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FD179X Application Notes

INTRODUCTION

Over the past several years, the Floppy 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 another with minimum hardware/ 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 Read/Write 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 controiler 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 LS!
Fioppy 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 5%" mini-
fioppy 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 included 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.

EMBER, 1980

SYSTEM DESIGN

The first consideration in Floppy Disk Design is to de- §
termine which type of drive to use. The choice ranges
from single-density single sided mini-floppy to the 8"
double-density double-sided drive. Figure 2 illustrates
the various drive and data capacities associated with
each type. Although the 8" double-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. If 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. If these times are not met, bytes of data will be
lost during a read or write operation. For each byte
transferred, the 179X generates a DRQ (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 DRQ Line
with DMA or interrupt schemes. When the data register
is read, both the status register DRQ bit and the DRQ
Line are automatically reset. The next full byte will
again set the DRQ and the process continues until the
sactor(s) are read. The Write operation works exactly
the same way, except a WRITE to the Data Register
causes a reset of both DRQ'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 'D2'. In the FM mode, the 8 bits of data are broken
up into “bit cells.” Each bit cell begins with a clock
puise and the center of the bit cell defines the data. If
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.

355

S
E
C
T
]

o]
N

N



S
£
M

L
o
i}

Y

in the MFM mode, clocks are decoded into the data
stream. The byte is again broken up into bit cells, with
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 Line, each of the five internal registers can
be accessed.

Shown below are the registers and their addresses:

PIN3|PIN6 [PIN5|  PIN 4 PIN2

cs [ A | A RE=¢ - WE=O

o | o | o [STATUS REG | COMMAND
REG

0| o 1 [TRACK REG | TRACK REG
o | 1 0 |SECTOR REG | SECTOR REQ

0| 1 1 |DATAREG | 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 INTRQ (Interrupt Request) Line is
reset. The User has the option of checking the busy bit
or use the INTRQ Line to denote command comple-
tion. The Busy bit will be reset whenever the 179X is

idle and awaiting a new command. The INTRQ Line, .

once set, can only be reset by a READ of the status
register or issuing a new command. The MR (Master
Reset) Line does not affect INTRQ.

The A,, A,, Lines 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 to a 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 = INTRQ =
0).

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

ERATION | NEXT DELAY REQ'D)
" | oPERATION
WRITE TO READ STATUS |MFM = 14us"
ICOMMAND REG | REGISTER FM = 28us.
RITE TO READ FROM A | NO DELAY
Y REGISTER | DIFFERENT REG

*NOTE: Times Double when CLK = 1MHz (5%" drive)

Other CPU interface lines are CLK, MR and DDEN.
The CLK line should be 2MHz (8” drive) or 1IMHz (5%”
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 Line should be strobed a
minimum of 50 microseconds upon each power-on
condition. This line clears and initializes all internaf reg-
isters and issues a restore command (Hex ‘03’) on the
rising edge. A quicker stepping rate can be written to
the command register after agﬁﬁ, 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 compatibie 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 Vi and Vo levels should be kept within spec.

MOTOR CONTROL

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

Other Control Lines include the TP 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 Line 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 | commands. All Type |
commands will execute regardiess 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 “"TFACK 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 5%"), 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 5%" 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,

357

check with the manutacturer for the proper configura-
tion required.
The amount of Precompensation time also varies. A
typical value will usually be specified from 100-300ns.
Regardless of the parameters used, Write Precom-
nsation must be done external to the 179X. When
DEEN is tied low, EARLY or LATE will be activated at
least 125ns. 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  LATE ACTION TAKEN
0 0  delay WD by 150ns (nominal)
0 1 delay WD by 300ns (2X value)
1 0  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-
em 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 the.01,.02
and #3 signals. The 5K Precomp adjust sets the de-
sired Precomp value. Depending upon the condition of
EARLY and LATE, 81 will be used for EARLY, 82 for
nominal (EARLY = LATE = 0), and #3 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 &4 output resets the 74LS175
Latch in anticipation of the next WD puise. Figure 7
shows the WD-EARLY/LATE 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 puise and the CLK pin, allowing a digital Precomp
scheme. Figure 10 shows such a scheme with a pre-
set Write Precompensation value of 250ns. The syn-
chronous counter is used to generate 2MHz and 4MHz
clock signals. The 2MHz 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, 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 untit it
reaches the Qp 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.
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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 puises 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 amplitier
recovery circuits all cause the RAW READ puises 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 puises 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, unti 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
misteading, 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 212 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 Qp 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 8MHz 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. Iif VFO CLK + 2 is lagging the
SHAPED DATA puise 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 occuriing 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 Time 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 puises 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 745124 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-
fully completed, the busy bit of the status register is
reset and the INTRQ line is forced high. Command ter-
mination may be detected either way. The INTRQ can
be tied to the host processor’s interrupt with an appro-
priate service routine 10 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
INTRQ line. This can cause an INTRQ 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 | 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 all 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 ID
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.

CRS CRC

TRACK SIDE LENGTH 1

SECTOR

CRC
2

The READ ADDRESS command as well as all other
Type |l and Type lii commands will not execute if the
READY line is inactive (READY = (). Instead, an in-
terrupt will be generated and the NOT READY status
bit will be set to a 1.
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FORCED INTERRUPT COMMAND

The Forced interrupt command is generally used to
terminate a multiple sector command or to insure Type
| status in the status register. The lower four bits of the
command determine the conditional interrupt as follows:

NOT-READY TO READY TRANSITION
READY TO NOT-READY TRANSITION
EVERY INDEX PULSE

IMMEDIATE INTERRUPT

i nwn

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 INTRQ
line will go high signifying that the condition specified
has occurred.

The conditionai interrupt is enabled when the corre-
sponding bit positions of the command (I, —I,) are set
toa1.lfl; —|, 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 DO).

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 (}; = 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 i; —I, = 0 must be loaded into
the command register in order to reset the INTRQ from
this condition.

More than one condition may be set at a time. I for
example, the READY TO NOT-READY condition (I, =
1) and the Every Index Pulse (I, = 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 and/or 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 generally results in de-
stroying portions or tracks of the diskette.
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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 X
1794 X X
1795 X X X X
1797 X X X X
s
E
c
T
i
0
N FIGURE 2 STORAGE CAPACITIES
2
UNFORMATTED BYTE FORMATTED
APACITY
CAPACITY (NOMINAL) | _2YTE CAPAC
SIZE DENSITY SIDES |PER TRACK| PER DISK TIME  {peg TRACK| PER DISK
5% SINGLE 1 3125 109,375 64us 2304* 80,640
5%" DOUBLE 1 6250 218,750 32us 4608 161,280
5% SINGLE 2 3125 218750 |  64us 2304 161,280
5%" DOUBLE 2 6250 437,500 32us 4608 322,560
8" SINGLE 1 5208 401,016 32us 3328 256,256
8 DOUBLE 1 10,416 802,032 16ps 6656 512,512
8 SINGLE 2 5208 802,032 32us 3328 512,512
8 DOUBLE 2 10,416 ] 1,604,064 16us 6656 1,025,024

*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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28400
Z80°CPU Central
Processing Unit

Ya

Product
Specification

March 1981

Features

B 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
Z80B, Z80A, and Z80 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 Z80 microprocessors and associated
family of peripheral controllers are linked
by a vectored interrupt system. This system
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—
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| e
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co.":g: ( ~«————J BUSACK [ P —

D3 tt——t- DATA
et CLK Do je—n ( BUS
el +5V Dg f——>
et GND Dg f—————t-

D7 f—n

Figure 1. Pin Functions

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

8 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.

B There are three modes of high speed inter-
rupt processing: 8080 compatible, non-Z280
peripheral device, and Z80 Family
peripheral with or without daisy chain.

® On-chip dynamic memory refresh counter.
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aa]s 3s[] A
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mEr u[J A
0 (s 30] A
os[]s 2[] A
D¢ 10 N Ay
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Do ] a2 [J Wi
o, [ s 26 ['] RESET
iNT [ 18 25 [} 8USREG
i [ uanTv
HALT [ 18 23 [} BUSACK
MREG (] 19 2] WR
i0RG [ 20 21{] AB

Figure 2. Pin Assignments

200i 0210, 0211



General
Description

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

INSTRUCTION
DECODER

+5V
GND -

CLOCK —»

TIMING
CONTROL

8 SYSTEMS 5CPU

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 by an
extensive family of peripheral controllers. The
internal block diagram (Figure 3) shows the
primary functions of the Z80 processors.
Subsequent text provides more detail on the
Z80 /O controller family, registers, instruction
set, interrupts and daisy chaining, and CPU
timing.

DATA BUS
INTERFACE

ALY

REGISTER
ARRAY

16-BIT
ADDRESS BUS

Figure 3. Z80 CPU Block Diagram
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280 Micro- The Zilog Z80 microprocessor is the central each of which has an 8-bit prescaler. Each
processor element of a comprehensive microprocessor of the four channels may be configured to
Family product family. This family works together in operate in either counter or timer mode.
most ?p.licatlitl)ns.witfh n_'nli.nirx_lum ;eqcl‘x;r.eme;x;s ® The DMA (Direct Memory Access) con-
f‘;;'_ ad "‘°“; °g’°f'f acilitating the design troller provides dual port data transfer
efficient and cost-effective microcomputer- operations and the ability to terminate data
based systems. . . transfer as a result of a pattern match.
Zilog has designed five components to pro- )
vide extensive support for the Z80 micro- @ The SIO (Serial Input/Output) controller
processor. These are: offers two channels. It is capable of
operating in a variety of programmabl
8 The PIO (Parallel Input/Output) operates in pe 9 Y 0! prog a .e
both data-byte /O ¢ od h modes for both synchronous and asyn
ta-byte /O transter mode (wit chronous communication, including
handshaking) and in bit mode (without Bi-Synch and SDLC
! ) -Synch an .
handshaking). The PIO may be contfig- .
ured to interface with standard parallel ® The DA.RT (Dual. Asynch.ronous Receiver/
peripheral devices such as printers, Transmitter) devn:ce provides .low‘ cost
tape punches, and keyboards. asynchronous serial communication. It has
L two channels and a full modem control
8 The CTC (Counter/Timer Circuit) features interface.
four programmable 8-bit counter/timers,
280 CPU Figure 4 shows three groups of registers foreground data processing. The second set of
Registers within the Z80 CPU. The first group consists of registers consists of six registers with assigned
duplicate sets of 8-bit registers: a principal set functions. These are the I (Interrupt Register),
and an alternate set (designated by  [prime], the R (Reifresh Register), the IX and IY (Index
e.g., A’'). Both sets consist of the Accumula- Registers), the SP (Stack Pointer), and the PC
tor Register, the Flag Register, and six (Program Counter). The third group consists of
general-purpose registers. Transfer of data two interrupt status flip-flops, plus an addi-
between these duplicate sets of registers is tional pair of flip-flops which assists in identi-
accomplished by use of “Exchange” instruc- fying the interrupt mode at any particular
tions. The result is faster response to interrupts time. Table 1 provides further information on
and easy, efficient implementation of such ver- these registers.
satile programming techniques as background-
MAIN REGISTER SET ALTERNATE REQISTER SET
A ACCUMULATOR F FLAG REGISTER A" ACCUMULATOR F'  FLAG REGISTER
] c 8 GENERAL PURPOSE C' GENERAL PURPOSE
1] E D' GENERAL PURPOSE € GENERAL PURPOSE
H L H' GENERAL PURPOSE L' GENERAL PURPOSE
8 BITS
18 BITS INTERRUPY FLIP-FLOPS STATUS
IX INDEX REGISTER IFF1 IFF2
1Y INDEX REGISTER 0 = INTERRUPTS DISABLED STORES IFF1
; 1 = INTERRUPTS ENABLED OURING NHi
SERVICE
SP STACK POINTER INTERRUPT MODE FLIP-FLOPS
PC PROGRAM COUNTER MF, MFy
1 INTERRUPT VECTOR R MEMORY REFRESH H O ERRuEy MoDEQ
1 ] INTERRUPT MODE 1
sorrs 1 1 INTERRUPT MODE 2
Figure 4. CPU Registers
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Z80 CPU Register Size (Bits) Remarks
Re g II.OI’l A X Accumulator 8 Stores an operand or the results of an operation.
(Continued)

F.F Flags 8 See Instruction Set.

B.B General Purpose 8 Can be used separately or as a 16-bit register with C.

(o o General Purpose 8 See B, above.

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

E.F General Purpose 8 See D, above.

H H General Purpose 8 Can be used separately or as a 16-bit register with L.

L. L General Purpose 8 See H, above.

Note: The (B,C), (D.E), and (H,L) sets are combined as follows:
B — High byte C — Low byte
D - High byte E — Low byte
H — High byte L — Low byte

I Interrupt Register 8 Stores upper eight bits of y add for vectored interrupt
processing.

R Refresh Register 8 Provides user-transparent dynami fresh. Automatically
incremented and placed on the address bus during each
instruction fetch cycle.

X Index Register 16 Used for indexed addressing.

Y Index Register 16 Same as [X, above.

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

PC Program Counter 16 Holds address of next instruction.

IFF,-IFF, 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 1. Z80 CPU Registers
Interrupts: __ The CPU accepts two interrupt input signals: B Mode 1 — Peripheral Interrupt service, for
General NMI and INT. The NMI is a non-maskable use with non-8080/Z80 systems.
Operation interrupt and has the highest priority. INT is a B Mode 2 — a vectored interrupt scheme,

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 0 — compatible with the 8080 micro-
processor.

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 Z80
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 (M1) cycle in
which IORQ becomes active rather than
MREQ, as in a normal M1 cycle. In addition,
this special M1 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 1 Interrupt Operation. Mode 1 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 (Ag) must be a zero. -

Interrupt Priority (Daisy 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 (IEI) and an interrupt
enable output line (IEO), which is fed to the
next lower priority device. The first device in
the daisy chain has its IEI 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 IEO line
to the next lower priority peripheral until it has
been serviced. After servicing, its IEO 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, IFF| and IFF,, 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 Z80 CPU Technical Manual and Z80
Assembly Language Manual.

Action IFF, IFF; Comments
CPU Reset 0 [¢] Maskable interrupt
INT disabled
DI instruction ] [ Maskable interrupt
execution INT disabled
El instruction 1 1 Maskable interrupt
execution INT enabled
LD Al instruction . . IFF, — Parity flag
execution
LD A,R instruction . . IFF) — Parity flag
execution
Accept NMI 0 IFFy [IFF; — IFF;
(Maskable inter-
rupt INT disabled)
RETN instruction IFFy o IFF, — IFFj at
execution completion of an

NMI service
routine.

Table 2. State of Flip-Flops




Instruction The Z80 microprocessor has one of the most O 16-bit arithmetic operations
Set pou{erful a'nd versatx.le lfxstruction sets O Rotates and shifts
available in any 8-bit microprocessor. It ) .
includes such unique operations as a block O Bit set, reset, and test operations
move for fast, efficient data transfers within O Jumps
emory or between memory and I/O. It a
memory - mory d It N lso' 0O Calls, returns, and restarts
allows operations on any bit in any location in
memory. O Input and output operations
The following is a summary of the Z80 A variety of addressing modes are
instruction set and shows the assembly implemented to permit efficient and fast data
language mnemonic, the operation, the flag transfer between various registers, memory
status, and gives comments on each instruc- locations, and input/output devices. These
tion. The Z80 CPU Technical Manual addressing modes include:
(03-0029-01) and Assembly Language O Immediate
Programming Manual (03-0002-01) contain
significantly more details for programming O Immediate extended
use. 0O Modified page zero
The instructions are divided into the O Relative
following categories:
. 0O Exte:
O 8-bit loads Extended
0O 16-bit loads O Indexed
O Register
O Exchanges, block transfers, and searches 9
. : . . . a ister indire:
O 8-bit arithmetic and logic operations Reqist direct
. . m] i
O General-purpose arithmetic and CPU Implied
control O Bit
8-Bit Symbalic Flags Opeods No.of No.of M No.of T
Load » op s z H PV N C 7653210 Hex Bytes Crcles Siates Comments
LDr ¢ T—r e o X e X o o o oL r r 1 1 4 rr .
Gto‘lp LDrn r~n e ¢ X o X o o o 00 r 110 2 2 7 00 B
—n - ol C
LDr, (HL)  r— (HL) e e X e X s s o O 10 1 2 7 010 D
LDr, (IX+d) r— (IX+d) e o X » X e e o 11010 DD 3 5 19 o E
ol r 101 10 H
—d - 100 L
WDr (AY+d) r— (Y+d) « o X e X s s o 1LLIII FD 3 5 19 n o A
o r 110
—-d -
LD(HL).r  (HL) —r e o X o X e o + OLII0 r 1 2 7
LD (X+d), r {(X+d) — r « + X ¢ X o s o 101N DD 3 5 19
01110 r
-d -
LDUY+dh.t  (Y+d) — ¢ * + X o X o e s 11NN FD 3 5 19
01110 r
-d -
LD(HLL n  (HL) - n e+ X o X o e o 0000 3 2 3 10
-
LD(IX+d).n (IX+d)— n o o X e X e o o 11 011 101 DD 4 S 19
00 110 110 36
-d —
Tas
LDAY+d.n  (Y+d) = n e + X o X o e s LI FD 4 s 19
00 110 110 36
-d -
N
LDA (BC) A - (BC) e o X o X e o s 0000100 A | 2 7
LDA (D) A - (DB) e ¢ X o X o o o 00000 IA I 2 7
LDA, () A — (nn) e + X o X o o o 0011100 3 3 4 13
—n—
n
LD(BC).A  (BC) - A e e X X e s o 0000000 02 1 2 7
LD(DE), A  (DE) - A e ¢« X o X e o o 000000 12 I 2 7
LD(n) A (nn) — A e « X e X e o o 0010000 32 3 4 13
—n—
A
LDA.1 A-1 1 1 X 0 XIFF O 110110 ED 2 2 9
01 010 111 57
LDA. R A-R 1 1 X 0 XIF O s 1I0II10] ED 2 2 9
o101 111 5F
LDL A 1-A e o X o X o o o 11 101 101 ED 2 2 9
01 000 111 47
LDR. A R-A e + X o X e e o 11101101 ED 2 2 9
01 001 111 4F

NOTES: r. r' means any of the registers A, B, C. D, E. H. L.
IFF the content of the interrupt enabte 1hp-tlop, (IFF)1s
copied into the P:V flag.
For an explanation ot flag notation and symbols for
mnemonic tables. see Symbolic Notatian section
toiiowing tables.
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16-Bit Load Symbolic Wo.of Mo.of M No.of T
Group i op s z H P/VN C 76548 210 Hex Bytes Cycles States Comments
LD dd, nn dd - nn o o X o X e o o 00 ddo 001 3 3 10 dd Pair
- n- 00 BC
—n- ol DE
LD IX, nn X - on e« o X e X e e o 110I1101DD 4 4 14 10 HL
00 100 001 21 1 osp
—n-
=
LD IY, nn I¥ — nn e o X s X e o o 1iLI0NFD 4 4 14
00 100 001 21
—n-
-
LDHL (nn)  H = (an+1) e ¢ X e X e e« o 001010102F 3 5 16
L - (nn) -n-
—n-
LDdd, ()  ddy — (an+1) e« o X e X ¢ o o 11101101 ED 4 6 0
ddf, — (nn) 01 dd1 011
—n-—
R
LDIX. ()  IXH ~ (nn+ 1) e ¢ X o X e ¢ e 11011101DD 4 6 20
X, ~ (nn) 00 101 010 2A
—n-
P
LDIY, (o)  I¥y — (an+1) e ¢ X e X o o ¢ 11111101FD 4 6 2
1Yy - (nn) 00 101 010 2A
—n-—
e n—
LD(nn), HL  (nn+1) ~ H e ¢ X e X e o ¢ 0010000022 3 5 16
(nn) — L —n-
—n-
LD (nn). dd  (nn+1) — ddy e« ¢ X e X e ¢ o 11101101 ED 4 6 2
{nn) — dd 0l ddo 011
en-
—n-
LD (on), IX  (nn+1) — IXy e« o X e X e ¢ o 110110DD 4 6 2
(nn) — IXg 00 100 010 22
—n-
P
LD (nn), IY  (nn+1) ~ I¥y e« ¢ X e X o o o IINIIFD 4 6 2
(nn) ~ I¥L, 00 100 010 22
—n-—
—n-
LDSP.HL  SP-HL e o X e X e e o 1111001 F3 1 1 6
LD SP, IX SP — IX e o X o X e o s LIOILIIDD 2 2 10
11 111 001 F9
LD SP. IY SP - 1Y e ¢ X o X e o o 1IN 2 2 10
11 111 001 F9 9 Pair
PUSH qq (SP-2) — qqr. e« o X o X e o s 11qq0lll 1 3 n 0 BC
(SP-1) ~ gy ol DE
SP ~ SP -2 10 HL
PUSH IX (SP-2) - IX e o X e X e ¢ s LIOLII}DD 2 4 15 11 AF
(SP-1) ~ IXg 11 100 101 E5
SP - SP -2
PUSH IY (SP-2) — IV e ¢ X o X o o o L UIIIFD 2 4 15
(SP-1) - IYy 11 100 101 E5
SP - SP -2
POP qq qaH ~ (SP+1) « ¢ X s X o o o 1lqq000l 1 3 10
qaL - (SP)
SP— SP +2
POP IX IXg — (SP+1) e o X e X o e e 110I1101DD 2 4 14
L — (SP) 11 100 001 E1
SP -~ SP +2
POP IY IYY ~ (SP+1) e o X e X o o o 1UII1FD 2 4 14
1YL, — (SP) 11 100 001 EI
SP ~ SP +2
NOTES: dd is any of the register pairs BC, DE, HL, SP.
qq is any of the register pairs AF, BC, DE, HL.
(PAIR)Y, (PAIR)|, refer 0 high order and low order eight bits of the reqister pair respectively,
eq..BC| = C. AFy = A
Exchange. EXDE,HL  DE - HL . . . e o « nHIQOLEB .1 1 4
Block EX AF, AF AF - AF e + X e X e o o 0000100008 I 1 4
EXX BC ~ BC' . . . e o o 11011001 D8 1 1 4 Register bank and
Transfer. DE - DE' auxiliary register
HL - HL' bank exchange
Block Search y(op) by 1 (spey) e o X e X o o o 1110001 E3 1} 5 19
Groups L - (sP)
EX(SP), IX  IXy = (SP+1) e ¢ X e X e o o 110I11IDD 2 6 b2
DXy - (SP) 11 100 011 E3
EX(SP)IY  IYf - (SP+1) e ¢« X ¢ X & o o HINIIFD 2 6 zn
IYL, - (SP) 11 100 011 E3
©
LDI (DE) — (HL) e ¢+ X 0 X t 0 e 110110E 2 4 16 Load (HL) into
DE - DE+1 10 100 000 A0 (DE), increment
HL - HL+1 the pointers and
BC - BC-1 decrement the byte
counter (BC)
LDIR (DE) ~ (HL) e« ¢+ X 0 X 0 0 s 11101100 ED 2 5 21 HBC #0
DE — DE+1 16110 000 BO 2 4 16  HBC =0
HL — HL+1
BC — BC-1
Repeat until
NOTE: @P/Vllcqiuﬂll the result of BC—1 = 0. otherwise P/V = |.
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Exchange. Symbolic Flags Opcode No.ot No.of M No.of T

Block M ! Op s 2 H PVN C 78 543 210 Hex Bytes Cycles States Commaents
Transfer, 0}
LDD (DE) — (HL) e ¢ X 0 X 1 0 e 11101101 ED 2 4 16
Block Search DE - DE- 1 10 101 000 A8
Groups HL - HL-1
(Continued) BC - BC-1
LDDR (DE) — (HL) e« « X 0 X 0 0 e 11101100 ED 2 5 21 HBC #0
DE — DE-1 10111 000 B8 2 4 16 BC = 0
HL — HL-1
BC — BC-1
Repeat until
BC = 0
@ 0]
CPl A - (HL) t 1 X 1 X 1t 1 e liloliolED 2 4 16
HL — HL+1 10 100 001 Al
BC — BC-1
0] (0]
CPIR A - (HL) t t X t X 1 1 e }l101101 ED 2 5 21 1 BC # 0 and
A + (HL)
HL — HL+1 10 (10 001 Bl 2 4 16 ¥BC = Oor
BC - BC-1 A = (HL)
Repeat until
A = (HL)or
BC =0
0} O]
CPD A - (HL) t 1 X t X ! 1 e 11161101 ED 2 4 16
HL — HL-1 10 101 001 A9
BC — BC-1
@ o
CPDR A - (HL) t 1 X ¢t X t 1 e 1110010l ED 2 5 21 1f BC # 0and
A % (HL)
HL - HL-1 10 111 001 B3 2 4 16 ItBC = Qor
BC — BC-1 A = (HL)
Repeat until
A = (HL)or
BC =0

NOTES: (D) PV Hlag is O if the result of BC- 1 = 0, otherwise P/V = 1.
@ 1ztlogis 1if A = (HL), otherwise Z = 0.

8-Bit ADD A, ¢ A-Ad+r f 1 X 1 X Voo 1 10y 1 1 4 t  Req
Arithmetic ADDA, n A-A+n 1t Xt XV o 1 110 2 2 7 0o B
% - 001 C
and Logical o B
Group ADDA,(HL) A — A + (HL) 1t 1t Xt XV 0 1 110 1 2 7 o E
ADD A. (IX+d) A — A + (IX+d) 11Xt X vVoo 1 100 DD 3 5 19 100 H
110 100 L
- 1 A
ADD A, (IY+d) A — A + (IY +d) t t X t X V o t il1iol FbO 3 5 19
10003 110
ADC A, s A - A+s+CY t ot X 1 X Voo 1t slsl;Evoll;.rg)
(HL), (IX+d).
SUBs A-A-s X o X VoL (I + d) a5 shown
SBCA,s A~ A-s-CY t t X t X v 1o for ADD instruction.
AND's A-AAs 1t X 1L X PO O Thel ‘"d‘c;: bits
replace ! JOOU} in
ORs A-AvVs t 1+ X 0 X P 0 O the ADD set above.
XOR's A-Aes 1 1 X 0 X P 0O
CPs A-s 1t X o1 X Vo1
INCr r—r+1 t 1t X t X V Q0 e 1 1 4
’ INC (HL) (HL) —(HL)+1 t t X t XV 0 e 1 3 11
INC(IX+d)  (IX+d) — t 1t X t XV 0o e lIOHMION DD 3 6 23
(IX+d)+1 00 110 [[09)
- d -
INC(Y+d)  (IY+d) — 1t t X t X V 0 e 11110l FD 3 6 px]
(Y +d)+1 00 110 [[09)
- d -
DEC m me-m-1 X ot X Vol [0 ' m is any of r, (HL),

(IX+d), (IY +d)
as shown for INC
DEC same format
and states as INC
Replace with
in opcode.
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General- Symbolic Flags Opoode Mool No.of M No.of T
P\lrpOlO Mnemonic Operation 8 2z H PVN C 78 543 210 Hex Bytes Cycles States Comments
DAA Convertsacc.content 1t 1 X | X P .o 00 100 111 27 1 1 4 Decimal adjust
Arithm.!ic into packed BCD accumulator.
cnd following add or
subtract with packed
CPU Control BOD eporand,
Groups cPL A-R& e« o X I X e ) e 0010111 F 1 1 4 Complement
accumulator (one's
) complement).
NEG A-0-A t t X 1 X V 11 11 101 101 ED 2 2 8 Negate acc. (two's
. 01 000 100 44 complement).
CCF CY - CY e ¢ X X X o 0 1 00 111 111 3F 1 1 4 Complement carry
flag.
SCF CY -1 2 ¢ X 0 X o 0 1 00 110 111 37 1 1 4 Set carry flag.
NOP No operation e o X o X e o o 00 000 000 00 1 1 4
HALT CPU halted e o X o X o o o 0l 110 110 76 1 1 4
DI IFF - 0 e o X o X o o 11110011 F3 1 1 4
El » IFF - 1 e o X o X o o o 11111 011 FB 1 1 4
MO Set interrupt e e X o X o o o 11 101 101 ED 2 2 8
maode 0 01 000 110 46
M1 Set interrupt e o X o X o o o 11 101 101 ED 2 2 2]
mode | 01 010 110 S6
M2 Set interrupt o o X o X o o o 11 101 101 ED 2 2 8
mode 2 01 011 110 SE
NOTES: IFF indicates the interrupt enable fiip-flop.
CY indicates the carry flip-fiop.
* indicates interrupts are not sampled at the end of El or DI.
16-Bit ADDHL.ss  HL — HL+ss e ¢ X X X e 0 1 00ssl 00 1 3 1 s Reg.
00 BC
Arithmetic ADCHLss HL-HL+s4CY t t X X X V O 1 11101101 ED 2 4 15 0l DE
u 0l ssi 010 10 HL
Gro P 11 SP
SBC HL, ss HL — HL-1s-CY 1t X X X v 11 11 101 101 ED 2 4 15
01 ss0 010
ADD IX. pp X ~IX + pp e ¢ X X X o 0 1 i1 011 101 DD 2 4 15 Reg.
01 ppl 001 % R;
01 DE
10 X
11 SP
ADDIY, rr I¥ —IY +rr e ¢ X X X o 0 1 11 111 101 FD 2 4 ] rr_Reg.
00 rrl 001 00 BC
01 DE
oIy
11 SP
INC ss ss — ss + | ¢ * X o X e o @ 00 ss0 011 1 1 6
INC IX X-IX+1 e o X o X o o o 11 011 101 DD 2 2 10
00 100 011 23
INC 1Y I¥ — 1Y +1 e ¢ X o X o o o 11 111 101 FD 2 2 10
00 100 011 23
DEC ss 85 — ss—1 o o X o X o o o 00 ss} 011 1 1 6
DEC IX IX - 1X-1 ¢ o X o X o o o 11 011 101 DD 2 2 10
00 101 011 2B
DEC IY ¥ —1Y-1) e o X o X e o o 11 111 101 FD 2 2 10
00 10! 011 2B
NOTES: 85 15 any of the reqgister pairs BC, DE. HL. SP.
pp 1= any ol the register pairs BC., DE, IX, SP.
115 any of the reqister pairs BC, DE. 1Y, SP.
Rotate and —
Shift Grou; RLCA [e¥] =51 . o x o x - 01 oowin o 4 Rotate left circular
1 P A accumulator.
RLA e o X 0 X e 0 1 00010 11 17 4 Rotate left
accumulator.
RRCA e« ¢ X 0 X * 0 1 00 001 i1l OF 4 Rotate right circular
accumulator.
RRA e« ¢ X 0 X e 0 1t 00 01 11l iF 4 Rotate nght
accumulator.
RLCr t + X 0 X P 0 1t 11001 011 CB 8 Rotate left circular
00000 r reqister r.
RLC (HL) t 1+ X 0 X P O 1t 11001 0i1 CB 15 ———H) : 3
00 000 110 001 c
RLC (IX+d) =0 1 ¢+ X 0 X P O 1t 11011 101 DD 23 ol £
r(HLY.(IX +d).(IY + d) 11001 O}l CB 100 H
- d - 0 L
00 000 110 1l A
RLC (1Y + ) 1t ¢+ X 0 X P 0O t t1 111 101 FD 6 23
11001 011 CB
- d - Instruction format
5 00 000 110 and states are as
RLm - 0 11 X 0 X P O 1 010 shown for RLC's.
mmsr (HL) (X +d).(IY + Q) To form new
[~ ] spcode replace
RRC m =31l v x o x 7 0 s oot 000 or RLC"s

mmr (HL).(IX +d} (1Y + d)

with shown cude
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Rotate and Symbolic Opeode No.ot No.of M No.of T
Shift Gtoup i Op s H PP/VN C 76 543 210 Hex Bytes Cycles States Comments
(Continued)
m : X 0 P01
mmr,(HL) (IX+d).(IY + d)
SLAm ° X o P 0 1
mumr,(HL)(IX +d).(IY +d)
SRA m “@ 1 X 0 P 0 1 107]
mar.(HL),(IX +d).(IY + &)
SRL m o 1 X 0 P O t i
mmr, (HL),(IX +d),(IY +d)
RLD X o P O e 11101100 ED 2 5 18  Rotate digit left and
Ol 101 111 6F right between
the accumulator
and location (HL).
RRD R _" 1 X 0 P 0 e 1101101 ED 2 5 18 The content of the
A D 01 100 111 67 upper half of
the accumulator is
unaffected
Bit Set. Reset bBiTb, - -7 X X 1 X 0 e 1100101 CB 2 2 8 r__ Reg.
and Test = o b 0B
BITb, (HL)  Z~ (HL) X X 1 X 0 e 11001CILCB 2 3 12 001 C
Group _ ol b 110 010 D
BiT b, (IX+d)p Z ~ (IX+d)p X X 1 X 0 e 110H1W01DD 4 5 20 ol E
11 001 01t CB 100 H
- d - 10 L
ol b 110 1 A
b Bit Tested
BITb, (IY +d)p, Z — ([Y+d)p X X 1 X 0 e 1111100 FD 4 5 20 000 0
11 001 011 CB 0! 1
- d - 010 2
0l b 110 o1l 3
100 4
100 5
110 6
ur 7
SETb, r -1 . X e » + e 1100IOIICB 2 2 8
b r
SET b, (HL)  (HL)p — 1 . X e e e o J100IOIICB 2 4 15
o b 110
SET b, (IX+d) (IX+d)p — 1 . X . « e e 1101101 DD 4 6 2
11 001 011 CB
- d -
M b 10
SETb, (IY+d) (IY +d)p ~ 1 . X o e o e 11111101 FD 4 6 23
11 001 011 CB
- d -
@b 110
RESb, m mp — 0 . X o o o o m To form new
m = r, (HL), opcode replace
(IX+d), [ of SETb. s
(¥ +dy with 0. Flags
and time states for
SET instruction.
NOTES:  The notation my, indicates bt b (0 10 7) or location m.
Jump 1P nn PC — nn . X e o o llOMOI C3 3 3 10
- n -
Group - n - cc Condition
JP cc, nn 1t condition cc is - X o o e 11 cc 010 3 3 10 NZ non-zero
true PC — nn, - n - 001 Z zero
otherwise - n - 010 NC non-carry
continue 0ll C carry
100 PO parity odd
101 PE parity even
110 P sign positive
Re PC - PC +e . X o e o e 00 011 000 18 2 3 12 111 M sign neqgative
-2 -
IRC. e HC =0 . X e e o o 00111000 38 2 2 7 If condition not met.
continue - e~2 —
KtC =1, 2 3 12 It condition is met.
PC — PC+e
JRNC, e HC =1, . X e e e e+ 00110000 30 2 2 7 Ii condition not met.
continue -e-2 —~
C =0, 2 3 12 It condition is met.
PC — PC+e
PZe izZ=0 . X o e s+ o 00101000 28 2 2 7 1f condition not met
continue - e-2 ~
Itz =1, 2 3 12 1f condition is met.
PC ~ PC +e .
IR NZ, e Hz =1, . X . e » + 00100000 20 2 2 7 It condition not met.
continue - e-2 —
tzZ =0, 2 3 12 [f condition is met.
PC — PC+e
1P (HL) PC — HL . X o e o e 110l 001 E9 1 1 4
1P (1X) PC - IX . X . e e e 11011101 DD 2 2 8
11 101 001 E9
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Jump Group Symbolic Flogs Opeode Mool Wo.of M No.ol T
(Continued) W Op 8 2 L YR C 78 543 210 Hex Bytes Cycles Siates Comments
P (Y PC 1Y e o X ¢ X o .0 o i o 2 2 8

11 101 001 E9
DINZ B-B-1 " * o X o X o o s (000000 2 2 8 HB=O
UB =0, - -2 -
continue
TR 2 3 13 uBso
PC —~PC+e

NOTES: ® represents the extension in the relative addressing mods.
® is a signed two's complement number in the range < -126, 129 >.
#~2 in the opcode provides an effective addrees of pc + e as PC is incremented

by 2 prior to the addition of e. i
Call and CALL nn (SP-1) ~ PCH e« o X o X e e o 1001100CD 3 s 17
(SP-2) — PCL, - n -
Return Group PC — mn A
CALLcc, nn I condition e o X e X o o o 11 cc 100 3 3 10 H cc is false.
cc is false - n -
continue, - n - 3 5 17 1f cc is true.
otherwise as
CALL nn
RET PCL ~ (SP) e e X ¢ X o o e 11000001 C9 1 3 10
PCH ~ (SP+1)
RET cc H condition e o X e X o o o 1] ccO00 1 1 S Ifecisfabe.
cc is false
continue, 1 3 11 If cc is true.
as ce Condition
RET . @ Ei non-zero
. 00! Z zero
RETI Retwumfom ' e .o X o X e o o 1IMIIED 2 4 14 O NC nomcamy
011 C carry
interrupt 01 001 101 4D 100 PO parity odd
RETN! Return from s o X e X e o o 11101101 ED 2 4 M 101 PE ba
parity even
non-maskable 01 000 101 45 110P sign positive
interrupt 11 M sign negative
RST p © (SP-1) — PCy e« o X e X e o o 11t 1 3 ET R
(sP-2) - PO 5 oom
PCH - 0 001 08H
PCL~P 010 10H
o1l 18H
100 20H
101 28H
110 H
111 38H
NOTE: 'RETN losds IFF3 ~ IFF)
Input and INA, (n) A-m + o X o X e e o npOUOIDB 2 3 1 nwAg- A
’ - n - Acc. to Ag ~ Ajs
Output Group . r—(C 't X 1t X P O e 110010ED 2 3 12 CtloAg- A7
if r = 110 only the 0l r 000 Bto Ag -~ Ajs
flags will be affected o
INI (HL) ~ (C) X t X X X X 1 e 111001001 ED 2 4 16 CloAg ~ A7
B~B-1 10 100 010 A2 Bto Ag ~ Aj5
HL — HL + 1
INIR (HL) = (O) X 1 X X X X 1 e 111001100 ED 2 5 21 CtoAg ~ A7
: B ~B-1 10 110 010 B2 (1f B#0) BtoAg ~ A5
HL — HL + | 2 4 16
Repeat until ({B=0)
B=0
(0]
IND (HL) — (C) Xt X X X X 1 e 11100110ED 2 4 16 CloAg ~ A7
B~B-1 10 10i 010 AA Bto Ag ~ Ajs
HL ~ HL~1
INDR (HL) — (O) X 1 X X X X 1 e 11101100 ED 2 5 21 CtoAg ~ A7
B ~ B-1 10 111 010 BA (1t B#0) Bto Ag ~ A}
HL — HL-1 2 4 16
Repeat until (i B=0)
OUT(LA (n)—A e ¢ X e X s o s 1101001 D3 2 3 1 nto Ag ~ A7
- n - Acc. to Ag ~ Aj5
OUT(C).r (C)=—r e« ¢ X e X o o o 11101101 ED 2 3 12 CloAg ~ A7
0l r 001 Bto Ag ~ Als
o
outi (C) ~ (HL) X t X X X X 1 e 1110110 ED 2 4 16 CtoAg~ A7
B~ B-! 10 100 011 A3 BtoAg ~ Ajs5
HL - HL + 1
OTIR (C) — (HL) X 1 X X X X 1 e 11101100 ED 2 5 21 CtoAg - A7
B-—B-1 10 110 011 B3 (1 B#0) BtoAg ~ Ajs5
HL — HL + 1 2 4 16
Repeat until {{B=0)
B=0
o
OoUTD . (C) — (HL) X t X X X X 1 e 11101100 ED 2 4 16 CtoAg ~ A7
B~ B-1 10 101 011 AB Bto Ag ~ Ajs
HL — HL-1

NOTE: () If the result of B~1 is zero the Z flag is set, otherwise it is reset.
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Input and Symboltc Opcode No.of No.ot M No.of T
o‘“p“. Gfo“p l‘ O 8 z H PVN C 78 543 210 Hex Bytes Cycles States Comments
(Continued) OTDR (©) ~ (HL) X 1 X X X X 1 e« 11100101ED 2 5 21 CtoAg ~ A7

B-B-l 10 111 011 (I B0) Bto Ag ~ Ajs

HL — HL-1 2 4

Repeat until (fB=0)

B=0
Summary of Dy Do
Fl g Instruction s 2z B PPV N C Comments
OP.m‘on ADDA, s ADCA, s t ¢t X t X vV 0o 1 8-bit add or add with carry.

SUBs; SBC A, s; CP s; NEG t t X t X VvV 1.1t 8-bit subtract, subtract with carry, compare and negate accumulator.

AND s t t X I X P 0 O }

ORs. XOR s t + X 0 X P 0 O Logical operations.

INCs ' t X 1 X V 0 8-bit increment.

DECs H t X 1 X vV 1 e 8-bit decrement.

ADD DD, ss e ¢ X X X e 0 1 16-bit add.

ADC HL, ss ' 1t X X X Vv o0 1t 16-bit add with carry.

SBC HL, ss t ¢t X X X v 1 1 16-bit subtract with carry.

RLA, RLCA, RRA; RRCA e e X 0 X e 0 1 Rotate accumulator.

RL m; RLC m; RR m; t ¢+ X 0 X P 0 1 Rotate and shift locations.

RRC m; SLA m;
SRAm; SRL m

RLD: RRD 1 1 X 0 X P 0 o Rotate digit left and right.

DAA 1 t X 1t X P e 1 Decimal adjust accumulator.

CPL e e X 1 X o 1 . Complement accumulator.

SCF e« o X 0 X e 0 I Setcary.

CCF e e X X X e 0 1 Complement carry.

INr(C) o t 1 X 0 X P O Input register indirect.

INL IND, OUTL; OUTD X 1 X X X X 1 ) e o

INIR; INDR: OTIR; OTDR X I X X X X 1 .} Block input and output. Z = 9 if B # 0 otherwise Z = 0.

D rrrexrLe :} Block transfer instructions. P/V = 1 il BC # 0, otherwise P/V = 0.

CPI; CPIR; CPD: CPDR X 1+ X X X 1 1 = Block search instructions. Z = 1 it A = (HL), otherwise Z = 0. P/V = 1

if BC # 0, otherwise P/V = 0.
LDA, L, LDAR 1t ¢+ X 0 X IFF 0 = The content of the interrupt enable flip-flop (IFF) is copied into the P/V flag.
BITb. s X X 1 X X 0 o The state of bit b of location s is copied into the Z flaq.
Symbolic Symbol Operation Symbol Operation
Notation S Sign flag. S = 1 if the MSB of the result is 1. 1 The flag is affected according to the result of the
A Zero flag. Z = 1 if the result of the operation is 0. operation.
P/V Parity or overflow flag. Parity (P) and overflow . The flag is unchanged by the operation.
(V) share the same flag. Logical operations affect 0 The flag is reset by the operation.
this flag with the parity of the result while 1 The flag is set by the operation.
arithmetic operations affect this flag with the X The flag is a "don't care.”
overflow of the result. If P/V holds parity, P/V = ) P/V flag affected according to the overflow result
1 if the rezult of the operation is even, P/V = O if of the operation.
result is ... 1. If P/V holds overflow, P/V = 1 if P P/V tlag affected according to the parity result of
the resu!' :* the operation produced an overflow. the operation.

H Half-cai: - "iag. H = 1 if the add or subtract r Any one of the CPU registers A, B, C, D, E, H, L.
operatic: +--oduced a carry into or borrow from s Any 8-bit location for all the addressing modes
bit 4 of - - accumulator. allowed for the particular instruction.

N Add/Sui ' ict flag. N = 1 if the previous opera- ss Any 16-bit location for ail the addressing modes
tion was - -ubtract. allowed for that instruction.

H&N HandN - 3sare used in conjunction with the ii Any one of the two index registers IX or IY.
decimai st instruction (DAA) to properly cor- R Refresh counter.
rect the At into packed BCD format tollowing n 8-bit value in range < 0, 255 >.
addition  subtraction using operands with nn 16-bit value in range < 0, 65535 >.
packed - ) format.

C Carry/Li  flag. C = 1 if the operation produced
acarry b n the MSB of the operand or result.
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Pin
Descriptions

Rg-A;s. Address Bus (output, active High,
3-state). Ag-A)s form a 16-bit 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, IORQ,
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, data bus, and control signals
MREQ, IORQ, 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-D7. Data Bus (input/output, active High,
3-state). Dp-D7 constitute an 8-bit bidirectional
data bus, used for data exchanges with
memory and I/O.

HALT. Hait 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 NOPs to
maintain memory refresh.

INT. Interrupt Request (input, active Low).
Interrupt Request is generated by I/O devices.
The CPU honors a request at the end of the
current instruction if the internal software-
controlled interrupt enable {lip-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). IORQ indicates that the lower
half of the address bus holds a valid /O
address for an I/O read or write operation. _
IORQ is also generated concurrently with M1
during an interrupt acknowledge cycle to indi-
cate that an interrupt response vector can be

placed on the data bus.

M. Machine Cycle One (output, active Low).
M1, together with MREQ, indicates that the
current machine cycle is the opcode fetch
cycle of an instruction execution. M1, together
with IORQ, indicates an interrupt acknowledge
cycle.

MREQ. Memory Reguest (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 I/O device. The
addressed /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 0. 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 1o the system's
dynamic memories.

WAIT. Wait (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 /O location.




CPU Timing

The Z80 CPU executes instructions by pro-
ceeding through a specific sequence of opera-
tions:

@ Memory read or write
B 1/O device read or write
B Interrupt acknowledge

The basic clock period is referred to as a
T time or cycle, and three or more T cycles
make up a machine cycle (M1, 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.

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 Chip Enable to dyna-
mic memories. When active, RD indicates that
the memory data can be enabled onto the CPU

T Tz Tw

data bus.

The CPU samples the WAIT input with the
rising edge of clock state T3. During clock
states T3 and T4 of an M1 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.

f \ y ]
e RWAWRWAW RN
1 7; @.'
Ao-As pc ’.’ )( REFRESH ADOR
LTy
MRE! vy / i
— © 9
L Py 3
o g e
WAIT | y 7_] LY
-®
W]\ ” ) 4
- @ G| 1 ~®

)v

ALID DATA

I

Lo

NOTE: T,,-Wait cycle added when necessary for slow ancilliary devices.

v

Figure 5. Instruction Opcode Fetch
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CPU Memory Read or Write Cycles. Figure 6 bus is stable, so that it can be used directly as

Timing shows the timing of memory read or write a Chip Enable for dynamic memories. The WR

(Continued) cycles other than an opcode fetch (M]) cycle. line is active when the data bus is stable, so
The MREQ and RD signals function exactly as that it can be used directly as an R/W pulse to
in the fetch cycle. In a memory write cycle, most semiconductor memories.

MREQ also becomes active when the address

T2 Tw T3

NAWAWAYAY

cLock -/-_\
+®~
A

Ao-Ays

Za oS fm
V’ED ADDRESS L. X
— o |
T -+ @ .
__ s
MREQ | —F _— /

*J/‘ED, T .

-

wair
— — @
I
ﬁ vyl £ Lo
! o o
READ | _.l® |
OPERATION — =@ @~ I+ 1~
Do-Dy % /777 s e VALID
A AR s /L DATA
-~ @
| "\
L3
b_-_ ’ - @
WRITE 4_@—’._@__1
OPERATION
S5
[ S — " oataour

Figure 6. Memory Read or Write Cycles
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Input or Output Cycles. Figure 7 shows the

CPU inserts a single Wait state (T,,). This extra Wait
Timing timing for an I/O read or /O write operation. state allows sufficient time for an 1/O port to
(Continued)  During I/O operations, the CPU automatically decode the address and the port address lines.
T2 Tw Tw Ty
cxoex j \ [\ /) [ )
® =7 )
=}
Ao-A — VALID PORT ADDRESS ':ﬁ X
’1-7) g () -
4@ O '.@
0 e @-»l 2
waw O:l J/“' )
@ —sH(a)-—
RO 3 pye o
"o kb .1 -
. Iy . gl
Do-D7 ; &( ‘;’r,; DATA
+® o
WR L 1 -] @Lq-
'Rl:": ‘@_: @
OPERATION .
[ R —— ’:' DATA OUT —

NOTE: T+ = 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 M1 cycle is generated.

During this M1 cycle, IDRQ becomes active
(instead of MREQ) to indicate that the inter-

rupting device can place an 8-bit vector on the

data bus. The CPU automatically adds two
Wait states to this cycle.

0 Ty T2 Tw: Tw: Tw T3
S AYAYAVAVA VAV AN
L, krsd
Y
® 5
Ao-A1s PC 5’;
1 ® ’ ®
wo | ) " Vi

7

—ol D) |- - @ e

ioRa @ »”
I A—— - "q-@ - (8
WaTT /7 \
’ - ‘—@
- 4—@ @., e
Do-D7 m, £ ﬂ, '; VALID DATA C

NOTE: 1) T = Last state of previous instruction.

2) Two Wait cycles automatically inserted by CPU(").

Figure 8. Interrupt Request/Acknowledge Cycle

2 °

2005-884, 885



Non-Maskable Interrupt Request Cycle.

CPU
Timing NMI is sampled at the same time as the .
(Continued)  maskable interrupt input INT but has higher

priority and cannot be disabled under software
control. The subsequent timing is similar to

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).

T LAST T TIME T T2 T3 " Ta Ts I
WAVAWAVAWAWAY AW
______ | ® U (U A (St PR
m _______ N JR— SN g S U R U U (O R —— R T e mMmsm
@ @ e
Ag-As B PC |REFRESH
_.@{f @ =
m /
, - ®
o= -® - @ |
_‘®l* o =
L3 \‘ )I
@
- I S

* Although NMI is an asynchronous input, to quarantee its being
recognized on the following machine cycle, hMI’s falling edge

Figure 9. Non-M

kable Interrupt Req

must occur no later i . the rising edge of the clock cycie

preceding T AST-

t Op - “ion

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, IORQ, RD, and WR

lines to a high . npedance 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.

’/",

-
ao-Ars ’ FLOAT <_—
1 J e
" FLOAT
Do-Dy {h_
-~ @ @
gl ” FLoAT *1
ioRa,
-~ ®
w
- @ |
wa

WALY

UNCHANGED

NOTE: Tp = Last state of any M cycle.

Figure 10.

Tx = An arbitrary clock cycle used by requesting device.

Bus Request/Acknowledge Cycle

20050218, 886
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Halt Acknowledge Cycle. When the CPU

CPU
Timing receives a HALT instruction, it executes NOP
states until either an INT or NMI input is

(Continued)

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

1 -

] }

Ta Ty T2

HALT

T3

' T T2

}[,‘@_______

Ta

Hait instruction i
Received

NOTE: INT will also force a Halt exit.

o

*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

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).

S AYAYAWRAWAYRWAY
LI FC
= [y —
-
- ®t
- 7 75~ ,
"_"—:‘_—:{ V//////4 ) W

Figure 12. Reset Cycle
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AC k 80 CPU Z30K CPU Z80B CPU

Charac- Min Max Min Max Min  Max
teristics Number Symbol . Parameter (ns) (ns) (ns) (ns) (ns) (ns)

1 TeC 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 TIC Clock Fall Time — 30 — 30 — 20

§ — TrC ~————— Clock Rise Time 30 30 20

6 TdCr(A) Clock ! to Address Valid Delay — 145 — 110 — 9

7 TJAMREQf)  Address Valid to MREQ 125*  — 65 — 3B —

| Delay

8 TACHMREQf) Clock | to MREQ | 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° — 2200 — 135*  —
12 TdCHMREQr) Clock ! to MREQ ! Delay — 100 — 85 — 70
13 TdCH(RDf) Clock | to RD | Delay — 130 — 95 — 80
14  TdCr(RDr) Clock 1 to RD 1 Delay — 100 — 85 — 70
15 —TsD(Cr) Data Setup Time to Clock ! 50 35 30
16  ThD(RDr) Data Hold Time to RD 1 — 0 — 0 - 0
17 TsWAIT(Cf) ‘WAIT Setup Time to Clock | 70 — 70 — 60 —
18 ThWAIT(Cf) ‘WAIT Hold Time after Clock | — 0 _— 0 — 0
19  TdCr(Ml1f) Clock 1 to M1 | Delay — 130 — 100 — 80
20 — TdCr(Mlr) Clock 1 to M1 t Delay 130 100 80
21  TACr(RFSHf) Clock ! to RFSH | Delay — 180 — 130 — 110
22 TdCr(RFSHr) Clock ! to RFSH t Delay . 150 — 120 — 100
23 TdCHKRDr) Clock | to RD t Delay — 10 — 85 — 70
24  TdCr(RDf) Clock 1 to RD | Delay — 100 — 85 - 70
25 — TsD(CY) Data Setup to Clock | during 60 50 40

M;, M3, My or Mg Cycles

26  TJA(IORQf) Address Stable prior to IORQ §  320° — 180* — 1100 —
27  TdCr(IORQf) Clock ! to IORQ | Delay — 0 — 75 —_ 65
28 TdCHIORQr) Clock ! to TORQ t Delay — 110 — 85 — 70
29  TdD(WRf) Data Stable prior to WR | 190* — 80+ — 25 —
30 — TACHWRf) —— Clock | to WR | Delay 90 80 70
31 TwWR WR Pulse Width 360* — 220° — 135*  —
32  TdCHWRr) Clock | to WR t Delay — 100 - 80 — 70
33  TdD(WRf) Data Stable prior to WR | 20° — -10* — -85* —
34  TdCr(WRf Clock f to WR | Delay — 80 - 65 - 60
35 — TdWRr(D) Data Stable from WR 1 120* 60* 30*
36 TACHHALT)  Clock ! to HALT t or | — - 300 — 300 — 260
37  TwNMI NMI Pulse Width 80 — 80 — 70 -
38  TsBUSREQ(Cr) BUSREQ Setup Time to Clock 1 80 — 5 — 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 . Z80 CPU

Z80A CPU Z80B CPU

Charac- . Min Max Min Max Min Max
teristics Number Symbol Parameter . (ns) (ns) (ns) (ns) (ns) (ns)
(Continued) 39  ThBUSREQ(Cr) BUSREQ Hold Time after Clock I 0 — 0o — -
40 — TdCr(BUSACKf)-Clock ! to BUSACK | Delay 120 100 90
41  TdCHBUSACKr) Clock | to BUSACK 1 Delay — 110 — 100 - 9
42 TdCr(Dz) Clock 1 to Data Float Delay — et} — 90 — 80
43 TdCr(CTz) Clock 1 to Control Qutputs Float — 110 — 80 —_— 70
Delay (MREQ, IORQ, RD,
and WR)
44 TdCr(Az) Clock ! to Address Float Delay — 110 — a0 — 80
45 —TdCTr(A) Address Stable after MREQ 1, 160" 80* 35*
IORQ !, RD 1, and WR 1
46  TsRESET(Cr) RESET to Clock ! Setup Time % — 60 — 60 —
47  ThRESET(Cr)  RESET to Clock ! Hold Time — 0 — 0 - 0
48 TsINTH(Cr) INT to Clock t Setup Time 80 — 80 — 70 —_
49 ThINTr(Cr) INT to Clock | Hold Time — 0 — 0 — 0
50 — TdM1{(IORQf) — M1 | to IORQ | Delay 920* 565 365*
51  TdCHIORQf) Clock | to IORQ | Delay — 110 — 8 - 70
52 TdCH(IORQr) Clock ! to IORQ 1 Delay — 100 — 85 — 70
53 TdCH{D) Clock | to Data Valid Delay — 230 — 150 — 130
*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
Number Symbol 280 Z80A Z80B
1 TeC TwCh + TwCl + TrC + TIC TwCh + TwCl + TrC +TiIC TwCh + TwCl + TrC + TIC
2 TwCh Although static by design, Although static by design, Although static by design,
TwCh of greater than 200 ps TwCh of greater than 200 s TwCh of greater than 200 us
is not guaranteed is not guaranteed is not guaranteed
7 — TdA(MREQf) — TwCh + TiC - 75 ~—————— TwCh + TiC - 65 TwCh + TiC - 50
10 TwMREQh TwCh + TfC - 30 TwCh + TIC - 20 TwCh + TiIC - 20
11 TwMREQI TcC - 40 TeC - 30 TcC - 30
26 TdA(IORQf) TcC - 80 TeC - 70 TeC - 55
29 TdD(WR{) TeC - 210 TecC - 170 TcC - 140
31 — TwWR TcC - 40 ——————— TeC - 30 TcC - 30
33 TdD(WRHf) TwCl + TrC - 180 TwCl + TrC - 140 TwCl + TrC - 140
35 TdWRr(D) TwCl + TrC - 80 TwCl + TrC - 70 TwCl + TrC - 55
45 TdCTr(A) TwCl + TrC - 40 TwCl + TrC - 50 TwCl + TrC - 50

50 TdMI{IORQf) 2TcC + TwCh + TIC - 80 2TcC + TwCh + TiC - 65

2TcC + TwCh + TiC - 50

AC Test Conditions: VoH = 20V
Vig = 20V VoL = 08V
ViL =08V FLOAT = 05V
ViHc = Vcg 06 V
ViLc = 045V
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Table 6 STATUS REGISTER SUMMARY

ALL TYPE) READ READ READ WRITE WRITE
BIT | COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK
S7 |NOT READY NOT READY NOT READY NOT READY [NOT READY |NOT READY
S6 [WRITE (1] 0 ] WRITE WRITE
PROTECT PROTECT PROTECT
S5 {HEAD LOADED [} RECORD TYPE 0 WRITE FAULT |WRITE FAULT
S4 |SEEK ERROR |RNF RNF 0 RNF 1]
S$3 |CRC ERROR |CRC ERROR CRC ERROR 0 CRC ERROR 0
S2 |TRACK 0 LOST DATA LOST DATA LOST DATA |LOST DATA LOST DATA
St |INDEX DRQ DRQ DRQ DRQ DRQ
S0 _|BUSY BUSY BUSY BUSY BUSY BUSY E
b
i
STATUS FOR TYPE | COMMANDS X
BIT NAME MEANING 2
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 ‘ored’ with MR.
56 PROTECTED Wh"pmen set, indicates Write Protect is activated. This bit is an inverted copy of WhPT
input.
S5 HEAD LOADED | When set, it indicates the head is loaded and engaged. This bit is a logical “and” of
HLD and HLT signals.
S4 SEEK ERROR | When set, the desired track was not verified. This bit is reset to 0 when updated.
S3 CRC ERROR CRC encountered in 1D field.
S2 TRACK 00 When sel, indicates Read/Write head is positioned to Track 0. This bit is an inverted
copy of the TROO input.
St INDEX :I_'l’lhemgm set, indicates index mark detected from drive. This bit is an inverted copy of the
S0 BUSY When set command is in progress. When reset no command is in progress.

STATUS FOR TYPE Il AND {1l 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 il
and Il Commands will not execule unless the drive is ready.

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

On Read Record: It indicates the record-type code from data field address mark.
1 = Deleted Data Mark. 0 = Data Mark. On any Write: It indicates a Write Fault. This bit
is reset when updated.

S5 RECORD TYPE/
WRITE FAULT

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.
S3 CRC ERROR It S4 is set, an error is found in one or more ID fields; otherwise it indicates error in

data field. This bit is reset when updated.
When set, it indicates the computer did not respond to DRQ in one byte time. This bit is
reset to zero when updated.

This bit is a copy of the DRQ 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.

When set, command is under execution. When reset, no command is under execution.

S2 LOST DATA

St DATA REQUEST

S0 BUSY
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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 step! '

1. 1f 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 US53(BR1941) baud rate gen. for step type
pulses.(if you do not see any thing on these pins then replace the

BR1941 chip)

I 1 I 1 I 1

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 Ul1(741sl1l). 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. 1f the step d is OK then you have a problem with either on of the
a or bor c .

f. check the 4MHZ clock signal going to pin 6 of the CPU.

2. 1f 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 signal (PIN 6 of the cpu chip)
put the other channel on pin 7 of the U27(74s124) and by tweeking
the R26(pot) those two signals are supposed to lock.
c. the above procedure is only recomended to engineeres or techn1c1ans
with experience of doing such things before.
3. Make sure 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:

1f you have one of the early revisions of the SUPERQUAD check the following:
1. pin 13 of the CTC 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 PIO bit3(PI0-29)

4. 1E3 1in2 (P10-22) should goto ul8-9, on some older rev. boards its
also going to pin 12 of ul4. the place to cut would be on top of u8
right above pin 2@ 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 (DMB64060)
to the SUPERQUAD.
ON DMB640@ SET SWITCHES AS FOLLOMWS:
(TOGLE SWITCH...UP MEANS PRESS T® THE TOP DOWN)
S1-1 DOWN,S1-2 DOWN.S1-3 DOWN, S1-4 DOWN
82-1'2'4'5 UpP-=———-- 53-112 UP""”S4"1'4 DOWN‘---SS-1'2'3'4'5,6'8 Up

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

To run the SUPER @uAp (Advanced Digital Corportion's S-1¢0 single
board computer) with the BSR 64/256 (PCE Systems' 256K RAM card) there
are two modifications to be made to - the SUPER Quadb. The first

modification (as described below)

is to buffer the 2z- 89 tefresh

signal, and bring it to pin 66 of the S-190 bus (see figqure 1).

'E R va3
1) Solder a wire from U598, pin 28 ﬁgﬁl 13 ‘ 14 28
8T97

(z-88) to U43, pin 14 (8T97). 2)
Solder a wire from U43, pin 13

(8T97) to pin 66 of the S-100 bus.

The second modification needs to be

done so that the RAM card can sense
when the 1288 is in a wait state.
This is done by cutting the RAM
RFSH and FDC WAIT signals on the
SUPER &uyAb away from the inputs of
Us6, and ANDING them and tying the
result to PRDY of the S-198 bus
(see fiqure 2). Because PRDY may be
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 US57. 2-ps5)2AM _RESH
e ' §4 C7;FDC WALT

. Jl

Figure 1

usg
Z80

Jl

HOLD [74 :

+5VDC

RM6

BUSREQ Pin 25

XRDY | 3

usa
> US6

PRDY |72

U57

4 .
ts1)6 Pin 13

=l =
o

¥ u34

X

Figure 2

1) Solder a 14 pin socket in location U57 for a 7489. 2) Solder a

wire from RM6, pin 2 to U57, pin 1.

through hole located under US55 between pins 13 & 14,

4) Solder a wire from U57, pin 3 to

3) Solder a wire from the plated

use6,

pin 4. 5) Cut two traces located on

component side'bﬁ board between US56 and

RM6

RM6 (see figure 3). 6) Install a 7499 in CUTS

us7v.

W ,),/:[C f;/Q i 4 (t» . ;//

-

useé

(A CL‘\Q 27

to U557, pin 2.




12.¢ Parts list

-—— -



SUPER NET Parts list

- — - — - ————— - - - —— - - - . - S W G > = " - .- _D W - = - = o> - -

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
213.
24.
25.
26.
27.
28.
29.
30.
3l.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
2.
43.
44.
45.
46.
47.
48.
49.

Pt et Pt bt P g P gt et et b pt D e P o Pt et P e et et Pt et Pt g ot e P bt P et Pt e B ped P e Pt g (et e et g Pt et P e Bl e bt

- — - - - - e - —

74LS00
74s04
74LS04
7406
7407
74L8180
74LS11
74LS13
74LS14
74LS27
74LS32
7438
74L574
74LS123
745124
74LS132
74LS138
74LS139
74LS153
74LS175
74152490

u-32
u-1

U-41
u-11

u-2
U-35

U-42,U-22

u-14

uU-33,U-40

u-27

uU-16,U-39,U-46
U'ZI,U‘36.

u-5
u-28
u-10

745240
74LS5244
74LS245

Uu-59,U-24
u-68,U-69
u-8

U-44,U-51

74LS273

745287 (PROM)
74LS373
74LS374
74LS393
MB4164-20
Z-80A CPU
z-80A PIO
Z-80A DART(S10)
Z-80A CTC
WD-1793(8877)
WD-1691
WD-2143
BR-1941
TTLDM-100

2716 EPROM
8T97

8T98

14 PIN HEADER
LM323K VOLT.
8.000 MHZ XTAL
5.86 MHZ XTAL
16 PIN SWITCH
2N2222 TRANS.
2N39¢6 TRANS.

u-17
u-49

u-23
U-12'U-7

U-60 THRU U-67

u-50
u-9

u-52
u-37
U-26
u-19
u-20
U-53
u-54
u-29
u-43

U—SS,U-IS

u-31
VR1
Yl
Y2
SWl

Q1,02,04

Q3

Pt ) P et e et e N P et P et P et b et e e = O NNV NN~ NWE DN N N e N



50.
Sl.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.

Pt et Pt P et et e et e

78L12

220 MH CHOKE
4.7K sIp

16K SIP

33 OHM SsIP
220/330 SIP
33 OHM DIP
1N914 DIODE
5.1 V ZENER
106 MF CAP

.1 MF CAP

4.7 MF CAP
16K POT

14 PIN HEADER
50 PIN HEADER
40 PIN HEADER

et Pt et bt gt P g P Pt B el Pt et o et

Q5 1
Ll,L2 ) ¢
RM1,RM3,RM7 1
RM2,RMS 1
RM6 ¢
RM4 1
RMS 1
CR2 I
CR1 1
c2 I

1
c6,C3,C19,C27,C281
R27,R28 1
'J4,35 1
J3 1
J2 1

= N N 00 b bt bt et b et b DD WD N



13.¢ Schematic diagram

e > ——



8 7 | 6 | 5 J 4 | 3 2 1

REVISIONS

zoNe | LTR] DESCRIPTION [ oare [ approveD

5 ~)
“o<}” . 21| AD5B
L5504 - AT
+5 s o FK
t+5
: e S I YR
— &0
(@-C@) (1-83) (2-06) B2 9 ———lm__—_’“ 30 AQ .Y B o 0 NA2 17} e e BAZ 81 RO-AID (o a3\3-co)(3-Cafe-cO)
(1.00) (109K 5| ue3 4 2 3 Al N A 7 10 D1 N_A3 4 BA> 3
(c-0 8 LOBEQ. 1 aro1 |2 20 22 42 AL o] (1t D7 M 1a] L9273 s e A4 15,
(2.08) (2-A1) MREQ 3 2 19 2% A3 __A> 5 uzs 3 D3 N_A5 8 2 BB A lig
(2:97) (3 08) il 8 27 MM i 4 4___D4 NAG 18 9 Bre A g
39 A5 \_AD 3l 2710 % D5 [ Y & BAT / len|BAT
1 15 506 AQ NAo 2 o 00
31 A7 N_A1 1 17 ] 1 " BPSTVAL A?Z 1 5 SIOCS  (3.pe)
8 A8 \_A8 25 ; (2L N__A> 2 14_PIOCS _3-co)
- 10 A9 A9 12 n A4 E) LI (W (o S
(3092808 o S a0 Al NI 12 _AB 4] is BAg salBns AS 4 138 LZ__FQLLLf“e)
(e NML___ ' AW P6 OE C5 A2 7] o BO 34 N Ao 5
5 (LoD 16| 280 2 A2 —Ti5TiE N_AlD 3 LA pe "
T a2gr g2 op Covmmr [ FR—TY l N RS T o Lo &
23S 92 04 Sw (2-m)_RFSH 28 5 M5 — M 17 [PRCTIERN Ls0a
HC‘L_E 14 Led—ib ] 2 EUSREQ 25 SME2%7) _ A4 4] LBAM\ & (2-87) MI' U}"Z
BAYS
U4 " 08 Al 13 12 37 ’BAI%
ROY | 51 use L504 PRI » ON BOARD /0
PRDY {72 ‘t o1 )5 ! 2. | 2 07 (2-cap BAB-BAD )
z s 3 ]
1 D4 htl
(1 D4 ] \
2 05 )
- RAM RFSH 12— Do o B | 2 10 | Mo
(2-p5) BTN | % D7 D! 5
FOCWATT 02 1 o i
(4-C7)LDE WAIT —=c— 23 15 AO 1 4
J— iz 70 J v B ) 2 59
(2-c2) WA L5374 — Al u
4 1 12 o RD val el BEv=F
05w 15 @ (108 == — 9 15138 R DRV SEL  (oes
e 4 e ©3 9 1310 & © 14]
01 e 19 | az3 s 1 [2 BANK SW (3.83)
R — ] ol . > 11 FOC_DRQ \
RESET (+-08) (a-c7
=g N\ ) T = —
S
(2-.c5)>08) (4-07M)
BUSACK TN 08-D7 D0 z 95| DI® A VR
(20 BUSACK DI ] 3 94
D2 1o 4 44 M out
\_D3 1| ust 5 42 *ev 5', Yooy T |323% e oY
868145.co) 04 | L3245 [o o1 0w T 1" T
. 5 \—B_ZT—J(} 75 92 &ND |i00 — 4 s
—— E J2 | S ZAE—— S 93
PINT %\—5:-0.]” \ ~ D1 ] 2 4»| D17 50 +lev
Qs
Vie |4 o) 1 — Po o] o—1 A N our
5 4 10 4 No gy 2 T HoV | 2 -9 28L12 THZV
o el g 14 slrRmi "o B2 o— 1m lo;EL é:g‘
8 n? 6 K ce
23 ul 15244 [6 0 gio/ o i T | T
9 1 18 Ho 850 o— 1 L R .
10 15 5 ) LN %J o— 437 D 12 8 % | DO@ %
Vi | 0 3o Eo 5107 o NI 9 s
3 2 1 | 07 3 5 A -6V 32— -lev
A 17 D3 14 U4t e 89
D45l L5245 |5 8 ~
E:SK D5 10} 4 39
De !
2] ale] o o] 4| 5| 3 - AAA- +5 07 2 40 S Of DESCRIPTION | |
© Rz 1 5 RI7 " 8 92 % PARTS LIST
| o caarpBN_| | d T 7o L peeEE R R L 00
10K | ’ b 9 o +5 J\m { TOLERANCES ARE: s SUPER QUAD S-l BOARD
6 Bz\m P va9 0 P FIiACTlONS S’ECIMALS iNGLES
TR PROM . ) * o, = APPROVALS DATE
IN2222 ('z»sz)(;.,;)?TA%N___}_ g J1-23 : . e 'c’::;’"sgsc, DESIGNS _ |I9-81 ADVANCED DIGITAL CORP
V1 =] “S— - K
ci5 Ji-46 1
uis i (wen SoUTaEse B oI SCHEMATIC
504 p—
iy L . FINISH SIZE | CODE IDENT NO. [DRAWING NO. REV
(3u>—l:—2[>o———-—
NEXT ASSY USED ON i {D A
APPLICATION DO NOT SCALE DRAWING SC; ISHEET { oF 4
7 | 6 \ 5 f 4 3 2 ! 1




| 7 6 5 ! 4 3 2 1
REVISIONS
zoNE | LTR] DESCRIPTION | oate [ approven
| I
260 ¢ 2 U4z
(3-B1) (1<) 3
fo Rea sz 2808
(1-08) B RAM RFSH 2 1 - - "
4 (l-(_% I T I ‘[ I
2 0 3 a 6 12 U39 1 1 1 1 1 1 1 1
- Ohr WD 330
1574 5| he Pt @2 RIM WR_ a| L Jn |2 A ver Ve Ues ues Ue3 ve2 ve! 2 ueo
AN MREQ ap) B34 2B o
u4o —————————=——(\-D8) (2-81) 5 4 4
eV vaz RA7 o, e o g
504 C SMEMR BA6_ 10 5 13 13
5 6 ' (532 Y 2-67) CRAS 1 o 10 !
— RM 2 5 s " 11
RD {1-D8) BAY 3 /:)/vt- 4 1z 12
RA2 14 ® 3
ng;?)i 105 RM s 2 7 1
___ RAG o 5 5
s [ty e 39 g
(2-a0 B PSYNC 500 ol
uso 10 L5137)D (-4 - 7 ] T 14 7 W z 1 7 14 z @ 7 G 7 i
iy y . _
1574 = oa D1 ’_DTJ "_DTI D4 D5 D) Bl
(2c2) 3 i L5y 2207 )
’ C L3 1, )
° (3-D8) ‘5
o 6| 70BN deod i
L500
. (3-82) CLR vl 4
280 % \ (3-8) = uz gla M ¥
PSTVAL a H)U ¢ 5?‘(5_5‘“5 (Z-CB)J;—lQ> %6 3 Lsi )8 2p Qf2
A o) (1-C9
04 > uze a U2 NDA® 2| Uee 1&_RAB 15393 U3z
12} 30 ° 5| 1500 )08 PWR (457, NET 5 RM
L574 10) 1372 NBAZ 4 16 RAZ %L“
A _ BA3 5§ >o | V) us4 )y WAIT
L WR (108 NBM ¢ 14 RA4 TTL-D Ma0o| (e8]
a2 PSJVLGL 13 U8l N-DAD 13 7 RAS IN 20 60
RA-3 55 5y , Z e BAb 8| L5240 [z RAb, T
I +5 I 2 L9510 (2-B7 N_BAT 1 S Ra14
NMT (1) 2 NML (1CD) 45 — [ —_—
PRESET |19 PRESET (».54) ( 08, [ ] 1500 12 SINTA 287
RWZ ‘5 L ! 5 U4t 2] IT rsT
o UA in s ¢ 90T 5.5) sy "
94 U4 8798
N 7 ®O RAMEN o3 78 AR 2] uss
55 loo 7439 2 6 POC 5. 54) LS4 BAB 2| 18_RAQ PHANTOM 10 s
clock lao ol US o | 2MUz(s.69 ——"{>o'°— NCICHET BEPP EWTY )
2 s| 8796 |y U6 \BA1B 4] 16 RAZ ' RESH 13228
& |2 pawRIT BAl 15 5 RA3 5 Us6 ‘ .5
P*E('z.em P BA1 6 2 RAq e IAG Lsi3z pl
MWRITE |6& "o 6-: 9 2 & LsS32 2205 BAY3 4 Ljé'}'a g T +5
o N 13 15240 1 RAS 4
RMD 5 vaz R33 BAM4 g 12_RAG / 87138
" i {‘} SINP_(5.c0) 476§ (BA1S ) S _RA7 2 3
oDSe 16 o = T ;g' 7 () !
! —_ U469
LS04 T
5MI {44 2 5o “‘l‘_‘ﬁmﬂ“("c”’ )| By/L5132
SINP |40 14 6____(2-ce)) 2|
18 2 FACT (1-¢7
SWTA |56 2 o o SWTR,, T P Rt
SMEMR [47 le 14 SMEMR (c5 )(2.00) Ls27 {4
SMEMR (o 5| 15240 [is D, ED Ut
s0UT {45 [ 12 SOUT (2-80) o 4 REQ (. 0g)
2208 R3o . 3 RFSH (;{Q
2-Cl
: 2200 (2-60-RAMEN H a3 >: 6 (
.82} PHANTOM B -0
[P_QELN_(\-M) R31 (282 l QTY I CODE l PART OR NOMENCLATURE I
PwE | sl Uza Lz PWR 420) REQD | IDENT IDENTIFYING NO OR DESCRIPTION l
P5TVAL |25 35 u;—-——’f%%-“'m) 4TpE== oo ATpf UNLESS OTHERWISE SPECIFIED CONTRACT NO. s
PSINC |10 5 o [F— R ) s L] SUPER QUAD S-100 BOARD
T - FRACTIONS IMAL
PHLDA| 2 ? 3 BUSACK _(1.57) = gf:: Poaes | apprOVALS DATE
L5240 = ORAWNASG DESIGNS [1149-81
v MATERIAL o ADVANCED DIGITAL CORP.
SCHENMATIC
FINISH SIZE | CODE IDENT NO. [DRAWING NO. REV
NEXT ASSY USED ON i i D A
APPLICATION DO NOT SCALE DRAWING s [sHeer 2 oF 4
REORDER NO. 20505 7 6 5 4 3 2 1




8 | 7 | 6 5 I 4 3 2 1

RESET REVISIONS
%T ZONE | LTR] DESCRIPTION [ oate [ approveo
(4-po) DG—D\?\ \
15 \ JOREQ
] 32
+5 +5 14 +5 ~_ l-' 5
l +? 12 2 +5 —40 24
-6 12
Dd 40 2 D® 19 18 1 | aroy Dg 25 7 ' rErE Y 1 Mg
DLy u 5 ot 0 u 3 |A5TR® ot %} yzr |2 2
D2 » 12 4 D2 ! 15 5 | PA@ D2 27 22 3] un 2 BAUDA
D3 2 18 5 D3 40 " 1 { Pat D% 18 8 4
D4 ) 19 ® D4 w| U9 13 5 | Paz D4 1 0 2 9
L. D5 3 17 7 D5 38 12 v | Pa3 D5 2 ;L_) 2 )
Do 37 10 8 Do 3 10 13 | PA4 D& 7 - 2 1 8 INTRQ ‘\A-(ﬂ
D-‘ 4 14 D7 1 9 15 PAS D7 Aa ’48 6 "
1<2)—SI0-C5 %51 usz 18'3 8— EY 6 17 |PAG ——] CIC=LS _(-c2)
RSP Wi BT 2 10 20 | 4 o D 1 |PAT ] B —1 1 2 e L iD
(3co)(18)—ML_____ 8] 40— 5 — EROMISLIACHD R 2 S W £ 21 | BRDY AR AT o ;
(> cmy_ID__EQ_J_ J4 | BD 3o - 17 13| BSTRB (ue)—INT—-——- CR—
(3-co—RD ’E\ 2% P G-crced INT 23 o ) Q-¢ 5 17 RESET +5
(3-co_INT 5 e 22 2 a-c)PRI-Z 24 9 8@ 4 15| 2ecB X
(3co_PRI-L__el 8 29 3 (S—A7)_&L~3__& rd 1 B o +5 s
(3-PRL2 1| Qg 26 4 (3c0) Z8O® 25 BBz Py 51p-5 = 3 3k
(1-€1) (3.(@)M____ a 23 5 [ ){A@—_ﬁ_ 0 B 10
FE] 2% ® 103 _M 5 3 B4 12 POWER FAIL al T1
(+03){ a1 wl 3 | 7 25 1 MI IN2222 Rll
NCB N 11_% 2) 5 RESET _ 2 Ul 3 Bo 10 b .8K [\/\l
[ _ LB 123 34 &7 18 AAA 9 1 14+8
NC — \ +5 14 I, | LM INTITL
— )
+2 12} (3-08) 20 [ 6 02
%7;1 -6 —{13 %}1 2
10 B e 24
3-B7 504 CRI
Y?*_ ) % BV e |
8 (4-83) POWER FAIL - j
BAUD A | %0 ’ B +1 g NN |
o L5904 10.mE
1) 4 ysa |u e0g o] SWr ], 25V TANT
BDA 5 3 BD1 19 2 \V4 L J (2o BOC s 504 l
BD2 ) 2 s B2 1 3 Ul ae7 sz \8 5 - !
_B0> 7 8 BD3 12} 4 (2. %)Przesr:r _ B i 3 ®  2D8) (zedy :
BD4 | BR1943 |12 eD¢ 13 3 B [E— QRZ‘?):L RI3 ;
BD5 15 B " BDS 1a 8 +5 8 +5 &7 ol YT 5
PG 14 " BDo 15 7 27K 410 I Y ;
B0 13 BD1 16| 8 . L5%93 8 !
é n ' r
‘ — v c R 7 A
L |_| EEEEREE BANK SW_ (1-m2) 7603, o
0 l 10K |~—' +5 c" vl‘n 7438
" EXQ:EGMH 0/ 8o oS wc IMHZ A
. z RMB N__ D& 17y g6 _RESETTMP(-cs) +5 TMHZ ) osVioB
D5 aly U7 ghs PROMEN (.40 o (a-05)(2-67)
D4 13
03 Y 3L5275 gi NC 13 . 9 RBMEN RN RM3 T
DZ 1 qle 12| ves *
D e}
Dl¢ 3)p ols 1] 1153 vie 3 3 EE] BHANTOM
v 2 10] 15 H _—
D 9 A8 Q(‘-}Pz iz PROMOR
144 2 (-A&\(I-B5)(1-CE)
|-ge BAI4 BAIS .32
z\-c‘s) -c3)
QTY [ copE ] PART OR NOMENCLATURE I |
REQD | IDENT IDENTIFYING NO. OR DESCRIPTION
PARTS LIST
UNLESS OTHERWISE SPECIFIED ICONTRACT NO.
TOLERANCES ARE: TS SUPER QUAD S-100 BOARD
FRACTIONS  DECIMALS ANGLES
* ;(:X * = APPROVALS DATE
VATERAL 5:2::&56 DESIGNS [iI18-8! ADVANCED DIGITAL CORP.
SCHE MATIC
—[FiNisH SIZE | CODE IDENT NO |DRAWING NO. REV
+ {D A
NEXT ASSY USED ON .
APPLICATION DO NOT SCALE DRAWING S Jsueer 3 of 4
R g 7 6 5 T 4 3 2 I 1




8 7 6 | 5 ! 4 3 2 1

REVISIONS
20NE | LTR] DESCRIPTION ] oate | approveD
[
ce
eo—A—— 45
474§ R4
1 15 33K D
a[z ®
‘o3 o TMHZA by (g7
—05
e I 44 | MHZ
MOTORON"
U4 vV | %o RM4
CLR 02
X - o! 5 —H 220/330 |2
ve ) I3
|74 L514 6| 4] 537 5 —
: 6 5
(1-86)—20-D1 2y 32 @<}5 ~ 22| READY
+5 2 2 2 Ty
20 Uzt 35 i) 20| INDEX
34 42 | TRACKO
;6 441 WRITE PROTECT
;’Z 1 PP N S
| 22 M
15122 Lots
16 2 e It 46| READ DATA
o " u3
o 20 ; A / uz
S 14 14
g 2 ¥5
1 192 1 > [
2 5] Lo . 5] U%° zapf 10K g 2 | WERD 2/Tkaz
N 2 5] WD 9l uze |8 4o o 24| TKA3
1 4 7] 2143 U-to u \0 . 14| BEAD 2
(rc) FRCWAIT | i n - " 7 s ‘{>,\«,_ & 18 | READ LOAD
18 18 %) |7|_]\8 3 4 34| DIRC
TOCORA 33 8 © o 131 7400 |2 28 | WRITE DATA
(1-82) 2 0 S 20 +vE I} o 22DuH ! z 0| 3TEP
— » B 10 | Lol celcr L2
FDC-C5 16 cig SR22 47 uF 1
tren RESE] Q7 uf S22 e °
” . :
(1-87)(3-D8) RESET s > {9 ouf uF s
ke R :
5 R27 5 10 L5123 o
c2 RI 10 K U3 M
100uF 330K 220 mH Uz 2
Y =) CLR a
A : T ”
i
= 15 MOTORON® e |—H—l——'\/\/\/— +5 \V4
va ads 7 o i Ui
L1z =T o .Oluf 10K 5
s _
o 2401 RI6|  Tasgs us2-1l (5<4)_ POWERFAL 4| 4% 401 WRITE GATE
wR 9 ua ) alz_n 10 C‘Z-('J_'OK 3| L5124 /o
10 CLR = g‘
(z-n)(z-ce) 5 ff LI us 1A =1 8 2% ]| D50
" 0 2 A 5 l 2 2| 091
L5115 |4 3 ch.ﬂB 6 3] 7407 |4 30| D52
1 5 6 37 {321 D053
l >° -
v =
DRV 5eL hd 1 |
eo) DRVSEL 9]
s
r0 M —_—
48| MOTOR ON
3¢ L
QY CODE PART OR NOMENCLATURE
REQD IDENT IDENTIFYING NO. OR DESCRIPTION
PARTS LIST
UNLESS OTHERWISE SPECIFIED CONTRACT NO.
DIVENSIONS ARE N INCHES SUPER QUAD S-100O BOARD
FRACTIONS  DECIMALS ANGLES
83 XX = APPROVALS DATE
= PRAWNASG DESIGNS 11198
MATERIAL 1 ADVANCED DIGITAL CORP.
SCHEMATIC
FINISH SIZE | CODE IDENT NO. |DRAWING NO REV
I {D
NEXT ASSY USED ON A
APPLICATION DO NOT SCALE DRAWING SCAY [sHeeT 4 of 4 ]
B S 8 r 7 6 5 T 4 3 2 1




| ? | ) | s 4 'y
(4§ P2
1016 [ |
8 rxo
TS| 7 A s | o
75168 q:]
5T|8 2 l > ‘;_Si
Ul 166 ¢ & oSt
T38| 5| &cTs %8 OTR
IRXD e
5189A
| 3 | g | TR A0SR
1 ! ‘.QJ_PF
53R 2 | BOR _ (M.
R0 4|80 P _{Aa]saseTy omp
SA-t e LNDL 9 —3, l' 1
POwER SNDJIOF—- - 1 :_i __A’t) POWER GND
-1§voc |12 ——§+1HvDC B L
18voc 13— 16vDC
*SvoC 4 AR $+5 vOC
-—-‘ -
RN (l—[JI] [E).I{-n_
o\ I— 1 § ?‘I @
“a8LiL Y9LI2 i
DBass 2 ) ] \ ’
R 3
T ] ; 3 14 piAd
T —————— 3 e P
B —]
f : .
" ) d v2 -
f':‘ﬁ_!‘ : ] E S 8: @
T o/,
: ENG. H/A
fzj | Zo-/-81
PS Qeap/ x
7
- 3 v 5 < HD:’/?V(ED » FALY:




[ I
s PAs 1Y 2
7 74LS | 13
9 244 4
[ T [ I's
13 é
s [ 4
17 ! 8
19 . BD7 9
oK
a;i pB¢. . Bus; —
o st {0
9. 2 | 240 [ sslect——
3 3 s i
33 ; ‘é - AERHLE T
i s 37 s P SOV SO
137 PRAME "
317 STRogE" | _
ps F 35
EVEN PINS ]
G ND
363K
3
s B
iof-r8”
PSqaAd/ PAR

3-25-82

—» To PRINTER

DB-25 on
REY-C RanR



]

WARRANTY NOTICE

Advanced Digital Corporation now requires a Return Authorization
Number for the return of any equipment for repair or credit. This
number will be issued by the Customer Support Department. Any
equipment received without the Return Authorization Number 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 equipment specified in the Return Authorization is
not received by Advanced Digital within this 30 day period signi-
ficant delays in handling the repair may be incurred.

If the equipment 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 November 1, 1981, repair of all kit and norwarranty
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. Adjustment 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 equipment, or procedures for returning equipment, please contact
the Advanced Digital Corporation.

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



