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PREVIOUS 
CYCLE 

INTERRUPT ACKNOWLEDGE 
CYCLE 1 (5 WAIT STATES) 

IDLE 
, (4 BUS STATES) 

INTERRUPT ACKNOWLEDGE 
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u n u u u u u u n n n n n u u u u u u 
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READY# 

SEE NOTE 

00-07 �~�-�-�t�-�-�i�-�-�-�t�-�-�+�-�-�1�~�-�t�1�:�l�:�~�~�~�-�-�i�-�-�-�~�-�t�-�-�1�-�-�-�~�-�t�-�-�1�-�-�-�t�1�~�:�:�~�:�)�-
SEE NOTE 
I I 
290.164-49 

NOTE: 
What is actually driven on the Data Bus depends on if the current interrupt request is a Slave Request. 

INTA Cycle 1 INTA Cycle 2 
NON-SLAVE REQUEST 
SLAVE REQUEST 

OOH Vector 
Slave Address High Impedence' 

• Slave will place a vector at this time. 

Figure 4·3. Interrupt Acknowledge Cycle 

After activating the INT signal, the 82370 monitors 
the status lines (M/IO#, D/C#, W/R#) and waits 
for the 80376 to initiate the first interrupt acknowl­
edge cycle. In the 80376 environment, two succes­
sive interrupt acknowledge cycles .. (INTA) marked by 
M/IO#=LOW, D/C#=LOW, and W/R#=LOW 
are performed. During the first INTA cycle, the PIC 
will. determine the highest priority request. Assuming 
this interrupt input has no external Slave Controller 
cascaded to it, the 82370 will drive the Data· Bus 
with OOH in the first INTA cycle. During the second 
INTA cycle, the 82370 PIC will drive the Data Bus 
with the corresponding pre-programmed interrupt 
vector. 

If the PIC determines (from the ICW3) that this inter­
rupt input has an external Slave Controllercascaded 
to it, it will drive the Data Bus with the specific Slave 
Cascade' Address (instead of OOH) during the first 
INTA cycle. This Slave Cascade Address is the pre­
programmed content in the corresponding Vector 
Register. This means that no Slave Address should 
be chosen to be OOH. Note that the Slave Address 
and Interrupt Vector are different interpretations of 
the same thing. They are both the contents of the 
programmable Vector Register. During the second 
INTA cycle, the Data Bus will be floated so that the 
external Slave Controller can drive its interrupt vec­
tor on the bus. Since the Slave Interrupt Controller 
resides on the system bus, bus transceiver enable 

. and direction control logic must take this into consid­
eration. 

In order to have a successful interrupt service, the 
interrupt request input must be held valid (LOW) until 
the beginning of the first interrupt acknowledge cy­
cle. If there is no pending interrupt request when the 
first INTA cycle is generated, the PIC will generate a 
default vector, which is the IRQ7 vector (Bank A, 
level 7). 

According to the Bus Cycle definition of the 80376, 
there will be four Bus Idle States between the two 
interrupt acknowledge cycles. These'idle bus cycles 
will be initiated by the 80376. Also, during each inter­
rupt acknowledge cycle, the internal Wait State Gen­
erator of the 82370 will automatically generate the 
required number of wait states for internal delays. 

4.4 Modes of Operation 

A variety of modes and commands are available for 
controlling the 82370 PIC. All of them are program­
mable; that is, they may be changed dynamically un­
dersoftware control. In fact, each bank dan be pro­
grammed individually to operate in different modes. 
With these modes and commands, many possible 
configurations are conceivable, giving the· user 
enough versatility for almost any interrupt controlled 
application. 

This section is not intended to show how the 82370 
PIC can be programmed. Rather, it describes the 
operation in different modes. 

4-850 



inter 82370 

4.4.1 END-Of-INTERRUPT 

Upon completion of an interrupt service routine, the 
interrupted bank needs to be notified so its ISR can 
be updated. This allows the PIC to keep track of 
which interrupt levels are in the process of being 
serviced and their, ,relative priorities. Three different 
End-Of-Interrupt (EOI) formats are available. They 
are: Non-Specific EOI Command, Specific EOI' Com­
mand, and Automatic EOI Mode. Selection of which 
EOI to use is dependent upon the interrupt opera­
tions the user wishes to perform. 

If the 82370 is NOT programmed in the Automatic 
EOI Mode, an EOI command must be issued by the 
80376 to the specific 82370 PIC Controller Bank. 
Also, if this controller bank is cascaded to another 
internal bank, an EOI command must also be sent to 
the bank to which this bank is cascaded. For exam­
ple, if an interrupt request of Bank C in the 82370 
PIC is serviced, an EOI should be written into Bank 
C, Bank B and Bank A If the request comes from an 
external interrupt controller cascaded to BankC, 
then an EOI should be written into the external con­
troller as well. 

NON-SPECifiC EOI COMMAND 

A Non-Specific EOI command sent from the 80376 
lets the 82370 PIC bank know when a service rou­
tine has been completed, without specification of its 
exact interrupt level. The respective interrupt bank 
automatically determines the interrupt level and re­
sets the correct bit in the ISA. 

To take advantage of the Non-Specific EOI, the in­
terrupt bank must be in a mode of operation in which 
it can predetermine its in-service routine levels. For 
this reason, the Non-Specific EOI command should 
only be used when the most recent level acknowl­
edged and serviced is always the highest priority lev­
el (Le. in the Fully Nested Mode structure to be de­
scribed below). When the interrupt bank receives a 
Non-Specific EOI command, it simply resets the 
highest priority ISR bit to indicate that the highest 
priority routine in service is finished. 

Special consideration should be taken when decid­
ing to use the Non-Specific EOI command. Here are 
two operating conditions in which it is best NOT 
used since the Fully Nested Mode structure will be 
destroyed: 

- Using the Set Priority command within an inter­
rupt service routine. 

- Using a Special Mask Mode. 

These conditions are covered in more detail in their 
own sections, but are listed here for reference. 
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SPECifiC EOI COMMAND 

Unlike a Non-Specific EOI command which automat­
ically resets the highest priority ISR bit, a Specific 
EOI command specifies an exact ISR bit to be reset. 
Anyone of the IRQ levels of an interrupt bank can 
be specified in the command. 

The Specific EOI command is needed to, reset the 
ISR bit of a completed service routine whenever the 
interrupt bank is not able to automatically determine 
it. The Specific EOI command can be used in all 
conditions of operation, including those that prohibit 
Non-Specific EOI command usage mentioned 
above. 

AUTOMATIC EOI MODE 

When programmed in the Automatic EOI Mode, the 
80376 no longer needs to issue a command to notify 
the interrupt bank it has completed an interrupt rou­
tine. The interrupt bank accomplishes this by per­
forming a Non-Specific EOI automatically at the end 
of the second INTA cycle. 

Special consideration should be taken when decid­
ing to use the Automatic EOI Mode because it may 
disturb the Fully Nested Mode structure. In the Auto­
matic EOI Mode, the ISR bit of a routine in service is 
reset right after it is acknowledged, thus leaving no 
designation in the ISR that a service routine is being 
executed. If any interrupt request within the same 
bank occurs during this time and interrupts are en­
abled, it will get serviced regardless of its priority. 
Therefore, when using this mode, the 80376 should 
keep its interrupt request input disabled during exe­
cution of a service routine. By doing this, higher pri­
ority interrupt levels will be serviced only after the 
completion of a routine in service. This guideline re­
stores the Fully Nested Mode structure. However, in 
this scheme, a routine in service cannot be interrupt­
ed since the host's interrupt request input is dis­
abled. 

4.4.2 INTERRUPT PRIORITIES 

The 82370 PIC provides various methods for arrang­
ing the interrupt priorities of the interrupt request in­
puts to suit different applications. The following sub­
sections explain these methods in detail. 

4.4.2.1 fully Nested Mode 

The Fully Nested Mode of operation is a general pur­
pose priority mode. This mode supports a multi-level 
interrupt structure in which all of the Interrupt Re­
quest (IRQ) inputs within one bank are arranged 
from highest to lowest. 
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Unless otherwise programmed, the Fully Nested 
Mode is entered by default upon initialization. At this 
time, IRQO# is assigned the highest priority 
(priority=O) and IRQ7# the lowest (priority = 7). 
This default priority can be changed, as will be ex­
plained later in the Rotating Priority Mode. 

When an interrupt is acknowledged, the highest pri­
ority request is determined from the Interrupt Re­
quest Register (IRR) and its vector is placed on the 
bus. In addition, the corresponding bit in the In-Serv­
ice Register (ISR) is set to designate the routine in 
service. This ISR bit will remain set until the 80376 
issues an End Of Interrupt (EOI) command immedi­
ately before returning from the service routine; or 
alternately, if the Automatic End Of Interrupt (AEOI) 
bit is set, the ISR bit will be reset at the end of the 
second INTA cycle. 

While the ISR bit is set, all further interrupts of the 
same or lower priority are inhibited. Higher level in­
terrupts can still generate an interrupt, which will be 
acknowledged only if the 80376 internal interrupt en­
able flip-flop has been reenabled (through software 
inside the current service routine). . 

4.4.2.2 Automatic Rotation-Equal Priority 
Devices 

Automatic rotation of priorities serves in applications 
where the interrupting devices are, of equal priority 

within an interrupt bank. In this kind of environment, 
once a device is serviced, all other equal priority pe­
ripherals should be given a chance to be serviced 
before the original device is serviced again. This is 
accomplished by automatically assigning a device 
the lowest priority after being serviced. Thus, in the 
worst case, the device would have to wait until all 
other peripherals connected to the same bank are 
serviced before it is serviced again. 

There are two methods of accomplishing automatic 
rotation. One is used in conjunction with the Non­
Specific EOI command and the other is used with 
the Automatic EOI mode. These two methods are 
discussed below. 

ROTATE ON NON-SPECIFIC EOI COMMAND 

When the Rotate On Non-Specific EOI command is 
issued, the highest ISR bit is reset as in a normal 
Non-Specific EOI command. However, after it is re­
set, the corresponding Interrupt Request (IRQ) level 
is assigned the lowest priority. Other IRQ priorities 
rotate to' conform to the Fully Nested Mode based 
on the newly assigned low priority. 

Figure 4-4 shows how the Rotate On Noli-Specific 
EOI command affects the interrupt priorities. As­
sume the IRQ priorities were assigned withlRQO the 
highest and IRQ7 the lowest. IRQ6 and IRQ4 are 

IS7 IS6 IS5 IS4 IS3 IS2 lSI ISO 

ISR STATUS 

PRIORITY 

LOWEST PRIORITY 

ISR STATUS 

PRIORITY 

IS7 IS6 155 154 153 152 

HIGHEST PRIORITY 

(BEFORE 
COMMAND) 

HIGHEST PRIORITY 

151 ISO 

(AFTER 
COMMAND) 

LOWEST PRIORITY 

Figure 4-4. Rotate On Non-Specific EOI Command 
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already in service but neither is completed. Being 
the higher priority routine, IRQ4 is necessarily the 
routine being executed. During the IRQ4 routine, a 
rotate on Non-Specific EOI command is executed. 
When this happens, Bit 4 in the ISR is reset. IRQ4 
then becomes the lowest priority and IRQ5 becomes 
the highest. 

ROTATE ON AUTOMATIC EOI MODE 

The Rotate On Automatic EOI Mode works much 
like the Rotate On Non-Specific EOI Command. The 
main difference is that priority rotation is done auto­
matically after the second INTA cycle of an interrupt 
request. To enter or exit this mode, aRotate-On-Au­
tomatic-EOI Set Command and Rotate-On-Automat­
ic-EOI Clear Command is provided. After this mode 
is entered, no other commands are needed as in the 
normal Automatic EOI Mode. However, it must be 
noted again that when using any form of the Auto­
matic EOI, Mode, special consideration should be 
taken. The guideline presented in the Automatic EOI 
Mode also applies here. 

4.4.2.3 Specific Rotation-Specific Priority 

Specific rotation gives the user versatile capabilities 
in interrupt controlled operations. It serves in those 
applications in which a specific device's interrupt pri­
ority must be altered. As opposed to Automatic Ro­
tation which will automatically set priorities after 
each interrupt request is serviced, specific rotation is 
completely user controlled. That is, the user selects 
which interrupt level is to receive the lowest or the 
highest priority. This can be done during the main 
program or within interrupt routines. Two specific ro-

tation commands are available to the user: Set Prior­
ity Command and Rotate On Specific EOI Com-
mand. . 

SET PRIORITY COMMAND 

The Set Priority Command allows the programmer to 
assign an IRQ level the lowest priority. All other in­
terrupt levels will conform to the Fully Nested Mode 
based on the newly assigned low priority. 

ROTATE ON SPECIFIC EOI COMMAND 

The Rotate On Specific EOI Command is literally a 
combination of the Set Priority Command and the 
Specific' EOI Command. Like the Set Priority Com­
mand, a specified IRQ level is assigned lowest priori­
ty. Like the Specific EOI Command, a specified level 
will be reset in the ISA. Thus, this command accom­
plishes both tasks in one single command. 

4.4.2.4 Interrupt Priority Mode Summary 

In order to simplify understanding the many modes 
of interrupt priority, Table 4-2 is provided to bring out 
their summary of operations. 

4.4.3 INTERRUPT MASKING 

VIA INTERRUPT MASK REGISTER 

Each bank in the 82370 PIC has an Interrupt Mask 
Register (IMR) which enhances interrupt control ca-

Table 4-2. Interrupt Priority Mode Summary 

Interrupt 
Operation Effect On Priority After EOI 

Priority 
Summary 

Mode Non-Specificl Automatic Specific 

Fully-Nested Mode IRQO # - Highest Priority No change in priority. Not Applicable. 
IRQ7 # - Lowest Priority Highest ISR bit is reset. 

Automatic Rotation Interrupt level just Highest ISR bit is reset Not Applicable. 
(Equal Priority Devices) serviced is the lowest and the corresponding 

priority. level becomes the lowest 

Other priorities rotate to priority. 

conform to Fully-Nested 
Mode. 

Specific Rotation User specifies the Not Applicable. As described under 
(Specific Priority Devices) lowest priority level. "Operation Summary". 

Other priorities rotate to 
conform to Fully-Nested 
Mode. 
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pabilities. This IMR allows individual IRQ masking. 
When an IRQ is masked, its interrupt request is dis­
abled until it is unmasked. Each bit in the 8-bit IMR 
disables one interrupt channel if it is set (HIGH). Bit 
o masks IRQO, Bit 1 masks IRQ1 and so forth. 
Masking an IRQ channel will only disable the corre­
sponding channel and does not affect the others' 
operations. 

The IMR acts only on the output of the IRR. That is, 
if an interrupt occurs while its IMR bit is set, this 
request is not "forgotten". Even with an IRQ input 
masked, it is still possible to set the IRR. Therefore, 
when the IMR bit is reset, an interrupt request to the 
80376 will then be generated, providing that the IRQ 
request remains active. If the IRQ request is re­
moved before the IMR is reset, the Default Interrupt 
Vector (Bank A, level 7) will be generated during the 
interrupt acknowledge cycle. 

SPECIAL MASK MODE 

In the Fully Nested Mode, all IRQ levels of lower 
priority than the routine in service are inhibited. How­
ever, in some applications, it may be desirable to let 
a lower priority interrupt request to interrupt the rou­
tine in service. One method to achieve this is by 
using the Special Mask Mode. Working in conjunc­
tion with the IMR, the Special. Mask Mode enables 
interrupts from all levels except the level in service. 
This is usually done inside an interrupt service rou­
tine by masking the level that is in service and then 
issuing the Special Mask Mode Command. Once the 
Special Mask Mode is enabled, it remains in effect 
until it is disabled. 

4.4.4 EDGE OR LEVEL INTERRUPT 
TRIGGERING 

Each bank in the 82370 PIC can be programmed 
independently for either edge or level sensing for the 

82370 
D(0;:z4 

interrupt request signals. Recall that all IRQ inputs 
are active LOW. Therefore, in the edge triggered 
mode, an active edge is defined as an input tran­
sition from an inactive (HIGH) to active (LOW) state. 
The interrupt input may remain active without gener­
ating another interrupt. During level triggered mode, 
an interrupt request will be recognized by an active 
(LOW) input, and there is no need for edge detec­
tion. However, the interrupt request must be re­
moved before the EOI Command is issued, or the 
80376 must be disabled to prevent a second false 
interrupt from occurring. 

In either modes, the interrupt request input must be 
active (LOW) during the first INTA cycle in order to 
be recognized. Otherwise, the Default Interrupt Vec­
tor will be generated at level 7 of Bank A. 

4.4.5 INTERRUPT CASCADING 

As mentioned previously, the 82370 allows for exter­
nal Slave interrupt controllers to be cascaded to any 
of its external interrupt request pins. The 82370 PIC 
indicates that an external Slave Controller is to be 
serviced by putting the contents of the Vector Regis­
ter associated with the particular request on the 
80376 Data Bus during the first INTA cycle (instead 
of OOH during a non-slave service). The external log­
ic should latch the vector on the Data Bus using the 
INTA status signals and use it to select the external 
Slave Controller to be serviced (see Figure 4-5). The 
selected Slave will then respond to the second INT A 
cycle and place its vector on the Data Bus. This 
method requires that if external Slave Controllers 
are used in the system, no vector should be pro­
grammed to OOH. 

Since the external Slave Cascade Address is provid­
ed on the Data Bus during INTA cycle 1., an external 
latch is required to capture this address for the Slave 
Controller. A simple scheme is depicted in Figure 
4-5 below. 

POSITIVE 
EDGE 

MASTER/SLAVE 
FLIP-FLOP CASCO -7) 

IN OUT f-+TO SLAVE 
8259', 

ClK 

DATA BUS I .~ 
INTA# '--( (FROM BUS CONTROllER) 

lATCH HERE 
290164-52 

Figure 4-5. Slave Cascade Address Capturing 

4-854 



inter 82370 

4.4.5.1 Special Fully Nested Mode 

This mode will be used where cascading is em­
ployed and the priority is to be conserved within 
each Slave Controller. The Special Fully Nested 
Mode is similar to the "regular" Fully Nested Mode 
with the following exceptions: 

- When an interrupt request from a Slave Control­
ler is in service, this Slave Controller is not 
locked out from the Master's priority logic. Fur­
ther interrupt requests from the higher priority 
logic within the Slave Controller will be recog­
nized by the 82370 FlIC and will initiate interrupts 
to the 80376. In comparing to the "regular" Fully 
Nested Mode, the Slave Controller is masked out 
when its request is in service and no higher re­
quests from the same Slave Controller can be 
serviced. 

- Before exiting the interrupt. service routine, the 
software has to check whether the interrupt serv­
iced was the only request from the Slave Con­
troller. This is done by sending a Non-Specific 
EOI Command to the Slave Controller and then 
reading its In Service Register. If there are no 
requests in the Slave Controller, a Non-Specific 
EOI can be sent to the corresponding 82370 PIC 
bank also. Otherwise, no EOI should be sent. 

4.4.6 READING INTERRUPT STATUS 

The 82370 PIC provides several ways to read differ­
ent status of each interrupt bank for more flexible 
interrupt control operations. These include polling 
the highest priority pending interrupt request and 
reading the contents of different interrupt status reg­
isters. 

4.4.6.1 Poll Command 

The 82370 PIC supports status polling operations 
with the Poll Command. In a Poll Command, the 
pending interrupt request with the highest priority 
can be determined. To use this command, the INT 
output is not used, or the 80376 interrupt is disabled. 
Service to devices is achieved by software using the 
Poll Command. 

This mode is useful if there is a routine command 
common to several levels so that the INTA se­
quence is not needed. Another application is to use 
the Poll Command to expand the number of priority 
levels. 

Notice that the ICW2 mechanism is not supported 
for the Poll Command. However, if the Poll Com­
mand is used, the programmable Vector Registers 
are of no concern since no INTA cycle will be gener­
ated. 

4.4.6.2 Reading Interrupt Registers 

The contents of each interrupt register (IRR, ISR, 
and IMR) can be read to update the user's program 
on the present status of the 82370 PIC. This can be 
a versatile tool in the decision making process of a 
service routine, giving the user more control over 
interrupt operations. 

The reading of the IRR and ISR contents can be 
performed via the Operation Control Word 3 by us­
ing a Read Status Register Command and the con­
tent of IMR can be read via a simple read operation 
of the register itself. 

4.5 Register Set Overview 

Each bank of the 82370 PIC consists of a set of 8-bit 
registers to control its operations. The address map 
of all the registers is shown in Table 4-3 below. 
Since all three register sets are identical in functions, 
only one set will be described. 

Functionally, each register set can be divided into 
five groups. They are: the four Initialization Com­
mand Words (ICW's), the three Operation Control 
Words (OCW's), the Pollllnterrupt Request/In-Serv­
ice Register, the Interrupt Mask Register, and the 
Vector Registers. A description of each group fol­
lows. 
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Table 4·3. Interrupt Controller Register Address Map 

Port Access Register Description Address 

20H Write Bank B ICW1, OCW2, or OCW3 
Read Bank B Poll, Request or In-Service 

Status Register 
21H Write Bank B ICW2, ItW3, ICW4, OCW1 

Read Bank B Mask Register 
22H Read BankB ICW2 
2SH Read/Write IROS Vector Register 
29H Read/Write IR09 Vector Register 
2AH Read/Write Reserved 
2BH Read/Write IR011 Vector Register 
2CH Read/Write IR012 Vector Register 
20H Read/Write IR013 Vector Register 
2EH Read/Write IR014 Vector Register 
2FH Read/Write IR015 Vector Register 

AOH Write Bank C ICW1,OCW2, or OCW3 
Read Bank C Poll, Request or In-Service 

Status Register 
A1H Write Bank C ICW2, ICW3, ICW4, OCW1 

Read Bank C Mask Register 
A2H Read BankC ICW2 
ASH Read/Write IR016 Vector Register 
A9H Read/Write IR01? Vector Register 
AAH Read/Write IR01S Vector .Register 
ABH Read/Write IR019 Vector Register 
ACH Read/Write IR020 Vector Register 
AOH Read/Write IR021 Vector Register 
AEH Read/Write IR022 Vector Register 
AFH Read/Write· IR023 Vector Register 

30H Write Bank A ICW1, OCW2, or OCW3 
Read Bank A Poll, Request or In-Service 

Status Register 
31H Write Bank A ICW2, ICW3, ICW4, OCW1 

Read Bank A Mask Register 
32H Read BanklCW2 
3SH Read/Write IROO Vector Register 
39H Read/Write IR01 Vector Register 
3AH Read/Write IR01.5 Vector Register 
3BH Read/Write IR03 Vector Register 
3CH Read/Write IR04 Vector Register 
30H Read/Write Reserved 
3EH Read/Write Reserved 
3FH Read/Write IRO? Vector Register 
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4.5.1 INITIALIZATION COMMAND WORDS (ICW) 

Before normal operation can begin, the 82370 PIC 
must be brought to a known state. There are four 
8·bit Initialization Command Words .in each interrupt 
bank to setup the necessary conditions and modes 
for proper operation. Except for the second com· 
mand word (ICW2) which is a read/write register, the 
other three are write·only registers. Without going 
into detail of the bit definitions of the command 
words, the following subsections give a brief de· 
scription of what functions each command word 
controls. 

ICW1 

The ICW1 has three major functions. They are: 

- To select between the two IRQ input triggering 
modes (edge· or level·triggered); 

- To designate whether or not the interrupt bank is 
to be used alone or in the cascade mode. If the 
cascade mode is desired, the interrupt bank will 
accept ICW3 for further cascade mode program· 
mingo Otherwise, no ICW3 will be accepted; 

- To determine whether or not ICW4 will be issued; 
that is, if any of the ICW4 operations are to be 
used. 

ICW2. 

ICW2 is provided for compatibility with the 82C59A 
only. Its contents do not affect the operation of the 
interrupt bank in any way. Whenever the ICW2 of 
any of the three banks is written into, an interrupt is 
generated from bank. A at level 1.5. The interrupt 
request will be cleared after the ICW2 register has 
been read by the 80376. The user is expected to 
program the corresponding vector register or to use 
it as an indicator that an attempt was made to alter 
the contents. Note that each ICW2 register has dif· 
ferent. addresses fo~ read and write. operations. 

ICW3 

The interrupt bank will only accept an ICW3 if pro· 
grammed in the external cascade mode (as indicat· 
ed in ICW1). ICW3 is used for specific programming 
within the cascade mode. The bits in' ICW3 indicate 
which interrupt request inputs have a Slave cascad· 
ed to them. This will. subsequently affect the inter· 
rupt vector generation during the interrupt acknowl· 
edge cycles as described previously. 

ICW4 

The ICW4 is accepted only if it was selected in 
ICW1. This command word register serves two func· 
tions: 

- To select either the Automatic EOI mode or soft· 
ware EOI mode; 

- To select if the Special Nested mode is to be 
used in conjunction with the cascade mode. 

4.5.2 OPERATION CONTROL WORDS (9(:W) 

Once. initialized by the ICW~s, the interrupt banks will 
be operating in the Fully Nested Mode by default 
and they are ready to accept interrupt requests. 
However, the operations of each interrupt bank can 
be further controlled or modified by the use of 
OCW's.Three OCW's are available for programming 
various modes and commands. Note that all OCW's 
are 8·bit write·only registers. 

The modes and operations controlled by the OCW's 
are: 

- Fully Nested Mode; 

- Rotating Priority Mode; 

- Special Mask Mode; 

- Poll Mode; 

- EOI Commands; 

- Read Status Commands. 

OCW1 

OCW1 is used solely for masking operations. It pro· 
vides a direct link to the Internal Mask Register 
(IMR). The 80376 can write to this OCW register to 
enable or disable the interrupt inputs. Reading the 
pre·prOgrammed mask can be done via the Interrupt 
Mask Register which will be discussed shortly. 

OCW2 

OCW2 is used to select End·Qf·lnterrupt, Automatic 
Priority Rotation, and Specific Priority Rotation oper· 
ations. Associated commands and modes of these 
operations are selected using the different combina­
tions of bits in OCW2. 

Specifically, the OCW2 is used to: 

- Designate an interrupt level (0-7) to be used to 
reset a specific ISR bit or to set a specific priori· 
ty. This function can be enabled or disabled; 

- Select which software EOI command (if any) is to 
be executed (i.e. Non-Specific or Specific EOI); 

- Enable one of the priority rotation operations (i.e. 
Rotate On Non-Specific EOI, Rotate On Auto­
matic EOI, or Rotate On Specific EOI). 
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OCW3 

There are three main categories of operation that 
OCW3 controls. They are summarized as follows: 
- To select and execute the Read Status Register 

Commands, either reading the Interrupt Request 
Register (IRR) or the In-Service Register (ISR); 

- To issue the Poll Command. The Poll Command 
will override a Read Register Command· if both 
functions are enabled simultaneously; 

- To set or reset the Special Mask Mode. 

4.5.3 POLUINTERRUPT REQUEST IIN·SERVICE 
STATUS REGISTER 

As the name implies, this 8-bit read-only register has 
multiple functions. Depending on the command is­
sued in the OCW3, the content of this registerre­
flects the result of the command executed. For a 
Poll Command, the register read contains the binary 
code of the highest priority level requesting service 
(if any). For a Read IRR Command, the register con­
tent will show the current pending interrupt te­
quest(s). Finally, for a Read ISR Command, this reg­
ister will specify all interrupt levels which are being 
serviced. 

4.5.4 INTERRUPT MASK REGISTER (IMR) 

This is a read-only 8-bit register which, when read, 
will specify all interrupt levels within the same bank 
that are masked. 

4.5.5 VECTOR REGISTERS (VR) 

Each interrupt request input has an 8-bit readlwrite 
programmable·vector'register associated with it. The 
registers should be programmed to contain the inter­
rupt vector for the corresponding request. The con­
tents of the Vector Register will be placed on the 
Data Bus during the INTA cycles as descr,ibed previ" 
ously. 

4.6 Programming 

Programming the 82370 PIC is accomplished by us­
ing two types of command words: ICW's and 
oew's. All modes and commands explained in the 
previous sections are programmable using the 
ICW's and OCW's. The ICW's are issued from the 
80376 in a sequential format and are used to setup 
the banks in the 82370 PIC in an initial state of oper-, 
ation. The OCW's are issued as needed to vary and 
control the 82370 PIC's operations. 

Both ICW's and OCW's are sent by the 80376 to the 
interrupt banks via the Data Bus. Each bank distin­
guishes between the different ICW's and OCW's by 
the 1/0 address map, the sequence they are issued 
(ICW~s only), and by some dedicated bits among the 
ICW's and OCW's. 

An example of programming the 82370 interrupt 
controllers is given in Appendix C (Programming the 
82370 Interrupt Controllers). 

All three interrupt banks are programmed in a similar 
way. Therefore, only a single bank will be described 
in .the following sections. 

4.6.1 INITIALIZATION (ICW) 

Before normal operation can begin, each bank must 
be initialized by programming a sequence of two to 
four bytes written into the ICW's. 

Figure 4-6 shows the initialization flow for an inter­
rupt bank. Both ICW1 and ICW2 must be issued for 
any form of operation. However, ICW3 and ICW4 are 
used only if deSignated in ICW1. Once initialized, if 
any programming changes within the ICW's are to 
be made, the entirelCW sequence must be repro­
grammed, not just an individual ICW. 

Note that although the ICW2's in the 82370 PIC do 
not effect the Bank's operation, they still must be 
programmed in order to preserve the compatibility 
with the 82C59A. The contents programmed are not 
relevant to the overall operations of the interrupt 
banks. Also, whenever one of the three ICW2's is 
programmed, an interrupt leval 1.5 in Bank A will be 
generated~ This interrupt request' will be . cleared 
upon reading of the ICW2 registers. Since the three 
ICW2's share the same inten:upt level ari9 the sys~ 
tem may not know the origin of the interrupt, all three 
ICW2's must be read. 
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*ICW2 vector address must be programmed now. 

(ICW2 INTERRUPT GENERATED) 

(ALLOW SERVICING 
OF ICW2 INTERRUPT) 

290164-53 

Other vector addresses may be programmed via ICW2 interrupt service routine. 

Figure 4·6. Initialization Sequence 

Certain internal setup conditions occur automatically 
within the interrupt bank after the first ICW (ICW1) 
has been issuech· These are: 

- The edge sensitive circuit is reset, which means 
that following initialization, an interrupt request 
input must make a HIGH-to-LOW transition to 
generate an interrupt; 

- The Interrupt Mask Register (IMR) is cleared; 
that is, all interrupt inputs are enabled; 

- IRQ? input of each bank is assigned priority ? 
(lowest); 

- Special Mask Mode is cleared and Status Read 
is set to IRR; 

- If no ICW4 is needed, then no Automatic-EOI is 
selected. 

4.6.2 VECTOR REGISTERS (VR) 

Each interrupt request input has a separate Vector 
Register. These Vector Registers are used to store 
the pre-programmed vector number corresponding 
to their interrupt sources. In order to guarantee prop­
er interrupt handling, all Vector Registers must be . 
programmed with the. predefined vector numbers. 
Since an interrupt request will be generated whenev­
er an ICW2 is written during the initialization se­
quence, it is important that the Vector Register of 
IRQ1.5 in Bank A should be initialized and the inter­
rupt service routine of this vector is set up before the 
ICW's are written. 
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4.6.3 OPERATION CONTROL WORDS (OCW) 

After the ICW's are programmed, the operations of 
each interrupt controller bank can be changed by 
writing into the OCW's as explained before. There is 
no special programming sequence required for the 
OCW's. Any OCW may be written at any time in or­
der to change the mode of or to perform certain op­
erations on the interrupt banks. 

4.6 •. 3.1 Read Status and Poll Commands (OCW3) 

Since the reading of IRR and ISR status as well as 
the result of a Poll Command are available on the 
same read-only Status Register, a special Read 
Status/Poll Command must be issued before the 
Poll/Interrupt Request/In-Service Status Register is 
read. This command can be specified by writing the 
required control word into OCW3. As mentioned ear­
lier, if both the Poll Command and the Status Read 
Command are enabled simultaneously, the Poll 
Command will override the Status Read. That is, af­
ter the command execution, the Status Register will 
contain the result of the Poll Command. 

4.7 Register Bit Definition 

INITIALIZATION COMMAND WORD 1 (ICW1) 

Note that for reading IRR and ISR, there is no need 
to issue a ·Read Status Command to the OCW3 ev­
ery time the IRR or ISR is to be read. Once a Read 
Status Command is received by the interrupt bank, it 
"remembers" which register is selected. However, 
this is not true when the Poll Command is used. 

In the Poll Command, after the OCW3 is written, the 
82370 PIC treats the next read to the Status Regis­
ter as an interrupt acknowledge. This will set the ap­
propriate IS bit if there is a request and read the 
priority level. Interrupt Request input status remains 
unchanged from the Poll Command to the Status 
Read. 

In addition to the above read commands, the Inter­
rupt Mask Register (IMR) can also be read. When 
read, this register reflects the contents of the pre­
programmed OCW1 which contains information on 
Which interrupt request(s) is(are) currently disabled. 

07 06 05 04 03 02 01 DO 

I x I x I x I 1 I LTIM I x I SNGq IC4 I 

I ~ 
~ o - NO ICW4 NEEDED 

1 - ICW4 NEEDED 
o - EDGE TRIGGERED 
1 - LEVEL TRIGGERED 

INITIALIZATION COMMAND WORD 2 (ICW2) 

o - EXTERNAL CASCADE 
(ICW3 NEEDED) 

1 - NO EXTERNAL CASCADE 
(ICW3 NOT NEEDED) 

CONTENT IS NOT RELEVANT TO THE ACTUAL 
Oi>ERATION OF THE BANK BUt CAN BE: READ 

BY THE INTERRUPT SERVICE ROUTINE TO 
DETERMINE WHERE THE INTERRUPT VECTORS 

OF EACH BANK START. 
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INITIALIZATION COMMAND WORD 3 (ICW3) 

ICW3 for Bank A: 

ICW3 for Bank B: 

ICW3 for BankC: 

07 06 05 0403 02 01 DO 

I 0 o I 0 I 0 Istololo! 
: - NO SLAVE CASCADED TO BANK A 
1 - THERE IS A SLAVE CASCADED 

TO TOUT2H/IRQ3H PIN 

07 06 05 04 03 02 01 DO 

o - NO CASCADED REQUEST TO IRQN 
1 - THERE IS A CASCADED REQUEST 

CONNECTED TO .lRQN (I.E. THE 
CORRESPONDING INTERRUPT 
REQUEST INPUTS) 

07 06 05 04 03 02 01 DO 

o - NO CASCADED REQUEST TO IRQN 
1 - THERE IS A CASCADED REQUEST 

CONNECTED TO IRQN 

INITIALIZATION COMMA'ND WORD 4 (ICW4) . 

07 06 05 D4 03· 02 01 DO 

10-_ ... 0 = NORMAL EOI 
1 =AUTOMATIC EOI 

2901&1-56 

2901&1-57 

2901&1-58 

\ 
L... _______ + O=NOT SPECIAL FULLY NESTED MODE 

1 = SPECIAL FULLY NESTED MODE 
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OPERATION CONTROL WORD 1 (OCW1) 

07 06 05 04 03 02 01 DO 

'--_-. MI =,1 t.fASK SET (INTERRUPT DISABLED) 
MI = 0 t.fASK RESET (INTERRUPT ENABLED) 

290164-60 

OPERATION CONTROL WORD 2 (OCW2) 

D7 06 05 04 D3 D2 01 DO 

R I SL I EOI 

I I I 
o o L2 '~" I lm,"~l~ 

TO BE ACTED UPON 1 NON-SPECIFIC EOI COMMAND 
1 SPECIFIC EOI COMt.fAND 
1 ROTATE ON NON-SPECIFIC EOI 
o ROTATE ON AUTO-EOI MODE (SET) 
o ROTATE 01'4 AUTO-EOI MODE (CLEAR) 

o 
o 
1 
1 
o 
1 
1 
o 

o 
1 
o 
o 
o 
1 
1 
1 

1 ROTATE ON SPECIFIC EOI (L2-LO USED) 
o SET PRIORITY (L2-LO USED) 
o NO OPERATION 

OPERATION CONTROL WORD 3 (OCW3) 

D7 06 05 04 D3 02 Dl DO 

ESt.ft.f St.ft.f RIS 
o 0 NO ACTION o NO ACTION 
o 1 NO ACTION 1 - POLL COMMAND 1 NO ACTION 
1 0 RESET SPECIAL MASK 0- NO POLL COMt.fAND o READ IR REG. 
1 1 SET SPECIAL MASK 1 READ IS REG. 

290164-61 

290164-62 

ESMM - Enable Special Mask Mode. When this bit is set to 1, it enables the SMM bit to set or reset the 
Special Mask Mode. When this bit is set to 0, SMM bit becomes don't care. 

SMM - Special Mask Mode. If ESMM = 1 and SMM = 1, the interrupt controller bank will enter Special Mask 
Mode. If ESMM = 1 and SMM == 0, the bank will revert to normal mask mode. When ESMM = 0, SMM 
has no effect. 
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POLL/INTERRUPT REQUEST/IN-SERVICE STATUS REGISTER 

Poll Command Status 

Interrupt Request Status 

NOTE: 

D7 DS D5 D4 D3 D2 D1 DO 

0- NO PENDING INTERRUPT 
1 - PENDING INTERRUPT 

BINARY CODE Of 
THE HIGHEST PRIORITY 
LEVEL REQUESTING 

D7 DS D5 D4 D3 D2 D1 DO 

IIRQ711RQSIIRQ511RQ411RQ311RQ211RQ1 IIRQO I 
If IRQ BIT IS, 0 - NO REQUEST 

290164-63 

1 - REQUEST PENDING 
290164-64 

Although all Interrupt Request inputs are active LOW, the internal logical will invert the state of the pinsso that when there 
is a pending interrupt request at the input, the corresponding IRQ bit will be set to HIGH in the Interrupt Request Status 
register. 

In-Service Status 

D7 DS D5 D4 D3 D2 D1 DO 

IIS7 IIs6 1155 IIs4 IIs3 IIs2 liS 1 I ISO I 

If IS BIT IS: 0 - NOT IN-SERVICE 
1 - REQUEST IS IN-SERVICE 

290164-65 

VECTOR REGISTER (VR) 

8-BIT VECTOR NUMBER 
290164-66 
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Table 4-4. Register Operational Summary 

Operational 
Description 

Fully Nested Mode 
Non-specific EOI Command 
Specific EOI Command 
Automatic EOI Mode 
Rotate On Non-Specific 

EOICommand 
Rotate On Automatic 

EOI Mode 
Set Priority Command 
Rotate On Specific 

EOICommand 
Interrupt Mask Register 
Special Mask Mode 
Level Triggered Mode 
Edge Triggered Mode 
Read Register Command, IRR 
Read Register Command, ISR 
Read IMR 
Poll Command 
Special Fully Nested Mode 

4.8 Register Operational Summary 

For ease of reference, Table 4-4 gives a summary of 
the different operating modes .and commands with 
their corresponding registers. 

5.0 PROGRAMMABLE INTERVAL 
TIMER 

5.1 Functional Description 

The 82370 contains four independently Programma­
ble Interval Timers: Timer 0-3. All four timers are 
functionally compatible to the Intel 82C54. The first 
three timers (Timer 0-2) have specific functions. 
The fourth timer, Timer 3, is a general purpose timer. 
Table 5-1 depicts the functions of each timer. A brief 
description of each timer's function follows. 

Timer 

0 
1 

2 

3 

Table 5-1. Programmable 
Interval Timer Functions 

Output Function 

IR08 Event Based IR08 Generator 
TOUT1/REH Gen. Purpose/DRAM 

Refresh Req. 
TOUT2/IR03# Gen. Purpose/Speaker 

OutlIR03# 
TOUT3# Gen. PurposellROO 

Generator 

Command Bits Words 

OCW-Default 
OCW2 EOI 
OCW2 SL, EOI, LO-L2 

ICW1,ICW4 IC4,AEOI 
OCW2 EOI 

OCW2 R, SL, EOI 

OCW2 LO-L2 
OCW2 R,SL, EOI 

OCW1 MO-M7 
OCW3 ESMM,SMM 
ICW1 LTIM 
ICW1 LTIM 

OCW3 RR,RIS 
OCW3 RR,RIS 

IMR MO-M7 
OCW3 P 

ICW1,ICW4 IC4,SFNM 

TIMER O-Event Based Interrupt Request 8 
Generator 

Timer 0 is intended to be used as an Event Counter. 
The output of this timer will generate an Interrupt 
Request 8 (IR08) upon a rising edge of the timer 
output (TOUTO). Normally, this timer is used to im­
plement a time-of-day clock or system tick. The Tim­
er 0 output is not available as an external signal. 

TIMER 1-General Purpose/DRAM Refresh 
Request 

The output of Timer 1, TOUT1, can be used as a 
general purpose timer or as a DRAM Refresh Re­
quest signal. The rising edge of this output creates a 
DRAM refresh request to the 82370 DRAM Refresh 
Controller. Upon reset, the Refresh Request func­
tion is disabled, and the output pin is the Timer 1 
output. 

TIMER 2--General Purpose/Speaker OutllRQ3 # 

The Timer 2 output, TOUT2 #, could be used to sup­
port tone generation to an external speaker. This pin 
is a bidirectional signal. When used as an input, a 
logic LOW asserted at this pin will generate an Inter- . 
rupt Request 3 (IR03#) (see Programmable Inter­
rupt Controller). 
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DATA BUFFER OUTO 
4 

8- BIT • c!c COUNTER 0 

INTERNAL BUS 
LOGIC 

~ 

OUT 1 
COUNTER 1 

~ 

CONTROL 
GATE WORD 

REGISTER I 

OUT2 
COUNTER 2 

~ 

CONTROL OUT3 --+ WORD COUNTER 3 
REGISTER II ~ 

CLKIN 

1 EDGE I IR08 
'I DETECTOR I (INTERN AL) 

1 EDGE REFRESH I 
'I DETECTOR CONTROLLER 

REF# 

I REFI/ 
2-TO-l 
1 MUX 

f-+TOUT1/R TOUT1 
o select 

EF# 

L-~EFENA 
OPEN COLLECTOR (INTERN 

BLE 
AL) - TOUT2#/ - ! IR03# 

TO IR03# (INTERNAL) 

J EDGE I IROO 

I DETECTOR I (INTERNA L) 

4- TOUT3# 

290164-67 

Figure 5-1; Block Diagram of Programmable Interval Timer 

TIMER 3-General Purpose/Interrupt Request 0 
Generator 

The output of Timer 3 is fed to an edge detector and 
generates an Interrupt Request 0 (I ROO) in the 
82370. The inverted output of this timer (TOUT3#) 
is also available as an .external signal for general 
purpose use. 

5.1.1 INTERNAL ARCHITECTURE 

The functional block diagram of the Programmable 
Interval Timer section is shown in Figure 5-1. Follow­
ing isa description of each block. 

DATA BUFFER & READ/WRITE LOGIC 

This part of the Programmable Interval Timer is used 
to interface the four timers to the 82370 internal bus. 
The Data Buffer is· for transferring commands and 
data between the 8-bit internal bus and the timers. 

The Read/Write Logic accepts inputs from the inter­
nal bus and generates signals to control other func" 
tional blocks within the timer section. 

CONTROL WORD REGISTERS I & II 

The Control Word Registers are write-only registers. 
They are used to control the operating modes of the 
timers. Control Word Register I controls Timers 0, 1 
and 2, and Control Word Register II controls Timer 
3. Detailed description of the Control Word Regis­
ters will be included in the Register Set Overview 
section. 

COUNTER 0, COUNTER 1, COUNTER 2, 
COUNTER 3 

Counters 0, 1, 2, and 3 are the major parts of Timers 
0, 1, 2, and 3, respectively. These four functional 
blocks are identical in operation, so only a single 
counter will be described. The internal block dia­
gram of one counter is shown in Figure 5-2: 
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GATEn 
eLK n OUT n 

290164-68 

Figure 5-2. Internal Block Diagram of a Counter 

The four counters share a common clock input 
(ClKIN), but otherwise are fully independent. Each 
counter is programmable to operate in a different 
mode. 

Although the Control Word Register is shown in the 
figure, it is not part of the counter itself. Its pro­
grammed contents are· used to control the opera­
tions of the counters. 

The Status Register, when latched, contains the cur­
rent contents of the Control Word Register and 
status of the output and Null Count Flag (see Read 
Back Command). 

The Counting Element (CE) is the actual counter. It 
is a i6-bit presettable synchronous down counter. 

The Output latches (Ol) contain two 8-bit latches 
(OlM and Oll). Normally, these latches "follow'! 
the content of the CEo OlM contains the most signif­
icant byte of the counter and Oll contains the least 
significant byte. If the Counter latch Command is 
sent to the counter, Ol will latch the present count 
untU read by the 80376 and then return to follow the 
CEo One latch at a time is enabled by the timer's 
Control logic. to drive the internal bus. This is how 
the i6-bit Counter communicates over the 8-bit in­
ternal bus. Note that CE cannot be read. Whenever 
the count is read, it is one of the Ol's that is being 
read. 

When a new count is written into the counter, the 
value will be stored in the Count Registers (CR), and 
transferred to CEo The transferring of the contents 
from CR's to CE is defined as "loading" of the coun­
ter. The Count Register contains two 8-bit registers: 
CRM (which contains the most significant byte) and 
CRl (which contains the least significant byte). Simi­
lar to the Ol's, the Control logic allows one register 
at a time to be loaded from the 8-bit internal bus. 
However, both bytes are transferred from the CR's 
to the CE simultaneously. Both CR's are cleared 
when the Counter is programmed. This way, .if the 
Counter has been programmed for one byte count 
(either the most Significant or the least significant 
byte only), the other byte will be zero. Note that CE 
cannot be written into directly. Whenever a count is 
written, it is the CR that is being written.· 

As shown in the diagram, the Control logic consists 
of three signals: ClKIN, GATE, and. OUT. ClKIN 
and GATE will be discusSed in detail in the section 
that follows .. OUT is the internal output 9f the coun­
ter. The external outputs of some timers (TOUT) are 
the inverted version of OUT (see TOUTi, TOUT2#, 
TOUT3 #). The state of OUT depends on the mode 
of operation of the timer. 

4-866 



82370 

5.2 Interface Signals 

5.2.1 ClKIN 

CLKIN is an input signal used by all four timers for 
internal timing reference. This signal can be inde­
pendent of the 82370 system clock, CLK2. In the 
following discussion, each "CLK Pulse" is defined 
as the time period between a rising edge and a fail­
ing edge, in that order, of CLKIN. 

During the rising edge of CLKIN, the state of GATE 
is sampled. All new counts are loaded and counters 
are decremented on the falling edge of CLKIN. 

5.2.2 TOUT1, TOUT2#, TOUT3# 

TOUT1, TOUT2 # and TOUT3 # are the external 
output signals of Timer 1, Timer 2 and Timer 3, re­
spectively. TOUT2# and TOUT3# are the inverted 
signals of their respective counter outputs, OUT. 
There is no external output for Timer O. 

If Timer 2 is to be used as a tone generator of a 
speaker, external buffering must be used to provide 
sufficient drive capability. 

The Outputs of Timer 2 and 3 are dual function pins. 
The output pin of Timer 2 (TOUTU /IR03 #), which 
is a bidirectional open-collector signal, can also be 
used as interrupt request input. When the interrupt 
function is enabled (through the Programmable In­
terrupt Controller), a LOW on this input will generate 
an Interrupt Request 3# to the 82370 Programma­
ble Interrupt Controller. This pin has a weak internal 
pull-up resistor. To use the IR03# function, Timer 2 
should be programmed so that OUT2 is LOW. Addi­
tionally, OUT3 of Timer 3 is connected to an edge 
detector which will generate an Interrupt Request 0 
(I ROO) to the 82370 after the rising edge of OUT3 
(see Figure 5-1). 

5.2.3 GATE 

GATE is not an externally controllable signal. Rath­
er, it can be software controlled with the Internal 
Control Port. The state of GATE is always sampled 
on the rising edge of CLKIN. Depending on the 
mode of operation, GATE is used to enable/disable 
counting or trigger· the start of an operation. 

For Timer 0 and 1, GATE is always enabled (HIGH). 
For Timer 2 and 3, GATE is connected to Bit 0 and 
6, respectively, of an Internal Control Port (at ad­
dress 61 H) of the 82370. After a hardware reset, the 
state of GATE of Timer 2 and 3 is disabled (LOW). 

5.3 Modes of Operation 

Each timer can be independently programmed to 
operate in one of six different modes. Timers are 
programmed by writing a Control Word into the Con­
trol Word Register followed by an Initial Count (see 
Programming). 

The following are defined for use in describing the 
different modes of operation. 

CLK Pulse- A rising edge, then a falling edge, in 
that order, of CLKIN. 

Trigger- A rising edge of a timer's GATE input. 

Timer/Counter Loading- The transfer of a count 
from Count Register 
(CR) to Count Element 
(CE). 

5.3.1 MODE O-INTERRUPT ON TERMINAL 
COUNT 

Mode 0 is typically used for event counting. After the 
Control Word is written, OUT is initially LOW, and will 
remain LOW until the counter reaches zero. OUT 
then goes HIGH and remains HIGH until a new 
count or a new Mode 0 Control Word is written into 
the counter. 

In this mode, GATE=HIGH enables counting; 
GATE = LOW disables counting. However, GATE 
has no effect on OUT. 

After the Control Word and initial count are written to 
a timer, the initial count will be loaded on the next 
CLK pulse. This CLK pulse does not decrement the 
count, so for an initial count of N, OUT does not go 
HIGH until N + 1 CLK pulses after the initial count is 
written. 

If a new count is written to the timer, it will be loaded 
on the next CLK pulse and counting will continue 
from the new count. If a two-byte count is written, 
the following happens: 

1. Writing the first byte disables counting, OUT is set 
LOW immediately (Le. no CLK pulse required). 

2. Writing the second byte allows the new coLlnt to 
be loaded on the next CLK pulse. 

This allows the counting sequence to be synchroniz­
ed by software. Again, OUT does not go HIGH until 
N + 1 CLK pulses after the new count of N is written. 
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CW.10 LSB.4,...-_________ _ 

WRITELJU 

CLK 

GATE -----------------

OUT ~_ ..... ________ ~ 

CW-l0 LS8-3,...-_________ _ 

WRITE LJU 

CLK 

GATE 

OUT ::JL.. _______ --Jr-
I ~ I ~~ I 

WRITE 

CLK 

GATE ----------------

OUT =-::JL.. _______ --Jr-
ININININI I~I~~I 

290164-69 

NOTES: 
The following conventions apply to all mode timing diagrams. 
1. Counters are programmed for binary (not BCD) counting and for reading/writing least significant byte (LSB) only. 
2. The counter is always selected (CS# always low). 
3. CW stands for "Control Word"; CW = 10 means a control word of 10, Hex is written to the counter. 
4. LSB stands for "Least significant byte" of count. 
5. Numbers below diagrams are cbunt values. 
The lower number is the least significant byte. 
The upper number is the most significant byte. Since the counter is programmed to read/write LSB only, the most 
significant byte cannot be read. 
N stands for an undefined count. 
Vertical lines show transiticns between count values. 

Figure 5-3. Mode 0 

If an initial count is written while GATE is lOW, the 
counter will be loaded on the next ClK pulse. When 
GATE goes HIGH, OUT will go HIGH N ClK pulses 
later; no ClK pulse is needed to load the counter as 
this has already been done. 

5.3.2 MODE 1-GATE RETRIGGERABLE 
ONE-SHOT 

In this mode, OUT will be initially HIGH. OUT will go 
lOW on the ClK pulse following a trigger to start the 

one-shot operation. The OUT signal will then remain 
lOW until the timer reaches zero. At this point, OUT 
will stay HIGH until the next trigger comes in. Since 
the state of GATE signals of Timer 0 and 1 are inter­
nally setto HIGH. 

After writing the Control Word and initial count, the 
timer is considered "armed". A trigger results in 
loading the timer and setting OUT lOW on the next 
ClK pulse. Therefore, an initial count of N will result 
in a one-shot pulse width of N ClK cycles. Note 
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Figure 5-4. Mode 1 

that this one·shot operation is retriggerable; i.e. OUT 
will remain lOW for N ClK pulses after every trigger. 
The one-shot operation can be repeated without re­
writing the same count into the timer. 

If a new count is written to the timer during a one­
shot operation, the current one-shot pulse width will 
not be affected until the timer is retriggered: This is 
because loading of the new count to CE will occur 
only when the one-shot is triggered. 

5.3.3 MODE 2-RATE GENERATOR 

This mode is a divide-by-N counter. It is typically 
used to generate a Real Time Clock interrupt. OUT 
will initially be HIGH. When the initial count has dec-

remented to 1, OUT goes lOW for one ClK pulse, 
then OUT goes HIGH again. Then the timer reloads 
the initial count and the process is repeated. In other 
words, this mode is periodic since the same se­
quenceis repeated itself indefinitely. For an initial . 
count of N, the sequence repeats every N ClK cy­
cles. 

S.imilar to Mode 0, GATE = HIGH enables counting, 
where GATE = lOW disables counting. If GATE 
goes lOW during an output pulse (lOW), OUT is set 
HIGH immediately. A trigger (rising edge on GATE) 
will reload the timer with the initial count on the next 
ClK pulse. Then, OUT will go lOW (for one ClK 
pulse) N ClK pulses after the new trigger. Thus, 
GATE can be used to synchronize the timer. 
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CW=14 lSB=3 

WRITE LrLJ 
ClK 

GATE 

OUT 

I N I ~ I N I N I 0 0 0 0 0 0 
3 2 3 2 1 3 

CW=14 lSB=3 

WRITE LJLJ 
ClK 

GATE LJ 
OUT ==.J Lr 

ININININI:I~I~I: ~I~I:I 

WRITE 

ClK 

GATE 

OUT~ 

I N I N I N I N I ~ 
NOTE: 

o 
3 

o 
3 

290164-71 

A GATE transition should not occur one clock prior to terminal count. 

Figure 5·5. Mode 2 

After writing· a Control Word and initial count, the 
timer will be loaded on the next ClK pulse. OUT 
goes lOW (for one ClK pulse) N ClKpulses after 
the initial count is written. This is another way the 
timer may be synchronized by software. 

Writing a new count while counting does not affect 
the current counting sequence· because the new 
count will not be loaded until the end of the current 
counting cycle. If a trigger is received after writing a 

new count but before the end of the current period, 
the timer will be loaded with the new count on the 
next ClK pulse after the trigger, and counting will 
continue with the new count. 

5.3.4 MODE 3-SQUARE WAVE GENERATOR 

Mode 3 is typically used for Baud Rate generation. 
Functionally, this mode is similar to Mode 2 except 
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for the duty cycle of OUT. In this mode, OUT will be 
initially HIGH. When half of the initial count has ex­
pired, OUT goes low for the remainder of the count. 
The counting sequence will be repeated, thus this 
mode is also periodic. Note that an initial count of N 
results in a square wave with a period of N ClK 
pulses. 

The GATE input can be used to synchronize the tim­
er. GATE=HIGH enables counting; GATE=lOW 
disables counting. If GATE goes lOW while OUT is 
lOW, OUT is set HIGH immediately (Le. no ClK 
pulse is required). A trigger reloads the timer with the 
initial count on the next ClK pulse. 

After writing a Control Word and initial count, the 
timer will be loaded on the next ClK pulse. This al­
lows the timer to be synchronized by software. 

Writing a new count while counting does not affect 
the current counting sequence. If a trigger is re­
ceived after writing a new count but before the end 
of the current half-cycle of the square wave, the tim­
er will be loaded with the new count on the next ClK 
pulse and counting will continue from the new count. 
Otherwise, the new count will be loaded at the end 
of the current half-cycle. 
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There is a slight difference in operation depending 
on whether the initial count is EVEN or ODD. The 
following description is to show exactly how this 
mode is implemented. 

EVEN COUNTS: 

OUT is initially HIGH. The initial count is loaded on 
one ClK pulse and is decremented by two on suc­
ceeding ClK pulses. When the count expires (decre­
mented to 2), OUT changes to lOW and the timer is 
reloaded with the initial count. The above process is 
repeated indefinitely. 

ODD COUNTS: 

OUT is initially HIGH. The initial count minus one 
(which is an even number) is loaded on one ClK 
pulse and is decremented by two on succeeding 
ClK pulses. One ClK pulse after the count expires 
(decremented to 2), OUT goes lOW and the timer is 
loaded with the initial count minus one again. Suc­
ceeding ClK pulses decrement the count by two. 
When the count expires, OUT goes HIGH immedi­
ately and the timer is reloaded with the initial count 
minus one. The above process is repeated indefi­
nitely. So for ODD counts, OUT will HIGH or 
(N+ 1)/2 counts and lOW for (N-1)/2 counts. 

,,' 
I, 



82370 

CLK 

OATE -------------------

OUT 

CW.l. L •. I~--------------
WIIITILJU 

CLK 

OATE ---------------------

---r-------, 
OUT 

CW_1' L.B.4 
~ITE l..JLji-.--------'----..,..--

CLK 

OATE 

OUT 

1 N 1 N 1 N 1 N 1 :1 : 1 : 1 : 1 : 1 : 1 : 1 I: 1 : 1 
290164-72 

NOTE: 
A GATE transition should not occur one clock prior to terminal count. 

Figure 5-6. Mode 3 

5.3.5 MODE 4-INITIAL COUNT TRIGGERED 
STROBE 

This mode allows a strobe pulse to be generated by 
writing an initial count to the timer. Initially, OUT will 
be HIGH. When a new initial count is written into the 
timer, the counting sequence will begin. When the 

After writing the Control Word and initial count, the 
timer will be loaded on the next elK pulse. This elK 
pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe lOW until N + 1 
elK pulses after initial count is written. 

. initial count expires (decremented to 1), OUT will go 
lOW for one elK pulse and then go HIGH again. 

Again, GATE=HIGH enables counting .while 
GATE == lOW disables counting. GATE has no ef-
fect on OUT. . 

If a new count is written during counting, it will be 
loaded in the next elK pulse and counting will con­
tinue from the new count. 
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CW=18 lSB=3 
WRITE LI""1-.j-------------

ClK 

GATE 

OUT :=J 
I N I N I N I N I 

o 
2 

u 
o I 0 I FF I FF I FF I 1 0 FF FE FD 

CW=18 lSB=3r-___________ _ 

WRITE LI""1-.j 

ClK 

GATE 

OUT :=J Lr 
I N I N I N I N I ~ I ~ I ~ I ~ o I 0 I FF I 1 0 FF 

WRITE 

ClK 

GATE ------------------

OUT :=J 
I N I N I N I N I ~ I ~ I ~ I ~ 

290164-73 

Figure 5-7. Mode 4 

If a two-byte count is written, the following will occur: 

1. Writing the first byte has no effect on counting. 

2. Writing the second byte allows the new count to 
be loaded on the next CLK pulse. 

OUT will strobe LOW N + 1 CLK pulses after the 
new count of N is written. Therefore, when the 
strobe pulse will occur after a trigger depends on the 
value of the initial count loaded. 

5.3.6 MODE 5-GATE RETRIGGERABLE 
STROBE 

Mode 5 is very similar to Mode 4 except the count 
sequence is triggered by the gate signal instead of 

by writing an initial count. Initially, OUT will be HIGH. 
Counting is triggered by a rising edge of GATE. 
When the initial count has expired (decremented to 
1), OUT will go LOW for one CLK pulse and then go 
HIGH again. 

After loading the Control Word and initial count, the 
Count Element will not be loaded until the CLK pulse 
after a trigger. This CLKpulse ·does not decrement 
the count. Therefore, for an initial count of N, OUT 
does not strobe LOW until N + 1 eLK pulses after a 
trigger. 
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CW.1A lS8=3 ___________ _ 

WRITELJLJ 

ClK 

GATE -------1 rr--------ln..=..= 
OUT 

I N I N I N I N I N I 

CWe 1A lS8=3,..... __________ _,_---

WRITE LJLJ 

ClK 

GATE ---------1~------------

OUT~ LJ 
I N I N I N I N I N I N I ~ I ~ o I 0 I FF I 1 0 FF 

WRITE 

ClK 

GATE --------vr---------',n-----
OUT =..J u· 

I N I N I N I N I N I ~ I ~ I ~ I ~ I ~~I ~~ I 
290164-74 

Figure 5-8. ModeS 

The cQunting sequence is retriggerable. Every trig, 
ger will result in the timer being. loaded with the initial 
count on the next elK pulse. 

5.3.7 OPERATION COMMON TO ALL MODES 

If the new count is written during counting, the cur­
rent counting sequence will not be. affected. If a trig­
ger occurs after the new count is written but before 
the current count expires, the timer will be loaded 
with the. new count on the next elK pulse. and a new 
count sequence wi.1I start from there. 

5.3.7.1 GATE 

The GATE input is always sampled on. the rising 
edge of elKIN. In Modes 0, 2, 3 and 4, the GATE 
input is level sensitive: The logic level is sampled on 
the rising edge of elKIN. In Modes t, 2, 3 and 5, the 
GATE input is rising edge sensitive. In these modes, 
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Summary of Gate Operations 

Mode GATE LOW or Going LOW 

0 Disable count 
1 No Effect 

2 1. Disable count 
2. Sets output HIGH 

immediately 
3 1. Disable count 

2. Sets output HIGH 
immediately 

4 Disable count 
5 No Effect 

a rising edge of GATE (trigger) sets an edge sensi­
tive flip-flop in the timer. The flip-flop is reset imme~ 
diately after it is sampled. This way, a trigger will be 
detected no matter when it occurs; i.e. a HIGH logic 
level does not have to be maintained until the next 
rising edge of ClKiN. Note that in Modes 2 and 3, 
the GATE input is both edge and level sensitive. 

5.3.7.2 Counter 

New counts are loaded and counters, are decre­
mented on the falling edge of ClKIN. The largest 
possible initial count is O. This is equivalent to 20016 
for binary counting and 10**4 for BCD counting. 

Note that the counter does not stop when it reaches 
zero. In Modes 0, 1, 4 and 5, the counter 'wraps 
around' to the highest count: either FFFF Hex for 
binary counting or 9999 for BCD counting, and con­
tinues counting. Modes 2 and 3 are periodic. The 
counter reloads itself with the initial count and con­
tinues counting from there. 

The minimum and maximum initial count in each 
counter depends on the mo<;le of operation. They 
are summarized below. 

Mode Min Max 

0 1 0 
1 1 0 
2 2 0 
3 2 0 
4 1 0 
5 1 0 

5.4 Register Set Overview 

The Programmable Interval Timer module of the 
82370 contains a set of six registers. The port ad­
dress map of these registers is shown in Table 5-2. 

GATE Rising HIGH 

No Effect Enable count 
1. Initiate count No Effect 
2. Reset output 

after next clock 
Initiate count Enable count 

Initiate count Enable count 

No Effect Enable count 
Initiate count No Effect 

Table 5-2. Timer Register Port Address Map 

Port Address Description 

40H Counter 0 Register (read/write) 
41H Counter 1 Register (read/write) 
42H Counter 2 Register (read/write) 
43H Control Word Register I 

(Counter 0, 1 & 2) (write-only) 

44H Counter 3 Register (read/write) 
45H Reserved 
46H Reserved 
47H Control Word Register II 

(Counter 3) '(write-only) 

5.4.1 COUNTER 0, 1, 2, 3 REGISTER 

These four 8-bit registers arefl,mctionally identical. 
They are used to write the initial'count value into the 
respective timer. Also, they can be used to read the 
latched count value of a timer. Since thEW are 8-bit 
registers, reading and writing' of the 16-bitinitial 
count must follow the count format specified in the 
Control Word Registers; i.e. least significant byte 
only, most significant byte only, or least significant 
byte then most significant byte (see Programming). 

5.4.2 CONTROL WORD REGISTER I & II 

There are two Control Word Registers associated 
with the Timer section. One of the two registers 
(Control Word Register'l) is used to control the oper­
ations of Counters 0, 1 and 2 and the other (Control 
Word Register II) is for Counter 3. The major func­
tions of both Control Word Registers are listed be­
low:' 
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- Select the timer to be programmed. 

- Define which mode the selected timer is to oper-
ate in. 

- Define the' count s~quenc&' i.e. if the selected 
timer is to count as Ii Binary Counter or a Binary 
Coded Decimal (BCD) Counter. . 

- Select the byte access sequence during timer 
read/write operations; i.e. least significant byte 
only, most significant only, or least significant 
byte first, then most significant byte. 

Also, the Control Word Registers can be pro­
grammed to perform a Counter latch Command or a 
Read Back Command which will be described later. 

5.5 Programming 

5.5.1 INITIALIZATION 

Upon power-up or reset, the state of all timers is 
undefined. The mode, count value, and output of all 
timers. are random. From this point on, how each 
timer operates is determined solely by how it is pro­
grammed. Each til11er must be. programmed before it 
can be used. Since the outputs of some timers can 
generate interrupt signals to the 82370, all timers 
should be initialized to a known state. 

Cbunters are, programmed by writing a Control Word 
into their respective Control Word Registers. Then, 
an Initial Count can be written into the correspond­
ing Count Register. In general, the programming pro­
cedure is very flexible. Only two conventions need to 
be remembered: 

1. For each timer, the Control Word must be written 
bElfore the initial count is written. 

2. The 16-bit initial count' must follow the count for­
mat specified in the Control Word (least significant 
byte only, most significant byte only, or least signifi­
cant byte first, foliowed by most significant byte) .. 

Since the two Control Word Registers and the four 
Counter Registers have separate addresses, and 
each timer can be individually selected by the appro­
priate Control Word Register, no special instruction 
sequence is required. Anyprogrammin~ sequence 
that follows the conventiOnS above is acceptable. 

A new initial count may be written to a timer at any 
time without affecting the timer's programmed mode 
many way. Count sequence will be affected as de­
scribed in the Modes of Operation section. Note that 
the new count must follow the programmed count 
format. 

If a timer is previously programmed to read/write 
two-byte counts, the following precaution applies. A 
program must· not· transfEtrcontrol . between writing 
the first and second byte to another routine which 
also writes into the same timer. Otherwise, the read! 
write will result in incorrect count. 

Whenever a Control Word is written to a timer, all 
control logic for that'timer(s) is immediately reset 
(i.e. no ClK pulse is required). Also, the correspond­
ing output in, TOUT" ,goes to a known initial state. 

5.5.2 READ OPERATION 

Three methods are available to read the current 
count as well as the status of each timer. They are: 
Read Counter Registers, Counter Latch Command 
and Read Back Command. Below is a description of 
these methods. 

READ COUNTER REGISTERS 

The current count of a timer can be read by perform­
ing a read operation on the corresponding Counter 
Register. The only restriction of this read operation 
is that the ClKIN of the timers must be inhibited by 
using external logic. Otherwise, the count may be in 
the process of changing when it is read, giving an 
undefined result. Note that since all four timers are 
sharing the same ClKIN signal, inhibiting ClKIN to 
read a timer will unavoidably disable the other timers 
also. This may prove to be impractical. Therefore, it 
is suggested that either the Counter latch Com­
mand or the Read Back Command can be used to 
read the current count of a timer. 

Another alternative is to temporarily disable a timer 
before· reading its Counter Register by using the 
GATE input. Depending on the, mode of. operation, 
GATE = lOW will disable the counting operation. 
However, this option is available on Timer 2 and 3 
only, since the GATE signalso~ the other two timers 
are internally enabled all the time. 

COUNTER LATCH COMMAND 

A Counter Latch Command will be. executed when­
ever a special Control Word is written into a Control 
Word Register. TWb bits written into the Control 
Word Registerdistinguish this command from a 'reg­
ular' Control Word (see Register Bit Definition). Also, 
two other bits in the Control Word will select which 
counter is to be latched. 

Upon execution of this command, the selected 
counter's Output Latch (Ol) latches the count at the 
time the Counter Latch Command is received. This 
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count is held in the latch until it is read by the 80376, 
or until the timer is reprogrammed. The count is then 
unlatched automatically and the OL returns to "fol­
lowing" the Counting Element (CE). This allows 
reading the contents Of the counters "on the fly" 
without affecting counting in progress. Multiple 
Counter Latch Commands may be used to latch 
more than one counter. Each latched count is held 
until it is read. Counter Latch Commands do not af­
fect the programmed mode of the timer in any way. 

If a counter is latched, and at some time later, it is 
latched again before the prior latched count is read, 
the second Counter Latch Command is ignored. The 
count read will then be the count at the time the first 
command was issued. 

In any event, the latched count must be read ac­
cording to the programmed format. Specifically,if 
the timer is programmed for two-byte counts, two 
bytes. must be read. However, the two bytes do not 
have to be read right after the other. Read/write or 
programming operations of other timers may be per­
formed between them. 

Another feature of this Counter Latch Command is 
that read and write operations of the same timer 
may be interleaved. For example, if the timer is pro­
grammed for two-byte counts, the following se­
quence is valid. 

1. Read least significant byte. 

2. Write new least significant byte. 

3. Read most significant byte. 

4. Write new most significant byte. 

If a· timer is programmed to read/write twc-byte 
counts, the following precaution applies. A program 
must not transfer control between reading the first 
and second byte to another routine which also reads 
from that same timer. Otherwise, an incorrect count 
will be read. 

READ BACK COMMAND 

The Read Back Command is another special Com­
mand Word operation which allows the user to read 

'the current count value and/or the status of the se­
lected timer(s). Like the Counter Latch Command, 
two bits in the Command Word identify this as a 
Read Back Command (see Register Bit Definition). 

The Read Back Command may be used to latch 
multiple counter Output Latches (OL's) by selecting 
more than one timer within a Command Word. This 
single command is functionally equivalent to several 
Counter Latch Commands, one for each counter to 

be latched. Each counter's latched count will be 
held until it is read by the 80376 or until the timer is 
reprogrammed. The counter is automatically un­
latched when read, but other counters remain 
latched until they are read. If multiple Read Back 
commands are issued to the same timer without 
reading the count, all but the first are ignored; i.e. the 
count read will correspond. to the very first Read 
Back Command issue,d. 

As mentioned previously, the Read Back Command 
may also be used to latch status information of the 
selected timer(s). When this function is enabled, the 
status of a timer can be read from the Counter Reg­
ister after the Read Back Command is issued. The 
status information of a timer includes the following: 

1. Mode of timer: 

This allows the user to check the mode of opera­
tion of the timer last programmed. 

2. State of TOUT pin of the timer: 

This allows the user to monitor the counter's out­
put pin via software, possibly eliminating some 
hardware from a system. 

3. Null Count/Count available: 

The Null Count Bit in the status byte indicates if 
the last count written to the Count Register (CR) 
has been loaded into the Counting Element (CE). 
The exact time this happens depends on the 
mode of the timer and is described in the Pro­
gramming section. Until the count is loaded into 
the Counting Element (CE), it cannot be read from 
the timer. If the count is latched or read before 
this occurs, the count value will not reflect the 
new count just written. 

If multiple status latch operations of the timer(s) are 
performed without reading the status, all but the first 
command are ignored; i.e. the status read in will cor­
respond to the first Read Back Command issued. 

Both the current count and status of the selected 
timer(s) may be latched simultaneously by enabling 
both functions in a single Read Back' Command. 
This is functionally the same as issuing two separate 
Read Back Commands at once. Once again, if multi­
ple read commands are issued to latch both the 
courit and status of a timer, all but the first command 
will be ignored. 

If both count and status of a timer are latched, the 
first read operation of that timer will return the 
latched status, regardless of which was latched first. 
The next one or two (if two count bytes are to be 
read) read operations return the latched count. Note 
that subsequent read operations on the Counter 
Register will return the unlatched count (like the first 
read method discussed). 

4-877 



ir1tef 
5.6 Register Bit Definitions 

COUNTER 0,1,2,3 REGISTER (READ/WRITE) 

Port Address Description 

40H Counter 0 Register (read/write) 
41H Counter 1 Register (read/write) 
42H Counter 2 Register (read/write) 
44H Counter 3 Register (read/write) 
45H Reserved 
46H Reserved 

Control Word Register I 

07 06 05 

SELECT COUNTER: 
00 SELECT COUNTER 0 
01 SELECT COUNTER 1 
10 SELECT COUNTER 2 
11 READ BACK COMMAND 

FOR COUNTER 0-2 

04 

07 

READ/WRITE: 

03 

06 

02 

00 COUNTER LATCH COMMAND 
01 REAO/WRITE LSB BYTE ONLY 
10 REAO/WRITE MSB BYTE ONLY 

05 04 03 

01 00 

0- 16-BIT BINARY 
COUNTER 

1 - BCD COUNTER 
(4 DECADES) 

11 REAO/WRITE LSB. THEN MSB BYTE 

MODE: 
000 MODE 0 
001 MODE 1 
Xl0 MODE 2 
Xl1 MODE 3 
100 MODE 4 
101 MODE 5 

290164-76 

82370 

02 

Note that these 8-bit registers are' for writing and 
reading of one byte .. of the 16-bit count value, either 
the most significant or the least significant byte. 

CONTROL WORD REGISTER I & II (WRITE- . 
ONLY) 

Port Address Description 

43H Control Word Register I 
(Counter 0, 1,2 (write-only) 

47H Control Word Register II 
(Counter 3) (write-only) 

01 lo~ 
LSB OF COUNT BYTE 

MSB OF COUNT BYTE 
290164-75 

Control Word Register II 

07 06 05 

SELECT COUNTER: 
00 SELECT COUNTER 3 
01 RESERVED 
10 RESERVED 
11 READ BACK COMMAND 

FOR COUNTER 3 

04 

READ/WRITE: 

03 02 

00 COUNTER LATCH COMMAND 
01 READ/WRITE LSB BYTE ONLY 
10 READ/WRITE MSB BYTE ONLY 

01 DO 

0-16-BIT BINARY 
COUNTER 

1 - BCD COUNTER 
(4 DECADES) 

11 READ/WRITE LSB. THEN MSB BYTE 

MODE: 
000 MODE 0 
001 MODE 1 
Xl0 MODE 2 
Xll MODE 3 
100 MODE 4 
101 MODE 5 

290164-77 
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COUNTER LATCH COMMAND FORMAT 

(Write to Control Word Register) 

07 06 05 04 03 02 01 DO 

00 COUNTER 0 (OR 3) 
01 COUNTER 1 
10 COUNTER 2 
1 t REAO BACK COMMAND 

x I x 

READ BACK COMMAND FORMAT 

(Write to Control Word Register) 

07 

STATUS FORMAT 

06 05 04 03 02 01 

o '- LATCH COU NT 
1 - DO NOT LATCH 

COUNT 

0- LATCH STATUS 
1 - DO NOT LATCH 

STATUS 

0.,. COUNTER NOT 
SELECTED 

1 - COUNTER IS 
SELECTED 

(Returned from Read Back Command) 

07 06 05 04 03 

0- COUNT AVAILABLE 
FOR READING 

1 - NULL COUNT 
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DO 

DO 

COUNTER 
MODE 

I 
I: 
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6.0 WAIT STATE GENERATOR 

6.1 Functional Description 

The 82370 contains a programmable Wait State 
Generator which can generate a pre-pr()grammed 
number of wait states during both CPU and DMA 
initiated bus cycles. This Wait State Generator is ca­
pable of generating 1 to 16 wait states in non-pipe­
lined mode, and 0 to 15 wait· states in pipelined 
mode. Depending on the bus cycle type and the two 
Wait State Control inputs (WSC 0-1), a pre-pro­
grammed number of wait states in the selected Wait 
State Register will be generated. 

The Wait State Generator can also be disabled to 
allow the use of devices capable of generating their 
own READY # Signals. Figure 6-1 is a block diagram 
of the Wait State Generator. 

6.2 Interface Signals 

The following describes the interface signals which 
affect the operation of the Wait State Generator. 
The READY #, WSCO and WSC1 signals are inputs. 
READYO# is the ready output signal to the host 
processor. 

6.2.1 READY # 

READY # is an active LOW input Signal which indi­
cates to the 82370 the completion of a bus cycle. In 
the Master mode (e.g. 82370 initiated DMA transfer), 
this signal is monitored to determine whether a pe­
ripheral or memory needs wait states inserted in the 
current bus cycle. In the Slave mode, it is used (to. 
gether with the ADS# signal) to trace CPU buscy­
cles to determine if the curre~t cycle. is pipelined. 

6.2.2 READVOil! 

READYO# (Ready Out#) is an active LOW output 
signal and is the output ofthe Wait State Generator. 
The /')umber of wait states generated depends on 
the WSC(O-1) inputs. Note that special cases are 
handled· for access to the 82370 internal registers 
and for the Refresh cycles. For 82370 internal regis­
ter access, READYO# will be delayed to take into 
the command recovery time of the register. One or 
more wait states will be generated in a pipe lined cy­
cle. During refresh, the number of wait states will be 
determined by the· preprogrammed value in the Re­
fresh Wait State Register. 

In the simplest cOnfiguration, READYO# can be 
connected to the READY # input of the 82370 and 
the 80376 CPU. This is, however, not always the 
case. If external circuitry is to control the READY # 
inputs as well, additional logic will be required (see 
Application Issues). 

6.2.3 WSC(O-1) 

These two Wait State Control inputs, together with 
the M/IO# input, select one of the three pre-pro­
grammed 8.bit Wait State Registers which deter­
mines the number of wait states to be generated. 
The most significant half of the three Wait State 
Registers corresponds to memory accesses, the 
least significant half to 1/0 accesses. The combina­
tion WSC(O-1) = 11 disables the Wait State Gener­
ator. 

INTERNAL WAIT STATE 

WSCO 
WSCI 

M/IO# 

REQUIREMENT --..., 

07 04 03 00 

REGISTER MEMORY 0 I/o 0 

SELECT 
MEMORY 1 I/O 1 LOGIC 

MEMORY 2 I/O 2 

(RESERVED) R~FRESH ADS#, 
READY# 

PROGRAMMABLE WAIT STATE 
REGISTERS 

Figure 6·1. Wait State Generator Block Diagram 
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I 6.3 Bus Function 

6.3.1 WAIT STATES IN NON-PIPE LINED CYCLE. 

The timing diagram of two typical non·pipelined cy· 
cles with 82370 generated wait states is shown in 
Figure 6·2. In this diagram, it is assumed that the 
internal registers of the 82370 are not addressed. 
During the first T2 state of each bus cycle, the Wait 
State Control and the M/IO# inputs are sampled to 
determine which Wait State Register (if any) is se· 
lected. If the WSC inputs are active (i.e. not both are 
driven HIGH), the pre·programmed number of wait 
states corresponding to the selected Wait State 
Register will be requested. This is done by driving 
the READYO# output HIGH during the end of each 
T2 state. 

The WSC (0-1) inputs need only be valid during the 
very first T2 state of each non·pipelined cycle. As a 
general rule, the WSC inputs are sampled on the 
rising edge of the next clock (82384 CLK) after the 
last state when ADS# (Address Stat\ls) is asserted. 

The number of wait states generated depends on 
the type of bus cycle, and the number of wait states 
requested. The various combinations are discussed 
below. 

1. Access the 82370 internal registers: 2 to 5 wait 
states; depending upon the specific register ad· 
dressed. Some pack·to-back sequences to the Inter· 
rupt Controller will require 7 wait states. 

T1 T2 T2 

ClK2 

elK 

2. Interrupt Acknowledge to the 82370: 5 wait states. 

3. Refresh: As programmed in the Refresh Wait 
State Register (see Register Set Overview). Note 
that if WCS (0-1) = 11, READYO# will stay inac­
tive. 

4. Other bus cycles: Depending on WCS (0-1) and 
M/IO# inputs, these inputs select a Wait State Reg· 
ister in which the number of wait states will be equal 
to the pre·programmed wait state count in the regis­
ter plus' 1, The Wait State Register selection is de­
fined as follows (Table 6·1). 

Table 6-1. Walt State Register Selection 

M/IO# WSC(O-1) Register Selected 

0 00 WAIT REG 0 (I/O half) 
0 01 WAIT REG 1 (I/O half) 
0 10 WAIT REG 2 (110 half) 
1 00 WAIT REG 0 (MEM half) 
1 01 WAIT REG 1 (MEM half) 
1 10 WAIT REG 2 (MEM half) 
X 11 Wait State Gen, Disabled 

The Wait State Control signals. WSC(0-1), can be 
generated with the address decode and the Readl 
Write control signals as shown in Figure 6-3. 

T1 T2 T2 T2 

A(1-23) ~----+-----~-----w------~----+-----~-----w M/IOH 

BlE#. BHE# t~~-:-~-~-~-~)~B-:-:-:-)--~----------~'I'~a-~-B-~-B~+~C-:-:-)-.. t~-----------~---------.. -+'I" WSC(O-1) 

ADS# 

READYO# 

TWO. WAIT STATES 
·290164-82 

Figure 6-2. Walt States In Non-Pipelined Cycles 
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Figure 6-3. WSC (0-1) Generation 

Note that during HALT and SHUTDOWN, the nurn· 
ber of wait states will depend on the WSC (0-1) 
inputs, which will select the memory half of one of 
the Wait State Registers (see CPU Reset and Shut­
down Detect). 

6.3.2 WAIT STATES IN PIPELINED CYCLES 

The timing diagram of two typical pipelined cycles 
with 82370 generated wait states is shown in Figure 
6-4. Again, in this diagram, it is assumed that the 
82370 internal registers are not addressed. As de­
fined in the timing of the 80376 processor, the Ad­
dress (A1-23), Byte Enable (BHE#, BLE#), and 
other control signals (M(IO#, ADS#) are asserted 
one T-state earlier than in a non-pipelined cycle; i.e. 
they are asserted at T2P. Similar to the non-pipe­
lined case, the Wait State Control (WSC) inputs are 
sampled in the middle of the state after the last state 
the ADS # Signal is asserted. Therefore, the WSC 
inputs should be asserted during the T1 P state of 
each pipelined cycle (which is one T-state earlier 
than in the non-pipelined cycle). 

Tlp T2 T2p 

ClK2 

ClK 

A(! - 23) 
1.1/10# 

BlE#.BHE# 
WSC(O-l) 

ADS# 

READY# 

READYO# 

ONE WAIT STATE 

The number of wait states generated. in a pipe lined 
cycle is selected in a similar manner as in the non­
pipelined case. discussed in the previous section. 
The only difference here is that the actual number of 
wait states generated will be one less than that of 
the non-pipe lined cycle. This is done automatically 
by the Wait State Generator. . 

6.3.3 EXTENDING AND EARLY TERMINATING 
BUS CYCLE 

The 82370 allows external logic to either add wait 
states or cause early termination of a bus cycle by 
controlling the READY# input to the 82370.andthe 
host processor. A possible configuration is shown in 
Figure 6-5. 

80376 

READY# 

EXTERNAL READY# 
(EARLY TERMINATION) 82370 

'-"1-.--1 READYO# 

L-----------t READY# 

290164-85 

Figure 6-5. External 'READY' Control Logic 

T1p T2 T2 T2p 

TWO WAIT STATES 
290164-84 

Figure 6-4. Wait States in Pipelined Cycles 
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The EXT. ROY if (External Ready) Signal of Figure 6-
5 allows external devices to cause early termination 
of a bus cycle. When this signal is asserted LOW, 
the output of the circuit will also go LOW (even 
thou9h the READYOiF of the 82370 may still be 
HIGH). This output is fed to the READY if input of 
the 80376 and the 82370 to indicate the completion 
of the current bus cycle. 

Similarly, the EXT. NOT READY (External Not 
Ready) signal is used to delay the READY if input of 
the processor and the 82370. As long as this signal 
is driven HIGH, the output of the circuit will drive the 
READY if input HIGH. This will effectively extend the 
duration· of a bus cycle, However, it is important to 

T1 T2 T1 

CLK2 

CLK 

note that if the two-level logic is not fast enough to 
satisfy the READY if setup time, the OR gate should 
be eliminated. Instead, the 82370 Wait State Gener­
ator can be disabled by driving both WSC (0-1) 
HIGH. In this case, the addressed memory or 1/0 
device should activate the external READY if input 
whenever it is ready to terminate the current bus 
cycle. 

Figures 6-6 and 6-7 show the timing relationships of 
the ready signals for the early termination and exten­
sion of the bus cycles. Section 6-7, Application Is­
sues, contains a detailed timing analysis of the ex­
ternal circuit. 

T2 T2 T2 Tx 

A(1-23) ~ ____ +-____ ~ ____ -+ ______ ~ ____ +-____ ~ ____ ~ 
M/IO# 

BLE#,BHE# I'---+---'I'---+---~---+---'I'---~ 
ADS# 

READYO# 
TWO WAIT STATES 

290164-86 

Figure 6-6. Early Termination of Bus Cycle By 'READY if' 

T1 T2 T2 T2 T2 Tx Tx 

CLK2 

eLK 

A(l - 23) 11-----+------+------+------1----111------1------+ 
M/IO# 

BLE#, BHE# I'---+---+---+---~---'l'----+----+-
ADS# 

READYO# 

290164-87 

Figure 6-7. Extending Bus Cycle .by 'READY if' 
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Due to the following implications. it should be noted 
that early termination, of bus cycles in which ~2370 
internal,registers are accessed is not recommended. 

-1. Erroneous data, may be read from or Written into 
the addre,ssedregister. ' 

2. The 82370 must be allowed to recover either be­
fore HLDA (Hold Acknowledge) is asserted or before 
another bus cycle into an 82370 internal ,register is 
initiated. ' 

The recovery time, .in clock periods, equals the, re­
maining wait states that were avoided plus 4. 

6.4 Register Set Overview 

Altogether, there are four 8-bit internal registers as­
sociated with the Wait State Genertor. The port ad­
dress map of these registers is shown, below in .Ta-
ble 6-2. A detailed description of each follows. -

Table 6·2. Register, Address Map 

Port Address DescriptIon, 

72H Wait State Reg 0 (read/write) 
73H Wait State Reg 1 (read/write) 
74H Wait State Reg 2 (read/write) 
75H Ref. Waif State Reg (read/write) 

WAIT STATE REGISTER 0,1,,2 

These three8-bit read/write registers are functional­
ly identical. They are used to store the pre-pro- I 

grammed wait state count. One half of each register 
contains the wait state count ,for I/O accesses while 
the other half contains the count for memory ac-

Note ,that ,the Refresh Wait State Register is not se­
lected by the WSC, inPuts. It will automatically be 
chosen whenever a, DRAM Jefresb cycle occurs. If 
the Wait State Generator is disabled during the re­
fresh'cycle (WSC (0-1) = 11), READYO# will stay 
inactive and the'Refresh Wait State Register 'isig. 
nored, 

6.5 Programming 

Using the Wait State Generator is relatiVely straight­
forward. No sp~cial programming sequence, is, re­
quired. In order to ensure the expected number of 
wait states will be generated WhEIn a register is se­
lected, the registers to be, used must be pro­
grammed after power-up by writing the appropriate 
wait state count into each register. Note that upon, 
,hardware reset, all Wait State Registers are initial­
ized with the ,value FFH, giving the maximum num­
ber of wait states possible. Also, each register can 
be ,read to check the wait state count previously 
stored in the register. 

6.6 Register Bit Definition 

WAIT STATE REGISTER 0, 1, 2 

Port Address Description 

72H Wait State Register 0 (read/write) 
73H Wait State Register 1 (read/write) 
74H Wait State Register 2 (read/write) 

cesses. The to,tal number of wait states generated I/o WAIT 
will depend on the type of bus cycle. For a non-pipe- STATE COUNT 

lined cycle, the actual number of wait states request­
,ed is equal to the wait state count plus 1. For a 
pipelined cycle, the number of wait states will be 
equal to the wait state count in the selected register. ,REFR,ESH WAIT STATE, REGISTER 
Therefore, the Wait State Generator is capable of 
generating 1 to 16 wait states 'in non-pipelined Port Address: 75H (Re,ad/Write) 
mode, and 0 to 15 wait states inpipelined mode. 

Note that the minimum wait state count in each reg­
ister is O. This is equivalent to 0 wait states for a 
pipelined cycle and 1 wait state fOl'a~non,pipelined ~-;.....-........ -+ REF'RESH WAIT 
cycle. 

REFRESH WAIT STATE REGISTER -

Similar to the Wait Siate Registers discussed above, ' 
this 4-bit register is used to store the number of wait 
states to be generated during a DRAM refresh cycle. 

4-884 
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6.7 Application Issues 

6.7.1 EXTERNAL 'READY' CONTROL LOGIC 

As mentioned in section 6.3.3. wait state cycles gen­
erated by the 82370 can be terminated early or e~­
tended longer by means of additional external logic 
(see Figure 6-5). In order to ensure that the 
READY # input timing requirement of the 80376 and 
the 82370 is satisfied. special care must be taken 
when designing this external control logic. This sec­
tion addresses the design requirements. 

A simplified block diagram of the externa,l logic along 
with the READY # timing diagram is shown in Figure 
6"8. The purpose is to determine the maximum delay 

time allowed in the external control logic in order to 
satisfy the READY # setup time. 

First, it will be assumed that the 80376 is running at 
16 MHz (Le. CLK2 is 32 MHz). Therefore, one bus 
state (two CLK2 periods) will be equivalent to 
62.5 ns. According to the ACspecifications of the 
82370 the maximum delay time for valid READYO# 
signal 'is 31 ns after the rising edge of CLK2 in the 
beginning of T2 (for non-pipelined cycle) or T2P (for 
pipelined cycle). Also, the minimum READY # setup 
time of the 80376 and the 82370 should be 19 ns 
before the rising edge of CLK2 at the beginning of 
the next bus state. This limits the total delay time for 
the external READY # control logic to be 12.5 ns 
(62.5-31-19) in order to meet the READY # setup 
timing reqUirement. 

EXT. READY# EXT. NOT READY 

80376-16 
82370 

, 

READY 
READY# CONTROL I~ READYO# 

t LOGIC 

READY# 

~--------~----A--------~------~ 

CLK2 

READYO# -+------..... ---1r-' '------t----t--

290164-90 
A = PHil + PH12 = 62.5ns 
8 = Maximum READYO# Valid Delay = 35 ns 
C = READY # Setup Time = 20 ns . . 
D = Maximum Ready Control Logic Delay = A· 8 "C = 7.5 ns 

Figure 6·8. 'READY' Timing Consideration 
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7.0 DRAM REFRESH CONTROLLER 

7.1 FunctionalDescription 

The 82370 DRAM Refresh Contrbllerconsists of a 
24"bit Refresh Address Counter and . Refresh Re­
quest logic for DRAM refresh operations (see Figure 
7-1); TIMER 1 can be used asa trigger signal to the 
DRAM Refresh Request logic. The Refresh Bus Size 
can be programmed to be 8-or 16-bitwide. Depend­
ing on the Refresh Bus Size, the Refresh Address 
Counter will be incremented with the appropriate val­
ue after every refresh cycle. The internal logic of the 
82370 will give the Refresh operation the highest 
priority in the bus control arbitration process. Bus 
control is not released and re-requested if the 82370 
is already a bus master. 

7.2 Interface Signals 

7.2.1 TOUTlIREF# 

The dual function output pin of TIMER 1 
(TOUT1/REF#) can be programmed to generate 
DRAM Refresh signal. If this feature is enabled, the 
rising edge of TIMER 1 output (TOUT1#.) will trigger 
the DRAM Refresh Request logic. After some delay 
for gaining access of the bus, the 82370 DRAM Con­
troller will generate a DRAM Refresh signal by driv­
ing REF # output lOW. This signal is cleared after 
the refresh cycle has taken place, or by a hardware 
reset. 

TO 
(lNTE 

un 
RNAL) DRAM 

REFRESH 
CONTROLLER 

If the DRAM Refresh feature is disabled, the 
TOUT1 IREF # output pin is simply the TIMER 1 out­
put. Detailed information of how TIMER 1 operates 
is discussed . ill section 6-Programmable Interval 
Timer, and will not be repeated here. 

7.3 Bus Function 

7.3.1 ARBITRATION 

In order to ensure data integrity of the DRAMs, the 
82370 gives the DRAM Refresh signal the highest 
priority in the arbitration logic. It allows DRAM Re­
fresh to . interrupt DMA in progress in order to per­
form the DRAM Refresh cycle. The DMA service will 
be resumed after the refresh is done. 

In case of a DRAM Refresh during a DMA process, 
the cascaded device will be requested to get off the 
bus. This is done by de-asserting the EDACK signal. 
Once DREQn goes inactive, the 82370 will perform 
the refresh operation. Note that the DMA controller 
does not completely relinquish the system bus dur­
ing refresh. The Refresh Generator simply "steals" 
a bus cycle between DMA accesses. 

Figure 7-2 shows the timing diagram of a Refresh 
Cycle. Upon expiration of TIMER 1, the 82370 will try 
to take control of the system bus by asserting 
HOLD. As soon as the 82370 see HlDA go active, 
the DRAM· Refresh Cycle will be carried out by acti­
vating the REF # signal as well as the address and 
control signals on the system bus (Note that REF # 
will not be active until two ClK periods HlDA is as­
serted). The address bus will contain the 24-bit ad-

INTERNAL 
DMA 

HANDSHAKE DMA 
CONTROLLER HEDGE } DETECTOR 

I 24-BIT ~ 
ARBITRATION 

LOGIC 
ADDRESS 
COUNTER 

J TO DMA 
CONTROLLER 

I 
24- BIT (INTERNAL) 

2-TO-1 
REFRESH 

REF# ADDRESS 
1 MUX 

Toun 
o select TOUn/REF# 

f 
REFRESH ENABLE (INTERNAL) 

290164-91 

Figure 7-1. DRAM Refresh ContrOller 
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dress currently in the Refresh Address Counter. The 
control signals are driven the same way as in a 
Memory Read cycle. This "read" operation is com­
plete when the READY # signal is driven lOW. 
Then, the 82370 will relinquish the bus by de-assert­
ing HOLD. Typically, a Refresh Cycle without wait 
states will take five bus states to execute. If "n" wait 
states are added, the Refresh Cycle will last for five 
plus "n" bus states. 

How often the Refresh Generator will initiate a re­
fresh cycle depends on the frequency of ClKIN as 
will as TIMER 1's programmed mode of operation. 
For this specific application, TIMER 1 should be pro­
grammed to operate in Mode 2 to generate a con­
stant clock rate. See section 6-Programmable In­
terv~1 Timer for more information on programming 
the timer. One DRAM Refresh Cycle will be generat­
ed each time TIMER 1 expires (when TOUT1 chang­
es from lOW to HIGH). 

The Wait State Generator can be used to insert wait 
states during a refresh cycle. The 82370 will auto­
matically insert the desired number of wait states as 
programmed in the Refresh Wait State Register (see 
Wait State Generator). 

Tx Tx TI 

ClK2 

ClK 

HOLD -+O---...Jf 

7.4 Modes of Operation 

-7.4.1 WORD SIZE AND REFRESH ADDRESS 
COUNTER 

The 82370 supports 8- and 16-bit refresh cycle. The 
bus width during a refresh cycle is programmable 
(see Programming). The bus size can be pro­
~rammed '1a the Refresh Control Register (see Reg­
Ister Overview). If the DRAM bus size is 8- or 16.-bits, 
the Refr~sh Address Counter will be incremented by 
1 or 2, respectively. 

The Refresh Address Counter"is cleared by a hard, 
ware reset. 

7.5 Register Set Overview 

The Refresh Generator has two internal registers to 
control its operation. They are the Refresh Control 
Register and the Refresh Wait State Register. Their 
port address map is shown in Table 7-1 below. 

T1 T2 

HlDA 

A(I-23).MjIOD +---+----li!-.....:(~--t--{==:::t==::::j_--+ BLED. DjCD 
WjRD.BHED 

TOUT1 

REFD ;----+---+---+---1 
~--+---.JI 

Figure 7-2. 82370 Refresh Cycle 
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Table 7-1 •. Register Address Map . 

Port Address Description 

1CH Refresh Control Reg. (read/write) 
75H Ref. Wait State Reg. (read/write) 

The Refresh Wait State Register is not part of the 
Refresh Generator. It is only used to program the 
number of wait states to be inserted during a refresh 
cycle. This register is discussed in detailed in section 
7 (Wait State Generator) and will not be repeated 
here. 

REFRESH CONTROL REGISTER 

This2-bit register serves two functions. First; it is 
used to enable/disable the DRAM Refresh function 
output. If disabled, the output of TIMER 1 is simply 
used as a general purpose timer. The second func­
tion of this register is to program the DRAM bus size 
for the refresh operation. The programmed bus size 
also determines how the Refresh Address Counter 
will be incremented after each refresh operation .. 

7.6 Programming 

Upon hardware reset, the DRAM Refresh function is 
disabled (the Refresh Control Register is cleared). 
The following programming steps are needed before 
the Refresh Generator can be used. Since the rate ' 
of refresh· cycfes'depends on how TIMER 1 is pro­
grammed, this timer must beiriitialized with the de~ 
sired mode of operation as well 'as the correct 
refresh interval' (see Programming Interval Timer). 
Whether or not 'wait states are to be generated dur­
ing a refresh cycle, the Refresh Wait State Register 
'must also be programmed with the appropriate val­
ue. Then, the DRAM Refresh feature must be en­
abled and the DRAM bus width should be defined. 
These can be done in one step by writing the appro-

priate control word into the Refresh Control Register 
(see Register Bit Definition). After these steps are 
done, the refresh operation will automatically be in­
voked by the Refresh Generator upon expiration of 
Timer 1. 

In addition to the above programming steps, it 
should be ndted that after reset, although the 
TOUT1/REF# becomes the Time 1 output, the 
state of this pin in undefined. This is because the 
Timer module has not been initialized yet. Therefore, 
if.this output is used 'as a DRAM Refresh signal, this 
pin should be disqualified by external logic until the 
Refresh function is enabled. One simple solution is 
to logically AND this output with HLDA, since HLDA 
should not be active after. reset. 

7.7 Register Bit Definition 

REFRESH CONTROL REGISTER 

Port Address: 1 CH (Read/Write) 

8.0 RELOCATION REGISTER AND 
ADDRESS DECODE 

8.1 Relocation Register 

All the integrated peripheral devices in the 82370 
are controlled by a set of internal registers. These 
registers span a total of 256 consecutive address 
locations (although not all the 256 locations are 
used). The 82370 provides a Relocation Register 
which allows the user to map this set of internal reg­
istersinto,either the memory or I/O address space. 
The function of the Relocation Register is to .define 
the base address of the internal register set of the 
82370 as well as if the registers are to be memory­
or I/O-mapped. The format of the Relocation Regis­
ter is depicted in Figure 9-1. . 

00 REF'. DISABLED 
01 INTEL RESERVED 
10 BUS SIZE = 16 
11 BUS SIZE =8 

290164-93 
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D7 D6 D5 D4 D3 D2 D1 DO 

FOR I/O MAPPED:A15-A9 
FOR MEMORY MAPPED: A23-A 16 

o -I/O MAPPED 
1 -MEMORY 

MAPPED 
290164-94 

Port Address: 7FH (Read/Write) 

Figure 8-1. Relocation Register 

Note that the Relocation Register is part of the inter. 
nal register set of the 82370. It has a port address of 
7FH. Therefore, any time the content of the Reloca­
tion Register is changed, the physical location of this 
register will also be moved. Upon reset of the 82370, 
the content of the Relocation Register will be 
cleared. This implies that the 82370 will respond to 
its I/O addresses in the range of OOOOH to OOFFH. 

8.1.1 I/O-MAPPED 82370 

As shown in the figure, Bit 0 of the Relocation Regis­
ter determines whether the 82370 registers are to be 
memory-mapped or I/O mapped. When Bit 0 is set 
to '0', the 82370 will respond to I/O Addresses. Ad­
dress signals BHE#, BLE#, A1-A7 will be used to 
select one of the internal registers to be accessed. 
Bit 1 to Bit 7 ofthe Relocation Register will corre­
spond to A9 to A 15 of the Address bus, respectively. 
Together with A8 implied to be '0', A15 to A8 will be 
fully decoded by the 82370. The following shows 
how the 82370 is mapped into the I/O address 
space. 

Example 

Relocation Register = 11001110 (OCEH) 

82370 will respond to I/O address range from 
OCEOOH to OCEFFH. 

Therefore, this I/O mapping mechanism allows the 
82370 internal registers to be located on any even, 
contiguous, 256 byte boundary of the system I/O 
space. 

8.1.2 MEMORY-MAPPED 82370 

When Bit 0 of the Relocation Register is set to '1', 
the 82370 will respond to memory addresses. Again, 

Address signals BHE#, BLE#, A1-A7 will be used 
to select one of the internal registers to be ac­
cessed. Bit 1 to Bit 7 of the Relocation Register will 
correspond to A17-A23, respectively. A16 is as­
sumed to be '0', and A8-A 15 are ignored. Consider 
the following example. 

Example 

Relocation Register = 10100111 (OA7H) 

The 82370 will respond to memory addresses in 
the range of A6XXOOH to A60XXFFH (where 'X' is 
don't care). 

This scheme implies that the internal registers can 
be located in any even, contiguous, 2**16 byte page 
of the memory space. 

8.2 Address Decoding 

As mentioned previously, the 82370 internal regis­
ters do not occupy the entire contiguous 256 ad­
dress locations. Some of the locations are 'unoccu­
pied'. The 82370 always decodes the lower 8 ad­
dress signals (BHE#, BLE#, A1-A7) to determine if 
anyone of its registers is being accessed. If the ad­
dress does not correspond to any of its registers, the 
82370 will not respond. This allows external devices 
to be located within the 'holes' in tne 82370 address 
space. Note that there are several unused address­
es reserved for future Intel peripheral devices. 

8.3 Chip-Select (CHPSEL #) 

The Chip-Select signal (CHPSEL/) will go active 
when the 82370 is. addressed in a Slave bus 
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CLK2 

ADS# 

82370 
NOT ACCESSED 

T1 T2 11 

82370 
ACCESSED- 2 WAiT STATES 

T2 T2 T2 

CHPSEL# t:==~~~rt---K~~~~+---+---.,. 
READY# 

290164-95 

Figure 8·2. CHPSEL# Timing 

cycle (either read or write), or in an interrupt ac­
knowledge cycle in which the 82370 will drive the 
Data Bus. For a given bus cycle, CHPSEL# be­
comes active and valid in the first T2 (in a non-pipe­
lined cycle) or in 11 P (in a pipelined cycle). It will 
stay valid until the cycle is terminated by READY # 
driven active. As CHPSEL# becomes valid well be­
fore the 82370 drives the Data Bus, it can be used to 

, control the transceivers that connect the local CPU 
bus to the system bus. The timing diagram of 
CHPSEL# is shown in Figure 8-2. 

9.0 CPU RESET AND SHUTDOWN 
DETECT 

The 82370 will activate the CPURST signal to reset 
the host processor when one of the following condi­
tions occurs: 

- 82370 RESET is active; 

- 82370 detects a 80376 Shutdown cycle (this fea~ 
ture can be disabled); 

- CPURST software command is issued to 80376. 

Whenever the CPURST signal is activated, the 
82370 will reset its own hiternal Slave-Bus state ma­
chine. 

9.1 Hardware Reset 

Following a hardware reset, the 82370 will assert its 
CPURST output to reset the host processor. This 
output will stay active for as long as the RESET input 
is active; During a hardware reset, the 82370 iriternal 
registers will be initialized as defined in. the corre­
sponding functional description~. 

9.2 Software Reset 

CPURST can be generated by writing the following 
bit pattern into 82370 register location 64H. 

07 DO 
1111XXXO 

The. Write operation into this port is considered as 
an 82370 access and the internal Wait State Gener­
ator will al,ltomatically determine the required num­
ber of wait states. The CPURST will be active follow­
ing the completion of the Write cycle to this port. 
This Signal will last for 62 CLK2 periods. The 82370 
should not be accessed until the CPURSTis deacti­
vated. 

This internal· port is WritEi~Only and the 82370 will 
not respond to a Read operation to this location. 
Also, during a software reset command, the 823?0 
will reset its Slave-Bus state machine: However, Its 
internal registers remain unchanged. This allows the 
operating system to distinguish a 'warm' reset by 
reading any 82370 internal register previously pro­
grammed for a non-default value. The Diagnostic 
registers can be used for this purpose (see Internal 
Control and Diagnostic Ports). 

9.3 Shutdown Detect 

The 82370 is constantly monitoring the Bus Cycle 
Definition signals (M/!IO#, D/C#, W/R#) and is 
able to detect when the 80376 is ina Shutdown bus 
cycle. Upon detection of a processor shutdown, the 
82370 will activate the CPURST output for 62 C~K2 
periods to reset the host processor. This signal is 
generated after the Shutdown cycle is terminated by 
the READY # Signal. 
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Although the 82370 Wait State Generator will not 
automatically respond to a Shutdown (or Halt) cycle, 
the Wait State Control inputs (WSCO, WSC1) can be 
used to determine the number of wait states in the 
same manner as other non-82370 bus cycles. 

This Shutdown Detect feature can be enabled or dis­
abled by writing a control bit in the Internal Control 
Port at address 61 H (see Internal Control and Diag­
nostic Ports). This feature is disabled upon a hard­
ware reset of the 82370. As in the case of Software 
Reset, the 82370 will reset its Slave-Bus state ma­
chine but will not change any of its internal register 
contents. 

10.0 INTERNAL CONTROL AND 
DIAGNOSTIC PORTS 

10.1 Internal Control Port 

The format of the Internal Control Port of the 82370 
is shown in Figure 10-1. This Control Port is used to 
enable/disable the Processor Shutdown Detect 
mechanism as well as controlling the Gate inputs of 
the Timer 2 and 3. Note that this is a Write-Only port. 
Therefore, the 82370 will not respond to a read op­
eration to this port. Upon hardware reset, this port 
will be cleared; i.e., the Shutdown Detect feature 
and the Gate inputs of Timer 2 and 3 are disabled. 

Port Address: 61H (Write only) 

10.2 Diagnostic Ports 

Two 8-bit read/write Diagnostic Ports are provided 
in the 82370. These are two storage registers and 
have no effect on the operation of the 82370. They 
can be used to store checkpoint data or error codes 
in the power-on sequence and in the diagnostic 
service routines. As mentioned in the CPU RESET 
AND SHUTDOWN DETECT section, these Diagnos­
tic Ports can be used to distinguish between 'cold' 
and 'warm' reset. Upon hardware reset, both Diag­
nostic Ports are cleared. The address map of these 
Diagnostic Ports is shown in Figure 10-2. 

Port Address 

Diagnostic Port 1 (Read/Write) 80H 
Diagnostic Port 2 (Read/Write) 88H 

Figure 10-2. Address Map of Diagnostic Ports 

11.0 INTEL RESERVED I/O PORTS 

There. are nineteen I/O ports in the 82370 address 
space which are reserved for Intel future peripheral 
device use only. Their address locations are: 10H, 
12H, 14H, 16H, 2AH, 3DH, 3EH, 45H, 46H, 76H, 
77H, 7DH, 7EH, CCH, CDH, DOH, D2H, D4H, and 
D6H. These addresses should not be used in the 
system since the 82370 will respond to read/write 
operations to these locations and bus contention 
may occur if any peripheral is assigned to the same 
address location. 

07 06 05 04 03 02 01 DO 

. 290164-96 

Figure 10-1.lnteri1al Control Port 
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12.0 PACKAGE THERMAL 
SPECIFICATIONS 

calculated from the 8jcand8ja from the following 
equations: 

TJ = Te + P*/lle 

TA = Tj - P*/lja 

Tc = Ta + P*[/lja - /ljd 

The intel 82370 Integrated System Peripheral is 
specified· for operation when case· temperature is 
within the range of O·C to 78·Cfor the ceramic 
132-pin PGA package, and 68·C for the 100"pin 
plastic package. The c:ase temperature may be mea­
sured in any environment, to determine whether the 
82370 is within specified· operating range. The case 
temperature should be measured at the center of 
the top surface opposite the pins. 

The ambient temperature is guaranteed. as long as 
T c is not violated. The ambient temperature can be 

Values for 8ja and 8jc are given in Table 12 .. 1 for the 
1 OO~lead fine pitch. 8ja is giv~n at various airflows. 
Table 12.2 shows the maximum Ta allowable (with­
out exceeding Tel at various airflows. Note that Ta 
can be improved further by attaching "fins" or a 
"heat sink" tothe package. P is calculated using the 
maximum hot Icc. 

Table 12.1 82370 Package Thermal Characteristics 
Thermal Resistances ("C/Watt) 8Jc and 8Ja 

I I I 3 I 3 I 
Package 8Jc 

81a Versus Airflow-ft3/min (m3/sec) 

0 ·200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

100L Fine Pitch 7 33 27 24 21 18 17 

132LPGA 2 21 17 14 12 11 10 

Table 12.282370 Maximum Allowable Ambient 
Temperature at Various Airflows 

Package 8Jc 

1 OOL Fine Pitch 7 

132LPGA 2 

100L PQFP Pkg: 
Tc = Ta + P'(Bja -Bjd 
Tc = 63 + 220 mA(33 - 7) 
T c = 63 + 220 mA(26) 
Tc = 63 + 5.72 
Tc = 68.7 

I I I 3 I 3 I 
Ta(c) Versus Airflow-ft3/min (m3/sec) 

0 
(0) 

63 

74 

200 400 600 800 
(1.01) (2.03) (3.04) (4.06) 

74 79 85 

83 88 93 

132L PGA Pkg: 
Tc = Ta + P'(Bja - Bjd 
Tc = 74 + 220 mA(21 - 2) 
Tc = 74 + 220 mA(19) 
Tc = 74 + 4.18 
Tc = 78.2 
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13.0 ELECTRICAL SPECIFICATIONS 

82370 D.C. Specifications Functional Operating Range: 
Vcc = 5.0V ± 10%; TCASE = O°C to 78°C for 132-pin PGA, O°C to 68°C for 100·pin plastic 

Symbol Parameter Description Min Max Units Notes 

VIL Input Low Voltage -0.3 0.8 V (Note 1) 

VIH Input High Voltage 2.0 Vcc + 0.3 V 

VILC CLK2 Input Low Voltage -0.3 0.8 V (Note 1) 

VIHC CLK2 Input High Voltage VCC - 0.8 VCC + 0.3 V 

VOL Output Low Voltage 
IOL = 4mA: 0.45 V 

A1-23, 00-15, BHE#, BLE# 
IOL = 5mA: 0.45 V 

All Others 

VOH Output High Voltage 

IOH = -1 mA A23-A1, 015-00, BHE#, BLE# 2.4 V (Note 5) 

IOH = -0.2mA A23-A1, 015-00, BHE#, BLE# Vce - 0.5 V (Note 5) 

IOH = -0.9mA All Others 2.4 V (Note 5) 

IOH = -0.18 mA All Others Vcc - 0.5 V (Note 5) 

III Input Leakage Current ±15 p,A 
All Inputs Except: 

IRQ11#-IRQ23# 
EOP#, TOUT2/IRQ3# 
OREQ4I1RQ9# 

ILl1 Input Leakage Current 10 -300 p,A 0< VIN < VCC 
Inputs: (Note 3) 

IRQ11#-IRQ23# 
EON, TOUT2/IRQ3 
OREQ4/IRQ9 

ILO Output Leakage Current ±15 p,A 0< VIN < Vcc 

Icc Supply Current (CLK2 = 32 MHz) 220 mA (Note 4) 

CI Input CapaCitance 12 pF (Note 2) 

CCLK CLK2 Input Capacitance 20 pF (Note 2) 

NOTES: 
1. Minimum value is not 100% tested. 
2. fc = 1 MHz; sampled only. 
3. These pins have weak internal pullups. They sould not be left floating. 
4. Icc is specified with inputs driven to CMOS levels, and outputs driving CMOS loads. Icc may be higher if inputs are driven 
to TTL levels, or if outputs are driving TTL loads. 
5. Tested at the minimum operating frequency of the part. 

4-893 
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CLK2 [ 2V 

OV-----~--~~~~---~----

3.0V ~:+r---I--....,~~ 

LEGEND: 
A-Maximum output delay specification 
8-Minimum output delay specification 
C-Minimum input setup specification 
D-Minimum input hold specification 

290164-97 

Figure 13-1. Drive Levels and Measurement Points for A.C. Specification 

82370 A.C. Specifications These A.C. timings are tested at 1.5V thresholds, except as noted. 
Functional Operating Range: Vee = 5.0V ± 1 0%; TeASE = O°C to 7SoC for 132-pin PGA, O°C to 6SoC for 
100-pin plastic 

Symbol Parameter Description Min Max Units Notes 

Operating Frequency 1/(t1 a x 2) 4 16 MHz 

t1 CLK2 Period 31 125 ns 

t2a CLK2 High Time 9 ns At2.0V 
t2b CLK2 High Time 5 ns At Vee - O.SV 
t3a CLK2 Low Time 9 ns At2.0V 
t3b CLK2 Low Time 7 ns AtO.SV 
t4 CLK2 Fall Time 7 ns Vee- O.SV to O.SV 
t5 CLK2 Rise Time 7 ns O.SV to Vee - O.SV 

t6 A1-A23, BHE#, BLE# 4 36 ns CL = 120 pF 
EDACKO-EDACK2 Valid Delay 

t7 A1-A23, BHE#, BLE# 4 40 ns (Note 1) 
EDACKO-EDACK3 Float Delay 

tS A 1-A23, BHE #, BLE # Setup Time 6 ns 
t9 A 1-A23, BHE #, BLE # Hold Time 4 ns 

t10 W/R#, M/IO#, D/C# Valid Delay 4 33 ns CL = 75 pF 
t11 W/R#, MIIO#, D/C# Float Delay 4 35 ns (Note 1) 

4-S94 



intJ 82370 

82370 A.C. Specifications These A.C. timings are tested at 1.5V thresholds, except as noted. 
Functional Operating Range: Vee = 5.0V ± 10%; TeASE = O°C to 7SoC for 132-pin PGA, O°C to 68°C for 
100-pin plastic (Continued) 

Symbol Parameter Description Min Max Units Notes 

t12 W/R#, M/IO#, O/C# Setup Time 6 ns 
t13 W/R#, M/IO#, O/C# Hold Time 4 ns 

t14 ACS# Valid Delay 6 33 ns CL = 50pF 
t15 ADS # Float Delay 4 35 ns (Note 1) 

t16 ADS # Setup Time 21 ns 
t17 AOS# Hold Time 4 ns 

t18 Slave Mode 00-015 Read Valid 3 46 ns CL = 120pF 
t19 Slave ModE! 00-015 Read Float 6 35 ns (Note 1) 

t20 Slave Mode 00-015 Write Setup 31 ns 
t21 Slave Mode 00-015 Write Hold 26 ns 

122 Master Mode 00-015 Write Valid 4 40 ns CL = 120pF 
t23 Master Mode 00-015 Write Float 4 35 ns (Note 1) 

124 Master Mode 00-015 Read Setup S ns 
t25 Master Mode 00-015 Read Hold 6 ns 

126 READY # Setup Time 19 ns 
127 READY # Hold Time 4 ns 

128 WSCO-WSC1 Setup Time 6 ns 
129 WSCO-WSC1 Hold Time 21 ns 

t30 . RESET Setup Time 13 ns 
t31 RESET Hold Time 4 ns 

t32 REAOYO# Valid Delay 4 31 ns CL = 25pF 

t33 CPURST Valid Delay (Falling Edge Only) 2 18 ns CL = 50pF 

t34 HOLD Valid Delay 5 33 ns CL = 100pF 

t35 HLOA Setup Time 21 ns 
t36 HLOA Hold Time .6 ns 

t37a EOP # Setup (Synchronous) 21 ns 
t38a EOP# Hold (Synchronous) 6 ns 

t37b EOP# Setup (Asynchronous) 11 ns 
t38b EOP# Hold (Asynchronous) 11 ns 

t39 EOP# Valid Delay (Falling Edge Only) 5 38 ns CL = 100pF 
t40 EOP # Float Delay 5 40 ns (Note 1) 

t41a OREQ Setup (Synchronous) 21 ns 
t42a OREQ Hold (Synchronous) 4 ns 

t41b OREQ Setup (Asynchronous) 11 ns 
t42b OREQ Hold (Asynchronous) 11 ns 

t43 INT Valid Delay from IRQn 500 ns 

t44 NA# Setup Time 5 ns 
t45 NA# Hold Time 15 ns 
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82370 A.C. Specifications These AC. timings are tested at 1.5V thresholds, except as noted. 
Functional Operating Range: Vee = 5.0V ± 10%; T CASE· = OOC to 78·C for 132-pin PGA, O·C to 68·C for 
100-pin plastic (Continued) . 

Symbol Parameter Description Min Max Units Note. 

t46 ClKIN Frequency DC 10 MHz 
t47 ClKIN High Time 30 ns 2.0V 
t48 ClKIN low Time 50 ns 0.8V 
t49 ClKIN Rise Time 10 ns 0.8Vto 3.7V 
t50. ClKIN Fall Time 10 ns 3.7Vto 0.8V 

TOUT1 # lREF # Valid Delay 
t51 from ClK2 (Refresh) 4 36 ns CL = 120pF 
t52 from ClKIN (Timer) 3 93 ns CL = 120pF 

t53 TOUT2# Valid Delay 3 93 ns CL = 120pf 
(from ClKIN, Falling Edge Only) 

t54 TOUT2 # Float Delay 3 36 ns (Note 1) 

t55 TOUT3# Valid Delay 3 93 ns CL = 120pF 
(from ClKIN) 

t56 CHPSEl# Valid Delay 1 35 ns CL = 25pF 

NOTE: 
1. Float condition occurs when the maximum output current becomes less than ILO in magnitude. Float delay is not tested. 
For testing purposes, the float condition occurs when the dynamic output driven voltage changes with current loads. 

290164-98 
Cl Indicates all parasitic capacitances. 

290164-99 

Figure 13-2. A.C. Test Load Figure 13-3 . 
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INPUT SET - UP AND HOLD TIMING (CONT.~ 

Tx 
PHil PHI2 PHil PHI2 PHil PHI2 

CLK2 

NA# 

WSC(O-l) 

PHil PHI2 PHil PHI2 PHil PHI2 

CLK2 

A(1-A23). BHE#. BLE# -------{::::C:::::::::::::::t::::=*-----
W/R#. M/IO#. D/C# -------{:::::t::::::::::=::::::::j~----

READY# --------1:::!::::}--..... ------------
A~#--------1::::c::::~--------------

HLDA--------1:::!::::~-------------~ 

0(0-15) (DMA Read) --..;,.-----i::::t::::}--------------
0(0-15) (CPU Write) --------1:::l::::}--------------

EOP#--------1:::l::::}-----~--------

DREQ(0-7) -~~-----1::!::}---~----------
290164-AO 

Figure 13-4. Input Setup and Hold Timing 
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Tx 

'ClK2 .' ~.31 . T30. PHlx ,. PHI2. '. PHil '. PHI2 

RESET- '. . ' 

.' ..... _--------------'.' Hold. Setup . . 

Tx 

ClK2 . 
'. ~.I PHI 2. 

r- T33 MIN. 
CPURST. . 

ClK2 

AI - 23. BHE#. BlE# 

AI - 23. BHE#. BlE# 
EDACK(O-2) 

AI - 23. BHE#. BlE# 

ADS# 

ADS# 

ADS# 

HOLD 

CHPSEl# 

. .1-T33 MAX. 
290164-Al 

Figure 13-S.Reset Timing 

Tx Tx Tx 

-J ~~~ 

-

-I~ 
JOOC 
1-

T6Max - TeMln 

xxx 
~ T6Max - T7Mln 

~XX'x 
,-... 

T7Max 
~ T14Mln 

,xxx 
T14Max - T14Mln 

:XXX ,-
T14Max - T15Mln ,-

:XXX 
:-, 

T15Max - T34Mln 

,///1 
T34Max I r-t56Mln 

ii\\\\\. 
I 

T56Max 

Figure 13-6. Address Output Delays 
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Tx Tx 
PHil PHI2 PHil PHI2 PHil PHI2 

~ 
I' 

D(O-15)(CPU READ) 

i+----In9t.4ox 

D(O-15)(Dt.4A WRITE) 

D(O-15)(Dt.4A WRITE) 

D(O-15)(Dt.4A WRITE) 

T23t.4ox 
290164-A3 

Figure 13-7. Data Bus Output Delays 

Tx Tx Tx 

CLK2 

PHil I PHI2 PHil I' PHI2 I PHil I PHI2 

~~ 
f-'-oo nOt.4'n -WjR#. t.4jIO#.DjC# xxx --

nOt.4ox 
I----- nlt.4'n -WjR#. t.4jIO#.DjC# "xX 

nlt.4ox 
I----- nOt.4'n 

m -W jR#. t.4jIO#.DjC# 

nOt.4ox 
f-'-oo T32t.4'n -READYO# XXX 

T32t.4ox 
f-'-oo T39t.4'n 

EOP# :XXX 
T39t.4ox 

~ T40t.4'n 
EOP# 

'i/ill 
T40t.4ox 

~ T5lt.4'n -REF# XXX - T5lt.4ox 
290164-A4 

Figure 13-8. Control Output Delays 
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eLKIN 

TOUT1 

------~~~------~----
TOUT2# ---------+-n-~ 

TOUT2# ________ -+~ 

roUT3# ________ -+~~~~~----------------------
r----....-...rT55t.tax 

290164-A5 

Figure 13·9. Timer Output Delays 

14.0 REVISION HISTORY 

This 82370 data sheet. version -002. contains updates and improvements to previous versions. A revision 
summary is listed here for your convenience. 

The sections significantly revised since version ·001 are: 
- Section 12.0 Electrical Characteristics renumbered Section 13.0. 

- Section 12.0 Package Thermal Specifications added. 

- Section 13.0 Electrical Specifications updated TeASE. VOH. Icc. T33. T39. Figure 13.6. 

- AppendixC. Programming the 82370 Interrupt Controllers. added. 

- Appendix D. System Notes. added. 

- Section 14.0 Revision History added. 
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APPENDIX A 
PORTS LISTED BY ADDRESS 

Port Address 
Description (HEX) 

00 Read/Write DMA Channel 0 Target Address, AO-A 15 
01 Read/Write DMA Channel 0 Byte Count, BO-815 
02 Read/Write DMA Channel 1 Target Address, AO-A 15 
03 R.ead/Write DMA Channel 1 Byte Count, 80-B15 
04 Read/Write DMA Channel 2 Target Address, AO-A 15 
05 Read/Write DMA Channel 2 Byte Count, 80-B15 
06 Read/Write DMA Channel 3 Target Address, AO-A 15 
07 Read/Write DMA Channel 3 Byte Count, BO-B15 
08 Read/Write DMA Channel 0-3 Status/Command I Register 
09 Read/Write DMA Channel 0-3 Software Request Register 
OA Write DMA Channel 0-3 Set-Reset Mask Register 
OB Write DMA Channel 0-3 Mode Register I 
OC Write Clear Byte-Pointer FF 
00 Write DMA Master-Clear 
OE Write DMA Channel 0-3 Clear Mask Register 
OF Read/Write DMA Channel 0-3 Mask Register 
10 Intel Reserved 
11 Read/Write DMA Channel 0 Byte Count, 816-B23 
12 Intel Reserved 
13 Read/Write DMA Channel 1 Byte Count, 816-823 
14 Intel Reserved 
15 Read/Write DMA Channel 2 Byte Count, 816-823 
16 Intel Reserved 
17 Read/Write DMA Channel 3 Byte Count, 816-823 
18 Write DMA Channel 0-3 Bus Size Register 
19 Read/Write DMA Channel 0-3 Chaining Register 
1A Write DMA Channel 0-3 Command Register II 
1B Write DMA Channel 0-3 Mode Register II 
1C Read/Write Refresh Control Register 
1E Reset Software Request Interrupt 
20 Write Bank B ICW1, OCW2 or OCW3 

Read Bank B Poll, Interrupt Request or In-Service 
Status Register 

21 Write Bank B ICW2, ICW3, ICW4 or OCW1 
Read Bank B Interrupt Mask Register 

22 Read Bank B ICW2 
28 Read/Write IR08 Vector Register 
29 Read/Write IR09 Vector Register 
2A Reserved 

4-901 



82.370 

Port Address 
Description 

(HEX) 

2B Read/Write IROn Vector Register 
2C Read/Write IR012Vector Register 
20 Read/Write IR013 Vector Register 
2E Read/Write IR014 Vector Register 
2F Read/Write IR015 Vector Register 
30 Write Bank A ICW1, DCW2 or DCW3 

Read Bank A Poll, Interrupt Requestor In-Service 
Status Register 

31 Write Bank A ICW2, ICW3, ICW4 or DCW1 
Read Bank A Interrupt Mask Register 

32 Read Bank A ICW2 
38 Read/Write IROO Vector Register 
39 Read/Write IR01 Vector Register 
3A Read/Write IR01.5 Vector Register 
3B Read/Write IR03 Vector Register 
3C Read/Write IR04 Vector Register 
3D Reserved 
3E Reserved 
3F Read/Write IR07 Vector Register 
40 Read/Write Counter 0 Register 
41 Read/Write Counter 1 Register, 
42 Read/Write Counter 2 Register 
43 Write Control Word Register I-Counter 0, 1, 2 
44 Read/Write Counter 3 Register 
45 Reserved 
46 Reserved 
47 Write Word Register II-Counter 3 
61 Write Internal Control Port 
64 Write CPU Reset Register (Data-1111 XXXOH) 
72 Read/Write Wait State Register 0 
73 Read/Write Wait State Register 1 
74 Read/Write Wait State Register 2 
75 Read/Write Refresh Wait State Register 
76 Reserved 
77 Reserved 
70 Reserved 
7E Reserved 
7F Read/Write Relocation Register 
80 Read/Write Internal Diagnostic Port 0 
81 Read/Write DMA Channel 2 Target Address, A 16-A23 
82 Read/Write DMA Channel 3 Target Address, A16-A23 
83 Read/Write DMA Channel 1 Target Address, A16-A23 
87 Read/Write DMA Channel 0 Target Address, A16-A23 
88 Read/Write Internal Diagnostic Port 1 
89 Read/Write DMA Channel 6 Target Address, A16-A23 
8A Read/Write DMA Channel 7 Target Address, A 16-A23 
8B Read/Write DMA Channel 5 Target Address, A 16-A23 
8F Read/Write DMA Channel 4 Target Address, A16-A23 
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Port Address Description 
(HEX) 

.90 Read/Write DMA Channel 0 Requester Address, AO-A 15 
91 Read/Write DMA Channel 0 Requester Address,A16-A23 
92 Read/Write DMA Channel 1 Requester Address, AO-A 15 
93 Read/Write DMA Channel 1 Requester Address, A16-A23 
94 Read/Write DMA Channel 2 Requester Address, AO-A 15 
95 Read/Write DMA Channel 2 Requester Address, A 16-A23 
96 Read/Write DMA Channel 3 Requester Address, AO-A 15 
97 Read/Write DMA Channel 3 Requester Address, A16-A23 
98 Read/Write DMA Channel 4 Requester Address, AO-A15 
99 Read/Write DMA Channel 4 Requester Address, A 16-A23 
9A Read/Write DMA Channel 5 Requester Address, AO-A 15 
9B Read/Write DMA Channel 5 Requester Address, A 16-A23 
9C Read/Write DMA Channel 6 Requester Address, AO-A 15 
90 Read/Write DMA Channel 6 Requester Address, A 16-A23 
9E Read/Write DMA Channel 7 Requester Address, AO-A 15 
9F Read/Write DMA Channel 7 Requester Address, A16-A23 
AO Write Bank C ICW1, OCW2 or OCW3 

Read Bank C Poll, Interrupt Request or In-Service 
Status Register 

A1 Write Bank C ICW2, ICW3, ICW4 or OCW1 
Read Bank C Interrupt Mask Register 

A2 Read Bank C ICW2 
A8 Read/Write IRQ16 Vector Register 
A9 Read/Write IRQ17 Vector Register 
AA Read/Write IRQ18 Vector Register 
AB Read/Write IRQ19 Vector Register 
AC Read/Write IRQ20 Vector Register 
AD Read/Write IRQ21 Vector Register 
AE Read/Write IRQ22 Vector Register 
AF Read/Write IRQ23 Vector Register 
CO Read/Write DMA Channel 4 Target Address, AO-A15 
C1 Read/Write DMA Channel 4 Byte Count, BO-B15 
C2 Read/Write DMA Channel 5 Target Address, AO-A15 
C3 Read/Write DMA Channel 5 Byte Count, BO-B15 
C4 Read/Write DMA Channel 6 Target Address, AO-A15 
C5 Read/Write DMA Channel 6 Byte Count, BO-B15 
C6 Read/Write DMA Channel 7 Target Address, AO-A 15 
C7 Read/Write DMA Channel 7 Byte Count, BO-B15 
C8 Read DMA Channel 4-7 Status/Command I Register 
C9 Read/Write DMA Channel 4-7 Software Request Register 
CA Write DMA Channel 4-7 Set-Reset Mask Register 
CB Write DMA Channel 4-7 Mode Register I 
CC Reserved 
CD Reserved 
CE Write DMA Channel 4-7 Clear Mask Register 
CF Read/Write DMA Channel 4-7 Mask Register 
DO Intel Reserved 
D1 Read/Write DMA Channel 4 Byte Count, B16-B23 
D2 Intel Reserved 
D3 Read/Write DMA Channel 5 Byte Count, B16-B23 
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Port Address 
Description (HEX) 

04 Intel Reserved 
05 Read/Write OMA Channel 6 Byte Count, B16-B23 
06 Intel Reserved 
07 Read/Write OMA Channel 7 Byte Count, B16-B23 
08 Write OMA Channel 4-7 Bus Size Register 
09 Read/Write OMA Channel 4-7 Chaining Register 
OA Write OMA Channel 4-7 Command Register II 
DB Write OMA Channel 4-7 Mode Register" 
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APPENDIX B 
PORTS LISTED BY FUNCTION 

Port Address 
Description 

(HEX) 

DMA CONTROLLER 

OD Write DMA Master·Clear 
OC Write DMA Clear Byte·Pointer FF 

08 Read/Write DMA Channel 0-3 Status/Command I Register 
C8 Read/Write DMA Channel 4-7 Status/Command I Register 
1A Write DMA Channel 0-3 Command Register II 
DA Write DMA Channel 4-7 Command Register II 

OB Write DMA Channel 0-3 Mode Register I 
CB Write DMA Channel 4-7 Mode Register I , 

1B Write DMA Channel 0-3 Mode Register II 
DB Write DMA Channel 4-7 Mode Register II 

09 Read/Write DMA Channel 0-3 Software Request Register 
C9 Read/Write DMA Channel 4-7 Software Request Register 
1E Reset Software Request Interrupt 

OE Write DMA Channel 0-3 Clear Mask Register 
CE Write DMA Channel 4-7 Clear Mask Register 
OF Read/Write DMA Channel 0-3 Mask Register 
CF Read/Write DMA Channel 4-7 Mask Register 
OA Write DMA Channel 0-3Set·Reset Mask Register 
CA Write DMA Channel 4-7 Set·Reset Mask Register 

18 Write DMA Channel 0-3 Bus Size Register 
D8 Write DMA Channel 4-7 Bus Size Register 

19 Read/Write DMA Channel 0-3 Chaining Register 
D9 Read/Write DMA Channel 4-7 Chaining Register 

00 Read/Write DMA Channel 0 Target Address, AO-A15 
87 Read/Write DMA Channel 0 Target Address, A 16-A23 
01 Read/Write DMA Channel 0 Byte Count, BO - B 15 
11 Read/Write DMA Channel 0 Byte Count, B16-B23 
90 Read/Write DMA Channel 0 Requester Address, AO-A 15 
91 Read/Write DMA Channel 0 Requester Address. A16-A23 
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Port Address 
(HEX) 

Description 

DMA CONTROLLER (Continued) .' , 

02 Read/Write OMA Channel 1 Target Address, AO-A 15 
83 Read/Write OMA Channel 1 Target Address, A 16-A23 
03 Read/Write OMA Channel 1 Byte Count,. BO-B15 
13 Read/Write OMA Ct)annel1 Byte Count, B16-B23 
92 Read/Write OMA Channel 1 Requester Address, AO-A 15 
93 Read/Write OMA Channel 1 Requester Address, A 16-A23 

04 
81 
05 
15 
94 

'95 

06 
82 
07 
17 
96 
91 

CO 
8F 
C1 
01 
98 
99 

C2 
8B 
C3 
03 
9A 
9B 

C4 
89 
C5 
05 
9C 
90 

C6 
8A 
C7 
07 
9E 
9F 

Read/Write OMA Channel 2 Target Address, AO-A15 
Read/Write OMA Channel 2 Target Address, A 16-A23 
Read/Write OMA Channel 2 Byte Count, BO-B15 
Read/Write OMA Channel 2 Byte Count, 816-B23 
Read/Write OMA ChanMI 2 Requester Address, AO-A 15 
Read/Write OMA Channel 2 Requester Address, A16-A23 

Read/Write OMA Channel 3 Target Address, AO-A 15 
Read/Write OMA Channel 3 Target Address, A 16-A23 
Read/Write OMA Channel 3 Byte Count, BO-B 15 . 
Read/Write OMA Channel 3 Byte Count, B16-B23 
Read/Write OMA Channel 3 Requester Address, AO-A 15 
Read/Write OMA Channel 3 Requester Address, A 16-A23 

Read/Write OMA Channel 4 Target Address, AO-A 15 
Read/Write OMA Channel 4 Target Address, A 16-A23 
Read/Write OMA Channel 4 Byte Count, BO-B15 
Read/Write OMA Channel 4 Byte Count, B16-B23 
Read/Write OMA Channel 4 Requester Address, AO-A 15 
Read/Write OMA Channel 4 Requester Address, A 16-A23 

Read/Write OMA Channel 5 Target Address, AO-A 15 
Read/Write' OMA Channel 5 Target Address, A 16-A23 
Read/Write OMA Channel 5 Byte Count, BO-B 15 
Read/Write OMA Channel 5 Byte Count, B16-B23 
Read/Write DMA Channel 5 Requester Address, AO-A 15 
Read/Write OMA Channel 5 Requester Address, A16-A23 

Read/Write OMA Channel 6 Target Address, AO-A 15 
Read/Write OMA Channel 6 Target Address, A 16-A23 
ReadlWrite OMA Channel 6 Byte Count, BO-B 15 
Read/Write OMA Channel 6 Byte Count, B16-B23 
Read/Write OMA Channel 6 Requester Address, AO-A15 
Read/WriteOMA Channel 6 Requester Address,A16";A23 

. Read/Write OMA Channel? Target Address, AO-A 15 
Read/Write OMA Channel 7 Target Address, A 16-A23 
Read/Write OMA Channel 7 Byte Count, BO-B15 
Read/Write OMA Channel 7 Byte C,ount, B16-B23 
Read/Write Or./lA Channel 7 Requester Address, AO-A 15 
Read/Write OMA Channel 7 Requester Address, A16-A23 
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Port Address 

(HEX) 

INTERRUPT CONTROLLER 

20 

21 

22 
28 
29 
2A 
2B 
2C 
20 
2E 
2F 

AO 

A1 

A2 
A8 
A9 
AA 
AB 
AC 
AD 
AE 
AF 

30 

31 

32 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 

82370 

Description 

Write Bank B ICW1, OCW2 or OCW3 
Read Bank B Poll, Interrupt Request or In~Service 
Status Register 
Write Bank B ICW2, ICW3, ICW4 or OCW1 
Read Bank B Interrupt Mask Register 
Read Bank B ICW2 
Read/Write IRQ8 Vector Register 
Read/Write IRQ9 Vector Register 
Reserved 
Read/Write IRQ11 Vector Register 
Read/Write IRQ12 Vector Register 
Read/Write IRQ13 Vector Register 
Read/Write IRQ14 Vector Register 
Read/Write IRQ15 Vector Register 

Write Bank C ICW1, OCW2 or OCW3 
Read Bank C Poll, Interrupt Request or In-Service 
Status Ftegister 
Write Bank CICW2, ICW3, ICW40r OCW1 
Read Bank C Interrupt Mask Register 
Read. Bank C ICW2 
Read/Write IRQ16 Vector Register 
Read/Write IRQ17 Vector Register 
Read/Write IRQ18 Vector Register 
Read/Write IRQ19 Vector Register 
Read/Write IRQ20 Vector Register 
Read/Write IRQ21 Vector Register 
Read/Write IRQ22 Vector Register 
Read/Write IRQ23 Vector Register 

Write Bank A ICW1, OCW2 or OCW3 
Read Bank A Poll, Interrupt Request or Iri~Service 
Status Register 
Write Bank A ICW2, ICW3, ICW4 or OCW1 
Read Bank A Interrupt Mask Register 
Read Bank A ICW2 
Read/Write IRQO Vector Register 
Read/Write IRQ1 Vector Register 
Read/Write IRQ1.5 Vector Register 
Read/Write IRQ3 Vector Register 
Read/Write IRQ4 Vector Register 
Reserved 
Reserved 
Read/Write IRQ7 Vector Register 
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Port Address Description (HEX) 

PROGRAMMABLE INTERVAL TIMER 

40 R.ead/Write Counter 0 Register 
41 Read/Write Counter 1 Register 
42 Read/Write Counter 2 Register 
43 Write Control Word Register I-Counter 0, 1, 2 
44 Read/Write Counter 3 Register 
47 Write Word Register II-Counter 3 

CPU RESET 

64 Write CPU Reset Register (Data-1111 XXXOH) 

WAIT STATE GENERATOR 

72 Read/Write Wait State Register 0 
73 Read/Write Wait State Register 1 
74 Read/Write Wait State Register 2 
75 Read/Write Refresh Wait State Register 

DRAM REFRESH CONTROLLER 

1C Read/Write Refresh Control Register 

INTERNAL CONTROL AND DIAGNOS'TIC PORTS 

61 Write Internal Control Port 
80 Read/Write Internal Diagnostic Port 0 
88 .. Read/Write Internal Diagnostic Port 1 

RELOCATION REGISTER 

7F Read/Write Relocation Register 

INTEL RESERVED PORTS 

10 Reserved 
12 Rese.rved 
14 Reserved 
16 Reserved 
2A Reserved 
3D Reserved 
3E Reserved 
45 Reserved 
46 Reserved 
76 Reserved 
77 Reserved 
70 Reserved 
7E Reserved 
CC Reserved 
CD Reserved 
DO Reserved 
02 Reserved 
04 Reserved 
06 Reserved 
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APPENDIX C 
PROGRAMMING THE 82370 INTERRUPT CONTROLLERS 

This Appendix describes two methods of programming and initializing the Interrupt Controllers of the 82370. A 
simple interrupt service routine is also shown which provides compatibility with the 82C59 Interrupt Controller. 

The two methods of programming the 8237° Interrupt Controllers are needed to provide simple initialization 
procedures in different software environments. For new applications, a simple initialization and programming 
sequence can be used. For PC-DOS or other applications which expect 8259s, an interrupt handler for 
initialization traps must be provided. Once the handler is in place, all three 82370 Interrupt Controller banks 
can be programmed or initialized in the same manner as an 8259. 

The ICW2 interrupt is generated by the 82370 when writing the ICW2 command to any of the interrupt 
controller banks. This interrupt is supplied to provide compatibility to existing code that expects to be program­
ming 82C59s. The ICW2 value is stored in the ICW2 register of the associated bank, but is ignored by the 
controller. It is the responsibility of the ICW2 interrupt handler to read the ICW2 register and use its value to 
program the individual vector registers accordingly. 

NEW APPLICATIONS 

New applications do not generally require compatibility with previous code, or at least the code is usually easily 
modifiable. If the application fits this description, then the ICW2 interrupt can be ignored. This is done by 
initializing the interrupt controller as ne~essary, and before enabling CPU interrupts, removing the ICW2 
interrupt request by reading the ICW2 register. Listing 1 shows the code for doing this for bank A. The same 
procedure can be used for the other banks. 
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Listing 1. 
Initialization of an 82370 Interrupt Controller Bank 

Without ICW2 Interrupts . 

cli ;disable all interrupts 

;initial~ze controller logic 
mov al,lCWl ;begin sequence 
out 30h,al 
moval,ICW2 ;send dummy,ICW2 
out 3lh,al 
mov. al,ICW3 ;send ICW3 if necessary 
out 3lh,al 
mov al,ICW4 ;send ICII14 
out 3lh,al 

mov al,BANK_A_MASK 
out, 3lh,al 

;program vector registers 

mov al,ICW2 
out 38h,al 
mov al,ICW2+l 
out 39h,al 
mov al,ICW2_VECTOR 
out 3Ah,al 
mov al,IOW2+3 
out 3Bh,al 
mov al,IOW2+4 
out 3Ch,al 
mov al,ICW2+7 
out 3Fh,al 

;write to mask register (OCII11) 

;I~QO 

;IRQl 

;IRQ1.5 (probably never used'in 
; this,system) 

;IRQ3 

;IRQ4 

;IRQ7 

;remove ICW2 interrupt request 

in al,3lh 

in al,32h 

;return to calling program 

;read mask register to work around 
; A-step errata 

;read ICW2 register to clear 
interrupt request 

sti ;re-enable interrupts 
ret 
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OLD APPLICATIONS 

In applications where 8259 compatibility is required, the ICW2 interrupt handler must be invoked whenever an 
interrupt controller is initialized (ICW1-ICW2-ICWn sequence). The handler's purpose is to read the ICW2 
value from the ICW2 read register and write the appropriate sequence of vectors to the vector registers. Listing 
2 shows the typical initialization sequence (this is not changed from the 8259), and the required initialization for 
operation of the ICW2 interrupt handler. Listing 2 shows the ICW2 interrupt handler. 

Listing 2. 
Initialization of Bank A for ICW2 Interrupts 

eli ;disable all interrupts 

;initialize controller logic 

mov al,ICWl ;begin sequence 
out 30h,al 
mov al,ICW2 ;send dummy ICW2 
out 31h,al 

.******* , 
mov 
out 

al,ICW3 
31h,al 

;send ICW3 if necessary 
note that using ICW3 for 
cascading bank B is not required 
and will affect the way EOIs are 
required for nesting. It is 
advised that ICW3 not be used. 

;******* 

mov al,ICW4 
out ;31h,al 

;send ICW4 

mov al,Bank_A_Mask ;write to mask register (OCWl=7Bh) 
out 31h,al ;don't mask off IRQ1.5 or Default 

interrupt (IRQ7) 

;program necessary vector registers 

mov al,ICW2_VECTOR ;IRQl.5 
out 3Ah,al 

mov al,IRQ7_DEFAULT_VECTOR 
out3Fh,al 

;remove ICW2interrupt request for bank A 

1n al,31h 

in al.32h 

;read mask register to work around 
; A-step errata 

;read ICW2 register to clear 
; interrupt request 

;at this point install interrupt call vector for ICW2, if 
;not already done somewhere else in the code 

stl ;re-enable interrupts 
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push ax 
push ex 
push dx 

service bank B 

in al,2lh 

in al,22h 
mov ex,8 
mov dx,28h 

out 
inc 
inc 
loop 

dx,al 
al 
dx 
BANK_B_LOOP 

;service bank C 

in al,OAlh 

in al,OA2h 
mov cx,8 
mov dX,OA8h 

out dX,al 
inc al 
inc dx 
loop BANK_C_LOOP 

pop dx 
pop cx 
pop ax 
iret 

82370 

Listing 3. 
ICW2 Interrupt Service Routine 

proc near 

;save registers 

tread mask register for A-step errata 

tread ICW2 
;count vectors 
;point to vectors 

;wri te vector 
;next vector 
;next vector I/O address 

tread mask register for A-step errata 

tread ICW2 
;count vectors 
.;point to vectors 

;write vector 
;next vector 
;next vector i/o address 

;restore registers 

;return 
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Table 1. Interrupt Controller Registers 

Bank A: ~ II 

30H write ICW1, OCW2, OCW3 
read Poll, IRR, ISR 

31H write ICW2, ICW3, ICW4, OCWl 
read IMR 

32H read ICW2 read register 
3SH read/write IRQO vector 
39H read/write IRQl vector 
3AH read/write IRQ1.5 vector 
3BH read/write IRQ3 vector 
3CH read/write IRQ4 vector 
3DH RESERVED 
3EH RESERVED 
3FH read/write IRQ7 vector 

Bank B: 
20H write ICW1, OCW2, OCW3 

read Poll, IRR, ISR 
21H write ICW2, ICW3, ICW4, OCWl 

read IMR 
22H read ICW2 read register 
2SH read/write IRQS vector 
29H read/write IRQ9 vector 
2AH RESERVED 
2BH read/write IRQll vector 
2CH read/write IRQ12 vector 
2DH read/write IRQ13 vector 
2EH read/write IRQ14 vector 
2FH read/write IRQ15 vector 

Bank C: 

AOH write ICW1, OCW2, OCW3 
read Poll, IRR, ISR 

A1H write ICW2, ICW3, ICW4, OCWl 
read IMR 

A2H read ICW2 read register 

ASH read/write IRQ1S vector 
A9H read/write IRQ17 vector 
AAH read/write IRQ1S vector 
ABH read/write IRQ19 vector 
ACH read/write IRQ20 vector 
ADH read/write IRQ2l vector 
AEH read/write IRQ22 vector 
AFH read/write IRQ,23 vector 
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1. BHE# IN MASTER MODE. 

82370 

APPENDIX D 
SYSTEM NOTES 

In Master Mode, BHE# wi" be activated during DMA to/from 8.-bit devices residing at even locations when 
the remaining byte count is greater than 1. 

For example, if an 8-bit device is located at 00000000 Hex and the number of bytes to be transferred is > 1, 
the first address/BHE # combination wi" be 00000000/0. In some systems this will cause the bus controller 
to perform two 8-bit accesses, the first to 0000000 Hex and the second to 00000001 Hex. However, the 
82370's DMA will only read/write one byte. This mayor may not cause a problem in the system depending 
on what is located at 00000001 Hex. 

Solution: 

There are two solutions if BH # active is unacceptable. Of the two, number 2 is the cleanest and most 
recommended. 

1. If there is an 8-bit device that uses DMA located at an even address, do not use that address + 1. The 
limitation of this solution is that the user must have complete control over what addresses wi" be used in 
the end system. 

2. Do not allow the Bus Controller to split cycles for the DMA. 

2. RESET OUTPUT OF 82370: 

The 80376 requires its RESET line to be active for 80 clock cycles. The 82370 generates holds the RESET 
line active for 62 clock cycles. 

The following design example shows how the user can extend the active high of the RESET line to 80 clock 
cycles. 

Extending the RESET Output of the 82370 

This section describes a hardware solution for using the 82370's CPURST output and the software reset 
command to cause the 80376 to enter into a self-test. 

The 80376 requires two simultaneous events in order to initiate the self-test sequence. The RESET input of 
the processor must be held active for. at least 80 CLK2 periods and the BUSY # input must be low 8 CLK2 
periods prior to and 8 CLK2 periods subsequent to RESET going inactive. 

A system which does not have an 80387SX will simply have the BUSY # input to the 80376 tied low. A system 
which contains the 80387SX will require extra logic between the BUSY # output of the 80387SX and the 
BUSY # input of the 80376 in order to force self-test on reset. The extra ,.BUSY# logic required will not be 
described here. 

The 82370 CPURST output is intended to be retimed with faster TTL components in order to meet the RESET 
input setup time requirements of the 80376 and 80387SX. This requires a 74F379 (quad flip-flop with enable) 
or equivalent. The flip-flops required are described in TECHBIT (Ed Grochowski, April 10, 1987). 

The 82370 does not meet the RESET pulse duration requirements for causing self-test of the 80376 when a 
software reset command is issued to the 82370. The 82370 provides a RESET pulse width of. 62 CLK2 
periods, the 80376 requires 80 CLK2 periods as mentioned earlier. 

In order to cause the 80376 to do a self-test after a software reset, the CPURST output pulse of the 82370 
must be lengthened. Figure 1 shows a circuit which will do this. 




