























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































82489DX

REGISTER READ TIMING

For discussion of this bus cycle, refer to Figure 24,
82489DX timing Diagram 2. It shows the relationship
of the three phases of the bus cycle, however, the
dependent control and address signals are not
shown here, since they behave exactly as in the
case of a register write. See the previous section for
the description of control and address phases of the
bus cycle.

In the case of a read when DLE is used (Figure 24A),
it works logically like an asynchronous, output data
enable. The 82489DX drives the data bus within
time delay “A” after DLE is asserted, which must not
occur before BGT. Note that even though the bus is
being driven, the data only becomes valid during the
clock cycle in which RDY is asserted, after that
point, valid data is maintained on the bus as long as
DLE remains asserted, after which the data bus re-
turns to high impedance state within time delay “B”
of DLE deassertion. If DLE is asserted late,
82489DX could complete its internal read cycle and
return RDY early. In that case, RDY active low state
will be maintained until DLE is asserted.

In the case of a read when DLE is NOT used (Figure
24B) the data is driven for exactly one clock cycle,
coincident with RDY being asserted.

DLE is sampled with the control signals to determine
whether it is being used. If sampled in the asserted
state when ADS is active, the DLE will be consid-
ered not used, and its state during the remainder of
the cycle doesn’t matter. This is consistent with the
notion of permanently tying this signal low when not
used, as described in the previous section.

Indication of the end of the bus cycle is dependent
on the use of DLE. When it is not used, (i.e., perma-
nently tied to ground) RDY indicates the end of the
bus cycle, as it does in the case of write access.
When it is used, DLE deassertion indicates the end

of the cycle, since the 82489DX could be driving the

bus well after RDY is deasserted. In either case, the
82489DX can accept the next ADS pulse anytime
after RDY has been asserted. However, note that if
DLE is being used, the next ADS should be delayed
until DLE can be safely sampled inactive. Note these
two options for earliest next cycle in the timing dia-
gram.

INTERRUPT ACKNOWLEDGE TIMING

For discussion of this bus cycle, refer to Figure 25
82489DX timing diagram 3, This cycle is the result of
the 82489DX posting an interrupt to the processor
by asserting PINT. After PINT is asserted, other bus
cycles may occur before the interrupt acknowledge
cycle. )
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PINT can be asserted for any external (8259) inter-
rupt as shown in Figure 25A, or for an 82489DX gen-
erated interrupt as shown in Figure 25B. ExtINTA
indicates whether PINT was asserted in response to -
an 8259 request or an 82489DX request. This signal
is used by external control logic to either allow or
preclude the 8259 from responding to the subse-
quent interrupt acknowledge cycle. It should be not-
ed that ExtINTA pin gets deactivated at third clock
after the ADS of the second INTA cycle.

When ExtINTA is high, the 82489DX will not respond
to the acknowledge cycle other than to deassert
PINT signal, and clear the pending external interrupt
two full clock cycles after the ADS of the second
INTA cycle, as shown in Figure 25A. Once PINT is
asserted in response to an external interrupt, it can
only be deasserted by an INTA cycle. An INTA cycle
is recognized by 82489DX as soon as the bus cycle
definition is sampled with ADS in a low state. BGT is
not needed in this case.

When ExtINTA is low, the 82489DX will respond to
the acknowledge cycle, as shown in Figure 25B. In
this case, external logic (e.g., the memory bus con-
troller) is expected to prevent any attached 8259
from seeing the acknowledge cycle. When PINT is
asserted in response to an 82489DX internal inter-
rupt, it can be deasserted by an INTA cycle. The
PINT signal will be deasserted 5 full clocks after
BGT of the second INTA cycle.

Note that ExtINTA is stable at all times while PINT is
asserted. That means that even if new interrupts ar-
rive between the time an interrupt is posted to the
processor, and the acknowledge occurs, the
82489DX will not change its commitment for an ex-
ternal (8259) or'internal (82489DX) acknowledge cy-
cle, regardless of priority. This also means that PINT
may be raised for a high priority internal interrupt
right after responding to the external Interrupt. In any
event, PINT will be kept low for a minimum of two
clocks before reasserting itself.

The interrupt acknowledge cycle is indicated by the
bus cycle definition signals all being low, and looks
like two consecutive read cycles, except that there is
no explicit address information. The actual content
of the address pins during this cycle is processor
dependent, and therefore there is no chip select ei-
ther. Chip select is implied by a combination of the
bus cycle definition signals (all low) and BGT.

Note that there is a “dummy”’ data phase in the first
interrupt acknowledge cycle. This allows parity to be
generated on the bus for processors like iB60XP.
During this cycle, 82489DX drives random data on
the bus with the appropriate parity. The interrupt Re-
quest Register is “frozen” and the highest priority
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pending interrupt vector is returned to the processor
in the second acknowledge cycle.

The second acknowledge cycle has a complete data
phase with timings identical to those of an ordinary
register read. The data returned is the vector of the
highest priority internally pending 82489DX interrupt,
or the spurious interrupt vector, if there is no inter-
rupt pending higher than the current processor prior-
ity.

Note that the timing diagram shows DLE being used
(sampled high during ADS). However, just as in a
normal read cycle, the option exists not to use DLE
(i.e., permanently tied to ground).

RESET AND MISCELLANEOUS TIMING

For discussion of this bus cycle, refer to Figure 26
82489DX Timing Diagram 4. It shows the 82489DX
reset cycle, the timing of some related signals, and
the ICC bus. The RESET input has a setup and hold
time to the system clock edge, CLKIN, as do other
independently timed signals, The RESET signal will
reset the two asynchronous system on the chip,
namely the ICC bus unit running synchronously to
the ICLK and all the other unit running synchronous
to the system clock, CLKIN. RESET must meet the
minimum reset time with respect to both clocks and
there should be at least one ICLK rising edge during
reset. The TAP controller should also be initialized.

During reset, an eight-bit 82489DX Local Unit ID can
be optionally initialized. Eight address lines, A10-A3
are sampled on every clock edge while RESET is

asserted. The last sample remains in the 82489DX *

Local Unit ID register after reset. Alternatively, the
82489DX Local Unit ID can be loaded with a register
write as part of software initialization, before
82489DX operation is started. In any event, the reg-
ister must be initialized before the 82489DX can
communicate on the ICC bus, including sending/re-
ceiving RESET messages. All valid signal to
82489DX should wait at least two full clocks after
RESET is deasserted.

The PRST signal (reset output) is asserted both with
RESET input, or under software control. Its on-off
delay times are relative to the rising clock edge. The
duration of PRST under software control is defined
by the software itself. Also note that the PNMI pin
has the same timing as does PRST when the latter
is software controlled.

The ICC bus signals are both input and output on
each cycle. Setup, hold and delay times are all mea-
sured with respect to the ICC bus Clock ICLK which
has no relationship to the Processor clock on which
the remainder of the 82489DX runs. This means
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. that the ICC bus is independently sampled on each

ICLK edge, as shown. It also implies that largest
possible hold time will not exceed the minimum de-
lay time.

After reset, all 82489DX registers are reset to “0”
state. The mask bits in the local vector table and the
redirection table are reset to “1” state to mask out
all interrupts. All reserved bits are all wired to “0”
state permanently on chip.

10.0 BOUNDARY SCAN
DESCRIPTION

The 82489DX is equipped with the JTAG boundary
scan standard. This feature allows the user to test
the interconnections between 82489DX and the ex-
ternal hardware once they have been assembled
onto a printed circuit board or other substrate. In
addition to the JTAG mandatory instruction set,
82489DX also provides the INTEST instruction
which allows static testing of the on-chip logic.

The detailed information related to the IEEE Std
1149.1-1990 (the JTAG standard) can be obtained
from the reference document /EEE Standard Test
Access Port and Boundary Scan Architecture (IEEE
Std 1149.1-1990).

10.1 Boundary Scan Architecture

The boundary scan logic contains the following ele-
ments:

— Five Test Access Ports (TAP): They are la-
beled as trst, tck, tdi, tdo and tms. All ports are
input pins except tdo, which is a tri-state output
pin.

— A TAP Controller: The logic is used to control
the boundary scan activity.

— 82489DX Device ID Register: This is a 32-bit
read-only register. The DID can be shifted out in
ascending order to the tdo pin.

— JTAG Instruction Register (IR): This is a 4-bit
register which accepts instruction code shifted in
from the tdi pin. The opcode stored in the IR reg-
ister is used to control operation.

— Boundary Scan Register: This is a 137 stages
scan path which connects almost all 82489DX
signal pins for boundary scan purposes.

— Bypass Register: This register simply allows the
data which goes into tdi pin to be shifted out di-
rectly from tdo.

The following block diagram illustrates the imple-

mentation of the JTAG architecture in the 82489DX
design. -
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instruction reg.

TAP controller |
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Figure 27. Block Diagram of the JTAG Architecture

Test Access Pofts

Irst TAP controller master reset pin. When frst is
low, the TAP controller's state machine will be
reset to “test-logic-reset” state asynchronous-
ly. This pin is tied to a weak internal pull-up for
keeping to be a logical 1 when not driven.

tck This is the test logic clock. The test logic will
change state on the rising edge of the tck.

tdi Test data input. Data is shifted into the tdi pin
on the rising edge of tck. This pin is tied to a
weak internal pull-up for keeping it to be a logi-
cal 1 when not driven.

tms Test mode select. This pin is used to select the
state of the TAP controller. This pin is synchro-
nous to the rising edge of the tck. This pin is
tied to a weak internal pull-up for keeping it to
be alogical 1 when not driven. o
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tdo Test data output. This is a tri-state pin which
allows the data to be shifted out.

TAP CONTROLLER

The TAP controller in 82489DX is implemented to
conform the IEEE1149.1 standard. The TAP control-
ler is a single phase clock, synchronous finite state
machine. It controls the sequence of the operation
of the test logic. :

The value of the test mode state (tms) pin at a rising
edge of tck controls the sequence of the state
changes. The state diagram for the TAP controller is
shown in Figure 28. Test designers must consider
the operation of the state machine in order to have
the correct sequence of value to drive on tms.

The behavior of the TAP controller and other test

logic in each of the controller states is briefly de-
seribed as follows.

ADVANGCE INFORMATION



n
iNn 82489DX
®
TEST - LOGIC )¢
RESET
RUN - TEST/ SELECT SELECT 1
IDLE K DR - SCAN IR - SCAN
0 0
1 CAPTURE 1 CAPTURE
DR IR
0 0
»{ SHIFT - DR b M SHIFT - IR D
1 1
1 1
EXIT1 - DR EXIT1 - IR
0 0
1 1
0 0
EXIT2 - DR EXIT2 - IR
: 1 1
UPDATE - DR UPDATE - IR
1 0
A
290446-18

Figure 28. TAP Controlier State Diagram

TEST-LOGIC-RESET

The test logic is disabled so that normal operation of
the on-chip system logic (i.e., in response to stimuli
received through the system pins only) can continue
unhindered. This is achieved by initializing the in-
struction register to contain the IDCODE instruction.
No matter what the original state of the controller, it
will enter Test-Logic-Reset when tms is held high for

 at least five rising edges of tck. The controller re-
mains in this state while tms is high.

If the controller should leave the Test-Logic-Reset
controller state as a result of an erroneous low sig-
nal on the tms line at the time of the rising edge on
tck (for example, a glitch due to external interfer-
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ence), it will return to the Test-Logic-Reset state fol-
lowing three rising edges of tck with the tms line at
the intended high logic level. The operation of the
test logic is such that no disturbance is caused to
on-chip system logic operation as the results of such .
an error. On leaving the Test-Logic-Reset controller
state, the controller moves into the Run-Test/Idle
controller state where no action will occur because
the current instruction has been set to select opera-
tion of the device identification register. The test log-
ic is also inactive in the Select-DR-Scan and Select-
IR-Scan controller states.

Note that the TAP controller will also be forced to

the Test-Logic-Reset controller state asynchronous-
ly by applying a low logic level at trst.
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RUN-TEST/IDLE

A controller state between scan operations. Once
entered, the controller will remain in the Run-Test/
Idle state as long as tms is held low. When tms is
high and a rising edge is applied at tck, the controller
moves to the Select-DR-Scan state.

In the Run-Test/Ildle controller state, activity in se-
lected test logic occurs only when certain instruc-
tions are present such as RUNBIST. Since 82489DX
does not have RUNBIST instruction, this state is act-
ing like an idle state.

The instruction does not change while the TAP con-
troller is in this state.

SELECT-DR-SCAN

This is a temporary controller state in which all test
data register (82489DX has one test data register
which is the boundary scan shift registers path) se-
lected by the current instruction retain their previous
state.

If tms is held low and a rising edge is applied to tck
when the controller is in this state, then the control-
ler moves into the Capture-DR state and a scan se-
quence for the selected test data register is initiated.
If tms is held high and a rising edge is applied to tck,
the controller moves on to the Select-IR-Scan state.

The instruction does not change while the TAP con-
troller is in this state.

SELECT-IR-SCAN

This is a temporary controller state in which all test
data registers selected by the current instructing re-
tain their previous state.

If tms is held low and a rising edge is applied to tck
when the controller is in this state, then the control-
ler moves into the Capture-IR state and a scan se-
quence for the instruction register is initiated. If tms
is held high and a rising edge is applied to tck, the
controller returns to the Test-Logic-Reset state. The
instruction does not change while the TAP con-
troller Is In this state

CAPTURE-DR

In this controller state data may be parallel-loaded
into test data registers selected by the current in-
struction on the rising edge of tck. If a test data reg-
ister selected by the current instruction does not
have a parallel input, or if capturing is not required
for the selected test, then the register retains its pre-
vious state unchanged. The instruction does not
change while the TAP controller is in this state.
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When the TAP controller is in this state and a rising
edge is applied to tck, the controller enters either the

Exit 1-DR state if tms is held at 1 or the Shift-DR
state if tms’is held at 0.

SHIFT-DR.

In this controller state, the test data register con-
nected between tdi and tdo as a result of the current
instruction shifts data. one stage towards its serial
output on each rising edge of tck. Test data registers
that are selected by the current instruction, but are
not placed in the serial path, retain their previous
state unchanged. The instruction does not
change while the TAP controller is In this state.

When the TAP controller is in this state and a rising
edge is applied to tck, the controller enters either the
Exit 1-DR state if tms is held at 1 or remains in the
Shift-DR state if tms is held at 0.

EXIT 1-DR

This is a temporary controller state, if tms is held
high, a rising edge applied to tck while in this state
causes the controller to enter the Update-DR state,
which terminates the scanning process. If tms is
held low and a rising edge is applied to tck, the con-
troller enters the Pause-DR state. All test date reg-
isters selected by the current instructions retain
their previous state unchanged.

The instruction does not change while the TAP con-
troller is in this state.

PAUSE-DR

This controller state allows shifting of the test data
register in the serial path between tdi and tdo to be
temporarily halted. All test data registers selected by
the current instruction retain their previous state un-
changed.

The controller remains in this state while tms is low.
When tms goes high and a rising edge is applied to
tek, the controller moves on to the Exit 2-DR state.
The instruction does not change while the TAP con-
troller is in this state.

EXIT 2-DR

This is a temporary controller state. If tms is held
high and a rising edge is applied to tck while in this
state, the scanning process terminates and the TAP
controller enters the Update-DR controller state. If*
tms is held low and a rising edge is applied to tck,
the controller enters the Shift-DR state.
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All test data registers selected by the current in-
struction retain their previous state unchanged. The
instruction does not change while the TAP controller
is in this state.

UPDATE-DR

Some test date registers may be provided with a
latched parallel output to prevent changes at the
parallel output while data is shifted in the associated
shift-register path in response to certain instructions
(e.g., EXTENT, INTEST, and RUNBIST). Data is
latched onto the parallel output of these test data
registers from the shift-register path on the falling
edge of tck in the Update-DR controller state. The
data held at the latched parallel output should not
change other than in this controller state unless op-
eration during the execution of a self test is required
(e.g., during the Run-Test/Idle controller state in re-
sponse to a design-specific public instruction).

All shift-register stages in test data registers select-
ed by the current instruction retain their previous
state unchanged. The instruction does not
change while the TAP controller is in this state.

When the TAP controller is in this state and a rising
edge is applied to tck, the controller enters either the
Select-DR-Scan state if tms is held at 1 or the Run-
Test/ldle state if tms is held at 0.

CAPTURE-IR

In this controller state the shift-register contained in
the instruction register loads a pattern of fixed logic
values on the rising edge of tck. In addition, design-
specific data may be loaded into shift-register stages
that are not required to be set to fixed values.

Test data registers selected by the current instruc-
tion retain their previous state. The instruction does
not change while the TAP controller is in this state.

When the TAP controller is in this state and rising
edge is applied to tck, the controller enters either the
Exit 1-IR state tms is held at 1 or the Shift-IR state if
tms is held at 0.

SHIFT-IR
In this controller state the shift-register contained in
the instruction register is connected between tdi and

tdo and shifts data one stage towards its serial out-
put on each rising edge of tck.
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Test data registers selected by the current instruc-
tion retain their previous state. The instruction does
not change while the TAP controller is in this state.
When the TAP controller is in this state and a rising
edge is applied to tck, the controller enters either the
Exit1-IR state if tms is held at 1 or remains in Shift-IR
state if tms is held at 0. :

EXIT 1-IR

This is a temporary controller state. If tms is held
high, a rising edge applied to tck while in this state
causes the controller to enter the Update-IR state,
which terminates the scanning process. If tms is
held low and a rising edge is applied to tck, the con-
troller enters the Pause-IR state.

Test data registers selected by the .current instruc-
tion retain their previous state. The instruction does
not changes while the TAP controller is in this state
and the instruction register retains its state.

PAUSE-IR

This controller state allows shifting of the instruction
register to be halted temporarily.

Test data registers selected by the current instruc-
tion retain their previous state. The instruction does
not change while the TAP controller is in this state
and the instruction register retains its state.

The controller remains in this state while tms is low.
When tms goes high and a rising edge is applied to
tck, the controller moves on to the Exit 2-IR state.

EXIT 2-IR

This is a temporary controller state. If tms is held
high and a rising edge is applied to tck while in this
state, termination of the scanning process results,
and the TAP controller enters the Update-IR control-
ler state. If tms is held low and a rising edge is ap-
plied to tck, the controller enters the Shift-IR state.

Test data registers selected by the current instruc-
tion retain their previous state. The instruction does
not change while the TAP controller is in this state
and the instruction register retains its state.

UPDATE-IR
The instruction shifted into the instruction register is
latched onto the parallel output from the shift-regis-

ter path on the falling edge of tck in this controller
state. Once the new instruction has been latched, it
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becomes the current instruction. Test data regis-
ters selected by the current instruction retain
their previous state.

When the TAP controller is in this state and a rising

edge is applied to tck, the controller enters the Se-

lect-DR-Scan states if tms is held at 1 or the Run-
Test/Idle state if tms is held at 0.

INSTRUCTION REGISTER

The function of the instruction register is to select
the operating mode of the test logic. For instance,
read the ID register, or capture the 82489DX output
signals. 82489DX has implemented 4 instructions.

Instruction | Mandatory/Optional | Opcode
bypass m 1111
- extest m 0000
sample/preload m 0001
idcode m 0010
reserved o 1001

Bypass Instruction

‘The bypass instruction selects the bypass register to
be connected to tdi and tdo, effectively bypassing
the test logic on the 82489DX boundary scan path
and reducing the shift length to be on one bit. Note
that an open circuit fault in the board level test data
path will cause the bypass register to be selected
following an instruction scan cycle due to the inter-
nal pull-up on the tdi pin. This has been done to
prevent any unwanted interference with the proper
operation of the system logic.

Extest Instruction

The extest instruction allows testing of circuitry ex-
. ternal to the component package, typically board in-
terconnects. It does so by driving the values loaded
into the 82489DX’s boundary scan register out on
the output pins corresponding to each boundary
scan cell and capturing the values on 82489DX'’s
input pins to be loaded into their corresponding
boundary scan register locations. 1/0 pins are se-
lected- as input or output depending on the value
located into the output control cell. Values shifted
into input latch in the boundary scan register are
never used by the internal logic of the 82489DX.
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82489DX must be reset after extest instruction ha
been executed.

Sample/Preload Instruction

The sample/preload instruction has two functions
that it can perform. When the TAP controller is in the
CAPTURE-DR state, the sample/preload instruction
allows a snap-shot of the normal operation of the
82489DX without interfering with that normal opera-
tion. The instruction causes boundary scan register
cells associated with outputs to sample the value
being driven into the 82489DX. On both outputs and
inputs the sampling occurs on the rising edge of tck.
When preloads data into the 82489DX pins to be
driven to the board by executing the extest instruc-
tion. Data is preloaded to the pins from the boundary
scan register on the falling edge of tck.

dcode Instruction

The idcode instruction selects the device identifica-
tion register to be connected to tdi and tdo, allowing
the device ID code to be shifted out of the device on
tdo. Note that the bit stream shifted into tdi will ap-
pear on tdo after all 32 bits of the DID has been
shifted out.

DEVICE IDENTIFICATION REGISTER (DID):

The device identification is a 32 bits number which
can be read by the external hardware by using the
idcode instruction. The 82489DX device .ID is as-
signed to 1489A013 (hex). This is subject to change.
The upper 4 bits of DID may be changed for different
version. The 16-bit number (bit 27-bit 12) 489A
(hex) is the part ID. The lower 12 bits are the manu-
facturer ID for Intel which must be 013 (hex).

BOUNDARY SCAN REGISTER

82489DX has only one test data register, i.e., the
boundary scan register. The boundary scan register
is a single shift register path containing the boundary
scan cells that are connected to all signal input and
output pins of the 82489DX. There are three generic
type of boundary scan cells—input, output, and bi-di-
rectional. For each input only cell, one stage of shift
register is added to the boundary scan path.
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All output pins will become tri-stateable when put driver with a specific tri-state control cell in the
boundary scan is activated, regardless whether they scan path. The user must shift in a proper control
are tri-stateable or not in the normal operation. To signal for these tri-state control cells in the scan
explain further, the user will enable/disable an out- path.

¢ 82489DX

input pin INTERNAL
1

LOGIC

rgtl.____-___
ITI

]
1l outpt:t pin

tdi '

- - -

290446-19

Figure 29. Logical Structure of Boundary Scan Register
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BOUNDARY SCAN CELL NAMES IN ORDER

In

tal.

FROM tdi TO tdo Cell Number | Type Name Pin #
The following table is a list of the bbundary scan céll 2 ! ITINTS #
names in the order from tdi to tdo. The type informa- 29 ! INTIN12 85
tion indicates the purpose of the cells. 30 T reserved
I'= in.pu.t on‘ly cell 31 C (reserved)
= bi-
2o o | o | w
C = tri-state control. Note that the signal name 33 : INTIN10 87
enclosed within the parenthesis is con- 34 T reserved
trolled by this cell. 35 c (reserved)
CellNumber | Type | Name | Pin# 36 | INTING 88
1 | CLKIN Y4 37 1 INTINS 89
2 | TMBASE 59 38 T reserved
3 | ICLK 60 39 C (reserved)
4 | DC 61 40 N INTIN7 90
5 | WR 62 41 | “INTIN6 91
6 I M/10 63 42 T reserved
7 | ADS 64 43 o] (reserved)
8 I | RESET 65 44 I INTINS 92
9 | BGT 66 45 | INTIN4 93
10 I _reserved 70 46 T reserved
11 | reserved 7 47 C (reserved)
12 | reserved 72 48 | INTIN3 94
13 I DLE | 73 49 [ INTIN2 95
14 | o1 © 74 50 T reserved
15 | reserved 75 51 C (reserved)
16 | MBI3 76 52 | INTIN1 96
17 l MBI2 77 53 | INTINO 97
18 | MBI 78" 54 | reserved
19 | MBIO 79 55 B DP3 101
20 | LINTIN1 80 56 C (DP[3:0])
21 | LINTINO 81 57 B DpP2 102
22 T reserved 58 B DP1 103
23 C (reserved) 59 B -DPO 104
24 o INTIN15 82 60 T | reserved
25 | INTIN14 83 61 C (reserved)
26 T reserved 62 B D31 105
27 C (reserved) 63 C (D[31:0])
64 B D30 107
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Cell Number Type Name Pin # Cell Number | Type Name Pin #

65 B D29 109 102 B D2 14
66 B D28 110 103 B D1 16
67 T reserved 104 B DO 18
66 C (reserved) 105 | reserved 19
69 B D27 111 106 B reserved 20
70 B D26 112 107 C | (cell106, A[10:3])
71 T reserved 108 B A10 21
72 C (reserved) 109 B A9 22
73 B D25 114 110 B A8 24
74 B D24 115 111 B A7 26

. 75 B D23 116 112 B A6 27
76 T reserved 113 B A5 28
77 C (reserved) - 114 B A4 29
78 B D22 118 115 B | A3 31
79 B D21 119 116 T | reserved 34
80 B D20 121 117 C reserved
81 B D19 122 118 T PINT 35
82 B D18 123 119 Cc (PINT)
83 B D17 124 120 T PNMI 37
84 B D16 125 121 C | (PNMI)
85 B D15 128 122 T PRST 38
86 B D14 129 123 C (PRST)
87 B D13 130 124 T ExtINTA 41
88 B D12 131 125 C (reserved)
89 B D11 2 126 - T reserved 42
90 T reserved 127 C (reserved)
o1 C (reserved) 128 T | RDY 43
92 B D10 129 C (RDY)
93 B D9 130 T MBO3 45
94 T reserved 131 C (MBO3)
95 C (reserved) 132 T MBO2 48
96 B D8 133 C (MBO2)
97 B D7 134 T MBO1 49
98 B D6 135 C | (MBO1)
99 B D5 11 136 T MBOO 51
100 B D4 12 137 C | (MBOO)

101 B D3 13
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' BYPASS REGISTER

The bypass register is simply a 1-bit shift register
which connects between the tdi and tdo. When se-
lected by using the bypass instruction, the data shift-
ed into tdi will be shifted out from tdo one tck clock
later.

JTAG TAP Controller Initialization

The TAP controller must be reset to test-logic-reset
state when 82489DX is first powered up. There are
two ways to reset the TAP controller:

1. Assert trst to be 0, it will reset the TAP controller
asynchronously.
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2. Assert tms to be 1, and clock the TAP controller
at least five times, the TAP controller will be reset
after the fifth rising edge of the tck.

After reset, the idcode instruction is loaded into the
IR automatically.

Note that the tms and rst pins both have an internal
weak pull-up device to keep them to be logic 1 level.
Therefore the user can simply apply 5 clocks at the
tek input to reset the TAP controller. If the TAP con-
troller is not reset properly, 82489DX may not func-
tion because the boundary scan logic might be ac-
tive which will impact the signals flow in and out to
the chip.
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11.0 ELECTRICAL
CHARACTERISTICS

11.1 D.C. Specifications

ABSOLUTE MAXIMUM RATINGS
Case Temperature Under Bias. .. —65°Cto +110°C

Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin

with Respectto Ground . ...... —0.5toVgg + 0.5

Voo = 5V +5%; Tg = 0°C to +85°C

82489DX

NOTICE: This data sheet contains information on
products in the sampling and initial production phases
of development. The specifications are subject to
change without notice. Verify with your local Intel
Sales office that you have the latest data sheet be-
fore finalizing a design.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

Symbol Parameter Min (ns) Max Units Notes
ViL Input LOW Voltage (TTL) —-0.3 +0.8 \
VIH Input HIGH Voltage (TTL) 2.0 Vce + 0.3 \
VoL Output LOW Voltage (TTL) . +045 \Y (Note 1)
VaH Output HIGH Voltage (TTL) 2.4 \ (Note 2)
Icc 33 MHz Power Supply Current 200 mA
I Input Leakage Current 15 MA
I Input Leakage Current —600 pA (Note 5)
ILH Output Leakage Current 600 pA (Note 4)
ILo Output Leakage Current 15 pA (Note 3)
CiN Input Capacitance 3 pF
Co 1/0 or Output Capacitance 6 pF
CcLKIN Clock Capacitance 3 pF
IMLO ICC Bus Output Low Current 4 mA (Note 6)
CMmc ICC Bus Total Capacitance 100 pF
VuH ICC Bus Input High (TTL) 2.0 Voo + 0.3 v
VML ICC Bus Input Low (TTL) -0.3 +0.8 v

NOTES:

1. This parameter is measured with current load of 4 mA.

2. This parameter is measured with current load of 1.0 mA.

3. This parameter is for output without pulidown.

4. This parameter is for tri-state output with pulldown and Vo = 3.0V.

5. This parameter is for input with pullup at Vy_ = 0V.

6. ICC bus output low current is measured at 0.6V.
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11.2 A.C. Specifications

A.C. Parameters Referencing 33 MHz System Clock
Voo = 5V £5%; Tg = 0°C to +85°C

Symbol » Parameter . ':;: IE::;' ::I:) r\as))( Notes
tc CLKIN Period - 30 30 100 (Note 1)
t1 CLKIN High Time 30
t2 CLKIN Low Time 30
t3 CLKIN Rise Time ' 30 3 (Note 2)
t4 CLKIN Fall Time 30 3 (Note 2)
t5 " ADS,BGT, DLE, M/10, D/C, W/R, CS 31 8
Setup Time
t6 D31-D0, DP3-DP0, A9-A3 Setup Time 31
t8 ADS, BGT, DLE, M/10, D/C, W/R, CS 31
Hold Time
t10 D31-D0, DP3-DPO, A9-A3 Hold Time 31 4 5
t11 D31-D0, DP3-DPO, Valid Delay 30 50 18
t12 D31 —D_O,_DPS-DPO, Low-Z Delay 32 50 3 (Note 7)
C When DLE is Not Used ’ '
t13 D31 -E)_()_,PPSQDPO, High-Z Delay - 32 50 14 (Note 7)
i When DLE is Not Used .
t14 D31-D0, DP3-DPO0 Enable Delay 33 50 3 42
When DLE is Used .
t15 D31-D0, DP3-DPO0 Disable Delay 33 50 3 14
When DLE is Used
t20 RDY Valid Delay 30 50 3 18
t21 PRST, PNMI, PINT Valid Delay 30 50 3 34
t22 RESET Setup Time - 31 8 (Note 5)
t23 RESET Hold Time 31 | |1 5 (Note 5)
RESET Cycle Time 5tc (Note 3)
' C1tic | (Note 3)
t24 INTIN[15:0], LINTIN[1:0] Low Time 10 ~ (Note 6)

- All parameters are given in nanoseconds.
TTL Level timing is measured at 1.5V for both “0” and “1” levels.

NOTES: - ‘

1. ICC bus clock ICLK period must -be at least 5 ns longer than system clock CLKIN for proper synchronization of the
internal asynchronous signals.

2. System clock CLKIN measured from 0.8V —2.0V.

3. Minimum Reset cycle is the greater of the two cycle times.

" 4. Minimum pulse width must be met for valid level to be attained on the DATA or ADDRESS output.

5. Set up and hold time is required for RESET to start at the next rising edge of the clock.

6. INTIN and LINTIN low time is measured from 1.5V of the falling edge to 1.5V of rising edge.

7. Not 100% tested. Guaranteed by design characterization.
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Time Base A.C. Parameters
Vg = 5V £5%; Tg = 0°C to +85°C

Symbol Parameter Ref. Fig. Min (ns) Max (ns) Note
tme TMBASE Period 35 40 10000

130 TMBASE High Time 35 10

t31 TMBASE Low Time 35 10

t32 TMBASE Rise Time 35

t33 TMBASE Fall Time 35

TAP Controller A.C. Parameters Ve = 5V +5%; Tg = 0°Cto +85°C

Symbol Parameter Ref. Fig. Min (ns) Max (ns) Note
ttc TCK Period 35 40 1000

150 TCK High Time 35 10

51 TCK Low Time 35 10

t52 TCK Rise Time 35

53 TCK Fall Time 35 8

54 TDI, TMS, TRST Setup Time 34 10

55 TDI, TMS, TRST Hold Time 34

156 TDO VALID Delay : 34 5 24 (Note 1)
t57 Output Delay in EXTest in EXTEST Mode 34 5 27 (Note 1)
t58 TRST Minimum Low Time . 10 (Note 2)

All parameters are given in nanoseconds.
TTL level-timing is measured at 1.5V for both “0” and “1” levels.

NOTES:
1. These parameters are specified for 50 pF load.
2. This parameter is measured at 1.5V between the rising and falling edges.
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A.C. Parameters for ICC Bus
Veg = 5V £5%; Tg = 0°C to +85°C

intal.

Symbol Parameter ' Ref. Fig. Min (ns) Max (ns) Notes
tic ICLK Period 35 60 (Note 1)
t40 ICLK High Time 35 20
t41 ICLK Low Time 35 20

‘142 "ICLK Rise Time 35 10
t43 ICLK Fall Time ) 35 10
t44 MBI3-MB10 Setup Time 36
t45 MBI3-MB10 Hold Time 36
146 MB03-MBOO VALID Low Delay 36 50 (Note 2)
t47 . MB03-MBOO VALID High-Z Delay 36 5 15 (Note 3)
t48 MB03-MBOO0 VALID Low-Z Delay 36 12 - 25 (Note 3)

All parameters are given in nanoseconds.

TTL level timing is measured at 1.5V for both “0” and “1” levels.

NOTES: :

1. MBI3-0 and MBO3-0 timing is tested at 150 ns cycle time.

2. This parameter is specified for 50 pF load.
3. Not 100% tested. Guaranteed by design characterization.

12.0 REGISTER SUMMARY

82489DX registers can be located at any 1 Kbyte
boundary in either memory or 1/0 space for as far as
the 82489DX architecture itself is concerned. From
a platform standard point of view, it is recommended
to locate all 82489DX Local Units in memory space
at address OXFEE0—0000. It is further recommend-
ed that all 82489DX 1/0 Units also be located in
memory space; I/0 Unit 1 at address OxFECO—
0000, I/0 Unit 2 (if present) at address OXFECO—
1000, .and so on. Chip select for the 82489DX
should be based on a full decode of address pins
A31-A10.

All directly accessible 82489DX registers are 32 bits
wide and are aligned at 128-bit boundaries. The reg-
ister being accessed is determined by bits 4 through
9 of the address. This is listed in the tables below.
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Addresses not listed are reserved by the architec-
ture. The tables also show whether the register is
readable and/or writable by software, and what the
side effects are of software accessing the register.

After reset, all registers are initialized to all zeroes
with the following exceptions, The Local Unit ID field
is initialized with data present on the 8 LSB address
pins. The Mask bit is initialized to 1 (“masked” state)
in all entries in both the local vector table and the
redirection table.

For the I/0 Unit, only the 1/0 register select and 170
window registers are directly accessible in the ad-
dress space. The other 1/0 unit registers are ac-
cessed indirectly through the select and window reg-
ister.
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1/0 Unit Registers
Register Address (9:4) SwW Side Effects
1/0 Register Select 00 0000 w
1/0 Window Register 00 0001
Register 1/0 Reg Select (7:0) SwW Side Effects

1/0 Unit ID Register 0000 0000 ™w

Version Register 0000 0001 r
Redirection Table [0] (31:0) - 0001 0000 w
Redirection Table [0] (63:32) 0001 0001 ™w
" Redirection Table [1] [31:0] 0001 0010 ™w
Redirection Table [1] [63:32] 0001 0011 w
Redirection Table [2] (31:0) 0001 0100 w
Redirection Table [2] (63:32) 0001 0101 ™w
Redirection Table [3] [31:0] 0001 0110 w
Redirection Table [3] [63:32] 00010111 w
Redirection Table [4] (31:0) 0001 1000 w
Redirection Table [4] (63:32) 0001 1001 ™w
Redirection Table [5] [31:0] 0001 1010 w
Redirection Table [5] [63:32] - 0001 1011 ™w
Redirection Table [6] (31:0) 0001 1100 w
Redirection Table [6] (63:32) 0001 1101 w
Redirection Table [7] [31:0] © 00011110 w
- Redirection Table [7] [63:32] 0001 1111 w
Redirection Table [8] (31:0) 0010 0000 w
Redirection Table [8] (63:32) - 0010 0001 w
Redirection Table [9] [31:00] 0010 0010 w
Redirection Table [9] [63:32] 0010 0011 w
Redirection Table [10] (31:00) 0010 0100 ™w
Redirection Table [10] (63:32) 00100101 w
Redirection Table [11] [31:0] 00100110 ™w
Redirection Table [11] [63:32] . 0010 0111 w
Redirection Table [12] (31:0) 0010 1000 ™w
Redirection Table [12] (63:32) 0010 1001 w
Redirection Table [13] [31:0] . '~ 00101010 w
Redirection Table [13] [63:32] 0010 1011 w
Redirection Table [14] (31:0) ' 0010 1100 ™w
Redirection Table [14] (63:32) 0010 1101 ™w
Redirection Table [15] [31:0] 0010 1110 ™w
Redirection Table [15] [63:32] 0010 1111 ™w
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LOCAL UNIT REGISTERS
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Registers Address (9:4) SW Side Effects
Local Unit ID Register 000010 ™w
Version Register 000011 r
Reserved 000100
Reserved 00 0101
Reserved 000110
Reserved 000111
Task Priority Register 00 1000 w mask intr dispense
Reserved 00 1001
Reserved” 001010
EOI Register 00 1011 ™w prioritization cycle
Remote Register 00 1100 r
Logical Destination Reg. 00 1101 ™w
Destination Format Reg. 001110 ™w
Spurious Vector Register 001111 w
ISR (31:0) 010000 r
ISR (63:32) 01 0001 r
ISR (95:64) 010010 r
ISR (127:96) 010011 r
ISR (159:128) 010100 r
ISR (191:160) 010101 r
ISR (223:192) 010110 r
ISR (255:224) 010111 r
TMR (31:0) 01 1000 r
TMR (63:32) 011001 r
TMR (95:64) 011010 r
TMR (127:96) 01 1011 r
TMR (159:128) 011100 r
TMR (191:160) 01 1101 r
TMR (223:192) 011110 r
TMR (255:224) 011111 r
IRR (31:0) 10 0000 r
IRR (63:32) 10 0001 r
IRR (95:64) 100010 r
IRR (127:96) 10 0011 r
IRR (159:128) 10 0100 r
IRR (191:160) 100101 r
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LOCAL UNIT REGISTERS (Continued)

Registers Address (9:4) SW Side Effects

IRR (223:192) 100110 r
IRR (255:224) 100111 r
Intrpt Comnd Reg. (31:0) 11 0000 w send interrupt
Intrpt Comnd Reg. (63:32) 11 0001 w
Local Vector Table [timer] 110010 w
Reserved 11 0011
Reserved 110100
Local Vector Table [local int 0] 110101 w
Local Vector Table [local int 1] 110110 w
Reserved ' 110111
Initial Count Register 111000 ™w
Current Count Register 11 1001 r
Reserved 111010
Reserved 111011
Reserved . ) 11.1100
Reserved ‘ ' 111101
Divider Configuration Reg. 111110 w
Reserved 111111

NOTE:

Address space 101000 to 101111 and 111111 are reserved

13.0 TIMING DIAGRAMS

tc
Y 4 Y
CLKIN __/ 1.5V f
ty t5
Y10 t0s by

Output Signal v% .5V )—

Figure 30. Output Waveform

290446-20

I ADVANCE INFORMATION 4-285



82489DX ’ ‘ in‘tel R

13.0 TIMING DIAGRAMS (Continued)

CLKIN

Input Signal

290446-21

Figure 31. Input Waveforms
w_ NS\ S
ADS \ . /

Y2
S N
Y3
D[31:0], DP[3:0] ————C' )——

y .
RDY \ /

Figure 32. Data Bus Tri-State Delays when DLE Sampled Low with ADS

290446-22
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13.0 TIMING DIAGRAMS (Continued)

DLE

290446-23

p[31:0], DP[3:0]

Figure 33. Data Enable/Disable Delay when DLE is Sampled High with ADS

ts4
s )

w XX

Output Signal, TDO

‘ 1560157

290446-24

Figure 34. TAP Signal Timings
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13.0 TIMING DIAGRAMS (Continued)

\
132,442, i
t52 3
31, 41, 151
TMBASE |
tmc’ tiCs tlc
) -
200446-27
Figure 35. TMBASE, ICLK, TCK Timing
v e |
) -
ax N ya
4<t4_5’
t, . ’
- _ ’
a | /_
- <
47
B I B .
i s |
.......................... —
290446-28

Figure 36. ICC BUS Open-Drain Output Delay
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14.0 PACKAGE PIN-OUT

132-Lead PQFP
Package Type KU (See Packaging Specification. Order Number 240800)

107 = 30
106 = Vssp
105 = 031
104 =D pPo
103 = opr1
102 = op2
101 = opr3
100 =2 Veep

a
3
>
©
o
-

113 =0 Vssp
112 = p26
111 = p27
110 = 28
109 = p29

a
3
>
~
-

124 £ D17
123 O D18
122 £ D19
121 229 D20
120 =2 Vssp
119 = D21
118 O D22

a
Q
o

>

©
o~
-

127 = Vssp

o
a
>
[
L)
-

131 = D12
130 = D13
129 2O D14
128 =2 D15
125 /=2 D16
116 =0 D23
115 =0 D24
114 (20 D25

Vss
Vee

D10 INTINO
D9 INTIN1
Vsg INTIN2
Veep INTIN3

INTIN4
INTINS
INTING
INTIN?
INTINg
INTING
INTIN10
INTINT1
INTIN12
INTIN13
INTIN14
INTIN1S
LINTINO

LINTIN1 4
MB10

MB11

WONOUNEUN -

TOP VIEW
132 -LEAD PQFP

Reserved
Reserved
A10

Vssp MB12,
A8 MB13

Vccp Reserved
A7 cs

A6 DLE

AS Reserved

Ad Reserved
Vssp Reserved

Reserved C— 34
PINT C 35
Vsspo &—] 36
PNMI C33 37
PRST C—] 38
Vecpo & 39
Vsspo C——] 40
EXINTA 41
Reserved C—T} 42

290446-25

NOTE: .
See pin description section for appropriate pin-strapping of the reserved pins.
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15.0 PACKAGE THERMAL
SPECIFICATION

The 82489DX is specified for operation when the
case temperature is within the range of 0°C to
+85°C. The case temperature may be measured in

-

intel.
any environment, to determine whether the device is
within the specified operating range.

The PQFP case temperature should be'measured at
the center of the top surface opposite the pins, as
shown in Figure below.

MEASURE PQFP CASE TEMPERATURE
AT CENTER OF TOP SURFACE

132
290446-26
Plastic Quad Flat Pack (PQFP)
PQFP Package Thermal Characteristics
Thermal Resistance—°C/W
Parameter Air Flow Rate (Ft./Min)
0 200 . 400 600 800 1000

6 Junction to Case 8 8 8 8 8 8
6 Junction to Ambient 325 255 20 18.5 16 15

NOTES:

1. Table above applies to 82489DX PQFP plugged into a socket or soldered directly into the board.

2.0ya = 6yc.+ Oca.
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16.0 GUIDELINES FOR 82489DX
USERS

16.1 |Initialization

This section outlines one possible initialization sce-
nario. Other scenarios are certainly possible, and
one would be selected as part of a platform stan-
dard initialization scheme. The intent of this section
is to illustrate that the initialization support provided
by the 82489DX is adequate to support MP (Multi-
processor) system initialization.

Each 82489DX has a RESET input pin connected to
a common Reset line. Upon system reset, this com-
mon reset line is activated, causing all the
82489DXs to go through reset. All 82489DX local
units (note: only local units and not /O units) latch
their ID from their address bus on reset. The ID can
be provided by the bus control agent based on slot
number.

The local units next assert their processor’s Reset
pin, holding the processor in reset, and next perform
their internal reset, setting all registers to their initial

state. The initial state of all 82489DX Units (both-

local and 1/0 units) is “all masks set” and all Local
Units disabled; registers are otherwise initialized to
zero. Note that the PINT and PNMI output pins are in
tri-state mode when the local unit is disabled. After
this, each 82489DX local unit will deassert its proc-
essor’s Reset pin, allowing the processors to come
out of reset and perform self test and start executing
initialization code.

Note that while connecting PRST pin ‘it should be
noted that whenever PRST pin is activated by
82489DX either because of software reset message
or hardware reset, the 82489DX itself is reset. It
should be taken care in the cases of Warm reset
where only processors need to be reset and not the
interrupt controller. In brief, the usage of PRST de-
pends upon the system requirement on various re-
set.

Somewhere in this code sequence, the processors
that are “alive” will enable their 82489DX local units,
and attempt to force all the other processors back
into Reset. Forcing the other processors into reset is
performed by sending them the inter-processor in-
terrupt with Destination Mode = “Physical”, Deliv-
ery Mode = “Reset”, Trigger Mode = “Level”,
Level = “1”, and Destination Shorthand = “All Excl
Self”. Only the first processor to get the ICC bus will
succeed in sending this signal and reset all other
82489DXs and their processors. The other proces-
sors are kept in reset until such time that an MP
operating system decides they can become active
again. The only running processor next performs the
rest of system initialization.
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Eventually, an MP operating system will be booted
at which time the operating system would send
“deassert reset” interprocessor signals to activate
the other processors in the system. A mechanism
must be provided by the platform that allows the
added processors to differentiate the very first reset
from a subsequent one.

16.2 Compatibility
COMPATIBILITY LEVELS

The 82489DX can be used in conjunction with stan-
dard 8259A-style interrupt controllers to provide a
range of compatibility levels.

At the lowest level we have “PC shrink-wrap” com-
patibility. This level effectively creates a uniproces-
sor hardware environment within the MP platform
capable of booting/running DOS shrinkwrap soft-
ware. In this mode, only the 8259A generates inter-
rupts and the 82489DX becomes a virtual wire. The
interrupt latency can be minimized by connecting the
8259A interrupt to local unit directly.

The next level preserves the software compatible
view of an 8259A but it allows more than one proc-
essor to be active in the system. This results in an
asymmetrical arrangement, with one processor field-
ing all 8259A interrupts but with added inter-proces-
sor interrupt capability. In this mode, 82489DX
“merges” 8259A interrupts with inter-processor in-
terrupts. Existing /0 drivers would be bound to the
compatible CPU and interface directly with the
8259A.

At the next compatibility level, 8259A compatible
drivers can be mixed with native 82489DX drivers.
Devices can generate interrupts at either 8259A or
an 82489DX. This provides for partial symmetry as
individual drivers migrate from the 8259A to native
82489DXs.

Another 8259A compatible point can be defined for
MP systems. Each processor could have its own
compatible 8259A controllers, allowing multiple
processors to run compatible 1/0 drivers, but stati-
cally spreading the load across the available proces-
sors.

82489DX/8259A INTERACTION

The principle of compatible operation is - very
straightforward; the 82489DX(s) become a virtual
wire connecting the 8259A’s INT output through to
the processor, while at the same time making 8259A
visible to the processor.
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The two connection schemes described only differ
in the number of 82489DX(s) (one or two) that are
located in the path from the 8259A to the processor.
In the one 82489DX example illustrated in Figure 37,
the INT output of the 8259A connects to one of the
Interrupt Input pins of the 82489DX through an edge
generation logic. This could be an interrupt pin on
the 82489DX’s 1/0 unit or local unit; assume a local
interrupt input is used. The Local Vector Table entry

_for the interrupt pin that connects to the 8259A is set
up with a Delivery Mode of “ExtINT” and edge trig-
ger mode. This indicates that the interrupt is gener-
ated by an external controller. The processor’s INT
pin connects to the 82489DX PINT pin.

This setup enables the 82489DX local unit to detect
assertions (up-edges) of the 8259A’s INT output pin
and pass this on to the processor's INT input.
82489DX asserts ExtINTA pin along with (one clock

prior to) PINT pin to indicate “8259” interrupt. When

the processor performs its INTA cycle the 82489DX
itself-does not respond other than deasserting PINT
to the processor. At the third clock after ADS in the
second bus cycle of INTA cycle ExtINTA is deassert-
ed. External logic should .make use of the ExtINTA
signal to make the INTA cycle visible to the 8259A
and the 8259A should provide the vector. At the
same time, the local unit considers the external re-
quest as delivered, and need not wait for the exter-
nal 8259A’s INT to be deasserted. A new up-edge
must be generated on the 8259A INT pin before the
local unit will assert the processor’s INT pin on be-
half of the 8259A. External edge generation logic
should be used for this. Compatible software inter-
acts directly with the 8259A.

The mechanism is essentially the same in the two-
82489DX scheme. The difference is that the 8259A
connects to an interrupt input pin of the 82489DX
1/0 unit in the 1/0 system. The Redirection Table
entry for this pin is again programmed with an
“ExtINT” Delivery Mode, and the (single) 82489DX
destination local ID corresponding to the compatible
DOS processor. Capturing the up-edges of the
8259A's INT pin by the 82489DX local unit now in-
volves sending messages from the 82489DX 1/0
unit to the 82489DX local unit via the ICC bus. The
“virtual wire” now includes messages over the ICC
bus.

Adding inter-processor ICC interrupts (or any other
82489DX generated interrupts) to the compatible
operation is accomplished by having the 82489DX
,internally OR the 8259A’s INT request with any
82489DX interrupt request.

Before the 82489DX actually sends the interrupt sig-
nal to the processor, the 82489DX decides whether
it does this for an 82489DX interrupt or whether it
does this on behalf of the external controller. When
the processor performs the corresponding INTA cy-
cle, only the 82489DX knows whether it should re-
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spond with a vector, or whether the external 8259A
should.

If the 82489DX needs to respond, then it will enable
an externally implemented trap that prevents the
8259A from seeing the INTA cycle. If the 8259A
needs to respond, then the 82489DX will not enable
the INTA trap, and the INTA will be allowed to reach
the 8259A. 82489DX implements this by asserting
its EXTINTA pin to indicate external 8259A should
respond with the vector.: The 82489DX local unit
controls the INTA trap via its “ExtINTA” output pin;
the 82489DX does not actually provide the trap it-
self.

& a»
D MP "SYSTEM™ BUS N -~ v
l BUS CNTL 1
PINT
PROCESSOR
824890X PR N Functionel
; < 14 Block
E
4
&
s
2
2 <
B
82594 S
Equivalent
A
INTA
4 A 4 Bus Ctl 1/0 EXPANSION BUS
Al | 4
290446-9

Figure 37. Edge Logic

82489DX/8259A DUAL MODE CONNECTION

In systems that can be booted either as a configura-
tion with compatible 8259A or without, device inter-
rupt lines are connected to both the Interrupt Re-
quest pins of the 8259A and Interrupt Input pins of
the 82489DX with all interrupts either masked at the
82489DX or at the 8259A. Some EISA and Micro-
Channel chip sets that include on-chip 8259As also
have internally connected interrupt requests. For ex-

~ample, the 82357 (the ISP of the EISA chipset) gen-

erates timer and DMA chaining interrupts internally.
These are not available as separate interrupts out-
side the ISP. In non compatible mode the ISP timers
are not used, since each local 82489DX unit pro-
vides its own timer. Therefore, the ISP’s 8259A is
configured to mask out all interrupts except the DMA
chaining interrupt which is configured in level-sensi-
tive, auto EOl mode. This causes the 8259A’s INT

output to track the state of the internal DMA inter-
rupt request. The 8259A’s INT output is then con-
nected to one of the 82489DX interrupt input pins
programmed to generate a regular (i.e., not
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“ExtINT”) level-sensitive interrupt. The ISP 8259A
then no longer functions as an external interrupt
controller; it has been logically disabled, and it
needs no interrupt acknowledge or EOI. The INTA
and EOI cycles occur only at the 82489DX. It should
be noted that 82489DX accepts only active high lev-
el/edge interrupt inputs. External programmable log-
ic should take care of polarity reversal that may be
needed in EISA system for sharing of interrupts.

16.3 Hardware Guidelines

82489DX HARDWARE STATE ON RESET

The 82489DX goes to reset state either by Hard-
ware Reset state or Software Reset message re-
ceived on the ICC bus. On reset, 82489DX is dis-
abled. The following is the hardware state of
82489DX after reset.

PRST | Active (HIGH)

PNMI | TRI-STATED (Internal Pull-Down Provided)

PINT | TRI-STATED (Internal Pull-Down Provided)‘

82489DX is disabled on Reset and unless specifical-
ly enabled, it does not start its interrupt mechanism.

The difference between hardware reset and soft-
ware reset message is that during hardware reset
82489DX samples the address bus and stores the
last sample in Local Unit ID whereas for software
reset it does not sample and store the unit ID. In
addition, during the hardware reset pulse should be
wide enough to accommodate for at least one rising
and falling edge of ICLK. On hardware reset ExtIN-
TA is held high.

PULL UP AND PULL DOWN RESISTORS

PNMI, PINT are tri-stated at power on and they are
maintained in tri-state condition till the unit is en-
abled. Eventhough internal pull down resistor is pro-
vided on PNMI and PINT external additional pull
down resistor may be needed depending upon the
loading on these pins by external logic. The DC
characteristics gives the control specification from
which the value of resistor, if needed, can be calcu-
lated.

It should be kept in mind that the ICC bus being
electrically open drain bus requires pull up resistors
at the MBO pins. ICC bus output low current is just
4 mA.

PINT and ExtINTA Timings

It should be noted that for ExtINTA type of interrupts
PINT gets activated one clock after ExtINTA gets
activated. When getting deactivated, both PINT and
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ExtINTA gets deactivated at the same clock edge.

ExtINTA Timings

In the interrupt acknowledge cycle for External Inter-
rupt control, 82489DX asserts ExtINTA. It decodes
the type of cycle from CPU control signals like M/1O,
D/C and W/R. CPU does two bus cycles back to
back for interrupt acknowledge cycle. 82489DX
maintains ExtINTA active throughout the first cycle.
For next cycle (when the vector will be given by ex-
ternal 8259) after 82489DX senses the start of the
cycle (by ADS) 82489DX deactivates ExtINTA. Ex-
ternal control logic may be inserting wait states to-
match the 8259 timings. Since 82489DX has no way
of finding out the cycle completion, 82489DX deas-
serts ExtINTA before the second bus cycle gets
completed. This should be kept in mind while using
ExtINTA for external interrupt control logic.

82489DX AND MEMORY MAPPING

The 82489DX is a 32-bit high performance interrupt
controller. It allows the CPU to do 32-bit read and
write to it. By memory mapping 82489DX the system
performance can be enhanced. It should be noted
that 82489DX does not support pipelining. Even-
though 82489DX can be memory mapped, its func-
tionality as an interrupt controller should be kept in
mind while programming the virtual memory man-
agement control data structure. The caching policy
for the page where 82489DX is mapped should also
be done with the functionality of 82489DX in mind.
For example, the reads to 82489DX should not be
cached and writes should be write-through. Since
82489DX registers are aligned at 128-bit bounda-
ries, memory mapping 82489DX with interleaved
memory system should not be a problem.

JTAG CIRCUIT CONSIDERATIONS

The JTAG circuit is used for boundary scan test. The
JTAG pins has a TCK, (JTAG clock), TRST, (JTAG
Reset), TDI, (Test Data Input), TMS, (Test Mode Se-
lect) and TDO, (Test Data Output).

The JTAG circuitry, if not used, should be properly
deactivated so that it will not interfere in the normal
functional operations. The JTAG can be inactivated
in any one of the following ways:

1. JTAG inactivation through TRST: The TMS, Test
mode Select should be either left open (internal
pull up is provided) or tied to Vgc. The TRST can
be pulsed low (bring it low and after meeting the
pulse width requirement bring it back high again)
to keep the JTAG circuitry to idle state. The
TRST pulse brings the JTAG circuitry to idle state
and TMS being kept high maintains the JTAG cir-
cuitry in idle state. )

4-293




82489DX

2. JTAG inactivation through TCK: The TMS, Test

mode select should be either left open (internal

~ pull up is provided) or tied to Vgg. The TCK within

5 clocks brings the JTAG circuitry to idle state.

The TMS, being held at logic high level, maintains
the JTAG circuitry in idle state.

16.4 Programming Guidelines

The 82489DX register data structure contains differ-
ent fields to specify the mode of operations and the
options available within each mode. Since certain
options are applicable to specific modes only (for
example “Remote Read” mode applies only to inter-
rupt command register, it does not have relevance
to I/0 unit's redirection tables) the following pro-
gramming guidelines are provided.

UNIQUE ID REQUIREMENT

~ All the local units and 1/0 units hooked in a ICC bus
should have unique ID before they can use the bus.
This should be ensured by the programmer since for

_ICC bus arbitration the units (whether it is local unit
or I/0 unit) arbitrate with their unit ID. ’

-For future compatibility, the Units should be as-
signed IDs starting with 0, 1, 2 etc. with the highest
ID in the system being number of units minus 1. So
in a four 82489DX system there are four local units
and four 1/0 units. The ID starts with 0 and the high-
est ID in the system will be 7. Note that each unit
should have different ID in the system.

ATOMIC WRITE READ TO TASK PRIORITY
REGISTER

Normally, the task priority register is written with
highest priority to mask certain low level interrupts
before entering into critical section code. In a sys-
tem where 82489DX is memory mapped the CPU
may buffer this task priority register write to its on
chip write buffer. The following scenerio can happen
in such situation: CPU posts task priority register
write to its on chip write buffer and enters into the
critical code. A lower priority interrupt (which should
not enter the critical code) interrupts the CPU before
the write buffer gets flushed into task priority regis-
ter). The CPU accepts the lower priority interrupt. To
avoid the situation atomic write read to task priority
register should be done. The read following write en-
sures that the write buffer is flushed to task priority
register and the atomicity ensures that no interrupt
will be accepted by the CPU during its write to task
priority.

It should be noted that if the CPU does interrupt '

acknowledge cycle only after flushing the write buff-
ers then the above situation may not arise.
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CRITICAL REGIONS AND MUTUAL EXCLUSION

Each 82489DX has a single Interrupt Command
Register that it uses to send interrupts to other proc-
essors. The programmer should make sure to syn-
chronize access to this register. Specifically, 1). writ-
ing all fields of the register, 2). Sending the interrupt
message (by writing the LSB register), and 3). wait-
ing for Delivery State to become lIdle again, should
occur as a single atomic operation. For example, if
interrupt handlers are allowed to send inter-proces-
sor interrupts, then interrupt dispensing to the proc-
essor must be disabled for the duration of these ac-.
tivities.

INTERRUPT COMMAND REGISTER
PROGRAMMING SEQUENCE

The interrupt command register (31:0) has a side
effect of sending interrupt once it is written. The des-
tination is provided in the interrupt command register
(63:32). So always interrupt command register
(63:32) should be programmed before programmmg
interrupt command register(31:0).

Program Interrupt Command Register (63:32)
l

Programilnterrupt Command Register (31:0)

INTERRUPT VECTOR

Two different interrupts should not be programmed
with the same interrupt vector.

LOCAL AND 1/0 UNIT

Only Interrupt command register supports “Remote
Read” Delivery mode. Local and /0 unit interrupts
do not support “Remote Read”.

ICR (INTERRUPT COMMAND REGISTER)
1. ExtINTA delivery mode is not supported for all
destination shorthands.

2. “Remote Read” should always be programmed
as “Edge” triggered interrupt.

3. “Remote Read” should always be programmed
with physical destination mode (and not with Log-
ical Destination mode). Broadcast addressing
should not be used for Remote Read.

4. For “all incl Self” and “All exc. self” destination
shorthands, “remote read” delivery mode should
not be used.

5. For “all incl self” and “self” destination short-
hands “Reset” delivery mode should not be
used.
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ICR (INTERRUPT COMMAND REGISTER)

(Continued)

6. For “all exc self”’ destination shorthand if “Re-
set” delivery mode is used, it should be ensured
at system level that only one processor executes
this instruction at any time.

7. Messages could be sent out in “Logical” or
“Physical” mode with destination ID of all 1’s de-
pending on the way Destination mode entry is
programmed. In brief, “All incl self” and “All exc.
Self” support both “Logical” and “Physical” ad-
dressing mode.

8. When destination shorthand (i.e., broadcast) is
used with lowest priority destination mode, then
even though all participates in arbitrating for des-
tination, only the lowest priority gets the mes-
sage. So even though the addressing is broad-
cast since the destination mode is lowest priority
only one gets the message. )

9. When destination shorthand (i.e., broadcast) is
used with “Fixed” destination mode, then all the
units get the message.

ISR/IRR/TMR

Bits 0-15 of IRR/ISR/TMR do not track interrupt.
No interrupt of vector numbers from 0-15 can be
posted. The total interrupt supported are 240. When
reading the lowest 32 bits of these registers, 0 will
be returned for the lower 16 bits.

FOCUS PROCESSOR

Focus processor is applicable only within the ad-
dressed units.

ExtINT Interrupt Posting

The external interrupt has no priority relationship
with the 82489DX priority. But when posting an inter-
rupt to the processor, if both an external interrupt
and a 82489DX ‘interrupt are pending, 82489DX
could post either one to the processor. in 82483DX
implementation, it would post external interrupt
whenever there is no other 82489DX interrupt that
can be posted to the processor. It should be also
noted that External interrupts can not be masked by
raising task priority. However, they can be masked
by the mask bit in the table entry for the (“ExtINTA”)
external interrupt.

The extINT interrupts are specific in their character-
istics in that they do not have any priority relation-
ship with the rest of the interrupt structure. ISR and
IRR bits in 82489DX are used to do the housekeep-
ing functions for interrupt priority. Since extINT inter-
rupts do not have any priority relationship, ISR and

t
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IRR bits are not maintained for external interrupts.
As far as interrupt acceptance is concerned, if more
than one extINT interrupts are directed towards a
local unit, that local unit treats all the extINT inter-
rupts directed to it as only one extINT interrupt. This
leads to an important point that in a system not more
than one interrupt should be programmed as extINT
interrupt type with the same destination. It should be
noted that there can be more than one extINT type
of interrupt in a system with each having different
local unit as destination.

Synchronlzing Arb IDs

Initialization of an 82489DX’s local unit 1D is imple-
mentation dependent. In some platforms, power-on
reset will latch the right values into the 82489DXs; in
other platforms, unique IDs may be assigned by ini-
tialization firmware. In both cases the 82489DX 1/0
unit should be assigned unique ID by initialization
firmware. The important point is that the 82489DXs
are required to have unique IDs before they can use
the bus, and in addition, all their Arb IDs must be “in
sync”. Synchronizing Arb IDs is accomplished as a
side effect of a “deassert reset” interrupt command.
This resets the (rotating) Arb ID to the (constant) unit
ID; it assumes that all 82489DXs have their unique
ID.

LOWEST PRIORITY

“Only once delivery” semantics for a group destina-
tion is guaranteed only if multiple fixed delivery of
the same interrupt vector are not mixed. For lowest
priority arbitration to work, all the arbitration ID of
local 82489DXs in the system should be in sync.
This means after local unit IDs are written in all local
units (each ID should be different from other IDs) a
RESET DEASSERT message should be sent in ALL
INCLUSIVE mode. The RESET DEASSERT mes-
sage should be sent before system is used for low-
est priority arbitration. This ensures that all ARB IDs
are also different. (Arb IDs are copied from local unit
IDs during RESET DEASSERT message.)

The RESET DEASSERT message, if not sent, only
one delivery semantics may not be guaranteed in

‘the cases where lowest arbitration is used in the sys-

tem.

DISABLING LOCAL UNIT

Once the 82489DX is enabled by setting bit 8 of
spurious vector register to 1, the user should not
disable the local unit by resetting the bit to 0. The
result will put the local unit in an inconsistant state.
The local unit can be disabled by sending “reset”
interrupt message to the local unit.
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ISSUING EOI

EOI, End of Interrupt issuing indicates end of service
routine to 82489DX. The ISR bit which is set during
INTA cycle gets cleared by EOI. This section dis-
cusses the relevence of EOI to the specific types of
interrupts and its timing related to interrupt deasser-
tion.

EXTERNAL INTERRUPTS AND EOI

External Interrupts should be programmed as edge
type. INTA cycles to external interrupts are taken
automatically as EOI by 82489DX. This is similar to
AEO], Automatic End of Interrupt of 8259A. So there
is no need to issue EOI to 82489DX for external
interrupt servicing. This is done to achieve software
transparency in the compatible mode.

SPURIOUS INTERRUPTS AND EOI

Spurious interrupts do not have any priority relation-
ship to other interrupts in the system. So IRR is not
set for spurious interrupts. EOI should not be issued
for spurious interrupts. It is advisable not to share
the spurious interrupt with any vector. If spurious in-
terrupt vector is shared with some other interrupt
then while servicing issuing EOl depends on the
source of interrupt. If the source is spurious interrupt
(for which the corresponding IRR is not set) then
EOI should not be used. If the source is a valid inter-
rupt sharing the spurious interrupt vector (for which
the IRR is set) then EOI should be issued.

NM AND EOI

For NM type of interrupt no IRR bit is set. So EOI
should not be issued while servicing NMI type of in-
terrupts.

TASK PRIORITY REGISTER

Task priority register is used to specify the priority of
the task the processor is executing. In 8259 the
priority is defined only among the interrupts that it
handles. 82489DX goes farther ahead in handling
priority. In multitasking system, in addition to device
interrupts various tasks have different priority and
82489DX allows consideration of the priority at sys-
tem level. The processor specifies the priority of the
task it executes by writing to task priority register.
Now any interrupts at and below the task priority will
be masked temporarily till the task priority gets low-
ered. The masking granularity is at priority level. Out
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of 256 interrupt vectors 16 priority levels are speci-
fied and 16 vectors share one priority level. Since
the masking granularity by the task priority register is
at priority level, group of 16 vectors get masked
when task priority register is increased by one level.

When task priority is at its minimum level of 0, inter-
rupt vectors having level 1 to 16 are passed to CPU.
Stated in other words, even when the task priority -
register is at its minimum (of level 0), interrupt vec-
tors at level O will be masked. This means that the
interrupt should not be programmed with vectors 0
to 15. So out of 256 interrupt vectors, only 240 inter-
rupt vectors (vector 16 to 255) can be used in
82489DX.

ExtINT INTERRUPT AND TASK PRIORITY

ExtINT interrupt does not have any priority relation-
ship with other interrupts or task priority register. So
ExtINT interrupt can not be masked by raising task
priority. They can be masked by writing to the vector
table entry which corresponds to ExtINT interrupt.

REMOVING MASKS

When enabling units and removing Mask bits in situ-
ations where a device may already be injecting inter-
rupts into the 82489DX system, the Mask in the Re-
direction Table should be removed last to ensure
proper initial state (e.g., Remote IRR bit matching
IRR in local unit).

DELIVERY MODE AND TRIGGER MODE
Itis software’s responsibility to make sure that Deliv-

ery Mode and Trigger Mode are set to meaningful
combinations as listed below.

Delivery Mode Trigger Mode
Fixed edge/level
Lowest Priority edge/level
Remote Read edge

NMI level

Reset level

ExtINT _ edge

Software is also responsible for not using meaning-
less Delivery Modes in Redirection Table entries and
local Vector Table entries (e.g., use of Remote Read
delivery mode). S
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ASSIGNING INTERRUPT VECTORS

Software has total control over the assignment of
interrupt vectors to interrupt sources. The operating
system writer should be aware of a number of things
when doing this assignment.

Some processor architectures assign a predefined
meaning to some of the vectors (i.e., entries in the
interrupt table) as entry points to certain trap and
exception handlers (e.g., divide error, invalid op-
code, page fault, etc.). The programmer is strongly
advised not to reuse these vectors.

The programmer must also be careful when using
the same vector number to represent different inter-
rupt sources (sharing vectors). This is especially true
for level triggered interrupts. When multiple sources
with different Redirection table entries share an in-
terrupt vector, any of the sources deactivating its
level signal will remove the interrupt request for all
sources. Giving each interrupt source its interrupt
vector in any case is the preferred approach.

SENDING INTER-PROCESSOR INTERRUPTS

Each 82489DX has a single Interrupt Command
Register that it uses to send interrupts to other proc-
essors. It is software’s responsibility to synchronize
access to this register. Specifically, 1) writing all
fields of the register, 2) sending the interrupt mes-
sage (by writing the low register), and 3) waiting for
Delivery State to become Idle again, should occur as
a single atomic operation. For example, if interrupt
handlers are allowed to send inter-processor inter-
rupts, then interrupt dispensing to the processor
must be disabled for the duration of these activities.

DELAY WITH LEVEL TRIGGERED INTERRUPTS

When a level triggered interrupt source deasserts its
interrupt input, the destination will clear the inter-
rupt’s IRR bit only after receiving the message from
the ICC bus. This introduces a small delay between
the removal of the interrupt at the source and the
removal of the interrupt at the processor. To avoid
generating unnecessary interrupts, the interrupt han-
dler should remove the interrupt at the source (at the
device) as early as possible in the handler.

In any case, handlers should be able to deal with
unnecessary interrupts.

RESET DEASSERT

A side effect of a reset deassertion message broad- -

cast in the ICC bus is that all 82489DX local units
reset their Arb ID to their unit ID. Interrupt com-
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mands that use the “self”’ Destination Shorthand do
not generate a message on the ICC bus. If software
only wants to generate the side effect of resetting
Arb IDs, it should use a command with Logical Desti-
nation Mode and a Destination field containing all
zeroes.

INTERRUPT MASKING

There are a number of levels at which interrupts can
be masked, each resulting in a different behavior on
interrupt delivery.

e First, interrupt injection (or deliver) can be
masked by setting the Mask bit in the interrupt’s
Redirection Table or local Vector Table entry.
These interrupts are ignored, no message is sent
for them. Granularity is an individual interrupt.

e Second, each 82489DX can individually mask in-
terrupt dispensing by raising its Task Priority to
some level. This 82489DX will not dispense inter-
rupts to its processor of this and lower priority
unless it is currently the focus of the interrupt.
Note again that the 82489DX is designed to oper-
ate as fully nested with non-specific EOI (to use
existing 8259A terminology). There is no explicit
interrupt mask (such as MR) and there is no no-
tion of specific EOI.

e Third, each processor may provide a mechanism
that masks all interrupt dispensing to it using the
processor supplied instructions or status bits to
do so. This does not interfere with lowest priority
arbitration of the processor’s 82489DX local unit.

CHANGING REDIRECTION TABLES

Redirection Tables are typically set up at initializa-
tion time. When modifying a Redirection Table entry
“on the fly” the programmer must be aware of state
kept at other 82489DXs relative to the interrupt be-
ing modified.

DEVICE DRIVERS WITH 82489DX

It is strongly recommended to read the device status
registers before servicing the device. This is be-
cause if an edge triggered device deasserts its inter-
rupt before interrupt acknowledge cycle (it should
NOT) 82489DX will NOT give spurious vector. It will
give genuine interrupt vector corresponding to the
device. So, interrupt service routine should validate
the interrupt request before servicing the device.
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SYSTEM HARDWARE AND
SOFTWARE DESIGN
CONSIDERATIONS

Design Consideration 1

Description: The following design consideration has
to be taken care of when using ISP (82357) as exter-
nal interrupt controller. 82489DX allows connecting
external 8259 type interrupt controller at one of its
inputs. The mode associated with the interrupt input
which has 8259 connected to it is called ExtINTA
mode. 82489DX allows only EDGE TRIGGERED
programming option for ExtINTA mode. But in the
case of 82357, the INT output from ISP stays high in
case more than one interrupt is pending at its inputs.
It does not always inactivate its INT output after
INTA cycle. This will lead to a situation where ISP
keeps the interrupt at high level continously and
waits for INTA cycle. But since 82489DX expects an
edge for interrupt sensing (for ExtINTA interrupts) it
does not pass the interrupt to CPU and further inter-
rupts are lost. So External circuitry should monitor
the end of SECOND CYCLE of INTA cycle and force
an inactive state at 82489DX’s input. To avoid glitch-
es at 82489DX input, this external logic should clear

its output only at the end of second INTA cycle. It .

should be set by high going 82357 output. It should
never be cleared by low going 82357 output. That is
it should not follow 82357 output.

Design Consideration 2

Description: The following design consideration has
to be taken care of when using 82489DX in EISA

systems. EISA ISP(82357) chip integrates 8259A. It

intel.

additionally allows sharing of interrupts. To facilitate
this sharing it has a programmable register, ELCR
(Edge / Level trigger control register) by which cer-
tain interrupt inputs can be programmed as edge
(low to high except for RTC) or level (the level is
active low). The determination of edge or level is
done during initial configuration of EISA system by
reading EISA add in boards from the interrupt de-
scription data structures. The solution is to have pro-
grammable logic at the interrupt inputs so that
82489DX is compatible with EISA ISP. This will intro-
duce one more register and logic to support this.
This should be an 11-bit programmable register and
an array of EXOR logic (12 ExOR gates or equivalent
PLD). The ISP allows programmability of the follow-
ing interrupts.

INT3 INT4 INT5 INT6 INT7 INT9 INT10 INT11
INT12 INT14 INT15. In addition to the above 11 in-

“terrupts, it fixes INT8 to be active low edge triggered

interrupt. INT8 is the only case where it is active low
edge triggered type. So the following logic can be
used to add programmability in 82489DX based
EISA system. Before connecting these 11 interrupt
lines directly (#INT8 which is from Real Time Clock
is always active low edge triggered. #INT8 can be
passed through an inverter since there is no need
for programmability) to the 82489DX they should
pass through an array of 11 Ex__OR gates. One in-
put of Ex_OR gate connects to the corresponding
INT pin and other input connects to a bit of program-
mable register. The output of Ex__OR gate is con-
nected to 82489DX. The idea of Ex_OR is to use as
a controlled inverter.

INT3

INT4

INTIN3 INTIN4

DO =i
D et

D2

;

—J INTS m INTINS INTE INTING

D3 |

D4
DS
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D6
D7

- : INT11
INT10 —] EX-OR INTIN10
|

INTINT1

MroO>»TT>0VO0T
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INTIN are the interrupt inputs to the 82489DX and
INT are the system interrupt. The Ex__OR gating
register is programmed after EISA configuration is
found from add in boards as how these interrupt
lines are going to be used in that particular configu-
ration. If a particular input is edge triggered, then the
corresponding bit in the register is written with 0. If a
particular input is level triggered, then the corre-
sponding bit in the register is written with 1.

8259 by itself does not have polarity control where-
as 8259 when implemented in EISA chipsets have
the polarity control. Similarly APIC does not have by
itself polarity register. So polarity register should be
programmed as a part of system BIOS and not APIC
BIOS.

Design Consideration 3

Icc bus drive is an open drain bus with drive capacity
of 4 mA only. Since data is transmitted at each Igc
clock, the ‘“charging” of Icc bus should be fast
enough to ensure proper logic level at each clock
edge. The Igc bus needs pull up resistors since it is
open drain bus. Since the drive is only 4 mA, the pull
up resistor value can not be less than 5V/4 mA. This
being the limit of the resistor value, the length and
the characteristics of the Igg trace forces a capaci-
tance value. Both the resistor and capacitance
brings a RC time constant to the Igc bus waveform.
So, Electrical consideration has to be given to and
practice of controlled impedence should be exer-
cised for layout of the Icc bus. The length of the
trace should be kept as minimum as possible. If the
length of the Icc bus can’t be kept less, than say 6
inch, because of mechanical design of the system,
the external line drivers should be added to Igc bus

and Igc bus should be simulated with the added driv-

er characteristics.

Vee R2

74(ABT/F)125 I_:._ Vee

Buffered bus

— Gnd

MBO
82489DX
MBI

290446-44

NOTE:
R1 can be typically 1K.

R2 is designed from the simulation results.
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Design Consideration 4

This is related to ADS#, BGT# and CS# timings.
For bus cycles not intended for 82489DX, (CS# = 1
where 82489DX is supposed to sample it), any
change in CS# line while the ADS# is still active,
may erroneously cause a RDY# returned from
82489DX. Anomolous behavior may result if for
BGT# ties low cases

a) BGT# goes away just one-clock after ADS# or

b) ADS# is still active, and CS# changes during
this period.

For other cases anomolous behavior results if CS#
changes when ADS# is still active. The following
considerations are important from timing point of
view. Always limit the pulse width of 82489DX
ADS# to one CLKIN. Also avoid changing levels on
BGT#/CS# line, when ADS# is active for cases
being identified as BGT# tied low (BGT# sampled
low when ADS# goes active). Also avoid changing
levels on CS# line when BGT # is active.

Design Consideration 5

82489DX does not recognize the interrupt when an
edge occurs at the interrupt input pin while interrupt
is masked. When later it is unmasked there is no
further edge and so 82489DX never passes that for-
gotten edge and that interrupt channel becomes un-
usable after that.

The recommendation is that first 82489DX should
be unmasked and then the device interrupt should
be enabled in the device register. By this, software
can ensure that always an edge will occur after an
interrupt is unmasked.

Design Consideration 6

Description: Edge triggered interrupts should not
deassert their output till they are acknowledged by
INTA cycle from CPU.

Issue:

82489DX employs glitch detection logic for edge
triggered logic. To make sure the detected edge in-
terrupt is not a glitch, 82489DX samples the input
again before sending the interrupt message. The
time difference between the first sampling of inter-
rupt to be active and second sampling (just before
sending the interrupt) is not a constant number. This
is because the ICC bus might have been occupied
by other messages. So, for example if during first
sampling it was detected that INTINO and INTIN15
are both active and after sending INTINO it samples
INTIN15 again before sending message for
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INTIN15. But between this time ICC bus might have
been occupied by other messages. So even if an
edge triggered interrupt is held active high for a real-
ly long time and then brought low before INTA cycle,
it is considered as a glitch. Because it may happen

that the second sampling occurred just when the in-

terrupt line got low.

Once the dglitch detection circuitry found this
“glitch”, it goes back to the state where it will start
sampling and waiting for an active edge to occur.
This takes more than one clock cycle (CLK) and if
the “glitch interrupt” generates an edge before that
time after the second sampling of low level is done
then the edge is lost forever.

n

intel.
Since the time when the second sampling is done is
unknown, the best way is to make sure the edge
triggered. interrupts do not deassert their outputs till
they are acknowledged by INTA cycle from CPU. It
is found that in some cases 8259 can generate brief
active low pulses on its output. So the glue logic
between 8259 and 82489DX input pin should make
sure that 82489DX input pin is clear only after get-
ting second interrupt acknowledge cycle. The glue
logic should not just follow the 8259 output. Put in
other words, after interrupt acknowledge cycle to
8259, if the 8259 input is seen active high, it should
generate an edge at 82489DX input. Moreover, even
if 8259 output goes low the glue logic should not
lower its output since the only time when the glue
logic can deassert its output is when it finds an inter-
rupt acknowledge cycle for 8259. The following PLD
equations and schematics serves as an example for

the glue logic between 8259 and 82489DX.

NOR . \
M/10# — o—INTA = INTA
p/C# 'set
W/R# RDYlow — — 8259Cyc
CYCLE# A2 ——p — set 8259Cyc
ExtINTA =——p] — setTimer
T > PLD — 10
Reset =i —T1
BCLK ———p — T2
— 73
— T4
— T5
pr——)- APIC Input
S
) 290446-45
BCLK is the standard EISA BCLK.
CYCLE # is an external signal to indicate ADS # is asserted earlier and RDY low is not yet returned.
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APIC input =

/TO */Reset " /APIC input * 8259INT * INTA 5o ; Sample 8259 interrupt
+/T0 " /Reset * APICinput " INTAgg ; Hold till it is cleared by delayed interrupt acknowledge
+/INTA gt * 8259INT

Set8259Cyc = /Reset* INTA * ExtINTA -; This INTA cycle is for 8259

8259Cyc = set8253Cyc " /TO " /Reset ; Set 8259cyc will set 8259 cycle and To will clear it
+/TO * /Set8259Cyc * 8259Cyc * /Reset ; Hold 8259 cycle till TO clears it
INTAgey = /Reset * /INTA, * INTA ; wait for very first INTA cycle after reset

+ /Reset * INTA,, ; once first INTA cycle after Reset is found, set the 'NTAset

Settimer =8259cyc”/A2* /RDYlow ; Start the timer at end of second INTA cycle

TO - = Settimer* /TS * /Reset ; Set timer will set TO and T5 will clear

+/Settimer " TO ™ /TS " /Reset ; Till TS clears it hold TO
T1:=T0 " /Reset * /T5 ; Follow TO after one clock for setting but clear along with TO

T2 :=T1"/Reset* /TS ; Follow TO after two clock for setting but clear along with TO

T3:=T2" /Reset* /TS5 ; Follow TO after three clock fo} setting but clear along with TO
T4 :=T3* /Reset* /TS ; Follow TO after four clock for setting but clear along with TO

T5 := T4 " /Reset ; Follow TO after 5 clock for setting

290446-46
NOTES:
T1, T2, T3, T4 and T5 are clocked signals and others are combinatorials.
This circuit and PLD equations are given for concept clarification purpose. They are not tested.
INTAget is needed so that some 8259 logic at power on activates its INT output to 1 and it deactivates its output after
only 8259 initialization (which should happen after APIC initialization) and since APIC needs to detect rising edge at
8259, it is essential to follow the 8259 until first interrupt. This is the only occasion 8259 output will be just followed.

Note that the names APIC BIOS and APIC DRIVER
are interchangeably used in the following discussion.
Different Operating systems refer such functional
module differently.

DIRECTIONS FOR EASY MIGRATION
TO FUTURE INTEGRATED APIC

The following are the software programming direc-
tions Intel strongly recommends for easy migration
from 82489DX to integrated APIC. The audience to

this portion of the document are both hardware de- Consideration 1 ' '

signers and firmware developers for APIC based
systems. In the following discussions, the APIC
BIOS is viewed functionally as two subsections 1)
APIC BIOS which are all interrupt vector, priority, in-
terrupt distribution related functions and the remain-
ing portion of BIOS which is referred to part of sys-
tem BIOS which is responsible for interrupt polarity
programming, starting next processor, etc.

ADVANCE INFORMATION

Question: The logical destination register in future
implemented APIC may have only 8 MSBs defined
and 82489DX has 32 bits specified. Will this hinder
binary level compatibility?
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Response: In logical destination (flat addressing
" mode) 82489DX can go up to 32 CPUs whereas fu-
ture APIC can go up to 8 CPUs with flat logical ad-
dressing mode. For binary compatibility, it is
strongly recommended that 82489DX software
use ONLY 8 MSB of logical destination register.

Consideration 2

Question: The present day MP systems with exter-
nal control ports for starting next processor may pro-
gram those external control ports for starting next
processor. APIC DRIVER may use external control
ports for starting next processor. In future implemen-
tations of APIC, the starting' of next processors may
use more refined mechanisms which may not use
external control ports. Will this introduce compatibil-
ity problem?

Response: Again, the starting of next processor is
really part of MP system DRIVER and-depending of
the mechanism used to start next processor it will
vary. In future implementation if starting next proces-
sor is done using new mechanisms, the starting next
processor portion of MP DRIVER will be changed
accordingly. Even though this will not result in any
change in the APIC DRIVER which deals with inter-
rupt priority, distribution, etc.,
change will be needed in the starting application
processors portion of DRIVER.

One possible method of implementing software is
using version register. Version register is different in
489DX and future implementations of APIC. Taking
care of these differences, such as mechanism for
starting next processor, should be possible using
version register.

Consideration 3

Question: APIC architecture, by its nature, seems to
misinterpret spurious interrupts as genuine inter-
rupts. That is, if an edge triggered interrupt goes in-
active before interrupt acknowledge cycle, APIC, in-
stead of giving spurious interrupt vector, gives genu-
ine interrupt vector. Is it true that this is not the case
with 82597 If that is the case, drivers which do not
check device status registers for servicing the de-
vice may work with 8259 but may not work with
APIC. Is this a compatibility problem?

Response: No, this is not true. Even with 8259 there
is a time window in which a similar thing can happen.
For example if interrupt goes inactive just after first
INTA cycle but before second INTA cycle 8259 will
also signal this spurious interrupt as genuine inter-
rupt. So drivers which do not check device status
registers may also fail with 8259.
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Our strong recommendation to device drivers is to
read device status register before servicing the de-
vice. If the device status register indicates that there
is-no valid source of the interrupt, the service routine

should just issue EOI and return. It should not serv-
ice the device. This should take care of the new driv-

“ers that will be written for APIC. To coexist with

8259, the APIC interrupt input connected to 8259 will
be programmed for virtual wire mode. In virtual wire
mode, the time window of 8259 will apply. So the
driver will behave same way as it was behaving with
8259.

Consideration 4

Question: EISA system has active low level polarity.
82489DX itself does not have polarity control regis-
ter to support this EISA feature. Implementations us-
ing external polarity register may implement the po-
larity register at different address. Will this introduce
a problem for.achieving the goal of single binary?

~Response: 8259 by itself does not have polarity

control whereas 8259 when implemented in EISA

" chipset has the polarity control. Similarly APIC does

not have by itself polarity register. When implement-
ed in ESC chipset, it will have polarity control regis-
ter. So polarity register should be programmed as a
part of EISA BIOS and not APIC BIOS. Since system
BIOS or EISA BIOS should be able to take charge of
changes, if any, to polarity control register. APIC
BIOS should not be affected by dlfferences in the
address for polarity register.

Consideration 5

Question: 8259 recognizes the interrupt when an
edge occurs at the interrupt input pin even if the
interrupt was masked. So when the interrupt input is
later unmasked, the interrupt is posted to the CPU.
82489DX does not register this edge and if interrupt
happens when the interrupt is masked 82489DX just
ignores the interrupt. When later it is unmasked
there is no -further edge and so 82489DX never
passes that forgotten edge and that interrupt chan-
nel becomes unusable after that.

Response: When the interrupt is masked, logically
interrupt controller should ignore whatever happens
there. It is strongly recommended that first 82489DX
should be unmasked and then the device interrupt
should be enabled. By this sequence, software can
ensure that always an edge will occur at the APIC
input only after the interrupt is unmasked.

Please contact Intel for platform level specification
in Multiprocessor system design using APIC.

ADVANCE INFORMATION I
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UPI-41AH/42AH
UNIVERSAL PERIPHERAL INTERFACE

8-BIT SLAVE MICROCONTROLLER

m UPI-41: 6 MHz; UPI-42: 12.5 MHz m Fully Compatible with all Intel and Most

m Pin, Software and Architecturally Other Microprocessor Families
Compatible with all UPI-41 and UPI-42 m Interchangeable ROM and OTP EPROM
Products Versions

m 8-Bit CPU plus ROM/OTP EPROM, RAM, m Expandable I1/0
I/.O, Timer/Counter and Clock in a m Sync Mode Available
Single Package Instructi % Si

m 2048 x 8 ROM/OTP, 256 x 8 RAM on | Ove.r 90 r!s ructions: 70% Single Byte
UPI-42, 1024 x 8 ROM/OTP, 128 x 8 B Available in EXPRESS
RAM on UPI-41, 8-Bit Timer/Counter, 18 — Standard Temperature Range
Programmable 1/0 Pins m inteligent Programming Algorithm

m One 8-Bit Status and Two Data — Fast OTP Programming
Registers for Asynchronous Slave-to- m Available in 40-Lead Plastic and 44-
Master Interface Lead Plastic Leaded Chip Carrier

m DMA, Interrupt, or Polled Operation Packages
supported (See Packaging Spec., Order #240800-001)

Package Type P and N

The Intel UPI-41AH and UPI-42AH are general-purpose Universal Peripheral Interfaces that allow the designer
to develop customized solutions for peripheral device control.

They are essentially “slave” microcontrollers, or microcontrollers with a slave-interface included on the chip.
Interface registers are included to enable the UPI device to function as a slave peripheral controller in the MCS
Modules and iAPX family, as well as other 8-, 16-, and 32-bit systems.

To allow full user flexibility, the program memory is available in ROM and One-Time Programmable EPROM
(OTP). All UPI-41AH and UPI-42AH devices are fully pin compatible for easy transition from prototype to
production level designs.
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Figure 1. DIP Pin Configuration FE Ll g
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Figure 2. PLCC Pin Configuration

The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM product. Contact
your local Intel field sales office, Intel technical distributor, or call 1-800-548-4725.

November 1994

Order Number: 210393-008 4-303
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UPI-C42/UPI-L42
UNIVERSAL PERIPHERAL INTERFACE
CHMOS 8-BIT SLAVE MICROCONTROLLER

Pin, Software and Architecturally
Compatible with all UPI-41 and UPI-42
Products

Low Volitage Operation with the UPI-
L42
— Full 3.3V Support

Integrated Auto A20 Gate Support
Suspend Power Down Mode
Security Bit Code Protection Support

8-Bit CPU plus ROM/OTP EPROM, RAM,

170, Timer/Counter and Clock in a
Single Package

4096 x 8 ROM/OTP, 256 x 8 RAM 8-Bit
Timer/Counter, 18 Programmable 1/0
Pins

DMA, Interrupt, or Polled Operation
Supported

One 8-Bit Status and Two Data
Registers for Asynchronous Slave-to-
Master Interface

Fully Compatible with all Intel and Most
Other Microprocessor Families
Interchangeable ROM and OTP EPROM
Versions

Expandable 1/0

Sync Mode Available

Over 90 Instructions: 70% Single Byte
Quick Pulse Programming Algorithm

— Fast OTP Programming

Available in 40-Lead Plastic, 44-Lead
Plastic Leaded Chip Carrier, and
44-Lead Quad Flat Pack Packages

(See Packaging Spec., Order #240800, Package Type P, N,
and S)

The UPI-C42 is an enhanced CHMOS version of the industry standard Intel UPI-42 family. It is fabricated on
Inte’s CHMOS |II-E process. The UPI-C42 is pin, software, and architecturally compatible with the NMOS UPI
family. The UPI-C42 has all of the same features of the NMOS family plus a larger user programmable memory
array (4K), integrated auto A20 gate support, and lower power consumption inherent to a CHMOS product.

The UPI-L42 offers the same functionality and socket compatibility as the UPI-C42 as well as providing Iow
voltage 3.3V operation.

The UPI-C42 is essentially a “slave” microcontroller, or a microcontroller with a slave interface included on the
chip. Interface registers are included to enable the UP! device to function as a slave peripheral controller in the
MCS Modules and iAPX family, as well as other 8-, 16-, and 32-bit systems.

To allow full user flexibility, the program memory is available in HOM and One-Time Programmable EPROM
(OTP).

The complete document for this \product Is available on Intel’s
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Figure 1. DIP Pin 2004142 290414-3
. . . Figure 3. QFP Pin Configuration
Figure 2. PLCC Pin Configuration 9 9

Configuration

“Data-on-Demand” CD-ROM product. Contact

your local Intel field sales office, Intel technical distributor, or call 1-800-548-4725.
4-304
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8XC51SL/LOW VOLTAGE 8XC51SL
KEYBOARD CONTROLLER

80C51SL — CPU with RAM and 1/0; Vee = 5V +10%

81C51SL — 16K ROM Preprogrammed with SystemSoft Keyboard Controller and Scanner
Firmware. Vcc = 5V +10%.

83C51SL — 16K Factory Programmed ROM. Vgc = 5V +10%.
87C51SL — 16K OTP ROM. Ve = 5V £10%.
Low Voltage 80C51SL—CPU with RAM and 1/0; Vgc = 3.3V +0.3V .

Low Voltage 81C51SL— 16K ROM Preprogrammed with SystemSoft Keyboard Controller
and Scanner Firmware. Vgc = 3.3V £0.3V.

Low Voltage 83C51SL— 16K Factory Programmed ROM. Vcc = 3.3V £0.3V.
Low Voltage 87C51SL— 16K OTP ROM. Vgc = 3.3V +0.3V.

m Proliferation of 8051 Architecture H 4-Channel, 8-Bit A/D
m Complete 8042 Keyboard Control m Interface for up to 32 Kbytes of
Functionality External Memory
H 8042 Style Host Interface m Slew Rate Controlled 1/0 Buffers Used
m Optional Hardware Speedup of to Minimize Noise
GATEA20 and RCL m 256 Bytes Data RAM
m Local 16 x 8 Keyboard Switch Matrix m Three Multifunction 1/0 Ports
Support m 10 Interrupt Sources with 6 User- 4
m Two Industry Standard Serial Keyboard Definable External Interrupts

Interfaces; Supported via Four Hig
Drive Outputs :

2 MHz-16 MHz Clock Frequency

= 100-Pin PQFP (8XC51SL)
m 5 LED Drivers 100-Pin SQFP (Low Voltage 8XC51SL)
m Low Power CHMOS Technology

The 8XC51SL, based on Intel's industry-standard MCS® 51 microcontroller family, is designed for keyboard
control in laptop and notebook PCs. The highly integrated keyboard controller incorporates an 8042-style UPI
host interface with expanded memory, keyboard scan, and power management. The 8XC51SL supports both
serial and scanned keyboard interfaces and is available in pre-programmed versions to reduce time to market.
The Low Voltage 8XC51SL is the 3.3V version optimized for even further power savings. Throughout the
remainder of this document, both devices will generally be referred to as 51SL.

The 8XC51SL is a pin-for-pin compatible replacement for the 8XC51SL-BG. It does, however have some
additional functionality. Those additional functions are as follows:

1. 16K OTP ROM: The 8XC51SL-BG had only 8K of ROM.

2. New Register Set: The 8XC51SL adds a second set of host interface registers available for use in support-
ing power management. This required an additional address line (A1) for decoding. To accommodate this,
one Vg pin was removed. However, in order to maintain compatibility with the -BG version, an enable bit
for this new register set was added in configuration register 1. This allows the 8XC51SL to be drop in
compatible to existing 8XC51SL-BG designs; no software modifications required.

NOTE: .
The changes made to the Vg pins require that all three Vg pins be properly connected. Failing to do so
could result in high leakage current and possible damage to the device.

The complete document for this product is available on Intel’s “Data-on-Demand’ CD-ROM product. Contact
your local Intel field sales office, Intel technical distributor, or call 1-800-548-4725.

November 1994

Order Number: 272271-002 4-305
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INTRODUCTION

The 89C124FX Data/Fax Modem Chip Set Applica-
tion Note provides the end user with applications and
layout guidelines to reduce power consumption to a
minimum when in the Power Down Mode.

GENERAL DESCRIPTION

When the 89C124FX is in the power down mode, the
microcontroller (89C126FX) consumes very little pow-
er (less than 0.5 mW). However, the external memory,
voltage regulators and peripherals draw excess current
that makes the overall system power consumption more
than 80 mW. This application note describes a method
to reduce overall system power consumption to less
than 1 mW when the 89C124FX is in the power down
mode. Adding a power down feature in the microcon-
troller and reducing power sink to a minimum accom-
plishes this goal.

Three steps are required to reduce the overall system
power consumption in the power down mode:

1. Detect power down in the microcontroller and
isolate the power source from potential current
sink from other components.

2. Inhibit the DC path from the power supply,
through other components, to ground when the
microcontroller is powered down.

3. Solve current drift problems due to floating inputs
when power is removed from peripherals.

POWER DOWN DETECTION

Monitoring the clock output (CLKOUT, pin 65) from
the microcontroller detects the power down condition.
The CLKOUT pin is held high when the controller is
in the power down mode. When power down is detect-
ed, the detector shuts off the + 5V supply to all compo-
nents except the microcontroller, RAM, and logic
gates. The detector also shuts off power to the voltage
regulators.

4-308
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BLOCKING DC PATH

When the power down.detector shuts off the bipolar
switches, some of the device input pins become current
sinks and drain current from the controller output pins
when the output pins are high. These controller output
pins are the CLKOUT and SCLK outputs. To elimi-
nate these DC paths in the power down mode, add an
inverter from the controller clock output (CLKOUT)
to the AFE clock input (CLKIN) and use an AND
gate to change the SCLK output to the AFE to a low.

CURRENT DRIFT

When the controller is in the power down mode, the
SDATA pin becomes a floating input that can draw
current in excess of 300 nA. Placing a 510 KQ resistor
between SDATA pin and ground solves this problem.
Using a 100 KQ resistor or lower may impede circuit
functionality.

——— 89C124FX ———
89C126FX 89127
SDATA P SDATA
510K
292101-1

Figure 1. Placement of Current Drain
' Blocking Resistor

DESIGN TRADE OFF

The reduced power drain feature design trade-off, be-
sides adding circuit complexity, is an additional 20 mW
power consumption when the 89C124FX is active.
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®
2N3906
74HCO2
+5V SWITCHED +5V
TO AFE CLKIN
1N914
74HCO8 15K
74HC08 74HCO2
] 100K
FROM CONTROLLER
CLKOUT I 220 pF
74HC02 - 74H008
PD
TO AFE SCLK
POWER DOWN CONTROL INPUT FROM CONTROLLER SCLK
2N3906 INS14
} MC78L05 A+5
0.33 uf 0.1 uF
2N3904
—— 0.1 uF
-12v MC79L05 -5
292101-2

Figure 2. 89C124FX Power Consumption Circuit Modifications
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INTRODUCTION

The evolution of the floppy has been marked in little
over a decade by a significant increase in capacity ac-
.companied by a noticeable decrease in the form factor
from the early 8 inch floppy disks to the present day 3.5
inch floppy disks. This decade will also be remarkable
as OEMs adopt “Super” dense floppies.

The most commonly seen floppies today are invariably
one of the form factors — the 5.25" or the 3.5". Each
form factor has several associated capacity ranges. The
5.25" floppies available are: 180 KB (single density),
360 KB (double density) and 1.2 MB (high density).
The 3.5" floppies available are: 720 KB (double densi-
ty) and 1.44 MB (high density). The emerging super
dense floppies will evolve on the installed base of 3.5"
floppies. The latest member of this set is the 2.88 MB
(extra density) floppy, pioneered by Toshiba. The cor-
nerstone of market acceptance of newer drives is com-
patibility to the older family. The 2.88 MB (formatted)
floppy drive allows the user to format, read from and
write to the lower density diskettes.

As programs and data files get bigger, the demand for
higher capacity floppies becomes obvious. There are
several 3.5" higher density drives available from vari-
ous vendors with capacities well into the 20 MB range.
NEC has introduced a 13 MB drive and companies
such as Insite have introduced 20 MB drives. Both
drives require servo-mechanisms to accurately position
the head over the right track. NEC’s drive has the stan-
dard floppy drive interface whereas Insite’s interface is
SCSI based. The market for these floppy drives will
remain a niche unless they receive more OEM support.

Initiated by Toshiba’s research and innovation of the

higher density 4 MB floppy disk media, the market is
headed towards the super dense floppy drive. After
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IBM’s endorsement of the 4 MB (unformatted) floppy
disk drives on their PS/2 model 57 and PS/2 model 90,
several OEMs have shown a growing interest in “su-
per” dense floppy disk drives. The latest DOS 5.0 sup-
ports the new 4 MB floppy media and BIOS vendors
like Pheonix, AMI, Award, Quadtel, System Soft, and
Microid all support the newer 4 MB floppy media.

PURPOSE

An important consideration to implement the 4 MB
floppy drive is the floppy disk controller. Intel’s highly
integrated floppy disk controller, 82077AA/SL, has led
the market in supporting the 4 MB floppy drive. Two
ingredients are necessary to fully support these drives:
1 Mbps transfer rate and the perpendicular recording
mode. This paper deals with a discussion of what the
perpendicular mode is and how can a 4 MB floppy disk
drive be implemented in a system using the
82077AA/SL.

PERPENDICULAR RECORDING MODE

Toshiba has taken the 2 MB floppy and doubled the
storage capacity by doubling the number of bits per
track. Toshiba achieved this by an innovative magnetic
recording mode, called the vertical or the perpendicular
recording mode. This mode utilizes magnetization per-
pendicular to the recording medium plane. This is in
contrast to the current mode of longitudinal recording
which uses the magnetization parallel to the recording
plane. By making the bits stand vertical as opposed to
on their side, recording density is effectively doubled,
Figure 1. The new perpendicular mode of recording not
only produces sharp magnetization transitions neces-
sary at higher recording densities, but is also more sta-
ble.
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The 4 MB disks utilize barium ferrite coated substrates
to achieve perpendicular mode of magnetization. Cur-
rent disks use cobalt iron oxide (Co-g-Fe;03) coating
for longitudinal recording. The barium ferrite ensures
good head to medium contact, stable output and dura-
bility in terms of long use. High coercivity is required
to attain high recording density for a longitudinal re-
cording medium (coercivity specification of a disk re-
fers to the magnetic field strength required to make an
accurate record on the disk). A conventional head
could not be used in this case; however, the barium

AP-358

ferrite disk has low coercivity and the conventional fer-
rite head can be used. The new combination heads in-
clude a pre-erase mechanism, i.e., the ferrite ring heads
containing erase elements followed by the read/write
head. These erase elements have deep overwrite pene-
tration and ensure complete erasure for writing new
data. The distance between the erase elements and the
read/write head is about 200mm. This distance is im-
portant from the floppy disk controller point of view
and will be discussed in later sections.

PERPENDICULAR RECORDING

MAGNETIZATION

LONGITUDINAL RECORDING

MAGNETIC LAYER

'y

¢———— SUBSTRATE

292093-2

Figure 1. Perpendicular vs Longitudinal Recording
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PERPENDICULAR DRIVE FORMAT
AND SPECIFICATION

Figures 2a and 2b show the IBM drive format for both
double density and perpendicular modes of recording.
The main difference in recording format is the length of
Gap2 between the ID field and the Data field. The
main reason for the increased Gap2 length is the pre-
erase head preceding the read/write head on the newer
4 MB floppy drives. The size of the data field is main-
tained at 512 KBytes standard. The increase in the ca-
pacity is implemented by increasing the number of sec-
tors from 18 to 36. Table 1 shows the specifications of
the various capacity 3.5" drives.

intal.

PERPENDICULAR MODE COMMAND

The current 82077AA/SL parts contain the ‘“‘en-
hanced” perpendicular mode command as shown in
Figure 3. This is a two byte command with the first
byte being the command code (0x12H). The 2nd byte
contains the parameters required to enable perpendicu-
lar mode recording. The former command (in the older
82077 parts) included only the WGATE and GAP bits.
This command is compatible to the older mode where
only the two LSBs are written. The enhanced mode
allows system designers to designate specific drives as
perpendicular recording drives. The second byte will be
referenced as the PR[0:7] byte for ease of discussion.
The following discusses the use of the enhanced perpen-
dicular recording mode.

INDEX PULSE ; SECTOR 01 - |
: ! D Field i | Data Field {
GAP4a| SYNC | AM GAP1] SYNC IDAM | GAP2 ] SYNC | DATAAM
BTES T go | 12 ]3] 1 lsof 123/ AR ERE DATA :
(decimal) clu]rfn]r (512 BYTES) R GAP3 | GAP4b
DATA c ¢
(hex.) 4E 00 c2 | FC 4E 00 Al | FE 4E 00 A1 |FB/F8|
292093-3
Figure 2a. Conventional IBM 1 MB and 2 MB Format (MFM)
INDEX PULSE i SECTORO1 {
. } ID Field ‘ Data Field: !
GAP4a] SYNC 1AM GAP1] SYNC 1D AM GAP2 | SYNC | DATA AM
BYTES 80 12 3 1 50 12 3 1 ¢ 41 12 3 1 DATA g
(decimal) ¥ C|H|R g (512BYTES) | ¢ GAP3 | GAP4b
(?‘tr) 46 | 00 |c2| Fc| 4 | o0 | A1 | FE 4E | 00 | A1 [FB/F8
292093-4
Figure 2b. Perpendicular 4 MB Format (MFM)
Data Bus
Phase |R/W Remarks,
D7 D6 D5 D4 D3 D2 D1 DO
PERPENDICULAR MODE COMMAND
Command W 0 0 0 1 0 0 1 0 Command Code
w ow 0 D3 D2 D1 Do GAP WGATE|PR

Figure 3. Perpendicular Mode Command

4314



in't9| ® AP-358
Table 1. Specifications of FDDs

Various Parameters Used 5.25" 5.25" 3.5"” 3.5" 3.5"
in the Different Kinds of FDDs. 360 KB 1.2MB 720 KB 1.44MB 2.88 MB
Number of Cylinders 40 80 80 80 80
Sectors/Track 9 15 9 18 36
Formatted Capacity 354 KB 1.2MB 720 KB 1.44 MB 2.88MB
Unformatted Capacity 360 KB 1.6 MB 1MB 2MB 4MB
Rotation Speed (rpm) §$ ggg 360 300 300 300
Track Density (tpi) 48 96 135 135 135
Recording Density (bpi) 5876 9870 8717 17432 34868
Data Transfer Rate (Mbps) X¥ ggg 05 0.25 05 1
Gap Length for Read/Write 42 42 27 27 56
Gap Length for Format 80 80 84 84 83
Sector Size - 512 KB 512 KB 512 KB 512 KB 512 KB
Density Notation DD/DS HD/DS DD/DS HD/DS ED/DS

The following describes the various functions of the
programmed bits in the PR:

ow If this bit is not set high, all PR[2:5] are
ignored. In other words, if OW = 0, only
GAP and WGATE are considered. In order
to select a drive as perpendicular, it is neces-
sary to set OW = 1 and select the Dn bit.

Dn This refers to the drive specification bits and
corresponds to PR[2:5]. These bits are con-
sidered only if OW = 1. During the READ/

"WRITE/FORMAT commqnd, the drive se-
lected in these commands is compared to
Dn. If the bits match then perpendicular
mode will be enabled for that drive. For ex-
ample, if DO is set then drive O will be con-
figured for perpendicular mode.

GAP This alters the Gap2 length as required by -

the perpendicular mode format.

WGATE Write gate alters timing of WE to allow for
pre-erase loads in perpendicular drives.

The VCOEN timing and the length of the Gap2 field
(explained above) can be altered to accommodate the

unique requirements of the 4 MB floppy drives by GAP
and WGATE bits of the PR. Table 2 describes the ef-
fects of the GAP and WGATE bits for the perpendicu-
lar command.

82077AA/SL’s PERPENDICULAR

-MODE SUPPORT

The 82077AA and 82077SL both support 4 MB record-
ing mode. The 82077SL has power management fea-
tures included as well. Both AA and SL product lines
have three versions each out of which two of the ver-
sions support the 4 MB floppy drives. The 82077AA-1,
82077AA, 82077SL, and 82077SL-1 all support the
4 MB floppy drives. A single command puts the
82077AA/SL into the perpendicular mode. This mode
also requires the data rate to be set at 1 Mbps. The
FIFO that is unique to Intel’s 82077AA/SL parts may
become necessary to remove the host interface bottle-
neck due to the higher data rate. The 4 MB floppy disk
drives are downward compatible to 1 MB and 2 MB
floppy diskettes. The following discussion explains the
implications of the new 4 MB combination head and
the functionality of the perpendicular mode command.
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Table 2. Effects of GAP and WGATE Bits
Portion
vcoLow | L9 | orcas | S252vcO
GAP | WGATE Mode Time after PZ 1 \Written by

' Index Pulse Format Write Data for Read
Field Operation Operations

0 Conventional 33 Bytes 22 Bytes 0 Bytes 24 Bytes

0 1 Perpendicular 33 Bytes 22 Bytes 19 Bytes 24 Bytes

(Data Rate = 500 kbps)
1 0 Conventional ' 33 Bytes 22 Bytes 0 Bytes 24 Bytes
1 1 Perpendicular 33 Bytes 41 Bytes 38 Bytes 43 Bytes

The implementation of 4 MB drives requires under-
standing the Gap2 (see Figures 2a and 2b) and VCO
timing requirements unique to these drives. These new
requirements are dictated by the design of the “combi-
nation head” in these drives. Rewriting of disks in the
4 MB drives requires a pre-erase gap to erase the mag-
netic flux on the disk preceding the writing by the
read/write gap. The read/write gap in the 4 MB drive
does not have sufficient penetration (as shown in Figure
4a) to overwrite the existing data. In the conventional
drives, the read/write gap had sufficient depth and
could effectively overwrite the older data as depicted in
Figure 4b. It must be noted that it is necessary to write

the conventional 2 MB media in the 4 MB drive at
500 Kbps perpendicular mode. This ensures proper era-
sure of existing data and reliable write of the new data.
The pre-erase gap in the 4 MB floppy drives is activated
only during format and write commands. Both the pre-
erase gap and read/write gap are activated at the same
time.

As shown in Figure 4a, the pre-erase gap precedes the
read/write gap by 200mm. This distance translated to
bytes is about 38 bytes at a data rate of 1 Mbps and 19
bytes at 500 Kbps. Whenever the read/write gap is en-
abled by the Write Gate signal the pre-erase gap is acti-
vated at the same time.

COMBINATION HEAD

RD/WR GAP

PRE~ERASE GAP

(L Lo !
ID FIELD

GAP2 =41 bytes of 4E AN ,

N Ll

‘ DATA FIELD

N
|<—— 200 uzm = 38 bytes —
@ 1 Mbps

292093-5
Figure 4a. Head Design for the 4 MB Perpendicular Mode
RD/WR GAP
CONVENTIONAL HEA!
YL A WL
ID FIELD GAP2 = 22 bytes of 4E ™, ,,' DATA FIELD
292093-6

Figure 4b. Head Design for the Conventional 2 MB Mode

4-316



intgl.

In conventional drives, the Write Gate is asserted at the
beginning of the sync field, i.e., when the read/write is
at the beginning of the data field. The controller then
writes the new sync field, data address mark, data field
and CRC (see Figure 2a). With the combination head,
the read/write gap must be activated in the Gap2 field
to ensure proper write of the new sync field. To accom-
modate both the distance between the pre-erase gap and
read/write gap and the head activation and deactiva-
tion time, the Gap?2 field is expanded to a length of 41
bytes at 1 Mbps (see Figure 2b). Since the bit density is
proportional to the data rate, 19 bytes will be written in
the Gap?2 field at 500 Kbps data rate in the perpendicu-
lar mode.

On the read back by the 82077AA/SL, the controller
must begin the synchronization at the beginning of the
sync field. For conventional mode, the internal PLL
VCO is enabled (VCOEN) approximately 24 bytes
from the start of the Gap2 field. However, at 1 Mbps
perpendicular mode the VCOEN goes active after 43
bytes to accomodate the increased Gap2 field size. For
each case, a 2 byte cushion is maintained from the be-
ginning of the sync field to avoid write splices caused
by motor speed variation.

It should be noted that none of the alterations in Gap2
size, VCO timing or Write Gate timing affect the nor-
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mal program flow. Once the perpendicular command is
invoked, 82077AA/SL behaviour from the user stand-
point is unchanged.

PROGRAMMING PERPENDICULAR
MODE

Figures 5a and 5b show a flowchart on how the perpen-
dicular recording mode is implemented on the
82077AA/SL. The perpendicular mode command can
be issued during initialization. As shown in Figure Sa
the perpendicular command stores the PR value inter-
nally. This value is used during the data transfer com-
mands for configuration in order to deal with the per-
pendicular drives. Table 2 shows how the Gap2 length,
VCOEN timing or Write Gate timing is affected. The
OW bit is also tested for in this part of the loop. The
enhanced perpendicular mode is enabled by setting the
OW = 1, setting the Dn bits corresponding to the in-
stalled perpendicular drive high and leaving PR[0:1] =
‘00°.

As shown in Figure 5b, the Gap2 length is initially set
to the conventional length of 22 bytes. Next the
PR[0:1] bits (GAP, WGATE) are checked if they are
set to ‘00”. If the PR[0:1] bits are set to ‘10’ then, per-
pendicular mode is disabled and conventional mode is
retained. If the PR[0:1] = ‘01’ or ‘11’ the VCOEN is

1

GET THE FIRST BYTE

FROM FIFO

TEST FOR NEXT| N
CMD.

FIFOBYTE = 0x12

<

FIFO =PR[0:7]

SAVE PR[0:7]
INTERNALLY

292093-7

Figure 5a. Perpendicular Command Handling
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During RD/WR/FRMT
command execution

v

Set Gap2 to std. 22
bytes

PR[0:1]='00"27

Get drive information as
programmed in the current
read/write/format command

1

Compare drive indicated
in the current command
to bits in PR[0:5]

Do the bits
match ??

DISABLE PRECOMP
SET WRITE GAP BIT

A 4
LSET GAP2 TO 41 BYTESI

A

v

" CONTINUE WITH .
RD/WR/FRMT/ETC. CMD

292093-8
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Figure 5b. During Data Transfer Commands
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set to activate 43 bytes or 24 bytes from the start of the
Gap? field, depending on the value as shown in Table 2.
After this, PR[0:1] = ‘11’ is checked; if not true (pro-
grammed °‘01’) the program is exited with only the
VCOEN timing being set for perpendicular mode. If
true, however, the Gap2 length is set up for perpendic-
ular mode (note: this is done independent of the data
rate). It must be noted that if the PR[0:1] bits are set to
‘11” then it is up to the user to disable precompensation
before accessing perpendicular drives. The other branch
of the flowchart refers to setting of PR[0:1] to ‘00’. In
this case, the perpendicular command will have the fol-
lowing effect:

1. If any of the Dn bits in PR[2:5] programmed high,
then precompensation is automatically disabled
(0 ns is selected for the specified drive regardless of
the data rate) and VCOEN is set to activate appro-
priately. All the bits that are set low will enable the
82077 to be configured for conventional mode, i.e.,
exit the program without modifications (shown Fig-
ure 5b).

2. Next the data rate is checked for 1 Mbps. If the data
rate is at 1 Mbps, then Gap2 length is set to 41
bytes, otherwise, the program is exited without set-
ting up the Gap2 to 41 bytes.

It must be noted that if PR[2:5] are to be recognized in
the command the OW bit must be set high. If this bit is
low, setting of Dn bits will have no effect. Setting the
OW bit will enable the storage of the Dn bit. Also set-
ting PR[0:1] to any other value than ‘00’ will override
anything written in the Dn bits. In other words, setting
PR[0:1] to a value other than ‘00’ enables the effect of
that for all drives. It must be noted that if PR[0:1] bits
are set to a value other than ‘00’ then it is recommend-
ed not to use the enhanced command mode, i.e., all
other bits should be zero. Consider the following exam-
ples:

a. PR[0:7] = 0x84; This is the way to use the com-
mand in the enhanced mode. In this case, the OW
= 1 and DO is set high. During the data transfer
command, if DO is selected it will be automatically
configured for perpendicular mode. If D1 is ac-
cessed, however, it will be configured for conven-
tional mode. Similarly, if PR[0:7] = 0x88 then D1
is configured for perpendicular mode and DO is con-
figured for conventional mode. Software resets do
not clear this mode.
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b. PR[0:7] = 0x03; This is the way to use the com-
mand in the old mode. If the user decides to use this
mode, then it must be noted that the command has
to be issued before every data transfer command.
Also when used this way, all the drives are config-
ured for perpendicular mode. The user must also
remember to disable precompensation and set the
data rate to 1 Mbps while accessing the perpendicu-
lar drive in the system. Any software reset clears the
command.

c. PR[0:7] = 0x87; In this case, the OW = 1,D0 = 1
and PR[0:1] = 11. This may be called a mixed
mode and should be refrained from usage. This is
similar to setting PR[0:7] = 0x03, because setting
PR[0:1] high overrides automatic configuration. In
this case the user has to be aware that precompensa-
tion must be disabled and the data rate must be set
to 1 Mbps while accessing drive 0. After software
reset, bits GAP and WGATE will be cleared, but
OW and DO will retain their previously set values.
In other words, after software reset, the part will see
PR[0:7] = 0x84. Evidently, this would cause prob-
lems and, therefore, it is recommended this mode
not be used.

d. PR[0:7] = 0x80; In this case, the OW = 1, Dn =
0 and PR[0:1] = 00. This has the effect of clearing
the perpendicular mode command without doing a
hardware reset. Another way to do this would be to
set PR[0:7] = 0x02; this can then be used to tempo-
rarily disable perpendicular mode configuration
without affecting the previously programmed Dn
values. Software reset following this will reenable
the previously programmed enhanced mode com-
mand.

‘Using the enhanced perpendicular command removes
the requirement of issuing the perpendicular command
for each data transfer command and manually setting
the perpendicular configuration.

“Software” RESETSs (via DOR or DSR registers) will
only clear the PR[0:1] values to ‘0’. Dn bits will retain
their previously programmed values. “Hardware” RE-
SETs will clear all the programmed bits including OW
and Dn bits to ‘0’. The status of these bits can be deter-
mined by issuing the dumpreg command and checking
the 8th result byte. This byte will contain the pro-
grammed values of the Dn and PR[0:1] bits as shown
in Figure 6. The OW bit is not returned in this result
byte.
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Data Bus
Phase |R/W Remarks
. D7 D6 D5 D4 D3 D2 D1 Do
DUMPREG COMMAND
. Eighth Result Byte
Command| o | ock o D3 D2 D1 DO  GAP WGATE
Figure 6. Dumpreg Command

INTERFACE BETWEEN 82077AA/SL AND THE DRIVE

FDC-FDD

INTERFACE | —]

292093-9

There is currently no industry-wide standard for the
FDC to FDD interface. There are numerous floppy
drive vendors, each with their own modes and interface
pins to enable 4 MB perpendicular mode. The drive
interface not only varies from manufacturer to manu-
facturer but also within a manufacturer’s product line.
The differences on the interface mainly originate from
configuring the floppy drive into the 4 MB mode. De-
pending on the drive, the differences can create prob-
lems of daisy-chaining a 4 MB drive with the standard
1 MB and 2 MB drives. Of course, for laptops this is
not a problem since most of them use a single floppy
drive. Lack of an industry standard makes it necessary
to look at each drive and build a interface for that par-
ticular drive.

The following is a brief discussion about some of the
floppy drives available in the market and how these can
be interfaced with the 82077AA/SL. It is important to
note that although a manufacturer’s name may be given
in connection with the interface described, Intel does
not guarantee that the interface discussed will apply to
all the drives from that manufacturer. The main goal is
introduce to the reader how to interface the
82077AA/SL with a 4 MB floppy drive.

Previously, for the conventional 1 MB and 2 MB AT
mode drives, a single Density Select input was used by
floppy drives to select between high density and low
density drives. A high on this input enabled high densi-
ty operation (500 Kbps) whereas a low enabled low
density operation (300 Kbps/250 Kbps). This signal

'4-320

was asserted high or low by the floppy disk controller
depending on the data rate programmed. For the 4 MB
operation, there are two inputs defined by the floppy
drive manufacturers. The polarity of these inputs en-
ables the selected density operation. Implementing this
requires at least 1 new pin to be defined on the FDC-
FDD interface. Most floppy vendors have elected to
take pin 2 (originally density select) and redefine the
polarity to conform to one of these new density select
inputs and another pin to be the other density select
input. However, the new density select on pin 2 is not
compatible to the old density select input in many of
the floppy drives. This precludes the user from daisy
chaining 4 MB drives with-conventional drives. Anoth-
er problem is that the second density select pin varies
on its location on the FDC-FDD interface from drive
to drive. ) : :

The way that the BIOS determines what type of disk-
ette is in what type of drive is by trial and error. The
system tries to read the diskette at 250 Kbps; if it fails
then it will set the data rate to higher value and retry.
The BIOS does this until the right data rate is selected.
This method will still be implemented for the 4 MB
drives by some BIOS vendors. However, the 4 MB
drives available today also have two media sense ID
pins that relate to the user what type of media is pres-
ent in the floppy drive. This information will also re-
quire two pins on the FDC-FDD interface. The loca-
tion of these pins is once again variable from drive to
drive. : .
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Some manufacturers have circumvented the entire stan-
dardization problem by including an auto configuration
in the drive. In these cases, the type of floppy put into
the drive is sensed by the hole (each 4/2/1 MB diskette
has a hole in different locations identifying it) on the
diskette. Then the drive automatically sets itself up for
this mode. The BIOS must obviously set up the floppy
disk controller for the correct data rate which could be
done if the media sense ID was read and decoded as to
the data rate. Due to lack of extra pins on the even side
of the floppy connector the newer locations of some of
the functions are migrating to the odd pins (previously
all grounded). Some drive manufacturers have even
made this configurable via jumpers. For instance, the
new TEAC drives have a huge potpourri of configura-
tions that would satisfy the appetite of some of the most
finicky system interfaces.
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The 82077AA/SL currently has two output pins
DRATEO and DRATEI (pins 28 and 29 respectively)
which directly reflect the data rate programmed in the
DSR and CCR registers. These two pins can be used to
select the correct density on the drive. These two can
also be used with the combination of DENSEL to select
the correct data rate. At the present time the
82077AA/SL does not support media sense ID. How-
ever, the user could easily make it readable directly by
BIOS. The following is a discussion on what combina-
tion of DRATEQO, DRATEI, and DENSEL could be
used to interface to some of the currently available flop-
py drives.

1. TEAC 235J-600/Toshiba PD-211/Sony (Old Version)

These were among the first 4 MB drives available in the market. Each of them has a mode select input on pins 2 and
6. The polarity required for each different data rate is as shown below:

:::: Capacity | DRATE1 | DRATEO M(;?nssm Mc:,?sgu
1 Mbps 4 MB 1 1 0
500Kbps | 2MB 0 0 1
300 Kbps/ | 4 MB 1 1
1 Mbps
250Kbps | 1MB 1 0 0 0

It is clear from the above that DRATEQ = MODSELO and MODSEL1 = DRATEI1 #. This would mean taking
the drate signals onto pins 2 and 6 of the FDC-FDD interface. Unfortunately this solution requires an inverting gate.
TEAC has recently, however, come out with a new version called TEAC 235J-3653. On this drive there are a
number of possible configurations into which the drive can be put into, however, only the best way to interface to the
82077AA/SL will be discussed. The requirements are as shown below. This shows that HDIN = DENSEL (original
signal for conventional drives) and EDIN = DRATEQ. As suggested in the TEAC spec for method 1, the straps
connected are MSC, HI2 (sets HDIN on pin 2), DC34 and EI6 (sets EDIN on pin 6). Pins 4, 29, and 33 are left
open. Since pin 2 has the same polarity as the conventional drive requirement and the secondary input is connected
via pin 6 (no connect on the conventional drives) daisy chaining this TEAC drive with a conventional drive does not
cause any incompatibility. Figure 7 shows how the TEAC can be connected to the 82077AA/SL. It also shows daisy
chaining of the TEAC drive with a conventional drive.

g::: Capacity | DENSEL | DRATE1 | DRATEO Si?": ';f:":
1Mbps | 4MB 1 1 1 X 1
500 Kbps | 2MB 1 0 0 1 0
300 Kbps/ | 4 MB 0 0 1 X 1
1 Mbps
250 Kbps | 1MB 0 1 0 0 0
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82077AA/SL - TEAC 235J-3653
DENSEL 49 2 HD IN
DRATEO 28 - i EDIN

REST OF THE FLOPPY

SIGNALS CONVENTIONAL DRIVE

2 DENSEL .

292093-10
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Figure 7. Interfacing 82077AA/SL to TEAC 235J-3653
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2. Panasonic JU-259A (New Version)

This is Panasonic’s new drive and has the HDIN signal on pin 2 and EDIN signal on pin 6. The requirements are

shown below. This type of interface allows for daisy chaining the Panasonic drive with a conventional drive. The
DENSEL signal can be connected to pin 2 and the DRATEO should be connected to pin 6.

g::: Capacity | DENSEL | DRATE1 | DRATED ::"1"2' ;?"2
1 Mbps 4MB 1 1 1 1
500Kbps | 2MB 1 0 0 1 0
300 Kbps/ | 4MB 0 0 1
1 Mbps
250 Kbps | 1MB 0 1 0 0 0

3. Mitsubishi MF356C (Model 252UG/788UG)

There are two models of this drive. The 252UG has DENSEL1 on pin 2 and DENSELO on pin 33, whereas the
788UG has DENSELDO located on pin 2 and DENSELL1 located on pin 6. Via jumpers, it is possible to configure the
drives to different polarity for the density select line. The following table shows the configuration for the 252UG in

which jumper setting is 2MS = I/F and 4 MS = I/F.

:::: Capacity | DENSEL | DRATE1 | DRATEO DE;::?" Dl‘a’:‘s:;o
1 Mbps 4 MB 1 1 1 1
500 Kbps | 2 MB 1 0 1 0
300Kbps/ | 4MB 0 0 1
1 Mbps
250Kbps | 1MB | O 1 0 0 0

The correct connection requirement is: DENSEL (from 82077AA/SL) = DENSEL1 and DRATEO = DENSELO.
Although there are other configurations, this provides the best one, since daisy chaining is possible without any
problem.

4. Epson SMD-1060

. This drive has 3 different modes of operation. Mode B is the best and is similar to Mitsubishi’s drives as described
above. In this mode, HDI signal is connected to pin 2 and EDI is connected to pin 33. Mode B is enabled by
inserting jumpers across 3-4 and 7-8 (SSO1 B block) and 1-2 and 3-4 (SS03 block) for the drive with the power

“ separated type (i.e., a connector for the floppy signals and another one for power supply) of 34-pin connector.

Rato | Capacity | DENSEL | DRATE1 | DRATE0 | XV | 0
iMbps | 4MB 1 1 I
500Kbps | 2MB 1 0 1| o
300Kbps/ | 4 MB 0 o | 1
1 Mbps '
250Kbps | 1MB 0 1 0 o [ o

As demonstrated by the table, HDI = DENSEL and EDI = DRATEOQ. These connections would ensure daisy

chaining capability without any problems.
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5. Sony MP-F40W-14/15

The dash 14 and 15 are two drives from Sony that handle 4 MB requirements. The MP-F40W-14 has the DENSITY
SELECT 1, DENSITY SELECT 0 on pins 2 and 33 respectively, whereas the MP-F40W-15 has the DENSITY
SELECT 1, DENSITY SELECT 0 on pins 2 and 6 respectively. As it is obvious from the table below, daisy chaining
is easily done if the 82077AA/SL is connected in the PS/2 mode (by tying IDENT low) with either type of drive, the
only difference being the location of DENSITY SELECT 0.

Data DENSEL DENSITY | DENSITY
Rate Capacity | PS/2 mode | DRATE1|DRATEO| SELECT1|SELECTO
(IDENT = 0) pin 2 pin 6/33
1 Mbps 4 MB 0 1 1 0 1
500 Kbps | 2MB 0 0 o] 0 0
300 Kbps/| 4MB 1 0 1 1 1
1 Mbps
250Kbps | 1MB 1 1 0 1 0

If the drive is used in the PS/2 mode, then DENSITY SELECT1 = DENSEL and DENSITY SELECTO
DRATED. To use the drive in AT mode, DENSITY SELECT1 = DRATE!l and DENSITY SELECTO
DRATEQ, as shown below. However, daisy chaining is not possible.

]

Data : DENSEL DENSITY | DENSITY
Rate Capacity | PS/2 mode | DRATE1|DRATEO|SELECT1| SELECTO
(IDENT = 0) pin 2 pin 6/33
1Mbps | 4MB 0. 1 1 1 1
500 Kbps | 2MB 0 0 0 0 0
300 Kbps/| 4MB 1 0 1 0 1
1 Mbps
250 Kbps | 1MB 1 1 0 1 0

6. Toshiba ND3571

Toshiba MB drive has the HD mode selection on pin 6 and ED mode selection on pin 2. This causes daisy chaining
problems with conventional drives as shown in the figure below:

g:'t‘: Capacity | DENSEL | DRATE1 | DRATEO Ezm‘:’e "zm‘;de
1Mbps | 4MB 1 1 1 1 1
500 Kbps | 2MB 1 0 0 0 1
300 Kbps/ | 4 MB 0 0 PR 0 .
1 Mbps
250 Kbps | 1MB 0 1 0 0 0

The DENSEL from the 82077 is connected to pin 6 and DRATEQ is connected to pin 2.
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82077SL 4 MB DESIGN

This section presents a design application of a PC/AT
compatible floppy disk controller. The 82077SL inte-
grates the entire PC/AT controller design with the ex-
ception of the address decode on a single chip. The
schematic for this solution is shown in Figure 8. The
chip select for the 82077SL is generated by a 85C220
KPLD that is programmed to decode addresses 03FOH
through 03F7H when AEN is low. The programming
equations for the wPLD is in the Intel’s .ADF format
and can be processed using the IPLSII compiler (avail-
able from Intel).

A floppy disk interface is provided by on-chip output
buffers with a 40 mA sink capability. The outputs from
the disk drive are terminated at the floppy disk control-
ler with a 1 KQ resistor pack. The 82077SL disk inter-
face inputs contain a Schmitt trigger input structure for
higher noise immunity. The host interface is a similar
direct connection with on-chip 12 mA sink capable
buffers on DB0-7, INT and DRQ.

AP-358

The schematic shows eleven jumpers numbered J1
through J11. The table below describes the functions of
these jumpers as well as their normal connections. The
normal connections allow the BIOS to work without
modification. In the normal mode, the 82077SL re-
sponds to DRQ2 and DACK2# as well as IRQ6. De-
pending on the type of drive interfaced to this board,
the DENOUTO and DENOUT]1 signals can be tied.
With the setting to 2—3 on J8 and J9, the default setting
is DENSEL on DRVDENO and DRATEO on
DRVDENI. PIN6/33 SELECT is used to set for pin 6
as the EDIN input. The J11 should always be closed. It
can be used to measure the current consumption of
82077SL. J7 selects between the primary and secondary
address spaces. There are two resistor packs used for
pullups on input signals from the floppy drive interface.
These resistors are rated at 1K. Please note that if using
older 5.25" drives, the pullup on some of them is 15092.
Most modem 5.25" drives use a 1K value. In order to
ensure the correct value please refer to the floppy drive
specification manual.

For further information, please contact your local Intel
sales office.

Jumper Description Norma_l
Connection

J1 DRQ1: DMA request 1 used with DACK1 # to allow for DMA transfers Open
J2 DRQ2: DMA request 2 used with DACK2# to allow for DMA transfers Closed
J3 DACK1: DMA acknowledge 1 used with DRQ1 to allow for DMA transfers Open
J4 DACK2: DMA acknowledge 2 used with DRQ2 to allow for DMA transfers Closed
J5 IRQS5: Interrupt line 5 used to generate floppy interrupts Open
Jé IRQ6: Interrupt line 6 used to generate floppy interrupts Closed
J7 DRV2: Address selection (between 3FX and 37X address ranges) Open
J8 DENOUTO: Used with DENOUT1 to select the values of DRVDEN1,0 2-3
J9 DENOUT1: Used with DENOUTO to select the values of DRVDEN1,0 2-3
J10 PIN6/33 SELECT: Used to select between pin 6 and pin 33 for EDIN input 1-2o0r2-3
J11 Ve/Vcc: Connection between two power layers Closed
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Designer: K. Shah

Company: Intel Corp.

Dept: IMD Marketing

Date: April '92

Rev.#:

% The uPLD used in the 82077SL Evaluation board design, Rev.#1.0. %
85C220 dip package

OPTIONS: TURBO = ON
PART: 85220

INPUTS:
SA9@2, % System Address Inputs %
SA8@3,
SA7@4,
SA6@5,
SA5@6,
SA4@7,
SA3@8,
AEN@9,

DENOUTO@l, % Maps the DRVDENO and DRVDENl to appropriate polarity table %
DENOUT1@18, % Maps the DRVDENO and DRVDENl to appropriate polarity table %

ADDSEL@1ll, % Selects between primary and secondary address spaces %
DRATEO0@12, % DRATEQ signal from the 82077SL % zl

DRATE1@13, % DRATEl signal from the 82077SL %
DENSEL@14 % DENSEL signal from the 82077SL %

OUTPUTS :
CS_-@15, % 82077SL chip select signal %

DRVDEN1@16, % Drive density signal connected to EDIN of the drive %
DRVDENO@17 % Drive density signal connected to HDIN of the drive %

NETWORK :
% Inputs %

SA9
SA8
SA7
SA6
SA5
SA4
SA3
AEN
ADDSEL
DRATEO

INP(SA9)
INP(SA8)

INP(SA7)

INP(SA6)

INP(SA5)

INP(SA4)

INP(SA3)

INP (AEN)

INP (ADDSEL)

INP (DRATEO) : .
DRATEL = INP(DRATE1)

DENSEL = INP(DENSEL)

DENOUTO = INP(DENOUTO)

DENOUT1 = INP(DENOUT1)

% Outputs %
CS_ = CONF(CSeq, Vgc)

DRVDENO = CONF (DENOeq, V¢g)
DRVDENL = CONF (DENleq, Vcg)
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EQUATIONS:

% CS-is activated for 3F0-3F7 and 370-377 address spaces %

CSeq = (AEN' * SA9 * SA8 * SA7' * SA6 * SAS * SA4 * SA3' * ADDSEL'
+ AEN' * SA9 * SA8 * SA7 * SA6 * SA5 * SA4 * SA3' * ADDSEL)';

% These are the signals generated on DRVDENO and DRVDENl1 for the FDC~FDD

interface
DENOUT1 DENOUTO DRVDENO DRVDEN1
0 0’ DENSEL  DRATEO
0 1 DENSEL' DRATEO
1 0 DRATE1 DRATEO
1 1 DRATEO DRATELl

%

DENOeq = DENSEL * (DENOUTO' * DENOUT1') + DENSEL' * (DENOUTO * DENOUT1')
+ DRATE1l * (DENOUTO' * DENOUT1) + DRATEO * (DENOUTO * DENOUT1) ;
DENleq = DRATEl * (DENOUTO * DENOUT1l) + DRATEQ *  (DENOUTO' + DENOUT1') ;

END$

82077SL Application Note Revision Summary

The following changes have been made since revision 001:
Table 2 kBps was corrected to kbps.

Page 4-323 3. Mitsubishi MF356C description modified to read: “There are two models of this drive. The 252UG
has DENSELT1 on pin 2 and DENSELO on pin 33, whereas the 788UG has DENSELDO located on pin 2
and DENSELI located on pin 6. Via jumpers, it is possible to configure the drives to different polarity
for the density select lines. The following table shows the configuration for the 252UG in which jumper
setting is 2 MS = I/F and 4 MS = I/F » .

Figure 8  Arrow added to diagram.
Page 4-328 Columns corrected to line up properly.
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28F001BX-T/28F001BX-B
1M (128K x 8) CMOS FLASH MEMORY

m High Integration Blocked Architecture m High-Performance Read
— One 8 KB Boot Block w/Lock Out —70/75 ns, 90 ns, 120 ns, 150 ns
— Two 4 KB Parameter Blocks Maximum Access Time
— One 112 KB Main Block —5.0V +10% V¢
m 100,000 Erase/Program Cycles Per m Hardware Data Protection Feature
Block — Erase/Write Lockout during Power
m Simplified Program and Erase Transitions
— Automated Algorithms via On-Chip m Advanced Packaging, JEDEC Pinouts
Write State Machine (WSM) — 32-Pin PDIP
m SRAM-Compatible Write Interface —32-Lead PLCC, TSOP

m ETOX Il Nonvolatile Flash Technology
— EPROM-Compatible Process Base
— High-Volume Manufacturing

Experience

m Extended Temperature Options

B Deep-Powerdown Mode
—0.05 pA Igc Typical
— 0.8 pA Ipp Typical

m 12.0V +5% Vpp

Intel’'s 28F001BX-B and 28F001BX-T combine the cost-effectiveness of Intel standard flash memory with
features that simplify write and allow block erase. These devices aid the system designer by combining the
functions of several components into one, making boot block flash an innovative alternative to EPROM and
EEPROM or battery-backed static RAM. Many new and existing designs can take advantage of the
28F001BX’s integration of blocked architecture, automated electrical reprogramming, and standard processor
interface.

The 28F001BX-B and 28F001BX-T are 1,048,576 bit nonvolatile memories organized as 131,072 bytes of
8 bits. They are offered in 32-pin plastic DIP, 32-lead PLCC and 32-lead TSOP packages. Pin assignment
conform to JEDEC standards for byte-wide EPROMs. These devices use an integrated command port and
state machine for simplified block erasure and byte reprogramming. The 28F001BX-T's block locations pro-
vide compatibility with microprocessors and microcontrollers that boot from high memory, such as Intel’s
MCS-186 family, 80286, i386T™, i486T™, i860T™ and 80960CA. With exactly the same memory segmentation,
the 28F001BX-B memory map is tailored for microprocessors and microcontrollers that boot from low memory,
such as Intel’s MCS-51, MCS-196, 80960KX and 80960SX families. All other features are identical, and unless
otherwise noted, the term 28F001BX can refer to either device throughout the remainder of this document.

The boot block section includes a reprogramming write lock out feature to guarantee data integrity. It is
designed to contain secure code which will bring up the system minimally and download code to the other
locations of the 28F001BX. Intel’'s 28F001BX employs advanced CMOS circuitry for systems requiring high-
performance access speeds, low power consumption, and immunity to noise. lts access time provides
no-WAIT-state performance for a wide range of microprocessors and microcontrollers. A deep-powerdown
mode lowers power consumption to 0.25 uW typical through V¢, crucial in laptop computer, handheld instru-
mentation and other low-power applications. The RP# power control |nput also provides absolute data protec-
tion during system powerup or power loss.

Manufactured on Intel’'s ETOX process base, the 28F001BX builds on years of EPROM experience to yield the
highest levels of quality, reliability, and cost-effectiveness.

‘The complete document for this product can be ordered by calling 1-800-548-4725. It is also available on
Intel’s “Data-on-Demand” CD-ROM product; contact your local Intel field sales office or Intel technical distrib-
utor.

November 1994
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28F200BX-T/B, 28F002BX-T/B

2-MBIT (128K x 16, 256K x 8) BOOT BLOCK
FLASH MEMORY FAMILY

H x8/x16 Input/Output Architecture
— 28F200BX-T, 28F200BX-B
— For High Performance and High
Integration 16-bit and 32-bit CPUs

W x8-only Input/Output Architecture
~— 28F002BX-T 28F002BX-B
— For Space Constrained 8-bit
Applications

m Upgradable to Intel’s SmartVoItage
Products

m Optimized High Density Blocked
Architecture
— One 16-KB Protected Boot Block
— Two 8-KB Parameter Blocks
— One 96-KB Main Block
— One 128 KB Main Block
— Top or Bottom Boot Locations

m Extended Cycling Capability
— 100,000 Block Erase Cycles

B Automated Word/Byte Write and
Block Erase
— Command User Interface
— Status Registers
— Erase Suspend Capability

m SRAM-Compatible Write Interface

m Automatic Power Savings Feature
— 1 mA Typical Igc Active Current in
Static Operation

Hardware Data Protection Feature
— Erase/Write Lockout during Power
Transitions

Very High-Performance Read

— 60/80/120 ns Maximum Access Time

— 30/40/40 ns Maximum Output Enable
Time

Low Power Consumption

— 20 mA Typical Active Read Current

Reset/Deep Power-Down Input
— 0.2 pA Igc Typical
— Acts as Reset for Boot Operations

Extended Temperature Operation
— —40°C to +85°C

Write Protection for Boot Block

Industry Standard Surface Mount
Packaging ,
— 28F200BX: JEDEC ROM Compatible
" 44-Lead PSOP
56-Lead TSOP
— 28F002BX: 40-Lead TSOP

12V Word/Byte Write and Block Erase
—Vpp = 12V +5% Standard
— Vpp = 12V +10% Option

ETOX Il Flash Technology
— 5V Read

Independent Software Vendor Support

The complete document for this product can be ordered by calling 1-800-548-4725. It is also available on
Intel’s “Data-on-Demand’’ CD-ROM product: contact your local Intel field sales office or Intel technical distrib-

utor. :

5-2
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28F200BL-T/B, 28F002BL-T/B
2-MBIT (128K x 16, 256K x 8) LOW POWER BOOT BLOCK

FLASH MEMORY FAMILY

m Low Voltage Operation for Very Low m SRAM-Compatible Write Interface

Po\v;r er P_or;aotce ;\g\;;llcatlons m Automatic Power Savings Feature

—Yecc T SOV=a — 0.8 mA Typical Icc Active Current in
m Expanded Temperature Range Static Operation

——20°Cto +70°C m Very High-Performance Read
m x8/x16 Input/Output Architecture — 150 ns Maximum Access Time

— 28F200BL-T, 28F200BL-B — 65 ns Maximum Output Enable Time

— For High Performance and High m Low Power Consumpti

N N . ption
Integration 16-bit and 32-bit CPUs — 15 mA Typical Active Read Current

m x8-only Input/Output Architecture
— 28F002BL-T, 28F002BL-B
— For Space Constrained 8-bit

B Reset/Deep Power-Down Input
—0.2 pA Igc Typical
— Acts as Reset for Boot Operations

Applications Write P tion for Boot Block

m Upgradeable to Intel’s SmartVoltage - W Write Protection for Boot Bloc

Products m Hardware Data Protection Feature

- . . — Erase/Write Lockout during Power

] Optlr!uzed High Density Blocked Transitions

Architecture

— One 16-KB Protected Boot Block m Industry Standard Surface Mount

— Two 8-KB Parameter Blocks Packaging

— One 96-KB Main Block — 28F200BL: JEDEC ROM Compatible

— One 128-KB Main Block 44-Lead PSOP

— Top or Bottom Boot Locations 56-Lead TSOP

. - — 28F002BL: 40-Lead TSOP

m Extended Cycling Capability )

— 10,000 Block Erase Cycles m 12V Word/Byte Write and Block Erase

—_— = +59
m Automated Word/Byte Write and Block Vep = 12V 5% Standard

Erase m ETOX Ill Flash Technology
— Command User Interface — 3.3V Read
— Status Registers m Independent Software Vendor Support

— Erase Suspend Capability

The complete document for this product can be ordered by calling 1-800-548-4725. It is also available on
Intel’s “Data-on-Demand” CD-ROM product; contact your local Intel field sales office or Intel technical distrib-
utor. .

November 1994
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28F400BX-T/B, 28F004BX-T/B
4 MBIT (256K x16, 512K x8) BOOT BLOCK FLASH

MEMORY FAMILY
B x8/x16 Input/Output Architecture m Very High-Performance Read
— 28F400BX-T, 28F400BX-B — 60/80/120 ns Maximum Access Time
— For High Performance and High —30/40/40 ns Maximum Output Enable
Integration 16-bit and 32-bit CPUs Time
m x8-only Input/Output Architecture m Low Power Consumption
— 28F004BX-T, 28F004BX-B — 20 mA Typical Active Read Current
—ior lSpa:_:e Constrained 3‘”“ m Reset/Deep Power-Down Input
pplications —0.2 pA Igc Typical
m Upgradeable to Intel’s Smart Voltage — Acts as Reset for Boot Operations
Products m Extended Temperature Operation
m Optimized High Density Blocked — —40°C to +85°C
Architecture . .
— One 16-KB Protected Boot Block | Write Protect,on for Boot Block
— Two 8-KB Parameter Blocks m Hardware Data Protection Feature
— One 96-KB Main Block — Erase/Write Lockout During Power
— Three 128-KB Main Blocks Transitions
— Top or Bottom Boot Locations m Industry Standard Surface Mount
m Extended Cycling Capability Packaging o
— 100,000 Block Erase"‘Cycles — 28F400BX: JEDEC ROM Compatible
Automated Word/Byte Write and Block dd-Lead PSOP
n Eu omated Word/Byte Write an oc 56-Lead TSOP
rase — 28F004BX: 40-Lead TSOP
— Command User Interface :
— Status Registers . . W 12V Word/Byte Write and Block Erase
— Erase Suspend Capability - 3PP = :g ,f?;f:’/sgm?ard
m SRAM-Compatible Write Interface — Vpp = 12V +10% Option
. . m ETOX lll Flash Technology
m Automatic Power Savings Feature — 5V Read

— 1 mA Typical Icc Active Current in
Static Operation

The complete document for this product can be ordered by calling 1-800-548-4725. It is also available on
Intel’s “Data-on-Demand” CD-ROM product; contact your local Intel field sales office or Intel technical distrib-
utor.

- November 1994
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28F008SA
8-MBIT (1-MBIT x 8) FlashFileT™M MEMORY

Extended Temperature Specifications Included

m High-Density Symmetrically Blocked m Very High-Performance Read
Architecture — 85 ns Maximum Access Time

— Sixteen 64-Kbyte Blocks m SRAM-Compatible Write Interface

m Extended Cycling Capability m Hardware Data Protection Feature

— 100,000 Block Erase Cycles _ - .
— 1.6 Million Block Erase Erase/Write Lockout during Power

v Transitions
Cycles per Chip Industry Standard Packagi
. m Industry Standard Packaging
m Automated Byte Write and Block Erase — 40-Lead TSOP, 44-Lead PSOP
— Command User Interface
— Status Register m ETOX Il Nonvolatile Flash Technology

— 12V Byte Write/Block Erase
m System Performance Enhancements
— RY/BY# Status Output m independent Software Vendor Support
— Erase Suspend Capability — Microsoft* Flash File System (FFS)

m Deep-Powerdown Mode
—0.20 pA Igc Typical

Intel’s 28FO08SA 8-Mbit FlashFile™ Memory is the highest density nonvolatile read/write solution for solid
state storage. The 28F008SA’s extended cycling, symmetrically blocked architecture, fast access time, write
automation and low power consumption provide a more reliable, lower power, lighter weight and higher per-
formance alternative to traditional rotating disk technology. The 28FO08SA brings new capabilities to portable
computing. Application and operating system software stored in resident flash memory arrays provide instant-
on, rapid execute-in-place and protection from obsolescence through in-system software updates. Resident
software also extends system battery life and increases reliability by reducing disk drive accesses.

For high density data acquisition applications, the 28F008SA offers a more cost-effective and reliable alterna-
tive to SRAM and battery. Traditional high density embedded applications, such as telecommunications, can
take advantage of the 28F008SA’s nonvolatility, blocking and minimal system code requirements for flexible
firmware and modular software designs.

The 28F008SA is offered in 40-lead TSOP (standard and reverse) and 44-lead PSOP packages. Pin assign-
ments simplify board layout when integrating multiple devices in a flash memory array or subsystem. This
device uses an integrated Command User Interface and state machine for simplified block erasure and byte
write. The 28F008SA memory map consists of 16 separately erasable 64-Kbyte blocks.

Intel's 2BFO08SA employs advanced CMOS circuitry for systems requiring low power consumption and noise
immunity. Its 85 ns access time provides superior performance when compared with magnetic storage media.
A deep powerdown mode lowers power consumption to 1 uW typical thru Vg, crucial in portable computing,
handheld instrumentation and other low-power applications. The RP# power control input also provides
absolute data protection during system powerup/down.

Manufactured on Intel’s 0.8 micron ETOX process, the 28FO008SA provndes the highest levels of quality,
reliability and cost-effectiveness.

*Microsoft is a trademark of Microsoft Corporation.

The complete document for this product can be ordered by calling 1-800-548-4725. It is also available on
Intel’s “Data-on-Demand”’ CD-ROM product; contact your local Intel field sales office or Intel technical distrib-
utor.

November 1994 .
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Intel . | PRELIMINARY
‘ 28F016SA |
16 MBIT (1 MBIT x 16, 2 MBIT x 8)

FlashFile™ MEMORY

m User-Selectable 3.3V or 5V Voo m Revolutionary Architecture

m User-Configurable x8 or x16 Operation — Pipelined Command Execution
70 ns Maxi A Ti — Write During Erase

B /0 ns Maximum Access Time — Command Superset of Intel

m 28.6 MB/sec Burst Write Transfer Rate 28F008SA

® 1 Million Typical Erase Cycles per = 1 mA Typical Icc in Static Mode
Block m 1 pA Typical Deep Power-Down

m 56-Lead, 1.2mm x 14mm x 20mm TSOP A TYP P
Package m 32 Independently Lockable Blocks

m 56-Lead, 1.8mm x 16mm x 23. 7mm m State-of-the-Art 0.6 um ETOX™ |V
SSOP Package Flash Technology

Intel’'s 28F016SA 16-Mbit FlashFile™ memory is a revolutionary architecture which is the ideal choice for
designing embedded direct-execute code and mass storage data/file flash memory systems. With innovative
capabilities, low-power, extended temperature operation and high read/write performance, the 28F016SA
enables the design of truly mobile, high-performance communications and computing products.

The 28F016SA is the highest density, highest performance non-volatile read/write solution for solid-state
storage applications. Its symmetrically blocked architecture (100% compatible with the 28FO08SA 8-Mbit
FlashFile memory), extended cycling, extended temperature operation, flexible Vg, fast write and read per-
formance and selective block locking provide highly flexible memory components suitable for resident flash
arrays, high-density memory cards and PCMCIA-ATA flash drives. The 28F016SA dual read voltage enables
the design of memory cards which can interchangeably be read/written in 3.3V and 5.0V systems. Its x8/x16
architecture allows optimization of the memory-to-processor interface. lts high read performance and flexible
block locking enable both storage and execution of operating systems and application software. Manufactured
on Intel’'s 0.6 um ETOX™ |V process technology, the 28F016SA is the most cost effective, highest density
monolithic 3.3V FlashFile memory.

290489-1

ETOX™ and FlashFile™ are trademarks of Intel Corporation.

The complete document for this product can be ordered by calling 1-800-548-4725. It is also available on
Intel’s “Data-on-Demand” CD-ROM product; contact your local Intel field sales office or Intel technical distrib-
utor.

November 1994
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Intel . PRELIMINARY
Intel486™ DX2 MICROPROCESSOR

SmartDie™ Product Specification

m SL-Technology for Energy Efficiency m |IEEE 1149.1 Boundary Scan
— Intel’s System Management Mode Compatibility
Power Down —40/50 MHz Core Speed Using
m Binary-Compatible with Large Software 20/25 MHz Bus Clock at 3.3V
Base — RISC Integer Core with Frequent
— MS-DOS*, 0S/2*, Windows* Instructions Executing in One Core
— UNIX* System V/Intel386™ Clock.
— iRMX® Software, iRMK Kernels — 64/80 Mbyte/sec Burst Bus
. . . @40/50 MHz
High Integration Enables On-Chi ! -
" —98 Kbytg Coge and Da:aOCaghep . — Dynamic Bus Sizing for 8-, 16- and

— Floating Point Unit 32-Bit Buses

— Paged, Virtual Memory Management — Complete 32-Bit Architecture
m Multiprocessor Support
. ff;{litlglgssee" Test : — Cache Consistency Protocols

— Hardware Debugging Support — Support for Second-Level Cache

m Intel SmartDie Product
— Full AC/DC Testing at Die Level
— 0°C-80°C (Junction) Temperature
Range
— 40 MHz and 50 MHz Core Speeds
@3.3V

NOTICE: This document contains preliminary information on new products in production. It is valid for the
devices indicated in the revision history. This specification is subject to change without notice. Verify with your
local Intel Sales Office that you have the latest SmartDie product specification before finalizing a design.

REFERENCE INFORMATION: The information in this document is provided as a supplement to the Standard
Package Data Sheet on a specific product. Please reference the Standard Package Data Sheet (Order No.
242202) for additional product information and specifications not found in this document.

*Other brands and names are the property of their respective owners.

December 1994
Order Number: 271293-002 6-1
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PRELIMINARY

Intel486 ™ SX MICROPROCESSOR

SmartDie™ Product Specification

SL Technology for Energy Efficiency

— Intel’s System Management Mode

— Stop Clock, Auto HALT and Auto Idle
Power Down

Binary-Compatible with Large Software

Base

— MS-DOS*, 0S/2*, Windows*
— UNIX* System V/386 .

— iRMX Software, iRMK Kernels

High Integration Enables On-Chip
— 8 Kbyte Code and Data Cache
— Paged, Virtual Memory Management

Easy to Use

— Built-In Self Test

— Hardware Debugging Support

— Intel Software Support

— Extensive Third Party Software
Support

High-Performance Design

— Intel486 One Clock Instruction Core

— 80/100 Mbyte/sec Burst Bus at
25/33 MHz

— CHMOS V Process Technology

— Dynamic Bus Sizing for 8-Bit, 16-Bit
and 32-Bit Buses

m Complete 32-Bit Architecture

— Address and Data Buses
— Registers .
—8-Bit, 16-Bit and 32-Bit Data Types

Multiprocessor Support

— Multiprocessor Instructions

— Cache Consistency Protocols

— Support for Second-Level Cache

IEEE 1149.1 Boundary Scan
Compatibility

Intel SmartDie Product

— Full AC/DC Testing at Die Level

—0°C to +80°C (Junction)
Temperature Range

— 25 MHz and 33 MHz Speeds @ 3.3V

NOTICE: This document contains preliminary information on new products in production. It is valid for the
devices indicated in the revision history. This specification is subject to change without notice. Verify with
your local Intel Sales Office that you have the latest SmartDie product specification before finalizing a
design.

REFERENCE INFORMATION: The information in this document is provided as a supplement to the Standard
Package Data Sheet on a specific product. Please reference the Standard Package Data Sheet/Book (Order
No. 242202) for additional product information and specificatjons not found in this document.

: December 1994
6-2 Order Number: 271292-002



Intel486™ Microprocessors and Related Products

In 1994, Intel enhanced the Intel486™ microprocessor family with the
Inte]DX4™ Processor, the world’s fastest 486, and the Write-Back
Enhanced IntelDX2™ Processor. These new processors enable

development of higher performance, lower-cost, entry-level desktop

and mobile system products. Supporting PClsets are also available,

allowing the system designer to support the Peripheral Component

Interconnect (PCI) bus. PCI allows a glueless interface for high

performance peripherals to be placed onto a fast local bus. By pro-

viding multiple performance options, Intel makes desktop and mobile

computing power affordable for more and more users.

This databook contains extensive information on Intel486 micro-

processor families, OverDrive™ processors, supporting PClsets,

floppy and hard disk controllers, mobile peripheral products and flash

memory components for the desktop and mobile family of Intel486

microprocessors. The datasheets and application notes contained in

this databook include comprehensive charts, diagrams and instruction

and hardware information for leading-edge 32-bit system development.
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