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Gt Features -
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This card provides a collection of functions important to a computer system, Included are:

1. A ROM monitor (optivnalj. The ROM may be either an Intel-type 2716 or an Intei-tyye
2732. It resides near the end ot memory, as determined by either the usual 16 address lines,
or by 20 address lines (extended addressing). it can drive PHANTOM to allow a merncry

poard to overlap, and it can be dlsabled wuth an output command.
S R LR 4 e

. 2. A serial communication port. Includes' RS-232 drivers and full handshaking.
software-controlled baud rate generator allows almost any conceivable data rate,

3. A paralle! input port. Latched and with full handshakmg, this port can provrde +SV or +8V
to power an external device (such as a keyboard). e
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4. A parallel output.port. Full handshakmg is provrded with an output that may be statlcally
-latched and drwmg at all t|ms or conftgured for 3-state output whxch al!ows btdlrectxonal
'operataon. R A ST s "

5. A vectored mterrupt control!er. Provides 15 level of vectored interrupts, expandable to 64

througn ‘slave’ controllers on other cards (such as our Multiport Serial card). Includes
complete interrupt support for 8080, 8085, 280, and 8086 microprocessors.

6. Two general-purpose timer/counters. Each is 16 bits wide. One may be combined with the
time-of-day clock to count days.

7. A time-ot-of day clock. Time of day is kept in 24 -hour format to 0.01 second. Power to
run the clock may be provided from an external source, such as a battery, to keep the clock
running when computer power is off. If time of day is not needed, the clock may be used as
two general-purpose 16-bit timers,

8. A ‘sense switch® input port. Simply allows reading the setting of an 8-position DIP switch
for the purpose of setting software options or configuration informations

Each of these functions are controlled by a block of 16 /0 ports. The upper 4 bits of the 8-bit 1/0
address are compared with a switch setting ta enable the board as a whole; the lower 4 bits select
the particular function on the board.

Summary of Switches and Jumpers
St

Positions 1, 2, 3, and 4 of S1 set the highest 4 bits of the I/O port address (the low 4 bits
select a particular function on the board). Position 1 sets A7, position 2 sets A6, 3 sets AS,
and 4 sets A4, CLOSED represents a one, OPEN a zero.

Positioh 5 enables or disables the ROM socket. Closed enables the ROM, open disables it.

Posm{)’n 6 controls extended addressing of the ROM. When closed 20 address bits are used
and ‘the ROM resides at either FFOOOH or FF800H depending on Jumper ADD and Jumper ROM.,
When open, only 16 address bits are used, and the ROM resides at FOOOH or F800H.

Positions 7 and 8 control the wait state generator. To disable any wait states, open position
8 (position 7 doesn't matter). To always insert one wait state for both memory and 1/0,
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close position 8 and open position 7. In systems in which pin 98 of the 5-100 bus indicates
processor speed, such as the SCP 8086 cru board, closing both positions 7 and 8 will enable
a wait state only when the processor is at high speed. Generally, wait states are not needed
in 8080 and £80 systems; SCP recommends a wait state only when used with our 8086 CPU at

8 MHz.
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The 8 posmuns or 52 can be read by the LPU by mputtmg from port BASE+15, (BASE is the
I, address set on S1.) Positions 1 through 8 are read in bits 0 through 7, respectively.
CLOSED will be read as a one, OPEN as a zero. The SCP 8086 Monitor will automatacally
voot the dxs« ammedxately arter baud rate selectmn if bit 0 is a one,

JUMPER PWR. CUT. - Four pins of the parallel input connector |3 are used to provide power to the
input device. ]umpermg PWR OUT to +8 selects unregulated 8V directly from the 5-100 bus as the
power supply, PWR GUT to +5 selects regulated 5V at SOOmA.
e oywer —f.v, Y ."*:--'-.

JU\dPtR DTR berlal output data is enapled only when Data Termmal Ready, pin 20 or the DB =25, is
>3V, Should thns handshaking line be left open, Jumper DTR controls whether or not the serial
tranmitter will be allowed to operate: jumper DTR to "+ to enable the transmitter when DTR is
open (for 3-wire communication); jumper DTR to °~" to <disable it (system would wait until all
connections are complete and DTR is no longer open). .

JUMPER OUT - Jumpering OUT to *+° causes para‘llel output data to remain driving at all times. OUT
to "-* causes output data to go high impedance when ACK is low; data is enabled when ACK is high

or open.

JUMPER ADDR - Jumpering ADDR to HI sets the ROM address for 2716 type ROMs to F800 hex or
FF800 hex, depending on the extended address enable switch, S2-6. ADDR to LO sets the ROm
address to FOUO hex or FFOQO hex. If a 2732 type ROM is used, The jumpering block should be set so
that none of the pins are connected. This can be accomplished by setting one hole in the block
over an end pin and having the other hole hang out in space. A 2732 always resides at FOOO hex
through FFFF hex or FFOU0 hex through FFFFF hex,

JUMPER ROt - Jumpering ROM to 16 selects an Intel-type (single supply) 2716 (including the
TM32516) EPROM for the ROM. The address of the ROM is selected using jumper ADDR as above. _
Jumpering ROM to 32 selectes an Intel-type 2732 EPROM. If the 2732 type EPROM is used, none of
the pins on jumper ADDR should be connected together, .

JUMPER CPU - Jumpering CPU to 80 selects the three byte 8080 type cycle and jumpering CPU to 86
selects the two byte 8086 type cycle. The CPU jumper can also be placed so that it doesn't connect
any of the pins together. In this position the CPU Support card does not take over the address or
status bus during interrupt acknowledge and assumes the CPU will provide correct status during all
bytes of the interrupt acknowledge sequence. This mode is the same as the older Rev. C board.
Note that interrupt priority cascading using the address bus isn't possible in this mode and boards
such as the SCP Multiport Serial card can't slave their interrupt controllers to the CPU Support card.

JUMPER PHANTOM - Jumpering PHANTOM to "+* enables the CPU Support card to drive PHANTOM
active whenever the ROM is selected. This is useful to create a *hole® in a RAM board for the ROM.
if PHANTOM to *-" is connected, the CPU Support card doesn't drive PHANTOM when the ROM is

active. //
JUMPER 9513 PWR - selects the power source for the 9513 timer chip. The INT position'should be
used if no external power is available. In this position the 9513 gets its power from the $-100 bus
and time-of-day information is lost when the power is turned off. The EXT position should be used
if an external non=~interruptible power supply is connected to the EXT PWR connecter to power the

9513.
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EXT PWR CONNECTOR - An external +8 volt unregulated or +5 volt regulated supply can be
connected to_ the EXT PWR connector to provnde a non-intérruptible supply for the 9513,

£
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Usmg the Support Card w:th the SCP 8086 Monltor
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All switches and jumpers on the board are properly conflgured as shipped. To check or reset them
after a change:

All 8 posmons of switch S1 (in the mlddle of the board) should be CLOSED This selects the
170 address BASE to be FO hex, enables the ROM, enables extended addressmg, and mserts a.
wait state only .if an 8 MHz 8086 CPU lS used. T

All 8 positions of swutch S2 (lower nght comer) should be OPEN to se(ect the momtor or
position one could be CLOSED to select auto-boot.

jJumper PWR OUT selects what type of voltage (*S reguf'ated or +8 unregulated) is supplied to
the parallel input connector to power a keyboard or other device. The setting of PWR QUT
is irrelevent to the operation of the 8086 Monitor.

Jumper DTR should be in the *+* position to allow the monitor to run with a three wire cable
to the terminal,

jJumper OUT affects the operation of the parallel output port and is irrelevent to the
operation of the 8086 Monitor.

Jumper ADDR should be in the HI position to put the ROM at address FF800 hex.

Jumper ROM should be in the 16 position to use the 2716 type EPROM in which the 8086
Monitor resides.

Jumper CPU should be in the 86 position to select the two byte 8086 type interrupt
acknowledge cycle.

Jumper PHANTOM selects whether or not the CPU Support card drives PHANTOM whgn the
ROM is enabled. The position of this jumper is irrelevant to the operation of the 8086
Monitor but does depend on the configuration of your system,

Jumper 9513 PWR should be in the INT position if internal (supplied from bus) power is used
to power the 9513 timer chip.

Connector EXT PWR is the external power connector for the 9513 timer chip and has no
connections to it unless an external power source is used.

Connect a cable to |1 (the leftmost connector at the top of the board); the other end should have
a DB-25 connector (normally female). Plug an RS-232 serial terminal into that end. The hardware is
now all set; ;éfer to the Monitor manual to use the software.



Programming éh:ci"Uéiﬁ'gjfhg CPUSupportCard s

/'O Ports

ihe ((PU Support card requires a total of twelve 1/0 ports for communication with the CPU. These
tavelve ports can be set on any sixteen port boundary called the BASE. The BASE is selected using
the first four positions of S1. These first four positions correspond to A7-A4 from left to right.
furming a switch on (closed) selects a one and turning it off (open) selects a zero.

$1-1 51-2 $1-3 S$1-4 170 port address BASE !
OFF ~OFF OFF  OFF =~~~ 00 hex _
COFFT OFF - OFF ""ON " 10 hex”
OFF "OFF ~“ON OFF "7 720 hex ™,
OFF UFF  ON  CN 30 hex™ -
OFF  ON OFF™. OFF 40 hex h
OFF ON OFF  ON .50 hex”
OFF CN  ON OFF ' 60 hex
UFF ON N ON . 70 hex_
ON  OFF OFF OFF 80 hex
oN OFF  GFF ON 90 hex
ON  OFF  ON  OFF A0 hex
ON  OFF  ON  ON ~ BO hex
ON ON  OFF OFF CO hex
ON ON  OFF ON DO hex
ON  ON  ON  OFF EO hex
ON o~ ON N FO hex

The I/0 ports are assigned as follows:

BASE+0 & BASE+1, input & output. Master programmable interrupt controller.
BASE+2 & BASE+3, input & output. Slave programmable interupt controller.
BASE+4, input & output. System timing controller data port.

BASE+3, input & output. System timing controller status & control port.
BASE+6, input & output. Serial data port.

BASE+7, input & output. Serial 1/0 status & control port.

BASE+12, input & output. Parallel I/0 data port.

BASE+13, input. Parallel I/Q status and serial DCD.

BASE+14, input & output, EPROM disable port.

BASE+1S5, input. Sense switch,

Any other ports within the BASE that are not used are free for use by other devices. These are
BASE+8, 9, 10, 11, 13 output, and 15 output.

Interrupt Controller

The CPU Support card can handle vectored interrupts from seven sources on the card and eight
sources from the bus (VIO - VI7). In addition, seven of the eight VI lines from the bus are
cascadable to eight levels each, providing a total of sixty -four different interrupt sources. The CPU
Support card uses a pair of 8259A programmable interrupt controllers to handle the interrupt
requests. One of the two is the Master controller, which has eight inputs, each of which can be
connected to a Slave controller to expand each single input from the Master to eight from each
Slave. The second 8259A on board is a Slave controller, which handles the seven vectored interrupt
sources on the board plus the one non-cascadable VI line from the bus. in the table below, ‘IR*

stands for "interrupt request’.
- 6 -



Master IRO - VIO cascadable

. Master IR1 - not available (used by Save)
Master IR2 - VI2 cascadable )

. Master IR3 - wvI3 -+ °*
Mdster IR$ - VI4 . °
Master IR5 = vis - °
Master IR6 - VIe - °
Master IR7 - ViI7 ¢

Slave IR0 - OQUT2 from 9513 timer
slave IRT =~ RxRDY from serial input
Slave IR2 -'RxRDY from parallel input
Slave IR3 - VI1 (vectored interrupt line from $-100 bus, NOT cascadable)
Slave IR4 = OUT3 from 9513 timer
slave IR5 - TxRDY from serial output
~Slave IR6 - TxRDY from parallel output
© Slave IR7 - OUTY from 9513 timer )

Each 8259A requires twoaof the CPU Support's sixteen I/Q ports for communication with the
processor. : s ‘ ‘

BASE+0 Master 8259A (A0 =0)
BASE+1 Master 8259A (A0 = 1)
BASE+2 Slave 8259A (A0 = 0)
BASE+3 Slave 8259A (A0 = 1)

OPERATION OF THE INTERRUPT CONTROLLERS

Interrupt operation of the 8259A falls under five main categories: vectoring, priorities, triggering,
status, and cascading. Each of these categories use various modes and commands. This section will
explain the operation of these modes and commands. For clarity of explanation, however, the
actual programming of the 8259A isn't covered in this section but in ‘PROGRAMMING THE

INTERRUPT CONTROLLERS".

INTERRUPT VECTORING

Each IR input of the 8259A has an individual interrupt-vector address in memory associated with it. -

Designation of each address depends upon the initial programming of the 8259A. The interrupt
sequence and addressing of an 8080 system differs from that of an 8086 system. Thus, the 8259A
must be intially programmed in either a 8080 or 8086 mode of operation to insure the correct

interrupt vectoring.
8080 MODE

This mode applies to 8080, 8085, and 280 microprocessors. After an interrupt request in the 8080
mode, the 8259A will output to the data bus the opcode for a CALL instruction and the address of
the desired routine. This is in response to a sequence of three INTA (interrupt acknowledge) pulses
issued by the CPU after the 8259A has activated the INT line of the S-100 bus.

The first INTA pulse to the 8259A enables the CALL opcode CD hex onto the data bus. It also
resolves IR ep’uorities and effects operation in the cascade mode, which will be covered later,

During the second and third INTA pulses, the 8259A conveys a 16-bit interrupt-vector address to
the 8080. The interrupt-vector addresses for all eight levek are selected when initially programming
the 8259A. However, only one address is needed for programming. nterrupt-vector addresses of
IRO=IR7 are automatically set at equally spaced intervak based on the one programmed address.
Address intervals are user definable to 4 or 8 bytes apart. If the service routine for a device is
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Short it may re possible to nt e oatire routine within an 8-byte interval, Usually, though, the
service roulines cequite more than 8 bytes. 50, 3 4 byte mnterval is used to store a Jump intruction
which directs the Pl to the approoriate routine. The 8-byte interval maintains compatibility with
current 3056 Restart (RST) instruction software, while the 4-byte interval is best for a compact
iy tabics 't e d-byte interval s selected, men the 32592 will automatically insert bits AQ-Ad,
Phis leaves 250003 1o be programmed hy the user, ! the 8 -byte interval is selected, the 8259 will
autoimarico by nsert Dits D =AS0 This eavas oniv AB=\!3 to be programmed by the user.

Pas: 0318 o7 e cnierrupt =L 2Ctor address is placed on the data bus during the second INTA pulse.

Phe ol o the fnierrupt-vector address is placed un the data pus during the third INTA pulse.

Dot ULk

Lo intersupt i the 363o mode, the 82392 will outsut é'single ingerrupt-vector byte to the data
ous. This is in response > two INTA {interrupt acknowiedge} pulses issued by the 8086 after the
3259 has activated the INT line of the S-100 dus.

The first INTA puise is usé€d only for set-up purposes internal to the 8239A, As in the 8080 mode,
this set—.p incluges priority resolution and cascade mode operatiuns which will be covered later,
Lnlike the 380 mode, no CALL opcode 1s piaced on the data tus.
g .

The second INTA pulse is used to enable the single interrupt-vector byte onto the data bus. The
108K uses tus interrult-vector ovte to select one of 256 interrupt ‘tvpes’ in 8036 memory.
nterrupt tvpe seiection for all eignt IR levels is mace when intiaily grogramming the 82594,
However, reference to onlv one interrupt tvpe is needed for programming. The upper 5 bits of the
interrupt vector ovte are user deiinable. The iowar 3 bits are automatically inserted by the 8259A

depending upon the Ll leyal,
Contants f the interruzt-vector bvte for 3086 type selectica is put on the data bus during the
second INTA gulse.

INTERRUPT PRIORITIES

A variety of modes and commands are available tor controlling interruot priorities of the 8259A.
All of them are programmable, that is, they may be changed dynamically under software control.
«~ith these modes and commands, many possibilities are conceivable, giving the user enough
versatility for almost any interrupt controlled-application.

FULLY NESTED MUDE | ,

The fully nested mode of operation is a general purpose priority mode. This mode supports a
multilevel-interrupt structure in which priority order of all eight IR inputs are arranged from highest
to lowaest,

iUnless otherwise programmed, the fully nested mode is entered by default upon intialization. At
this time, IRV is assigned the highest priority through IK7 the lowest. The fully nested mode,
however, is not confined to this IR structure alone. Once past initialization, other IR inputs can be
assigned highest priority also, keeping the multilevel-interrupt structure of the fully nested mode.

Further explanation of the fully nested mode, in this section, is linked with information of general
8259A inteny'pt operations. This is done to ease explanation to the user in both areas.

In general, when an interrupt is acknowledged, the highest priority request is determined from the
IRR (Interrupt Request Register). The interrupt vector is then placed on the data bus. I addition, the
corresponding bit in the ISR (In-Service Reyister) is set to designate the routine in service. This ISR
bit remains set until an EOI (End-Uf-Interrupt) command is issued to the 8259A, EOQI's will be

explained in yreater detail shortly,
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. In the tully nested mode, while an ISR bit is set, all further requests of the same or lower priority
~are mhlblted from generatlng an mterrupt _to the microprocessor. A hlgher priority request,
, though, can generate an interrupt, thus vectorlng program execution to its service routine,

interrupts are only acknowledged however, if the microprocessor has previously executed an
‘Enable Interrupts® instruction. This is because the mterrupt request pin on the microprocessur gets
disabled automatically after acknowledgement of any interrupt. The assembly language instruction
~used to enable interrupts is ‘El. interrupts can be disabled by using DI'. When a routine i
_ completed a return mstructlon xs exeCUted 'RET' for 8080 and 'IRET* for 8086, :

~ The figure below illustrates the correct usage of mterrupt related instructions and the interaction
"of mterrupt Ieve!s m the ful!y nested mode.

=

S0t R

.. .~ MAIN PROGRAM

—
< I IR SO .'qﬁ‘dt:“‘.vl‘:lm—‘t; N IR F BV S - o : -
IS St T oo
El OR STI
P
IR3
INTERRUPT IR3 SERVICE
ROUTINE
. ¥
' IR1
[ 10w
; i RUPT .
| E! OR STI ' IR1 SERVICE
ROUTINE
: )
. | El OR STI
¥ | .
[ sor | EOI
Fully Nested Mode Example RET OR IRET ['RET OR IRET

1

Assuming 1&6 has the highest priority and IR7 the lowest, the sequence is as follows. During the
main program, IR3 makes a request. Since interrupts are enabled, the microprocessor is vectored
to the IR3 service routine. During the IR3 routine, IR1 asserts a request. Since IR1 has higher
priority than IR3, an interrupt is generated. However, it is not acknowledged because the
microprocessor disabled interrupts in response to the IR3 interrupt. The IR1 interrupt is -not
acknowledged until the ‘Enabled Interrupts’ instruction is executed. Thus the IR3 routine has a
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‘protected” section ot code over which no interrupts (except non-maskable) are allowed. The IR1

routine has no such ‘protected’ section since an 'Enable lnterrupts instruction is the first one in its

" service routine. Note that in this example the 1R1 request ‘must’ stay actrve untll lt is acknow?edged.
This is covercd in more depth in the 'lnterrupt Triggering" sectlon. " DS

ey aagtag, 8t Y gt ':=:_"_‘. ST

Wwhat is hdppeﬂln), to the ISK reglster? while in ‘the” mam program no ISR bits are set smce there
aren't any interrupts in service. When the IR3 mterrupt is acknowledged the ISR3 bit is set. When the
IR1 interrupt is acknowledged, both the ISK1 and the ISR3 bits are set, indicating that neither routine
is complete. At this time, only IR0 could generate an interrupt since it is the only input with a
higher priority than those previously in. service. To terminate the IR1 routine, the routme "“must
inform the 8259A that it is complete by resetting its ISR bit. It does this by executing an EOI
command. A ‘return’ instruction then transfers execution back to the IR3 routine, This allows
IRO-IR2 to interrupt the IR3 routine again, since ISR3 is the highest ISR bit set. No further interrupts
occur in the example so the E0l command resets ISR3 and the ‘return’ instruction causes the main

prar s

program to resume at its pre-interrupt locatxon endlng the example.

Dner e« mommtrmrer

A single 8259A is essentially always in the fully nested mode unless certain programming conditions
disturb it, The following pgogramming conditions can’ ‘cause the 8259A to go out of the hrgh to low

i ot o g @ A

priority structure of the fully nested mode, TR
The automatic EQl mode U
The special mask mode _ _
A slave with a master not in the special ful}y nested mode

These modes will be covered in more detail later, however they are mentioned now so the user
can pe aware of them. As long as these program conditions aren't inacted, the fully nested mode
- remains undisturbed.

END OF INTERKUPT

Upon completion of an interrupt service routine the 8259A needs to be notified so its ISR can be
updated, This is done to keep track of which interrupt levek are in the process of being serviced
and their relative priorities. Three different End-Of-Interrupt (EOI) formats are available for the
user, These are: the non-specific EOl command, the specific EOl command, and the automatic EOI
Mode. Selection of which EOI to use is dependent upon the interrupt operations the user wishes to_
perform,

Non-Specific EOl Command

A non-specific EUl command sent from the microprocessor lets the 8259A know when a service
routine has been completed, without specification of its exact interrupt level. The 8259A
automatically determines the interrupt level and resets the correct bit in the ISR.

To take advantage of the non-specific EOI the 8259A must be in a mode of operation in which it
can predetermine in-service routine levels. For this reason the non-specific EOQl command should
only be used when the most recent level acknowledged and serviced is always the highest priority
level. When the 8259A receives a non-specific EOl command, it simply resets the highest priority
ISR bit, thus .confirming to the 8259A that the highest priority routine of the routines in service is
finished. ;
I// '

The main advantage of using the non-specific EOl command is that IR level specification isn't
necessary as in the "Specitic EOl Command’, covered shortly. However, special consideration
should be taken when deciding to use the non-specific EOl . Here are two program conditions in
which it is best not used.: -

Using the set priority command within an interrupt service routine.
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- Using 4 special mask mode. L e
NS el Bree cored o ma e Tae RIS

These conditions are covered in more detail in their own sections, but ara llsh.d hcre fo' deousers

referen(‘e' o R - P A T - TP 1 A e

~ Specitic Eor Command ' R -
A specific EOI command sent from the microprocessor lets the 8259A know when a service roctins
Of a particular interrupt level is compieted. Unlike a non-specific EQI command, which
autnmatically resets the highest priority ISR bit, a specific EOl command specifies an exact IS bit
to be reset. One or the eight IR levels of the 82594 can be >pecxf|ed in the command. S

R—1

The reason thé specnﬁc EOI command is needed is to reset the ISR bit of a completed LOrVICH
routine whenever the 8259A isn't abl to automatically detzrmine it. An example of this type or
situation might .be if the priorities of the interrupt leveis were changed during an interrupt routine
{"Specific Rotatnon }o. 0 this case, if any other routines were in service at the same time, a
non-specific €0l mlg,ht reset the wrong ISR bit. Thus the specific EOl command is the best’ bet in
this case, or for that mqgter any time in which confusion of interrupt. priorities may exist. The
specific EOl. command can be used in all conditions of 8259A operation, including those that
prohibit non-Specmc EOI command Jsage, S e A

Automatic EUI Mode e

vihen programmed in the automatic £0! mode, the microprocessor no longer needs to issue a
command to notify the 8259A if it has completed an interrupt routine. The 8259A accomplishes this
by pertorming a non-specific EQI automatically at the trailing edge of the last INTA pulse (third
pulse in 3080, second in 8086),

The obvious advantage of the automatic EUlI mode over the other €01 commang is that no
command has to be issued. n gseneral, this simplifies programming and lowers code requirements

within'interrupt routines.

However, special consideration should be taken when deciding to use the automatic EOl mode
because it disturbs the fully nested mode. In the automatic EQO! mode the ISR bit of a routine in
service is reset right after it's acknowledged, thus leaving no designation in the ISR that a service
routine is being executed. If any interrupt request occurs during this time {and interrupts are
enabled) it will get serviced regardless of its priority, low or high. The problem of "over nesting"® is-
when an IR input keeps interrupting its own routine, resulting in unnecessary stack pushes which
could fill the stack in a worst case condition. This is not usually a desired form of operation!

So what good is the automatic EOl mode with problems like those just covered? well, again, like
the EOIs, selection is dependent upon the application. If interrupts are controlled at a
predetermined rate, so as not to cause the problems mentioned above, the automatic EOl mode
works perfect just the way it is. However, if interrupts happen sporadically at an indeterminate
rate, the automatic EOI mode should only be used under the fcllowing guideline:

When using the automatic EOl mode with an indeterminate interrupt rate, the microprocessor
shoukd keep its interrupt request input disabled during execution of service routines.

By doing this, higher priority interrupt levels will be serviced only after the completion of a routine
in service. ]ms guideline restores the tully nested structure in regards to the IRK; however, a
routine m-ﬂervxce can't be interrupted.

l

AUTOMATIC ROTATION - EQUAL PRIORITY

Automatic rotation of priorities serves in applications where the interrupting devices are of equal
priority, such as communications channels. The concept is that once a peripheral is serviced, all
other equal priority peripherals should be given a chance to be serviced before the original
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peripheral 1s serviced again. This is accomplished by automatically assigning a peripheral the lowest
priority after being serviced. Thus, in worst case, the device would have to wait until all other
devices are servuced berore bemg servnced agam. : : TSP

T AR UL

There are two methods of ac.comphshmg automatic rotation. One is used in conjunctxon wuth the
non=specific €01, non-speczﬁc EOl with priority rotation command®, The other is used wrth the
automatic EOI mode ‘rotate in automatic EQOI mode’, '

Non-=specific EQOl with prlonty rotation command

vhen the non-Specmc EOI w:th pnonty rotation command is issued, the h:ghest ISR bit lS reset as

in a normal non-specific EUl command. After it's reset though, the correspondmg IR level is
assigned lowest priority. Other IR pnormes rotate to contorm to the fully nested mode based on

the newly asslgned low priority, . = 0 Geant _

The figures. below show how the non-specific EOl with priority rotation command effects the
interrupt priorities. Lets assume the IR priorities were assigned with IRO the highest and IR7 the
lowest, as in the top figure. IR6 and IR4 are already in service but neither is completed. Bemg the
higher priority routine, &4 is necessarily the routine being executed. During the R4 routxne a
non-specific EOI with priority rotation command is executed. When this happens, bit 4 in the ISR is
reset. 1IR3 then becomes the lowest priority and IRS becomes the highest as in the lower flgure. "

rd

}S7 1S6 1S5 1S4 1S3 152 1S1 150

In-Service Register: 0 1 0 1 0 0 0 O _before
Priority: 7 6 5 4 3 2 1 0 command

lowest highest

priority priority

1S7 1S6 1S5 1S4 1S3 1S2 1S1 1S5S0

In-Service Register: 0 1 0 0 0 0 0 0o after
Priority: 2 1 0 7 6 5 4 3 command
highest fowest

priority priority

Example of Non-Specific EOI with Priority Rotation

Automatic EOf with Priority Rotation

The automatic EO! with priority rotation mode works much like the rotate on non-specific EOI
command. The main difference is that priority rotation is done automatically after the last INTA
pulse of an interrupt request. To enter or exit this mode, *enable rotation at automatic EOI* and
‘disable rotation at automatic EOI' commands are provided. After that, no commands are needed
as with the normal automatic EOl mode. However, it must be remembered, when using any form of
the automat_xc EO! mode, special consideration should be taken. Thus, the guideline for the
automatic £O! mode also stands for the automatic EOI with priority rotation mode,

SPECIFIC ROTATION = SPECIFIC PRIORITY

Specific rotation gives the user versatile capabilities in interrupt controiled operations. It serves in
those applications in which a specific devices interrupt priority must be altered. As opposed to
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- automatic rotation  which automatically sets priorities, specitic rotation is completely user
- controlled. That is, the user selects which interrupt level is to receive lowest or highest priority.,
This can be done during the main program or within interrupt routines. Two specific rotation
commands are available to the user, the ‘set pnoruty command and the >pec:f|c EOI with grumtv
rotation” command. ;. N NS T T E E R IR

Set Priority Command

The set priority cornmand allows the programmer to assign an IR level the lowest priority. Ail other
mterrupc levels will conform to tully nested mode based on newly assigned (ow pnonty

An example of how the set pnornty command works is shown in the figures below. These fu,L.r\.s
snow the status of ISK and the relative priorities of the interrupt levelk before and after L"e set
priority command. Two mterrupt routines are shown to ‘be in service in the top figure. Since IR2 is
the highest priority, it is necessarily the routme bemg executed. During the IR2 routine, priorities
are altered so that IR5 is the- highest. This is done _simply by issuing the set priority command to the
8259A. In this case, the command specifies IR4 as being the lowest priority. The resuit of this set

priority command is showr in the bottom flgure. Even though IR7 now has higher priority than, IR2,
it won't be acknowledged until the IR2 routine is finished (via EOl). This is because priorities are
only resolved upon an interrupt request or an interrupt acknowledge sequence. If a higher priority

request occurs during the IK2 routine, then priorities are resolved and the hughest will be
acknowledged. : : g

IS7 1S6 1S5 1S4 153 1S2 151 S0

In-Service Register: 1 0 0 0 0 1 0 0 before
Priority: 7 6 5 4 3 2 1 0 command

fowest highest

priority priority

1S7 1S6 1S5 1S4 153 182 ISt 150
In-Service Register: 1 0 0 0 0 1 0 0 after
Priority: 2 1 0 7 6 5 4 3 command

highest lowest

priority priority

Example of the Set Priority Command

when cornpleting a service routine in which the set priority command is used, the correct EOl must
be issued. The non-specific EOl command shouldn't be used in the same routine as a set priority
command, This is because the non-specific EOl command resets the highest ISR bit, which, when
using the set priority command, is not always the most recent routine in service. The automatic
tul mode, on the other hand, can be used with the set priority command. This is because it
automatically ;performs - a non-specific EOl before the set priority command can be issued. The
specific EOI command is the best bet in most cases when using the set priority command within a
routme. By fesettmg the specific ISR bit of a routine being completed, confusion is eliminated.

o

Specific EQl with priority rotation command

The Specific EUI with priority rotation command is literally a combination of the set priority
command and the specific EUl command. Like the set priority command, a specified IR level is
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assigned lowest priority. Like the specific EOl command, a specified level will be reset in the ISR,
ihus the specinc EOI w1th pnomy rotdtlon “command accomplushes both (asks in only one

. o : ~ e _‘,.‘,,: Dprn T ArrTy 4

commande

. [ Pr e gt e
bt DKUY 2 S S AR AR S

’
. RS

- N [ T il Vivred wa

it is not pecessary to change IR priorities prior to the end of an interrupt foutine, then “this
command 15 advantageous. Since an EO! command must be executed anyway \unless in the
automatic EOl mode), why not do hoth at the same time!? '

INTERRUPIT V\AS}\INL. oo S

T

Disabling  or enablmg interrupts can bhe done by other means than just controlling the
microprocessor’s interrupt ‘request pin, The 8259A has an IMR (Interrupt Mask Register) which
enhancas interrupt control capabilities. Rather than all interrupts being disabled or enabled at the
same time, the LMK allows individual IR masmng. The IMR is an 8-bit register, bits 0-7 dlrectiy

corresond to IRO-IK7. Any K input ‘can be masked by writing to the IMR and settmg the

dppropnate but. lee-use any IR mput can be enabled by clearmg the correct IMR bat. o etts

¥ e e ,5 2pat »':.,.

Tt e .

fhere are various uses fak masking off individual IR mputs. One example is when a portnon of a
main routine wishes only to be interrupted by specnflc interrupts.” Another might be disabling higher
Lrinrity mterrupts for a portlon or a lower pnorlty serwce routine. The possibilities are many.

w¥hen an interrupt occurs whlle its IMR bit is set, it lsn‘t necéssanly forgotten. For, as stated earher
the IMR acts only on the output of IKR.-Even with an IR input masked it is still possible to set the
IRise Thus, when resetting an MR, if its IRR bit is set it will then generate an interrupt. This is
providing, of course, that other priority factors are taken into consideration and the IR request’
remains active. If the IR request is removed before the IMR is reset, no interrupt will oe
acknowledged.

soecial Mask vode

in various cases, it may ve desirable to enable interrupts of a lower priority than the routine in
service. Ur, in other words, allow lower priority devices to generate interrupts, However, in the
tully nested mode, all IR levels of priority below the routine in service are inhibited. So what can be
done to enable them?

well, one method could be using an EOl command before the actual completion of a routine in
service. But beware, doing this may cause an ‘over nesting’ problem, similar to in the automatic-
EOI mode. In addition, resetting an ISR bit is irreversible by software control, so lower pnonty R
levels could only be later disabled by setting the IMR.

A much better solution is the ‘special mask . mode. Working in conjunction with the IMR, the special
mask mode enables interrupts from all levels except the level in service. This is done by masking
the level that is in service and then issuing the special mask mode command. Once the special mask
mode is set, it remains in effect until reset.

The figure below shows how to enable lower priority interrupts by using the Special Mask Mode
(SMM ). Assume that IRO has highest priority when the main program is interrupted by IR4. In the IR4
service routine an enable interrupt instruction is executed. This only allows higher priority interrupt
requests to interrupt IR4 in the normal fully nested mode. Further in the IR4 routine, bit 4 of the
IMR is masked and the special mask mode is entered. Priority operation is no longer in the fully
nested mode. All interrupt levels are enabled except for IR4. To leave the special mask mode the
sequence Jsfexecmed in reverse.
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MAIN PROGRAM

N .
P . S
. B P

El OR STI

R4 SERVICE
ROUTINE

|R4'.—- C L . .
. 1

i
'

: ' El OR STI
! :

I B - - N IR0-3 ENABLED
AP P ‘ IR4-7 DISABLED

| MASK IR4
SET SMM

l

]
1

RESET SMM

1

UNMASK R4

1

IR0-3, 5-7 ENABLED
IR4 DISABLED

IR0-3 ENABLED
IR4-7 DISABLED

ECI

l

—1 RET ORIRET

Example of Special Mask Mode

Precautions rﬁust be taken when exiting an interrupt service routine which has used the special
mask mode,’ A non-specitic EOl command can't be used when in the special mask mode. This is
because a/non-specific won't clear an ISR bit of an interrupt which is masked when in the special
mask mode. In fact, the bit will appear invisible. if the special mask moade is cleared before an EQI
command is issued a non-specific EOl command can be used. This could be the case in the example
shown in Figure 15, but, to avoid any confusion it's best to use the specific EOl whenever using the

special mask mode.
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It must be remembered that the special mask mode apphes to all masked levels when set. Take, for
instance, IRT interrupting IR4 in the previous example. If thls happened while in the special mask
mode, and the IR1 routine masked itself, all interrupts would be enabled except IR1 and IR4 which

¢

Jre masked. ' .

ool
e

INTERRUPT TRIGGERING SR

Tnere are two classical ways of sensing an active iri'terrupt request: a level sensitive input or an
edge sensitive input. The 82S9A 'gives the user the capability for either method with the edge
triggered mode and the level triggered mode. Selection of one of these interrupt tnggermg
methaods is done during the programmed initialization of the 8259A.

wwe s ey

LEVEL TRIGGERED MODE - ;-

When in the level tnggered mode the 8259/'\ will recogmze any active level on an IR input as an
interrupt request. Note that an active level is High at'the IR pin of the 8259A. The eight VI interrupt
requests trom the bus go through inverting bufters before reaching the 8259As so that the active
level on the 5-100 VI lines is low, If the IR input remains active after an EOl command has been
issued (resetting its ISR bit), another interrupt will be generated. This is providing, of course, the
processor INT pin is enabled. Unless repetitous interrupt generation is desired, the IR input must be
brought to an inactive state before an EOl command is issued in its service routine. Note that the
request on the IR input must remain until after the falling edge of the first INTA pulse. if on any IR
input, the request goes inactive before the first INTA pulse, the 8259A will respond as if IR7 was
active, In any design in which there's a possibility of this happening, the IR7 default feature can be
used as a safeguard. This can be accomplished by using the IR7 routine as a ‘clean-up routine®
which might recheck the 8259A status or merely return program execution to its pre-interrupt

location,

Lepending upon the particular design and application, the level triggered mode has a number of
uses, For one, it provides for repetitious interrupt generation. This is useful in cases when a
service routine needs to be continually executed until the interrupt request goes inactive,

Caution should be taken when using the automatic EO! mode and the level triggered mode
together. Since in the automatic £Ql mode an EOQI is automatically performed at the end of the
interrupt acknowledge sequence, if the processor enables interrupts while an IR input is still active,

an interrupt will occur immediately. To avoid this situation interrupts should be kept disabled until _

the end of the service routine or until the IR input goes inactive.

EDGE TRICGERELD MODE

when in the edge triggered mode, the 8259A will only recognize interrupts if generated by an
inactive to active transition on an IR input. Note that active® and ‘inactive’ are as defined above in
the section on the Level Triggered Mode. The edge triggered mode incorporates an edge lockout
method of operation. This means that after the rising edge of an interrupt request and the
acknowledgement of the request, the active level of the IR input won't generate further interrupts
on this level. The user needn't worry about quickly removing the request after acknowledgement in
fear of generating further interrupts as might be the case in the level triggered mode. Before
another interrupt can be generated the IR input must return to the inactive state.

) ’ .
Like the level triggered mode, in the edge triggered mode the request on the IR input must remain
active un/t,jfafter the falling edge of the first INTA pulse for that particular interrupt. Unlike the
level triggered mode, though, after the interrupt request is acknowledged its IRR latch is disarmed.
Only after IR input goes inactive will the IRR latch again become armed, making it ready to receive
another interrupt request (in the level triggered mode, the IRR latch is always armed). Note that the
IR7 default feature mentioned in the ‘level triggered mode® section also works for the edge

triggered mode.
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l)ep«ndmb upon the. p.xrtu.ulur design and a;pln aton, the edge triggered mode has varicus uses,
Because of its edge lockout” upt‘ranon it is best used in those applications where repetitious
" interrupt generation isn't desired. 1t is also very useful in systems where the mterrupt request is a
pulse (this should be in the torm of a negative pulse to the 8259A), Another possible advantage is
“that it can be used with the automatic EQI mude without the cautions in the level triggered mode,
Overall, in most cases, the edge triggered mode simplifies operation for the user, sirc- th.e
duration Of the interrupt request at a positive level is not usually factor. ..

IN TERRUPT STATUS

By means of software control, the user can mterrogate the status of the 8259A. This al!ow* tea
reading of the internal interrupt registers, whcch may prove useful for interrupt control auring
service routines. It also provides for a modmed status poll method of device monitoring, by usins
the poll command. This makes the status of the internal IR inputs available to the user via so. ware
control. The goll command offers an alternative to the interrupt vector method eSpeCIally ror
those cases when more than 64 mterrupts are needed. ; L T T——

PP SCEE B

B A Pelat i 2
. P . [P 8 R R S

READING INTERRUPT ‘(ECISTERS

e T S e

The contents of each 8-bit interrupt register, IRR, ISR, and IMR, can be read to update the user's
program on the present status of the 8§259A, This can be a versatile tool in the decision making
process Of a service routine, giving the user more contpol over interrupt operations. Before
delving into the actual process of reading the registers, let's briefly review their general

descriptions:

IRR (Interrugt Kequest Register) Specifies all interrupt levels requesting service.
ISR (Interrupt Service Register) Specifies all interrupt levels which are being serviced,
IMR {Interrupt Mask Register) Specifies all interrupt levels that are masked.

To read the contents of the IRR or ISR, the user must first issue the appropriate read register
command (read IRR or read ISR) to the 8259A, Then by applying a RD pulse to the 8259A (an input
instruction), the contents of the desired register can be acquired. There is no need to issue a read
register command every time the IRR or ISR is to ve read. Once a read register command is
received by the 82597, it ‘rememters® which register has been selected unless a Poll command is
issued. Thus, all that is necessary to read the contents of the same register more than once is the ~
RD pulse and the correct addressing {AO0=(), explained in PROCRAMMING THE INTERRUPT
CONTROLLERS"). Upon initialization, the selection of registers defaults to the IRR. Some caution
should be taken when using the read register command in a system that supports several levels of
interrupts. If the higher priority routine causes an interrupt between the read register command and
the actual input of the register command and the actual input of the register contents, there's no
guarantee that the same register will be selected when it returns. Thus it is best in such cases to

disable interrupts during the operation.

Reading the contents of the IMR is different than reading the IRR or ISR. A read register command is
not necessary when reading the IMR. This is because the IMR can be addresses directly for both
reading and writing. Thus all that the 8259A requires for reading the IMR is a RD pulse and the
correct addressing (A0=1, explained in "PROGRAMMING THE INTERRUPT CONTROLLERS').

POLL COMWND

. i
There are two methods of servicing peripherals: status polling and interrupt servicing. For most

applications the interrupt service method is best. This is because it requires the least amount of
CPU time, thus increasing systems throughout. However, for certain applications, the status poll

method may be desirable.

For this reason, the 8259A supports polling operations with the poll command. As opposed to the
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conventional method of polling, the poll command offers lmproved dev:ce servucmg and mcreased
throughput. Rather than havmg the processor poll each peripheral in order to find the actual device
requiring service, the processor polls the 8259A. This allows the use of all the prekusly mentioned
priority modes and commands. "ddltll)ﬂd“y, both poﬂed and mterrupt methods can be used wnthm

the same pro;,ram. ' , i . .

o use the poll command the processor must first have its interrupt request pin disabled. Once the
polt command is issued, the B259A will treat the next RD pulse issued to it (an input instruction) as
an interrupt acknowledge. It will then set the appropriate bit in the ISR, if there was an interrupt
request, and enable a special word onto the data bus. This word shows whether an interrupt
request has occured and the highest pnorlty level requesting service. The figure below shows the
contents of the ,)oll word® which is read by the processor. Bits 0-2 convey the binary code of the
highest prlonty level requestmg servnce. Blt 7 dessgnates whether or not an mterrupt request is
present. If an interrupt request is present, bit 7 will equal 1. If there isn't an interrupt request at all,

bit 7 will equal 0 and bits 0-2 will be set to anes. Servuce to the requesting device is achieved by
software decoding the poll word and branchmg to the appropriate service routine. Each time the
4259A is to be polled, the poll command must be written before reading the poll word. PR

-

L D7 D6 D5 D4 D3I D2 D1 DO
Poll word: I - - =7 - w2 w1 wo

1= 1if an interrupt occurred

W0 - W2 = binary code of highest priority level requesting service

The poll command is useful in various ‘situations. For instance, its a good alternative when
memory is very limitea, because an interrupt-vector table isn't needed. Another use for the poll
command is when more than 64 interrupt leves are needed (64 is the limit when cascading 8259As),
Tne only limit of interrupts using the poil command is the number of 8259As that can be addressed
in a particular system. For those cases when the 8259A is using the poll command only and not the
interrupt method, each 8259A must still receive an intialization sequence. This must be done even
though the interrupt vector features of the 8259A are not used. in this case, the interrupt vector
specified in the initialization sequence could be a *fake".

INTERRUPT CASCADING

As mentioned earlier, more than one 8259A can be used to expand the priority interrupt scheme to
up to 64 levek without additional hardware. This method for expanded interrupt capability is called
*cascading’. The 8259A supports cascading operations with the cascade mode. Additionally, the
special fully nested mode is available for increased flexibility when cascading 8259As in certain

applications,
CASCADE MODE

When programmed in the cascade mode, basic operations consists of one 8259A acting as a master
to the others which are serving as slaves. On the CPU Support card, the 8259A at BASE+0 and
BASE+1 acts as a master to the 8259A at BASE+2 and BASE+3 which serves as a slave. In addition,
seven other 8259As can be slaved to the master 8259A using seven of the S=100 VI lines.

A specific hafrdware set-up is required to establish operation in the cascade mode. The INT output
pin of each slave is connected to an IR input pin of the master. The slave 8259A on the CPU
support card has its INT output connected to the master's IR7 input. Inputs IR0 and IR2 - IR7 of the
master are connected to VIO and VI2 - VI7 respectively. Any additional 8259As in the system (on
the SCP Multiport Serial card for example) should have their INT outputs connected through
open-collector inverting buffers to one of the seven VI lines which are cascadable (VIO and V2 -
VI7). The eighth VI line, VI1, is NOT cascadable but instead is connected to IR3 of the slave 8259A
on the CPU Support card. The master drives three "CAS' lines to indicate which of the up to eight
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slaves should drrse the data ous with an interrupt vector during interrupt acknowledge. The (P
Support card takes over the S-100 address bus durmg interrupt acknowledge and puts the three CAS
lines on the Iowest three address Imes. Any addmonal slaves in the system should simply have their
“three CAS mputs Lonnccted to AD - A2 to recenﬂe ‘the proper cascade address. The SP/EN output
pin is used to enable ddtd vus drivers to drive the mterrupt vector rtom the 8259A onto the 5=100
' il Lus. All other pins are connect ed as in normal operanon. L S A
Besides Harr‘ware set-up requtremems, all 625‘)-\5 must be software prog,rammed tr) work nothe
" cascade mode. Programming the cascade mode is done durmb the initialization of each 82593, Tae
B259A that is selected as master must receive specifications during its initialization as to which of
its IR inputs are connected to a slave's INT pin. Each slave 8259A, on the other hand, must be
uesignated during its initialization with an ID (0 thru 7) corresponding to which of the master's Ii¢
inputs 1ts INT pin is connected to. This is all necessary so the three CAS lines from the master !
be able to address each individual slave. Note that as in normal operation, each 8259A mu:® .50
‘be initialized o give IR inputs a unique interrupt vector, More detail on the necessary programnnng
Qr’ the casCade 'mode is explained in -'PKOCRA.\\MI.\C THE INTERRUPT CONTROLLERS's .- ¢

Deng o Beagpees

Doy w R R o 2"
A PR

\ow thh back:round mrorm:mon on both nardware and software for the cascade mode let's go
over the sequence of evera:s that occur during a vahd interrupt request from a slave. Suppose a
slave IR input has received an interrupt request. Assuming this request is higher priority than other
requests and in-service levels on the slave, the slave's INT pin is driven high. This signals the master
or the request by causing an interrupt request on a designated R pin of the master. Again, assuming
that this request to the master is higher priority than othef master requests and in-service levels
‘possibly from other slaves), the master's INT pin is pulled high, interrupting the processor,

The interrupt acknowledge sequence appears to the processor the same as the non-cascading
interrupt acknowledge sequence; nowever, its different among the 8259As. The first INTA pulse is
used oy all the 8259As for internal set-up purposes and, if in the 8080 mode, the master will place
the CALL opcode on the data bus. The first INTA pulse also signak the master to place the
reguesting slave's I code on the CAS lines and hence on A0-A2 of the S-100 bus. This turns
control over to the slave for the rest of the interrupt acknowledge sequence, placing the
appropriate pre-programmed interrupt vector on the data bus, completing the interrupt request.

Luring the interrupt acknowledge sequence, the corresponding ISR bit of both the master and the
slave get set. This means two EO! commands must be issued (if not in the automatic EOI mode)
one for the master and one for the slave,

special consideration should be taken when mixed interrupt requests are assigned to a master
8259A; that is, when some of the master's IR inputs are used for slave interrupt requests and some
are used for individual interrupt requests. In this type of structure, the master's IR0 must not be
used for a slave, This is because when an IR input that isn't initialized as a slave receives an
interrupt request, the three CAS lines won't be activated, thus staying in the default condition
addressing for IRO (slave IRO). It a slave is connected to the master's IRO when a non-slave interrupt
occurs on another master IR input, erroneous conditions may result. Thus IRO should be the last
choice when assigning slaves to IR inputs.

SPECIAL FULLY NESTED MUDE

Depending on the application, changes in the nested structure of the cascade mode may be desired.
This is because the nested structure of a slave 8259A differs from that of the normal fully nested
mode. In the cascade mode, if a slave receives a higher priority interrupt request than one which is
in service ()1rough the same slave), it won't be recognised by the master. This is because the
master's ISRbit is set, ignoring all requests of equal or lower priority. Thus, in this case, the higher
priority slave interrupt wont be serviced until after the master's ISR bit is reset by an EOI
command. This is most likely atter the completion of the lower priority routine.

If the.user wishes to have a truly rully nested structure within a slave 8259A, the special fully nested

mode should be used. The special fully nested mode is programmed in the master only. This is done

during the aster's initialization. In this mode the master will ignore only those interrupt requests
- 1() -
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of lower priority than the set ISR bit and w:ll reSpond to all request.s of equal or hrgher prronty
Thus it a slave receives a higher prlorrty request than one which is in serv:ce it will be recognized.
To insure proper interrupt operation when ixsmg the special fully nested .mode, the software ‘must
determine it any other slave mterrupts are ‘still in service before |ssumg an EQ! command to the
master. This i1s done by resetting the appropriate slave ISR bit with an EQ! and then reading its ISR,
if the ISR contains all zeros, there aren't any other interrupts from the slave in service and an EQOI
command can be sent to the master. If the ISR isn‘t all zeros, an EOI command shouldn't be sent to
the master, Clearing the master's ISR bit with an EOI command while there are still slave lnterrupts
in service would allow lower prronty mterrupts to be reCOgmzed at the master,

<
-
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‘ PRO(.RA\«NINC THE lNTERRUPT CONTROLLERS e
DL ewE LSRR T R IO W . _ A
Programming the 8239A mterrupt controllers is accomplnshed by using two types of command
words: Initialization Command Words (lCWs) and Operational Command Words (OCWs). All the
modes and commands explained in the previous section, ‘OPERATION OF THE INTERRUPT
CONTROLLERSY, are” pyrogrammable usrng the ICWs ‘and OCws. ‘The ICWs are issued from the
processor in a sequential fsrmat and are’used to sét up the 8259As in an lnmal state of operatlon.
The qus are lssued as needed to vary' and control 8259A Operatlon. ' :
rrans Tewr iU oAy T .

Both ICWs and OCWs are sent by the processor to the 8259A via output commands from the
processor. The 8259A distinguishes between the different 1¢ws and OCWs by the state of its AO pin,
the sequence they're issued in (ICWs only), and some dedicated bits among the ICWs and OCWs. The
state of the AD pin is defined by which port the ICw or OCW is sent to. A0 = 0 is BASE+0 for the
Master and BASE+2 for the Slave. AQ = 1 is BASE+1 for the Master and BASE+3 for the Slave. Those
bits which are dedicated are indicated so by fixed values (0 or 1) in the corresponding ICW or OCW
programming formats which are covered shortly. Note: when issuing either ICWs or OCws, the

interrupts should be disabled at the processor (using the D function of the CPU).

INITIALZATION COMMAND WORDS

Before normal operation can begin, each 8259A in the system (including the two on the CPU
Support card and any others cascaded over the S-100 VI lines) must be initialized by a sequence of
four ICwWs. Note that once initialized, if any programming changes within the ICWs are to be made,

all four ICwWs must be reprogrammed in sequence.

Certain internal set up conditions occur automatically within the 8259As after the first ICW has ~
peen issued. These are:

1> The In-Service Register and Interrupt Mask Register are both cleared. (Clearing the IMR
enables all eight interrupt request inputs).

2> The special mask mode is reset.
3> Rotation at Automatic End Of Interrupt is disabled.
4> The Interrupt Request Register is selected for the read register command.

5> The fully nested mode is entered with an initial priority assignment of IR0 highest through
IR7 lowest.

6> ?h/e’ edge sense latch of each IR input is cleared thus requiring an active transition to
generate an interrupt if the edge triggered input mode is chosen in ICw1.

The ICw programming format below shows bit designations. A complete description of each bit
follows the table.
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ICw3

7 126 125 4 L3 D2 D1 1y

FCw1 : .
AU=0 A7 A6 - AS 1 LTIM  ADI 0 1
o ICW'Z . : . . . ) o ol . “-‘r)_".,. B oL

AU=1 AIS/T7 - AT4/T6 A13/15 A12,T4  AT1/T3 "AT0 A9 °
ACW3 (Master) - e L .
"AQ=1 57 S6 $3 . =S4 " 53 S2 1 3
1Cw3 (Slave) :

A0=1 0 .0 o - -0 o . 102 b1 1D0
FCwWd _ . |

A0=1 0 0 - .0 SNFM 1. M/S AEOT P

CWT&ICH2 o ol s e .

ADI: The ADI bit is wced to specify the address mterval for the 8080 mode, If a four byte
address interval is to be used, ADI must equal 1. For an eight byte address interval, ADI must
equal zero. The state of ADI is ngnored when the 8086 mode is selected.

LTIM: The LTIM it is used to select between the two inferrupt request input triggering modes.
If LTM = 1, the level triggered input made is selected. If LTM = 0, the edge triggered input
moce is selected.

A5-A15: The A5-A15 bits are used to select the interrupt vector address when in the 8080
mode. There are two programming formats that can be used to do this. Which one is
implemented depends upon the selected address interval (ADl). If ADI is set for the four-byte
interval, then the 8259A will autcmatically insert A0=A4 (A0-A1 = 0, A2-A4 = interrupt
request number). Thus A3~A15 must be user selected by programming the A5-A15 bits with
the desired address. It ADI is set for the eight-byte interval, then AO-A5 are automatically
inserted (A0-A2 = 0, A3-A5 = interrupt request number). This leaves A6-A15 to be selected
by programming the A6-A15 bits with the desired address. The state programmed for AS is
ignored in the latter format,

T3-T7: The T3-T7 bits are used to select the interrupt type when the 8086 mode is used. The
programming of T3-T7 selects the upper five bits of the interrupt type (interrupt vector).
The lower three bits are automatically inserted corresponding to the interrupt request level
causing the interrupt. The state of bits A5-A10 will be ignored when in the 8086 mode.
Computing the actual memory address of the interrupt is done by multiplying the interrupt
type (i.e. the interrupt vector) by four. Thus T3 corresponds to A5, T4 to A6, etc.

50-57: If the 8259A being initialized is the Master, then S0-57 in ICW3 define which interrupt
request inputs have Slaves on them. A 1 designates a Slave, a 0 means no Slave (i.e. a normal
interrupt request input). Bit one must always be set to 1'since IK1 is the CPU Support's Slave
8259A. Any other Slaves which exist in the system using the S-100 VI lines to connect to the
Master must have a bit of the Master's ICW3 set to 1 corresponding to which VI line is used.
For exdmple if the Seattle Computer Products Multiport Serial card (model SCP-400) is
connes/ted to VIS5, then S5 in the Master's ICW3 must be set to 1 to indicate to the Master that
the Y¥I5 interrupt request input has a Slave on it.

IDO-IL2: If the 8259A being initialized is a Slave, then 100-102 in ICW3 identify which of the
Master’s interrupt request lines the Slave is connected to. The Slave 8259A on the CPU
Support card is hard-wired to interrupt request 1 so 01 hex should always be used to
program ICW3 in that particular 8259A. 05 hex would be used for ICW3 in the Slave 8259A in
the above example with the serial card.

-21 -



IC w4 .
B _ " . %(‘ N - N i

ubst: The ubMm b(t allows for selection of etther ‘the 8080 or 8086 mode. if set as a 1 the

B08h mode 5 selected, if a (), the B080 mode is selected. Be sure the ‘CPU" jumper is"”

properly set to match the uPM bit detinition of which processor type is used. D

AtUl: The AEOQ!I bit is used to select the automatic end of interrupt mode. It AEOl = 1, the
automatic end of interrupt mode is selected. If AEOl = 0, it isn't selected; thus an EOI
command must be used during a service routine.

M/S: The M/S bit defines whether the 8259A is the Master or a Slave. When M/Sis setto a 1,
the 82594 operates as the Master; when M/Sis 0, it operates as a Slave.

SFNM: The SFNM bit designates selection of the special fully nested mode. Only the Master
should be progranumed in the special fully nested mode to assure a truly fully nested structure
amony the Slave interrupt request inputs. If SFNM lS set to 1, the specnal fully nested mode is
selected; if >F\aM is 0, |t is r\ot selected. ' SR

Ti, 0T @ — YA e AT B

UPERATIONAL LU\AMANU WORUS B

Three OCWs are avaxlable for programming various modes and commands. Unlike the ICWs, OCWs
needn't be in any type of sequential order. Rather they &re issued by the processor as needed
within a program. :

The ()va programming tormat below shows the bit designation for each OCW. Wwith the OCW
format as reference, the functions of each OCW will be explained individually.

. D7 D6 05 04 03 02 D1 00
OCw1
AD=1 W7 M6 M5 M4 M3 M2 M1 MO
OCwW2
A0=0 R St EOH 0 0 L2 L1 LO
OCvi3
AQ0=0 0 ESMM  SMM 0 1 p RR RIS

VCH1

OCW1 is used solely for 8259A masking operations. it provides a direct link to the Interrupt Mask
Register. The processor can write to or read from the Interrupt Mask Register via OCW1. The
QCw1 bit definition is as follows:

M0-M7: The MO-M7 bits are used to control the masking of the interrupt request inputs. if an
M bit is set to a 1, it will mask the corresponding intarrupt request input. A O clears the
mask, thus enablmg the interrupt request input. These bits convey the same meanmg when
being read by the processor for status update.

Note that to change the value of a single mask bit it is simplest to read the current mask, force the
desired bit high or low using OR or AND instructions, and write the new mask back.

ocw2 /S

i
UCW2 is used for end of interrupt, automatic rotation, and specific rotation operations.
Associated commands and modes of these operations (with exception of AEO! initialization), are
selected using the bits of OCwW2 in a combined fashion as explained below. A complete explanation
of the ditferent modes and commands is given in the previous section "OPERATION OF THE
INTERRUPT CONTROLLERS", .
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-0 -0 0 isable rotation at automatic end of interrupt (AEOI). AR .o

‘) 0 1 Non-specific end of mterrupt. : : ST

-1 0 No operation. < i Lo 00 :

0 1 1 Specific end of mterrupt. LU-L”’ is the 'Ss< btt to reset.

1 0 0 Enable rotation at automatic end of interrupt (AEO}).

1 0 1 Non-specitic end of interrupt with priority rotation.

1T 1 0 Setpriority using LO-L2.

1 1 1 Specific end of interrupt with priority rotation.

R: The K bit is used to control all 8259A rotation operations, If the R bit is set to a 1, a for~
of priority rotation will be executed depending on the state of the SL and EOI bits. If R is 0
'rotanon won't be executed.

Sk The SL blt is used to select a :pecmc leve! tor a gwen operatxon. If SLis set to a 1 the
LO-L2 bits are enabled. The operation selected by the EOI and R bits will be executed on the
Specnﬁed lnterrupt Ievel If SL is O, the LO-LZ bcts are dnsabled. :

R SN a-./. [

EUL The EOI but is used for all end of mterrupt commands {(not automatnc end of mterrupt
mode). If set to a 1, a form of an end of interrupt command will be executed depending on
the state of the SL and R bits. If EOl is 0, an end of interrupt command won't be executed.

LO-L2: The LO-L2 bits are used to designate an interrupt level (0-7) to be acted upon for the
operation selectedty the EUI, SL, and R bits of OCW2, The level designated will either be used
to reset a specific Interrupt Service Register (ISR) bit or to set a specific priority. The LO-L2
bits are enabled or disabled by the SL bit.

oCw3

OCw3 is used to issue various modes and commands to the 8259As. There are two main categories
ot operation associated with OCw3: interrupt status and interrupt masking. Bit definition of OCw3
is as follows:

ESMM: The ESMM bit is used to enable or disable the effect of the SMM bit. If ESMM is set to a
1, SMM is enabled. If ESMM is 0, SvM is disabled. This bit is useful to prevent interference of
mode and command selections in OCw3.

SMM: The SMM bit is used to set the special mask mode. If SMM is set to a 1, the special mask
mode is enabled. If it is O, it is disabled. The state of the SMM bit is only honored if it is
enabled by the ESMM bit.

P: The P bit is used to issue the poll command. If P is set to a 1, the poll command is issued.
if it is 0, the poll command isn't issued. The poll command will override a read register
command if set simultaneously.

RR: The RR bit is used to execute the read register command. If RR is set to a 1, the read
register command is issued and the state of RIS determines the register to be read. If RR is O,
the read register command isn't issued.

RIS: The'RIS bit is used to select the ISR or IRR for the read register command. If RIS is set to
a 1, the In-Service Register is selected. If RIS is 0, the Interrupt Request. Register is selected.
The State of the RIS bit is only honored if the RR bitis a 1.
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Timer

The CPU Support card has tive programmable counters one of which is dedicated to use as a baud
rate generator for the serial I/O port. The other four are general purpose counters two of which
Can be used as a Time Ot Uay counter. A 9513 >ystem Tlmmg Controller chip is used to implement

these counters.

A

LD AT

Ty e e,

Communication with the 9513 is through two ports:

Port

BASE+4 Data port L. F e

function

BASE+5 >status/Control port

'..»- s T T

T

Tne logic group which makes up each counter contains a sixteen bit counter, three associated
registers which control the counter and transfer data in and out of it, and an output pm WhICh has
-different functions for each of the nve counter logic groups. , :

RN PN A

7‘ av *\: ,"_.' e

delow are block diagramé or the counter logic groups. Detalled descr:ptlons of their varlous

elements are presented in the pages that follow.

16-8IT LOAD REGISTER

|

SRC
GATE —Ziw! . INPUT
5. SELECT
FREQ ——1  toaic
TCN - |~y
COUNTER
CONTROL
LOGIC

16-81T COUNTER ]

[

—

16-BIT MOOE REGISTER

16-81T HOLD REGISTER

f

16-81T COMPARATOR

t

16-8iT ALARM REGISTER

Counter Logic Groups 1 and 2.

16-8IT LOAD REGISTER

|

P
our
CONTROL
.
ouT
N
SRC —S4e-f
s
GATE —p= INPUT
‘ SELECT
rrEd =4 oaic
TCN-1 ]
COUNTER
CONTROL
LOGIC

16-BIT COUNTER =

!

b

16-8IT MODE REGISTER

16-8iT HOLD REGISTER

Counter Logic Groups 3, 4, and 5.

The counters and their output pins have the following definitions:

Counter

U‘JB\»N-:
™~y

General
General
General
Ceneral
Serial

Function

purpose

purpose
purpose
paud

or Time Of Day

purpose or Time Of Day

rate generator

QOutput connection

not used
Slave
Slave
Slave
Serial

Interrupt Request O
Interrupt Request 4
Interrupt Request 7
Tx & Rx clocks

The clock input to each counter can pe connected to one of seven different frequency sources.
The clock polarity can be active high or low and counting can be in BCD or binary, all software
selectable. The outputs can be either pulse or level (toggled) outputs software selectable.
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FREQUENCY SOURCES

~

- The 9513 has its own independant 4MHz oscillator which is the basnc frequency source. Follow.ng
the oscillator is a sixteen bit frequency scaler with taps every four bits. The scaler can be
programmed to count in BCID or binary,

source binary 8CD _

rreq period freq period ° <
F1 o aMHz . -250nS MHz 250n5
F2 . -.250kHz . “eowe - 4uS 400kHz 2.5uS
F3  .15.625kHz .+ 64uS 40kHz - 25uS
F4 976.5625Hz o 1.024msS ‘$kHz 250us
F5 .61.03515625Hz 16. 384m5 ; 1'400Hz 2.5mS

BCD dwus:on usually re5ults |n more useful frequencnes and penods than binary dcvus:on.

'ﬁ~

There is a four blt counter called the ‘FOUT dcvuder Wthh can can be connected to any of the five
scaler outputs. Unlike the main frequency scaler which can only divide by ten or sixteen, the FOUT
divider can divide by anything from one to sixteen. The output of the FOUT divider is one of the

seven frequency sources.
1.’

The seventh source for each counter input is an output from the previous counter called TCN-1,
This allows concatenation ot the counters it more than sixteen bits are required.

TERMINAL COUNT

Terminal Count (TC) represents the period in time that the counter reaches an equivalent value of
zero. Since the counter is always reloaded from its LOAD or HOLD register it won't actually reach
zero unless the LOAD or HOLD register contains zero. TC is active during the first clock that the
counter contains the value loaded from the LOAD or HOLD register. TCN=~1 is the terminal count
from the previous counter (N-1) and provides a way of cascading the counters internally, Counter
1 wraps around to counter 5 so that for counter 1 TCN=-1 comes from counter 5.

Communication with the 9513 is through two 1/0 ports.

BASE+4 Data port
BASE+5 Status/Control port

9513 RECISTERS

Register Type Port

command 8 bits, write only BASE+S
data pointer 6 bits, write only BASE+>S
status 8 bits, read only ‘BASE+S
master mode 16 bits, read/write . BASE+4
load 16 bits, read/write, one for each counter BASE~+4
hold 16 bits, read/write, one for each counter BASE+4
counter mode. 16 bits, read/write, one for each counter BASE+4
alarm 16 bits, read/write, counters 1 & 2 only BASE+4

A '

Ve
H
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CUMMAND REGISTER

The command register isn't really a register since the definitions of many of the bits change
depending on the command. fts really just a port to which commands are sent, - I

TR DRI BELAE B G

Commands:

C7 Ch C5 C4 C3 C2 C1 Co DL
0 0 0 €1 E0 G2 C1 GO  ‘Load data pointer register with £ & G fields.
0 0 1 S5 S84 S3 82 §1 Arm all counters for which the S bit is 1, ,
0 1 0 S5 S4 S3 S2 st :Load selected counters from LOAD or HOLD.
0 1 1 S5 S4 -S3 S2 .§1 ‘Load & Arm all selected counters,
1 0 0 S5 S4 S3 S22 $1 Disarm and Save all selected counters. _
1 0 1 S5 S4 S3 S2 S1° Save all selected counters into the HOLD reglster.
1 1 0 S5 5S4 .S3 S2 S1 - i=Disarm all selected counters.
1 L] 1 0 0 N2 N1 NO --‘Clear output bit N (N = 1,2,3,4,5)
1 1 1. .0 - 1,.N2 N1 NO +i:Set output bitN (N = 1,2,3,4,5)
1 1 1 1 0 N2 N1 NO . - Step counter N (N = 1,2,3,4,5) SRR
1 1 1 0 0 -0 -0 0 . -Clear MM14 (enable data pointer sequencing)
1 1 1 0 1 0 0 0 Set MM14 (disable data pointer sequencing)
1 1 1 1 1 1 1 1 Master reset

The data pointer register selects which of the 16 bit read/write registers the CPU
communicates with through the data port (BASE+4), It is loaded using one of the commands.
See the section on the data pointer register for more information.

Six of the commands provide direct software control over the counting process. Each of
these commands contains a five bit S field. Each bit in the S field corresponds to one of the
five counters (S1 = counter 1 etc). A 1 in an S bit causes the command to be performed on

the corresponding counter. If a counter's S bit is zero no operation is performed.
Arm - the arm command enables the selected counters to count.

Load - the load command causes the selected counters to be loaded from their LOAD
or HOLD register depending on the counter mode register,

Disarm - the disarm command disables counting in the selected counters. A disarmed
counter can still be loaded, stepped, or saved.

Save - the save command transfers the contents of a counter to its hold register
where it can be read by the CPU. This transfer takes place without disturbing the
count process. The save command is the only way to read the value of the counter
because the counter is not directly accessable by the CPU.

The following three commands can only affect one counter at a time. The desired counter is
selected using the N field where NO-N2 form a three bit binary number. N must be in the
range 1 - 5 for these .commands.

Set output - this command activates the selected output pin in the mode selected by
the counter mode register. It could be active high, active low, or disabled.

Clear output - this command deactivates the selected output pin in the mode selected
by the counter mode register. It could be inactive low, inactive high, or disabled.

Step counter - this command steps the selected counter up or down once, the
direction depending on the counter mode register.
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-The tollowing two commands set or clear a bit of the Master Mode register W|thuut ‘having
. to load the data pomter reblster to access the Master Mode reglster. s "’"""‘ '

.. . - v Lav et
t: PO -

Set/(.lear M\114 dlsable/enable data po:nter sequencmg (respectwely)
. R
Master reset - on reset all five counters are disarmed, 0800 hex is loaded into each Ccunter
wnde register, and 0000 hex is loaded into the Master Mode register. This results in each
counter peing contigured 0 count down in binary on the positive-going adge of the 73
frequency source with no repetition. The counter outputs are off with a low impedance to
ground. The Master Mode register is cleared to contigure the 9513 for binary division or the
internal oscillator, the FOUT divider dividing by sixteen, Time Of Day mode and comparators

1 and 2 disabled, and ata Pointer sequencing enabled.

Keset will clear the Load and Hold registers for each counter but will not change either the
counter contents or the ata Pointer register. R

IDATA PUINTER RECISTEk

The Lata Pointer register is used to establish ‘which of the 16 bit read/write registers the CPU will
communicate with through the data port. The Data Pointer register has some automatic sequencing
reatures to allow the user to load or scan through the various registers without the need to update
the [Jata Pointer for each register. Bit 14 of the Master Mode register (MM14) controk whether the
automatic sequencing is enabled or not. The {lata Pointer has three parts, the group pointer (G),
the eiement pointer (E), and the byte pointer (3). The group pointer selects one of the five counter
groups or the control group. fhe element pointer selects an element of the group. The byte
pointer selects the least or most significant byte of the sixteen bit word. Whenever the command
to load the Data Pointer register is given the byte pointer is set to 1 indicating the least significant
vyte is expected. The byte pointer is toggled after each data transfer. The E & G fields are
sequenced every other transfer to allow both bytes of the sixteen bit registers to be transfered.
since the byte pointer is set when the iData Pointer register is loaded the least significant byte is

ahvays transfered first,

Byte Pointer

1 = Least significant Byte Transferred next
0 = Most significant Byte Transferred next

Group Pointer Element Pointer
000 = Iegal ' : 00 = Mode Register
lement Cycle
001 = Counter Group ! 0t = Load Register } i:rememy
910 = Counter Group 2 10 = Hold Register
211 = Counter Group 3 11 = Hold Register'Hold Cycle increment
100 = Counrter Grouo 4
101 : Counter Group 5 .
- 1
110 - tlegal 00 = Alarm Register ' Control Cycle
111 = Control Grou ' 01 = Alarm Register 2 increment
P 10 = Master Mode Register

11 - Status Register’No Increment

i

The registq:y’:addressed by the ljata Pointer is read at the time the Data Pointer is set, with its
contents being placed in the output buffer register. This happens 1) whenever the Data Pointer is
set by a command to BASE+S; or 2) whenever the data port at BASE+4 is read or written since this
toggles the byte pointer. If the contents of a register are changed after the data pointer is set to
point to that register, the correct data will not be read. For example, setting the Data Pointer to
Hold Register 1, then saving Counter 1 into the Hold Register will result in reading erroneous data.
The data will be correct if the data pointer is set AFTER the save command is given.
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Another problem can occur if interrupts are possible when the 9513 is being read or written, The
interrupt could occur between setting the data pointer register and reading the data, or even
between transferring low and high data bytes. If the interrupt service routine then also
communicates with the 9513, it may change the Data Pointer. Moral: disable interrupts while
communicating with the 9513, ’

Fhe four Data Pointer Sequencing loops' are sho@n.in the following figure.

I

Counter 1 Hold Reg. - Counter 1 Mode Reg.

- e RN AL
“
.4

.Counterr 2 Hold Reg. - - Counter 1 Load Reg. - - =~

| |

Counter 1 Hoid Reg. i T
- ‘ Counter 2 Mode Reg. - :
b *

Counter 2 Load Reg.

Counter 5 Hold Reg. ‘
N J Counter 2 Hold Reg.
HOLD CYCLE ‘

4

‘ Counter 5 Hold Reg.
Alarm Reg. 1 I i
‘ ELEMENT CYCLE g {
Alarm Reg. 2 .
Master Mode Reg. Status Reg. (
CONTROL CYCLE STATUS CYCLE

STATUS RECISTER

The 8 bit read only status register is read with every input from the control/status port. it contains
the status of the five output pins and the byte pointer () of the data pointer register. The status
register may also be read as part of the control group. {

SR7 SR6 SR5 SR4 - SR3 SR2 SR1 SRO {
1 1 OUTS5 ouT4 QuT3 ouT2 ouT1 8

The values read for the output pins are internal values taken after the polarity select logic but
before three state buffer circuitry. -28 -



MASTER MR RECISTER

_The sixteen bLit read/weite Master Mode register is accessed through the data port as part of the _
control group. It is used to control internal activities whlch aren‘t covered by the mdnvxd

counter mode re;,lsters. e s SIS S pom o

MM M Wil .‘.l\l].’ MMTT WMTO MMO SME  MMT MME MMS MME MM3 MM2 MMT MO

T

MM13 scaler control . SoMMd = MMT FOUT source
0 = binary division .- 0UU0o =F1
1 = BCDL division o 1011 =F1 . .
MM14 data pointer contral © 31100 = F2 T
) = engbie sequencing 1101 =F3
1 = disable sequencing . 1110 = F4
WMM13 =0 e~ o ' 1111 =F>
aM12 =0 TR A M3 compare 2 enable
VM8 - MM11 FUU! ulwder P ) = disabled
00U0 = divide by 16 - : 1 = enabled
D1 = divide by - ' MM2 compare 1 enable
0010 = divice oy 2 1. 0 = disabled
: = enabled

WMMO - MM1 time-of-day enable
e ‘ . 00 = time-6i-day disabled

1110 = divide by 14 11 = time-of-day enabled

1111 = divide vy 15

MM15 - scaler control. Selects whether the internal oscillator frequency scaler counts in
binary or BCD.

AM1T4 - data pointer control, Selects whether the data pointer sequences or stays pointing to
a particular register,

MM13 - this pit should always ve zero.
MN12 - this bit shouiu always pe zeron,

MM8 - w1111 FOUT divider. Chooses what the FOUT source frequency is divided by before
being presented to the FOUT pin. Divisors from 1 through 16 are available.

MM4 - MM7 FGUT source, Selects one of the five outputs of the internal oscillator scaler for
input to the FUU | divider. Unlv those binary combinations given in the table should be used.
The others are trom input pins which aren't connected to anything. See the Y513 data sheet
at the back of this manual rur more information. Note that F1 can be selected with two

different combinations.

MM3 - compare 2 enable. Conatrols counter 2's comparator. See the section on Alarm
reyisters & coriparators.

MM2 - compare 1 enable. Controls counter 1's comparator. See the section on Alarm
registers & LOmpafatOfS.

MU0 - \\\\1 lime Ut 1Jay mode. These two vits enable or disable the Time Of Day mode in

counte/:,rs 1 &2,
’ ]

LOAD REGISTER

lhis sixteen bit read,write register 15 used to loud the counter when Terminal Count occurs or
when a load command is given. £ach counter has one and it's accessed as an elernent of a counter
group.
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HOLD RECGISTER

This sixteen bit read/write register is used to save the contents of the count when a save command
is received or it can be used to load the counter on alternate Terminal Counts alternating with the
LOAD register. Each counter has one and it's accessed as an element of a counter group. **

COUNTEK MODE REGISTER . .~ =, o o . ot

Ihis sixteen bit read/write register controls the operation of the counter. Each counter has one
and it's accessed as an element of a counter group.

CM15 CMT4 CM13 CM12 CM11 CM10 CM9 CM8  CM7 CM6 CM5 CM4  CM3 CM2 CM1 CMO

C:13 - CM15 = 000 . .27 CMS repetition

CM12 count source polarity IR = count once
0 =count on rising edge + . . i 1 = count repetitively
1 = count on falling edge ...z - . . CM4 count base
Cm8 = CM11 count source i i T : 0 = binary count
0000 = TCNgl s oy b 1 = B8CD count
0001 = FOUT ks ' CM3 count direction
1011 = F1 I 0 = count down
1100 = F2 : 1 =count up
1101 =F3 s CH0_- CM2 output control
1110 = F4 ~ 000 = inactive, output low
1111 =F5 001 = active high TC pulse
CM7 =0 010 = TC toggle
CM6 reload source 101 = active low TC pulse

0 = reload from load
1 = relocad rrom load or hold

CM13 - CW15 % CM7 are used to control gating of the counters. Gating is primarily used
with five "CATE" inputs to the 9513 chip which aren't connected to anything on the CPU
Support card. For information on the GATE inputs and the various gating modes the user
should consult the 9513 data sheet appended to this manual

CM12 count source polarity. Selects which edge of the clock the counter counts on. Rising
edge should he used for concatenating counters using TCN=1 source.

CM8 - CM11 count source. Selects one of seven sources. See the section on frequency
sources.

CM7 see CW13 - CM15,

CM6 reload source. It the load register is chosen for the reload source, the counter will be
reloaded from the load register on Terminal Count. If the reload source is load or hold the
source alternates between load and hold on Terminal Count. Very fine duty cycle control
can be acheived in this way using toggled outputs.

CM5 repetition. It count once is selected the counter will count one full cycle then disarm. A
cycle can consist of one or two Terminal Count cycleé depending on CM6., If the reload from
Load mode is chosen there will be only one Terminal Count cycle. if the the reload from
Load or Hold mode is chosen there will be two Terminal Count cycles. The first will count
QOO'vn to Terminal Count, reload from either Load or Hold, count down to Terminal Count
again and reload from the other of the two. If count repetitively is chosen, the counter witl
automatically reload at Terminal Count'and keep counting.

Ca4 count base. Either binary or BCI) counting can be selected.
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CM3 count daret.tn)n. Counting down ns handy for trequency dividers while countmg up is
‘good for tumers. ’

-~ . g ot JhaS R eI 1 —‘J’i.‘.'f : ';".'-:;.i_f':.,' : SLTN
a DR} - et " . te o oS -
&

N TG IR R TR

CMO - CM2 output control These buts control the actlon of the output pm for each t.Oun er.
The inactive mode srmply turns the output off 50, that a loglc zero is present at the cuicu:
pin. The TC tog;,le mode toggles the output each txme the counter reaches Terminal - RIS
In active high TC pulse mode the output is normally ‘low and pulsa high during Termina:
Count. n active low TC pulse mode the output 'is normally high and pulses low Jurirs
lerminal Count.

~ ",‘.'

OU12, 3, and 4 are connected to the Slave B259A programmable interrupt controiler. i
general the TC toggle mode is the most useful for 'ihterr_upt_generation since the outpix »

stay active till it is turned off (or till the next TC pulse). The procedure is simply to turn .-
the output, load and arm the counter, and tum off the counter output after the interrup. nas
occured. This mode works equally well with either the level or edge triggered input modes of
the 8259A interrupt controllers. If the timer is set to ¢ount repeatedly to generate interrupts
at a certain frequency then turning the output off after each interrupt is all that is required
to initialize ror the next cycle. The output will toggle high at the next TC pulse. If interrupts
aren't used the inactiVe Sutput mode should be Gsed or the mterrupt should be masked at the
Slave 8259A interrupt controller. If the interrupt request is masked at the 8259A but the
counter output is active then the loglc level of the output pin can be read using the status

port. o o

. ~
P ~ -

OUTS is the baud rate generator for the serial port. The TC toggle mode should be chosen
to keep the duty cycle close to 307

ALARM REGISTERS

Only counters 1 anc 2 have these devices. When a comparator for a counter is enabled, the
counter's output is driven by the comparator. The output will be active whenever the count is
equal to the contents of Alarm register. Counter 1's output isn't connected to anything but the
Alarm register and comparator can still be used because the output level can be read through the
status port. When counter 2's comparator is enabled its output interrupt request pin is driven by the
comparator. The operation of comparator 2 is changed under Time Of Day mode. See the section
on 'Time Of Day" below.

The comparator output can be active high or low. The selection is made by choosing either the
active high or active low TC pulse output mode in the C0unter Mode Reglster. This only selects the
output polarity, the actual output source is the comparator.

If fast counting rates are used the length of the interrupt request output pulse from comparator 2
could be quite short, If the interrupts are disabled at the CPU or a higher priority interrupt request
is in service the Alarm interrupt might be missed. One solution to this problem is to use the active
low output mode for the counter and the Edge Triggered Input Mode with the Slave 8259A interrupt
controller. The interrupt request will now happen at the trailing (positive going) edge of the output
pulse which happens one clock period after the time set in the Alarm register. To correct this, set
the Alarm register to interrupt one count earlier than when the interrupt is actually desired. If the
CPU is certain to get the interrupt then the method described above isn't necessary. Use the active
high output and set the actual desired interrupt count in the Alarm register.

TIME OF L)A}"

Time of day counting is controlled by master mode register bits MMO & MM1. When these two bits
are 00 counters 1 & 2 operate normally. When these bits are 11 counters 1 & 2 operate in the time
of day mode. Time of day mode enables special counting modes in counters 1 & 2 which count
hours, minutes, seconds, tenths of seconds, and hundredths of seconds rather than the standard
BCD or binary. FOUT should be programmed to provide 100Hz, the count source for counter one
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shoukt be FOUT, the count source for counter 2 should be TCN-1 5o that the minutes and hours
counter in counter 2 toggles from the seconds output from counter one. A complete list of the
proper master mode regzster and counter mode regsster bit requlrements for time of day operation
is given below. The comparators Jalso operate differently in time of day mode. Counter 2's
comparator is gated by counter 1 comparator >o that a full thirty two bit comparison is required
to activate OUT2, The time of day at which the mterrupt is desnred is loaded into alarm regnsters 1
% 2. when that time arrives OUT2 will go éctuve |f both comparators are enabled and an mterrupt
request will be sent to the 8259A, " ~° .

o L e Counter 2 U I PO B T RNV R . oo o

BT N L

«ak

" Counter 1 o e -

Seconds 1,10 Sec. 17100 Sec.

Master mode register for Time Of Day.

Scaler uses BCD division.
FOUT divider divides by four.
fFOUT source is F5.

Time Of Day enabled.

A typical master mode might be: 84F3 hex.
This enables data pointer sequencing and disables the comparators in addition to those
functions mentioned above.

Counter Mode Register 1 for Time Of Day.

Count source is FOUT.
Reload from Load.
Count repetitively.

Use BCD counting.
Count up.

A typical Counter 1 Mode might be: 0138 hex.
This counts on rising edges and sets the output inactive.

Counter Mode Register'Z for Time Of Day.
A
Count on rising edge.
Count source is TCN-1,
CM3 - CM6 are the same as for Counter Mode Register 1.

A typical Counter 2 mode might be: 0038 hex.
This sets the output inactive (no interrupts generated).
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SETTING THt (..LU(_K

. L b Soa Ty s - T S S A I ) Ser o TR A SEEA
There are fOur steps mvolved in setting the time of day counters to the correct time of day. Step
one is to initialize counters 1 & 2 to a value of all zeros. This is done by setting load registers 1 &
2 to 0000 hex and transfermg their contents into counters 1 & 2. Thus conditions the time of day
count circuitry and must follow the setting of the Master ‘Mode register and Counter \lode
registers. Note that the Master Mode register contents may be changed after "this providing M0

and \4M1 are .not altered if these are changed, the Time of Day cucuutry must be recondmoned._

.d [ ,h.- Lot P T R A P [PTRS I
Step two mvolves settlng Load registers 1" & 2-to the de>lred time and transtenng thls into the
counters. The user must ensure that the time loaded does not set any of the decades to an illogical
value. In particular, no decade should be set to ‘A hex through F hex; the tens of minutes and tens
ot seconds should be between 0 and 5 inclusive; the hours should be between 0 and 23 decimal; and
the hundredths of seconds decade should be 0. Note that th:s is a 24 hour clock SO that PM imes

must have a 12 hour bias added. v . w IR R

The third step of mutlallzatlon is to set load regusters 1 and 2 to all 0s to msure that the counters
FUAL RIS C - Do olm e ety

roll over to the correct time at Termmal Count. ** - . )

. “u I AYE STV 7S S SN R RN ,;;“_ Rk

.".... AP TS At

The rourth step 'is to start the counters at the desired time by wrltmg the Arm counters 1 & 2"
command (23 hex) to the command register (BASE+5). :

READINC THE CLOCK e

The user may read the current time whenever desired since the reading operation does not affect
the counter operation. The time is read by first issuing the "Save counters 1 & 2° command (A3
hex) to the command port (BASE+5). This causes the contents of counters 1 & 2 to be transfered
into the hold register, The value read from counter 2 may be in error if counter 1 had just rolled
over but the Terminal Count pulse had not yet incremented counter two. To detect and correct
this problem examine the contents of hold register one. If the count is zero then the value in hold
register two may be in error. The command to ‘Save counter 2° (A2 hex) should be sent to the
command register (BASE+5). By the time this command is issued, counter 2's value will have settled.

SETTING THE ALARM

When both comparators 1 & 2 and Time Of Day are enabled, the operation of comparator 2 is
conditioned by comparator 1 so that a full 32 bit compare must be true before the output goes: -
active. If comparator 1 is disabled, then comparator 2 operates in its standard fashion and only
checks the hours and minutes. As described in the section on the Alarm registers and
comparators, the interrupt request will only be a short pulse (ten milliseconds) if both comparators
are enabled due to the action of the comparators. If there is a possiblity that the interrupts will be
disabled during the time the Alarm interrupt request occurs then the active low output mode should
be used with Counter Mode register 2 and the Edge Triggered Input Mode should be used with the
Slave 8259A interrupt controller, Since the interrupt request now occurs on the trailing edge of the
pulse it will be one one-hundredth of a second late. If that is a problem, set the alarm time for one
one-hundredth of a second earlier than the actual time the interrupt is desired.

when changing the alarm register values the output of counter 2 should be deactivated or should be
masked at the Slave 8259A interrupt controller because spurrious interrupts may be generated as
the alarm register values change.

; .
NON-INTERRUPTIBLE POWER SUPPLY

/I
if the time! of day clock is used it is desirable to have a non-interruptable power supply for the
9513 so that the Time Of Day won't have to be reset each time the power is turned on. Provision
is made on the CPU Support card for doing this. :

The simplest arrangement is to have a non-switched line-powered supply to provide power for the
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9513, The supply must provide either *3 volts regulated at 200 mA or +8 volts unrehulated at 200

mA and should be connected to the EXT PWR connector usmg GND and +5 or +8 as approprlate.

fhe 9513 PWK jumper should be set PWR to EXT since power is coming from_an external source. -

SRR ITER AR VTR Fedrpa et

Note (hdl it the power 'tml> the tsme of—day will be lost. HOpefully that won‘t happen too often and

= (‘Hﬁay (SRS Fota BN Hl) "‘i N

won't ve a problem. It it is, some sort of battery back-up should be used. If the battery supphes +S ,
volts then the 9513 PWR jumper may be connected to INT and the +8 pin of the EXT VR connector ,

will supply +8 valts from the 5-100 bus when power is on to charge the battery. Due to the specnal
regulator circuit used, no power will flow back jnto the on-board regulator from the external +5
vult source and the computer will supply power when |t is on. The battery should not be directly

trrom ﬂuwmg rrom the on-board regulator into the t?attery when power is on. The 9513 PhR

jumper must not be connected to INT if the external supply provides +8 volts since :he +8 pm is

directly connected to the S-100 +8 volt supply. e L e T ,”,.

Special procedures should be followed to prevent the power going on and off and renmtlahzatxon N
of the Y513 from dlsturbmg the Time Of Day counters. Whenever the CPU is finished accessing the' '
9513 the data pointer register should be set to read the status register. This prevents ghtches on

the RD, @R, and CS lines a¥’ power goes off and on from dxsturbmg the other registers. ‘Vhen power
is turned on the software which initializes the 9513 must not disable the Time Of Day mode in the

" vaster Mode Register.

Serial Input/Output

The CPU Support card has a serial /0 device for RS-232 communication. The heart of the serial
I/¢) device is an 8251A USAKT. One of the 9513's five timers is used for baud rate generation. The
3251A occupies two of the CPU Support's sixteen I/0 ports.

BASE+6 is the data port.
BASE+7 is the control/status port.

Counter 5 of the 9513 system timing controller is used for baud rate generation. Counter Mode
Register 5 should be set for:

No gating.

Count source = F1,
Count repetitively,

TC togale output mode.
Count down.

Binary count.

¢

Any part of the Counter Mode Register not mentioned can be set as desired. For 19,200 baud the
‘reload from Load or Hold" mode should be used with the Load register set to 0006 hex and the
Hold register set to 0007 hex. This enables the counter to divide F1 (4vHz) by 6.5. The toggled
output mode divides vy 2 giving an output frequency of 307,692Hz ( = 19,200 X 16 ). For the other
standard baud rates the 'reload from Load" mode should be used. Load register values for different

baud rates are given below,

Baud rate Load register
9600 000D hex
4800 001A hex
2400 0034 hex
1800 0045 hex
1200 0068 hex

600 00L0 hex
300 01A1 hex
150 0341 hex
134.,5 03A1 hex

110 0470 hex - 34 -
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In general, Load register = (125000 decimal)/(baud rate). The baud rate and resuit are in
decnmal. The result should either be converted to bmary or BCD dwnsaon should be used.

.....

An example of’ programmmg ‘the baud rate generator usmg automatxc baud rate selectxon is given
in 8086 assembly !ang,uage in the Seattle Computer Products 8086 Momtor manual starting on paue
12, For further mformatxon on programmmg the 9513 see the TNER sectlon in this manual

P

Before the 8251A can be used it must be initialized by sendmg the desired operatmg parameters tc
the control/status port (BASE+7), A total of four bytes are required, the first two reset the 32514
so that it can accept the Mode and Command instructions. The first write to the control/itatm
port after reset programs the Mode instruction. All subsequent writes to the control/status pc
program Command instructions.

Byte 1 - 10110111 (B7 hex)
Byte 2 - 01110111 (77 hex)
dyte 3 - Mode instruction.
Byte 4 - Command instruction.

MODE INSTRUCTION DEFINILION

M7 M6 M5 Mé ' M3 M2 M1 MO
1 S0 PE/O  PEN L1 Lo < B1 BO
M6-M7 S0-S1 number of transmitter stop bits

00 = Invalid

01 = 1 stop bit

10 = 1.5 stop bits
11 = 2 stop bits
M5 PE/O Parity Even/Odd
0 = Odd parity
1 = Even parity
M4 PEN Parity Enable
0 = No parity bit
1 = Parity bit enabled
M2-M3 LO-L1 character length (number of data bits)

00 = 5 bits
01 = 6 bits
10 = 7 bits
11 = 8 bits

M0-M1 B0-B1 baud rate factor
00 = Sync mode, see an 8251A data sheet.

01 =1X
10 =16 X
11 =64 X

S0-S1 programs the number of stop bits sent by the transmitter. The receiver never requires
more than one stop bit. :

PE/O selects even or odd parity.

; .
PEN selects whether or not a parity bit is transmitted by the transmitter and expected by the
recewe’f. If parity is enabled, even or odd panty is selected by PE/O. If no parity is selected,
PE/O‘has no effect.

LO-LI selects the number of data bits transmitted by the transmitter and expected by the
receiver. The start, stop, and parity bit (if any) are not counted in the number of data bits.
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COMM AND INSTRUCTION DEFINITION

BO-B1 The baud rate factor selects how many clocks per transmltted or recewed bit. 16 X is
almost universally used but 64 X provides a simple way to switch between two baud rates a
factor of four apart (1200 and 300 for example). The baud rate divisors given in the table of
Load register values assume 16 X baud rate factor. 1 X sh0uld only be used for transmlssmn
because slight dlfferences in baud rate between two dewces can cause serious receptlon
errores it 1 X is used. BO-B1 = 00 selects the synchron0us mode of operatlon see an 8251A

data sheet ror more mformatlon.

A TR o T o B o B &) ¢t oco
X Ik DSR ER  SBRK  RxE CTS  TxE

7 X =don't care. ) L
This bit is used with the sync mode. See an 8251A data sheet. T
Cb IR Internal Reset o )
0 = No operation S _ RN
1 = Reset the 8251A. : '
C5 DSR vata Set Ready e
) = JSR line inactive (=12 volts)
1 = DSR line active (+12 volts) . o
C4 ER Error Reset
0 =No operation
. = Reset error tags (PE, OE, FE)
C3 SBRK Send BReaK
0 = Normal operation
1 = Send break (continuous space [+12 volts] on RxD line)
C2 RxE Receiver Enable
= disable receiver
1 = enable receiver
C1 CTS Clear To Send
0 = CTS line inactive (-12 volts)
1 = CTS line active (+12 volts)
CO TxE Transmitter Enable
0 = disable transmitter

1 = enable transmitter i

IR = 1 puts the 8251A into an “idle® mode waiting for a new Mode instruction. After reset.the
6251A must be reinitialized before it can be used. '

DSR controls the level on the DSR output line. The 8251A data sheet defines this bit as RTS.
Since the CPU Support card was designed to be used in a computer (the equivalent of a
modem from the terminal’s point of view) the RTS line is an input. Therefore this output was

redefined as DSR and connected to the DSR line.

ER resets the three error flags PE, OE, and FE.

SBRK sends a continuous space level (+12 volits) on the RxD (Receiver Data) line. Note that
‘receiver’ is from the terminal's point of view. In spite of the name RxD, this is an output

line.

RxE{’:-{,O turns off the receiver. In the off state the RxRDY status bit is inhibited as well as the
RxRDY Interupt Request to the Slave 8259A.

CTS controls the level on the CTS output line. The 8251A data sheet defines this bit as DTR.

Since the CPU Support card was designed to be used in a computer (the equivalent of a
modem from the terminal's point of view) the DTR line is an input. Therefore this output was

redefined as CTS and connected to the CTS line.
' - 36 -
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