






































































































































































MISCELLANEOUS nMING: 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 

TCD, Clock Duty (low) 230 250 20000 nsec 
TCDtI Clock Duly (high) 200 250 20000 nsec 
TSTP Step Pulse Output 201'4 p.sec See Note 5 
TDIR Dir Setup to Step 12 p.sec ±CLKERROR 
TMA Master Reset Pulse Width 50 p.sec 
TIP Index Pulse Width 10 p.sec See Note 5 
TWF Write Fault Pulse Width 10 p.sec 
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MISCELLANEOUS TIMING 

NOTES: 
1. Pulse width on RAW READ (Pin 27) is normally 

100-300 ns. However. pulse may be any width if 
pulse is entirely within window. If pulse occurs in both 
windows. then pulse width must be less than 300 ns 
for MFM at CLK = 2 MHz and 600 ns for FM at 2 
MHz. Tmes double for 1 MHz. 

3. tbc should be 2 p.S, nominal in MFM and 4 p's nominal 
in FM. Times double when CLK = 1 MHz. 

2. A PPL Data Separator is recommended for 8" MFM. 

4. RCLK may be high or low during RAW READ (Polarity 
is unimportant). 

5. Times double when clock = 1 MHz. 

352 



WESTERN DIGITAl. 
c o R P 0 R A T I o N 

FD179X Application Notes 

INTRODUCTION 

Over the past several years, the Aoppy Disk Drive has 
become the most popular on-line storage device for 
mini and microcomputer systems. Its fast access time, 
reliability and low cost-per-bit ratio enables the Floppy 
Disk Drive to be the solution in mass storage for mi­
croprocessor systems. The drive interface to the Host 
system is standardized, allowing the OEM to substitute 
one drive for anotl}er with minimum hardwareJ software 
modifications. 

Since Floppy Disk Data is stored and retrieved as a 
self-clocking serial data stream, some means of sep­
arating the clock from the data and assembling this 
data in parallel form must be accomplished. Data is 
stored on individual Tracks of the media, requiring con­
trol of a stepper motor to move the ReadlWrite head 
to a predetermined Track, Byte sychronization must 
also be accomplished to insure that the parallel data 
is properly assembled. After all the design considera­
tions are met, the final controller can consist of 40 or 
more TTL packages. 

To alleviate the burden of Floppy Disk Controller de­
sign, Western Digital has developed a Family of LSI 
Floppy Disk controller devices. Through its own set of 
macro commands, the FD179X Controller Family will 
perform all the functions necessary to read and write 
data to the drive. Both the 8" standard and 5114" mini­
floppy are supported with single or double density re­
cording techniques. The FD179X is compatible with 
the IBM 3740 (FM) data format, or the System 34 
(MFM) standards. Provisions for non-standard formats 
and variable sector lengths have been induded to pro­
vide more storage capability per track. Requiring stan­
dard +5, +12 power supplies the FD179X is available 
in a standard 40 pin dual-in-line package. 

The FD179X Family consists of 6 devices. The 
differences between these devices is summarized in 
Figure 1. The 1792 and 1794 are "single density only" 
devices, with the Double Density Enable pin (DDEN) 
left open by the user. Both True and inverted Data bus 
devices are available. Since the 179X can only drive 
one TTL Load, a true data bus system may use the 
1791 with external inverting buffers to arrive at a true 
bus scheme. The 1795 and 1797 are identical to the 
1791 and 1793, except a side select output has been 
added that is controlled through the command Register. 

I 
Ii ... 
III 

SYSTEM DESIGN \I 
> 

The first consideration in Aoppy Disk Design is to de- i 
termine which type of drive to use. The choice ranges 
from single-density single sided mini-ftoppy to the 8" 
double-density double-sided drive. Figure 2 illustrates 
the various drive and data capacities associated with 
each type. Although the 8" doubJe..density drive offers 
twice as much storage, a more complex data separator 
and the addition of Write Precompensation circuits are 
mandatory for reliable data transfers. Whether to go 
with 8" double-density or not is dependent upon PC 
board space and the additional circuitry needed to ac­
curately recover data with extreme bit shifts. The byte 
transfer time defines the nominal time required to 
transfer one byte of data from the drive. " the CPU 
used cannot service a byte in this time, then a DMA 
scheme will probably be required. The 179X also needs 
a few microseconds for overhead, which is subtracted 
from the transfer time. Figure 3 shows the actual ser­
vice times that the CPU must provide on a byte-by-byte 
basis. "these times are not met, bytes of data win be 
lost during a read or write operation. For each byte 
transferred, the 179X generates a ORO (Data Re­
quest) signal on Pin 38. A bit is provided in the status 
register which is also set upon receipt of a byte from 
the Disk. The user has the option of reading the status 
register through program control or using the ORO Une 
with DMA or interrupt schemes. When the data register 
is read, both the status register ORO bit and the ORO 
Une are automatically reset. The next full byte will 
again set the ORO and the process continues until the 
sector(s) are read. The Write operation works exadly 
the same way, except a WRITE to the Data Register 
causes a reset of both ORa's. 

RECORDING FORMATS 

The FD179X accepts data from the disk in a Fre­
quency-Modulated (FM) or Modified-Frequency-Mod­
ulated (MFM) Format. Shown in Figures 4A and 4B are 
both these Formats when writing a Hexidecimal byte 
of '02'. In the FM mode, the 8 bits of data are broken 
up into "bit cells." Each bit cel begins with a clock 
pulse and the center of the bit cell defines the data. H 
the data bit = 0, no pulse is written; if the data = 1, 
a pulse is written in the center of the cell. For the 8" 
drive, each clock is written 4 microseconds apart. 
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In the MFM mode, clocks are decoded into the data 
stream. The byte is again broken up into bit cells, wtth 
the data bit written in the center of the bit cell if data 
= 1. Clocks are only written if both surrounding data 
bits are zero. Figure 4B shows that this occurs only 
once between Bit cell 4 and 5. Using this encoding 
scheme, pulses can occur 2, 3 or 4 microseconds 
apart. The bit cell time is now 2 microseconds; twice 
as much data can be recorded without increasing the 
Frequency rate due to this encoding scheme. 

The 179X was designed to be compatible with the IBM 
3740 (FM) and System 34 (MFM) Formats. Although 
most users do not have a need for data exchange with 
IBM mainframes, taking advantage of these well stud­
ied formats will insure a high degree of system 
performance. The 179X will allow a change in gap 
fields and sector lengths to increase usable storage 
capacity, but variations away from these standards is 
not recommended. Both IBM standards are soft-sector 
format. Because of the wide variation in address marks, 
the 179X can only support soft-sectored media. Hard 
sectored diskettes have continued to lose popularity, 
mainly due to the unavailability of a standard and the 
limitation of sector lengths imposed by the physical 
sector holes in the diskette. 

PROCESSOR INTERFACE 

The Interface of the 179X to the CPU consists of an 
8-bit Bi-directional bus, read/write controls and optional 
interrupt lines. By selecting the device via the CHIP 
SELECT Une, each of the five internal registers can 
be accessed. 

Shown below are the registers and their addresses: 

PIN 3 PIN 6 PIN 5 PIN 4 PIN 2 
CS A1 Ao RE=d WE-4 

0 0 I 0 STATUS REG COMMAND 
REG 

0 0 1 TRACK REG TRACK REG 
0 1 0 SECTOR REG SECTOR REG 
0 1 1 DATA REG DATA REG 
1 X X H1-Z H1-Z 

Each time a command is issued to the 179X, the Busy 
bit is set and the INTRa (Interrupt Request) Une is 
reset. The user has the option of checking the busy bit 
or use the INTRa Une to denote command comple­
tion. The Busy bit will be reset whenever the 179X is 
idle and awaiting a new command. The INTRa Une,. 
once set, can only be reset by a READ of the status 
register or issuing a new command. The MR (Master 
Reset) Une does not affect INTRa. 

The P.o, A1, Unes used for register selections can be 
configured at the CPU in a variety of ways. These lines 
may actually tie to CPU address lines, in which case 
the 179X will be memory-mapped and addressed like 
RAM. They may also be used under Program Control 
by tying toa port device such as the 8255, 6820, etc. 
As a diagnostic tool when checking out the CPU in­
terface, the Track and Sector registers should respond 
like "RAM" when the 179X is idle (Busy = INTRa = 
0). 

Because of internal synchronization cycles, certain 
time delays must be introduced when operating under 
Programmed I/O. The worst case delays are: 

PERATION NEXT 
OPERATION 

DELAY REO' 

READ STATUS MFM = 141Ls· 
REGI~TER ___ FM = 28ILs. __ 

RITE TO READ FROM A NO DELAY 
Y REGISTER DIFFERENT REG 

·NOTE: Times Double when CLK = 1MHz (5Y4" drive) 

Other CPU interface lines are CLK, MR and DDEN. 
The ClK line should be 2MHz (8" drive) or 1MHz (5V4" 
drive) with a 50% duty cycle. Accuracy should be ±1% 
(crystal source) since all internal timing, including step­
ping rates, are based upon this clock. 

The MR or Master Reset Une should be strobed a 
minimum of 50 microseconds upon each power-on 
condition. This line clears and initializes all intemal reg­
isters and issues a restore command (Hex '03') on the 
rising edge. A quicker steppinQE!te can be written to 
the command register after a MR, in which case the 
remaining steps will occur at the faster programmed 
rate. The 179X will issue a maximum of 255 stepping 
pulses in an attempt to expect the TROO line to go 
active low. This line should be connected to the drive's 
TROO sensor. 
The DDEN line causes selection of either single den­
sity (DDEN = 1) or double density operation. DDEN 
should not be switched during a read or write operation. 
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FLOPPY DISK INTERFACE 

The Floppy Disk Interface can be divided into three 
sections: Motor Control, Write Signals and Read Sig­
nals. All of these lines are capable of driving one TTL 
load and not compatible for direct connection to the 
drive. Most drives require an open-collector TTL inter­
face with high current drive capability. This must be 
done on all outputs from the 179X. Inputs to the 179X 
may be buffered or tied to the Drives outputs, providing 
the appropriate resistor termination networks are used. 
Undershoot should not exceed -0.3 volts, while integ­
rity of V1H and VOH levels should be kept within spec. 

MOTOR CONTROL 

Motor Control is accomplished by the STEP and DIRC 
lines. The STEP Une issues stepping pulses with a 
period defined by the rate field in all Type I commands. 
The DIRC line defines the direction of steps (DIRC = 
1 STEP IN/DiRC = 0 STEP OUT). 

Other Control lines include the iP or Index Pulse. This 
line is tied to the drives' Index l.E.D. sensor and 
makes an active transition for each revolution of the 
diskette. The TROO Une is another l.E.D. sensor that 
informs the 179X that the stepper motor is at its fur­
thest position, over Track 00. The READY line can be 
used for a number of functions, such as sensing "door 
open", Drive motor on, etc. Most drives provide a pro­
grammable READY Signal selected by option jumpers 
on the drive. The 179X will look at the ready signal prior 
to executing READ/WRITE commands. READY is not 
inspected during any Type I commands. All Type I 
commands will execute regardless of the logic level 
on this line. 

WRITE SIGNALS 

Writing of data is accomplished by the use of the WD, 
WG, WF, TG43, EARLY and LATE lines. The WG or 
Write Gate line is used to enable write current at the 
drive's R/W head. It is made active prior to writing data 
on the disk? The WF or WRITE FAULT line is used to 
inform the 179X of a failure in drive electronics. This 
signal is multiplexed with the VFOE line and must be 
logically separated if required. Figure 5 illustrates three 
methods of demultiplexing. 

The TG43 or "TrACK GREATER than 43" line is 
used to decrease the Write current on the inner tracks, 
where bit densities are the highest. If not required on 
the drive, TG43 may be left open. 

WRITE PRECOMPENSATION 

The 179X provides three signals for double density 
Write Precompensation use. These signals are WRITE 
DATA, EARLY and LATE. When using single density 
drives (eighter 8" or 511."), Write Precompensation is 
not necessary and the WRITE DATA line is generally 
TTL Buffered and sent directly to the drive. In this 
mode, EARLY and LATE are left open. 
For double density use, Write Precompensation is a 
function of the drive. Some manufacturers recommend 
Precompensating the 511." drive, while others do not. 
With the 8" drive, Precompensation may be specified 
from TRACK 43 on, or in most cases, all TRACKS. If 
the recommended Precompensation is not specified, 
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check with the manufacturer for the proper configura­
tion required. 

The amount of Precompensation time also varies. A 
typical value will usually be specified from 1 QO-3OOns. 
Regardless of the parameters used, Write Precorn­
p80ENtion must be done external to the 179X. When 
o is tied low, EARLY or LATE will be activated at 
least 125os. before and after the Write Data pulse. An 
Algorithm internal the 179X decides whether to raise 
EARLY or LATE, depending upon the previOUS bit pat­
tern sent. As an example, suppose the recommended 
Precomp value has been specified at 150ns. The fol­
lowing action should be taken: 

EARLY 

o 
o 
1 

LATE ACTION TAKEN 

o delay WD by 150ns (nominal) 
1 delay WD by 300ns (2X value) 
o do not delay WD 

There are two methods of performing Write 
Precompensation: 

1) External Delay elements 
2) Digitally 

Shown in Figure 6 is a Precomp circuit using the West­
ern Digital 2143 clock generator as the delay element. 
The WD pulse from the 179X creates a strobe to the 
2143, causing subsequent output pulses on theA1,,(1'2 
and .03 signals. The 5K Precomp adjust sets the de­
sired Precomp value. Depending upon the condition of 
EARLY and LATE,.9'1 will be used for EARLY, iI2 for 
nominal (EARLY = LATE = 0), and B3 for LATE. The 
use of "one-shots" or delay line in a Write Precom­
pensation scheme offers the user the ability to vary the 
Precomp value. The /lI4 output resets the 74LS175 
Latch in anticipation of the next WD pulse. Figure 7 
shows the WD-EARL Y/LA TE relationship, while Figure 
8 shows the timing of this write Precomp scheme. 

Another method of Precomp is to perform the function 
digitally. Figure 9 illustrates a relationship between the 
WD pulse and the CLK pin, allowing a digital Precomp 
scheme. Figure 10 shows such a ~heme with a pre­
set Write Precompensation value of 250ns. The syn­
chronous counter is used to generate 2MHz and 4MHz 
clock signals. The 2M Hz clock is sent to the CLK input 
of the 179X and the 4MHz is used by the 4-bit shift 
register. When a WD pulse is not present, the 4MHz 
clock is shifting "ones" through the shift register and 
maintaining Q o at a zero level. When a WD pulse is 
present, a zero is loaded at either A, B, or C depending 
upon the states of LATE, EN PRECOMP and EARLY. 
The zero is then shifted by the 4MHz clock until it 
reaches the Qo output. The number of shift operations 
determines whether the WRITE DATA pulse is written 
early, nominal or late. If both FM and MFM operations 
is a system reqUirement, the output of this circuit should 
be disabled and the WD pulse should be sent directly 
to the drive. 



DATA SEPARATION 
The 179X has two inputs (RAW READ & RCLK) and 
one output (VFOE) for use by an external data sepa­
rator. The RAW READ input must present clock and 
data pulses to the 179X, while the RCLK input provides 
a "window" or strobe signal to clock each RAW READ 
pulse into the device. An ideal Data Separator would 
have the leading edge of the RAW READ pulse occur 
in the exact center of the RCLK strobe. 

Motor Speed Variation, Bit shifts and read amplifier 
recovery circuits a/l cause the RAW READ pulses to 
drift away from their nominal positions. As this occurs, 
the RAW READ pulses will shift left or right with re­
spect to RCLK. Eventually, a pulse will make its tran· 
sition outside of its RCLK window, causing either a 
CRC error or a Record-not-Found error at the 179X. 

A Phase-Lock-Loop circuit is one method of achieving 
synchronization between the RCLK and RAW READ 
signals. As RAW READ pulses are fed to the PLl, 
minor adjustments of the free-running RClK frequency 
can be made. If pulses are occurring too far apart, the 
RClK frequency is decreased to keep synchroniza­
tion. If pulses begin to occur closer together, RClK is 
increased until this new higher frequency is achieved. 
In normal read operations, RClK will be constantly 
adjusted in an attempt to match the incoming RAW 
READ frequency. 

Another method of Data Separation is the Counter­
Separator technique. The RClK signal is again free­
running at a nominal rate, until a RAW READ pulse 
occurs. The Separator then denotes the pOsition of the 
pulse with respect to RClK (by the counter value), and 
counts down to increase or decrease the current RClK 
window. The next RClK window will occur at a nominal 
rate and will continue to run at this frequency until an­
other RAW READ pulse adjusts RCLK, but only the 
present window is adjusted. 

Both PPl and Counter/Separator are acceptable 
methods of Data Separation. The PPl has the highest 
reliability because of its "tracking" capability and is rec­
ommended for 8" double density deSigns. 

As a final note, the term "Data Separator" may be 
misleading, since the physical separation of clock and 
data bits are not actually performed. This term is used 
throughout the industry, and can better be described 
as a "Data Recovery Circuit" rather than a Data 
Separator. 
The VFOE signal is an output from the 179X that sig­
nifies the head has been loaded and valid data pulses 
are appearing on the RAW READ line. It can be used 
to enable the Data Separator and to insure clean RClK 
transitions to the 179X. Since some drives will output 
random pulses when the head is disengaged, VFOE 
can prevent an erratic RClK signal during this time. If 
the Data Separator requires synchronization during a 
known pattern of one's or zero's, then RG (READ 
GATE) can be used. The RG signal will go active when 
the 179X is currently over a field of zeros or ones. RG 
is not available on the 1795/1797 devices, since this 
signal was replaced with the SSO (Side Select Output) 
Line. 

Shown in Figure 11 is a 2112 IC Counter/Separator. The 
74lS193 free runs at a frequency determined by the 
CRYClK input. When a RAW READ pulse occurs, the 
counter is loaded with a starting count of '5'. When the 
RAW READ Line returns to a logic 1, the counter 
counts down to zero and again free runs. The 74lS74 
insures a 50% duty cycle to the 179X and performs a 
divide-by-two of the aD output. 

Figure 12 illustrates another Counter/Separator utiliz­
ing a PROM as the count generator. Depending upon 
the RAW READ phase relationship to RCLK, the PROM 
is addressed and its data output is used as the counter 
value. A 16MHz clock is required for 8" double density, 
while an 8M Hz clock can be used for single density. 

Figure 13 shows a Phase-lock-loop data recovery 
circuit. The phase detector (U2, Figure 2) compares 
the phase of the SHAPED DATA pulse to the phase 
of VFO ClK + 2. If VFO ClK -T 2 is lagging the 
SHAPED DATA pulse an output pulse on #9, U2 is 
generated. The filter/amplifier converts this pulse into 
a DC signal which increases the frequency of the VCO. 
If, correspondingly, ClK + 2 is leading the SHAPED 
DATA pulse, an output pulse on #5, U2 is generated. 
This pulse is converted into a DC signal which de­
creases the frequency of the VCO. These two actions 
cause the VCO to track the frequency of the incoming 
READ DATA pulses. This correction process to keep 
the two signals in phase is constantly occurring because 
of spindle speed variation and circuit parameter 
variations. 
The operating specifications for this circuit are as 
follows: 

Free Running Frequency 2MHz 
Capture Range ± 15% 
lock Up lime 50 microsec." 1111" or 

"0000" Pattern 
100 Microsec "1010" Pat­
tern 

The RAW READ pulses are generated from the falling 
edge of the SHAPED DATA pulses. The pulses are 
also reshaped to meet the 179X requirements. VFO 
ClK + 2 OR 4 is divided by 2 once again to obtain 
VFO ClK OUT whose frequency is that required by the 
179X RClK input. RClK must be controlled by VFOE 
so VFOE is sampled on each rising edge of VFO ClK 
OUT. When VFOE goes active EN RCLK goes active 
in synchronization with VFO CLK OUT preventing any 
glitches on the RClK output. When VFOE goes inac­
tive EN RClK goes inactive in synchronization with 
VFO ClK OUT, again preventing any glitches on the 
RClK output. 

Figure 14 illustrates a PPl data recovery circuit using 
the Western Digital 1691 Floppy Support device. Both 
data recovery and Write Precomp logic is contained 
within the 1691, allowing low chip count and Pll re­
liability. The 74S124 supplies the free-running VCO 
output. The PUMP UP and PUMP DOWN signals from 
the 1691 are used to control the 745124's frequency. 
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COMMAND USAGE 
Whenever a command is successfully or unsuccess­
fuRy completed, the busy bit of the status register is 
reset and the INTRa line is forced high. Command ter­
mination may be detected either way. The INTRa can 
be tied to the host processor's interrupt with an appro­
priate service routine to terminate commands. The 
busy bit may be monitored with a user program and 
will achieve the same results through software. Per­
forming both an INTRQ and a busy bit check is not 
recommended because a read of the status register to 
determine the condition of the busy bit will reset the 
INTRa line. This can cause an INTRa from not 
occurring. 

RESTORE COMMAND 

On some disk drives, it is possible to position the R/W 
head outward past Track 00 and prevent the TROO 
line from going low unless a STEP IN is first performed. 
If this condition exists in the drive used, the RESTORE 
command will never detect a TROO. Issuing several 
STEP IN pulses before a RESTORE command will 
remedy this situation. The RESTORE and all other 
Type I commands will execute even though the READY 
bit indicates the drive is not ready (NOT READY = 1). 

READ TRACK COMMAND 
The READ TRACK command can be used to manually 
inspect data on a hard copy printout. Gaps, address 
marks and a" data are brought in to the data register 
during this command. The READ TRACK command 
may be used to inspect diskettes for valid formatting 
and data fields as well as address marks. Since the 
179X does not synchronize clock and data until the In­
dex Address Mark is detected, data previous to this 10 
mark will not be valid. READ GATE (RG) is not ac­
tuated during this command. 

READ ADDRESS COMMAND 

In systems that use either multiple drives or sides, the 
read address command can be used to tell the host 
processor which drive or side is selected. The current 
position of the R/W head is also denoted in the six 
bytes of data that are sent to the computer. 

ITRACK SIDE I SECTOR I LE~~TH I C~C I C~C I 
The READ ADDRESS command as well as all other 
Type II and Type III commands wi" not execute if the 
READY line is inactive (READY = (I). Instead, an in­
terrupt will be generated and the NOT READY status 
bit will be set to a 1. 

FORCED INTERRUPT COMMAND 

The Forced Interrupt command is generally used to 
terminate a multiple sector command or to insure Type 
I status in the status register. The lower four bits of the 
command determine the conditional interrupt as follows: 
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10 NOT-READY TO READY TRANSITION 
1, READY TO NOT-READY TRANSITION 
12 EVERY INDEX PULSE 
13 IMMEDIATE INTERRUPT 

Regardless of the conditional interrupt set, any com­
mand that is currently being executed when the Forced 
Interrupt command is loaded will immediately be ter­
minated and the busy bit will be reset indicating an idle 
condition. 

Then, when the condition for interrupt is met, the INTRa 
line will go high signifying that the condition specified 
has occurred. 

The conditional interrupt is enabled when the corre­
sponding bit positions of the command (13 -10) are set 
to a 1. If 13 -10 are all set to zero, no interrupt will occur, 
but any command presently under execution will be 
immediately terminated upon receipt of the Force In­
terrupt command (HEX 00). 
As usual, to clear the interrupt a read of the status reg­
ister or a write to the command register is required. 
The exception is when using the immediate interrupt 
condition (13 = 1). If this command is loaded into the 
command register, an interrupt will be immediately 
generated and the current command terminated. 
Reading the status or writing to the command register 
will not automatically clear the interrupt; another forced 
interrupt command with 13 -10 = 0 must be loaded into 
the command register in order to reset the INTRa from 
this condition. 

More than one condition may be set at a time. H for 
example, the READY TO NOT-READY condition (I, = 
1) and the Every Index Pulse (12 = 1) are both set, the 
resultant command would be HEX "DA". The "OR" 
function is performed so that either a READY TO NOT­
READY or the next Index Pulse will cause an interrupt 
condition. 

DATA RECOVERY 
Occasionally, the R/W head of the disk drive may get 
"off track", and dust or dirt may get trapped on the 
media. Both of these conditions will cause a RECORD 
NOT FOUND andlor a CRC error to occur. This "soft 
error" can usually be recovered by the following 
procedure: 

1. Issue the command again 
2. Unload and load the head and repeat step 
3. Issue a restore, seek the track, and repeat step 1 

If RNF or CRC errors are still occurring after trying 
these methods, a "hard error" may exist. This is usu­
ally caused by improper disk handling, exposure to 
high magnetic fields, etc. and generaHy results in de­
stroying portions or tracks of the diskette. 



FIGURE 1 DEVICE CHARACTERISTICS 

DEVICE SNGl DENSITY DBlE DENSITY INVERTED BUS TRUE BUS DOUBLE-SIDED 

1791 X X X 
1792 X X 
1793 X X 
1794 X 
179S X X X 
1797 X X 

FIGURE 2 STORAGE CAPACITIES 

UNFORMATTED 
CAPACITY (NOMINAL) 

SIZE DENSITY SIDES PER TRACK PER DISK 

SV4" SINGLE 1 3125 109,37S" 
SV4" DOUBLE 1 6250 218,750 
5V4" SINGLE 2 3125 218,750 
5W' DOUBLE 2 6250 437,500 
8" SINGLE 1 5208 401,016 
8" DOUBLE 1 10,416 802,032 
8" SINGLE 2 5208 802,032 
8" DOUBLE 2 10,416 1,604,064 

"Based on 35 Tracks/Side 
""Based on 18 Sectors/Track (128 byte/sec) 

""·Based on 18 Sectors/Track (256 bytes/sec) 
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X 
X 

X 
X X 

FORMATTED 
BYTE CAPACITY 

TRANSFER 
TIME PER TRACK PER DISK 

64#1-s 2304"" 80,640 
32#1-s 4608""" 161,280 
64#1-s 2304 161,280 
32#1-s 4608 322,560 
32#1-8 3328 256,256 
16#1-s 6656 512,512 
32#1-s 3328 512,512 
16#1-S 6656 1,02S,024 
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Featur .. 

200i 0210. 0211 

• The instruction set contains 158 instructions. 
The 78 instructions of the 8080A are 
included as a subset; 8080A software com­
patibility is maintained. 

• Six MHz, 4 MHz and 2.5 MHz clocks for the 
zaOB, zaOA, and zao CPU result in rapid 
instruction execution with consequent high 
data throughput. 

• The extensive instruction set includes string, 
bit, byte, and word operations. Block 
searches and block transfers together with 
indexed and relative addressing result in 
the most powerful data handling capabilities 
in the microcomputer industry. 

• The zao microprocessors and associated 
family of peripheral controllers are linked 
by a vectored interrupt system. This system 

.v.,.... ! COIITROL 

CPU ! COIITROL 

CPU { .US 
CONTROL 

iiREO 

IORO 

RD 

WI! 

RFSH 

ZIOCPU 

Figure 1. Pin Functions 

Z8400 
zaer CPU Cealral 
Proc ..... , U.II 

Product 
SpecUlcalloa 

March 1981 

may be daisy-chained to allow implemen­
tation of a priority interrupt scheme. Little, 
if any, additional logic is required for 
daisy-chaining. 

• Duplicate sets of both general-purpose 
and flag registers are provided, easing 
the design and operation of system soft­
ware through single-context SWitching, 
background-foreground programming, and 
Single-level interrupt processing. In addi­
tion, two 16-bit index registers facilitate 
program processing of tables and arrays. 

• There are three modes of high speed inter­
rupt processing: 8080 compatible, non-zaO 
peripheral deVice, and zao Family 
peripheral with or without daisy chain. 

• On-chip dynamic memory refresh counter. 

Au ~ 1 

A12 ~ 2 

A .. ~ 3 

A,. ~ 4 
A,s _ 5 

elK ~ 8 

D. 1 

D3 8 

D. 9 

0,. 10 

+5V 11 

0. 12 
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Do 14 

Dl 15 

iNT 18 

iiiii 11 

HID 18 

~ 19 

iOiiO 20 
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2825 ~ REm 
.. IUSREO 

23
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iUSACi 
22bJWii 
21 D iiii 

~---..... 
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General 
Description 

6 

The Z80, Z80A, and Z80B CPUs are third­
generation single-chip microprocessors with 

. exceptional computational power. They offer 
higher system throughput and more efficient 
memory utilization than comparable second­
and third-generation microprocessors. The 
internal registers contain 208 bits of read/write 
memory that are accessible to the programmer. 
These registers include two sets of six general­
purpose registers which may be used 
individually as either 8-bit registers or as 
16-bit register pairs. In addition, there are two 
sets of accumulator and flag registers. A group 
of "Exchange" instructions makes either set of 
main or alternate registers accessible to the 
programmer. The alternate set allows operation 
in foreground-background mode or it may 

+SY __ 

GND __ 

CLOCK __ 

be reserved for very fast interrupt response. 
The Z80 also contains a Stack POinter, Pro­

gram Counter, two index registers, a Refresh 
register (counter), and an Interrupt register. 
The CPU is easy to incorporate into a system 
since it requires only a single + 5 V power 
source, all output signals are fully decoded 
and timed to control standard memory or 
peripheral circuits, and is supported bran 
extensive family of peripheral controllers. The 
internal block diagram (Figure 3) shows the 
primary functions of theZ80 processors. 
Subsequent text provides more detail on the 
Z80 I/O controller family, registers, instruction 
set, interrupts and daisy chaining, and CPU 
timing. 

Figure 3. Z80 CPU Block Diagram 
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The Zilog zao microprocessor is the central 
element of a comprehensive microprocessor 
product family. This family works together in 
most applications with minimum requirements 
for additional logiC, facilitating the design of 
efficient and cost-effective microcomputer­
based systems. 

Zilog has designed five components to pro­
vide extensive support for the Z80 micro­
processor. These are: 

• The PIa (Parallel InpuVOutput) operates in 
both data-byte 110 transfer mode (with 
handshaking) and in bit mode (without 
handshaking). The PIa may be config­
ured to interface with standard parallel 
peripheral devices such as printers, 
tape punches, and keyboards. 

• The CTC (CounterlTimer Circuit) features 
four programmable 8-bit counter/timers, 

Figure 4 shows three groups of registers 
within the Z80 CPU. The first group consists of 
duplicate sets of 8-bit registers: a principal set 
and an alternate set (designated by , [prime], 
e.g., A'). Both sets consist of the Accumula­
tor Register, the Flag Register, and six 
general-purpose registers. Transfer of data 
between these duplicate sets of registers is 
accomplished by use of "Exchange" instruc­
tions. The result is faster response to interrupts 
and easy, efficient impletnentation of such ver­
satile programming techniques as background-

MAIIIIIIIQIITO In 

A ACCUMULATOR F FLAG REGISTER 

a GENERAL PURPOSE C GENERAL PURPOSE 

o GENERAL PURPOSE E GENERAL PURPOSE 

H GENERAL PURPOSE l GENERAL PURPOSE 

_181T8_ 

4--------188ITS-------. 

IX INDEX REGISTER 

IY INDEX REGISTER 

SP STACK POINTER 

PC PROGRAM COUNTER 

I INTERRUPT VECTOR I R MEMORY REFRESH 

-18ITS_ 

A' 

each of which has an 8-bit prescaler. Each 
of the four channels may be configured to 
operate in either counter or timer mode. 

• The DMA (Direct Memory Access) con­
troller provides dual port data transfer 
operations and the ability to terminate data 
transfer as a result of a pattern match. 

• The SIO (Serial InpuVOutput) controller 
offers two channels. It is capable of 
operating in a variety of programmable 
modes for both synchronous and asyn­
chronous communication, including 
Bi-Synch and SDLC. 

• The DART (Dual Asynchronous Receiver/ 
Transmitter) device provides low cost 
asynchronous serial communication. It has 
two channels and a full modem control 
interface. 

foreground data processing. The second set of 
registers consists of six registers with aSSigned 
functions. These are the I (Interrupt Register), 
the R (Refresh Register), the IX and IY (Index 
Registers), the SP (Stack Pointer), and the PC 
(Program Counter). The third group consists of 
two interrupt status flip-flops, plus an addi­
tional pair of flip-flops which assists in identi­
fying the interrupt mode at any particular 
time. Table I provides further information on 
these registers. 

AL UIIIIATIlIIIIQIITO an 

ACCUMULATOR F' FLAG REGISTER 

a' GENERAL PURPOSE C' GENERAl PURPOSE 

0' GENERAL PURPOSE 

H' GENERAL PURPOSE 

F GENERAL PURPOSE 

l' GENERAL PURPOSE 

INTERRUPT FLlp·FlOPS STATUS 

INTERRUPT MODE FLlP·FlOPS 

INTERRUPT MODE 0 
NOT USED 
INTERRUPT MODE 1 
INTERRUPT MODE 2 

Figure 4. CPU Reglstera 
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RegIster Sin (811.) Remarks 

A.A' Accumulator 8 Stores an operand or the results of an operation. 

F, F' Flags 8 See Instruction Set. 

B, B' General Purpose 8 Can be uaed separately or as a 16-bit reqister with C. 

C,C' General Purpose 8 See B, above. 

0, D' General Purpose 8 Can be used separately or as a 16-bit register with E. 

E, E' General Purpose 8 See O. above. 

H.H' General Purpose 8 Can be uaed separately or as a 16-blt reqister with L. 

L, L' General Purpose 8 See H, above. 

Note: The (B.C). (O,E), and (H,L) sets are combined as follows: 
B- High byte C - Low byte 
0- HiQhbyte E- Low byte 
H - HiQh byte L- Low byte 

Interrupt Register 8 Stores upper eight bits of memory addreaa for vectored interrupt 
processing. 

R Refresh Register 8 Provides user-transparent dynamic memory refresh. Automatically 
incremented and placed on the addreaa bus durinQ each 
instruction fetch cycle. 

IX Index Register 16 Used for indexed addressing. 

IY Index Register 16 Same as IX, above. 

SP Stack Pointer 16 Stores addresses or data temporarily. See Push or Pop in instruc-
tion set. 

PC Program Counter 16 Holds addreaa of next instruction. 

IFF,-IFF2 Interrupt Enable Flip-Flops Set or reset to indicate interrupt status (see Figure 4). 

IMFa-IMFb Interrupt Mode Flip-Flops Reflect Interrupt mode (see'Figure 4). 

Table I. Z80 CPU Regtst .... 

The CPU accepts two interrupt input signals: • Mode I - Peripheral Interrupt service, for 
use with non-8080/Z80 systems. NMI and INT. The NMI is a non-maskable 

interrupt and has the highest priority. INT is a 
lower priority interrupt since it requires that 
interrupts be enabled in software in order to 
operate. Either NMI or INT can be connected 
to multiple peripheral devices in a wired-OR 
configuration. 

The Z80 has a single response mode for 
interrupt service for the non-maskable inter­
rupt. The maskable interrupt, INT, has three 
programmable response modes available. 
These are: 

• Mode a - compatible with the 8080 micro­
processor. 

• Mode 2 - a vectored interrupt scheme, 
usually daisy-chained, for use with Z80 
Family and compatible peripheral devices. 

The CPU services interrupts by sampling the 
NMI and INT signals at the rising edge of the 
last clock of an instruction. Further interrupt 
service processing depends upon the type of 
interrupt that was detected. Details on inter­
rupt responses are shown in the CPU Timing 
Section. 



Interrupts: 
General 
Operation 
(Continued) 

Non-Maskable Interrupt (NMI). The non­
maskable interrupt cannot be disabled by pro­
gram control and therefore will be accepted at 
at all times by the CPU. NMI is usually 
reserved for servicing only the highest priority 
type interrupts, such as that for orderly shut­
down after power failure has been detected. 
After recognition of the NMI signal (providing 
BUSREQ is not active), the CPU jumps to 
restart location 0066H. Normally, software 
starting at this address contains the interrupt 
service routine. 

Maskable Interrupt (INT). Regardless of the 
interrupt mode set by the user, the ZOO 
response to a maskable interrupt input follows 
a common timing cycle. After the interrupt has 
been detected by the CPU (provided that 
interrupts are enabled and BUSREQ is not 
active) a special interrupt processing cycle 
begins. This is a special fetch (MI) cycle in 
which IORQ becomes active rather than 
MREQ, as in a normal Ml cycle. In addition, 
this special Ml cycle is automatically extended 
by two WAIT states, to allow for the time 
required to acknowledge the interrupt request 
and to place the interrupt vector on the bus. 

Mode 0 Interrupt Operation. This mode is 
compatible with the 8080 microprocessor inter­
rupt service procedures. The interrupting 
device places an instruction on the data bus, 
which is then acted on six times by the CPU. 
This is normally a Restart Instruction, which 
will initiate an unconditional jump to the 
selected one of eight restart locations in page 
zero of memory. 

Mode I Interrupt Operation. Mod~oper­
ation is very similar to that for the NMI. The 
prinCipal difference is that the Mode 1 inter­
rupt has a vector address of 0038H only. 

Mode 2 Interrupt Operation. This interrupt 
mode has been designed to utilize most effec­
tively the capabilities of the Z80 microproc­
essor and its associated peripheral family. The 
interrupting peripheral device selects the 
starting address of the interrupt service 
routine. It does this by placing an 8-bit 
address vector on the data bus during the 
interrupt acknowledge cycle. The high-order 
byte of the interrupt service routine address is 
supplied by the I (Interrupt) register. This flex­
ibility in selecting the interrupt service routine 
address allows the peripheral device to use 
several different types of service routines. 
These routines may be located at any available 

location in memory. Since the interrupting 
device supplies the low-order byte of the 
2-byte vector, bit 0 (Ao) must be a zero. . 

Interrupt Prlorlty (DalBy Chaining and 
Nested Interrupts). The interrupt priority of 
each peripheral device is determined by its 
physical location within a daisy-chain config­
uration. Each device in the chain has an inter­
rupt enable input line (lEI) al'ld an. interrupt 
enable output line (lEO), which is fed to the 
next lower priority device. The first device in 
the daisy chain has its lEI input hardwared to 
a High level. The first device has highest 
priority, while each succeeding device has a 
corresponding lower priority. This arrange­
ment permits the CPU to select the highest 
priority interrupt from several Simultaneously 
interrupting peripherals. 

The interrupting device disables its lEO line 
to the next lower priority peripheral until it has 
been serviced. After servicing, its lEO line is 
raised, allowing lower priority peripherals to 
demand interrupt serviCing. 

The Z80 CPU will nest (queue) any pending 
interrupts or interrupts received while a 
selected peripheral is being serviced. 

Interrupt Enable/Disable Operation. Two 
flip-flops, IFFI and IFF2, referred to in the 
register description are used to signal the CPU 
interrupt status. Operation of the two flip-flops 
is described in Table 2. For more details, refer 
to the zaG CPU Technical Manual and ZaG 
Assembly Language Manual. 

Action IFF! 1FF2 Comments 

CPU Reset 0 0 Maskable interrupt 
INT disabled 

01 instruction 0 0 Maskable interrupt 
execution INT disabled 

EI instruction Maskable interrupt 
execution INT enabled 

LD A,I instruction IFF2 - Parity flag 
execution 

LD A,R instruction IFF2 - Parity flag 
execution 

Accept NMI 0 IFFj IFFj - IFF2 
(Maskable inter-
rupt INT disabled) 

RETN instruction IFF2 IFF2 - IFFj at 
execution completion of an 

NMI service 
routine. 

Tabl. 2. State of Flip-Flops 
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The 280 microprocessor has one of the most 
powerful and versatile instruction sets 
available in any a-bit microprocessor. It 
includes such unique operations as a block 
move for fast, efficient data transfers within 
memory or between memory and 1/0. It also 
allows operations on any bit in any location in 
memory. 

The following is a summary of the Z80 
instruction set and shows the assembly 
language mnemonic, the operation, the flag 
status, and gives comments on each instruc­
tion. The Z80 CPU Technical Manual 
(03-0029-01) and Assembly Language 
Programming Manual (03-0002-01) conta-in 
significantly more details for programming 
use. 

The instructions are divided into the 
following categories: 

o a-bit loads 

o 16-bit loads 

o Exchanges, block transfers, and searches 

o a-bit arithmetic and logic operations 

o General-purpose arithmetic and CPU 
control 

8)'IIIboIlc: ,. 
--.omc 0peratI- s B PlY If 

LDr. r' r - r' · · x · x · LD r. n · · x · x · 
LDr. (HL) r - (HL) X · X 
LDr.(IX+d) r - (IX + d) · · x · x · 
LOr. (IY+d) r - (IY+d) · · x · x · 
LD(HL). r (HL) - r · · x · x · LD(lX+d).r (IX+d) - r X · X · 
LD (lY +d). r (lY+d) - r · X · X · 
LD (HL). n (HL) - n · · x · x · 
LD (lX+d). n (lX+d) - n X · X · 
LD (lY+d). n (lY+d) - n · · x · x · . 
LO A. (BC) A - (BC) · · x · x · LOA. (DE) A - (DE) X · X · LD A. (nn) A - (nn) · X · X · 
LO (BC). A (BC) - A · · x · x 
LO (DE). A (DE) - A · · x · x · LD (nn). A (nn) - A · X · X · 
LOA. I A - I I X 0 X IFF 0 

LO A. R A-R I X 0 X IFF 0 

LOI. A I - A · · x · x · 
LOR. A R-A · · x · x · . 
NOTES r. r' means any of th€' registers A. B. C. D. E, H. L 

IFF the content of the Interrupt eonabtp Ihp flop, (IFF) IS 

copied mlo the PlV flag 
For an explanahon ot flag notahon and symbols lor 

mnemomc- tables. see Symbolic Noldllon Sf"(·f1on 
10110wmg tab Ips 

C 

· 

· 
· 
· 

o 16-bit arithmetic operations 

o Rotates and shifts 

o Bit set, reset, and test operations 

o Jumps 

o Calls, returns, and restarts 

o Input and output operations 

A variety of addressing modes are 
implemented to permit efficient and fast data 
transfer between various registers, memory 
locations, and input/output devices. These 
addressing modes include: 

o Immediate 

o Immediate extended 

o Modified page zero 

o Relative 

o Extended 

o Indexed 

o Register 

o Register indirect 

o Implied 

OBit 

Opcod!t .o.of 
78 M3 210 Hex Byte. 

01 r r' 
00 r 110 
-n-

01 r 110 
11 011 101 DO 
01 r 101 
-d-

II III 101 FO 
01 r 110 
-d-

01 110 r 
II 011 101 DO 
01 110 r 
-d-

II III 101 FD 
01 110 r 
-d-

00 110 110 36 

II 011 101 DO 
00 110 110 36 
-d-
-n-

11 III 101 FD 
00110110 36 
-d-
-n-

00 001 010 OA 
00 Oil 010 IA 
00 III 010 3A 

-n-
00 000 010 02 
00 010 010 12 
00 110 010 32 

-n-
11 101 101 ED 
01 010 III 57 
11 101 101 ED 
OJ 011 III SF 
II 101 101 ED 
01 000 III 47 
11 101 101 ED 
01 001 III 4F 

•• ofM •• ofT 
CycJ.e SIatee 

7 
19 

19 

7 
19 

19 

10 

19 

19 

7 
7 
13 

7 
7 
13 

c--ta 

~ 
000 B 
001 C 
010 0 
011 E 
100 H 
101 L 
III A 

2001·001 



16-Bit Load ~ Flap Opcod. 110.01 ....... 00T 

Group --.c 0peraU0e I Z B .IV • C "sa 110 ... IY* c,-. ...... c--ta 
LD dd, nn dd - nn · · X · X · 00 ddO 001 10 dd Pair 

'OOBC 
-n- 01 DE 

LDIX, nn IX-nn · · X · X · 11 011 101 DO 14 10 HL 
00 100 001 21 11 SP 

-n-
LD IY, nn IY - nn · · X · X · 11 III 101 FD 14 

00 100 001 21 

-n-
LD HL, (nn) H - (nn+l) · · X · X · 00 101 010 2A 16 

L - (nn) -n-
-n-

LDdd, (nn) ddH - (nn+l) · · X · X · 11 101 101 ED 20 
ddL - (nn) 01 ddl 011 

-n-
LD IX, (nn) IXH - (nn+ I) · X · X · 11 011 101 DO 20 

IXL - (nn) 00 101010 2A 

-n-
LD IY, (nn) IYH - (nn+1) · · X · X · 11 III 101 FD 6 20 

IYL - (nn) 00 101 010 2A 
-n-
-n-

I LD (nn), HL (nn+1) - H · X · X · 00 100 010 22 16 
(nn) - L 

-n-
LD (nn), dd (nn+1) - ddH · X · X · 11 101 101 ED 6 20 

I (nn) - ddL 01 ddO 011 
-n-
-n-

LD (nn), IX (nn+1) - IXH · · X · X · 11 011 101 DO 20 
(nn) - IXL 00 100 010 22 

-n-
-n-

LD (nn), IY (nn+l) - IYH · X · X · 11 III 101 FD 6 20 
(nn) - IYL 00 100 010 22 

-n-
LDSP, HL SP - HL · · X · X · 11 111 001 F9 6 
LDSP, IX SP-IX · X · X · 11 011 101 DO 10 

11 111 001 F9 
LD SP, IY SP - IY · X · X · 11 111 101 FD 10 

11 III 001 F9 9!L....!!!!:. 
PUSH qq (SP-2) - qqL · X · X · 11 qqO 101 11 00 SC 

(SP-I) - qqH 01 DE 
SP - SP -2 10 HL 

PUSH IX (SP-2) - IXL · · X · X · II 011 101 DO 15 11 AF 
(SP-l) - IXH 11 100 101 E5 
SP - SP -2 

PUSH IY (SP-2) - IYL · X · X · 11 111 101 FD 15 
(SP-I) - IYH 11 100 101 E5 
SP - SP -2 

POPqq qqH - (SP+I) · X · X · 11 qqO 001 10 
qqL - (SP) 
SP - SP +2 

POP IX IXH - (SP+ 1) · X · X · 11 011 101 DO 14 
IXL - (SI') 11 100 001 EI 
SP - SP +2 

POPIY IYH - (SP+I) · · X · X · 11 III 101 FD 14 
IYL - (SP) 11 100 001 EI 
SP - SP +2 

NOTES: del ia any of the regilter pairs BC. DE. HL. SP. 
qq i. any of the regiater pairs AF. BC. DE. HL. 
(PAIR)H' (PAIR)L refer to high order and low order eight bUa of the regiater pair reapectively. 

e.g .. BCL = C. AFH = A. 

Exchange. EX DE, HL DE - HL · · x · X · 11 101 011 EB 

Block EXAF, AF' AF-AF' · X · X · 00 001 000 08 
EXX BC - SC' · x · x · 11 011 001 D9 ReqI8ter bank and 

Transfer. DE - DE' auxiliary Nql8ter 

Block Search HL - HL' bank exchange 
EX (SP), HL H - (SP+1) · · X · X · 11 100 011 E3 19 

Groups L - (SP) 
EX (SP), IX IXH - (SP+I) · · X · X · 11 011 101 DO 6 23 

IXL - (SP) 11 100 011 E3 
EX (SP), IY IYH - (SP+l) · X · X · 11 III 101 FD 23 

IYL - (SP) 
<D 

11 100 011 E3 

LDI (DE) - (HL) · X 0 X I 0 . 11 101 101 ED 16 Load (HL) Into 
DE - DE+l 10 100 000 AO (DE), Incremenl 
HL - HL+I the palnten and 
BC - BC-I decrement the byte 

counter (SC) 
LDIR (DE) - (HL) · · X 0 X 0 0 . 11 101 101 ED 21 IISC # 0 

DE - DE+l 10110 000 BO 16 IIBC =0 
HL-HL+l 
BC - BC-I 
Repeal until 
BC = 0 

NOTEI: (j)PIV flag is 0 II the result of BC - I = O. oll>erwiae P/V = I. 

2001·001 11 



Exchange. 8ymboUc Flap Opeocle No.of No.of M No.of T 

Block MMmOllle o,-tIOD 8 Z R PlY N C 71 543 210 Hex Byt.a c,clea 8taw. eom-ts 

Transfer. (i) 

Block Search LDD (DE) - (HL) . X X I 0 . II 101 101 ED 16 
DE - DE-I 10 101 000 AS 

Groups HL-HL-I 

(Continued) BC-BC-I 

LDDR (DE) - (HL) X 0 X 0 0 II 101 101 ED 21 If BC .. 0 
DE - DE-I 10 III 000 B8 16 If BC = 0 
HL - HL-I 
BC-BC-I 
Repeat until 
BC = 0 

~ (i) 
CPI A - (HL) X X I II 101 101 ED 16 

HL - HL+ I 10 100 001 Al 
BC - BC-I 

~ (i) 
CPIR A - (HL) X X I II 101 101 ED 21 IfBC .. Oand 

A .. (HL) 
HL - HL+ I 10 110001 BI 16 IfBC=Oor 
BC - BC-I A = (HL) 
Repeat until 
A = (HL) or 
BC " 0 

~ (i) 
CPD A - (HL) X I X II 101 101 ED 16 

HL - HL-I 10 101 001 A9 
BC - BC-I 

~ CD 
CPDR A - (HL) X II 101 101 ED 21 IfBC .. Oand 

A .. (HL) 
HL - HL-I 10 III 001 B9 16 IfBC=Oor 
BC - BC-I A = (HL) 
Repeat until 
A" (HL) or 
BC " 0 

NOTES: CD PlY flag i. 0 if the "",,ull of Be - 1 = O. otherwise PIV = t. 

Q) Z flag is I If A = (HLl. otherwille Z = o. 

8-Bit ADDA. r A - A + r X X V 0 lOm't r ~ 
Arithmetic ADD A. n A-A+n X I X V 0 IImllO 000 B 

and Logical 001 C 
010 D 

Group ADDA. (HL) A - A + (HL) X X V 10~1I0 crt I E 

ADD A. (IX+d) A - A + (IX+d) X X V 0 II 011 101 DD 19 100 H 

10 I!!!!!) 110 101 

- d - III A 
ADD A. (lY +d) A - A + (lY +d) X I X V 0 II III 101 FD 19 

10m 110 

- d -
ADC A .• A - A+s+CY V 0 mg] s is any 01 r. n. 

SUBs A - A-s X X V ~ 
(HLl. (IX+d). 
(IY + d) as shown 

SBC A. s A - A-s-CY X X V lQTI) lor ADD instruction. 

AND. A-AI\. X I X P 0 ~ 
The indicated bits 

OR. A-Av. X X 0 0 [i]] 
replace the IQQQJ In 

the ADD set above. 
XOR. A - A •• X X 0 0 n:mJ 
CPs A-. X X V I II]] 
INCr r - r + I X I X V 0 · 00 r IIllID 
INC (HLl (HL) -(HL) + I X X V 0 · 00 llOlim II 

INC (lX+dl (lX+d) - X X V 0 · II 011 101 DD 23 
(lX+d)+ I 00 110 [!]ID 

- d -
INC (lY +d) (lY+d) - X I X V 0 · II III 101 FD 23 

(lY+d)+ I 00 110 trn!lJ 
- d 

DECm m - m-I X V I [!Q] m is any 01 r. (HL). 

(IX + d). (IY + d) 
as shown lor INC 
DEC same lormat 
and states as INC 
Replace miQI with 

IIQD in opcode. 
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General· &y.boIIc ..... 0pe0M 1Io.al JIo.aI. 110.01 T 

Purpose ~ Op.atioa s Z B PIV .. C ,. sa 210 .... Iytee CJc- SIatee ea.-.. 

Arithmetic DAA Converlll ace. content X X P . 00 100 111 T1 Decimal adjust 
into packed BCD accumulator. 

and following add or 

CPU Control subtract with packed 
BCD operands. 

Groupll CPL A-A · X I X · 00 10l III 2F Complemenl 
accumulator (one's 
complement). 

NEG A-O-A X X V I II 10l 101 ED Neqate ace. (two's 
01 000 100 « complement). 

CCF Cy-cr · · X X · 0 00 III III 3F Complement carry 
flaq. 

SCF CY - I ~ · X 0 X · 00110111 :n .. Set carry flaq. 
NOP No ope .... tion · · X · X · 00 000 000 00 .. 
HALT CPU halted · · X · X · 01 110 110 76 .. 
0/. IFF - 0 · · X · X · 11 110 011 F3 .. 
EI. IFF - I · · X · X · 11 III 011 FB .. 
IMO Set inlerrupt · X · X · II 101 101 ED 8 

mOde 0 01000 110 46 
IMI Set interrupt · X · X · 11 101 101 ED 

mode I 01 010 110 56 
1M2 Sel interrupt · · X · X · II 101 101 ED 

mode 2 01 01 I 110 5E 

NOTES' IFF Indicates the interrupt eneble Ihp·flop. 
CY indicat ... the carry f1ip·f1op. E * indicates mterrupts are not sampled at the end of EI or 01. 

IS-Bit ADD HL, sa HL - HL+sa · X X X · 0 I 00 sol 001 II ~ ft 
Arithmetic 00 BC • ADC HL,'8 HL - HL+os+CV X X X V 0 t 11 101 101 ED 15 01 DE a 
Group 01 ssl 010 10 HL 

11 SP 
SBC Hl., .. HL - HL-IS-CY X X X V 11 101 101 ED IS 

01 ssO 010 
ADD IX. pp IX - IX + pp X X · 0 I 11 011 101 DD IS ~ 01 ppl 001 

01 DE 
10 IX 
11 SP 

ADD IV. rr Iv - IY + rr X X X · 0 I II III 101 FD IS rr Req. 
00 rrl 001 001iC 

Ol DE 
10 IY 
11 SP 

INC •• ss - 55 + 1 · X X · OO.sOOII 6 
INC IX IX - IX + 1 X · X · 11011 101 DD 10 

00100011 23 
INC IV IV - Iv + I · X · 11 III 101 FD 10 

00 100 011 23 
DEC .. sa - ss-1 · X · X · 00 s.1 Oil 6 
DEC IX IX - IX-l · X X · 11 011 101 DD 10 

00 101 011 2B 
DEC IV IY - IV- I X · X · 11 III 101 f"D 10 

00 101011 2B 

NOTES' IS IS any of tht> register ptJirs Be. DE, HL. SP 
pp I~ any 01 the register pdlrs Be. DE. IX, SP 
rr IS dny t.~f the reqlslf>r pairs Be. DE. IV. SP 

Rotate and 
Shift Group RLCA @]~~OJ=:J · X 0 X · 0 00 ()()() III 07 Rotate lelt circular 

accumulator. 

RLA l@-~-E.-=-_ITJ X 0 X · 0 I 00 010 III 17 Rotate left 
accumulator. 

RRCA CO:::=i:}-L[£] 0 X · 0 00 001 111 OF Rotate righl circular 
accumulator. 

RRA LETI=@J X 0 · 0 00 011 III IF Rotate right 

A accumullJtnr. 

RLC r X 0 X P 0 II 001 011 CB Rolate left Circular 

00 000 r register T. 

RLC (HL) X 0 X P 0 t II 001 011 CB 15 ~. 
000 B 

00 000 110 001 C 

@]~:J 0 11 011 101 DD 23 
010 D 

RLC (lX+d) X 0 X P 01 ; E 
r.(HLl.(IX +dl.(IY + d) II 001 011 CB 100 H - d - 101 L 

00 000 110 III A 

RLC([V+d) X 0 X P u II III 101 FD 23 
II 001 011 CB 

- d - Instruction form~t 

l{@-~ 
00 000 110 and states are as 

RL m X U X P 0 010 shown ler RLc"s. 
m-r.(HL).(IX+d).(IV +d) To form new 

~[£] "peode replace 
RRC m X 0 X P 0 001 000 or RLC"s 

m_ r.(HL).(IX + d).(IV + d) with shown cudt> 
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Rotate and 
Shift Group 
(Continued) 

Bit Set. Reset 
and Test 
Group 

Jump 
Group 

14 

Symbolle 
IIDelDoDie OperatIOD 

RR m LEtJ=@J 
m-r.(HL).(IX +d).(IY + d) 

SLA m @]~o 
m-r.(HL).(IX +d).(IY + d) 

SRA m cQ=D--@!J 
m-r.(HLl.(lX +d).(IY + d) 

SRL m o~@!J 
m-r.(HLl.(lX +d).(IY + d) 

RLD ~_B r;-gol L __ 

A tHLI 

RRD ,[7-.I4£L 1/-38°1 
A tHLI 

BIT b. r Z - ft, 

BIT b. (HL) Z - (HI)b 

BIT b. (lX+d)b Z - OX+d)b 

BIT b. OY + d)b Z - OY + d)b 

SET b. r 

SET b. (HL) 

SET b. (lX+d) (lX+d)b - I 

SET b. (lY +d) (IY +d)b - I 

RES b. m mb - a 
m - r. (HLl. 

(lX+d). 
(lY +d) 

Flap 
5 Z a PIV N C 

X 0 X P a 

x 0 x P 0 

x 0 x P a 

0 x P a 

I XOXPo· 

I x 0 x P 0 

X I X X X 0 · 
X X I X X a · 
X I X I X X a · 
X I X X a · 

• x • x • 

x • x • 

• • x • x • 

• • x • x • 

NOTES Thp notation mb mdwt1lE's bit b (0 \0 71 or locallon m 

JP nn PC - nn X · X · 
JP cc. nn It condition cc is · X · X · true PC - nn. 

otherwise 
contmue 

IRe PC - PC+e · X · X 

JR C. e II C = O. · X · X 
continue 

If C = I. 
PC-PC+e 

fR NC. e If C = I. · X · X 
continue 

If C = O. 
PC-PC+e 

JP Z. e If Z = 0 · X · X · continue 

If Z = I. 
PC-PC+e 

fR NZ. e It Z = I. · X · X 
continue 

If Z = O. 
PC-PC+e 

JP (HL) PC - HL X · X 

lP (IX) PC - IX · X · X 

Opcode 
78 543 210 ae. 

IQTIJ 

[@) 

IIQi] 

[illJ 

II 101 101 ED 
01 101 III 6F 

II 101 101 ED 
01 100 III 67 

11001011 CB 
01 b r 
II 001 011 CB 
01 b 110 
II 011 101 DD 
II 001 011 CB 
- d -

01 b 110 

II III 101 FD 
II 001 011 CB 
- d -

01 b 110 

II 001 Oil CB 

[j) b 
II 001 011 CB 

[j) b 110 

11011 101 DD 
II 001 011 CB 

- d -
[j) b 110 

II III 101 FD 
II 001 011 CB 

- d -
[j) b 110 

!ill 

II 000 011 C3 

- n -
II cc 010 

00011000 18 
- e-2 -
00 III 000 38 
- e-2 -

00 110 000 30 
- ,,-2 -

00 101 000 28 
- e-2 -

00 100 000 20 
- e-2 -

II iOI 001 E9 

I I 011 101 DD 
II 101 001 E9 

No.~ 
Byt .. 

No.ol M No.ol T 
eyeIH Slat .. ColDlDeDle 

12 

20 

20 

15 

23 

23 

10 

10 

12 

12 

12 

12 

12 

18 Rotate digit leI! and 
right between 
the accumulator 
and location (HL) 

18 The content ot the 
upper hall ot 
the occumulator IS 

unaftected 

~~. 
001 C 
010 0 
011 E 
100 H 
101 L 
III A 
b Bit Tested 
000 0 
001 I 
010 2 
011 3 
100 4 
101 5 
110 6 
III 7 

To form new 
opcode replace 

[j) ot SET b. s 

with I@I. Flags 
and time states lor 
SET instruchon. 

cc Condition 
iiiiQNZ;,~ 
001 Z zero 
010 NC non-carry 
011 C CdTry 

100 PO parity odd 
101 PE parity even 
110 P sign positive 
III M sign negative 

If condition not mel. 

If condi tion is met. 

If condition not mel. 

If condition is mel. 

If condition not met 

If condition is met. 

It condihon not mel. 

If condition is met. 
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Jump Group ......... ..... 0peMe ..... ........... r 
(Continued) ........ 0p.NIIaa I I • p" • C " .. II ... ..... erca. ...... c--.. 

JP(lY) Pe-IY · · x · x · 11 111 101 FD 8 
11 101 001 Ell 

Dmz,. B - B-1 · X · X · 00 010000 10 U B. O. 
JlB.O, - .-2-
conHnue 
UB.O, 2 13 UB. O. 
Pe- PC+. 

NOTES: e -'- the _ In the .... II .. edcIN.tll9 ___ • 
e •• ~ two'. ~I number In lhe,_ < -126, 1:19 >. 
e - 2 In the opcode _idee an ellectt .. ecIdre. 0/ pc + ••• PC I. 1..,..."..,1ed 

by :2 prior 10 the .cldillon 0/ •. 

Call cmcI CALLnn (SP-I) - PCH · · X · X · · · 11 001 101 CD 17 

RetumGroup (SP-2) - PCL - n -
PC-nn - n -

CALLcc, nn U condition · · X · X · · e 11 cclOO 10 U oclsla •. 
cc Is /alee 
continue, 17 If oc 1I1r11e. otberwIIe _ at 

CALLnn 

RET PeL - (SP) X · X · 11 001 001 C9 10 
PCH - (SP+l) 

I REToc U condition · · X · X · lIccOOO Ilcc 11 fa •. 
oc', faJ. 
continue, II U oc 1.1nIa. Q otherwise cc Condition _ill 000 NZ non·zero a 
RET 001 Z rero 

RETI Return Irom · .. X · X · 11 101 101 ED 14 
010 NC non-carry 
011 C carry 

Interrupt 01001 101 4D 100 PO parity odd RETNI Return Irom .. · X · X · 11 101 101 ED 14 101 PE parity even 
non·malkable 01000 101 45 110 P li9n~tlve Interrupt 111M 119n n894live 

RSTp (SP-l) - PCH · · X · X · · · 11 I III ·11 
~ (SP-2) - PCL 

PCH -0 001 <XiH 
PCL-P 010 10H 

011 18H 
100 20H 
101 28H 
110 30H 
III 38H 

NOTE: 'RETN loods IFF2 - IFFI 

Input cmcI IN A, (n) A -en) · · X · X · 11 011 011 DB 11 n toAo - A7 

Output Group - n - Acc.lo As - AIS 
INr, (C) r-(C) I X X P 0 · 11 101 101 ED 12 CtoAo - A7 

if r = 110 only the 01 r 000 BtoAs - AIS 
niIQl. will be affected 

CD 
INI (HL) -(C) x I X X X X 11 101 101 ED 16 CtoAo - A7 

B - B-1 10100 010 A2 BtoAs - AIS 
HL-HL+I 

INIR (HL)-(C) X X X X X 11 101 101 ED S 21 CloAo - A7 
B - B-1 10110010 B2 (If B.O) BtoAs - AIS 
HL-HL+I .. 16 
Repeat until (II B=O) 
B=O 

<D 
!ND (HL)-(C) X I X X X X 11 101 101 ED 16 CtoAo - A7 

B - B-1 10101010 AA B to As - AIS 
HL - HL-I 

INDR (HL) - (C) X X X X X I 11101 101 ED S 21 CtoAo - A7 
B - B-1 10 111010 BA (IIB.O) B to As - AIS 
HL - HL-I .. 16 
Repeat until (If B=O) 
B=O 

OUT (n), A (n) - A · X · X · 11 010 011 D3 II n to Ao - A7 
- n - Ace. to As - AIS 

OUT(C),r (C)-r · · X · X · II 101 101 ED 12 C toAo - A7 

<D 01 r 001 BloAs - AIS 

OUTI (C) - (HL) I X X X X 11101 101 ED 16 CloAo - A7 
B - 8-1 10100 Oil A3 B 10 AS - AIS 
HL-HL+I 

OTIR (C) - (HL) X X X X X II 101 101 ED S 21 Clo Ao - A7 
B - 8-1 10 110011 B3 (If B*O) B 10 As - AIS 
HL-HL+I .. 16 
Repeal until (If B=O) 
B=O 

CD 
OUTD . (C) - (HL) X X X X II 101 101 ED 16 C toAo - A7 

B - 8-1 10 101 Oil AB B to As - AIS 
HL - HL-I 

NOTE: <D If the result 0/ B-1 II %em the Z fI.g is .. t. oIherwl ... ,t il reset. 
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Input aDd Symbolic Flap 0pc0cIe No.of No.of M No.of T 

Output Group ~ Operatioa S Z B PIV It C 78 543 210 lie" ay.. Crc- 5taIM eom-ts 

(Continued) orDR (C) - (HL) X I X X X X I II !OI !OI ED 5 21 CtoAQ - A7 
B - B-1 10 III 011 (1/ B*O) BtoAa-AI5 
HL-HL-I 4 16 
Repe<lt until (II B;O) 
B;O 

Summary of 0., Do 
Flag m.tructIOD S z H PlV N C Comme.ts 

OperatloD ADD A. s; ADC A. 8 X X V 0 I B-bit add or add with carry_ 
SUB s; SBC A. s; CP s; NEG X X V I I S-bit subtract. subtract with carry. compare and negate accumulator. 
AND. X X P 0 g} OR s, XOR. X X P 0 Logical operation •. 

INC. X I X V 0 B-bit increment. 
DEC. X I X V J B-bit decrement. 
ADD DO. so X X X 0 16-bit add. 
ADC HL. so X X X V 0 16-bit add with carry_ 
SBC HL. so X X X V I 16-bit subtract wlih carry_ 
RLA. RLCA. RRA; RRCA X 0 X 0 Rotate accumulator. 
RL m; RLC m; RR m; X 0 X 0 Rotate and shift locations. 

RRC m; SLAm; 
SRA m; SRLm 

RlO; RRD X X P Rotate digit left and right. 
DAA X I X P Decimal adjust accumulator. 
CPL X I X I Complement accumulator. 
SCF X 0 X 0 Set carry. 
CCF X X X 0 Complement cdrry. 
IN r (C) I I X 0 X P 0 Input register indirect. 
INI.IND. ourl; OUTO X I X X X X I :} Block input and output. Z ; a if B * 0 otherwise Z ; O. 
INIR; INDR; OTIR; OrDR X I X X X X I 
LOI; LOD X X X 0 X 0 :} Block trdnsfer instructions. PIV ; I if BC * 0, otherwise P/V ; O. 
lOIR; lODR X X X 0 X 0 
CPI; CPIR; CPD; CPDR X X X X I Block search instructions. Z ; I if A ; (HL). otherwise Z ; O. P/V ; I 

if BC * O. otherwise P/V ; O. 
lOA. I. LOA. R I X X IFF 0 The conll'nt 01 the interrupt enable flip-flop (IFF) is copied into the P/V flag. 
BIT b .• X X X X 0 The state of bit b of location s is copied into the Z flag. 

Symbolic Symbol Operation Symbol Operation 

NotatioD S Sign flag. S = I if the MSB of the result is I. I The flag is affected according to the result of the 
Z Zero flag. Z = I if the result 01 the operation is O. operation. 
PN Parity or overflow flag. Parity (P) and overflow The flag is unchanged by the operation. 

(V) share the same !lag. Logical operations affect a The flag is reset by the operation. 
this flag with the parity 01 the result while I The flag is set by the operation. 
arithmetic operations affect this !lag with the X The flag is a "don't care." 
overflow of the result. If PN holds parity, P/V = V PiV flctg affected according to the overflow result 
I il the re"liit of the operation is even, P/V = a if 01 the operation. 
result is, 'I. If P/V holds overllow, P/V = I if P P/v flag affected according to the parity result of 
the resl,'· the operation produced an overflow. the operation. 

H Hall-cal; ·iag. H = I if the add or subtract Anyone 01 the CPU registers A, B, C, D, E, H, L. 
operatic, ' :oduced a carry into or borrow from Any 8-bit location for all the addressing modes 
bit 4 01: accumulator. ailowed for the particular instruction. 

N AddiSut' lct flag. N = I if the previous opera- ss Any I6-bit location for ail the addressing modes 
tion was -'lbtract. allowed for that instruction. 

H&N H and to; :JS are used in conjunction with the ii Anyone of the two index registers IX or IY. 
decimal 'ISt instruction (DAA) to properly cor- R Refresh counter. 
rect the ,it into packed BCD format following n 8-bit value in range < 0, 255 >. 
addition lUbtraction using operands with nn 16-bit value in range < 0, 65535 >. 
packed I ,) lormat. 

C Carry/Ll flag. C = 1 if the operation produced 
a carry" '0 the MSB of the operand or result. 
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Pin 
Descriptions 

Ao-A15. Address Bus (output, active High, 
3-state). Ao-AlS form a 16-ba address bus. The 
Address Bus provides the address for memory 
data bus exchanges (up to 64K bytes) and for 
I/O device exchanges. 

BUSACK. Bus Acknowledge (output, active 
Low). Bus Acknowledge indicates to the 
requesting device that the CPU address bus, 
data bus, and control signals MREQ, 10RQ, 
RD, and WR have entered their high­
impedance states. The external circuitry 
can now control these lines. 

BUSREQ. Bus Request (input, active Low). 
Bus Request has a higher priority than NMI 
and is always recognized at the end of the cur­
rent machine cycle. BUSREQ forces the CPU 
address bus, da~ bus, and control signals 
MREQ, 10RQ, RD, and WR to go to a high­
impedance state so that other devices can 
control these lines. BUSREQ is normally wire­
ORed and requires an external pullup for 
these applications. Extended BUSREQ 
periods due to extensive DMA operations can 
prevent the CPU from properly refreshing 
dynamic RAMs. 

Do-I>? Data Bus (input/output, active High, 
3-state). Do-D7 constitute an 8-bit bidirectional 
data bus, used for data exchanges with 
memory and I/O. 

HALT. Halt State (output, active Low). HALT 
indicates that the CPU has executed a Halt 
instruction and is awaiting either a non­
maskable or a maskable interrupt (with the 
mask enabled) before operation can resume. 
While halted, the CPU executes Naps to 
maintain memory refresh. 

INT. Interrupt Request (input, active Low). 
Interrupt Request is generated by 110 devices. 
The CPU honors a request at the end of the 
current instruction if the internal software­
controlled interrupt enable flip-flop (IFF) is 
enabled. INT is normally wire-ORed and 
requires an external pullup for these 
applications. 

IORQ. Input/Output Request (output, active 
Low, 3-state). 10RQ indicates that the lower 
half of the address bus holds a valid I/O 
address for an I/O read or write operation. 
10RQ is also generated concurrently with Ml 
during an interrupt acknowledge cycle to indi­
cate that an interrupt response vector can be 

placed on the data bus. 

MI. Machine Cycle One (output, active Low). 
MI, together with MREQ, indicates that the 
current machine cycle is the opcode fetch 
cycle of an instruction execution. Ml, together 
with 10RQ, indicates an interrupt acknowledge 
cycle. 

MREQ. Memory Request (output, active 
Low, 3-state). MREQ indicates that the address 
bus holds a valid address for a memory read or 
memory write operation. 

NMI. Non-Maskable Interrupt (input, active 
Low). NMI has a higher priority than INT. NMI 
is always recognized at the end of the current 
instruction, independent of the 
status of the interrupt enable flip-flop, and 
automatically forces the CPU to restart at 
location 0066H. 

RD. Memory Read (output, active Low, 
3-state). RD indicates that the CPU wants to 
read data from memory or an 110 device. The 
addressed I/O device or memory should use 
this signal to gate data onto the CPU data bus. 

RESET. Reset (input, active Low). RESET 
initializes the CPU as follows: it resets the 
interrupt enable flip-flop, clears the PC and 
Registers I and R, and sets the interrupt status 
to Mode O. During reset time, the address and 
data bus go to a high-impedance state, and all 
control output signals go to the inactive state. 
Note that RESET must be active for a minimum 
of three full clock cycles before the reset 
operation is complete. 

RFSH. Refresh (output, active Low). RFSH, 
together with MREQ, indicates that the lower 
seven bits of the system's address bus can be 
used as a refresh address 10 the system's 
dynamiC memories. 

WAIT. Waif (input, active Low). WAIT 
indicates to the CPU that the addressed mem­
ory or I/O devices are not ready for a data 
transfer. The CPU continues to enter a Wait 
state as long as this signal is active. Extended 
WAIT periods can prevent the CPU from 
refreshing dynamic memory properly. 

WR. Memory Write (output, active Low, 
3-state). WR indicates that the CPU data bus 
holds valid data to be stored at the addressed 
memory or 110 location. 
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CPU Timing The Z80 CPU executes instructions by pro- The basic clock period is referred to as a 

18 

ceeding through a specific sequence of opera­
tions: 

• Memory read or write 

• I/O device read or write 

• Interrupt acknowledge 

Instruction Opcode Fetch. The CPU places 
the contents of the Program Counter (PC) on 
the address bus at the start of the cycle (Figure 
5). Approximately one-half clock cycle later, 
MREQ goes active. The falling edge of MREQ 
can be used directly as a ChiEJ:nable to dyna­
mic memories. When active, RD indicates that 
the memory data can be enabled onto the CPU 

T, T2 Tw 

CLOCK 

Ao-Au 
_ ...... _J 

«( ( ~ 

T time or cycle. and three or more T cycles 
make up a machine cycle (Ml. M2 or M3 for 
instance). Machine cycles can be extended 
either by the CPU automatically inserting one 
or more Wait states or by the insertion of one 
or more Wait states by the user. 

data bus. 
The CPU samples the WAIT input with the 

rising edge of clock state T3. During clock 
states T3 and T4 of an Ml cycle dynamic RAM 
refresh can occur while the CPU starts 
decoding and executing the instruction. When 
the Refresh Control signal becomes active, 
refreshing of dynamic memory can take place. 

__ --.--,r" ______ I.-f'! f--® 
RFSH ~ _______ J~ 

NOTE: Tw- Wait cycle added when necessary lor slow ancilliary devices. 

Figure 5. Instruction Opcode Fetch 
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CPU 
Timing 
(Continued) 

2()()~ 881 

Memory Read or Write Cycles. Figure 6 
shows the timing of memory read or write 
cycles other than an opcode fetGh (Ml) cycle. 
The MREQ and RD signals function exactly as 
in the fetch cycle. In a memory write cycle, 
MREQ also becomes active when the address 

T, 

CLOCK 

{ 

iiii 

0 ... 0'=: 
Do-D7 

o ... .:::!: 

Tw 

;' 

bus is stable, so that it can be used directly as 
a Chip Enable for dynamic memories. The WR 
line is active when the data bus is stable, so 
that it can be used directly as an RlW pulse to 
most semiconductor memories. 

{ 

WR 

Do-D7----__________ ~--------~~--~D~A~TA~O~U~T------------~ 

Figure 6. Memory Read or Write Cycl .. 

19 



CPU 
Timing 
(Continued) 

20 . 

Input or Output Cycles. Figure 7 shows the 
timing for an 110 read or 110 write operation. 
During 110 operations, the CPU automatically 

Tw' 

CLOCK 

Ao-A 

Wiii 

inserts a single Wait state (Tw). This extra Wait 
state allows sufficient time for an I/O port to 
decode the address and the port address lines. 

Tw 

--r-~---+--------~~~~' 

{ 

WR 

WRI~: 
OPERATION ------i..--------..,)'----~;;;;~--~ Do-D7 

NOTE: Tw" = One Wait cycle automatically inserted by CPU. 

Figure 7. Input or Output Cycles 

Interrupt Request/Acknowledge Cycle. The 
CPU samples the interrupt signal with the ris­
ing edge of the last clock cycle at the end of 
any instruction (Figure 8). When an interrupt 
is accepted, a special Ml cycle is generated. 

During this Ml cycle, 10RQ becomes active 
(instead of MREQ) to indicate that the int'3r­
rupUng device can place an 8-hit vector on the 
data hus. The CPU automatically adds two 
Wait states to this cycle. 

AO-A15 _________ ~-'.~---------p-C--~----+r~~--~-~--,~---

Wiii __________ ~-----------------~--~~J - r@ 
Do-D7====:t~-------~~=;;::JS~K: 

NOTE: 1) TL = Last state of previous instruction. 2) Two Wait cycles automatically inserted by CPU("). 

Figure 8. Interrupt Request/Acknowledge Cycle 
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CPU 
Timing 
(Continued) 

20050218. 886 

Non-Maskable Interrupt Request Cycle. 
NMI is sampled at the same time as the 
maskable interrupt input INT but has higher 
priority and cannot be disabled under software 
control. The subsequent timing is similar to 

CLOCK 

... -.... 

that of a normal memory read operation except 
that data put on the bus by the memory is 
ignored. The CPU instead executes a restart 
(RST) operation and jumps to the NMI service 
routine located at address 0066H (Figure 9). 

____________________ +-"~~----------_+J~-------

• Although NMI is an asynchronous input. to ~antee its being 
recognized on the following machine cycle. NMl's falling edge 

must occur no later H the rising edge of the clock cycle 
preceding TLAST. 

Figure 9. Non-Maskablelnterrupt Request Op' 'lon 

Bus Request/Acknowledge Cycle. The CPU 
samples;:BUSREQ with the rising edge of the 
last clock period of any machine cycle (Figure 
10). If BUSREQ is active, the CPU sets its 
address, data, and MREQ, 10RQ, RD, and WR 

lines to a higr, ,. '1 pedance state with the rising 
edge of the nE !. :lock pulse. At that time, any 
external devic!' ,an take control of these lines, 
usually to transfer data between memory and 
I/O devices. 

" T, 

CLOCK 

SUSNEQ 
----------~~--~_+----7~--------J 

T, 1, 

... -.... ==========tj----.,(~-----~~--------t1 
h-D1::::::::::::::::::::t=~---.,(~------~~--------t-4 

~--------------------+-~ 
~.--------~r"",1--------11 

111 

@--

IiALT UNCHANGED 

--------------------+--------------------------------
NOTE: TL = Last state of any M cycle. TX = An arbitrary clock cycle used by requestinQ device. 

Figure 10. Bus Requestl Acknowledge Cycle 
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CPU 
Timing 
(Continued) 

22 

BaIt Acknowledge Cycle. When the CPU 
receives a HALT instruction, it executes NOP 
states until either an INT or NMI input is 

received. When in the Halt state, the HALT 
output is active and remains so until an inter­
rupt is processed (Figure 11). 

.1 _I_ .1 -I- .1 
~ ~ ~ ~ ~ ~ ~ 

CLOCK 

• • 
HALT 

::::;-I0Il ~_. ___________ _ 
.. M. ~ 

NOTE: INT will also force a Halt exit. "See note, Figure 9. 

Figure 11. Halt Acknowledge Cycle 

Reset Cycle. RESET must be active for at least 
three clock cycles for the CPU to properly 
accept it. As long as RESET remains active, the 
address and data buses float, and the control 
outputs are inactive. Once RESET goes 

CLOCK 

Ao-A15 

Do-D7 

iiIl ___________ .Jf I 

inactive, two internal T cycles are consumed 
before the CPU resumes normal processing 
operation. RESET clears the PC register, so the 
first opcode fetch will be to location 0000 
(Figure 12). 

_M1------

~R~ 

R~----------~7~7~7~---~;~J~----------------------~\~---------------==: III/III ~ ________ _ 
BUSACK 

HALT 

Figure 12. Reset Cycle 
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AC ZIG CPU ZIOACPU ZIG. CPU 
QuIrac- MID Max Mba Max MID Max 
terlatlCli IfUlDha- Symbol PCll'CllDeter ( .. ) ( .. ) (ill) ( .. ) ( .. ) ( .. ) 

TcC Clock Cycle Time 400* 250* 165* 

2 TwCh Clock Pulse Width (High) 180* 110* 65* 

3 TwCl Clock Pulse Width (Low) 180 2000 110 2000 65 2000 

4 TfC Clock Fall Time 30 30 20 
5-TrC Clock Rise Time 30 30 20 

6 TdCr(A) Clock , to Address Valid Delay 145 110 90 

7 TdA(MREQf) Address Valid to MREQ 125* 65* 35* 
I Delay 

8 TdCf(MREQf) Clock I to MREQ I Delay 100 85 70 

9 TdCr(MREQr) Clock , to MREQ , Delay 100 85 70 

10 - TwMREQh -- MREQ Pulse Width (High) ---170* 110* 65*--

11 TwMREQI MREQ Pulse Width (Low) 360* 220* 135* 

I 12 TdCf(MREQr) Clock I to MREQ , Delay 100 85 70 

13 TdCf(RDf) Clock I to RD I Delay 130 95 80 I 14 TdCr(RDr) Clock , to RD I Delay 100 85 70 

15 - TsD(Cr) --- Data Setup Time to Clock' --- 50 35 30--

16 ThD(RDr) Data Hold Time to RD , 0 0 0 

17 TsWAIT(Cf) WAIT Setup Time to Clock I 70 70 60 

18 ThWAIT(Cf) WAIT Hold Time after Clock I 0 0 0 

19 TdCr(Mlf) Clock , to Ml I Delay 130 100 80 

2O-TdCr(Mlr)-- Clock' to Ml I Delay 130 100 80 

21 TdCr(RFSHf) Clock , to RFSH I Delay 180 130 110 

22 TdCr(RFSHr) Clock I to RFSH , Delay 150 120 100 

23 TdCf(RDr) Clock I to RD I Delay 110 85 70 

24 TdCr(RDf) Clock , to RD I Delay 100 85 70 

25 - TsD(Cf) --- Data Setup to Clock I during -- 60 50 40--
M2, M3, ~ or Ms Cycles 

26 TdA(lORQf) Address Stable prior to IORQ I 320* lSO* 110* 

27 T dCr(lORQf) Clock , to IORQ I Delay 90 75 65 

28 TdCf(lORQr) Clock I to IORQ , Delay 110 85 70 

29 . TdD(WRf) Data Stable prior to WR I 190* SO* 25* 

30 - TdCf(WRf) -- Clock I to WR I Delay 90 80 70 

31 TwWR WR Pulse Width 360* 220* 135* 

32 TdCf(WRr) Clock I to WR I Delay 100 80 70 

33 TdD(WRf) Data Stable prior to WR I 20* -10* -55* 

34 TdCr(WRf) Clock , to WR I Delay 80 65 60 

35 -TdWRr(D)-- Data Stable from WR , 120* 60* 30*--

36 TdCf(HALT) Clock I to HALT t or I . 300 300 260 

37 TwNMI NMI Pulse Width 80 SO 70 

38 TsBUSREQ(Cr) BUSREQ Setup Time to Clock , 80 50 50 

"For clock periods other than the minimums shown in the table, 
calculate parameters using the expressions in the table on the 
follOWing page. 
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AC 
Charac-
terlstics 
(Continued) 

24 

zeD CPU 
Min Max 

Number Symbol Parameter (us) (us) 

39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock 1 a 
40 -TdCr(BUSACKf)-Clock 1 to BUSACK 1 Delay 120 
41 TdCf(BUSACKr) Clock 1 to BUSACK 1 Delay 110 
42 TdCr(Dz) Clock 1 to Data Float Delay 90 
43 TdCr(CTz) Clock 1 to Control Ou!puts Float 110 

DelaY.J!AREQ. IORO. RD. 
and WR) 

44 TdCr(Az) Clock 1 to Address Float Delay 110 
45 - TdCTr(A) ---Address Stable after MREQ 1.-- 160" 

IORO I. RD I. and WR 1 
46 TsRESET(Cr) RESET to Clock 1 Setup Time 

47 ThRESET(Cr) RESET to Clock 1 Hold Time 

48 TsINTf(Cr) INT to Clock 1 Setup Time 

49 ThINTr(Cr) INT to Clock 1 Hold Time 

50 - TdMlf(IORQf) - Ml 1 to IORQ 1 Delay 

51 TdCf(IORQf) Clock 1 to lORQ 1 Delay 

52 TdC£(IORQr) Clock 1 to IORQ 1 Delay 

53 TdCf(D) Clock 1 to Data Valid Delay 

"For clock periods other than the minimums shown in the table, 
calculate parameters using the following expressions. Calculated 
values above assumed TrC = TIC = 20 ns. 

Footnotes to AC Characteristics 

90 
a 

80 
a 

920" 

110 
100 
230 

Z80ACPU 
Min Max 
(us) (us) 

a 
100 
100 
90 
80 

90 
80" 

60 
a 

80 
a 

565" 
85 
85 

150 

Number Symbol Z80 zeOA zeOB 

Z80B CPU 
Min Max 
(us) (us) 

a 
90 

90 

80 

70 

80 
35"--

60 
a 

70 
a 

365"--
70 
70 

130 

TcC TwCh + TwCI + TrC + TIC TwCh + TwCI + TrC + TIC TwCh + TwCI, + TrC + TIC 

2 TwCh Although static by design, Although static by design. Although static by design, 
TwCh 01 greater than 200 /LS TwCh 01 greater than 200 JLS TwCh 01 greater than 200 JLS 

is not guaranteed is not guaranteed is not guaranteed 

7 - TdA(MREQI) - TwCh + TIC - 75 ---- TwCh + TIC - 65 ---- TwCh + TIC - 50 ----

to TwMREQh TwCh + TIC - 30 TwCh + TIC - 20 TwCh + TIC - 20 

II 
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TwMREQI 

TdA(IORQI) 

TcC - 40 

TcC - 80 

TcC - 30 TcC - 30 

TcC - 70 TcC - 55 

29 TdD(WRf) TcC - 210 TcC - 170 TcC - 140 

31-TwWR---TcC - 40-------TcC - 30 TcC - 30-------

33 TdD(WRI) TwCI + TrC - 180 TwCI + TrC - 140 TwCI + TrC - 140 

35 TdWRr(D) TwCI + TrC - 80 TwCI + TrC - 70 TwCl + TrC - 55 

45 

50 

TdCTr(A) TwCI + TrC - 40 

TdMlf(lORQI) 2TcC + TwCh + TIC - 80 

AC Test Conditions: 
VIH = 2.0 V 
VIL = 0.8 V 
VIHC = VCC -0.6 V 
VILC = 0.45 V 

VOH = 2.0 V 
VOL = 0.8 V 
FLOAT = ±0.5 V 

TwCI + TrC - 50 TwCI + TrC - 50 

2TcC + TwCh + TIC - 65 2TcC + TwCh + TIC - 50 



APPENDIX F •••• FLOPPY ERROR CODE 
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Table 8 STATUS REGISTER SUMMARY 

ALL TYPE I READ READ READ WRITE WAITE 
BIT COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK 

S7 NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY 

S6 WRITE 0 0 0 WRITE WRITE 
PROTECT PRO-iECT PROTECT 

S5 HEAD LOADED 0 RECORD TYPE 0 WRITE FAULT WRITE FAULT 

S4 SEEK ERROR RNF RNF 0 RNF 0 

S3 CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 0 

S2 TRACK 0 LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA 

S1 INDEX ORO ORO ORO ORO ORO 

SO BUSY BUSY BUSY BUSY BUSY BUSY 

STATUS FOR TYPE I COMIIANDS 

BIT NAME MEANING 

S7 NOT READY This bit when .set indicates the drive is not ready. When reset it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and logically 'orad' with MR. 

S6 PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRP'f 
input. 

S5 HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical "and" of 
HLD and HL T signals. 

S4 SEEK ERROR When set, the desired track was not verified. This bit is reset to 0 when updated. 

S3 CRC ERROR CRe encountered in 10 field. 

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track O. This bit is an inverted 
copy of the moo input. 

S11.NDEX ~n set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 

so BUSY When set command is in progress. When reset no command is in progress. 

STATUS FOR TYPE II AND III COMMANDS 

BIT NAME MEANING 

S7 NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and 'ored' with MR. The Type II 
and III Commands will not execute unless the drive is teady. 

S6 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a 
Write Protect. This bit is reset when updated. 

S5 RECORD TYPEJ On Read Record: It indicates the record-type code from data field address mark. 
WRITE FAULT 1 = Deleted Data Mark. 0 = Data Mark. On any Write: It indicates a Write Fault. This bit 

is reset when updated. 

S4 RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit is 
FOUND (RNF) reset when updated. 

S3CRC ERROR If S4 is set, an error is found in one or more 10 fields; otherwise it indicates error in 
data field. This bit is reset when updated. 

S2 LOST DATA When set, it indicates the computer did not respond to ORO in one byte time. This bit is 
reset to zero when updated. 

S1 DATA REOUEST This bit is a copy of the ORO output. When set, it indicates the DR is full on a Read 
Operation or the DR is empty on a Write operation. This bit is reset to zero when up-
dated. 

SO BUSY When set, command is under execution. When reset, no command is under execution. 
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TECHNICAL APPLICATION NOTES FOR THE SUPER QUAD SINGLE BOARD COMPUTER. 

In case of problems with the SUPER QUAD: these are two thing a customer 
may do: 
1. send the product back for warranty service(turn around time is 1 day) 
2. follow thw following notes and then if there are still no results do 

the first stepl 

1. If the board is totaly dead and won't communicate with the CRT, then 
do the following: 
a. check you power supply for 5,+,-12 volts. 
b. check pins 1,3,17 of the U53(BR1941) baud rate gen. for step type 

pulses.(if you do not see any thing on these- pins then replace the 
BR194l chip) 

I I I I I I 

c. Check your PS NET/I the serial port adapter cable for possible 
loss of + or - 12 volts or the 1488 chip. 

d. check pin 3 of U11(74ls11). there should be a positive going 
signal{about 5 volts) and when you press RESET you should see that 
pulse going to ZERO voltage. 

e. If the step d is OK then you have a problem with either on of the 
a or b or c • 

f. ~heck the 4MHZ clock signal 90in9 to pin 6 of the CPU. 

2. If there is a problem with the floppy disk controller part only and 
you think that the phase lock loop needs to be adjusted, then follow 
the folowing steps: 

a. This is done with the help of a dual trace scope. 
b. put one channel on the 4MHZ signallPIN 6 of the cpu chip) 

put the other channel on pin 7 of the U27(74sl24) and by tweeking 
the R26(pot) those two signals are supposed to lock. 

c. the above procedure is only recomended to engineeres or techriicians 
with experience of doing such things before. 

3. Make SUle the board is being properly cooled by a fan. 

4. The power consumption of the board is: 
+8v--- 1.8 amps max. 
+16---.4 amps max. 
-16--- .2 amps max. 

5. To ensure the proper operation of your floppy disk drives, make 
sure to put the termination resistor at the end of the cable. 

6. Reter to the softare manual for software problems. 
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Application notes to run TURBO-DOS operating system: 

If you have one of the early revisions of the SUPERQUAD check the following: 

1. pin 13 of the eTC should be hooked to +5V. 

2. R17 should be hooked to +5. 

3. for double sided drives, there should be a jumper from j3 connector 
to PlO bit3(PIO-29) 

4. IE3 1in2 (PIO-22) should goto uI8-9, on some older tev. boards its 
also going to pin 12 of u14. the place to cut would be on top of uS 
right above pin 20 there is a pad hole; the etch going north should be 
cut, then install a jumper from ul4-12 to ul5-6 
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application notes on how to interface the Measurement Systems Memory (DMB6400) 

to the SUPERQUAD. 

ON DMB6400 SET SWITCHES AS FOLLOWS: 
(TOGLE SWITCH ••• UP MEANS PRESS 'K) ME TO·P DOWN) 
51-1 DOWN,Sl-2 DOWN.Sl-3 DOWN, Sl-4 DOWN 

52-1,2,4,5 UP------S3-l,2 UP----$4-1,4 DOWN----S5-1,2,3,4,5,6,8 UP 

HEADER 1 SHOULD BE WIRED AS: PIN ITO 16,3 TO 9,7 TO 11,8 TO 10. 
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SUPER NET MODIFICATION ~HEET 

To run the SUPER aUAt) (Advanced Digl tal Corportion's S-10B single 
board computer) with tbe BSR 64/256 (PCE Systems' 256K RAM card) there 
are two ni 0 d 1 f i cat Ion s to be mad ~. to: the SUP E R GluAb. The fir s t 
modification (as described. below) Is to buffer the Z-80 refresh 
signal, and bring it to pin 66 of the 5-109 bus (see figure 1). 

1) Solder a wire from US0, pin 28 

(Z-S0) to U43, pin 14 (8T97). 2) 
US0 

Solder a wire from U43, pin 13 zeo 

(BT97) to pin 66 of the 5-1"" bus. 

Figure 1 
Th-e -s'ec'ona-mooi-fi'catfon-ne-eas-to-be-- - ----- --~-----.--...--~-- +5VDC­
done so that the RAM card c~n sense 
when the ze" is in a wait state. 
This is done by cutting the RA~ Jl 

RM6 

RFSH and FDC WAIT signals on the 
SUPER "tVAI> away from the inputs of HOLD ~-+ __ r--+ __ ~~B~U~S~R~E~ ___ Pin 25 

US6, and ANDING them and tying the 
result to PRDY of the 5-1"" bus XRDY 
(see figure 2). Because PRDY may be PRDY 
driven by a number of different 
cards, an open collector device is 
needed. For this purpose a 7409 is 
added to the board, as described 
below, at SPARE location US7. (2_DS)~R~A~M~~~~~_ 

• (4-C7)~~C~~~~----
Figure 2 

usa 

Pin 13 
)~-

U34 

1) Solder a 14 pin socket in location US7 for a 7409. 2) Solder a 

wire from RM6, pin 2 to US7, pin 1. 3) Solder a wire from the plated 

through hole located under U5S between pins 13 & 14, to US7, pin 1. 

4) So 1 d era wi ref rom U 5 7, pin 3 to U 56, 

pin 4. 5) Cut two traces located on 
. 

component side 'of, board between U56 and 

RM6 (see figure 3). 6) Install a 7409 in 

US7. 

',', f) C,- )./~ L c 

" ! I _ 

. /, > I 

" :~ J 

RM6 

CUT S ---'r-~ 

U56 
Figure 3 
, 
~-



12.0 Parts list 



SUPER NET parts 1 ist 

~~-~------------------------------------------------------~---------------Item I Part Number I Location on board I Quantity 
---------------1-----------------1---------------------I-------------~~---
1. I 74LS88 I U-ll I 1 
2. I 74S94 I U-6 I 1 
3. I 74LS04 I U-1S,U-34 I 2 
4. I 7406 I U-32 I 1 
~. I 7497 I U-l I 1 
6. I 74LS18 I U-41 I 1 
7 • I 74LSll I U-ll I 1 
8. I 74LS13 I U-47,U-56 I 2 
9. I 74LS14 I U-2 I 1 
1". I 74LS27 I U-35 I 1 
11. I 74LS32 I U-42,U-22 I 2 
12. I 7438 I U-14 I 1 
13. I 74LS74 I U-33,U-40 I 2 
14. I 74LS123 I lJ-3,U-4 I 2 
15. I 745124 I U-27 1 1 
16. I 74L5132 I U-16,U-39,U-46 1 3 
17. I 74LS138 I U-21,U-36 . I 2 
18. I 74LS139 I U-5 I 1 
19. I 74LS153 I U-28 1 1 
20 • I 74L517S I U-10 I 1 
21. I 74L5240 I U-S9,U-24 I 2 
22. t 745240 I U-68,U-69 I 2 
23. I 74LS244 I U-8 1 1 
24. I 74LS245 I U-44,U-S1 I 2 
25. I 74LS273 I U-17 I 1 
26. I 745287 (PROM) 1 U-49 I 1 
27. I 74LS373 I U-2S,U-30 I 2 
28. I 74L5374 I U-23 I 1 
29. I 74LS393 I U-12,U-7 I 2 
30. I MB4164-21 1 U-60 THRU u-67 I 8 
31. I Z-8QA CPU I U-S0 I 1 
32. I Z-80A PIa I U-9 1 1 
33. I Z-80A DARTlSIO)I U-S2 I 1 
34. I Z-80A eTC I U-37 I 1 
35. I WD-1793(8877) 1 U-26 I 1 
36. I WD-1691 I U-19 I 1 
37 • I WD-2143 I U-20 I 1 
38. I BR-1941 I U-S3 I 1 
39. I TTLDM-100 I U-S4 I 1 
4". I 2716 EPROM I U-29 I 1 
41. I 8T97 I U-43 I 1 
42. I 8T98 1 U-SS,U-lS 1 2 
43. 1 14 PIN HEADER 1 U-31 1 1 
44. I Lf4i323K VOLT. I VR1 1 1 
45. I 8.00" MHZ XTAL I Yl 1 1 
46. I 5.06 MHZ X'l'AL I Y2 I 1 
47 • I 16 PIN SWITCH I SW1 I 1 
48. 1 2N2222 TRANS. 1 01,Q2,04 I 3 
49. I 2N3ge6 TRANS. I 03 I 1 
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50. I 78L12 I Q5 I 1 
51. I 220 MH CHOKE I L1,L2 I 2 
52. I 4.7K SIP I RM1,RMl,RM7 I 3 
53. I 10K SIP I RM2,RM5 I 2 
54. I 33 OHM SIP I RM6 I 1 
55. I 220/330 SIP I RM4 I 1 
56. I 33 OHM DIP I RMa I 1 
57. I IN9l4 DIODE I CR2 I 1 
58. I 5.1 V ZENER I CRl I 1 
59. I 1"" MF CAP I C2 I 1 
68. I .1 MF CAP I I 21 
61. I 4.7 MF CAP I C6,Cl,Cll,C27,C281 8 
62. I 10K POT I R27,R28 I 2 
63. I 14 PIN HEADER I ·J4,J5 I 2 
64. I 58 PIN HEADER I J3 I 1 
65. I 40 PIN HEADER I J2 I 1 
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NOTICE 

Advanced Digital Corporation rON requires a Return Authorization 
Number for the return of any equipnent for repair or credit. This 
nurrber will be issued by the CUstater Support Departnent. Arr:l 
equipnent received without the Return Authorization Nuniber clearly 
marked on the outside of the package may be subject to significant 
delays in the repair process. 

Return Authorization Numbers are active for 30 days after they are 
issued. If the equipnent specified in the Return Authorization is 
oot received by Advanced Digital within this 30 day period signi­
ficant delays in handling the repair may be incurred. 

If the equipnent must be returned a second time, a new Return 
Authorization Number must be issued. Reuse of Return Authorization 
Numbers may result in delays in processing returns. 

Effective Novanber 1, 1981, repair of all kit and nonwarranty 
boards will be $70.00. This fee is subject to change without 
notice. 

Returns for credit will be subject to a 15% restocking charge. If 
material for credit was purchased through a dealer, Advanced Digital 
cannot issue a credit. Adjust:m:mt must be handled through the dealer. 
Other credit returns should have reference to the original invoice 
number. 

If you have any questions regarding special handling, packaging of 
the equipnent, or procedures for returning equipnent, please contact 
the Advanced Digital Corporation. 

The warranty on the super quad is one year fran the date of purchase. 


