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.· 
The Floppy Disk Drive CFDD) has proven to be one of the most popular peripherals 
on the market today. The development of double density recording and the use of 
both sides of the diskette, has al lowed a fourfold Increase in recording 
capability. This Increased capability has resulted in a large number of new 
Floppy Disk Controller CFDC) designs to be undertaken. The uPD765 has been 
developed to al low the designer to take ful I advantage of these new floppy disk 
capabilities as wel I as to design a more sophisticated disk system. The 15 
Instructions which the uPD765 wil I perform enhance system throughput and 
minimize support from the processor. There are several signals generated within 
the uPD765 (such as VCO Sync and MFM Mode) which greatly reduce the amount of 
supporting hardware required to make a working floppy disk system. 

This Appl !cation Note presents a complete Floppy Disk Controller design, and 
allows you to add or subtract the features you feel are important. However, the 
design shown in this Application Note is not the only configuration which is 
possible with the uPD765. This design should be used as a building block in 
satisfying your particular requirements. 

Whichever FDC design approach is selected, an early decision which must be made 
is whether or not Direct Memory Access CDMA) is required. The uPD765 wil I 
operate in either a OMA or a Non-OMA ~onf igured system. The Non-OMA 
configuration usually results in a simple interrupt-driven system. An 
interrupt-driven system yields the minimum amount of hardware and system 
complexity, but if double density recording CMFM) ls to be done, then extremely 
tight timing constraints result. In single density recording CFM) the processor 
has 32 us (normally) and 29 us (worst-case) between Interrupts, but in double 
density these numbers reduce to 16 us (normally) and 13 us (worst-case). As a 
result, in the interrupt-driven system the processor must be capable of 
servicing interrupts at a very high rate. If this places an undue load on the 
processor or seriously inhibits system throughput rate, then the OMA approach 
represents an excel len·+-solution to the time constraint problem. 

A complete detailed ·design as wet I as a detailed software flow chart is given 
for a OMA-driven system. This approach was not chosen for the design example 
because it is better, but merely because this example covers more possible user 
configurations. The flow chart shown at the end of this Application Note is 
especially useful because it both shows the proper sequence of events and 
provides detailed Information so that software can be written to control the 
uPD765. 

SYSTEM BLOCK DIAGRAM 

Figure 1 shows how the 765 may be configured In a typical system. The uPD765 
may be easily interfaced to any of the popular microprocessors such as uPD8080A, 
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uPD8085A, uPD780 czao•>, 6800, 6502, etc. If the FDC Is to be Interrupt-driven 
Instead of OMA-driven, then the uPB8212 and the uPD8257 (or other hardware 
associated with the OMA Controller) may be eliminated and their functions will 
be taken over by the processor. 

Two clocks are required by the uPD765. The clock on pin 18 CCLK) is typically 8 
MHz, and may be totally asynchronous with the processor or system clock. The 
Write Clock on pin 21 CWCK) controls the rate at which data Is sent to the drive 
electronics (for writing onto the diskette) and Is either 500 KHz or 1 MHz, 
depending upon whether slngle or double density data is to be written (see page 
5 of Data Sheet). There are 19 lines which interface to the floppy disk drive. 
Several of these signals may be connected directly to the drive. Other signals 
require demultiplexing, decoding or signal conditioning The external circuits 
that perform these functions require typically only 5.5 TTL l.C. 1s. The OMA 
interface consists of only three signals: DRQ CDMA Request, pin 14), DACK-NOT 
CDMA Acknowledge, pin 15) and TC (Terminal Count, pin 16). These three signals 
interface directly to the uPD8257 OMA Controller as well as many other popular 
OMA Centro 11 er I .C. 's. 

PROCESSOR I Nf ERFACE 

Command Sequence 

The uPD765 is capable of performing 15 different commands. Each command Is 
initiated by a multi-byte transfer from the processor to the uPD765, and the 
result after execution of the command may also be a multi-byte transfer back 
from the uPD765 to the processor. Because of this multi-byte interchange of 
information between the uPD765 and the processor, it is convenient to consider 
each command as consisting of three phases: 

Command Phase: The uPD765 receives al I information required to perform a 
particular operation from the processor. 

Execution Phase: The uPD765 performs the operation it was Instructed to do. 

Result Phase: After completion of the operation, status and other 
housekeeping information are returned to the processor. 

The processor interface is simple, consisting of RD-NOT (Read, pin 2), WR-NOT 
(Write, pin 3), CS-NOT (Chip Select, pin 4), INT (Interrupt, pin 18), RESET (pin 
1), Ao (Address Line, pin 5) and an 8-blt Bidirectional Data Bus (pins 6-13). 
The Read/Write signals RD-NOT and WR-NOT transfer data from the processor to the 
Data Bus. The polarity of Ao (pin 5) determines whether the Main Status 
Register or the Data Register·is present on the Data Bus. 

m - Trademark of Zllog Corporation 
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Table 1 shows the relationship between the Status/Data Registers and the RD-NOT, 
WR-NOT and Ao. 

Table 1: Selection of Status or Data Register 
--, 

CS-NOT Ao RO-NOT WR-NOT FUtCTION DIRECTION OF SIGNAL ON DATA BUS 

0 0 0 1 Read Status Register Out FDC Data Bus Into Processor 
0 0 1 0 II legal 
0 0 0 0 I llegel 
0 1 0 0 11 legel 
0 1 0 1 Read fran Deta Register Out Foe Oeta Bus Into Processor 
0 1 I 0 Write Into Dete Register Out Processor Into FDC Oeta Bus 
1 - x x ')( Not Selected 

The Main Status Register may be read by the processor at any time. When the 
processor w I shes to read the Ma In Status Reg I ster, CS-NOT CCh Ip Se I ect, p In 4) 
must be I ow ( 0) • There are four st gna Is wh I ch are gated w I th CS-NOT. These 
are: 

- RD-NOT Read, Pin 2 
- WR-NOT Write, Pin 3 
- Ao Data/Status Register Select, Pin 5 
- DBO-DB7 Data Bus, Pins 6 - 13 

During the execution phase of any of the data transfer commands, It Is not 
necessary to have CS-NOT=O In order to transfer data between the processor and 
uPD765 However, during the command and result phase, Ith necessary to have· 
CS-NOT=O for .proper transfer between. the processor and uPD765. 

The Main Status Register .ts a single 8-btt register as shown In Table 2. 

Table 2: Main Status Register Contents 
~ 

BIT NUMBER NAME SYMBOL DESCRIPTION 

080 FOO 0 Busy DOB Drive number 0 ts In the Seek mode. 

DB1 FOO 1 Busy D1B Drive number t ts In the Seek mode. 
·. 

082 FOD.2 Busy D2B Drive number 2 Is In the Seek r.iode. 

083 FOO 3 Busy 038 Drive number 3 Is In the Seek mode. 

084 FDC Busy CB When e con11121nd Is In process. This bit goes 
high upon receipt of the f lrst byte tn the 
COllll!li!lnd .phase and remains high until the last 
byte hes been read out In the result phase. 

085 Non-OMA mode ND-' The F.OC Is In the non-OMA mode. 
This bit Is set only during execution node. 
When 085 goes low, executl~ phase has anded: 

... . .---.,,7" 

086 Deta Input/Output 010 Indicates direction of date transfer 
<I.e., canll'lend or result phese) between 
FOC end Dete Register. 010-1 when transfer 
Is frOl!l 765 Data Register to the processor. 
and 010=0 when transfer Is frcrn the processor 
to the 765 Data Register. 

087 Request for Master ~ Indicates Data Register Is ready to send 
deta to or receive data frcrn the processor. 
Both bits 010 and RQM should be used 
to perfol'"ll'l the hand-shaking functions 
ot "ready" and "dlrectlon" to the processor 
duril'IQ the COl!lml!lnd and result pheses. 
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Since the uPD765 operates asynchronously from the processor, It is necessary to 
read the Main Status Register before any command word Is written or any result 
word is read from the uPD765. Bits 6 and 7 In the Main Status Register tel I the 
direction in which the uP0765 ts prepared to handle data on the Data Bus 
CDB6=010), and whether the FOC ts ready to accept or output a data byte 
CDB7=RQM). Before each byte of the command phase ts written Into the uP0765, 
the Main Status Register must be read and the states of OB7 and DB6 must be 
RQM=l and 010=0. After the f lrst byte In the command phase ts output to the 
uPD765 Cby WR-NOT=O), then RQM wll I go low (0). Depending upon the command 
selected, RQM may remain low for as long as 50 us or as I lttle as 2 us. While 
RQM=O, the uPD765 is internally setting up the operation to be performed. After 
RQM goes high (1) the next byte In the command phase may be output to the 
uP0765. This "hand-shaking" (reading bits 6 and 7 In the Main Status Register 
before each byte Is read or written from or to the uP0765) must be done during 
both command and result phases. 

The timing diagrams in Figures 2 through 6 show the necessary event sequences in 
the command, execution and result phases of each of the Instructions. It ls 
important to note that six of the instructions do not have al I three phases; 
Figures 5 and 6 show how to treat these special cases. The Seek and Recalibrate 
instructions do not have any result phase, and hence both must have a Sense 
Interrupt Status Command immediately following them. ~~ 

The Instruction set for the uPD765 Is shown" at the end of this Application Note. 
Al I bytes shown In the command phase of each Instruction must be written Into 
the uPD765 In the order shown (opcode f lrst). In the result phase It is 
necessary to read al I bytes (even if you don't need. them) In order to fully 
terminate the Instruction. Al I bytes must be sent In the command phase and al I 
bytes read in the result phase. The sequence of these bytes ls shown in the 
instruction table, and no "shortening" of any of the instructions is al lowed. 

After the Specify Command has been sent to the uPD765, the unit select lines USO 
(pin 29) and USl (pin 28) wll I automatically go Into a scan mode. Al I four 
FOD' s w I I I be scanned by the uPD765 which w i I I be I ook I ng for a change In the 
ready line from any of the drives. If the ready line from any of the drives 
should change state (such as due to the door opening or closing) then the uPD765 
w i I I generate an interrupt. When status register 0 ( STO) is read (after Sense 
Interrupt Status instruction has been issued) one wi I I find that one of the 
drives wi II be in the "not ready" mode. This scanning of the ready I ine by the 
uPD765 occurs continuously between instructions, thus al lowing the processor to 
know which drives are "off line". 
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FLOPPY DISK DRIVE INTERFACE 

The schematic (see Figure 18) shows how to Interface the uPD765 to either 
standard or mlntf lopptes. Several of the signals from the uPD765 Interface 
directly to the floppy, while others are sl lghtly more complex. A 74LS240 CU4) 
converts four multiplexed I Ines coming out of the uPD765 to eight llnes, which 
are sent to the floppy. The RW-NOT/SEEK (pin 39) slgnal controls the 
multtplexer. When RW-Naf /SEEK ts low (0) the uPD765 has a Read or Write 
operation tn process and the slgnals Write Protect (pin 34), Fault (pin 33), 
Fau It Reset ( p In 37) and Low Current (pt n 38) are act Ive com Ing out of the 
uPD765. However, when RW-NOT /SEEK Is h lgh ( 1), a Seek operation ts In process 
and 2-Slded (pin 34), Track 0 (pin 33), Step Cptn 37) and Direction (pin 38) are 
active. 

If only two floppy disk drives are to be used, then no further decoding ts 
necessary of the Unit Select 0 (pin 29) and Unit Select 1 (pin 28) I Ines. These 
lines, as their names Imply, perform .the drive selection function. If four 
drives are used then a simple binary decoder, such as a 74LS139 CU5) will decode 
these two lines to four lines. The uPD765 Is set up Internally to handle four 
drives; there are four track counters Inside, so that the uPD765 knows at al I 
times the positions of the R/W heads on al I four drives. 

The algorithm for precompensatton Is comput~d within the 765 (Single Level 
Pre-Compensation). However, the amount of precompensatlon Is controlled In 
external hardware. A shift register and a four-to-one decoder are al I that are 
required externally to perform precompensatlon •.. 

U6 C74LS175) ts configured as a 4-btt shift register and half of U7 C74LS153) 
performs the four-to-one decoding. The sh I ft reg lster generates the Ear I y, 
Norma I and Late s i gna Is. Pre-Sh I ft 0 (pt n 32) and Pre-Sh I ft 1 Cp in 31) se I ect 
which of the above signals are sent to the drive •. The signal WR Data (Pin 30) 
Is uncompensated Write Data. The amount of precompensatlon Is controlled by the 
clock signal to the shift register U6. An 8 MHz clock ts shown which would 
result in 125 ns of precompensation. (Consult your drive manufacturer for the 
proper value. A typical range for most standard floppy disk drives is 125 ns to 
250 ns.) 

The schematic In Figure 18 shows most of the configurations which are possible 
with both standard and mlnlflopples. However, it is highly unlikely that anyone 
would want al I the optional features shown. As a result one should read the 
notes at the bottom of the schematic carefully and el lminate the necessary IC 1 s 
before start Ing to bu i Id th Is contro I I er. . 

Figures 7 through 11 show the sequence of events which occur at the uPD765/drlve 
interface for each of the instructions. Detailed timing information for each of 
these signals is.provided in i"he uPD765 Data Sheet. 

1l 
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DATA RECOVERY CIRCUITS 

Single-density recording di~ not require anything more elaborate than a one-shot 
circuit for data separation and, as a result, data recovery from the floppy disk 
was rather easy. But, double-density data exhibits a greater percentage of 
peak-shift (time distortions during play-back from magnetic recordings) per 
cell, and hence requires a more sophisticated data recovery circuit. The uP0765 
provides two signals which greatly slmpl lfy this normal Iv sticky problem: 

(1} . VCO Sync (pin 24) This signal holds the VCO In the .PLL circuit at center 
frequency. 

(2) MFM Mode (pin 26) This signal tel Is the Pll whether the.uP0765 ts 
programmed for FM or MFM operation. 

In the Read mode, the VCO Sync signal goes true after the R/W head has been 
loaded and the head settllng time (head load time) has elapsed. CSee bottom of 
Figure 7.) The VCO Sync goes false between the ID Field and the Data Field; and 
after the Data Field. Thl.s is done to blank out discontinuities which appear In 
these gaps when the Write current Is turned on and off. When VCO Sync Is true, 
val Id data is coming off the diskette and the data recovery circuit does not 
have to be conf tgured to accommodate any abnormal conditions. 

The MFM mode signal ts high Cloglc 1) when the unit has been programmed to 
receive MFM (double density) data and Is low <logic 0) for FM (single density) 
data. This signal al lows the data recovery circuit to switch between sing le and 
double density modes of operation. · 

The uPD765 requires a Data Window signal (pin 22) which brackets the data coming 
from the drive. Figure 12 shows the timing relattorishtp between these signals. 
Note how the Data Window brackets both the beg Inning and center of the eel I. 
Also note that either polarity Data Window signal'· ts acceptable to the uPD765. 
When single density CFM) data Is to be processed, times shown in Figure 12 must 
be multipl Jed by two. For mintf loppies the times shown in Figure 12 must be 
multlpl led by two (for double density mlnlfloppies) and· by four (for sing le 
density mintf lopples). · 

READ DATA lMFMl 
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POLARITY ACCEPTABLE 

• DATA WINDOW 

r---2us--i r-- MFM CELL-., 
I I I I 
I LI I LI u I I I 

I I 
I I 
I . I 
I I 
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FIGURE 12 
DATA WINDOW SIGNAL REQUIRED BY uPD765 

'· .. 16 

I I 
I I 

UJ tr 
I I 

I I 
I I 

I 
I 
I 

I 
I 



A convenient way to generate this Data Window signal Is with a Phase Locked Loop 
CPLL). The PLL tracks the playback signal from the drive and performs the 
function of an adaptive low-pass filter. Many excel lent technical articles have 
been written on the virtues of the PLL In this application, and It Is only 
necessary to say that the PLL wll I work very wel I for data recovery of floppy 
disk data tf two key factors are remembered: 

Cl) The data must be periodic In nature. CFM and MFM data exhibit this 
characteristic If they are adequately pre- or post-compensated.) 

(2) Adequate allowances must be made for both the VCO Sync period and the 
discontinuities on the diskette which result when the Write current was 
turned on or off. 

PHASE LOCKED LOOP DATA RECOVERY CIRCUIT 

Figure 13 shows a design for a phase locked loop data recovery circuit 
Interfaced to the uPD765. The circuit operates from a single +5V power supply 
and Is Implemented primarily with digital t.C.'s. The only analog circuitry Is 
the low pass filter circuit (R4, R7, RB and Cl) and two transistors (Ql and Q2) 
which Interface to rt. t.C.'s Ul and U2 are the heart of the PLL circuit; these 
generate two 1 MHz signals fr (reference) and fo (signal). The two counter 
outputs Ul-12 and U2-12 are phase locked after acquisition and lock have 
occurred In the loop. Counter Ul Is a free-running counter and simply counts 
down the VCO output (U5-7). Counter U2 ls pre-loaded to al I zeros every time a 
flux reversal ls read from the floppy disk drive. U8-5 and U8-8 perform the 
function of synchronizing the playback data from the drive to the VCO output, as 
wel I as generating the load pulse to counter U2-9. 
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FIGURE 13 
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Figures 14 and 15 show the timing relationship between these signals under both 
Ideal and worst-case bit patterns. Note In Figure 15 how the RD Data pulse 
moves around within the Data Window under worst-case peak shift conditions. 
With this circuit, peak-shifts of up to 375 ns (500 ns theoretical maximum) may 
be tolerated in MFM encoded data before read errors wit I be encountered. 
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U3-5, U3-9 and U4-8 form a digital phase comparator circuit. U3-5 and U3-9 
toggle to a high (1) state whenever a positive edge I~ generated by U2-12 or 
Ul-12 respectively. When U3-5 and U3-9 are both high Cl), U4-8 goes low and 
resets both fl Ip-flops to their low CO) state, and another cycle begins. The 
amount of time which U3-5 remains high Cl) compared to U3-9 determines whether 
transistor Q2 remains on longer than Ql. Transistor Q2 charges Cl, while Ql 
discharges It. If Q2 remains on longer than Ql, there wlll be a net Increase Jn 
the charge on (and hence voltage across) Cl. As the volt.age across Cl 
Increases, the frequency out of U5-7 will also Increase. This Increase In the 
VCO frequency wll I cause Ul-12 to reach a positive transition sooner than U2-12, 
which wll I decrease the voltage across Cl (negative feedback). R7 and Cl 
determine the charging timing constant, while R4 and Cl determine the 
d I scharg Ing t Im Ing constant. RB Is a damp Ing res I stor Can es sent I a I component n 
which minimizes overshoots and undershoots. Figure 16 shows the operation of 
the phase comparator under various conditions of fr and fo. 

fr LEADS fo 

I 

' ' ' 03-11 . fr 

03-3 fo 

fr AND to ARE 
I COHERENT 

I 

' 
fr LAGS to 

I 

' 

03-9 PON -1li---_n ... __ na...._~nL..--~-----------&..' --_____ _.__ ____ _ 
03-6 j'ijJI I · 1 LI LI 

NOTE: PON CONTROLS 01, AND PUP CONTROLS 02, WHICH DISCHARGE ANO CHARGE CAPACTOR Cl. RESISTOR CAPACTOR NETWORK 
1141 R7, R8 AND Cl CHANGE THE PULSE WIDTH MODULATED SIGNALS PON .AND PUP (WHICH ARE A DIRECT FUNCTION 
OF PHASE DIFFERENCES BETWEEN fr ANO fol, INTO A D.C. LEVEL, AS SEEN AT U5-Z. THE LEVEL AT U5-2 IS NORMINALLY •3.25V. 

FIGURE 16 
PHASE COMPARATOR 

Careful note should be made of the functions of VCO Sync (output from uPD765, 
pin 24). It ls connected to U3:-10, U3-4 and U4-10, and when VCO Sync is low 
CO), both transistors Ql and Q2 are held In the ON state. Th Is causes the 
voltage across Cl to.be approximately +3.25V and the VCO output U5-7 to be 8 
MHz. R4 and R7 should be adjusted when VCO Sync is low so that the frequency of 
the signal at U6-7 does In fact equal exactly 8 MHz. This effectJvely clamps 
the VCO output to mid-range and inhibits It from being affected.by.noise (head 
not lowered) or erroneous signals (write current glitches). When VCOSync goes 
high, It can be assumed that val Id data Is being received from the drtve. The.· 
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result is that the loop's response ls very clean, acquisition and lock occur In 
a very orderly manner, and one does not have to worry about spurious or false 
lock conditions. 

Using the MFM mode signal (pin 26), the uPD765 selects either 500 KHz or 1 MHz 
for Input to U7-3. For sing le-density data 500 KHz ts selected, while 
double-density data requires 1 MHz. U7-5 ls simply a fllp-flop which toggles at 
the 1/4 and 3/4 duration points In a data eel I, thereby generating the Data 
Window signal shown in Figure 12. 

SYNCHRONOUS COUNfER DATA RECOVERY CIRCUIT 

.Figure 17 shows an alternate solution to the phase locked loop; it ls simply a 
synchronous counter circuit. The synchronous counter circuit consists of a 
binary counter which ls preloaded with a fixed value on each Read pulse from the 
drive. The counter's output is the Data Window signal to the uPD765. The two 
flip-flops in Z1 merely synchronize the data from the drive to the 8 MHz clock, 
and set up the Sync pulse which wll I preload the counter CZ2). Zl-8 controls 
the width of the Sync pulse so that It overlaps only one positive edge of the 8 
MHz clock. The positive edge of the 8 MHz clock which appears In the Sync pulse 
window ls the one which preloads the counter. Note how Z2-11 ts fed back to 
Z2-6 to ensure that, regardless of the pulse spacing C2, 3 or 4 us), the 
polarity of the Data Window is never reversed during a data stream. 

The VCO Sync signal from the uPD765 (pin 24) performs the same function as It 
dtd for the PLL design. That is, it inhibits the RD Data and Data Window 
signals from being generated until valid information ls detected from the drive. 
It also masks out write current glitches which would otherwise appear on each 
side of the data field. In fact, this simple data recovery circuit would not 
work reliably if it were not for the VCO Sync signal.-

By switching the 8 MHz clock to 4 MHz, the synchronous counter circuit can be 
made to operate at single-density rates. Mtnif lopples can be used with this 
design If the clock rate is divided in half again (to 2 MHz). The MFM mode 
signal Cpin 26) from the uPD765 should be used to switch the clock rate to the 
data recovery circuit. 

The synchronous counter data recovery circuit is a much simpler design than the 
PLL, and works almost as wel I. Both designs, however, require that the data 
from the drive be adequately pre- or post-compensated so that peak-shifts are 
kept well below 500 ns. The PLL does offer some very distinct advantages over 
the synchronous counter approach. Because of the PLL's feedback and low-pass 
filter characteristics, it adapts to the drive's pulse stream; thus the VCO's 
center frequency is always optimized for the data. As a result, the Data Window 
is able to handle early or late peak-shifts equally as well with no bias. Also 
speed Crpm of the diskette) variations and track-to-track variations (pulse 
crowding on inner tracks) can be handled somewhat better with a PLL. 

The two data recovery circuits discussed above should be used as guides in 
helping you design your own circuit. These designs were presented merely to 
help you understand the uPD765, and do not in any sense represent the only 
approaches possible. 
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GENERAL FLOW CHART OF uPD765C 

Figure 19 shows a very general !zed program flow for the uPD765 canmand phase. 
It breaks down the f lfteen commands Into Specify, Sense Drive Status, and twelve 
others. CThe fifteenth, Sense Interrupt Status, Is only used In respons~ to an 
Interrupt.) The Specify command sets up three Internal timers and establishes 
whether OMA operation ls to be performed, and ls typically only performed after 
power on. It has neither an execution phase nor a resulf phase. The Sense 
Drive Status command can be performed between data transfer commands to obtain 
the status of the selected drive. The status of the drive ts available 
Immediately and thus there Is no execution phase. The twelve other commands: 
Read Data, Read Deleted Data, Write Data, Write Deleted Data, Read a Track, Read 
ID, Format a Track, Scan Equal, Scan Low or Equal, Scan High or Equal, 
Recalibrate, Seek, al I Involve the disk drive and usually take many mill !seconds 
to be performed. Since It Is Inefficient to tie up the processor for a long 
time, these data transfer commands may be performed without need of the 
processor CDMA mode only) until the execution phase Is complete. At the end of 
the execution phase the uPD765 Interrupts the processor to signal the completion 
of the command. 

SPECIFY 
COMMAND 

RETURN 

NOTE; NO EXECUTION PHASE 
NO RESULT PHASE 

SENSE DRIVE 
TATUS COMMAND 

COMMAND 
FDC 

READ FDC 
RESULTS 

RETURN 

NOTE: NO EXECUTION PHASE 

---::1,:. 

FIGURE 19 
GENERALIZED COMMAND PHASE FLOW CHART 
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Figure 20 shows the detailed steps of the command phase. The first entry point 
labeled "Command FDC" checks the status register to see tf the uPD765 ts busy, 
or "the disk drive is busy. The second entry point "Output Command to FOC" ts 
used when tt is known that the uPD765 Is ready for a new canmand. 

COMMAND 
roe 

DISABLE 
ltlTERRUPTS 

flGIH 'ZO 
OETAIL COMMA.ND PHASE FLOW CHART 
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Figure 21 shows how to process Interrupts from the uPD765. Note that the data 
transfer commands (Read, Write, etc.) are treated differently than 
Seek/Recalibrate commands. Further note that there are two other Interrupts: 
Attention and lnval Id. When the data transfer commands terminate, their result 
phase has started and It Is only necessary to read the results from the uPD765. 
After the byte Is read, In the result phase the Interrupt Is automatlcal ly 
reset. If the Interrupt Is from a Seek/Recalibrate command terminating, then a 
Sense Interrupt Status command must be executed to properly end the 
Seek/Recalibrate command. In this sense the Seek/Recal lbrate commands do not 
really have their own result phase, but rather they rely on the result phase of 
the Sense Interrupt Status command. The attention Interrupt occurs whenever any 
disk drive goes from not-ready to ready or vice versa. This al lows the 
processor to detect the removal or Insertion of a diskette. The lnval Id 
interrupt occurs when an invalid command Is Issued. 
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FIGURE 21 
INTERRUPT PROCESSING 
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Figure 22 shows the detailed steps necessary In the result phase. The flow 
chart shows that the processor need not count the bytes to be read In the result 
phase, but may merely watch the FDC busy bit in the Main Status Register. When 
this bit goes "low", ft Indicates that al I bits in the result phase have been 
read, and the uPD765 is now ready for the next command. 
- ' ' 

READ FDC 
RESULTS 

FIGURE 22 
DETAIL RESULT PHASE FLOW CHART 

:·.;, .;, 
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µ.PD765 
DATA BUS J 

PHASE R/W D7 D6 Di; D4 03 Dz o, ool REMARKS 

REAOOATA 

Command w MT MF SK 0 0 1 1 0 Command Codes 

w x x x x x HD US! USO 

w c Sector' 10 information prior 
w H to Command execution 
w R 
w N 
w EOT 
w GPL 
w OTL 

Execution Oat ... transfer between the 
F DD and main·1v1tem 

Rnuh R STO Status information after 
R ST 1 Command execution 
R ST 2 
R c Sector 10 information after 
R H Command execution 
R R 
R N 

REAO OELETEO OATA 

Command w MT MF SK 0 1 1 0 0 Command Codes 

w x x x x x HO US1 USO 

w c Sector lD information prior 
w H to Command execution 
w R 
w N 
w EOT 
w -GPL: 
w OTL 

Execution Data·transfer between the 
FOO end main1vstem 

Result R STO Status information after 
R ST 1 Command execution 
R ST 2 
R c Sector ID information after 
R H Command execution 
R R 
R N 

WRITE DATA 

Command w MT MF 0 0 0 1 0 1 Command Codes 

w x x x x x HD US1 USO 

w c Sector ID information prior 
w H to Command execution 
w R 
w N 
w EOT 
w GPL 
w OTL 

ExecutiOn Data-transfer between the 
main-system and FOO 

Result R STO Status inform8tion after 
R ST 1 Command execution 
R ST2 
R c Sector ID information after 
R H Command execution 
R R 
R N 

WRITE DELETED DATA 

Command w MT MF 0 0 1 0 0 1 Command Codes 

w x x x x x HD USI USO 

w c Sector tO information prior 
w to Command execution 
w R 
w N 
w EDT 
w -GPL 
w DTL 

Execution Oata•transfer between the 
FOO and main-system 

Result R STO Status information after 
R ST 1 Command execution 
R ST2 
R c Sector ID information after 

R H Command execution 
R R 
R N 

Note: © Symb~s used In this table are described at the end of this section. 

@ Ao should equal binary 1 for all operations. 

@ X • Don't care, usually made to equal binary O. 

INSTRUCTION SET G) @ 

DATA BUS 

PHASE RIW 1~ 0& .E.§_ ~ ~ O..z_ O.J. ~ REMARKS 

REAOATRACK 

Command w 0 MF SK 0 0 0 1 0 Command Codn 

w x x x x x HO US! USO 

w c Sector ID Information prior 
w H to Command 1x1teution 
w R 
w N 
w EOT 
w GPL: 
w OTL ,. 

Execution Data·transfer between the 
FOO and main·sv.stem. FDC 
reads all of cylindert contents 
from index hol#to ear. 

Rnult R STO Status information after 
R ST 1 Command execution 

' R ST2 
R c Sector ID information after 
R H Command execution 
R R 
R N 

REAOID 

Command w 0 MF 0 0 , 0 1 .0 Commands 

w x x x x x HD US1 USO 

ExecUtion The first correct ID information 
on the Cylinder is stored in 
Data Register 

Rnult R STO Status information after 
R ST1 Command execution 
R ST2 
R c Sector ID information during 
R H Execution Phase 

""' 
R 

R N 

FORMAT A TRACK 

Command w 0 MF 0 0 1 1 0 1 COmmand Codes 

w x x x x x HO US1 USO 

w N __ Bytes/Sector 
w SC Sectors/Track 
w GPL Gap3 
w D finer Byte 

Execution FDC formau an entire cylinder 

Result R STO Status information after 
R ST1 Command execution 
R ST2 
R c In this case, the ID information 
R H has no meaning 
R R 
R N 

SCAN EQUAL 

Command w MT MF SK 1 0 0 0 1 Command Codes 

w x x x x x HD US1, USO 

w c Sector 10 information~rior 
w H to Command execution 
w R 
w N 
w EOT 
w GPL 
w STP 

Execution Data-compared between the 
FOO and main-system 

Result R STO Status information after 
R ST1 Command execution 
R ST2 
R c Sector ID information after 
R H Command execution 
R R 
R N 



INSTRUCTION SET 
(CONT.) 

~PD765 

PHASE 

Commond 

ex .... 11on 

Rnult 

Commond 

Execution 

Rnult 

SYMBOL 

Ao 

c 

D 

D1·Do 

DTL 

EOT 

GPL 

H 

HO 

HLT 

HUT 

MF 

MT 

DATA BUS J DATA BUI J 
RIW _l~ _l>e_~ ~~]ii ~ fil REMARKS PHASE RNll 1>7 Ds Ds D4 D3 D2 o, Do_l REMARKS 

SCAN LOW DR EQUAL RECALIBRATE 

w MT MF SK , , 0 0 , Commend Codll Command w 0 0 0 0 0 , , , Comm1nd Codol 

w x x x x x HD US1 USO w x x x x x 0 US1 USO 

w c Soctar ID lnformetlon prior Exocutlon Hud retr•ct9d to Treck 0 
w H Command exocutlon 
w R SENBEINTERRUPTITATUI 

w N Commend w 0 0 0 0 , 0 0 0 Comm1nd Cod• 
w EDT 
w GPL A-It R STO Status lnform1tlon ot th• end 
w STP R ..tPcN of -k·oPorltlon 1bout the F DC 

0-porwd -en th1 
SPECIFY 

FDD 1nd molftotVttam Command w 0 0 0 0 0 0 1 1 Commend Codes 
,. w -SAT ... .. HUT-

R STD Statu1lnformotlon1ftor 
R ST1 Commlnd IXOCUtlon w --HLT ND 

R ST2 SENSE DRIVE STATUS 
R c Sector ID lnformotlon oltor Comm1nd w 0 0 0 0 0 , 0 0 Comm1nd Como 
R Command execution 
R R w x x x x x HD US1 USO 

R N 
Rnult R ST3 Statu1lnform1tlon1bout FDD 

SCAN HIGH· OR EQUAL 
SEEK 

w MT MF SK , , , 0 1 Comm-Como 
Comm1nd 0 0 0 0 1 1 , 1 Commend Codes 

HD US1 USO 
w w x x x x x 

x x US1 USO w x x x HD 
w c Sector ID lnformotlon prior 

NCN w H Command ex.:utlon w 
w R Exocutlon 

H11d 11 pooltlonod ovor w N PfoP• Cyllndlr on w -"OT Dllkllta w GPL 
w STP 

INVALID 
Deta~ bet-•n the Commend w lnvollclCodn lnvollcl Commond Codn 
FDD.,dmoln-1Y1tam (NoOp- FDC 1-lnto 

R STO Statu1 lnformetlon alt• • Standby Slota) 

R ST1 Cornm.ond 1xocutlon Rnult R STO ST0•80 
R ST2 (18) 
R c SICtor ID lnform1tlon oftor 
R H Command 11<...,tlon 
R R 
R N 

COMMAND SYMBOL 
DESCRIPTION 

SYMBOL NAME DESCRIPTION 

N Number N stands for the number of data bytes 
written in a Sector • . 

NCN New Cylinder Number NCN stands for a new Cylinder number, 
NAME DESCRIPTION which is going to be reached as a result of the 

Address Lina 0 Ao controls selection of Mein Status Seek operation. Desired position of Head. 
Register !Ao • 0) or Data Register 
~-11 

Cylinder Number C stands for the current/selected Cylinder . 

ND Non-OMA Mode ND stands for operation in the Non·DMA Mode. 

PCN Present Cylinder PCN stands for the Cylinder number at the com· 
(track) number 0 through 76 of the Number pletion of SENSE INTERRUPT STATUS 
medium. Command. Position of Head at present time. 

Data D stands for the data pattern ..tiich is 
going to be written into a Sector. R Record R stands for the Sector number, which wlll 

Data Bus 8-bit Data Bus, where 07 stands for a most be read or written. 
significant bit,. and Do stands for a lust 
significant bit. 

Data length When N is defined as OD, DTL stands for 

RNJ ReadNJrite .R/W stands for .either Read (RI or Write (WI 
signal. 

the data length which users are !IC!ing to SC Sector . SC indicates the number of Sectors per. 
read out or write into the Sector. 

Endo! Track EOT stands for the final Sector number 
ona~inder. 

,, 
Cylinder. 

SK Skip SK stands for Skip Deleted Data Address Mark. 
Gap length GPL stands for the length of Gap 3 

(s-ing between-Sectors excluding VCO 
Sync. Field). 

Head Address H stands for head number 0 or 1, as 

SRT Step Rate Time SRTstands for the Stepping Rate for the FOO. 
(1 to 16 ms in 1 ms incremenu;) Must be 
defined for eaeh of the four drives. 

specified in ID field. STD Status 0 ST 0-3 stand for one of four.registers which 
Head HD stands for a selected head number 0 ST 1 Status 1 store the status information after a command 

or 1. (H • HD in all commond -rds.) 

Head Lood Time Hl T stands for the head load time in the .. 
FDD {2 to 256 ms in 2 ms incrernenu). 

Head Unload Time HUT stands for the head unload time 
after a read or write operation has 

ST2 Status 2 has been executed. Jhis informition is , . : 
ST3 Status 3 available during the result phase after command 

execution. These registers should not be con· 
fused with the main status register (selected bY, 

•... 
occurrwd (0 to 240 ms In 16 ms± 
increments!. • : 

Ao • 01. ST 0-3 may be read only after a com· 
:· ma!l(I has been executed and contain information 

FM or MFM Mode If MF II low, FM mode is.selected, •nd if 
it is high. MFM mode Is selected., ·t' 

Muhi-Trwck If MT is. high, a multi'lrack -ration ii to 
be performed. (A cylinder under both . 

. HOO and HD! will be rwad or vwimn.i'. 

. relevant to that particular commani:l:"7:;::-;. . •·· .) 

, STP During a Scan_oper~tion. if !jTP "'.1; t~ .data~:~ : 

•'1'\'' •I• -...• ~tlguous sec~cw,s 1s compared byte..bv,byte :il~ . 
with data sent from the processor (or OMA); 
and ifSTP • 2. then 1ltemate s8ctors are read 
and compared. 

USO, US1 Unit Select US stands for a selected drive number 0 or 1. 



. GAP4A SYNC INDEX GAP I SYNC 10 ID CRC GAP 2 SYNC DATA 
All All All 

80 BYTES 12 BYTES 50 BYTES 12 BYTES 22 BYTES 12 BYTE 
4E 00 4£ 00 4E 00 

t t t t t t 
PREAMBLE ·~ J -- - 1 SPACING SYllC 

FIELD BEFORE FIEUI BETWEEll FIELD 
lST SEC ID Allll 

DATA 
lNDEX ADDRESS MARK ID ADDR£SS llARIC FIELDS 
SEE BElDW SEE 8ELD'I 

ONE BYTE OF FC 011£ BYTE OF FE DAT A ADDRESS MARK 
SEE BEL.Oii 

CYLll SIDE 
NO. llO. 

~ t t__, 

DAll 

DATA FIELD 256 BYTES-26 SECTORS 1024 BYTES 8 SECTlllS 

• 512 BYTES ·!!I !ECTOllS 

I SECTOR 

' DATA FIELD 
26 SECTORS OF 256 BYltS 

OR 15 SECTORS OF 512 ems • 
OR 

8 SECTORS OF 1024 ems 

1 BYTE OF FB 

CllC Wl GAP41 

2 BYTES 54 ems 
4£ 1168Y10 : }==~~ CRC 

J LAST SECTOI _J 
t 

SPACING 
BETWEDI 
SECTlllS 

CRC C1£CK Oii DATA FIELD PLUS 
DATA ADORESS !WK Cl£Cll. CHARACTERS COVEii 
PRIOR 260 BYTES (FOR 2568YTE DATA FIELDS) 

t 
POSTA118t.E 
FILL TO ENO 

OF TRACK 

(D FOR 256 BYTES I SECTOR 
(b FOR 1024 BYTES/ SECTOR 

l!ll)f 

PWll 

FOR 

H-4C H=SIDE I 
ll=SIDE 1 

tl-lA 1 
OR 

..... 2 

CRC CHECK ON ID FIELD PLUS 
ONE BYTE FE CHECK CHARACTERS 
COVER PRIOR 8 BYTES * 512 BYTES-15 SECTORS-NOT All IBM STANDARD 

BllT OFTDI USED 

1~~ I t I ' I ,"'; ', -1-5 _I _&_I _1_T ... CE_f_l_1 -l-2 -, 3BY~E :-,-5-l-6--.,.--1 .. ~-~-,-1 -,-2-I 3 B~E: _I _5_1 -,--1-1 c~ I 
AM= :~!~c:~g~= ~4ARll _.l _ _... __ ,.1l_1:.,."J.,,-~,1.'--1i..--~l ___ .._l _...1ft......--==.L~-~ =>-~"~f:'1-':_ .1.._f ====~======~'~==~====~'-7~t-~: ~,...l__.l~--L---- ~~ ~STIOllS 

< Ill SSlllC CLOCK TRAllSISTIONS 

CELL . 

• I I I 
>All : ID ADORESS MARii. 

DATA: A 11 Q.OCK: IA 

CELL • I I I 
DAii = DATA ADDRESS llARK 

DATA=AI, CLDCK=IA 

CELL CELL 

2 13 1415161 7 • 11121314151'17 I 11. It 111•1sI'·J1 

2 I 3 

I ;~ I I I I ;r~ I I ;11 I 

I • 
I 

CELL CELL 

I 5 I 6 I 1 • I I I 2 I 3 I 4 I 5 I 6 I 7 • I 1 

(J~11··1 I "'' I ~ ; . 
~ MISSIMG CLOCK TRANSISTIONS 

/' 

IBM TRACK FORMAT FOR ALL TRACKS EXCEPT TRACK 0 HEAD 0 
MFM ENCODED DATA 

DOUBLE DENSITY FCWIAT 

I 2 I 3 I 4 I 5 I 6 

I 11, 
l I i I 

/ 

I 7 

CELL NO. 
FLUX TRANSISTIOMS 

CELL 

• I 
CELL NO. 
FWX TRAllSISTIOMS 
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