Reoeive OVerrm 
l=CNerrun 
O=No OVerrun 

.-______ ~~Erroc 
Asyndlronous Mode: SILC Mode: 
l",start/Stop Bit Error 1=CRC Cleek Error 
O=No Error a=No Error 

• ___________ of Fr_ (SILC Q1ly) 

I-Valid Ending Flag,CRC,Residue 
O-Invalid Ending 

FIGURE D-8. SIO READ RBGIS~BR 1 
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1 D7 1 D6 1 D5 1 D4 1 D3 1 D2 1 D1 1 DO 1 
1_1_1_1_1_1_1_1_1 
\ / 

1 
1 

SERIAL INPUT/OUTPUT 

1 __ ']his byte contains the Interrupt Vector. If 
the Status Affects Vector bit is set in WR2, 
it contains the modified vector. D7 is the 
oost significant bit of the vector. 

FIGllRB D-9. SIO READ REGIS'l'ER 2 (CIIAHIIEL B ONLY) 
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SERIAL INPUT/OUTPUT 

SIO Write Registers 

I 07 I D6 I 05 I D4 I 03 I 02 I 01 I DO I 
1_1_1_1_1_1_1_1_1 
\ /\ /\ / 

I I I I I 1 ___ l'IDinI:er. '!hese three bits are 
I I set so that they address the 
I I next read or write register to 
I I be read or written. 
I I After the read or wri te is 
I I canpleted, the bits are reset 
I I to zero. 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

o 
1 
2 
3 
4 
5 
6 
7 

D2 Dl 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

I I I 1 _______ Qwoand Bits. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

No CCmnand 
send l\bort (SILC) 
Reset Ext/Status Interrupts 
Olannel Reset 
Enable Int. on Next Rx Olar 
Reset Tx Int. Pending 
Error Reset (latches) 
Return Fran Int. (Channel. A) 

D5 D4 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

1 ___________ <X: Reset O>des. 

Reset Code 07 D6 

No Code 0 0 
Reset Rx CRC Olaracter 0 1 
Reset Tx CRC Olaracter 1 0 
Reset Tx Underrun/End Msg. 1 1 

FIGURE 0-10. SIO WRITS REGISTER 0 
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DO 

0 
1 
0 
1 
0 
1 
0 
1 

03 

0 
1 
0 
1 
0 
1 
0 
1 



SERIAL INPUT/OUTPUT 

Iml~I~I~lrolmlmlool 
1_1_1_1_1_1_1_1_1 
\ A / I I 

I I I 1_ Bd:emal/status Int. I!noble 
I I I l~lXD*,crs*,SYN:*,Break/ 
I I I Abort transitioos cause 
I I I interrupt. 
I I I O-No interrupt fran trans-
I I I i tions of above signals 
I I I 
I I 11 ___ Tr....-itter Int. I!noble 
I I l~Interrupt on Tx buffer 

W* /RIlI'* Control I empty 

OlX=RDY* High 
OOX=W* Floating 

I DaNo interrupt 
I 
I 
I 

' ______ status Affects Vector 
(Cllannel B Only) 

lXD-RIlI'* High when Tx Buffer full. 
W* LcM when Tx buffer full and 
an SIC date port is selected. 
RIlI'* LcM when Tx Buffer 

I-Vector returned fram into 
acknowledge is according 
to helow table 

empty. I 
W* Floating when Tx 
buffer empty I 

I 
1X1~RIlI'* High when Rx buffer 

empty. I 
W* LcM when Rx buffer 
empty and an SIO date 
port is selected. 
RDY* LQ( when Rx buffer 
is full. I 
W* Floating when Rx 
buffer is full. I 

Ini:ern¥ Cmditim 

B Tx Buffer fl1lpty 
B Ext/Stetus Change 
e Rx Olaracter Available 
B Special Rx Cmditioo* 

A Tx Buffer fl1lpty 
A Ext/Stetus Change 
A Rx Cllaracter Available 
A Special Rx Cmdition* 

V3 

o 
o 
o 
o 
1 
1 
1 
1 

V2 

o 
o 
1 
1 

o 
o 
1 
1 

Vl 

o 
1 
o 
1 

o 
1 
o 
1 

I 
I 
I 
I 

* Parity Error, Rx OVerrun Error, Framing 
Error, End of Frame (SILC). 

I 
I 

O~Fixed Interrupt Vector 
fran WR2 is used. 

11 _______ Receive Ini:ern¥ Mode 

Mode 

Rx Interrupts Disabled 
Rx Interrupt on 1st Olaracter 
Int. on All Rx Olaracters* 
Int. on All Rx Olaracters** 

~ 03 

o 0 
o 1 
1 0 
1 1 

*Parity Erro~Special Condition, **Parity Error-Special Condition 

FIGORB D-ll. SIO WRITE REGISTER 1 
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SERIAL INPUT/OUTPUT 

I D7 I D6 I D5 I D4 I D3 I D2 I Dl I DO I 
1_1_1_1_1_1_1_1_1 

I I I I I I I I 
VI 116 V5 V4 V3 V2 Vl VO 

FIGURE 0-12. SID WRITB REGISTBR 2 

WR2 is the Interrupt vector byte. 'Ibis is written in <llannel B 
ally. If the status Affects vector bit in WRl is set, V3, V2, and 
Vl are 100dified according to the information presented in the WRl 
informatioo. If the bit is not set, the Interrupt Vector bits in 
this byte are returned to the CPU with Interrupt Acknowledge 
exactly as wd tten in WR2. 

I D7 I D6 I D5 I D4 I 03 I D2 I Dl I DO I 
1_1_1_1_1_1_1_1_1 

I I I I I I I 
I I I I I I 1_ Receiver Bnable 
I I I I I I l=Reoeiver Enabled 

Bits/Olaracter I I I I O=Reoeiver Disabled 

00=5 
01=7 
10=6 
ll~B 

I I I I I 
I I I I 11 __ Sync Lood Inhibit 
I I I I l=Strip Sync Olaracters 
I I I I O=Don't Strip 
I I I 
I I 1, ____ Address 5eatch IIode(SILC) 
I I l=Reject messages with address 
I I not matdling either global 
I I address (llllllll) or the 
I I address in lm6. 
I I O=Don't reject messages 
I I 
I 1 ______ Receive: IX Bnable 
I l-Start CRC calculation at the 
I beginning of the last char-
I acter transferred fran the 

I

I Rx shift reg. to the stack. 
O=No CRC calculatioo 

I 
I 
I 
I 
I 
I 
I 

_________ Enter Bmt _ 

l~Sync/Hunt bit in lffiI) set and 
SID begins looking for sync 
characters 

O"'Don't look for sync 

1 ________ ~Auto _es 
lz:OCD* and Cl'S* enable Rx, Tx 
O~lXll* and CIS* are general 

purpose inputs. 

FIGURB 0-13. WRITB REGISTER 3 
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SERIAL INPUT/OUTPUT 

I D7 I D6 I D5 I D4 I D3 I D2 I Dl I DO I 
1_1_1_1_1_1_1_1_1 
\ /\ /\ /1 I 

I I I 1_ Parity I!nahle 
I I I I-Parity Enabled 
I I I (looParity Disables 
I I I 
I I I Parity Odd* /Boen 
I I I - Even 
I I 0=0dcl 
I I 
I I Stop Bits 
I 
I Mode D3 D2 
I 
I Synchronous Mode 0 0 
I (no stop bits) 
I 1 stop bit/character 0 1 
I 1-1/2 stop bits/ character 1 0 
I 2 stop bits/ character 1 1 
I 
I Sync_ 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Mode 

8-bit programned sync 
16-bit programned sync 
SDLC mode (01111110) 

flag pattern 
External sync mode 

1 _ _ _______ _ CLock Rate 

Mode 

Dats rate XI- CLock Rate 
Data rate X 16- CLock Rate 
Data Rate X 32= CLock Rate 
Dats Rate X 64- CLock Rate 

FIGURE 1)-14. WRITE REGISTER 4 
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0 0 
0 1 
1 0 

1 1 

D7 D6 

0 0 
0 1 
1 0 
1 1 



SERIAL INPUT/OUTPUT 

I D7 I D6 I D5 I D4 I D3 I D2 I Dl I DO I 
I I 1_ 1_1_1_1_1_1 
1\ / I I I I 

I I I I 1_ Tx ac BIIable 
I I I I l-caJ.culate CRC on Tx char-
I I I I acter in Tx shift reg. 
I I I I O~NO CllC calculation 
I I I I 
I I I 11 ___ ~ to send 
I I I 1~R'lS* output 1"" 
I I I 0=R'lS* output high 
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 

Note: In async:hra1OUS mOOe, 
R'lS* goes high after all bits 
are transmitted and Tx buffer 
is empty. In sync mode, R'lS* 
directly foll""s this bit. 

____ ac-16/SILC" 
1~-16 polynanial selected 

(Xl6+Xl5+X2+l) 
~SlLC polynanial is selected 

(Xl6+Xl2+X5+1) 

I I 1 ______ Tx BIIable 
I I I-T!:ansmitter enabled 
I I O-T!:ansmitter disabled 

I 
I 
I 
I 
I 
I 

, ________ send Break 
l~Force Tx Data output to a 

Spacing condition (break) 
O~NO break 

11 _ _ ________ Tramait Bits/<l>anICter 

Bits/Olaracter D6 D5 
Five or less 0 0 

7 0 1 
6 1 0 

_ Data TenIinal Ready B 1 1 
l=rtm* output 1"" NOte: If five or less bits are sent 
O=rtm* output high the CIIJ should format then as sh~ 

belew: 

D7 D6 D5 D4 D3 D2 Dl DO fBits 
1 1 1 1 0 0 0 D 1 
1 1 1 0 0 0 D D 2 
1 1 0 0 0 D D D 3 
1 0 0 0 D D D D 4 
0 0 0 D D D D D 5 

PIGURE 0-15. WRITH RBG I STBR 5 
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1 07 1 D6 1 05 1 D4 1 03 1 02 1 01 1 DO 1 
1_1_1_1_1_1_1_1_1 

1 1 1 1 1 1 1 1 
S7 S6 S5 S4 S3 S2 81 SO 

SERIAL INPUT/OUTPUT 

FIGURE 0-16. WRITB REGISTER 6 

'Ibis register contains sync bit information which is used 
in the foll<><ing ways: 

SILC Mode: Secondary address field used to ClIXIP're 
against the address field of the SILC frame. 

External Sync Mode: Transnit Sync Olaracter 

Bisync Mode: First eight bits of a 16-bit sync word 

Monosync Mode: Transni t Sync Olaracter 

1 07 1 D6 1 05 1 D4 1 03 1 02 1 01 1 DO 1 
1_1_1_1_1_1_1_1_1 

1 1 1 1 1 1 1 1 
815 S14 S13 812 811 S10 59 sa 

FIGURE 0-17. WRITB REGISTER 7 

'Ibis register contains sync bit information which is used in 
the foll<><ing ways: 

SOLe 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 Bxecutive Applications Inforaation 

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

External Sync 
Wait/Ready 
Interrupt Enable Daisy-Chaining Option (lEI is 
strapped high, always enabling interrupts) 
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CENTRAL PROCESSING UNIT 

CEIITRAL PROCRSSING UNIT 

General Infor.ation 

The material within this section covers the Central 
ProceSSing Unit equivalent to the Z80A manufactured 
by Zilog. The information also applies to those 
i ntegrated circuits produced by other manufacturers 
that may have somewhat different nomenclatures, but 
ve ry 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 / O Operation 
8-Bit Data Bus 

Block Diagram and Pin Assignments 

Fi gur e D-18 is a block diagram representation of the 
functi ons contained within the CPO. Figure 0-19 is a 
drawi ng of the actual DIP pin assignments . 

" CPU AND 

""' .. C"""'" , ....... 

INSTRUCTION 
0EC00f . "" """"'" 

t t t 
+5V GHD • 

. ,. 
OATA 8US 

1$-8rT 

AOO"" 
'"' 

FIGURE 1)-18. Z80A CPO BLOCK DIlIGRAJI 
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CENTRAL PROCESSING UNIT 

, 

• .w 
ONO 

" 
" ., 
" " 
a 

" 
~ 

" " 
" 
" l3 

• 
" " 

m , 

" " " 

" , , ... "" , , 
• 

" " " • , 
• 
~ , 

.. A, 
A, .., .. .. .. A, AOORESS .. OUS .. 
A" 
'" '" '" A" 
'" 
'" 0, 

<>z 

'" 
DATA 

O • 
.U. 

'" '" '" 
FIGURE 1>-19. Z80A CPO PIR ASSIGIIIIB!ft'S 

OVerall Desc ription 

The CPUts function is to obtain instructions from 
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/O Addressing allows access of up to 256 ports using 
the 10RQ· control Signal. 

The CPU consists of the following major functional 
blocks: 

Registers 
Ar ithmetic and Logic Unit (ALU) 
Contr ol 
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CENTRAL PROCESSING UNIT 

Pin Description 

Table 0-4 summarizes the function of each pin of the 
CPU. 

Table D-4. Z80A CPU PIR l'UIICTIORS 

1 PIN 1 MNE)D/IC 1 
1 1 
11-5 1 
130-401 
1 1 
1 1 
1 1 
1 1 
1 6 1 
1 1 
17-15 1 
1 1 
1 1 
1 1 
1 16 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 17 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

1 
18 1 

1 
1 
1 
1 
1 
1 

19 1 
1 
1 
1 
1 

l\O-Al5 

CL(Xl( 

OO-D7 

INT* 

_0 

HALT" 

MRm° 

:-l\I'"";;d;::, -::-ess=-=IlIC:IJB:-.:-'!he="se"-:s"i"gnal="s-al=l"""C:-:th=e-:cpu=:-to;::--::-add=rcce::-:css I 
up to 64K bytes of memory. I/O addresses use the 1 
l""er 8 bi ts, while memory-mapped addresses use the 1 
entire 16 bits. During refresh time, the l""er 7 1 
bits contain a refresh address. I 
:-=~-=~~--~~~~=-~~-------I 

Clock. n>is is a single-p,ase TIL clock. 1 

~~~-=~~~~~~~~~~~~I Dota Bus. '!his is the eight bit bidirectional dats 1 
bus tNer which the CPU exchanges data with memory 1 
and perip,erals. 1 

:-Inter=-[1"'upt:::-=R!qI=Est--:::-.-:n>~i""s-;i-'-s-an-i;-npu-'-t:-:-t""o-;th7"e-::CPU=-and-,-,1 
is generated by an external device needing CPU ser-I 
vice. If the interrupt-enable flip-flop has been 1 
enabled, the r"'lll"st will be honored at the end of 1 
the currently executing instruction, if any. When 1 
the CPU accepts and responds to the interrupt, it 1 
generates an ackn""ledge signal by driving 1<>< the 1 
101()° outp.lt wring Machine cycle One time (MIl. 1 

-:1ion::--:IIa::-:-"":-a7"h=-l e--=Inter-::--rlupt-:--. ""::Upon:---th:-:-e-nega--t'"'i'--v-e-go-7"ing--! 
transition of this input Signal, the CPU recognizes 1 
that the highest-priority interrupt has occurred, 1 
and ackn<><ledges it at the end of the currently 1 
executing instruction regardless of the state of 1 
interrupt-enable flip-flop. n>e CPU is forced to 1 
jt>np to program location 00668 at this point. 1 

1 
~~~--~--~~~~--~~~~-,,--I 
Halt state. '!his output, when low, Signifies that 1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

the CPU has executed a Halt instruction. n>e CPU 1 
~ needs either an NMI or maskable interrupt. to I 
resume operation. NOP instructions are executed I 
while in this state in order to maintain the re- 1 
fresh operation needed for the dynamic RAM mEmOry. 1 

-"ii-.e;;;;;:ry;}R!qIEst~:;;;it.:1n>hLisiiCo;UuttipuOOtt:-, -;wh~en;;]l-;:"";;:-, -;;means;;;;;;;;--;:;thh,arlt:-! 
a memory-mapped operation is taking place and that 1 
the address bus is valid for either a write or read I 
operatioo. 1 --____________________________ 1 
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CENTRAL PROCESSING UNIT 

TABLB D-4. Z80A CPO PIN FUNCTIONS (Cont.) 

20 I I~' I I/O Request. '1llis out!Ut is low when the CPU is 
I I doing an I/O mapped operation, such as a read or 
I I write. '1lle lower eight bits of the address bus are 
I I used for the address in this case. When an inter- I 
I I rupt: is being acltnowledged, I~' is taken low OOr-1 

I I I ing MI time. I 
1 __ 1-= __ 1 I 
I 21 I RD' I Read. '1llis outl'lt goes low when the CPU is request-
I I I ing that a read cycle be executed f ran memory or 
I I I fran an I/O device. '1lle memory or I/O device may 
I I I drive the data bus once this signal goes active. 
I_I 1-:.,-,.,--::-.,---,----:--;--:--,-:-_-,----:-__ _:_-
I 22 I WR* I Write. '1llis out!Ut signals the external memory or 
I I I I/O device that the CPU is driving the data bus 
I I I with valid data. 
1--1 1--=---=--,---;-;----=-,----:--:--:-;----:-;--.,----,-,--
I 23 I BOSAK' I BuB klmcwledge. '1llis out!Ut allows other bus mas-
I I I ter devices to gain cootrol of the CPU data, ad-
I I dress, and control lines. When the signal is low, 
I I the CPU has relinquished cootrol. 
I __ I-===-_ -:::--:-:---::-,----,---,-----:---:--::----=::-:-:--:--,-;--:-:--__:_ 
I 24 I WAIT" Wait. '1llis inl'lt signals the CPU that the external 
I I memory or I/O is not yet ready for the read or 
I I write transfer. The CPU will enter wait states, 
I I thus prolonging the execution of the cycle until 
I I WAIT" line goes back to a high state. 
1 __ 1-=::=:-- --=:----::-_--,----=-,--;---,--_---,--,-,,......,=:--,--.,.--_ 
I 25 I~' Bus Request. '1llis in!Ut requests the CPU to turn 
I I over control of its data, address, and control 
I I signals to an external device that shares these 
I I lines. Upon completion of the currently executing 
I I I instruction, the lines enter high impedance state. 
I __ I-==~I;-;;:=:-;;;;=-;::::::-;:---:-:;:=-<=:,-::-~~=--;:;;;;;;--:::::;­I 26 I RESET' I Reset. This input, when low, resets the CPU and 
I I I forces the program counter to zero. 
1 __ 1 I-;;:=::-;=~=:__-;;;:-;:_::_:=:::--:-:;:-:::-;:=-==-;:;::-
I 27 I MI' I IIacbine Cycle One. '1llis out!Ut, wben low, means the 
I I I CPU is doing an Qpcode fetch. MI' also occurs in 
I I I conjunction with lOR)' to signal an Interrupt: 
I I I Acknowledge cycle. 
1 __ 1 I-=;-:-:~::---::-.,----:-_:_.,---::---::-----:---::-__:_-
I 28 I RF$' I Refresh. When this Dut!'Jt is low, the lower 7 ad-
I I I dress 1 ines contain the ref resh address to be used 
I I I to refresh dynamic RlIII, if used. I_I 1 _______________ _ 
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CENTRAL PROCESSING UNIT 

Hardware Functional Description 

Registers 

Program Counter 

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. 

Stack 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 

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. 

Index Registers 

The CPU has two independent l6-bi t 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 condi tiona, such as not equal to zero, etc. 
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CENTRAL PROCESSING UNIT 

General Purpose Registers 

There are twelve a-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. 

The ALU performs 
such as: 

logiocal and arithmetic operations, 

Control 

Test Bit 
Increment 
AND 
Rotate 
Set Bit 
Decrement 
Shift 

OR 
Reset Bit 
Subtract 
Exclusive-OR 
Compare 
Add 

Once the CPU has fetched an instruction, it then 
decodes it and activates the proper set of control 
Signals (such 8S RD·, WR*, lORQ., MREO*, etc.) 
according to the reqUirements of the specific 
instruction. 

lIaximum 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 
Voltage on Any Pin 
Power Dissipation 

Electrical Characteristics 

-6 5 to +150 Degrees C 
-0.3 to +7 Volts 
1.5 watts 

The following 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 
Vcc = 5 V;tS\. 
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CENTRAL PROCESSING UNIT 

TABLB 1>-5. CPU ELBcnlCAL CllJlRACTBRIS'l'ICS 

Par-...: 1Iin. lID. outs Notes 

Clock Input Low (Vilc) -0.3 0.8 V 
Clock Input High (Vihc) Vee -0.6 Vee 0.3 V 
Input Low (Vil) -0.3 0.8 V 
Input High (Vih) 2.0 Vee V 
OJtput Low (vol) 0.4 V 101-1.8 rna 
o..ttput High (Voh) 2.4 V 1011-250 ua 
Pwer Supply CUrrent (lee) 150 ua 
Input Leakage CUrrent (Ili) 10 ua VinoO to Vee 
'I'd-State OJtput Leakage (Iloh) 10 ua VoutK 2.4 to Vee 
'l'ri-State o..ttput Leakage (Ilol) -10 ua VoutKO.4 V 
Data Bus Leakage CUrrent (lld) ±l0 ua O<~Vin<~ee 

CPO 'l'iaing 

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/O Write and Read Cycles 
Interrupt Acknowledge Cycles 
Bus Request/Grant Cycles 
Opcode Fetch Cycles 

T 
<YOU 

r, ~ ~ ~ ~ ~ ~ ~ ~ ~ 
1041 M2 !roD 

!OP CODE fETCH) ,MEMORY REAO, IMEMOAY WRITE! 
INSTftUCTlON CYCLE,------i 

FIGURE 1>-20. BASIC CPO 'l'IIIIRG BXAJtPLB 

Memory Write And BeAd Timing 

The following figures, 0-21 and 0-22, illustrate the 
CPU memory read and write cycles, both with and 
without wait states. 
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CENTRAL PROCESSING UNIT 

1---:_ MEMOIIV REAO CYClE MEMOFIY WRITE CVClE'--~ 

.-r-LK-r--t-~ ~r--L- I--
"""'i -1----,\ ,r--+----, '---!-- -+---.. i_+-____ \ ,r--+----+---I----+_ 

M_+_---+--~---+_--_+-~ 
\L-+---' 

wm-- --,..--- -------
. J L •• ______ _ 

FIGURE 0-21. Z80A MBAORY WRITE ABD READ TIMING 
(No Wait States) 

~TA~ _-i----+---._---+_---~r;l_----_+ ,00....", 

'"" -+----+----

-, r-- -, r -- --,..---
_. L..J ____ ~ ___ .J L __ 

FIGURE 0-22. Z80A MEMORY WRITE ABD READING TIMING 
(with Wait States) 
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CENTRAL PROCESSING UNIT 

lLQ Write And ~ Timing 

Figures 0-23 and 0-24 below illustrate I/O Write and Read 
cycles, both without and with wait states. 
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FIGURE D-23. 
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CENTRAL PROCESSING UNIT 

Opcode Fetch Timiog 

Figures 0-25 and 0-26 below illustrate the CPU Opcode 
fetch timimg, both without aod with wait states. 
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FIGURE D-25. Z80A OPCOOB FETCH 'fIIIIIIG 
(No wait States) 
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FIGURE D-26. Z80A OPCOOB FETCH 'fIIIIIIG 
(with Wait States) 
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CENTRAL PROCESSING UNIT 

Interrugt Acknowledge Timing 

Figures 0-27 and 0-28 below illustrate the CPU 
Interrupt Acknowledge Cycle timing relationships. 
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FIGURE D-27. 180A IIftBRRU" ACDIOIfLBIlGE TIIIIIIlG 
(No Wait States) 
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FIGURE D-28. 180A 11ftBRRU" ACDIOIfLBIlGE CYCLE 
(with Wait States) 
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CENTRAL PROCESSING UNIT 

~ Request/Acknowledge Timing 

Figure 0-29 below illustrates the Bus 
Request/Acknowledge timing relationships for the CPU. 

___ AH'<" C>CU--+,,--:-c=----,,-BOS AVAI.A8U STAn:s---I 
lAST T STAff TX TX T)( " 

FIGURE D-29. ZBOA BDS RBQDBST/AClBONLBDGB TIRING 

Ralt ~ Timing 

Figure 0-30 below illustrates the Halt Exit sequence 
performed by the CPU. 
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FIGURE D-30. ZBOA SALT EXIT TIRIRG 
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CENTRAL PROCESSING UNIT 

Noo-Haakable Interrupt Timing 

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

LAST /011 CYaJ: ., 
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\ JJ---\ 
\ r .... 

1\ 1,---

FIGURE D-31. Z80A HON-IIASIABLB IIn'BRRDPT 'rIIIING 

Software Inforaation 

The CPU can execute the following types of instructions: 

I/O 
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 Inforaation 

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 CPO features not used 
are as follows: 

Non Maskable Interrupt 
Bus Request/Acknowledge 
Halt 
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PROGRAMMABLE TIMER 

PROGRAllllABLE TIllER 

General Infor.ation 

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 l6-Bit programmable timers in a 
single package. 

+5-Volt-Only Operation. 
Binary Coded Decimal (BCD) or Binary Counting. 
o to 2 MHz Count Rate 

Block Diagraa and Pin AS8ignaents 

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 
assignments. 
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FIGURE D-32. PROGRAlU!.ABLB TIRBR BLOCJ[ DIAGRAI!. 
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PROGRAMMABLE TIMER 

FIGURE D-33. PROGRAMMABLE TINER PIN ASSIGNRENTS 

OVerall Description 

The Programmable Timer Ie 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 

AOOAESS IUS 4161 

A, .. 
""""'" OUS 

DATA BUS 18) 

I 1 H 
A, .,. 0,,-0, .... 
""-""" , "'"""" , , . , 

Our GATE cut 0tIf GAo TE cut 

! ! 1 ! 1 1 
COUNTER 2 , , 

OVT GATE cui: 

l 1 1 
FIGURE D-34. 8253 SYSTEN INTBRFACE 
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Pin Description 

Table 0-6 summarizes the function of each pin of the 
Programmable Timer chip. 

Table D-6. PROGRAMMABLB TIKBR PIN FUNCTIONS 

I PIN MNEHlNIC I FUIC1'ICIl I I 1 _____________________________ 1 

I I I 
11 - 8 D7 - 00 I nota Bus. These eight lines provide a bi- I 
I I directional data interface to the host micro-I 
I I processor. The microprocessor uses the data I 
I I bus to write into the timer I 5 registers and I 
I I read status and timing count information fran I 
I I the timer. I 
I I I 
19,15, CKO,l,2 I Clock 0,1,2. These are the timing inputs that I 
I 18 I are used to run timers 0, 1, and 2, respect- I 
I I ively. I 
1--- I I 
110,131 cxrro,l,2 I 0UtpJt 0,1,2. These are the final outruts I 
I 17 I I of timers 0, 1, and 2, respectively. I 
1--_1 I I 
111 ,14 1 GATED,l,21 Gate 0,1,2. These signals control the op- I 
I 16 I I eration of timers 0, 1, and 2. They are used I 
I I I to start, stop, and resynchronize the count- I 
I I I ing of the timers. I 
1--_1 I I 
119,20 I AD, I\l I Address 0,1. These two signals are used to I 
I I I select which of the three timers is to be I 
I I I accessed and to select the control register. I 
I I I I 
I 2l I CS* I Chip Select. When this signal is low, the I 
I I I timer is enabled and may be written into or I 
I I I read fran. I 
I_I I I 
I 22 I RD* I Read. When this signal is low, the timer I 
I I I provides information at the data bus 00-D7 I 
I I I that may be read by the host system. I 
I I I I 
I 23 I WR* I Write. When this signal is low, the timer I 
I I I accepts information fran the data bus 00-D7 . I 
1----_ 1 I I 

Note: An asterisk (*) denotes that the referenced 
signal is active lcw. 
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PROGRAMMABLE TIMER 

Bardware Functional Description 

~ ~ 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 ~ Register 

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

Counters .IL. 1... ~ 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 bi ts 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 ISO Degrees C 
Poeitive Voltage on Arr:i Pin -o.sV to 7V 
Power DiSSipation 1 Watt 
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PROGRAMMABLE TIMER 

Electrical Characteristics 

Listed below are the D.C. and A.C. electrical 
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 ±lOt. 

Refer to figures 0-35, D-36, and 0-37 for more 
information regarding the timing parameters mentioned 
below. 

TABLE 0-7. PROGRAllMABLE TIllER D.C. MID A.C. 

Parameter 

Lao/ I.e\lel 
High Level 

~Vo1~ 

Lao/ Level 
High I.e\le1 

Load CUrrent 

~tput Float 

CUrrent 

Voc SUpply 

Otpw=! tance 

Input 
I/O 

Add. Stable Before Read (Tar) 
Add. Hold TUne for Read (Tra) 
Read Pulse Width (Trr) 
Data Delay Fran Read (Trd) 
Read to Data Floating (Tdt) 
Recovery Time Between Read 
and Any other Control (Trv) 

ELBCTRlCAL CHARACTERISTICS 

1Iin. 1Iox. unit 

-0.5 0.8 
2.2 VOC+.5 

0.45 
2.4 

flO 

flO 

140 

10 
20 

50 
5 

400 
300 

25 125 

1000 

0-(2 

V 
V 

V 
V 

ua 

ua 

pf 
pf 

ns 
ns 
ns 
ns 
ns 

ns 

Io1~2 .2 "" 
1011=400 ua 

Vin-Voc to OV 

Vout-Vcc to OV 
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PROGRAMMABLE TIMER 

TABLE D-7 (cont.) 

Parameter 1Iin. """. llnit 
Add. Stable Before Write(Taw) SO ns 
Add. Hold Time for Write (lWa) 30 ns 
Wri te Pulse Width (Tww) 400 ns 
setup Time for Write ('Mw) 300 ns 
Hold Time for Write (lWd) 40 ns 
Recovery Time Between Write 
and Arrf Other Cootrol (Trv) 1000 ns 

Clock Period (Tclk) 380 de ns 
High Pulse Width ('l'p<h) 230 ns 
Low Pulse Width ('l'p<l) lSO ns 
Gate Width High (Tgw) lSO ns 
Gate Width Low (Tgl) 100 ns 
Gate Setup to Clk High (Tga) 100 ns 
Gate Hold After Clk (Tgh) SO ns 
OUtpJt Dly Fran Clk Low (Ted) 400 ns 
ClutpJt Dly Fran Gate Low(Todg) 300 ns 

FIGURE 0-35. PROGRAMMABLB TIRER READ TIMING 

"0-1. cs 

"W 'W. -

r- 'ow 'Wo-

r-i 'Ww 

FIGURE D-36. PROGRAllllABLE TIMER WRITE TIMING 

..... r-- --- '<u<- - 1-"" 
.---.1 r-' \ 

"'- r= l- I""-
... l- i--

~--
FIGURE D-37. PROGRAMMABLE TIRER GATE lUID CLOClt TIMING 
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PROGRAMMABLE TIMER 

Sof tware Addressing 

Since the Programmable Timer is controlled with two 
address inputs , AO and AI, it is apparent that there 
are four distinct address locations within the device 
that can be accessed. Three of theBe locations allow 
writing or reading values into or from the count 
registers for each of the three counters. The fo ur th 
location is write- only and allows setting up the 
control register . The addressing map is shown in 
Table 0-8. 

Table D-8. PROGRAllllABLB TIIIBR ADDRESS !lAP 

I Al I AD I CS' RD' I WR' I Operation 
1_1_1 1 __ 1 
Ix Ix I 1 x I X I Timer Not Selected 
1_1_1 I I 
I 0 I 0 I 0 1 I 0 I Write COunter 0 
1_1_1 I I 
I 0 I 1 I 0 I 1 I 0 I Write Counter 1 
1_1_1 1 __ 1_1 
I 1 I 0 I 0 I 1 I 0 I Write Cowlter 2 
1_1_ 1 I 1 __ 1 
I 1 I 1 I 0 I 1 I 0 I Write Control Register 
1_1_1 I I I 
I 0 I 0 I 0 I 0 I 1 I Read COunter 0 
1_1_1 I I I 
I 0 I 1 I 0 I 0 I 1 I Read COunter 1 
1_1_1 I 1 __ 1 
I 1 I 0 I 0 I 0 I 1 I Read COunter 2 
1_1_1 I 1 __ 1 

Control Regist er 

The Control Register is written when both AO 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, 
bi ts 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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PROGRAMMABLE TIMER 

07 D6 os D4 D3 02 01 00 

ISCl SCOIRLl RLOIM2IMlIMOIBal 
1_-__ 1;--__ --,1_1_1_1----,-_ 
\ 1\ / \ / __ 0 - Binary Counting 

1 - E(lJ Counting 

______ 000 = !t>de 0 
001 - !t>de 1 
XlO - !t>de 2 
XlI : !t>de 3 
100 - !t>de 4 
101 - Mode 5 

___________ 00 : Latch Counter 

01 - Read/Load LS Byte 
10 - Read/Load MS Byte 
11 - Read/Load LS Byte, 

'!hen MS Byte. 

________________ 00 - select Counter 0 
01 : Select Counter 1 
10 - select Counter 2 

Counter Modes 

FIGURE 0-38. PROGRAMMABLB TIRER 
COIITROL REGISTER FORIIAT 

The following sections, along with Figures D-39 
though 0-44 provide information about the counter 
modes possible with the Programmable Timer. 

Mode O--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 loaded and will resume when the second byte is 
looded. 
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Mode l--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 regularly. 
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PROGRAMMABLE TIMER 

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. 

'" . 
'~~~~~~==~~~f~~~'~~~~~~~~~------

0U1"'UT t .. . 4j • 3 2 0 

''''''''''''' .... 
0 .... .... • • , , 

.}----

';r-~.::j~ .. = ... :--1==~ 
FIGURE 0-39. PROGRlUIIIABLE TIUR IIODE 0 OPERATION 

(Interrupt on Terminal Count) 
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FIGURE 0-40. PROGRlUIIIABLE TINER IIODE I OPERATION 
(One Shot) 
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ruxx 

WO" ---. ", ' Ir--------------~--\\~".~'-'f-----------
____ -0' __ ''--'-' --,' 01'" 1 2 I 001 2 I 0 

"""'" LJ LJ LJ 
"""'" """'--_______ --'-, _-"'-_ ' 001 2 I 001 2 

··· LJ LJ LJ 
\ f 

FIGURE D-41. PROGRAllllABLB TIKBR IIODB 2 OPBRATIOR 
(Rate Generator) 
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FIGURE D-42. PROGRAllllABLE TIKBR IIODB 3 OPERATIOR 
(Square Wave Generator ) 
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FIGURE D-43. PROGRAllllABLB TIKBR IIODB 4 OPERATIOR 
(Software Strobe) 
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PROGRAMMABLE TIMER 

ecoe< 

G.m I 

"""'" • , , 0 
(" .. 41 LJ 

CIA" f\..-1 
""""' • , • , , 0 

(,, - 41 LJ 

PIGURE D-44. PROGRAMMABLB TIRER RODB 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 Bxecutive Applications Information 

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

Timer 0 = Serial Communications Clock A 
Timer I = 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 

PBRIPBBRAL IIlTBRFACB ADAPTBR 

General Infor.ation 

The material within this section covers the 
Peripheral Interface Adapter equivalent to the 1'6821 
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 BUB Interface 
Programmable Data Direction and Control Registers 
+5-Volt-Only Operation 
TTL-Compatible Inputs and Outputs 

Block Diagra. 

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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PERIPHERAL INTERFACE ADAPTER 

o...T .. IUS ........ 
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FIGURE 1>-45. PIA BLOC![ DIAGRAII 

FIGURE 1>-46. PIA PIN ASSIG~S 
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PERIPHERAL INTERFACE ADAPTER 

Overall Description 

The Peripheral Interface Adapter contains two eight­
bit parallel ports that can be manipulated by system 
software to act as ei ther 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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PERIPHERAL INTERFACE ADAPTER 

Pin Description 

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

Table 0-9. Peripheral Interface Adapter Pin Functions 

1 Pin 1 Mnemonic 1 Function 1 
1_1 1 1 
1 1 1 1 
12 - 91Pl\O - PA7 1 Parallel POrt A Do.ta. '!hese eight lines pr~ 1 
1 1 1 vide the parallel data interface for port A 1 
1 1 1 of the Peri~eral Interface Adapter. It is 1 
1 1 lover these pins that data !MY be transferred 1 
1 lito and fran a peri~eral device connected t o 1 
1 1 1 Port A. 1 
1_1 1 1 
Il0-l71P!lO - PB7 1 Parallel Port B Do.ta. 'lbese eight lines pr~ 1 
1 1 1 vide a slmilar function to the PN>-PA7 lines , 1 
1 1 except for Data Port B. 1 
1_1 1 
1 18 1CBl Port B lnterrq>t. 'lbis signal is an inplt 1 
1 1 only and is used to set the interrupt flag of1 
1 1 Control Register B. 1 
1 __ 1 1 
1 19 1CB2 Port B Olntrol. 'lbis signal !MY be used as 1 
lias either an input or output. When used as an 1 
1 1 i~t, it is used to set the interrupt flag 1 
1 1 of control Register B. When used as an output 1 
1 1 i ts function is controlled by Control 1 
1 1 Regi ster B. 1 
1_ 1 1 
1 21 1 R/W* RBNl/WIU'l'B. '!he host processor uses this line 1 
lito control the direction of data flow. When 1 
1 1 this signal is high, data is being transfer- 1 
1 1 red fran the Peri~eral Interface Adapter 1 
1 l i t o the host processor. When the signal is 10.< 1 
1 1 1 data is being transferred fran the host pr~ 1 
1 1 1 cessor t o the chip. 1 
1_1 1 1 
122-24 1CSO,1,2* 1 aup Selects. 'lbese three input signals are 1 
1 1 1 used to select the Peri~eral Interface 1 
1 1 1 Adapter. '!he chip is enabled only when CSO 1 
1 1 1 and CBl are high and CSO* is low. Any other 1 
1 1 1 states on these lines will disable the device 1 
1_1 1 1 
1 25 IE 1 l!Dabl.e. 'lbis signal is a timing or clock 1 
1 1 1 s ignal into the chip to which all of the i n- 1 
1 1 1 ternal device timing is referenced. 1 
1_1 1 1 

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

I PIN I !!NUQlIC I EUNCl'ION I 1 ___ 1 _____________ _ 
I I I 
126-33107 - DO I IlIlta Bus. 'Illese eight lines provide the bi-
I I I directional data path to the host processor I I 1 _____________ _ 
I I I 
I 34 I RESE:1'* I 
I I I 
I I I 
I I I 

Reset. 'Illis signal is an input and is used to 
initialize the chip to a known state. 'Illis 
line is active lQi and may be generated dur­
ing p:lW'er-on reset or master clear. 

I I I~~~~~~~~~~~~~~ 135-361 RSl,O I Register Select 1,0. 'Illese signals are used I 
I I I in conjunction with bit 2 of the control I 
I I I registers to address the various registers I 
I I I within the chip. I 
I_I I I 
137-381 IRQA*,B* I Interrupt Bequest. I 
I I I 'Illese lines are used as interrupt request in I 
I I I puts to the host processor based on activity I 
I I I of the interrupt and control lines for the I 
I I I particular port. 'Illese lines may be tied to- I 
I I I gether in a "wired-<>r' configuration. I 
I I I I 
I 39 I CA2 I l'I>rt A Olntrol. 'Illis signal is similar to the I 
I I I Port B Control signal described above, except I 
I I I it applies to port A. I 
I I I I 
I 40 I CAl I Port A Interrupt. 'Illis Signal is similar to I 
I I I the Port B lnterrupt signal described above, I 
I I I except it applies to port A. I 
I I I I 

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

Data Bus Buffer 

The data bUB buffer allows the PIA to interface to 
the system data bus. This consists of an eight-bit, 
tel-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. 

BUB 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. CSO, CS1, and CS2 are used 
to enable the chip; RSO and RSI 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. 

Output Registers A. B 

These registers may be loaded with the data bits 
being output to the peripheral device. If the 
corresponding Data Direction Register bit is set 
high, the data will appear at the output of the PIA. 
A high level in the Output Register w ill 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 Direction Registers A. B 

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 CKOS 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 Bare 
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. 

Maxi_lUI 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 
Input Voltage 
Operating Temperature 

Storage Temperature 
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-0.3 V to 7.0 V 
-0.3 V to 7.0 V 
o to 70 Degrees 
Centigrade 

-55 to 150 Degrees 
Centigrade 
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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±S\. and a ground vol tage (Vss) of 0 VDC 
unless otherwise noted. 

Refer to figures 0-47 through 0-55 for more 
information regarding the timing parameters mentioned 
below. 

TABLB D-10. PBRIPBBIIAL IIlTBRPACB ADAPTER D.C. AIID 
A.C. ELBCTRICAL CHARACTERISTICS 

Cl1aracteristic 

BIll CQntrol IIuIts 
(a;o,an,OO,RSO,I6l.,I\IW*, Enable,Reset*) 

lnp.1t High Voltage (Vih) 
lnp.1t r..... Vol tage (Vil) 
lnp.1t Leakage CUrrent (lin) 
caIBcitance (Cin) 

Interrupt /)!Q1ortp 
(IlO'*, ~) 

o.rt:p.1t r..... Voltage (Vol) (Iload=3.2 mal 
"lllree State o.rt:p.1t Leakage (Ioz) 
caIBci tance (Cout) 

llilt4 BIll 
(DO - 07) 

Min 

Vss+2.0 
Vss-0.3 

Inp.1t High Voltage (Vih) Vss+2.0 
lnp.1t Low Voltage Vss-O .3 
"lllree State lnp.1t Leakage (Iiz) 
OUtp.1t High Voltage (Voh) (Iload-20SuA) Vss+2.4 
OUtp.1t r..... Voltage (Vol) (Iload=1.6 mal 
caIBcitance (Cin) 

D-S8 

1.0 

1.0 

2.0 

Max unit 

Vee V 
Vss+O.8 V 
2.5 uA 
7.5 pF 

Vss+O.4 V 
10 uA 

5 pF 

Vee V 
vss+o.8 V 
10 uA 

V 
Vss+O .4 V 
12.5 pF 
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1JIBLI! 1>-10 (Cmt.) 

Olaracteristic Min. 'Iyp. 

In!>Jt Leakage CUrrent (Iin) 1.0 
'lhree State Leakage (liz) (P!lO-7,Cl!2) 2.0 
In!>Jt High CUrrent (Iih) (PAO-7 ,CA2) -200 -.400 
Darlin<Jton Drive (Ioh) (P!lO-7,Cl!2) -1.0 
Inp.1t u.. CUrrent (IiI) (PAO-7 ,CA2) -1.3 
~p.1t High Voltage (Voh) 

lload - -200 uA)(PAO-7 ,HlO-7 ,CA2,Cl!2) VB&f-2.4 
Iload - -10 uA) (PAO-7,CA2) Vee-l.O 

~p.1t u.. Voltage (Vol) (Iload-3.2 1M) 
capocitance (Cin) 

Internal Pl:wer Dissipotioo (Pint) 

Cycle Time (Tcyc), 11 
Pulse Width, E Low (lWeI), .2 
Pulse Width, E High (lWeb) , .3 
Clock Rise and Fall Time (Tr, Tf), t4 
Address Hold Time (Tah), .9 
Address Setup Time Before E (Tas), 113 
Chip Select Setup Time Before E (Tea), 
Chip Select Hold Time (Tch), 115 
Read Data Hold Time (Tdlr) , 118 
Write Data Hold Time (Tdhw), .21 
OUtp.1t Data Delay Time (Tddr), .30 
Inp.1t Data Setup Time (Tdsw), .31 

Min 

1.0 
430 
4SO 

10 
80 

114 80 
10 
20 
10 

165 
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Max 

10 

25 

SO* 

290 

Max. llnit 

2.5 uA 
10 uA 

uA 
-10 1M 
-2.4 1M 

V 
V 

VB&f-O.4 V 
10 pF 

5SO 

Units 

us 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ms 
ns 
ns 
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TABLE D-IO (Cont.) 

Otaracteristics Min. 

~ta Setup Time (Tpds) 200 
~ta Bold Time (TpcIl) 0 
E L<>oI to Cl>J. Lcrw (Tca2) 
E L<>oI to Cl>J. High (Trsl) 
CAl, Cl>J. Rise, Fall Time (Tr, Tf) 
CAl lIctive to Cl>J. High (Trs2) 
E L<>oI to ~ta Valid (Tpdw) 
E L<>oI to PAO-7, Cl>J. Data Valid (Tanos) 
E High to CH2 Lcrw (Tcb2) 
~ta Valid to CH2 L<>oI (Tdc) 20 
Enable High to CH2 Highm (Trsl) 
ClI2/CH2 Pulse Width (lWet) SOO 
CBl, CH2 Rise, Fall Time (Tr, Tf) 
CHl lIctive to CH2 High (Trs2) 
Interrupt Release Time, II(lA"/ IIOl" (Tir) 
Interrupt Response Time (TrsJ) 
Interrupt Inp.Jt Pulse Time (00) 500 
RESlll'" L<>oI Time"" (Trl) 1.0 

Max. Units 

ns 
ns 

1.0 us 
1.0 us 
1.0 us 
2.0 us 
1.0 us 
2.0 us 
1.0 us 

ns 
1.0 us 

ns 
1.0 us 
2.0 us 
1.6 us 
1.0 us 

ns 
us 

.. 'lhe Data Bus Oltput Buffers are no Imger sourcing or sinki ng 
current by Tctlr max (High Ilnpe<lanoe). 

"" '!he RESET" Line must be held high a miniml>n of 1.0 us before 
addressing the chip. 

, . 

~EOAT'" ..,.""""" 

PIGDRB D-47. PIA BUS TIJIIIIG 
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PNJ..l'A7 

-"'" 

..... " 
'ros -

I 

PERIPHERAL INTERFACE ADAPTER 

-- I-

PIA DATA SETUP AND HOLD TIRBS 
(Read Rode) 

ENA8LE-_~ 

--'cA>-~=F 
'ASSUMES PART WAS DESEUCTEI) OIJIIING THE 
PflEVIOUS E ~ 

FIGURE 1>-49. PIA CA2 DBLAY 'l'IRB 
(Read Rode: CRA-5~CRA-3-1, CRA-4-0) 

I - - ... , 
CA' 'cA> r-r-

FIGURE 1>-50. PIA CA2 DBLAY 'l'IRB 
(Read Rode: CRA-5=I, CRA-3-CRA-4~0) 

..... ,,--, 
\ 'i \ 
~'cMos '---

If>wo _____ Vcc ~ Vcc 

"AG-P~ ). 

t-----

FIGURE 1>-51. PIA DA'I'A DBLAY 'l'IRBS 
(Write Rode: CRA-5=CRA-3- 1, CRA-4-0) 
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/ 
t--

'oX 

l' 

FIGURE D-S2. PIA DATA ABO CB2 DELAY TIItES 
(Write Mode. CRB-S- CRB-3- I, CRB-4- 0) 

.......... __ J .... 
,",--~ 

.~ I>NI'T WAS IlORIl'TII) 
iI'tIrWllJl ( f'\A..I( 

....,. 

FIGURE D-S3. PIA CB2 DELAY TIItE 
(Write Mode. CRB-S- CRB-3- I, CRB-4- 0) 

..... ~,,.,----­
" 

FIGURE D-S4. PIA CB2 DELAY TIItE 
(Write Itode. CRB-S- I, CRB-3-CRB-4- 0) 

CAl. I 
e"-l ------

• 

- 1-

FIGURE D-SS. PIA IftBRRUPT PULSB WIDTH ABO IRQ" 
RESPONSB 
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CB2 DELAY TlME 

(WRITE MOOE; C1I8-6: 1, CR8-3; CAS ... ", OJ 

PIGURE D-56. PIA IRQ" RELEASB TIRE 

'THE RESEt UNE MUST BE A Viti FOR A MINIMUM Of 
, O~I BEFORE ADORESSlt+G THE PIA. 

PIGURE D-57. RESET" LOll TIRE 

Software Addressing 

REG IS'l'ER 

I 

As mentioned previously, the PIA has several internal 
registers. These are addressed by the RBO and RBI 
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, th e Control Register must be set up before 
attempting t o access any other register of the PIA. 
Table D-ll below summarizes the PIA register addresses: 

TABLB 0-11. PIA Register Address Rap 

I REGIS'l'ER SELECT BIT I <nma. REGIS'l'ER BIT .2 
I I 
I ~1 I RSO I A B 
I I I 

I <nma. AI 0 I 1 I X X 
I roNIRCL BI 1 I 1 I X X 
I l1'R A I 0 I 0 I 0 X 
I l1'R B I 1 I 0 I X 0 
I PmA I 0 I 0 I 1 X 
I PER B I 1 I 0 I X 1 
I I I I 
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Cont rol 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, CBI, 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 6 151 4 I 3 I 2 I 1 I 0 

I IRQA(B) 11 IRQA(B) 21 CA2(CB2) IDDRICAl(CBl) I 
I I 1 ____ 1_1 I 

FIGURE D-58. PIA COII'l'ROL REGIS~BRS A 
AND B FORIIAT 

Zero: Disables IRQA(B) interrupt by CAl (CBl) active 
transition. IIO\(B) will occur on the next positive 
transitioo of this bit caused I:¥ the host processor 
if CAl(CBl) active transitioo occurred while the in­
terrupt was disabled. 

ene: Enables IROA(B) interrupt I:¥ CAl(CBl) active tran­
sitioo. 

Bit l-Detemine CAl(CBl) ktive 'l'nuBitim for setting 
Inter~ Flag IIO\(B) 1 

Zero: IIO\(B)l set I:¥ high-to-lC>i transition on CAl (CBl) 

One: IROA(B)l set I:¥ lOlt-to-high transition 00 CAl(CBl) 

Bit 2-Data Direction Register/QJtpJt Register select 

Zero : Data Direction Register Selected 

ene: OUt put Register selected 

Bits 3 , 4 , 5-0.2(Cl!2) InpJt/outplt _ll"'-nt 
Ilita 

5 

o 

o 

4 

x 

x 

3 

x 

o 

CA2(CB2) are inputs 

Disables IIO\(B) interrupt I:¥ CA2(CB2) 
transition. IIO\(B) will occur on the 
next host processor positive transition 
of bit 3 if CA2(CB2) active transition 
occurred while the interrupt was disabled . 
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El'lab1es IR(lA(B) interrupt by CA2(CB2) active 
transition. 

o 0 X II(lA(B) 2 set by high-to-1<>< transition of 
CA2(CB2) • 

o 1 X II(lA(B) 2 set by low-to-high transition of 
CA2(CB2) • 

1 X X CA2(CB2) are outPlts. 

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

1 0 1 Read Strobe with E Restore. CA2 goes 1<>< on 
the first 1<>< transition foll<><ing a read by 
the host of output register A. It is 
returned high by the next l0w-<j0ing E trans­
itim 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 
I1llSt first be cleared by a read of data. 

1 0 1 Write Strobe with E Restore. CB2 goes low on 
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-~(B)2 Interrqlt Flag 

~ 012 or CB2 are being used as inputs, IIO\(B) goes high 
on the active transitioo of 0I2(CB2) . nus bit is cleared 
by a host read of output Register A(B) or by a hara.are 
reset coodition. If 012 or CB2 is being used as output, 
mlA(B) 2 is always set to zero and is not affected by CA2 
(CB2) transitioo(s). 

Bit 7-~(B)1 ~ Flag 

nus signal goes high 00 the active transitioo of CAl(CBl) , 
and is cleared by a host read of output Register A(B) or by 
haro"are reset . 

Osborne Bzecutive Applications Inforaation 

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

IEEE 488 Interface 
Modem Control 
Re.l Time Clock Interrupt (Vertical Blank Sign.l) 
50/60 Hz Video Timing Selection 
Serial Communication Port Clock Selection 
Ploppy Disk Drive Select 
Floppy Disk Density Selector 
Audio Beeper Control 
Keyboard Control 
Z80A Interrupt Requests 
RAM Bank Enable 
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FLOPPY DIS& CONTROLLER 

General Infor.atlon 

The material within this section covers the Floppy 
Disk Controller equivalent to the MBSS77M 
manufactured by Fujitsu or the SYP1793 manufactured 
by Synertek. The information also applies to those 
integrated circuits produced by other manufacturers 
that may have 6omewha~ different nomenclatures, but 
very similar physical and electrical characteristics. 

Peature 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 S' 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 Assignaent 

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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INPUT t OUS UN< I 
0.,,,,, I I CQMMAHO I IDRI REG. ICAl 

l -i DATASH~ I. MG. fOSRI 

~ 
wo - AM'" J 

-l coc'" I-

"... 

" .. 
Wl ... A, 

"" INTlRFACE 

""'-.,-
CU_ 
Vcc _ "'" V,,_ "" 'GHO' 

t 
DATA.,O 

"""" 

I 
rlR~~ h :;-

CQMMAHO ...... 
123Z. '11 

T rl <OACK I -REG tTRl r -

0~ 
~y 

I 
"""" u," "" 

I 'WU' I REG. ISnll 

.,..,.,.. 
.e" 

• Me II7IA. N£GA 1lVE lOGIC 
•• ~A- I'OSITM lOGIC 

"" "'"' 
READY 

"" • 
INTERFACE 

,. 
WG 

..... " .... " 
m" ..... ... ,.,.. 

FIGURE D-59. l'DC BLOCK DIAGRAII 
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A, • 
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0Al7/15;JiO 14 

STEP 15 - " EAIILV 17 

LATE II 

m " 

• He NON COHNECTlOH 

FLOPPY DISK CONTROLLER 

•• {MIIm6A NEGATM LOGIC 
MIll,.",. POSI'T1VE LOGIC 

FIGURE 1>-60. FDC PIN ASSIGNIIBNTS 

Overall Description 

The FDC is a Single-package floppy disk controller. 
The FDe 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 FOC 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 FDe will not only read and write, but 
will also format the diskette in IBM standard Bingle­
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 
Status Register 
Data Register 
Data Shift Register 
Track Register 
CRC Circuit 
Address Mark Detection 
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ALU 
Data Modulator 
Programmable Logic 

Array 
Sector Register 

Circuit 

• 
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Pin Description 

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

TABLE 1>-12. PDC PIN PONC'l'IORS 

I PIN I MNEK'NIC I ruNCl'ICIl I 
1 _______ 1 I I 
I I I I 
I 2 I WE" I Write _e. '!his active-low inplt allows data I 
I I I and carmands to te written into the roc frQ1\ the I 
I I I host processor. I 
1-------1 I I 
I 3 I CS' I !hip Select. Itlen this inplt is low, the roc is I 
I I I enabled, and read, write, and cat'I!lIJlld sequences I 
I I I can be accanplished. I 
1-------1 I I 
I 4 I RE* I __ e. Itlen this inplt is low, the roc places I 
I I I its data or status information onto the data bus I 
I I I so that the processor may read it. I 
1 __ 1 I I 
I 5,6 I lID ,Al I MIt_. '!hese two lines allow the processor to I 
I I I select a prrticular roc internal register for a I 
I I I read or write operation. I 
1-------1 I I 
17-14 I DO-D7 I Dlta Bus. lllese ei~t bits provide for the transfer! 
I I I of bidirectional data between the roc and the pro- I 
I I I ce890r. llle direction of transfer is determined by I 
I I I the state of the RE* and WE" lines. I 
1-------1 I I 
I 15 I = I Step. '!his outplt provides a pllse to the flOR¥ I 
I I I disk drive for each track the drive is to increnent I 
I I I either in the irward or outward direction. I 
1 __ 1 I I 
I 16 I DIR I Directicn. This outplt is prov ided to the flOR¥ I 
I I I disk drive and is high when the drive is to step I 
I I I toward the irward tracks and low when it is to I 
I I I step in the outward direction. 
1 __ 1 I~~~~~~~~~~~~~~~ ___ 
I 17 I EARLY I Barly. Itlen this signal is active high, it inc}-
I I I icatss that the data being written to the drive 
I I I should be shifted early for plrpOses of write pre-

1
1 I I canpensation. 
---I I~~~~~~~~~~~~~~ __ 
I 18 I LA're I Late. Itlen this siCJ>4l is active high, it inc}-
I I I icates that the data being written to the drive 
I I I should be shifted late for pltposes of write i _______ i i pre<xJ\llOnsation. 

-----------------------
Note: An asterisk (*) denotes an active-low signal. 
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TABLB 0-12. FDC PIN FUNCTIONS (Cont.) 

19 , MR" !laster Beset. A low level at this inPlt resets the , 
, ro: and loads 038 into the C<:I!I1lilOO r egister. Status' 
, , bit 7, the Not Ready bit, is set at this time also.' 
, , When the MR" inPlt returns to a high level , a Rea- , 
, , tore carrnand is executed. Also, OlB is loaded i nto , 
, , the sector register. , 

--=--'-==--' , 22 'Tml'" , Test. Por test purposes only. 'll1is is normally tied, 
, , to a high level. , , , , 

- 2:::3:--, HLT , Bead Lo!od Thoing When this inPlt is at a high level' 
, , it indicates that the head on the drive is engaged 

~-, ,~~~~~~~~~-~~~~~ 
24 'CLK , Clock. 'll1is inp1t is used for internal timing 

, , generation. A 2 MHz clock is required for i nter-
, , facing with 8" drives, and a 1 MHz cl ock , 
, , for interfacing with 5-1/ 4" drives. 

, '~~~~~~~~~~~~~~,--""'2"'50--, IGIsso 'Side Select 0UtpJt:. 'lllis outPlt, when high, ind-
, , icates to the drive that side nllrl:ler 0 of the drive 
, , is selected. A low level indicates that side nllrl:ler 
, , 1 is selected. 

" ,~~=-~~~~~~~~~~-~-'-;2C;;"6-' RDCLK , Bead Clodt. 'll1is inPlt is clock that has been sep-
" , arated f ran the incaning data stream. 'll1e relation-
" , ship of RDCLK transitions relative to incaning read 
" , data is critical. " ,~~=>~~~~~~~~~~~~~ '27 'Rl\WRD" , _ Bead Date. 'll1is inPlt is the data fran the disk' 
" , drive after it has been separated fran the cl ock. , 
" , , 
'28 'HLD , Bead Lead. 'll1is outPlt may be used to load the , 
" , drive head against the diskette. , 
" , , 
' 29 'TG43 , Track > 43. When this outPlt is high, it indicates , 
" , that the head is positioned on any of the tracks , 
" , fran 44 through 76. When low, it indicates that the' 
" , head is located on any of the tracks f ran 0 to 43 . , 
" , , 
'30 'W; , Write Gate. 'll1is outPlt indicates to the drive that, 
" , data is being written to the diskette. , 
" , , 
' 31 , we , Write Date. 'll1is is the write data outPlt. It con- , 
" , sists of 250 ns p1lses for 1m! data (Double Density) , 
" , or SOO ns p1lses for HoI data (Single Density) • , 
" , we also contains the address marks and ~ , 
" , clock. , 
" , , 
Note: An asterisk (*) denotes an active-low Signal . 
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TABLE 0-12 . FDC PIN l'tJlIaIONS (Cont. ) 

I I I I 
I 32 I ROY I -'Y. rus inl"t infO[llll the roc that the disk I 
I I I drive is ready for a read or write operatia'l . I 
I_I I I 
I 33 I wp<,IVFOE* 1 lIrit:e Fault/Vl'O Enable. 'lhls is a bidirectiooal I 
I I I signal. ltlen lG is high, it serves as an inl"t to I 
I I I JOOnitor write faults as reported by the drive dlr- I 
I I I ing a write sequence. If WP goes low, indicating I 
I I I wri te fault , any write 0CI!11WlIl will terminate. ltlenl 
I I I lG i s high, pin 33 serves as a VFCll outl"t to I 
I I I an external PLO data separator . I 
I_I I I 
I 34 I 'mOO< I 'IDIdt O. '!his input is fran the drive and indicates I 
I I I that the head is positioned over track o. I 
I_I I I 
I 35 I INJEX< I IndelI. rus inl"t fran the drive p.1lses each time I 
I I I the index hole in the diskette passes by the sensorl 
I I I built into the drive. I 
I_I I 
I 36 I liPRT" lIrit:e Protect. 'lhls signal cx:mes fran the drive and I 
I I informs the roc that no write operatia'l is to be I 
I I performed a'I the disk . I 
I_I I 
I 37 I IJJEN" IlCOblHlelWity Enable. 'lhls inplt selects the clen- I 
I I sity with which data is to be read and written. A I 
I I low level selects the double-density optia'l. I 
I_I I 
I 38 I lBJ DIlts 1II!qUeBt. 'lhlB out(:Ut indicates when the DIlta I 
I I register contains data dlring read operatioos, or I 
I I is ~ clJ ring write operatioos. Itlen the proces- I 
I I BOr reads or writes the data register, this outl"t I 
I I is reset . I 
I_I I 
I 39 I ~ ~ 1II!qUeBt. 'lhlB output is set hi~ at the I 
I I end of any operatia'l and is reset when a new <XJIr I 
I I mand is loaded into it frOll the processor, or when I I II the status register i8 read. I 
- I 

Note: 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::-bi t 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. 

~mAnd Register 

This register is written into from the CPU to cause 
the FDC to execute a particular command. The CPU must 
wait until the BUSY bi t 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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~ rAck Register 

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

Dot a 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 Frequency Modulation (MFM). 

Addr ess Mark Detectioo Circuit 

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

Index Mark 
10 Address Mark 
Data Address Mark 

eRe Check Circuit 

During write operations the FOC automatically 
calculates a l6-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 eRe 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+l. 

Ar i t hmetic 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 10 field. 

Programmable Logic Array 

This circuit allows the FOC to execute a micro­
program which generates the control si9nals for the 
FOC. The size of the program is around 232 X 19 bits. 
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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 
Operating Temperature 
Storage Temperature 

Electrical Characteristics 

-0.3 to +7.0 volts 
o to 70 Degrees C 

-55 to 150 Degrees C 

Listed below are the D.C and A.C. characteristics of 
the FOC. These characteristics apply, unless 
otherwise noted, at an ambient temperature of a to 70 
degrees Centigrade, VCcc+SV±S%, and Vdd=+12V±5%. 

Figures 0-61 through 0-65 give more information 
regarding the timing parameters listed: 

TABLE D-13. PDC D.C. ABD A.C. ELECTRICAL 
CHARACTERISTICS 

Par-.ter 1Iin. 1IaJ:. {)Uts 

OUtplt High Voltage (Voh) 2.4 V 
(Ioh=-200ua) 
OUtplt La; Voltage (Vol) 0.4 V 
(Iola1.8 11'a) 
_er Cons\lt1Pl:ioo (Pc) 350 !oW 
Inplt Leakage llirrent (Iinl) 2.5 ua 
(Except for HLT,TEST*,~,~,DDEN*) 
Inplt Leakage llirrent (Iin2) 100 ua 
(For HLT,TEST*',WE*',WPRr* ,DDEN*) 
Three State Inplt OJrrent (Itsi) 10 ua 
Three State OUtplt Leakage (llen) 10 ua 

READ TlIIlIC (PIOwr.I\Il'OC) 

Mdress Setup Time ('!'set) 50 ns 
Address Hold Time (Thld) 10 ns 
RE* Pulse Width (Tre) 280 ns 
Dl() Reset Time (Tdrr) 250 ns 
IiQ Reset Time (Tirr) 500 ns 
Data Delay Time (Tdacc) 250 ns 
Data Hold Time (Tdoh) 50 150 ns 
DI(l Service Time (Tsevr) 13.5·· us 
(for ROCLK cycl..,2 us) 

Note: .* These values are doubled for CLK~l MHz 
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TABLE D-13 (Cent.) 

~ 
1Iin. IIIlX. Ilnits 

1IRDB TIJIIlC (l'RJI1!S>U\I'!IlCl 

Address SetUP Time (TEet) SO ns 

Address Bold Time ('!lIld) 10 ns 

WE* Pulse Width ('!"we) 200 ns 

DKl Feset Time (Tdrr) 2SO ns 

00 Feset Time (Tirr) SOD ns 

Data setup Time (Tds) 2SO ns 

Data Bold Time ('l'<tl) 0 ns 

DKl Service Time (Tsevw) 
U.S*· us 

(lDEN-·low) 

~ 1Iin. 'l'YP. IIIlX. lJnits 

m!AD TIJIIlC (DJS/!OCl 

Rl\WID- Pulse Width (T(>I) 100 250** ns 

Clock Setup Time (Td) 40 ns 

Clock Bold Time for MHI (Tal) 40 ns 

Clock Bold Time for FM (Tcs) 40 ns 

Rl\WID- FH Cycle Time ('ftlc) 2**,3**, or 4*- us 

Rl\WID- MHI Cycle Time ('ftlc) 2** or 4*- us 

ROCLK MHI Hi~ Pulse Width (Ta) 0.8 1-- 20 us 

RDCLK FM High rulse Width (Ta) 0.8 2" 20 us 

ROCLK MHI LooI Pulse Width ('lb) 0.8 1-- 20 us 

RDCLK FM LooI Pulse Width ('lb) 0.8 2-- 20 us 

ROCLK MHI Cycle Time (Te) 2" us 

RDCLK FH Cycle Time (Te) 4-- us 
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~ D-lJ (Cent.) 

'l'Jp. IIU. 

Write Data Pulse Width (iWd)** 4SO soo 5SO ns 
(fl!, CLK=2I!hz) 
Write Data OUlse Width (iWd)** lSO 200 2SO ns 
(MflI, CLK=2 Mhz) 
Wri te Gate to Write Data (Twg) ** 2 us 
(FM, CLK=2 Mhz) 
Write Gate to Write Data (Twg) ** 1 us 
(fl!, CLK=2 Mhz) 
Wri te Gate Off Fran we ('lWr) ** 2 us 
(fl!, CLK=2 Mhz) 
Wri te Gate Off Fran we ('lWr) ** 1 2 us 
(MflI, CLK=2 Mhz) 
Early (Late) to Write Data (Ts) 125 ns 
(MflI, CLK=2 Mhz) 
Early (Late) Fran Write Data ('lb) -SO ns 
(MflI, CLK=2 Mhz) 
we Valid After CLK (Tdl) 200 ns 
(MflI, CLK=l Mhz) 

WI) Valid After CLK (Tdl) 30 ns 
(MflI, CLK=2 Mhz) 

WI) Valid to CLK (Td2) SO ns 
(MflI, CLK=l Mhz) 

WI) Valid to CLK (Td2) SO ns 
(MflI, CLK-2 Mhz) 

PaJ:-..r !lin. 'l'Jp. IIU. \lIits 

CLK L<M Pulse Width (Tcdl) 230 20000 ns 
CLK High Pulse Width (Tcd2) 200 20000 ns 
S= Pulse Width, IIFlI (Tstp) 2** us 
STEP Pulse Width, FM (Tstp) 4** us 
OIR Setup Time (Tdir) 12** US 
MR* Pulse Width ('llnr) so** us 
INDEX* Pulse Width (Tip) 10** US 
WP* Pulse Width ('lWf) 10** us 
CLK Cycle Time (Tcyc) 0.5** us 

Note: ** These times are doubled when CLK=l Klz. 

0-77 



FLOPPY DISK CONTROLLER 

.... ". .. " \. .., 

LO.N 

"', -.. 2.'" ~, 

~ * """" ~ . 

"TM(Sf VAlUf.S AIlE OOUIUD WHtH CU. lMHo 

FIGURE D-61. PROCESSOR/FOC 1tBAD 'l'IIII1IG 

"'" 

,. 
..... ... 

,N 
I-~ 

I ... 
;;" ..., ~ 1--"'-

~ ... -.... , 
"" 

N '" 
~., 

I"" 
"" ~ ..... 
f1" 

1-'-1 
UN """ ,., 

FIGOR!! 11-62. PROCESSOR/FOC WRI'I'B TIllING 

- .... 
':; - E I ...,. c 

1--1 I--'o~ [-"'-

r' '':'1> fT'" 

I 
., 

" I 
.W< 
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FIGURE 0-64. DISK/POC WRITE DATA TIMING 
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FIGURE D-65. PDC MISCELLARBOUS TIMING 

Software Addressing 

The FOC is programmed by writing to its internal 
registers. FDe status is read by acceSSing the 
internal status register. The register addressing 
information is given in Table 0-14. 
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TABLE D-14. PDC ADDRESS IIIG 

I WE* I RE* I l\l I AO I Register Mdressed I 
1 __ I----:-_I_I_I_---::---.-::-T7,-____ ,1 
I 0 I 1 I 0 I 0 I CcJnnaM Register I 
101 1 10 11 I Track Register I 
I 0 I 1 I 1 I 0 I Sector Register I 
10111111 I Data Register I 
I 1 I 0 I 0 I 0 I Status Register I 
11 I 0 10 11 I Track Register I 
I 1 I 0 I 1 I 0 I Sector Register I 
I 1 I 0 I 1 I 1 I Data Register I 
1_11_1_1 I 

COllDllands 

Commands must be loaded into the command register 
only when the busy status bi t of the statu s register 
is off. The commands executed by the FOC f all into 
four basic catego ries, labeled Type I, I I , I I I , and 
IV. There are 11 commands in all, sum mari zed in Table 
D-15. 

TABLB D-15. PDC COIIIIARD ftPBS 

I Carmand I Type I Byte Format 
I I I 7 6 5 4 3 2 1 0 
I I I 
I Restore I I I 0 0 0 0 h V rl rO 
I Seek I I I 0 0 0 1 h V rl rO 
I Step I I I 0 1 0 u h V rl rO 
I step In I I I 0 1 0 u h V rl rO 
I Step Out I I I 0 1 1 u h V rl rO 
I Read Sector I II I 1 0 0 m F2 E Fl 0 
IWrite Sector I II I 1 0 1 m F2 E Pl aO 
IRead MdresslIII I 1 1 0 0 0 E 0 0 
IRead Track I III I 1 1 1 0 0 E 0 0 
Iwri te Track I III I 1 1 1 1 0 E 0 0 
IForce Int. IIV I 1 1 0 1 D 12 n 10 
I I I 

Type I Commands 

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

ICLK(Mhz) : 2 2 1 1 2 1 
11DEN": 0 1 0 1 X X 
1TEST*: 1 1 1 1 0 0 
I 
I 
I 
I 
I 
I 
I 
I 

rl rO Stewin<! Rate (ms) 

0 0 3 3 6 6 184 368 
0 1 6 6 12 12 190 380 
1 0 10 10 20 20 198 396 
1 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 
hal, the HLD output goes high, and if haO, HLD goes 
low. 

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

Type II 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 Belect flag (F2) is Bet high for side 1 and 
low for side O. 

The Bide compare flag (F1) is Bet high for testing 
side number and set low for not testing. 

The delay flag (E) is Bet high for a 15 mB delay 
between activation of HLD and HLT. It is set low for 
no delay. 
The data address mark flag (aD) is set high when a 
pattern of F8B (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 10 field (6 
bytes) into the FOC. 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 10, II, 12, and 13 bits allow several conditions 
to be attached to this command, 8S given below: 

OaNo Effect 
I-Force DmQ Imnediately 

D: Imnediate. 

12: Index Pulse. D-No Effect 
lzForce DmQ on next Index Pulse 

11: Not-Ready Transition. D-No Effect 
I-Force DmQ when REI\DY inp.rt: 

goes fran high to I"" 

10: Ready Transition. D-No Effect 
I-Force DmQ when REI\DY inp.rt: 

goes fran I"" to high 
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statos Register 

The status register allows the processor to monitor 
the activity of the FDC. The status bits are 
sUmmarized belOW. 

1~1~1~1~1~1~1~lrol 
1_1_1_1_1_1_1_1_1 
1IIIIIIlII5Y 
1 1 1 1 1 1 lcCarmand In ProgreBB 
1 1 1 1 1 1 DaNa C<mnsnd In ProgreBB 
1 1 1 1 1 1 

1 1 1 1 I ____ ~~ 
1 1 1 1 l=Index Mark Fran Drive 
1 1 1 1 DaNa Index Mark 
1 1 1 1 
1 1 1 1 _______ "JlWlI: 00 
1 1 1 l=Bead at Track 00 
1 1 1 OaBead Not at Track 00 
1 1 1 
1 1 1 _______ ----'ClC __ 

1 1 1 l=O\C Encountered in ID Field 
1 1 1 DaNa me Encountered 
1 1 1 1 1 II __________ ID!!: __ 
1 1 I-Track Not Verified 
1 1 O=Track Updated 
1 1 
1 1 IIl!AD LIWBJ 
1 l=Bead Loaded and Engaged 
1 O=Bead not Loaded 
1 
11----_____ ---!HO~iiUtiD~ 

l=Disk is Write Protected 
O=Na Write Protection 

-----________ ~Nar~ 
l=Drive Not ReadY 
OcDrive ReadY 

FIGURE Il-lili. STATUS BY'l'B FOR TYPE I COIIIIANDS 
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1 57 1 56 1 S5 1 54 1 S3 1 S2 1 SI 1 SO 1 
1_1_1_1_1_1_1_1_1 
IIIIIIII~ 
1 1 1 1 1 1 1 l cCmmand In Progress 
1 1 1 1 1 1 1 Q=No GamIand In Progress 
1 1 1 1 1 1 1 
1 1 1 1 1 1 II ___ ~ RI(lIlI!8'1' 
1 1 1 1 1 lcData Register is Full/Eltpty 
1 1 1 1 1 Q=Data Register Updated 
1 1 1 1 1 1 1 1 1 11 ____ ~rlET ~ 
1 1 1 1 I=DRO Not Serviced in Time 
1 1 1 1 Q=DRO serviced 
1 1 1 1 1 1 1 1 _____ ---'= I!IRR 
1 1 1 1== Encountered in ID Field 
1 1 1 O=No = Encountered 

1 1 1 
1 1 1 
1 1 1 
1 1 1 

i _______ --!llOIUHlfXDlIIl ID1' KDIJ 
I-Track,5ect.,Side Not Found 
Q-Found OK 

1 1 I ________ ~~ 1 1 1 lOIUHl ftl'I!oIlIRDB l'l\II!A' 
1 1 For Read Records: 
1 1 I=Deleted Data Mark 
1 1 O=Do.ta Mark 
1 1 For write Records: 
1 1 loWrite Fault 
1 1 O=No Fault 
1 1 1 1 ______________ HLttH±dJ 

1 I=Disk is Write Protected 
1 QcNo Write Protection 

1 11 _______________ 1D1' RIfAIlf 
I-Drive Not Ready 
QcDrive Ready 
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Osborne Blecutive ARIlicatiOllll InfODllltiOO 

'!he FDC is a very flexible aM powerful chip, and is 
used in the Executive in sane unique wB:ys that bear 
explaining. 

Ioterrypts 

'!he FDC does not directly interrupt: the Z80 
processor. Instead the ZOO polls the FDC status byte 
to see whether or not an interrupt: is pending. 

Drive ReadY 

'!he FDC assumes that the drive is alWB:yS ready since 
this signal is not connected to the drive, but is 
pulled up to +5 volts right on the PC board. 

liF*1YFOE* 

'!he particular data-separator circuit does not need 
the VFCE* signal. as an outPlt, and there is no 
p<ovisim made for inputting a write fault status 
into WF* as an input. 

Data Reguest 

'!he m;) pin out!llt is not monitored by the p<ocessor 
to see when the FDC needs data servicing. Instead 
this is accomplished by polling the status register. 

Head Load 

'!he HLD out!llt is not used to commaM the drive head 
to be loaded. Instead it is connected to the Head 
Load Timing input eo that every time the FDC commanda 
the head to be loaded, the HLT in!llt receives the HLD 
signal aM the FDC therefore is made to believe that 
the head did indeed load. 
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FLOPPY DIS~ DA~A SBPARATOR 

General Inforaation 

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 integra ted 
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 impor tant and 
salient features of the Floppy Disk Data Separator 
chip. 

Eight Pin Dual In-Line Package (DIP) 
+S-Volt-Only Operation 
Inputs and Outputs Completely TTL Compat ible 
Provides Data Separation on Frequency Modulated 

(PM) or Modified Frequency Modulated (MFM) 
Data 

No Adjustments Needed 
Compatible with Industry-Standard Floppy Disk 

Controller Chips 

Block Diagraa and Pin Assignaents 

Figure 0-68 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. 

- HN 

- "'" 

PIGURE D-68. DA~A SBPARATOR BLOCI DlAGRAII 

"'. , 
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PIGURE D-69. FLOPPY DIS~ DATA SEPARATOR PIN ASSIGNKENTS 
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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. DA~A SEPARATOR PIN PUNCrIONS 

I Pin I Mnemonic I Function I 
1 __ 1 I I 
I I I I 
I 1 I DIN* I Disk DIlta In. 'lhls is the data directly I 
I I I fran the disk drive. It contains the ccrrr- I 
I I I bined clock and data information. I 
I_I I I 
I 2 I sa.R I separated Clock. 'lhls is the clock I 
I I I which has been derived and separated fran I 
I I I the disk-drive data stream. I 
1 __ 1 I I 
I 3 I CR I Reference Clock. 'lhls is the clock pro- I 
I I vided by the host system. Its frequency is I 
I I either 4 or 8 MHz, depanding on the density I 
I I of the recorded data. I 
I I I 
I 4 I GIll Gromil. 'Illis is the package ground con- I 
I I nection. I 
1 __ 1 I 
I 5 <DO Clock Divisor. 'Illese inputs determine I 
I 6 OJI the divisor that is applied to the Reference I 
I Clock on pin 3. 'Ille resulting clock is used I 
I internally and nms at a rate according to I 
I the foUa<ing table: I 
I I 
I <DO (l)l Divisor 
I 0 0 I 
I 0 I 2 
I I 0 4 
I 1 I 8 
I-
I 7 I lXX11'* Disk DIlta ~. 'lhls is the data fran the 
I I data separator once the clock information 
I I has been removed. 
1 __ 1 
I 8 I va: Pwer SUR>ly 'lhls is the +5-Volt pa.er 
I I pin for the p:!ckage. 
I I 

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

Clock DiVider 

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 0-18. 

TABLE 0-18. DATA SEPARATOR CLOCK DIVIDER OPTIONS 

I all (l)() tRlVE SIZE I tRlVE DE2iSITY I C!( I CXHIIm I 
I I I (MHz) I I 
I I I I I I I 
I I I S" 15 1/4" ISingle IDouble I I I 
1_1_1_1 I I I 1_----::--__ 1 
11101 IXlxl lSI Any I 
10111 I x I x I 141Coobinationl 
10101 IXIXI 121 I 
I_I I_I I I I I I 
10111 IXI IXISI Any I 
I 0 I 0 I I x I I x I 4 I Coobination I 
I I I_I I I I I I 
1011iXI I x I lSI Any I 
I 0 I 0 I x I I x I I 4 I Coobination I 
11_1_1 I I I I I 
1010lxI I I x lSI I 
11_1_1 I I I I 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 Separatioo 

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 OOUT* is always two internal clock 
cycles ahead of the SCLK trailing edge. See Figure 
D-70. 

\ = -1 ~ I 

""".---...,~ "'w." "'" ;;!. .. '"'''' evo." 
v 

FIGURE D-70. DATA SBPARATOR CHIP TIllING OOTPUTS 

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 
Storage Temperature 
Lead Temperature 
(soldering, 10 sec) 
Positive Voltage on Any Pin 
Negative Voltage on Any Pin 
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o to 70 Degrees C 
-55 to 150 Degrees C 

325 Degrees C 

8.0 V 
-0.3 V 



• 

• 

FLOPPY DISK DATA SEPARATOR 

Blectrical 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. 

TABLB D-19. DATA SBPARATOR D.C. AND A.C. BLB~ICAL 
CHARACTERISTICS 

Parameter 

Input Voltage 

L<>i Level Vil 
High Level Vih 

()JI:pIt Voltage 

L<>i Level Vol 
High Level Voh 

Iqut 0Jnent 

Leakage III 

Input "'pod. tance 

All InpJts 

lWer SlgUy OJrrent 
Idd 

CK Frequeney (Fey) 
CK High Time (Tckh) 
CK L<>i Time (Tckl) 
CK to J:XX11'* -On- Dly 

(Tsdon) 
CK to lXX11'* 'Off' Dly 

(Tsdoff) 
CK to SCLK Dly 

(Tspck) 
DIN* Active L<>i Time 

(Tdll) 
DIN' Active High Time 

(Tdlh) 

Mininun Typical MaxilIUII Units Camients 

2.0 

2.4 

0.2 
50 
50 

100 

0.1 

0.2 

100 

100 
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0.8 

0.4 

10 

10 

50 
4.3 
2500 
2500 

100 

100 

v 
v 

V 
V 

pF 

M 
Mhz 
ns 
ns 

ns 

ns 

ns 

ns 

ns 

101-1.6 rna 
Ioh-100 uA 
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FIGURJI D-71. DATA SEPARATOR TIIIIIIG RBLATIOIrS&IPS 

Software Information 

The Data Separator contains no programmable registers. 

Osborne Bzecutive Applications Inforaation 

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