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9.2.2 Address Decoder

A MULTIBUS I system typically has both shared and local memory. I/O devices can also
be located either on MULTIBUS I or a local bus. Therefore, the address space of the 80386
must be allocated between MULTIBUS I and the local bus, and address decoding logic
must be used to select one bus or the other.

The following two signals are needed for MULTIBUS I selection:

o Bus Size 16 (BS16#) must be returned active to the 80386 to ensure a 16-bit bus cycle.
Additional terms for other devices requiring a 16-bit bus can be added to the BS16# PAL
equation.

¢« MULTIBUS Enable (MBEN) selects the 82288 Bus Controller and the 82289 Bus Arbiter
on the MULTIBUS I interface. Other outputs of the decoder PAL are programmed to
select memory and I/O devices on the local bus.

The decoding of addresses to select either the local bus or the MULTIBUS 1 is straight
forward. In the following example, the system uses the first 64 megabytes of the 80386
memory address space, requiring 26 address lines. The MULTIBUS I memory is allocated
to the addresses from FOOOOOH to F3FFFFH. The same PAL equation generates the two
PAL outputs BS16# and MBEN: .

JA25 * [A24 * A23 * A22 * A21 * A20 * /A19 * /AI8

I/0 resources residing on MULTIBUS I can be memory-mapped into the memory space of
the 80386 or I/O-mapped into the I/O address space independent of the physical location
of the devices on MULTIBUS I. The addresses of memory-mapped I/O devices must be
decoded to generate I/O read or I/O write commands for memory references that fall within
the I/O-mapped regions of the memory space. This technique is discussed in Chapter 8
along with the tradeoffs between memory-mapped I/O and I/O-mapped 1/0.

9.2.3 Wait-State Generator

The wait-state generator controls the READY# input of the 80386. For local bus cycles, the
wait-state generator produces signal outputs that correspond to each wait state of the 80386
bus cycle, and the PAL READY # output uses these signals to set READY# active after the
required number of wait states. Two of the wait-state signals, WS1 and WS2, are also used
to generate SO# and S1#.

READY# generation for MULTIBUS I cycles is linked to the Transfer Acknowledge
(XACK#) signal, which is returned active by the accessed device on MULTIBUS I when
the MULTIBUS I cycle is complete. For a system containing a MULTIBUS I interface as
well as a local bus, XACK# must be incorporated into the wait-state generator to produce
the READY# signal. The necessary logic is shown in Figure 9-3.

9-5
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Figure 9-3. Wait-State Generator Logic

For MULTIBUS I accesses, the wait-state generator is started by the ALE# signal from the
82288. When XACK# goes active, it is synchronized to CLK. The resulting Asynchronous
Ready (ARDY) signal, incorporated into the PAL equation for the READY# signal, causes
READY# to be output between two and three CLK cycles after ARDY goes active.

The PCLK signal, which is necessary for producing 80286-compatible wait states, is gener-
ated by dividing the CLK signal from the 82384 by two.

To meet the READY# input hold time requirement (25 nanoseconds) for the 82288 Bus
Controller, the READY# signal for MULTIBUS I cycles must be two CLK cycles long.
Therefore, two PAL equations are required to generate READY#. The first equation gener-
ates the Ready Pulse (RDYPLSE) output. RDYPLSE is fed into the READY# equation to
extend READY# by an additional CLK cycle. These signals are gated by MBEN and PCLK.

RDYPLSE := ARDY * MBEN * PCLK

/READY := ARDY * MBEN * PCLK + RDYPLSE * MBEN

9-6
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9.2.4 Bus Controller and Bus Arbiter

Connections for the 82288 and 82289 are shown in Figure 9-4. The 82288 can operate in
either local-bus mode or MULTIBUS I mode; a pullup resistor on the 82288 MB input
activates the MULTIBUS I mode. Both the 82288 and the 82289 are selected by the MBEN
output of the address decoder PAL. The AEN# signal from the 82289 enables the 82288
outputs.

Timing diagrams for MULTIBUS I read and write cycles are shown in Figures 9-5 and
9-6. The only differences between the timings are that a read cycle controls the data latch/
transceivers using RD# and outputs the MRDC# command signal, whereas a write cycle
controls the data latch/transceivers using DEN and outputs the MWTC# command.

82289 MULTIBUS® |
So# < so# LLOCK# > LOCK#
Si# si# CBRO# CBRQ#
MIIO#
. < Mio# BUSY# BUSY#
READY#
READY# BPRO# 1 BPRO#
MBEN
SYSB BREQ# »>1 BREQ#
LOCK#
LOCK#
AEN# [—
BPRN#
BPRN#
82288
so# MRDC# > MRDCH#
St# MWDC# >4 MWTCH
MIIO# IORCH# IORCH#
READY# lowc# 10WCH#
1K CENL INTA# INTA#
MB
ALE $ TO MULTIBUS® ADDRESS LATCH
CMDLY
DT/R# S
AEN# TO MULTIBUS® DATA TRANSCEIVER
I— DEN
G30107

Figure 9-4. MULTIBUS® Arbiter and Bus Controller
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9.3 TIMING ANALYSIS OF MULTIBUS® | INTERFACE

The timing specifications for the MULTIBUS I are explained in the MULTIBUS® I Speci-
fication, Order Number 9800683. Table 9-1 lists the MULTIBUS I parameters that relate
to the 80386 system. These calculations are based on the assumption that 74ALS580 latches
and 74F544 transceivers are used for the MULTIBUS I address and data interface.

In addition to the parameters in Table 9-1, designers must allow for the following:

* To ensure sufficient access time for the slave device, bus operations must not be termi-
nated until an XACK# signal is received from the slave device.

¢ Following an MRDC# or an IORC# command, the responding slave device must disable
its data drivers within 125 nanoseconds after the return of the XACK# signal. All devices
that meet the MULTIBUS I specification of 65 nanoseconds meet this requirement.

9.4 82289 BUS ARBITER

In a MULTIBUS 1 system, several processing subsystems contend for the use of shared
resources. If one processor requests access to MULTIBUS I while another processor is using
it, the requesting processor must wait. Bus arbitration logic controls access to MULTIBUS
I for all processing subsystems.

Each processing subsystem contains its own 82289 Bus Arbiter. The Bus Arbiter directs its
processor onto the bus and allows higher and lower priority bus masters to access the bus.
Once the bus arbiter gains control of MULTIBUS I, the 80386 can access system resources.
The bus arbiter handles bus contention in a manner that is transparent to the 80386.

Table 9-1. MULTIBUS® | Timing Parameters

Timing MULTIBUS . 80386 System
Parameter Specification Timing
tAS 50 ns 125 ns (2 CLK cycles)
Address setup minimum — 20 ns (ALE max delay)
before command — 22 ns (74ALS580 max. delay)
active o + 3 ns (Command min. delay)
86 ns min.
tDS 50 ns 125 -ns (2 CLK cycles)
Write data minimum — 30 ns (DEN max. delay)
setup before — 12 ns (74F544 max. delay)
command active + 3 ns (Command min. delay)
] 86 ns min.
tAH 50 ns 187.5ns (3 CLK cycles)
Address hold minimum ’ — 25 ns (Command inactive max. delay)
after command + 3 ns (ALE max. delay) ’
inactive .
165.5ns min
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Each processor in the multiprocessing system initiates bus cycles as though it has exclusive
use of MULTIBUS 1. The bus arbiter keeps track of whether the subsystem has control of
the bus and prevents the bus controller from accessing the bus when the subsystem does not
control the bus.

When the bus arbiter receives control of MULTIBUS 1, it enables the bus controller and
address latches to drive MULTIBUS 1. When the transfer is complete, MULTIBUS I returns
the XACK# signal, which activates READY# to end the bus cycle.

9.4.1 Priority Resolution

Because a MULTIBUS I system includes many bus masters, logic must be provided to resolve
priority between two bus masters that simultaneously request control of MULTIBUS I.
Figure 9-7 shows two common methods for resolving priority: serial priority and parallel
priority.

The serial priority technique is implemented by daisy-chaining the Bus Priority In (BPRN#)
and Bus Priority Out (BPRO#) signals of all the bus arbiters in the system. Due to delays
in the daisy chain, this technique accommodates only a limited number of bus arbiters.

The parallel priority technique requires external logic to recognize the BPRN# inputs from
all bus arbiters and return the BPRO# signal active to the requesting bus arbiter that has
the highest priority. The number of bus arbiters accommodated with this technique depends
on the complexity of the decoding logic.

Priority resolution logic need not be included in the design of a single processing subsystem
with a MULTIBUS I interface. The bus arbiter takes control of MULTIBUS I when the
BPRN{# signal goes active and relinquishes control when BPRN# goes inactive. As long as
external logic exists to control the BPRN# inputs of all bus arbiters, a subsystem can be
designed independent of the priority resolution circuit.

9.4.2 82289 Operating Modes

Following a MULTIBUS I cycle, the controlling bus arbiter can either retain bus control or
release control so that another bus master can access the bus. Three modes for relinquishing
bus control are as follows:

¢ Mode 1—The bus arbiter releases the bus at the end of each cycle.

* Mode 2—The bus arbiter retains control of the bus until another bus master (of any
priority) requests control.

* Mode 3—The bus arbiter retains control of the bus until a higher priority bus master
requests control.

In addition, the bus arbiter can switch between modes 2 and 3, based on the type of bus
cycle.
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Figure 9-8 shows the strapping configurations required to implement each of these four

techniques.

The operating mode of one bus arbiter affects the throughput of both the individual subsys-
tem as well as other subsystems on MULTIBUS 1. This is because the delay required to
transfer MULTIBUS I control from one bus arbiter to another affects all subsystems waiting
to use MULTIBUS I. Therefore, the most efficient operating mode depends on how often a
subsystem accesses MULTIBUS I and how this frequency compares to that of the other

subsystems.

o Mode 1 is adequate for a subsystem that needs MULTIBUS 1 access only occasionally.
By releasing MULTIBUS I after each bus cycle, the subsystem minimizes its impact on

other subsystems that use MULTIBUS 1.
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Figure 9-8. Operating Mode Configurations
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e Mode 2 is suited for a subsystem that is one of several subsystems that are all equally
likely to require MULTIBUS 1. The performance decrease caused by the delay necessary
to take control of MULTIBUS I is distributed evenly to all subsystems.

¢ Mode 3 should be used for a subsystem that uses MULTIBUS I frequently. The delay
required for taking control of MULTIBUS I and the consequent performance decrease is
shifted to subsystems that use MULTIBUS I less often.

¢ Switching between modes 2 and 3 is useful if the subsystem demand for MULTIBUS I
is unknown or variable.

9.4.3 MULTIBUS® | Locked Cycles

Locked bus cycles for the local bus are described in Chapter 3. In locked bus cycles, the
80386 asserts the LOCK# signal to prevent another bus master from intervening between
two bus cycles. In the same manner, an 80386 processing subsystem can assert the LLOCK#
output of its bus arbiter to prevent other subsystems from gaining control of MULTIBUS
I. A locked cycle overrides the normal operating mode of the bus arbiter (one of the four
modes mentioned above).

Locked MULTIBUS I cycles are typically used to implement software semaphores (described
in Chapter 3) for critical code sections or critical real-time events. Locked cycles can also
be used for high-performance transfers within one instruction.

The 80386 initiates a locked MULTIBUS I cycle by asserting its LOCK# output to the
82289 bus arbiter. The bus arbiter outputs its LLOCK# signal to the MULTIBUS I LOCK#
status line and holds LLOCK# active until the LOCK# signal from the 80386 goes inactive.
- The LLOCK# signal from the bus arbiter must be connected to the MULTIBUS I LOCK#
status line through a tristate driver controlled by the AEN# output of the bus arbiter.

9.5 OTHER MULTIBUS® | DESIGN CONSIDERATIONS

Additional design considerations are presented in this section. These considerations include
provisions for interrupt handling, 8-bit transfers, timeout protection, and power failure
handling on MULTIBUS 1.

9.5.1 Interrupt-Acknowledge on MULTIBUS® |

When an interrupt is received by the 80386, the 80386 generates an interrupt-acknowledge
cycle (described in Chapter 3) to fetch an 8-bit interrupt vector from the 8259A Program-
mable Interrupt Controller. The 8259A can be located on either MULTIBUS I or a
local bus.
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Multiple 8259As can be cascaded (one master and up to eight slaves) to process up to 64
interrupts. Three configurations are possible for cascaded interrupt controllers:

o All of the interrupt controllers for one 80386 reside on the local bus of that processor,
and all interrupt-acknowledge cycles are directed to the local bus.

o All slave interrupt controllers (those that connect directly to interrupting devices) reside
on MULTIBUS 1. The master interrupt controller may reside on either the local bus or
MULTIBUS 1. In this case, all interrupt-acknowledge cycles are directed to
MULTIBUS 1L

» Some slave interrupt controllers reside on local buses, and other slave interrupt control-
lers reside on MULTIBUS 1. In this case, the appropriate bus for the interrupt-
acknowledge cycle depends on the cascade address generated by the master interrupt
controller.

In the first two configurations, no decoding is needed because all interrupt acknowledge
cycles are directed to one bus. However, if a system contains a master interrupt controller
residing on a local bus and at least one slave interrupt controller residing on MULTIBUS I,
address decoding must select the bus for each interrupt-acknowledge cycle.

The interrupt-acknowledge cycle must be considered in the design of this decoding logic.
The 80386 responds to an active INTR input by performing two bus cycles. During the first
cycle, the master interrupt controller determines which, if any, of its slave controllers should
return the interrupt vector and drive sits cascade address pins (CASO#, CAS1#, CAS2#) to
select that slave controller. During the second cycle, the 80386 reads an 8-bit vector from
the selected interrupt controller and uses this vector to service the interrupt.

In a system that has slave controllers residing on MULTIBUS I, the circuit shown in
Figure 9-9 can be used to decode the three cascade address pins from the master controller
to select either MULTIBUS I or the local bus for the interrupt-acknowledge cycle. If
MULTIBUS 1 is selected, the 82289 Bus Arbiter is enabled. The 82289 in turn requests
control of MULTIBUS I and enables the address and data transceivers when the request is
granted.

The bus-select signal must become valid for the second interrupt-acknowledge cycle. The
master controller’s cascade address outputs become valid within 565 nanoseconds after the
INTA# output from the bus control logic goes active. Bus-select decoding requires 30
nanoseconds, for a total of 595 nanoseconds from INTA# to bus-select valid. The four idle
bus cycles that the 80386 automatically inserts between the two interrupt-acknowledge cycles
provides some of this time. The wait-state generator must add wait states to the first
interrupt-acknowledge cycle to provide the rest of the time needed for the bus-select signal
to become valid.

The cascade address outputs are gated onto A8; A9, and A10 of the address bus through
three-state drivers during the second interrupt-acknowledge cycle. Bus control logic must
generate a Master Cascade Enable (MCE) signal to enable these drivers. This signal must
remain valid long enough for the cascade address to be captured in MULTIBUS I address
latches; however it must be de-asserted before the 80386 drives the address bus.
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Figure 9-9. Bus-Select Logic for Interrupt Acknowledge

9.5.2 Byte Swapping during MULTIBUS® | Byte Transfers

The MULTIBUS I standard specifies that all byte transfers must be performed on the lower

eight data lines (MULTIBUS I DATO0#-DAT7#), regardless of the address of the data. An
80386 subsystem must swap data from eight of its upper 24 data lines (D8-D15, D16-D23,
or D24-D31) to its lower eight data lines (D0-D7) before transferring data to MULTIBUS
I, and swap data from its lower data lines to the appropriate upper data lines when reading
a byte from MULTIBUS 1. This byte-swapping requirement maintains compatibility between
8-bit, 16-bit, and 32-bit systems sharing the same MULTIBUS L

9-16




Intel MULTIBUS® | AND 80386

The BS16# signal is generated and returned to the 80386 for all MULTIBUS I cycles. The
80386 automatically swaps data between the lower half (D15-D0) and the upper half
(D31-D16) of its data bus and adds an extra bus cycle as necessary to complete the data
transfer. Therefore, only the logic to swap data from D15-D8 to D7-DO is needed to meet
the byte-swapping requirement of MULTIBUS L.

Figure 9-10 illustrates a circuit that performs the byte-swapping function. The Output Enable
(OE#) inputs of the data latch/transceivers are conditioned by the states of the BHE# and
AO outputs of the address decoder.

9.5.3 Bus Timeout Function for MULTIBUS® | Accesses

The MULTIBUS I XACK# signal terminates an 80386 bus cycle by driving the wait-state
generator logic. However, if the 80386 addresses a nonexistent device on MULTIBUS I, the
XACK# signal is never generated. Without a bus-timeout protection circuit, the 80386 waits
indefinitely for an active READY# signal and prevents other processors from using
MULTIBUS 1.

Figure 9-11 shows an implementation of a bus-timeout circuit that ensures that all
MULTIBUS I cycles eventually end. The ALE# output of the bus controller activates a
one-shot that outputs a 1-millisecond pulse. The rising edge of the pulse activates the
TIMEOUT# signal if READY# does not go active within -1 millisecond to clear the
TIMEOUT# flip-flop. The TIMEOUT# signal is input to the wait-state generator logic to
activate the READY# signal. When READY# goes active, it is returned to clear the
TIMEOUT# signal. '

9.5.4 MULTIBUS® | Power Failure Handling

The MULTIBUS 1 interface includes a Power Fail Interrupt PFIN signal to signal an
impending system power failure. Typically, PFIN# is connected to the non-maskable inter-
rupt (NMI) request input of each 80386. The NMI service routine can direct the 80386 to
save its environment immediately, before falling voltages and the MULTIBUS I Memory
Protect (MPRO#) signal prevent any further memory activity. In systems with memory
backup power or nonvolatile memory, the saved environment can be recovered on powerup.

The power-up sequence of the 80386 can check the state of the MULTIBUS I Power Fail
Sense Latch (PFSN#) to see if a previous power failure has occurred. If this signal is active
(low), the 80386 can branch to a power-up routine that resets the latch using the Power Fail
Sense Reset signal (PFSR#), restores the previous 80386 environment, and resumes
execution.

Further guidelines for designing 80386 systems with power failure features are contained in
the Intel MULTIBUS® I Specification.
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Figure 9-10. Byte-Swapping Logic

9.6 iLBX™ BUS EXPANSION

The iLBX (Local Bus Expansion) is a high-performance bus interface standard that permits
the modular expansion of an 80386-based system. An iLBX interface links the 80386 system
board with additional boards containing memory, I/O subsystems, and other peripheral
devices or bus masters. Any board that conforms to the iLBX standard can be added to the
system as the user’s needs dictate. For a 16-MHz 80386-based system, a typical iLBX access

cycle requires six wait states.
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Figure 9-11. Bus-Timeout Protection Circuit

The iLBX™ Bus Specification describes the iLBX Local Bus Expansion standard in detail.

The iLBX bus interface requires the generation of Al, A0, and BHE# from the 80386
BE3#-BEO# outputs. The iLBX connector contains 24 address bits (AB23-AB0) and 16 data
bits (DB15-DB0), which are taken from the buffered address lines (A23-A0), and data lines
(D15-DO0) of the 80386 local bus. BHE# is inverted and buffered to provide the Byte High
Enable (BHEN) signal.

The Read/Write (R/W#), Data Strobe (DSTB#), and Address Strobe (ASTB#) controls
are generated from local bus control signals using the logic shown in Figure 9-12. R/W# is
a delayed, inverted version of the W/R# output of the 80386. DSTB# goes active when
either RD# or WR# from the local bus control goes active. ASTB# and DSTB# are delayed
to allow adequate setup time for BHEN. In this example, the WS2 signal, which is active
during the third CLK cycle of the 80386 bus cycle, provides the delay.

A chip-select output of address decoding logic goes active for accesses to the memory and
I/0O locations allocated to the iLBX bus and selects the iLBX address and data buffers.
Command signals from the local bus control logic enable the outputs of the iLBX
transceivers.

When an iLBX cycle is complete, the Acknowledge (ACK#) signal is returned over the
iLBX bus. This signal must be synchronized and incorporated into the wait-state gcnerator
logic to provide the READY # signal.

9.7 DUAL-PORT RAM WITH MULTIBUS® |

A dual-port RAM is a memory subsystem that can be accessed by both the 80386, through
its local bus, and other processing subsystems, through the MULTIBUS I system bus. Dual-
port RAM offers some of the advantages of both local resources and system resources. It is
an effective solution when using only local memory or only system memory would decrease
system cost and/or performance significantly.
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Figure 9-12. iLBX™ Signal Generation

The 80386 accesses dual-port RAM through its high speed local bus, leaving MULTIBUS
I free for other system operations. Other proccssmg subsystems can pass data to and from
the 80386 through the dual-port RAM using MULTIBUS L.

If necessary, dual-port RAM can be mapped to reserve address ranges for the exclusive use
of the 80386. The 80386 and the other processing subsystems need not use the same address
mapping for dual-port RAM.

The disadvantage of dual-port RAM is that its design is more complex than that of either
local or system memory. Dual-port RAM requires arbitration logic to ensure that only one
of the two buses gains access at one time.

9.7.1 Avoiding Deadlock with Dual-Port RAM

The MULTIBUS-LOCK# signal and the 80386 LOCK# signal mediate contention when
both the 80386 and a MULTIBUS I device attempt to access dual-port RAM. However,
locked cycles to dual-port RAM can potentially result in deadlock. Deadlock arises when
the 80386 performs locked cycles to ensure back-to-back accesses to dual-port RAM and
MULTIBUS 1.
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Suppose the 80386 locks an access to dual-port RAM followed by a MULTIBUS access, to
ensure that the accesses are performed back-to-back. (This could happen only in protected
mode during interrupt processing when the IDT is in the dual-port RAM and the target
descriptor is in MULTIBUS RAM.) At the same time the 80386 performs the first locked
cycle, another device gains control of MULTIBUS I for the purpose of accessing dual-port
RAM. The 80386 cannot gain control of MULTIBUS I to complete the locked operation,
and the other device cannot relinquish control of MULTIBUS I because it cannot complete
its access to dual-port RAM. Each device therefore enters an interminable wait state.

Two approaches can be used to avoid deadlock:

» Requiring software to be free of locked accesses to dual-port RAM.

» Designing hardware to negate the LOCK# signal for transfers between dual-port RAM
and MULTIBUS 1. If this approach is used, software writers must be informed that such
transfers will not be locked even though software dictates locked cycles.
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CHAPTER 10
MULTIBUS® II AND 80386

Standard bus interfaces guarantee compatibility between existing and newly developed
systems. This compatibility safeguards a user’s hardware investment against obsolescence
even in the face of rapidly advancing technology. The MULTIBUS I standard interface has
proven its value in providing flexibility for the expansion of existing systems and the integra-
tion of new designs. The MULTIBUS II standard interface extends Intel’s Open Systems
design strategy into the world of 32-bit microprocessing systems.

10.1 MULTIBUS® Il STANDARD

The MULTIBUS II standard is a processor-independent bus architecture that features a
32-bit parallel system bus with a maximum throughput of 40 megabytes per second, high-
speed local bus access to off-board memory, a low-cost serial system bus, and full multi-
processing support. MULTIBUS II achieves these features through five specialized Intel
buses:

e Parallel System Bus (iPSB)

o Local Bus Extension (iLBX II)

o Serial System Bus (iSSB)

* Multi-channel DMA I/O Bus

» System Expansion I/O Bus (iSBX)

The DMA 1/0 Bus and the iSBX are carried over directly from MULTIBUS I architecture.
See the MULTIBUS® I Architectural Specification for a full description of these buses. The
multiple bus structure provides the following important advantages over a single, generalized
bus:

¢ Each bus is optimized for a specific function.
¢ The buses perform operations in parallel.

¢ Buses that are not needed for a particular system can be omitted, avoiding unnecessary
costs.

10.2 PARALLEL SYSTEM BUS (iPSB)

The Parallel System Bus (iPSB) is optimized for interprocessor data transfer and commu-
nication. Its burst transfer capability provides a maximum sustained bandwidth of 40
megabytes per second for high-performance data transfers.
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The iPSB supports four address spaces per bus agent (a board that encompasses a functional
subsystem). The conventional I/O and memory address spaces are included, plus two other
address spaces that support advanced functions:

e An 255 address message space supports message passing. Typlcally, a microprocessor
performs interprocessor communications inefficiently. Message passing allows two bus
agents to exchange a block of data at full bus bandwidth without supervision from a
microprocessor. An intelligent bus interface capable of message passing shifts the burden
of interprocessor communication away from the processor, thus enhancing overall system
performance.

e An interconnect space allows geographic addressing, which is the identification of any
bus agent (board) by slot number. Every MULTIBUS II system contains a Central
Services Module (CSM) that provides system services, such as uniform initialization and
bus timeout detection, for all bus agents residing on the iPSB bus. The CSM may use the
registers of the interconnect space of each bus agent to configure the agent dynamically.
Stake pin jumpers, DIP switches, and other hardware configuration devices can be
eliminated.

Because the 80386 can access only memory space or I/O space, the message space and
interconnect space may be mapped into the memory space or the I/O space. Decoding logic
provides chip select signals for the devices implementing the message space and the inter-
connect space, as well as devices in the memory space and the I/O space.

Three types of bus cycles define activity on the iPSB bus:

e Arbitration Cycle—Determines the next owner of the bus. This cycle consists of a resolu-
tion phase, in which competing bus agents determine priority for bus control, and an
acquisition phase, in which the agent with the highest priority initiates a transfer cycle.

e Transfer Cycle—Performs a data transfer between the bus owner and another bus agent.
This cycle consists of a request phase, in which address control signals are driven, and a
reply phase, in which the two agents perform a handshake to synchronize the data trans-
fer. The reply phase is repeated and data transfers continue until the bus owner ends the
transfer cycle.

» Exception Cycle—Indicates that an exception (error) has occurred during a transfer cycle.
This cycle consists of a signal phase, in which an exception signal from one bus agent
causes all other bus agents to terminate any arbitration and transfer cycles in progress,
and a recovery phase, in which the exception signals go inactive. A new arbitration cycle
can begin on the clock cycle after the recovery phase.

Figure 10-1 shows how the timing of these cycles overlap.

10.2.1 iPSB Interface

Each bus agent must provide a means of transferring data between its 80386, its intercon-

nect registers, and the iPSB bus. The location of bus interface logic to meet this requirement

is shown in Figure 10-2. A full-featured subsystem may also include provisions for the message
passing protocols used by the iPSB bus.
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Figure 10-2. iPSB Bus Interface

The iPSB interface may be conveniently implemented by a Bus Arbiter/Controller (BAC),
a Message Interrupt Controller (MIC), and miscellaneous logic. The BAC coordinates direct
interaction with the other devices on the iPSB bus, while the MIC works through the BAC
to send and receive interrupt messages. Other logic is needed for address decoding, parity
checking, and control signal generation.

The BAC and MIC are implemented in Intel gate arrays. In addition, Intel is developing an
advanced CMOS device, the Message Passing Coprocessor (MPC), that integrates the
functions of the BAC and the MIC plus parity checking and full message passing (solicited
and unsolicited), all in one package called the BIC (Bus Interface Controller). Systems
designed today with the available BAC and MIC can be upgraded to the MPC in the future.

10.2.1.1 BAC SIGNALS

The BAC provides arbitration and system control logic for the arbitration, transfer, and
exception cycles defined by the MULTIBUS II architecture. Through the BAC, the bus
agent functions as either a requestor or a replier in a transfer cycle. In all cases, the device
requiring iPSB bus access (either the 80386 or the MIC) is completely isolated from the
iPSB; the BAC provides all direct interaction.
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The BAC signals can be divided into three functional groups:

+ iPSB interface
e Local bus interface
» Register interface with the 80386

The iPSB interface signals perform mainly arbitration and system control. Five bidirectional
Arbitration signals (ARB5-ARBO) are used during reset to read a cardslot ID and arbitra-
tion ID from the CSM, and during arbitration cycles to output the arbitration ID for prior-
ity resolution. Bus Request (BREQ#) is a bidirectional signal. Each bus agent asserts BREQ#
to request control of the bus and samples BREQ# to determine if other agents are also
contending for bus control.

Bus Error (BUSERR#) is a bidireétional signal that a bus agent outputs to all other bus
agents when it detects a parity error during a transfer cycle. Bus Timeout (TIMOUT #) is
output by the CSM to all bus agents when a bus cycle fails to end within a prescribed time
period.

Ten System Control signals (SC9#-SCO#) coordinate transfer cycles. The MULTIBUS® II
Architectural Specification defines each of these signals. Directional enables (SCOEH and
SCOEL) are provided for transceivers to buffer these bidirectional signals. External logic
checks byte parity on the multiplexed address and data bus (AD31-ADO) and sets the Parity
inputs (PAR3-PARO) accordingly.

Other iPSB signals are Reset (RST#), Reset-Not-Complete (RSTNC#), and ID Latch
(LACHn#, n = slot number). These signals are used only during reset.

Local bus interface signals pertain to the communication between the BAC and the 80386
or between the BAC and the MIC. These signals indicate to the BAC when to request bus
control and what type of bus cycle to drive when it gains bus control.

Four control signals are necessary for each of the two devices connected to the BAC. The
signals that connect to the 80386 are REQUESTA, GRANTA, READYA, and SELECTA;
those that connect to the MIC are REQUESTB, GRANTB, READYB, and SELECTB.

To request bus control, the 80386 or the MIC activates one of the REQUEST signals. The
corresponding GRANT signal is returned by the BAC when it has bus control. Data width
and address space selections are encoded on the WIDTHI1#, WIDTHO#, SPACEl#, and
SPACEO# inputs, while WR# dictates either a write cycle or a read cycle. These five inputs
translate directly to SC6#-SC2# outputs during the request phase of a transfer cycle.
READYA or READYB indicates that WIDTHO#, WIDTH1#, SPACEO#, SPACEI1# and
WR# can be read by the BAC to drive the transfer cycle.

LASTINA or LASTINB controls the end-of-cycle signal for burst transfers. The LOCK#
input is activated for locked transfers.
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The bus agent that receives a transfer cycle from the bus owner must have its BAC enabled
by an active SELECT input. Errors detected by the replying agent are encoded by its MIC
on the AGERR2-AGERRO inputs to its BAC so that the BAC can drive the SC7#-SC5#
lines accordingly. If an error occurs, the requesting agent notifies the 80386 through the
EINT signal.

The register interface signals control register operations between the 80386 and the BAC.
Three 5-bit registers (Arbitration ID, Slot ID, and Error Port) are addressed through RSEL1
and RSELO. Data is transferred on RIO4-RIOO0; the direction of transfer is indicated by
RRW.

10.2.1.2 MIC SIGNALS

The MIC coordinates interrupt handling for a bus agent on the iPSB bus. Interrupts are
implemented as virtual interrupts in the message space. To send an interrupt message, the
80386 writes four bytes to the MIC to indicate the source, destination, and type of message.
The MIC then coordinates the message transfer. The MIC of the receiving bus agent reads
the 4-byte message and stores it in a 4-deep message queue to be read by the 80386.

The MIC signals are divided into three groups:

* iPSB interface
e Local bus interface
¢ BAC interface

The iPSB interface consists of the multiplexed address/data bus (AD31#-ADO0#). Although
the MIC gains access to the iPSB bus through the BAC, the MIC drives the address/data
bus directly. As a requesting agent, the MIC drives the address and data at the appropriate
times. As a receiving agent, the MIC monitors the address/data bus for its address. When
it recognizes its address, the MIC selects its BAC to perform the required handshake and
read the message into the message queue. Then, the MIC interrupts the 80386 to indicate
that the message is pending in the queue. The 80386 reads the message and services the
interrupt accordingly.

The local bus interface consists of seven register/ports, addressed through A2-A0, through
which the MIC and the 80386 communicate. Data is transferred over D7-D0, and WR# and
RD# determine the direction of transfer. Other signals include the MIC Chip Select (CS#),
a WAIT# signal for adding wait states to the 80386 cycle, and a Message Interrupt (MINT)
to signal an interrupt condition to the 80386.

The BAC interface includes REQUESTB, READYB, SELECTB, and GRANTB. These
signals have already been described with the other BAC signals.

While the BAC and the MIC together provide the backbone for an iPSB interface, other
logic provides buffering and control to round out the interface. An 8751 Microcontroller
coordinates 80386 access to the interconnect space. An address decoder distinguishes between
local, interconnect, and iPSB accesses. PALs control the buffering of signals between the
80386, BAC, MIC, 8751 Microcontroller, and iPSB bus.
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10.3 LOCAL BUS EXTENSION (iLBX™ II)

The iLBX II bus extension is a high-speed execution bus designed for quick access to off-
board memory. One iLBX II bus extension can support either two processing subsystems
(called the primary requesting agent and the secondary requesting agent) plus four memory
subsystems, or a single processing subsystem plus five memory subsystems. A MULTIBUS
II system may contain more than one iLBX II bus extension to meet its memory
requirements.

The iLBX II bus extension features a 26-bit address bus and a separate 32-bit data bus.
Because these paths are separate, the extension allows pipelining of transfer cycles; the request
phase of a transfer cycle can overlap the reply phase of the previous cycle.

Other features of the iLBX II bus extension are:

o A unidirectional handshake for fast data transfers
¢ Mutual exclusion capability to control multiported memory

o Interconnect space (for each bus agent) through which the primary requesting agent
initializes and configures all other bus agents.

10.4 SERIAL SYSTEM BUS (iSSB)

The Serial System Bus (iSSB) provides a simple, low-cost alternative to the Parallel System
Bus (iPSB) bus. In applications that do not require the high performance of the iPSB bus,
the iSSB bus can provide some cost reduction. In systems containing both the iPSB bus and
the iSSB bus, the iISSB bus provides an alternate path for interface control, diagnostics, or
redundancy.

The iSSB bus can contain up to 32 bus agents distributed over a maximum of 10 meters.
Bus control is determined through an access protocol called Carrier Sense Multiple Access
with Collision Detection (CSMA /CD). This protocol allows agents to transmit data whenever
they are ready. In case of simultaneous transmission by two or more bus agents, the iSSB
invokes a deterministic collision resolution algorithm to grant fair access to all agents.

From the application point of view, the error detection capability of the iSSB bus, coupled

with an intelligent bus agent interface (able to retransmit) makes the iSSB bus as reliable
as the iPSB bus, even though the iSSB bus may be up to 10 meters long.
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CHAPTER 11
PHYSICAL DESIGN AND DEBUGGING

This chapter outlines recommendations for providing adequate power to the 80386, address-
ing high-frequency issues that do not exist for lower-frequency systems, achieving the proper
thermal environment for the 80386, and building an 80386-based system successfully. The
guidelines presented here allow the user to gain the full benefits of the high-performance
80386.

11.1 POWER AND GROUND REQUIREMENTS

The CHMOS III 80386 differs from previous HMOS microprocessors in that its power
dissipation is primarily capacitive; there is almost no DC power dissipation. Power dissipa-
tion depends mostly on frequency.

Power dissipation can be distinguished as either internal (logic) power or I/O (bus) power.
Internal power varies with operating frequency and to some extent with wait states and
software. Internal power increases with supply voltage also. Process variations in manufac-
turing affect internal power, although to a lesser extent than with NMOS processes.

I/O power, which accounts for roughly one-fifth of the total power dissipation, varies with
frequency and voltage. It also depends on capacitive bus load. Capacitive bus loadings for
all output pins are specified in the 80386 data sheet. The 80386 output valid delays will
increase if these loadings are exceeded. The addressing pattern of the software can affect
I/0 power by changing the effective frequency at the address pins. The variation in frequency
at the data pins tends to be smaller; thus varying data patterns should not cause a significant
change in power dissipation.

11.1.1 Power and Ground Planes

Power and ground planes must be used in 80386 systems to minimize noise. Power and
ground lines have inherent inductance and capacitance, therefore an impedance
Z = (L/C)'/2. The total characteristic impedance for the power supply can be reduced by
adding more lines. This effect is illustrated in Figure 11-1, which shows that two lines in
parallel have half the impedance of one. To reduce the impedance even further, the user
should add more lines. In the limit, an infinite number of parallel lines, or a plane, results
in the lowest impedance. Planes also provide the best distribution of power and ground.

The 80386 has 20 V., pins and 21 V (ground) pins. All power and ground pins must be
connected to a plane. Ideally, the 80386 is located at the center of the board, to take full
advantage of these planes.

Although the 80386 generally demands less power than the 80286, the possibility for power
surges is increased due to higher frequency and pin count. Peak-to-peak noise on V,, relative
to V,, should be maintained at no more than 400 mV, and preferably no more than 200 mV.
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11.1.2 Decoupling Capacitors

The switching activity of one device can propagate to other devices through the power supply.
For example, in the TTL NAND gate of Figure 11-2, both Q3 and Q4 transistors are on for
a short time when the output is switching. This increased load causes a negative spike on V,,
and a positive spike on ground. In synchronous systems in which many gates switch simul-
taneously, the result is significant noise on the power and ground lines.
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Figure 11-1. Reducing Characteristic Impedance
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Figure 11-2. Circuit without Decoupling
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Decoupling capacitors placed across the device between V. and ground reduce voltage spikes
by supplying the extra current needed during switching. These capacitors should be placed
close to their devices because the inductance of connection lines negates their effect.

When selecting decoupling capacitors, the user should provide 0.01 microfarads for each
device and 0.1 microfarads for every 20 gates. Radio-frequency capacitors must be used;
they should be distributed evenly over the board to be most effective. In addition, the board
should be decoupled from the external supply line with a 2.2 microfarads capacitor.

Chip capacitors (surface-mount) are preferable because they exhibit lower inductance and
require less total board space. They should be connected as in Figure 11-3. Leaded capaci-
tors can also be used if the leads are kept as short as possible. Six leaded capacitors are
required to match the effectiveness of one chip capacitor, but because only a limited number
can fit around the 80386, the configuration in Figure 11-4 results.

11.2 HIGH-FREQUENCY DESIGN CONSIDERATIONS

At high signal frequencies, the transmission line properties of signal paths in a circuit must
be considered. Reflections, interference, and noise become significant in comparison to the
high-frequency signals. They can cause false signal transitions, data errors, and input voltage
level violations. These errors can be transient and therefore difficult to debug. In this section,
some high-frequency design issues are discussed; for more information, consult a reference
book on high-frequency design.
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Figure 11-3. Decoupling Chip Capacitors
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11.2.1 Line Termination

Input voltage level violations are usually due to voltage spikes that raise input voltage levels
above the maximum limit (overshoot) and below the minimum limit (undershoot). These
voltage levels can cause excess current on input gates that results in permanent damage to
the device. Even if no damage occurs, most devices are not guaranteed to function as speci-
fied if input voltage levels are exceeded.

Signal lines are terminated to minimize signal reflections and prevent overshoot and under-
shoot. If the round-trip signal path delay is greater than the rise time or fall time of the
signal, terminate the line. If the line is not terminated, the signal reaches its high or low
level before reflections have time to dissipate, and overshoot and undershoot occur.

There are two methods of termination: series and split. A series termination compensates for
excess current before the signal travels down the line; a split termination adjusts the current
at the end of the line.

Series termination decreases current flow in the signal path by adding a series resistor, as
shown in Figure 11-5. The resistor increases the rise and fall times of the signal so that the
change in current occurs over a longer period of time. Because the amount of voltage
overshoot and undershoot depends on the change in current over time (V = L di/dt), the
increased time reduces overshoot and undershoot. The series resistor should be placed as
close as possible to the signal source.

Series termination is advantageous because less power is consumed than in split termination.
However, series termination reduces signal rise and fall times, so it should not be used when
these times are critical.
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Figure 11-6. Split Termination

Split termination is effective in reducing signal reflection (ringing). Split termination is
accomplished by the addition of two resistors, as shown in Figure 11-6. These two resistors
“absorb” electrical energy at the end of the signal line. Split termination requires a line
driver capable of supplying the large current drawn by R1 and R2.

11.2.2 Interference

Interference is the result of electrical activity in one conductor causing transient voltages to
appear in another conductor. Interference increases with the following factors:

» Frequency-Interference is the result of changing currents and voltages. The more frequent
the changes, the greater the interference.

» Closeness of the two conductors—Interference is due to electromagnetic and electrostatic
fields whose effects are weaker further from the source.

There are two types of interference to consider in high frequency circuits: electromagnetic
interference (EMI) and electrostatic interference (ESI).
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EMI (also called crosstalk) is caused by the magnetic field that exists around any current-
carrying conductor. The magnetic flux from one conductor can induce current in another
conductor, resulting in transient voltage. Several precautions can minimize EMI:

¢ Running a ground line between two adjacent lines wherever they traverse a long section
of the circuit board. The ground line should be grounded at both ends.

¢ Running ground lines between the lines of an address bus or a data bus if either of the
following conditions exists:

- The bus is on an external layer of the board.

- The bus is on an internal layer but not sandwiched between power and ground planes
that are at most 10 mils away.

* Avoiding closed loops in signal paths (see Figure 11-7). Closed loops cause excessive
current and create inductive noise, especially in the circuitry enclosed by a loop.

ESI is caused by the capacitive coupling of two adjacent conductors. The conductors act as
the plates of a capacitor; a charge built up on one induces the opposite charge on the other.
The following steps reduce ESI:

¢ Separating signal lines so that capacitive coupling becomes negligible.

¢ Running a ground line between two lines to cancel the electrostatic fields.

Hl - Hd
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Figure 11-7. Avoid Closed-Loop Signal Paths
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11.2.3 Latchup

Latchup is a condition in a CMOS circuit in which V_ becomes shorted to V. Intel’s
CHMOS III process is immune to latchup under normal operating conditions. Latchup can
be triggered when the voltage limits on I/O pins are exceeded, causing internal PN junctions
to become forward biased. The following guidelines help prevent latchup:

* Observing the maximum rating for input voltage on I/O pins.

» Never applying power to an 80386 pin or a device connected to an 80386 pin before
applying power to the 80386 itself.

¢ Preventing overshoot and undershoot on I/O pins by adding line termination and by
designing to reduce noise and reflection on signal lines.

11.3 CLOCK DISTRIBUTION AND TERMINATION

For performance at high frequencies, the clock signal (CLK?2) for the 80386 must be free of
noise and within the specifications listed in the 80386 data sheet. These requirements can be
met by following these guidelines:

o Using the 82384 Clock Generator to provide both CLK2 and CLK signals. The 82384 is
designed to match 80386 specifications.

« Terminating the CLK2 output with a series resistor to obtain a clean signal. The resistor
value is calculated by measuring the total capacitive load on the CLK2 signal and refer-
ring to Figure 11-8. If the total capacitive load is less than 80 picofarads, the user should
add capacitors to make up the difference. Because of the high frequency of CLK2, the
terminating resistor must have low inductance; carbon resistors are recommended.

» Not putting more than two loads on a single trace to avoid signal reflection (see
Figure 11-9 for example configurations).

» Using an oscilloscope to compare the CLK2 waveform with those in Figure 11-10.

11.4 THERMAL CHARACTERISTICS

The thermal specification for the 80386 defines the maximum case temperature. This section
describes how to ensure that an 80386 system meets this specification.

Thermal specificatioris for the 80386 are designed to guarantee a tolerable temperature at
the surface of the 80386 chip. This temperature (called the junction temperature) can be
determined from external measurements using the known thermal characteristics of the
package. Two equations for calculating junction temperature are as follows:

T, =T, + (6, * PD) and

T, = T. + (6, * PD)
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Figure 11-8. CLK2 Series Termination
where
T, = junction temperature
. = ambient temperature

T. = case tempterature

6;, = junction-to-ambient temperature coefficient
0, = junction-to-case temperature coefficient

PD = power dissipation (worst-case I, * V.
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Figure 11-10. CLK2 Waveforms

Case temperature calculations offer several advantages over ambient temperature
calculations:

» Case temperature is easier to measure accurately than ambient temperature because the
measurement is localized to a single point (top center of the package).

o The worst-case junction temperature (T;) is lower when calculated with case temperature
for the following reasons:

- The junction-to-case thermal coefficient (6;.) is lower than the junction-to-ambient
thermal coefficient (6,,); therefore, calculated junction temperature varies less with
power dissipation (PD).

- 0, is not affected by air flow in the system; 6,, varies with air flow.
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With the case-temperature specification, the designer can either set the ambient tempera-
ture or use fans to control case temperature. Finned heat sinks or conductive cooling may
also be used in environments where the use of fans is precluded. To approximate the case
temperature for various environments, the two equations above should be combined by setting
the junction temperature equal for both, resulting in this equation:

T, = T, — ((6;, — 6;.) *PD)

The current data sheet should be consulted to determine the values of 6;, (for the system’s
air flow) and ambient temperature that will yield the desired case temperature. Whatever
the conditions are, the case temperature is easy to verify.

11.5 DEBUGGING CONSIDERATIONS

This section outlines an approach to building and debugging 80386 hardware incrementally.
In a short time, a complete 80386-based system can be built and working. This approach
does not have to be followed to the letter, but it provides several valuable debugging concepts
and useful hints. Use these guidelines in conjunction with the 80386 data sheet, which contains
detailed information about the 80386.

11.5.1 Hardware Debugging Features

Even before a system is built, debugging can be made easier by planning a suitable environ-
ment for the 80386. The 80386 board (whether it is a printed circuit board or a wire-wrap
board) must have power and ground planes. The user should provide a decoupling capacitor
between V. and GND next to each IC on the board. All 80386 V. and GND pins should
be connected individually to the appropriate power or ground plane; multiple power or ground
pins should not be daisy-chained.

Room in the system should be included for the following physical features to aid debugging:

* Two switches: one for generating the RESET signal to the 80386 and one for tying the
READY# signal high (negated).

» Connections for a logic analyzer on major control signals:

Inputs to the 80386:
Ready (READY#)
Next Address (NA#)
Bus Size 16 (BS16#)
Data Bus (D0-D31)

Outputs from the 80386:
Address Strobe (ADS#)
Write/Read (W/R#), Data/Control (D/C#),
Memory/I0 (M/I0#), Lock (LOCK#)
Address Bus (A2-A31)
Byte Enable (BEO#-BE34#)
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Logic analyzer connection points should be provided to all 80386 address outputs
(A2-A31 and BEO#-BE3#) even if there are not enough logic analyzer inputs to accom-
modate all of them. Initially, only BEO#, BE1#, BE2#, BE3#, and the output of the address
decoder circuit should be connected. The single output of an address decoder circuit
represents many bits of address information. If the address decoder does not work as
expected, more of the logic analyzer inputs should be moved to the 80386 address pins.

o Buffers and visual indicators (such as LEDs) for three or four of the critical 80386 control
signals. A visual indicator for the ADS# output, for example, will light when the system
is performing bus cycles.

11.5.2 Bus Interface

During initial debugging, bus-cycle operation should be simplified. The 80386 bus interface
is flexible enough to be tested in stages. To simplify bus control, the initial testing should be
performed with a non-pipelined address. The NA# input should be tied high (negated) to
guarantee no address pipelining. The only signals that need to be controlled are the READY#
input and the BS16# input.

The READY# input on the 80386 lets the user delay the end of any bus cycle for as long as
necessary. For each CLK cycle after T2 that READY# is not sampled active, a wait state
is added. READY# can be used to provide extra time (wait states) for slow memories or
peripherals. Wait state requirements are a function of the device being addressed. Therefore,
the address decoder must determine how many wait states, if any, to add to each bus cycle.
The address decoder circuit (usually in conjunction with a shift register) must generate the
READY# signal when it is time for the bus cycle to end. It is critical for the system to
generate the READY# signal; if it does not, the 80386 will wait forever for the bus cycle to
end.

EPROMEs, static RAMs, and peripherals all interface in much the same way. The EPROM
interface is the simplest because EPROMs are read-only devices. RAM interfaces must
support byte addressability during RAM write cycles. Therefore, RAM write enables for
each byte of the 32-bit data bus must be controlled separately.

The BS16# signal must be activated when the current bus cycle communicates over a 16-bit
bus. An address decoder circuit can be used to determine if BS16# must be asserted during
the current bus cycle.

11.5.3 Simplest Diagnostic Program

To start debugging 80386 hardware, the user should make a set of EPROMs containing a
simple program, such as a 4-byte diagnostic that loops. Such a program is shown in
Figure 11-11. Because the program is four bytes long, it will exercise all 32 bits of the data
bus. This program tests only the code prefetch ability of the 80386.

In generating this program, the user should take into account the initial values of the

80386 CS register (FOOOH) and IP register (FFFOH) after reset. The software entry point
(label START in Figure 11-11) must match the CS:IP location.
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ASSUME CS:SIMPLEST_CODE

0000 SIMPLEST_CODE SEGMENT
FFFO ORG OFFFOH
FFFO 90 START: NOP
FFF1 90 NOP
FFF2 EB FC JMP START
FFF4 SIMPLEST_CODE ENDS

END

Figure 11-11. 4-Byte Diagnostic Program

The 80386 is initially in Real Mode (the mode that emulates the 8086) after reset. With
this simple diagnostic code, it will remain in Real Mode. In Real Mode, CS:IP generates
the physical code fetch address directly, without any descriptors, by adding CS and IP in
the following way:

(CS) F000
(IP) + FFFO
FFFFO

Also, after reset (until the 80386 executes an intersegment JMP or CALL instruction), the
physical base address of the code segment is set internally to FFFFOOOOH. Therefore, the
physical address of the first code fetch after reset is always FFFFFFFOH. The simple
diagnostic program must begin at this location.

11.5.4 Building and Debugging a System Incrementally

When designing an 80386 system, the designer plans the entire system. The core portions
must be tested, however, before building the entire system. Beginning with only the 80386
and the 82384 Clock Generator, the following steps outline an approach that enables the
designer to build up a system incrementally:

1. Install the 82384 and its crystal. Check that the CLK2 signal is clean. Connect the CLK2
signal to the 80386.

2. Connect the 82384 RESET output to the 80386 RESET input, and with CLK2 running,
check that the state of the 80386 during RESET is correct.
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3. Tie the 80386 INTR, NMI, and HOLD input pins low. Tie the READY# pin high so
that the first bus cycle will not end. Reset the 80386, and check that the 80386 is emitting
the correct signals to perform its first code fetch from physical address FFFFFFFOH.
Connect the address latch, and verify that the address is driven at its outputs.

4. Connect the address decoding hardware to the 80386, and check that after reset, the
80386 is attempting to select the EPROM devices in which the initial code to be executed
will be stored.

5. Connect the data transceiver to the system, and check that after reset, the transceiver
control pins are being driven for a read cycle. Connect all address pins of the EPROM
sockets, and check that after reset, they are receiving the correct address for the first code
fetch cycle.

Intel’s iPPS programmer for EPROMs supports dividing an object module into four
EPROMs, as is necessary for a 32-bit data bus to EPROM. The programmer can also divide
an object module into two EPROMs for a 16-bit data bus to the EPROMs. (In this case,
the BS16# input to the 80386 must be asserted during all bus cycles communicating with
the EPROMs).

When the 82384, crystal, 80386, address decoder, address latch, data transceiver, and
READY# generation logic (including wait-state generation) are functioning, the 80386 is
capable of running the software in the EPROMs. Now the simple debug program described
above can be run to see whether the parts of the system work together.

After installing the EPROMs, the READY# line should be tied high (negated) so that the
80386 begins its first bus cycle after reset and then continues to add wait states. While the
system is in this state, the circuit should be probed to verify signal states, using a voltmeter
or oscilloscope probe.

The programmer should check whether the address latches have latched the first address
and whether the address decoder is applying a chip-select signal to the EPROMs. The
EPROMSs should be emitting the first four opcode bytes of the first code to be executed
(90H, 90H, EBH, FCH for the 4-byte program of Figure 11-11), and the opcode should be
propagating through the data transceivers to the 80386 data pins.

Then the READY # input should be connected to the READY# generation logic, the 80386,
and the results should be tested when the simple program runs. Because the program loops
back on itself, it runs continuously. At this point, the system has progressed to running
multiple bus cycles, so a logic analyzer is needed to observe the dynamic behavior of the
system.

When the EPROMs programmed with the simple 4-byte diagnostic program are installed
and the 80386 is executing the code, the LED indicator for ADS# (if included in the system)
glows, because ADS# is generated for each bus cycle by the 80386. It is necessary to check
that the EPROMs are selected for each code fetch cycle. After system operation is verified
with the simple program, more complex programs can be run.
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11.5.5 Other Simple Diagnostic Software

Other simple programs can be used to check the other operations the system must perform.
The program described here is longer than the 4-byte program illustrated previously; it tests
the abilities to write data into RAM and read the data back to the 80386.

This second diagnostic program, shown in Figure 11-12, is also suitable for placing into
EPROMS. Because this diagnostic loops back to itself, the ADS# LED should glow contin-
uously, just as it does when running the 4-byte program.

The program in Figure 11-12 is based on the assumption that hardware exists to report
whether the data being read back from RAM is correct. This hardware consists of a writable
output latch that can display a byte value written to it. The byte value written is a function
of the RAM data comparison test. If the data is correct, the byte value written is AAH
(10101010); if the data is incorrect, 55H (01010101) is written.

This diagnostic program is not comprehensive, but it does exercise EPROM, RAM, and an
output latch to verify that the basic hardware works.

The program is short (45 bytes) to be easily understood. Because it is short and because it
loops continuously, a logic analyzer or even an oscilloscope can be used to observe system
activity.

This program can be written in ASM86 assembly language. Because the primary purpose of
this program is to exercise the system hardware quickly, the 80386 is not tested extensively,
and Protected Mode is not enabled.

The diagnostic software verifies the ability of the system to perform bus cycles. The 80386
fetches code from the EPROMs, implying that EPROM read cycles function correctly.
Instructions in the program explicitly generate bus cycles to write and read RAM. The data
value read back from RAM is checked for correctness, then a byte (AAH if the data is
correct, S5H if it is not) is output to the 8-bit output latch. The program then loops back to
its beginning and starts over.

After the source code is assembled, the resulting object code should be as shown in
Figure 11-13.

11.5.6 Debugging Hints

The debugging approach described in this section is incremental; it lets the programmer
debug the system piece by piece. If even the simple 4-byte program does not run, a logic
analyzer can be used to determine where the problem is. At the very least, the 80386 should
be initiating a code fetch cycle to EPROM.
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PAGE 66,132

i

; EQUATES

£ATCH EQU 0C8H i PRESUMES A HARDWARE
;LATCH IS AT I/0 ADDR C8H

GOOD_SIGNAL EQU 0AAH

BAD_SIGNAL EQU 055H

H CODE TO VERIFY ABILITY TO WRITE AND READ RAM CORRECTLY
i

ASSUME CS:INITIAL_CODE
INITIAL_CODE SEGMENT

ORG OF000H ;THIS IS INTENDED TO BE LOCATED
;AT PHYSICAL ADDRESS FFFFF000H
TST_LOOP: MoV BX, 0000H ;INITIALIZE BASE REGISTER TO 0
MoV DS, BX ;INITIALIZE DS REGISTER TO 0
MOV [BX], 5473H iWRITE 5473H TO RAM ADDR 0 AND 1
MOV [BX]+2, 2961H sWRITE 2961H TO RAM ADDR 2 AND 3
JMP READ iJMP TO FORCE CPU TO BREAK

;i PRE-FETCH QUEUE AND FETCH THE
iNEXT INSTRUCTION AGAIN. THIS
7PREVENTS THE RAM DATA WRITTEN
;FROM JUST LINGERING ON THE DATA
;BUS UNTIL THE READ OCCURS

READ: CMP [BX], 5473H ;READ DATA FROM RAM ADDR 0 AND 1
7AND COMPARE WITH VALUE WRITTEN
JNE BADRAM ;IF DATA DOESN™T MATCH, THEN JMP
CMP [BX]+2, 2961H ;READ DATA FROM RAM ADDR 2 AND 3
7AND COMPARE WITH VALUE WRITTEN
JNE BADRAM ;IF DATA DOESN™T MATCH, THEN JMP
MoV AL, GOOD_SIGNAL
ouT LATCH, AL 7;SIGNAL THAT DATA WAS CORRECT
JMP TST_LOOP
BADRAM: Hov AL, BAD_SIGNAL
ouT LATCH, AL ;SIGNAL THAT DATA WAS BAD
JMP TST_LOOP
ORG OFFFOH ;POSITION THE FOLLOWING INSTRUCTION
;AT OFFSET OFFFOH
START: JMP TST_LOOP 7 INTRA-SEGMENT JUMP (WITHIN
i SEGMENT)

;THIS IS INTENDED TO BE THE FIRST
i INSTRUCTION EXECUTED, SO IT MUST
;BE LOCATED AT PHYSICAL ADDRESS
;FFFFFFFOH.
INITIAL_CODE ENDS
END

Figure 11-12. More Complex Diagnostic Program
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= 00C8

= 00AA

= 0055

0000

F000

F000 BB 0000
F003 8E DB
F005 C7 07 5
F009 C7 47 0
FOOE EB 01 9
FO11 81 3F 5
FO1l5 75 0D
F017 81 7F 0
FO1C 75 06
FO1E BO AA
F020 E6 C8
F022 EB DC
F024 BO 55
F026 E6 C8
F028 EB D6
FFFO

FFFO E9 FO000
FFF3

Vlarning Severe
Errors Errors
0 0

~e ~e ~o

LATCH
GOOD_ SIGNAL
BAD_SIGNAL

INITIAL CODE

TST_LOOP:

473

2 2961
0

473 READ:

2 2961

BADRAM:
R START:

INITIAL_CODE

EQUATES

PAGE

EQU
EQU
EQU

66,132

0C8H
OAAH
055H

CODE TO VERIFY ABILITY TO WRITE
AND READ RAM CORRECTLY

ASSUME CS:INITIAL_CODE

SEGMENT
ORG

MOV
MOV
MOV
MOV
JMP

CMP
JNE
CMP
JNE

MoV
ouT
JMP

MOV
ouT
JMP

ORG
JMP

ENDS
END

OF000H

BX, 0000H
DS, BX
[BX],
[BX]+2,
READ

5473H
2961H

[BX], 5473H
BADRAM
[BX]+2,

BADRAM

2961H

AL, GOOD_SIGNAL
LATCH, AL
TST_LOOP

AL, BAD_SIGNAL
LATCH, AL
TST_LOOP

OFFFOH
TST_LOOP

Figure 11-13. Object Code for Diagnostic Program
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The 80386 stops running only for one of three reasons:

» The READY# signal is never asserted to terminate the bus cycle.
o« The HALT instruction is encountered, so the 80386 enters a HALT state.

¢ The 80386 encounters a shutdown condition. In Real Mode operation (as in the simple
diagnostic program), a shutdown usually indicates that the 80386 is reading garbage on
the data bus.

If the 80386 stops running, the cause can be determined easily if the system contains simple
hardware decoders with associated LEDs to visually indicate halt and shutdown conditions.
The 80386 emits specific codes on its W/R#, D/C#, M /I10#, and address outputs to indicate
halt or shutdown. A circuit to decode these signals can be tested by executing a HLT
instruction (F4H) to see if the halt LED is turned on. The shutdown LED cannot be tested
in the same way, but its decoder is so similar to the halt decoder that if the halt decoder
works, the shutdown decoder should also work.

If the shutdown LED comes on and the 80386 stops running, the data being read in during
code fetch cycles is garbled. The programmer should check the EPROM contents, the wiring
of the address path and data path, and the data transceivers. The 4-byte diagnostic program
should be used to investigate the system. This program should work before more complex
software is used.

If neither the halt LED nor the shutdown LED is on when the 80386 stops running, the
READY# generation circuit has not activated READY# to complete the bus cycle. The
80386 is adding wait states to the cycle, waiting for the READY# signal to go active. The
address at the address latch outputs and the states of the W/R#, D/C#, and M /IO# signals
should be checked to narrow the investigation to a specific part of the READY# generation
circuit. Then the circuit should be investigated with the logic analyzer.

Once the basic system is built and debugged, more software and further enhancements can
be added to the system. The incremental approach described applies to these additions.
Systematic, step-by-step testing and debugging is the surest way to build a reliable
80386-based system.
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CHAPTER 12
TEST CAPABILITIES

The 80386 contains built-in features that enhance its testability. These features are derived
from signature analysis, and proprietary test techniques. All the regular logic blocks of the
80386, or about half of all its internal devices, can be tested using these built-in features.

The 80386 testability features include aids for both internal and board-level testing. This
chapter describes these features.

12.1 INTERNAL TESTS

Allowances have been made for two types of internal tests: automatic self-test and Transla-
tion Lookaside Buffer (TLB) tests. The automatic self-test is controlled completely by the
80386. The designer needs only to initiate the test and check the results. The TLB tests must
be externally developed and applied. The 80386 provides an interface that makes this test
development simple.

12.1.1 Automatic Self-Test

The 80386 can automatically verify the functionality of its three major Programmable Logic
Arrays (PLAs) (the Entry Point, Control, and Test PLAs) and the contents of its Control
ROM (CROM). The automatic self-test is initiated by setting the BUSY# input active during
initialization (as described in Chapter 3). The test result is stored in the EAX register of the
80386.

The self-test progresses as follows (see Figure 12-1):

1. Normal PLA or CROM inputs are disabled.

2. A pseudo-random count sequence, generated by an internal Linear Feedback Shift
register (LFSR), provides all possible combinations of PLA and CROM inputs.

3. PLA and CROM outputs for each input combinations are directed to a parallel-load
LFSR.

4. Through the action of this LFSR, a signature of all output results is accumulated.

5. After all input combinations have been sequenced, the final contents of the LFSR are
XORed with a signature constant stored in the 80386. If the LFSR contents match the
signature constant, the result will be all zeroes, indicating functional PLA and CROM.

6. The result is loaded into the EAX register.

The self-test provides 100-percent coverage of single-bit faults, which statistically comprise
a high percentage of total faults.
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Figure 12-1. 80386 Self-Test

12.1.2 Translation Lookaside Buffer Tests

The on-chip Page Descriptor Cache of the 80386 stores its data in the TLB. (Cache opera-
tion is discussed fully in Chapter 7.) The linear-to-physical mapping values for the most
recent memory accesses are stored in the TLB, thus allowing fast translation for subsequent
accesses to those locations. The TLB consists of:

¢ Content-addressable memory (CAM)—holds 32 linear addresses (Page Directory and
Page Table fields only) and associated tag bits (used for data protection and cache
implementation)

* Random access memory (RAM)—holds the 32 physical addresses (upper 20 bits only)
that correspond to the linear addresses in the CAM

e Logic-implements the four-way cache and includes a 2-bit replacement pointer that
determines to which of the four sets a new entry is directed during a write to the TLB.

To translate a linear address to a physical address, the 83086 tries to match the Page
Directory and Page Table fields of the linear address with an entry in the CAM. If a hit
(a match) occurs, the corresponding 20 bits of physical address are retrieved from the RAM
and added to the 12 bits of the Offset field of the linear address, creating a 32-bit physical
address. If a miss (no match) occurs, the 80386 must bring the Page Directory and Page
Table values into the TLB from memory.
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The 80386 provides an interface through which to test the TLB. Two 32-bit test registers of
the 80386 are used to write and read the contents of the TLB through the MOV TREG, reg
and MOV reg, TREG instructions. An 80386 program can be used to generate test patterns
which are applied to the TLB through automatic test machines or assembly language
programs.

The paging mechanism of the 80386 must be disabled during a test of the TLB. The internal
response is therefore not identical to that of normal operation, but the main functionality of
the TLB can be verified.

Test register #6 is used as the command register for TLB accesses; test register #7 is used
as the data register. Addresses and commands are written to the TLB through the command
register. Data is read from or written to the TLB through the data register.

The two test operations that may be performed on the TLB are:

e Write the physical address contained in the data register and the linear address and tag
bits contained in the command register into a TLB location designed by the data register.

e Look up a TLB entry using the linear address and tag bits contained in the command
register. If a hit occurs, copy the corresponding physical address into the data register,
and set the value of the hit/miss bit in the data register. If a miss occurs, clear the
/hit/miss bit. In this case, the physical address in the data register is undefined.

A command is initiated by writing to the command register. The command register has the
format shown in Figure 12-2 (top). The two possible commands are distinguished by the

31 12 11 5 4 1 0
.
LINEAR ADDRESS TAG LOOKUP/
WRITE#

COMMAND REGISTER

3 12 1 5 4 3 21 0
W, %
7 Z
PHYSICAL ADDRESS MIT/REPLACEMENT
MISS POINTER
OR
DATA REGISTER REPLACEMENT BIT

G30107

Figure 12-2. TLB Test Registers
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state of bit O in the command register. If bit 0 = 1, a TLB lookup operation is performed.
If bit 0 = 0, a TLB write is performed.

The tag bits (not including the linear address) consist of the following:

Bit Name Definition

11 Valid (V) Entry is valid

10 Dirty (D) Entry has been changed

9 Not Dirty (D#) Entry has not been changed

8 User (U) Entry is accessible to User privilege level

7 Not User (U#) Entry is not accessible to User privilege level
6 Writable (W) Entry may be changed

5 Not Writable (W#) Entry may not be changed

The complement of the Dirty, User, and Writable bits are provided to force a hit or miss for
TLB lookups. A lookup operation with a bit and its complement both low is forced to be a
miss; if both bits are high, a hit is forced. A write operation must always be performed with
a bit and its complement bit having opposite values.

The data register has the format shown in Figure 12-2 (bottom). The replacement pointer
indicates which of the four sets of the TLB is to receive write data. Its value is changed
according to a proprietary algorithm after every TLB hit. For testing, a TLB write may use
the replacement pointer value that exists in the TLB, or it may use the value in bits 3 and 2
of the data register. If data register bit 4 = 0, the existing replacement pointer is used. If
bit 4 = 1, bits 3 and 2 of the data register are used.

The TLB write operation progresses as follows:

1. The physical address, replacement bit, and replacement pointer value (optional) are written
to the data register.

2. The linear address and tag values are written to the command register, as well as a 0
value for bit 0.

It is important not to write the same linear address to more than one TLB entry.
Otherwise, hit information returned during a TLB lookup operation is undefined.

The TLB lookup operation progresses as follows:

e The linear address and tag values are written to the command register, as well as a
1 value for bit 0.

e New values for the hit/miss bit and replacement pointer are written to bits 4-2 in the
data register. If the hit/miss bit (bit 4) is 1, bits 31-12 contain the physical address from
the TLB. Otherwise, bits 31-12 are undefined.
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For more information on how to write routines to test the TLB, refer to the
80386 Programmer’s Reference Manual.

12.2 BOARD-LEVEL TESTS

For board-level testing, it is often desirable to isolate areas of the board from the interactions
of other devices. The 80386 can be forced to a state in which all but two of its pins are
effectively removed from their circuits. This state is accomplished through the HOLD and
HLDA pins.

When the HOLD input of the 80386 is asserted, the 80386 places all of its outputs except
for HLDA in the three-state condition. HLDA is then driven high. The 80386 remains in
this condition until HOLD is de-asserted. Note that RESET being asserted takes priority
over HOLD requests.

The 80386 completes its current bus cycle before responding to the HOLD input. Detailed
information on HOLD/HLDA response is given in Chapter 3.
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APPENDIX A
LOCAL BUS CONTROL PAL DESCRIPTIONS

The bus controller is implemented in two PALs. One PAL (called PAL-1) follows the 80386
bus cycles and generates the overall bus cycle timings. The second PAL (PAL-2) generates
most of the bus control signals.

The PALs are clocked by CLK2. They could also be clocked by CLK. Using CLK2 has the
following advantages over using CLK:

» The skew from clock to command signal is reduced, so higher performance is possible
with slower devices.

* The 80386 ADS# and READY# signals can be sampled directly. If CLK were used, it
would be possible to sample ADSO# from the 82384 instead of ADS#, but the READY#
generation logic would be more complex because READY# must be synchronized to
CLK2.

e The PAL can provide delays in 31-nanosecond, rather than 62-nanosecond, increments.
The advantages of using CLK to clock the PALs are as follows:

¢ A slower PAL device could be used.
o One PAL input is saved because only CLK, rather than CLK and CLK2, is needed.

Because CLK2 is used to clock the PALs, the choice of PALs is currently limited to only
20-pin B-series PALs.

PAL-1 FUNCTIONS

PAL-1 is implemented as two main state machines. The BUSSTATE state machine, which
is used to follow the 80386 bus cycles, is specified by the state of two signals, IDLE and
PIPE, and follows the 80386 bus by sampling ADS# and READY# IDLE and PIPE are
often useful in implementing other 80386 subsystems (such as the DRAM controller described
later in this book).

The LOCALSTATE state machine keeps track of the local bus state and is specified by
signals L2, L1, and LO. Although the local bus state usually follows the 80386 bus state, so
that the LOCALSTATE and BUSSTATE states are the same, there are times when the
local bus cycle lags the 80386 bus cycle in order to handle data-float and peripheral recovery
times correctly. Therefore, it is easier to implement this PAL using the two separate state
machines. LOCALSTATE uses the 80386 W/R# signal and various chip-select inputs to
determine what type of cycle to run.

A third, simpler state machine is also implemented in PAL-1. Q1 and QO comprise a
SEQUENCE counter that is used to implement the various time delays required by the local
bus state machine.
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The NA# output of PAL-1 activates address pipelining for the I/O and 1-wait-state devices.
For 0-wait-state devices, external logic generates NA#, because these devices require NA#
sooner than PAL-1 can generate it.

PAL-2 FUNCTIONS

PAL-2 generates most bus control signals, including all five command signals, the READY#
signal, and the latch and transceiver enable signals. PAL-2 inputs the three LOCALSTATE
signals from PAL-1 and the three 80386 bus cycle definition pins (MIO#, DC#, and WR#)
in order to follow the local bus state. PAL-2 also inputs the 0-wait-state chip-select signal
in order to set output signals quickly enough for zero wait states.

Note that the transceiver direction enable (DT/R#) is simply a latched version of W/R#.
This saves a PAL output and also guarantees that the transceiver direction does not change
while DEN# is enabled.

PAL EQUATIONS

The equations for PAL-1 and PAL-2 are shown in Figures A-1 and A-2, respectively. These
equations are shown in a high-level PAL language (ABEL, by Data 1/0) that allows the
PAL to be described as a series of states rather than equations. This language frees the
designer of the tedious task of implementing the state machine and reducing the logical
equations manually. The language saves time not only in the initial design, but also in
debugging the state machines. The automated term reduction of the high-level PAL language
allows the designer to explore many implementations quickly, which is a useful feature for
complex PAL designs.

Figures A-3 and A-4 show the PAL equations for PAL-1 and PAL-2 using PALASM by
Monolithic Memories.
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module Bus_Control_386_Pal_l flag '-r3'
title
'80386 Local Bus Controller - pal 1 Intel Corp'
BC386P1 device 'Pl6R8'; "use a 16R8 B-speed PAL for 16MHz 386
" Constants:
ON = 1;
OFF = 0;
H = 1;
L = 0;
X = Xo: " ABEL 'don't care' symbol
c = .C.: " ABEL 'clocking input' symbol

" State definitions for BUSSTATE (bus cycle state):

IDLEBUS
PIPEBUS
ACTIVEBUS
ILLEGALBUS

wununn

Ab01;
Ablo;
~b00;
Abl1l;

"bus is idle or first CLK of unpipelined
"first CLK of pipelined cycle
"subsequent CLKs of active bus

"unused

" State definitions for LOCALSTATE (local cycle state):

WAITING
SAMPLECS
CMDDELAY
I0

ENDIO
MEMORY
FLOAT
NOTLOCAL

T T T T 1

~bl01;
~bl00;
~b000;
Ab010;
Abl10;
Ab011;
Ablll;
~b001;

"waiting for next bus cycle

"CLK2 before ALE falls and CS is sampled
"delay before CMD active

"IO CMD active

"IO CMD inactive

"1WS CMD active

"data bus float delay

"OWS cycle or bus cycle not to the local bus

" State definitions for SEQUENCE (local cycle sequence counter):

SEQO
SEQ1
SEQ2
SEQ3

" Pin names:

CLK
ADS
READY
WR
CSOWs
CS1Ws
CSsIo
RESET

CLK2
OE

NA
IDLE
PIPE
L2
Ll
Lo
Q1
Qo0

BUSSTATE
LOCALSTATE
SEQUENCE

W

pin
pin
pin
pin
pin
pin
pin
pin

pin
pin

pin
pin
pin
pin
pin
pin

ke
pos
=]

pin

~b00;
~b01;
Abll;
~bl0;
" Input pins
2; 82384 CLK
H " 80386 ADS#
H " 80386 READY#
; " 80386 W/R#
H " chip-select for 0 wait-state (piped) devices
H " chip-select for 1 wait-state (piped) devices
H " chip-select for peripheral devices
9; " 80386/82384 RESET
1; " Clock pin - 82384 CLK2
11; " Output Enable pin
" output pins
19; NEXT ADDRESS (NA) for 1WS and IO devices
18; " bus state: IDLE or first CLK of unpiped cycle
17; " bus state: first CLK of pipelined cycle
16; " local cycle state
15; " local cycle state
14; " local cycle state
13; " local cycle sequence counter
12; " local cycle sequence counter
[PIPE, IDLE]; " bus cycle state
(L2, L1, LO); " local cycle state
[Ql, Q0] " local cycle sequence counter

Figure A-1. PAL-1 State Listings
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" Macros:

COUNTING macro
{ (Q1 # QO0) }:

LOWCOUNTING macro
{ ( Q0) };

" true until sequencer counts down to zero

" true until sequencer counts down to zero
" same as COUNTING except used to reduce PAL
" terms and only works if count less than 3

state_diagram BUSSTATE

state IDLEBUS:
if RESET then IDLEBUS
else if !CLK # ADS then IDLEBUS
else ACTIVEBUS;

state ACTIVEBUS:
if RESET then IDLEBUS

else if ICLK # READY then ACTIVEBUS

else if !ADS then PIPEBUS -
else IDLEBUS;

state PIPEBUS:
if RESET then IDLEBUS
else if !CLK then PIPEBUS
else ACTIVEBUS;

state ILLEGALBUS:
goto IDLEBUS;

state_diagram LOCALSTATE

state WAITING:
NA := OFF;
if RESET then WAITING
else if ICLK
#( ADS & IDLE)
#(
else

state SAMPLECS:
NA := OFF;
if RESET then WAITING
else if !CS1WS then MEMORY
else if !CSIO then CMDDELAY
else NOTLOCAL;

state CMDDELAY:
NA := OFF;
if RESET then WAITING
else IO;

state IO:
NA := (!COUNTING & CLK) # NA;
if RESET then WAITING
else if INA then IO
else ENDIO;

state ENDIO:
NA := OFF;
if RESET then WAITING
else if LOWCOUNTING then ENDIO
else FLOAT;

nununRNERENERERRERENRBERERERENRERRERERERRETEERE N

LLLLR IR IR TR LR IR R IR IR LR LR RN IR LR R R LR RN

!CSIO & LOWCOUNTING) then WAITING

URLRLRIR LR URLR LR LI LE L)

"bus is idle or first CLK of unpipelined

"reset to IDLEBUS
“remain til sample ADS active
"...then go ACTIVE

"subsequent CLKs of active bus

"reset to IDLEBUS

"remain til sample READY active
",..then next cycle either piped
",...or idle

"first CLK of pipelined cycle

"reset to IDLEBUS

"remain for just one CLK
",..then go ACTIVE

"unused state - should never occur
"if entered upon power-up...go IDLE

nunuENERERERNRENNERERERNNNN

"waiting for next bus cycle
"reset to WAITING
idle bus

for recovery time
bus cycle

"remain while
"..and remain
SAMPLECS;"..else begin
"CLK2 before ALE falls and CS is sampled
"reset to WAITING

"start 1WS access

"start IO access

"start non-local access

"delay before CMD active

"reset to WAITING
"only in state for 1 CLK2, then IO

"IO CMD active
"activate NA after count down to zero
"reset to WAITING
"remain until NA active
"...then ENDIO

"IO CMD active
"reset to WAITING

"remain while COUNTING down
"...then FLOAT

Figure A-1. PAL-1 State Listings (Cont’d.)
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state MEMORY: W1WS CMD active
NA := (INA & CLK) # (NA & !CLK); "activate NA on second and third CLK2
if RESET then WAITING "reset to WAITING
else i1f LOWCOUNTING then MEMORY "remain while COUNTING down
else FLOAT; "...then FLOAT
state FLOAT: "data bus float delay
NA := OFF;
if RESET then WAITING "reset to WAITING

else if !IDLE & !CLK & CSOWS & CS1WS & CSIO then NOTLOCAL
"watch for non-local bus cycle to start

else if COUNTING then FLOAT ",..else remain while COUNTING down
else WAITING; ", ..then WAIT
state NOTLOCAL: "OWS cycle or bus cycle not to the local bus
NA := OFF;
if RESET then WAITING "reset to WAITING
else if READY # !CLK then NOTLOCAL ‘“remain until bus cycle ends
else if COUNTING then FLOAT "...then finish FLOAT if still COUNTING
else if !ADS then SAMPLECS ",..else SAMPLECS if next bus piped
else WAITING; "...else WAIT

LR RN R LR R N R R R TR R NN LR R N RN O (NIRRT TR TR (RN ORI TR LRI (LR TR ]

TR NERNREERENNN

state_diagram SEQUENCE "counter for LOCALSTATE
state SEQ3:
if RESET then SEQO "reset to SEQuence 0
else if !CLK then SEQ3 "no change if CLK low
else SEQ2; count down every time CLK high

state SEQ2:
if RESET then SEQO
else if !CLK then SEQ2
else SEQ1l;

state SEQl:
if RESET then SEQO
else if !CLK then SEQl

else SEQO;
state SEQO: "once count all the way down, figure out what to count next
case
RESET ¢ SEQO; "reset to SEQuence 0
{RESET & (LOCALSTATE == WAITING) : SEQO; "count not used
|RESET & (LOCALSTATE == SAMPLECS) & !CS1WS : SEQ2; "set up for 1WS MEMORY
!RESET & (LOCALSTATE == SAMPLECS) & CS1WS : SEQO; "other than 1WS MEMORY
!RESET & (LOCALSTATE == CMDDELAY) & WR : SEQ3; "set up for IO write
!RESET & (LOCALSTATE == CMDDELAY) & !WR : SEQ2; "set up for IO read
{RESET & (LOCALSTATE == 10) & INA : SEQO; "still in IO...remain
IRESET & (LOCALSTATE == IO) & NA : SEQl; "set up for ENDIO
!RESET & (LOCALSTATE == ENDIO) ¢ SEQ3; "set up for IO float
!RESET & (LOCALSTATE == MEMORY) : SEQl; "set up for 1WS MEMORY
!RESET & (LOCALSTATE == FLOAT) : SEQl; "set up for IO recovery
IRESET & (LOCALSTATE == NOTLOCAL) : SEQO; "count not used
endcase;

Figure A-1. PAL-1 State Listings (Cont’d.)
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ntel LOCAL BUS CONTROL PAL DESCRIPTIONS

nuRRBENNRERERENERERRRERERNNRRRERRRRERENRREREREREERERRER RN

test_vectors ( [CLK2, CLK, RESET, ADS, READY, WR, CSOWS, CS1WS, CSIO] ->
[LOCALSTATE, NA] )

"[inputs] =-> [outputs]

"CC R AR W ccc N

"LL E DE R SSS8 A

"KK S S A 011I LOCALSTATE

"2 E D WWO

" T Y S s

[c,x, H, %x,%, X, ¥X,%X,X] => [ WAITING, L];"initialize to IDLE and WAITING state
(¢,L, L, H,H, %, %,X,x] => [ WAITING, L]:

[c,H, L, H,H, x, X,%x,X] => [ WAITING, L];

(e,L, L, x,H, x, %x,%x,x] -> [ WAITING, L];

{¢,H, L, L,H, x, X,X,x] -> [SAMPLECS, L];"100nS SRAM read

(c¢,L, L, x,H, L, L,H,H] => [NOTLOCAL, L];"NA: activated externally
(c,H, L, H,H, x, %X,%X,x] =-> [NOTLOCAL, L];

{e,L, L, x,L, x, %,%,x] -> [NOTLOCAL, L]:

(¢,H, L, L,L, %, %,X,x] -> [SAMPLECS, L];"100nS SRAM read -
(e¢,L, L, x,H, L, L,H,H] -> [NOTLOCAL, L];"NA: activated externally
[¢,H, L, H,H, %X, X,X,X] -> [NOTLOCAL, L];

(e,L, L, x,L, %, %x,%x,x] =-> [NOTLOCAL, LJ];

{¢c,H, L, L,L, x, %X,X,x] => [SAMPLECS, L];"100nS SRAM write

(¢,L, L, x,H, H, L,H,H] => [NOTLOCAL, L];"NA: activated externally
{(¢c,H, L, H,H, %X, %X,%x,x] =-> [NOTLOCAL, L};

(c,L, L, x,H, %, %x,X,x] -> [NOTLOCAL, L]:

(¢,H, L, x,H, x, x,x,x] -> [NOTLOCAL, L]:

(e,L, L, %x,L, %, %,%x,%x] =-> [NOTLOCAL, LJ;

{c,H, L, L,L, %, x,%x,X] -> [SAMPLECS, L];"100nS SRAM read

{e,L, L, x,H, L, L,H,H] => [NOTLOCAL, L];"NA: activated externally
{c,H, L, H,H, %X, %x,%,x] -> [NOTLOCAL, L];

{e,L, L, x,L, X, X,%X,X] => [NOTLOCAL, LJ];

[¢,H, L, L, L, %, %x,x,x] -> [SAMPLECS, L];'"non-local

[c,L, L, x,H, x, H,H,H] -> [NOTLOCAL, L];

[c,H, L, H,H, %X, ¥X,X,x] =-> [NOTLOCAL, L];

(¢,L, L, %x,L, %, %,X,X] =-> [NOTLOCAL, L];

(¢,H, L, L,L, %X, X,X,X] => [SAMPLECS, L];"100nS SRAM read

(e,L, L, x,H, x, L,H,H] -> [NOTLOCAL, L];"NA: activated externally
[¢,H, L, H,H, %, x,X,x] -> [NOTLOCAL, L];

(e,L, L, H,L, %, X,X,%X] => [NOTLOCAL, L]:

(c,H, L, H,L, %, X,x,x] => [ WAITING, L];"idle

(e,L, L, H,H, %, %x,%X,x] -> [ WAITING, L]:

{¢c,H, L, #H,H, %X, X,%X,x] => [ WAITING, L);:

(e,L, L, x,H, %, %X,%X,xX] => [ WAITING, L];

{(c,H, L, L,H, x, ¥X,x,X] => [SAMPLECS, L];"100nS SRAM write

(e,L, L, x,H, H, L,H,H] -> [NOTLOCAL, L];"NA: activated externally
[¢c,H, L, H,H, x, %X,%x,xX] => [NOTLOCAL, L];

(e,L, L, %x,H, %, %X,%,x] -> [NOTLOCAL, L];

[c,H, L, H,H, %, %X,%,x] -> [NOTLOCAL, LJ];

(e,L, L, x,L, %, %,%x,x] =-> [NOTLOCAL, L];

[c,H, L, H,L, %, X,X,X] => [ WAITING, L];"idle

[e,L, L, H,H, x, xX,%X,X] => [ WAITING, LJ];

{c,H, L, H,H, %, %x,x,Xx] -> [ WAITING, L}:;

[e,L, L, x,H, %, X,%x,x] -> [ WAITING, L];

[c,H, L, L,H, %, X,%X,x] -> [SAMPLECS, L];"150nS ROM read

[e,L, L, x,H, L, H,L,H] -> [ MEMORY , L];

(e,H, L, H,H, %, %,%x,%x] => [ MEMORY , H];

(c¢,L, L, H,H, x, X,%x,X] => [ MEMORY , H];

[(¢,H, L, H,H, %, x,x,x] -> [ MEMORY , L];

(e,L, L, %,L, %X, %X,%,x] -> [ FLOAT , L];

(¢,H, L, L,L, %, %x,%X,X] =-> [ FLOAT , L];

[(e,L, L, x,H, %x, L,x,x] => [ WAITING, L];

[c,H, L, H,H, x, xX,x,H] =-> [SAMPLECS, L];"100nS SRAM read

[e,L, L, x,H, L, L,H,H] => [NOTLOCAL, L];"NA: activated externally
{c,H, L, %x,H, %X, X,X,x] => [NOTLOCAL, L];

Figure A-1. PAL-1 State Listings (Cont’d.)
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[cILI
[c,H,

[c,H,

[clLl
[c,H,
(e, L,
[cIHI
[e,L,
[cIHI
[e,L,
[cIHI
[cILI
[cIHI
[c,L,
[cIHI
[cILI
[c,H,
[c,L,
[CIHI
(e, L,
[cIHI
chLI
[CIHI
fe,L,
[cIHI
[cILI
[c,H,
[e,L,
[c,H,
[cILI
[CIHI
(e, L,

fararar it A araratala-ala e A I E EE R ]

mmmppX O pXomomnonn i mnn XX mmnmm X X mimim X e X

FaRarar Sl A I AR IR AR AR P A S A R R A

SN s N s s S e NININININS NN SIS TITTTs

oTnoonnndnnninnnop o nnnn monppnnnnnn NN e e

~

onnnonnnonnnnonX X Ommmimin X e

PR R EEE R IR

X, X,X,X] =-> [NOTLOCAL, L];

X, X,X,x] -> [SAMPLECS, L];"150nS ROM read
L, H,L,H] -> [ MEMORY , L];

X, X,X,x] =-> [ MEMORY , H]);

x, xX,%X,x] -> [ MEMORY , H];

X, X,%,x] =-> [ MEMORY , L];

x, x,%X,x] -> [ FLOAT , L];

X, X,%x,x] -> [ FLOAT , L};

x, %x,L,x] =-> [ WAITING, L];

X, X,%x,H] =-> [SAMPLECS, L];"150nS SRAM write
H, H,L,H] -> [ MEMORY , L];

X, X,X,x] =-> [ MEMORY , H];

X, X,x,x)] -> [ MEMORY , H}:

X, X,%X,x] =-> [ MEMORY , L];

X, x,%x,x] -> [ FLOAT , L];

x, %X,%X,x] -> [ FLOAT , L];

x, %,L,x] -> [ WAITING, L];

%X, x,%,H] -> [SAMPLECS, L];"150nS SRAM read
L, H,L,H] -> [ MEMORY , L];

X, X,%,x] -> [ MEMORY , H]:

X, X,X,x] -> [ MEMORY , H]:

X, X,X,x] -> [ MEMORY , L};

X, X,%X,x] => [ FLOAT , L];

x, X,X,x] -> [ FLOAT , L];

X, X,X,X) => [ WAITING, L];"idle
x, %,%X,x] =-> [ WAITING, L];

X, X,X,x] -> [ WAITING, L];

X, X,X,x] => [SAMPLECS, L];"150nS SRAM read
L, H,L,H] -> [ MEMORY , L]:

X, X,%X,x] =-> [ MEMORY , H];

X, X,X,x] => [ MEMORY , H];

X, X,%,x] -> [ MEMORY , L);

X, X,X,x] =-> [ FLOAT , L];

x, X,%X,x] => [ FLOAT , L];

X, X,X,x] => [ WAITING, L];"idle
X, X,x,x) -> [ WAITING, L];

X, X,X,xX] =-> [WAITING , L];

X, %X,%X,x] =-> [SAMPLECS, L];"peripheral read
L, H,H,L] -> [CMDDELAY, L];

L, x,x,x] =-> [ I0 , L):

X, X,X,X] => [ IO , L);

X, X,%X,X] => [ I0 , L):

X, X,X,x] => [ I0 , L);

X, X,x,X] => [ I0 , L);

X, X,%,xX] =-> [ I0 , L):

X, X,X,X) => [ IO , H);

X, X,x,x] -> [ ENDIO , H];

X, X,X,x] -> [ ENDIO , L];

X, X,X,x] -> [ FLOAT , LJ];

X, X,%X,x] -> [ FLOAT , L);

x, x,%x,L] => [ FLOAT , L]:

X, X,X,X} -> [ FLOAT , L};

X, X,x,L] -> [ FLOAT , L};

X, X,%X,x] -> [ FLOAT , L];

x, x,%x,L] -> [WAITING , L];

x, %,%x,L] -> [WAITING , L]:

x, x,%x,L] -> [WAITING , L];

X, X,X,xX] -> [SAMPLECS, L];"peripheral read
L, H,H,L] -> [CMDDELAY, Lj};

L, x,%,x] => [ I0 , L):

X, X,X,X] => [ I0 , L):

X, X,X,xX] => [ I0 , L):

X, X,%,x] -> [ Io , L):

X, X,X,X] => [ I0 , L):

X, X,X,xX] => [ Io , L);

Figure A-1. PAL-1 State Listings (Cont’d.)
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[CIH' LI HIH’ xl x'x’x]
(¢,L, L, H,H, X, X,X,X]
(c,H, L, H,H, X, X,X,X]
(c,L, L, x,L, X, X,X,X]
(c,H, L, L,L, X, X,X,X]
(e,L, L, x,H, X, L,X,X]
[C'H’ L’ H’Hl xl x’xlx]
(e,L, L, H,H, x, L,X,X]
(c,H, L, H,H, X, X,X,X]
[c’L' L’ H’H’ x’ L’x’x]
[c,H, L, H,H, x, X,X,H]
(e,L, L, H,H, L, L,H,H]
[c,H, L, H,H, X, X,X,X]
(e,L, L, %x,L, X, X,X,X]
(c,H, L, L,L, X, X,X,X]
(e,L, L, x,H, H, H,H,L]
(c,H, L, H,H, H, X,X,X]
[c'L’ LI H'Hl x' xlx’x]
[CIH' L’ HIH’ x’ xlx’x]
[C’LI LI H'H' x’ xlx'x]
(c,H, L, H,H, X, X,X,X]
(c,L, L, H,H, x, X,X,X]
(c,H, L, H,H, x, X,X,X]
(c,L, L, H,H, x, X,X,X]
[c,H, L, H,H, x, X,X,X]
[C’L’ LI H'HI xl x’xlx]
[c,H, L, H,H, X, X,X,X]
[c,L, L, x,L, X, X,X,X]
[¢/H, L, x,L, X, X,X,X]

end Bus_Control 386_Pal_|

->
->
->
->
->
->
->
->
->
->
->
->
->
->
->

->
->
->
->
->
->
->
->
->
->
->
->
->

1:

[
[
[
[
[
[
[
[

I0
ENDIO
ENDIO
FLOAT
FLOAT
FLOAT
FLOAT
FLOAT

[ FLOAT

(WAITING

SN s s s s~ s~

'

[SAMPLECS,
[NOTLOCAL,
[NOTLOCAL,
[NOTLOCAL,
[SAMPLECS,
[CMDDELAY,

[

[
[
[
[
[
[
[
[
[
[
[
[

I0
I0
I0
I0
I0
I0
Io
I0
I0
ENDIO
ENDIO
FLOAT
FLOAT

NSNS S S SSsSSsSsss-~

"100nS SRAM read
"NA: activated externally

"peripheral write

poEERREODOn R EREEEREEEEEEEERE

e e ~e o ws we wo e No So Ne Ne Ne We e Ne Se Se Ne we N Ne we e Ne “e Se “o “e

Figure A-1. PAL-1 State Listings (Cont’d.)
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ntel

LOCAL BUS CONTROL PAL DESCRIPTIONS

module Bus_Control_386_Pal_2 flag '-r3'
title
'80386 Local Bus Controller - pal 2 Intel Corp'
BC386P2 device 'Pl6R8'; "use a 16R8 B-speed PAL for 16MHz 386
" Constants:
ON = 1;
OFF = 0;
H = 1;
L = 0;
X = Xo7 " ABEL 'don't care' symbol
c = .C.; " ABEL 'clocking input' symbol

" State definitions for LOCALSTATE (local cycle state):

WAITING
SAMPLECS
CMDDELAY
10

ENDIO
MEMORY
FLOAT
NOTLOCAL

" Pin names:

CLK
MIO
DC
WR

Lo

Ll

L2
CsSows

CLK2
OE

MRDC
MWTC
IORC
I0oWC
INTA
ALE
DEN
RDY

LOCALSTATE

" Macros:

ifMEMORYREAD macro

LI T O T

pin
pin
pin
pin
pin
pin
pin
pin

pin
pin

pin
pin
pin
pin
pin
pin
pin
pin

( ( MIO &

~bl01l; "waiting for next bus cycle

Abl100; "CLK2 before ALE falls and CS is sampled

Ab000; "delay before CMD active

Ab010; "IO CMD active

Abl110; "IO CMD inactive

Ab01l1; "1WS CMD active

~blll; "data bus float delay

~b001; "OWS cycle or bus cycle not to the local bus
" Input pins

2; " 82384 CLK

37 " 80386 M/IO#

4; " 80386 D/C#

5; " 80386 W/R#

6; " local cycle state (from PAL 1)

7; " local cycle state (from PAL 1)

8; " local cycle state (from PAL 1)

9; " chip-select for 0 wait-state (piped) devices

1; " Clock pin - 82384 CLK2

11; " Output Enable pin
" Output pins

19; " Memory Read Control signal

18; " Memory Write Control signal

17; " I/0 Read Control signal

16; " I/0 Write Control signal

15; " Interrupt Acknowledge Control signal

14; " Address Latch Enable Control signal

13; " Data Transceiver Enable Control signal

12; " READY signal

(L2, L1, LO): " local cycle state

IWR)

ifMEMORYWRITE macro
{ ( MIO &

ifIOREAD macro
{ (!MIO & DC & !WR)

ifIOWRITE macro
{ (!MIO & DC & WR)

ifINTACK macro

{ (IMIO &

I{DC

DC & WR)

& WR)

Y M

)'n "

)o n

); ”n

y: 0

true for memory data or code read

true for memory data write

true for I/0 data read

true for I/0 data write

true for interrupt acknowledge cycle

Figure A-2. PAL-2 State Listings
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el

LOCAL BUS CONTROL PAL DESCRIPTIONS

LU R TR TR IR R R NIRRT LRI IR IR IR NN NIR NN
equations

IMRDC
( (LOCALSTATE==WAITING)
# ( (LOCALSTATE==SAMPLECS)
# ( (LOCALSTATE==CMDDELAY)
( (LOCALSTATE==I0)
(LOCALSTATE==ENDIO)
(LOCALSTATE==MEMORY)
(LOCALSTATE==FLOAT)
(LOCALSTATE==NOTEOCAL)

A~~~

PR

! IORC

(LOCALSTATE==MEMORY)
(LOCALSTATE==FLOAT)
(LOCALSTATE==NOTLOCAL)

R

IIOWC :=
( (LOCALSTATE==WAITING)

# ( (LOCALSTATE==SAMPLECS)
# ( (LOCALSTATE==CMDDELAY)
# ( (LOCALSTATE==I0)

# ( (LOCALSTATE==ENDIO)

# ( (LOCALSTATE==MEMORY)

# ( (LOCALSTATE==FLOAT)

# ( (LOCALSTATE==NOTLOCAL)

R R

[

(LOCALSTATE==WAITING)
(LOCALSTATE==SAMPLECS)
(LOCALSTATE==CMDDELAY)
(LOCALSTATE==I0)
(LOCALSTATE==ENDIO)
(LOCALSTATE==MEMORY)
(LOCALSTATE==FLOAT)
(LOCALSTATE==NOTLOCAL)

RO

ALE

( (LOCALSTATE==WAITING)
( (LOCALSTATE==SAMPLECS)
(LOCALSTATE==CMDDELAY)
(LOCALSTATE==I0)
(LOCALSTATE==ENDIO)
(LOCALSTATE==MEMORY)
(LOCALSTATE==FLOAT)

&
&
&
&
&
&
&
(LOCALSTATE==NOTLOCAL) &

#
#(
#(
#(
#(
#(
#(

#(!

LU R R TR RN TR IR RN TR IR R IR IR RN RN LR IR IR R LR R LR LR TR R LR IR LR LR LR LR R

OFF)
ifMEMORYREAD & !CSOWS) "activate if OWS access
OFF)
((LEMEMORYREAD & DEN) # !MRDC)) ‘“activate if IO
( (LfMEMORYREAD & DEN) # !MRDC)) "remain if IO
( (LfMEMORYREAD & DEN) # !MRDC)) '"activate 1WS
OFF)
(!MRDC & (RDY # !CLK))): "remain if OWS
OFF)
ifMEMORYWRITE & !CSOWS)
OFF)
( (LEMEMORYWRITE & DEN) # (!MWTC & RDY)))
( (LEMEMORYWRITE & DEN) # (!MWTC & RDY)))
( (LEMEMORYWRITE & DEN) # !MWTC))
OFF)
(!MWTC & RDY));
OFF)
ifIOREAD & !CSOWS)
OFF)
( (1£TOREAD & DEN) # !IORC))
( (1£IOREAD & DEN) # !IORC))
( (LfIOREAD & DEN) # !IORC))
OFF)
(!IORC & (RDY # !CLK)));
OFF)
ifIOWRITE & !CSOWS)
OFF)
( (1£IOWRITE & DEN) # (!IOWC & RDY)))
( (1£IOWRITE & DEN) # (!IOWC & RDY)))
( (1fTOWRITE & DEN) # !IOWC))
OFF)
(!I0WC & RDY)):
OFF)
ifINTACK & !CSOWS)
OFF)
( (1£INTACK & DEN) # !INTA))
( (LEINTACK & DEN) # !INTA))
( (1FINTACK & DEN) # !INTA))
OFF)
(!INTA & (RDY # !CLK))):
ON) "activate ALE while waiting
OFF)
OFF)
OFF)
OFF)
OFF)
OFF)
( (DEN & CSOWS) Yactivate ALE if not-local
# ALE "if active...remain active

RDY & CLK))); "activate if last CLK2 of OWS access

Figure A-2. PAL-2 State Listings (Cont’d.)
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!DEN :=
( (LOCALSTATE==WAITING) & OFF)
# ((LOCALSTATE==SAMPLECS) & OFF)
# ( (LOCALSTATE==CMDDELAY) & OFF)
# ((LOCALSTATE==I0) & ON) "activate DEN while in IO
# ( (LOCALSTATE==ENDIO) & ON) "activate DEN while in IO
# ( (LOCALSTATE==MEMORY) & ON) "activate DEN while in 1WS access
# ((LOCALSTATE==FLOAT) & (!MWTC # !IOWC)) "remain active 1 CLK2 if write
# ((LOCALSTATE==NOTLOCAL) & ( (!ALE & !CSOWS) "activate DEN if OWS access
# !DEN) "if active...remain active
& (RDY # !CLK)): ",..until last CLK2 of OWS access
IRDY :=
((LOCALSTATE==WAITING) & OFF)
# ( (LOCALSTATE==SAMPLECS) & OFF)
# ( (LOCALSTATE==CMDDELAY) & OFF)
# ( (LOCALSTATE==I0) & OFF)
# ( (LOCALSTATE==ENDIO) & ON) "activate RDY at end of IO
# ( (LOCALSTATE==MEMORY) & ((RDY & !DEN & CLK) # (!RDY & !CLK)))
"activate RDY at end of 1WS access
# ( (LOCALSTATE==FLOAT) & OFF)
# ((LOCALSTATE==NOTLOCAL) & ( ( RDY & CLK & ( (!MRDC # !IORC # !INTA)

#((!MWTC # !IOWC) & !DEN)))
#(!RDY & !CLK))):

"activate RDY at end of OWS access
RLRLR LR LR R LR LR TR R Ol IR LR R U N O LR N R LN LR TR R L L R NN R T N TR T RN R NN N LRI NI RN RN RN RN RN RN IRIRIRIRIR IR IRIRRIN

test_vectors ( [CLK2, CLK, LOCALSTATE, MIO, DC, WR, CSOWS] ->
[MRDC, MWTC, IORC, IOWC, INTA, ALE, DEN, RDY] )

"[inputs] =-> [outputs])

"c ¢ MDW C MMIII ADR
"L L ICR S RWOON LED
"K K LOCALSTATE O (o] DTRWT ENY
"2 w cccca
" s
[c,L, X , X,X,X, X] => B , "initialize to IDLE and WAITING
[c,H, X P XX, %X, X] => v ’
(¢, L, X r XX, X, X] => ’ ’
[c,H, X r X, X, X, X] => ’ ’
[c,L, X X, X,X, X] => ’ v
[c,H, X X, XX, X] => ’ '
[c,L, X r XX, X, X] => ’ '
[c,H, X , X, X, X, X] => ’ ’
[e,L, WAITING, X,X,X, X] =-> ’ ’
(c,H, WAITING, Xx,X,X, X] —> ' '
[c,L, WAITING, X,X,X, X] => ' '
’

HHHHHHHHHHHHHHHHﬁHHHHHH
A
PrhEEEREERERERER X RR X KK X
mmmmmmmmm:ymmmmxxxxxxxx
EmEkEEREERRERREX kxR RX
::::n::::::nm:nmfnm:nmmxxxxxxxx
FEREEEEE NN R EE X XK KX XN
PEEEPPEECDEREEER XX KKK XX
EEEEboEEDbEREERR R KX R KX

MPARAMMEIE IR AR AR AR A AR AR AP AR AR AR AR AR AR AR

[c,H, WAITING, x,%x,x, X] =-> , "100nS SRAM read
[c,L, SAMPLECS, H,L,L, L] =->

[c,H, NOTLOCAL, x,x,x, L] -> ’ '

[c,L, NOTLOCAL, X,X,X, X] => , ,

(c,H, NOTLOCAL, x,x,x, X] =-> B B "100nS SRAM read
[c,L, SAMPLECS, H,H,L, L] -> , ,

{c,H, NOTLOCAL, x,x,x, L] -> , ,

[c,L, NOTLOCAL, Xx,X,x, X] => ' ’

[c,H, NOTLOCAL, x,X,x%x, X] =-> , , "100nS SRAM write
{c,L, SAMPLECS, H,H,H, L] -> , ,

[c,H, NOTLOCAL, x,x,x, L] -> , ,

[c,L, NOTLOCAL, X,X,X, X] =-> ’ '

Figure A-2. PAL-2 State Listings (Cont’d.)
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el

LOCAL BUS CONTROL PAL DESCRIPTIONS

[c,H, NOTLOCAL, x,X,X, x] -> [H,L,H,H,H, L,L,L];

[c,L, NOTLOCAL, x,x,x, %] -> [H,H,H,H,H, L,L,L];

{c,H, NOTLOCAL, x,X,x, x] -> [H,H,H,H,H, H,H,H];"100nS SRAM read

(c,L, SAMPLECS, H,H,L, L] -> [L,H,H,H,H, L,H,H);

[c,H, NOTLOCAL, x,x,x, L] -> [L,H,H,H,H, L,L,L];

(c,L, NOTLOCAL, Xx,X%,x, x] -> [L,H,H,H,H, L,L,L];

[c,H, NOTLOCAL, x,x,X, X] -> [H,H,H,H,H, H,H,H];"non-local

[c,L, SAMPLECS, x,x,x, H] -> [H,H,H,H,H, L,H,H];

[c,H, NOTLOCAL, Xx,x,x, H} -> [H,H,H,H,H, H,H,H];"READY: activated externally

(e,L, NOTLOCAL, x,x,x, x] -> [H,H,H,H,H, H,H,H];

[c,H, NOTLOCAL, X,X,X, X] -> [H,H,H,H,H, H,H,H];"100nS SRAM read

(c,L, SAMPLECS, H,L,L, L] -> [L,H,H,H,H, L,H,H];

[c,H, NOTLOCAL, x,x,x, L] -> [L,H,H,H,H, L,L,L];

(e,L, NOTLOCAL, Xx,x,X, X) -> [L,H,H,H,H, L,L,L);

[c,H, NOTLOCAL, x,x,x, x] -> [H,H,H,H,H, H,H,H];"idle

[c,L, WAITING, X,%,%, X] -> [H,H,H,H,H, HHH];

(c,H, WAITING, X,X,X, X] -> [H,H,H,H,H, H,H,H];

[(c,L, WAITING, Xx,X,%, X] -> [H,H,H,H,H, H,H,H];

[c,H, WAITING, Xx,X,%X, X] -> [H,H,H,H,H, H,H,H];"100nS SRAM write

[c,L, SAMPLECS, H,H,H, L) -> [H,L,H,H,H, L,H,H];

[c,H, NOTLOCAL, X,x,x, L] -> [H,L,H,H,H, L,L,H];

[c,L, NOTLOCAL, x,x,x, x] -> [H,L,H,H,H, L,L,H];

[c,H, NOTLOCAL, X,x,X, x] -> [H,L,H,H,H, L,L,L];

(c,L, NOTLOCAL, Xx,x%,x, x] -> [H,H,H,H,H, L,L,L];

[(c,H, NOTLOCAL, x,x%,%, x] -> [H,H,H,H,H, H,H,H];"idle

[c,L, WAITING, x,x%,x, x] -> [H,H,H,H,H, H,HH];

[c,H, WAITING, x,X,%, X] -> [H,H,H,H,H, H,H,H];

[c,L, WAITING, x,x,x, x] -> [H,H,H,H,H, H,H,H];

[c,H, WAITING, x,x,%, x] -> [H,H,H,H,H, H,H,H];"150nS ROM read

[c,L, SAMPLECS, x,x,x, H] -> [H,H,H,H,H, L,H,H];

[c,H, MEMORY , H,H,L, x] -> [L,H,H,H,H, L,L,H];

{c,L, MEMORY , x,x,x, Xx] -> [L,H,H,H,H, L,L,H];

[c,H, MEMORY , x,x,x, x] -> [L,H,H,H,H, L,L,L];

(c,L, MEMORY , Xx,X,Xx, X] -> [L,H,H,H,H, L,L,L];

[c,H, FLOAT , X,%,X, X) -> [H,H,H,H,H, L,H,H];

(c,L, FLOAT , x,x,x, %] -> [H,H,H,H,H, L,H,H];

[c,H, WAITING, x,X,%X, X] -> [H,H,H,H,H, H,H,H];"100nS SRAM read

[c,L, SAMPLECS, H,L,L, L] -> [L,H,H,H,H, L,H,H];

[c,H, NOTLOCAL, x,x,x, L] -> [L,H,H,H,H, L,L,L];

[¢,L, NOTLOCAL, ¥,x,x, x] -> [L,H,H,H,H, L,L,L];

[c,H, NOTLOCAL, Xx,x,X, X] -> [H,H,H,H,H, H,H,H];"150nS ROM read

{c,L, SAMPLECS, x,x,x, H] -> [H,H,6H,H,H, L,H,H];

(c,H, MEMORY , H,L,L, x] -> [L,H,H,H,H, L,L,H];

{c,L, MEMORY , x,x,x, x] -> [L,H,H,H,H, L,L,H];

(c,H, MEMORY , ¥,x,x, x] -> (L,H,H,H,H, L,L,L];

(c,L, MEMORY , x,X,X%, x] -> [L,H,H,H,H, L,L,L};

(c,H, FLOAT , x,x,x, xX] -> [H,H,H,H,H, L,H,H];

[c,L, FLOAT , x,¥,x%, x] -> [H,H,H,H,H, L,H,H];

[c,H, WAITING, x,x,x, X] -> [H,H,H,H,H, H,H,H};"150nS-SRAM write

[c,L, SAMPLECS, x,x,x, H] -> [H,H,H,H,H, L,H,H];

[c,H, MEMORY , H,H,H, x] -> (H,L,H,H,H, L,L,H];

{c,L, MEMORY , x,x,x, x] -> [H,L,H,H,H, L,L,H];

[c,H, MEMORY , x,x,x, x] -> [H,L,H,H,H, L,L,L];

[c,L, MEMORY , x,x,x, x] -> [H,L,H,H,H, L,L,L];

[c,H, FLOAT , x,x,x, x] -> [H,H,H,H,H, L,L,H];

[e,L, FLOAT , x,x,x, x] -> (H,H,H,H,H, L,H,H];

(c,H, WAITING, x,X,X, X] -> [H,H,H,H,H, H,H,H];"150nS SRAM read

[c,L, SAMPLECS, x,x,x, H] -> [H,H,H,H,H, L,H,H];

[c,H, MEMORY , H,H,L, x] -> [L,H,H,H,H, L,L,H];

[c,L, MEMORY , x,x,x, x] -> (L,H,H,H,H, L,L,H];

[c,H, MEMORY , x,x,x, x] -> [L,H,H,H,H, L,L,L);

[c,L, MEMORY , x,x,%, x] -> [L,H,H,H,H, L,L,L];

[c,H, FLOAT , x,Xx,x, X] -> [H,H,H,H,H, L,H,H];

[c,L, FLOAT , x,Xx,x, X] -> [H,H,H,H,H, L,H,H];"idle

[c,H, WAITING, x,x,x, x] -> [H,H,H,H,H, HHH];

(c,L, WAITING, Xx,x,x, X] -> [H,H,H,H,H, H,H,H];

[c,H, WAITING, ¥x,x,x, X] -> [H,H,H,H,H, H,H,H];"150nS SRAM read
Figure A-2. PAL-2 State Listings (Cont’d.)




LOCAL BUS CONTROL PAL DESCRIPTIONS

>

"peripheral interrupt ack.
'100nS SRAM read
"peripheral write

"peripheral read

"idle
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end Bus_Control_ 386 _Pal_2;

Figure A-2. PAL-2 State Listings (Cont’d.)

A-13



LOCAL BUS CONTROL PAL DESCRIPTIONS

PAL16R8 PAL DESIGN SPECIFICATIONS
PART NUMBER: 80386 LOCAL BUS CONTROLLER - PAL 1

80386 LOCAL BUS CONTROLLER : PAL 1 OF 2

INTEL, SANTA CLARA, CALIFORNIA

CLK2 CLK ADS READY WR CSOWS CS1WS CSIO RESET GND

OE Qo0 Q1 Lo Ll L2 PIPE IDLE NA vee

/PIPE := RESET

/CLK * /PIPE
CLK * PIPE
/PIPE * READY
IDLE

ADS * /PIPE

+ 44+

/IDLE

/CLK #* /IDLE * /RESET
+ /IDLE * PIPE * /RESET
+ /IDLE * READY * /RESET
+ /ADS * CLK * /PIPE * /RESET

/NA

I

/L1
L2

/CLK * /NA
CLK * LO * NA
/LO * /NA * QO
JLO * /NA * Q1

+ 4+ 4+

/L2 := /CLK * /L1 * /L2 * /RESET

/L0 * /L2 * /NA * /RESET

/Ll % /L2 * READY * /RESET

10 * L1 * /L2 * QO * /RESET

/LO * /L1 * /RESET

/CLK * CSOWS * CS1WS * CSIO * /IDLE * LO * L1 * L2 * /RESET

+ 4+ ++

/L1 :

RESET

/CLK * LO * /Ll

L0 * /L1 * READY

CS1WS * /L1 * L2

L0 * /L1 * L2

LO * L2 * /QO0 * /Q1

LO * /L1 * /Q0 * /Ql

/CLK * CSOWS * CS1WS * CSIO *# /IDLE * LO * L2

+ 4+

/LO

/L0 * /L2 * /RESET

/LO * L1 * QO * /RESET

CS1WS * /CSIO * /LO * /L1 * /RESET

/ADS * CLK * CSIO * LO * /L1 * L2 * /RESET

/BADS * CLK * LO * /L1 * L2 * /QO * /RESET

CLK * CSIO * /IDLE * LO * /L1 * L2 * /RESET

CLK * /IDLE * LO * /L1 * L2 * /Q0 * /RESET

JADS * CLK * /L1 * /L2 * /Q0 * /Ql * /READY * /RESET

At

/Ql i= RESET

Q0 * /Q1

CLK * QO

LO * /Q1

CS1WS * /L1 * L2 * /Ql
Ll * /L2 * /Ql

444+

/Q0 := RESET

/CLK * /Q0 * Q1

CIK * Q0 * /Ql

JLO * L1 * L2 * /Q0 * /Ql

Lo * /L1 * /Q0 * /Q1

CSIWS * /L1 * L2 * /Q0 * /Ql
/L1 * /12 * /QO0 * /Ql * WR
JLO * L1 * /NA * /Q0 * /Ql

+H+ A

DESCRIPTION

This PAL is the first of two PALs that implement a 386 bus controller

Figure A-3. PAL-1 Equations
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LOCAL BUS CONTROL PAL DESCRIPTIONS

PAL16R8 PAL DESIGN SPECIFICATIONS
PART NUMBER: 80386 LOCAL BUS CONTROLLER - PAL 2
80386 LOCAL BUS CONTROLLER : PAL 2 OF 2

INTEL,

SANTA CLARA, CALIFORNIA

CLK2 CLK MIO DC WR Lo L1 L2 CSOWS GND

OE

/MWTC

/I0RC :

/I0WC :

/INTA

/ALE :

JDEN :

/RDY :

RDY DEN ALE INTA IOWC IORC MWTC MRDC VCC
/MROC :=

/L0 * L1 * /MRDC

L1 * /L2 * /MRDC

/CLK * L0 * /L2 * /MRDC

L0 * /L2 * /MRDC * RDY

/CSOWS * /LO * /L1 * L2 * MIO * /WR
DEN * /LO * L1 * MIO * /WR

DEN * L1 * /L2 * MIO * /WR

o+

= L0 * L1 * /L2 * /MWTC

/L0 * L1 * /MWTC * RDY

L0 * /L2 * /MWTC * RDY

/CSOWS * DC * /LO * /L1 * L2 * MIO * WR
DC * DEN * /LO * L1 * MIO * WR

DC * DEN * L1 * /L2 * MIO * WR

+ 4+ o+

/IORC * /LO * L1

/IORC * L1 * /L2

/CLK * /IORC * LO * /L2

/IORC * LO * /L2 * RDY

/CSOWS * DC * /LO * /L1 * L2 * /MIO * /WR
DC * DEN * /LO * L1 * /MIO * /WR

DC * DEN * L1 * /L2 * /MIO * /WR

JIONC * LO * L1 * /L2

/IOWC * /LO * L1 * RDY

/I0WC * L0 * /L2 * RDY

/CSOWS * DC * /LO * /L1 * L2 * /MIO * WR
DC * DEN * /LO * L1 * /MIO *

DC * DEN * L1 * /L2 * /MIO * WR

JINTA * /L0 * L1
+ /INTA * L1 * /L2
+ /CLK * /INTA * L0 * /L2
+ /INTA ¥ LO * /L2 * RDY
+ /CSOWS * /DC * /LO * /L1 * L2 * /MIO * /WR
+/DC * DEN * /LO * L1 * /MIO * /WR
+/DC * DEN * L1 * /L2 * /MIO * /WR

n
+ 4+ + + + + o+

/ALE * /CLK * /CSOWS * /L2
+ /ALE * /CLK * /DEN * /L2
+ /ALE * /CSOWS * /L2 * RDY
+ /L0

+ L1
+ /ALE * /DEN * /L2 * RDY

/L0 * L1
+ 11 * /L2
+ /IONC * L1
+ L1 * /MuTC
+ /CLK * /DEN * LO * /L2
+ /DEN * L0 * /L2 * RDY
+ /ALE * /CLK * /CSOWS * LO * /L2
+ /ALE * /CSOWS * LO * /L2 * RDY

/L0 * L1 * L2
+ /CLK * L0 * /L2 * /RDY
CLK * /DEN * L0 * L1 * /L2 * RDY
CLK * /INTA * LO * /L1 * /L2 * RDY
CLK * /IORC * LO * /L1 * /L2 * RDY
CLK * L0 * /L1 * /L2 * /MRDC * RDY
CLK * /DEN * /IOWC * LO * /L2 * RDY
CLK * /DEN * L0 * /L2 * /MWTC * RDY

+ o+ + o+ 4+

DESCRIPTION

This PAL is the second of two PALs that implement a 386 bus controller

Figure A-4. PAL-2 Equations
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APPENDIX B
80387 EMULATOR PAL DESCRIPTION

This section describes the PAL equations for the Math Control PAL in the 80386 emulator

circuit. These equations are listed in Figure B-1.

The primary function of the PAL is to decode the 80386 outputs and generate 80287 inputs.
The CLK16D#, DVALID#, and AVALID# signals provide for the correct timing of the
outputs. The TP2 input provides the ability to force the PAL outputs to the high impedance

state. For normal operation, TP2 is pulled high.

PAL16L8B PAL DESIGN SPECIFICATION
386/100 27 February 1986 ED JACKS
PAL: MATH CYCle MATHCYC

INTeL Corporation
/RDY A31 LRESET /ADS MIO /RD /AVALID /DVALID /CLK16 GND
TP2 /CLK16D /READYO /DVALIDD /AVALIDD NC /IORDD /IOWCD /READYOD VCC

IF (TP2) AVALIDD =
+ /RDY *

ADS * RDY * /LRESET * CLK16 *
A31 * /MIO * /LRESET * AVALID

+ A31 * /MIO * /LRESET * AVALID * DVALID

+ ADS * /LRESET * CLK16 * /AVALID * DVALID
+

/LRESET * /CLK16 * AVALID

/AVALID

IF (TP2) DVALIDD =
+# /RDY * /LRESET *
+ ADS * /LRESET *
+ /LRESET ¢

/LRESET * CLK16 *
DVALID
CLK16 * /DVALID

/CLK16 * DVALID

AVALID * DVALID

IF (TP2) I0RDD =

+ A31 *

/RDY *
/M1Q

A31 * /MID *
/CLK16 * RD *

/RD * AVALID * DVALID
AVALID * DVALID

IF (TP2) I10WCD =

+ A31 ¢

/RDY *
/M1o ¢

A3t * /MIO * RD *
/CLK16 * /RD *

AVALID * DVALID
AVALID * DVALID

IF (TP2) READYOD =
+ /RDY *

A31 ¢
A31 *

/Mo
/MIo ¢

/CLK16 * READYD *
CLK16 * AVALID *

AVALID *
DVALID

DVALID

CLK16D = /LRESET * /CLK16

Figure B-1. 80387 Emulator PAL Equations
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APPENDIX C
DRAM PAL DESCRIPTIONS

This section describes the inputs, outputs, and functions of each of the PALs in the DRAM
design described in Chapter 6. The terms Start-Of-Phase and Middle-Of-Phase used to
describe PAL input sampling times refer to the 80386 internal CLK phase and are defined
in Figure C-1.

The setup, hold, and propagation delay times for each PAL input and output can be deter-
mined from the PAL data sheets. In a few cases, the setup and hold times during certain
events must be violated; in these cases, the PAL equations mask these inputs so they are not
sampled. Because the states are fully registered and because inputs are masked when their
setup or hold times cannot be guaranteed, no hazards exist.

DRAM STATE PAL

The DRAM State PAL determines when to run a new DRAM cycle and tracks the state of
the DRAM through the cycle. The inputs sample DRAM requests from the processor (or
any other bus master) as well as requests for refresh. The outputs store state information
and generate the two RAS signals and two multiplexer control signals. Table C-1 contains
a description of the outputs and inputs.

The equations for the 3-CLK DRAM State PAL are shown in Figure C-2; those for the
2-CLK DRAM State PAL are shown in Figure C-3. The DRAM State PAL is implemented
in a 16R8 PAL if the RAS signals are registered internally, or in a 16R6 PAL if external
registers are used. For a 16-MHz system, B-series PAL speeds are required.

START-OF-PHASE START-OF-PHASE

MIDDLE-OF-PHASE MIDDLE-OF-PHASE
CLKZ\_—/ _\_/_\_/ \_

-\
= N/ N/

G30107

Figure C-1. PAL Sampling Edges
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DRAM PAL DESCRIPTIONS

Table C-1. DRAM State PAL Pin Description

PAL CONTROLS
Name Connects From PAL Usage
CLK2 Systems CLK2 PAL register clock
OE Tied low Outputs always enabled
PAL INPUTS
Name Connects From PAL Usage Sampled
CLK System CLK Indicates clock phase Every CLK2
CS0# Chip-Select Logic DRAM access is begun (or Start-Of-Phase
CS1# (uses Address, queued if another cycle is in (Queue cleared
CS2# M/IO, W/R, D/C) progress) when all selects after first cycle of
CS3# are sampled active access)
CS4#
DT/R# DRAM CONTROL Indicates write/read Start-Of-Phase on
PAL DT/R# out Used only in 2-CLK 2nd CLK of access
A2 System Address Selects one of the two DRAM Start-Of-Phase in
bit 2 banks which DRAM
access starts
RFRQ Refresh Interval Starts refresh cycle as soon Middle-Of-Phase
Count as possible
PAL OUTPUTS
Name Connects To PAL Usage Changes State
RASO# DRAM Bank 0 Controls DRAM RAS signals Start-Of-Phase
RAS1# DRAM Bank 1
ROWSEL Addr MUX select Select DRAM row/column Middle-Of-Phase
MUXOE# Addr MUX enable Disable MUX on refresh Middle-Of-Phase
A2REG Not connected Store active DRAM bank
DRAMSELECT Not connected Queue DRAM requests
Qo For NA in 2-CLK Stores PAL State
Qi Not connected




DRAM PAL DESCRIPTIONS

PAL16R8 PAL DESIGN SPECIFICATIONS
PART NUMBER: 3-CLK DRAM STATE PAL

DRAM STATE PAL OF INTERLEAVED DRAM CONTROLLER FOR 80386 SYSTEMS

INTEL, SANTA CLARA, CALIFORNIA

CLK2 CLK A2 CSO CS1 CS2 CS3 CS4 RFRQ GND

OE RASO ROWSEL MUXOE Q0 Q1 A2REG DRAMSELECT RAS1 VCC

/DRAMSELECT := CSO * /DRAMSELECT
+ CS1 * /DRAMSELECT
+ €S2 * /DRAMSELECT
+ /CS3 * /DRAMSELECT
+ /CS4 * /DRAMSELECT
+ /CLK * /DRAMSELECT
+ /MUXOE * ROWSEL * /Q1 * /Q0 * /CLK

/ROWSEL := /ROWSEL * Q0 * CLK
+ /ROWSEL * /Q1
+ ROWSEL * /Q1 * /Q0 * /CLK
+ ROWSEL * /Q1 * Q0 * /CLK * MUXOE * RFRQ

/Ql:= ROWSEL * /Q1 * /QO0 * /CLK
ROWSEL * Q0 * CLK

/ROWSEL * /Q0 *

ROWSEL * Q1 * /oo " CLK * /cso * JCS] * /CS2 * CS3 * CS4

* /MUXOE * A2 *

+ ROWSEL * Q1 * /Q0 * CLK : /cso * /JCS1 * /CS2 * CS3 * CS4
* /MUXOE * /A2 * /AZREG

+ ROMSEL * /Q1 * QO * /CLK * /MUXOE

+ ROMSEL * /Q1 * Q0 * /CLK * /RFRQ

/Q0 := /ROWSEL * Q1 * Q0 * /CLK
/ROWSEL * /Q0 * Q1 * CLK
ROWSEL * /Q1 * /Q0 * /CLK
+ ROWSEL * Q1 * CLK * /CSO * /CS1 * /CS2 * CS3 * CS4
* /MUXOE * A2 * A2REG

+ ROWSEL * Q1 * CLK * /CSO * /CS1 * /CS2 * CS3 * CS4

* /MUXOE * /A2 * /A2REG
ROWSEL * /Q1 * Q0 * CLK * /CSO * /CSI * /CS2 * CS3 * CS4 * /MUXOE
ROWSEL * /Q1 * Q0 * CLK * DRAMSELECT * /MUXOE
+ ROWSEL * /Q1 * Q0 * /CLK * MUXOE * RFRQ

+ + +

+ +

+ +

/RASO := ROWSEL * /Q1 * /Q0 * /CLK * /A2REG

+ ROWSEL * /Q1 * /QO0 * /CLK * MUXOE

+ /ROWSEL * /A2REG

+ /ROWSEL * MUXOE

+ ROWS;L * gl * CLK * /A2 * /A2REG * /CSO * /CS1 * /CS2 * CS3 * CS4
* /MUXO

+ ROWSEL * /Q1 * QO * CLK * /A2 * /CSO * /CS1 * /CS2 * CS3 * CS4
* /MUXOE

+ ROWSEL * /Q1 * QO * CLK * /A2 * DRAMSELECT * /MUXOE

/RAS1 := ROWSEL * /Q1 * /Q0 * /CLK * A2REG
+ ROWSEL * /Q1 * /Q0 * /CLK * MUXOE
+ /ROWSEL * A2REG
+ /ROWSEL * MUXOE
+ RONSEL *Ql * CLK * A2 * A2REG * /CSO * /CS1 * /CS2 * CS3 * CS4

* /MUXOE

+ ROWSEL * /Q1 * Q0 * CLK * A2 * /CSO * /CS1 * /CS2 * CS3 * CS4
* /MUXOE

+ ROWSEL * /Q1 * Q0 * CLK * A2 * DRAMSELECT * /MUXOE

/MUXOE := /MUXOE * /QO0
+ /MUXOE * CLK
+ /MUXOE * /ROWSEL * /Q1
+ /RFRQ * ROWSEL * /Q1 * Q0 * /CLK
+ /MUXOE * /RFRQ * Q1 * Q0 * /CLK

/A2REG := /A2REG * /QO0
+ /A2REG * Q1 * CLK
+ /A2REG * ROWSEL * Q1
+ /A2REG * /ROWSEL * /Q1
+ A2REG * /ROWSEL * Q1 * Q0 * /CLK
+ /A2 * ROWSEL * /Q1 * Q0

Figure C-2. 3-CLK DRAM State PAL Equations
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FUNCTION TABLE

OE CLK2 CLK CSO CS1 CS2 CS3 C(CS4 A2 RFRQ sinputs
ROWSEL Q1 Q0 RASO RAS1 MUXOE DRAMSELECT A2REG soutputs
He

;] CLK2

31 | CLK ROWSEL

31| /cso | Q1

;1111 /cs] | | Qo

5111 /cs2 | | | /RASO

E I O I | |11 /RAS1

I O O B Y || ||| /MUXoE

I I I I O I A A I || ]| | DRAMSELECT

sPP LT TP TRRRQY ||| || | A2REG

H N A N A I I O A STATE COMMENTS

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE
ACCESS3 continue DRAM cycle
ACCESS4 continue DRAM cycle
ACCESS5 continue DRAM cycle
ACCESS6 continue DRAM cycle

;PRECHARGE]1 no dram request pending

PRECHARGEZ wait for precharge
ACCESS1 start DRAM cycle to other bank

5 ACCESS2 continue DRAM cycle

5 ACCESS3 continue DRAM cycle

3 ACCESS4 continue DRAM cycle

3 ACCESSS continue DRAM cycle

;5 ACCESS6 continue DRAM cycle

;PRECHARGE] no dram request pending

;PRECHARGE2 wait for precharge

3 IDLEl1  no dram request pending

b

bl

k]

9

e kala koot tod

IDLE2 wait for precharge
IDLEl]  no dram request pending
IDLE2  refresh request sampled
IDLE] can’t start: refresh pending
REFSTART2 refresh address set-up
ACCESS1 start refresh cycle
initialize to IDLE
initialize to IDLE
X initialize to IDLE
initialize to IDLE
X initialize to IDLE
IDLE1  remain in IDLE
IDLE2  remain in IDLE
IDLEl]  remain in IDLE
IDLE2  remain in IDLE
IDLE1  remain in IDLE
IDLE2  remain in IDLE
ACCESS1 start DRAM cycle
ACCESS2 continue DRAM cycle
ACCESS3 continue DRAM cycle
ACCESS4 continue DRAM cycle
ACCESS5 continue DRAM cycle new request
ACCESS6 continue DRAM cycle
ACCESS1 start DRAM cycle to other bank
ACCESS2 continue DRAM cycle
ACCESS3 continue DRAM cycle
ACCESS4 continue DRAM cycle
ACCESS5 continue DRAM cycle
ACCESS6 continue DRAM cycle
sPRECHARGEL can’t start same bank cycle

o el el ol el el el el el e el el el T
>3 T><>¢>>mmm TE T T T T TN (717 > > > > >< > >¢

> >

>

M e r Y

ol mnd st sl sl sl sl sl el mdl el sl sl sl el sl sl ekt el el sl el el
OO0
b = e =l e ol i = s o s o i o gl o i o - "Lt Ll ~f
XXM RN XX XXX IT T TIT I T
<D DD DM DX ™ DX DX DK M DX DK D<K 0 DX D<K X DX X X< <
M= 2< D DD DKM DX M D> DK DK M >< TE D<K 2K D<K DX DX DX DX X< ><
OO DX T < IE < ™ DX T D<K < DK DX DK DK DK D<K DK D<K <
5K 2K > < I D< I < < D<K T D<K DK DK DX DK <3< DX DX <X <
DD DD D T DI DX D DK DKM D DK DK DK DX DI XX DX XX >< <
[ ufl sl el mall et sl sl el sl mell sl sl sl el ol el ol pl el sl
bo o= < ol ol el e = ol pll ll pall s e i e i =i ofies = o B> o P 4> 9P
T T Xrrr T T e e > > <
fe = s i e =l il e =i o =l gl =i =i i nie i = £ Sto ke
e e b o e =i =i ol el pll el el el gl =i =i i o == = o3 o 3 2 S
be 3 ol el pall gl =i o i i e mien s i e =i i = oS o o o
f ol sl sl sl sl ancll sl el el sl sl sl sl sl sl o b o P o Hb o o 3
= = gl == == = sl pll s =l el sl o b3 o > 2

Figure C-2. 3-CLK DRAM State PAL Equations (Cont’d.)
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PRECHARGE2 wait for precharge
IDLE]  can’t start same bank cycle
IDLE2 wait for precharge
ACCESS1 start DRAM cycle to same bank
ACCESS2 continue DRAM cycle
ACCESS3 continue DRAM cycle
ACCESS4 continue DRAM cycle
ACCESS5 continue DRAM cycle new request
ACCESS6 continue DRAM cycle refresh req
L;PRECHARGE] can’t start: refresh pending
L;PRECHARGE2 wait for precharge
X; IDLE1 can’t start: refresh pending
; REFSTART2 wait for precharge
X; ACCESS1 start refresh cycle
X; ACCESS2 continue refresh cycle
X; ACCESS3 continue refresh cycle
X; ACCESS4 continue refresh cycle
X; ACCESS5 continue refresh cycle
X; ACCESS6 continue refresh cycle
X;PRECHARGE] can’t start: refresh precharge
X;PRECHARGE2 wait for precharge
5 IDLEl1 can’t start: refresh precharge
;  IDLE2 wait for precharge
; ACCESS1 start DRAM cycle
3 ACCESS2 continue DRAM cycle

L
X
X
H
H
H
H
H
L

ol el sl el el el el el el el sl el el el sl sl sl el sl pall
OOOOOOOOOOOOOOOOOOOOO0O0OO0
[l =l ol ol ol = padi o e ol - o - o - L =~ =l == == o
NI LTI IEINTEIIIEXMT XXX >xXI>XIT>xXr >
DLOC DI DI DI DI D DI DI DI D DI D M DX DX DD XXX < <
DIDI DI DCDC DD DE DD DI DD DX DKM DL D DI > ><
DI D DI DD DD D DE D D D I > T <X T DX DX DK X > T <
DEDC DL DI ICDI DI DI D OC T > IE DX T X DX XX XX >< - <
DI DX DI DD DI DI DI MM XD Im I I DX MDD XX I > T ><
ol sl el sl sl el el pll s i i i i e o i =i i == == = gl pll
rEIrrTrrTrx~-~~-CFI~-I>IT>ITXIC-rCEeCrIT T xT
~re~rFITTITITX~CCITCTTXTT>ITCCCer T
rFXITrTT-rTIITIT-r-~FCF>TT>TCC-CIIXTCCITITT
Lol = == == == =l el el pll ll gulier i fbe afies i e e sfin i =fies opn s i =3
rTrxrrrxrTxr~r~-~~— XTI~ ITX
rFCFIITrXITrITXXrXITIITrXrTrTxrTrTrTr~~r~~rreeee
FrrIrrrrTIrIIXrXrXrIrXTrTIITIr-rC-xT>TIT>T
>

DESCRIPTION
*%%x NOTE - SOME VERSIONS OF PALASM WILL CRASH IF THE FILE IS TOO LONG ***
*** [F YOURS DOES, DELETE THIS DESCRIPTION (FROM HERE TO END-OF-FILE) ***

This PAL implements the main state machine of the DRAM controller.
The state machine is described below.

For brevity, the following keywords are used

SELECT = (/CSO * /CSI * /CS2 * CS3 * CS4 * CLK)
;chip selects and clock must be active to select

SELECTED = (SELECT + DRAMSELECT) ;true if DRAM is now or has been selected
STARTACCESS = (SELECTED * /MUXOE) ;start dram access cycle from idle

The states are defined below and indicated by [ROWSEL:Q1:Q0:CLK].
The 4-bit binary number following the state name represents these four signals.

/

| state REFSTART2 = 0101 ;cycle preceding refresh

| /RASO := ON snext cycle is first RAS for refresh|

| /RAS1 := ON |---+

{ MUXOE := MUXOE smaintain MUXOE state | always
/

A

[MUXOE * RFRQ
|

/ \
| state IDLEl = 1010 ;waiting for access or refresh |
| /RASO := ;both RAS’s idle |<-=]-nmnmn-- +
| /RAS1 := OFF |
{ MUXOE := RFRQ ;sample refresh request |
/

|
|
| A |
|/(MUXOE * RFRQ)  |/STARTACCESS |
v I |

Figure C-2. 3-CLK DRAM State PAL Equations (Cont’d.)
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/ \
| state IDLE2 = 1011 ;waiting for access or refresh |
| /RASO := (/A2 * STARTACCESS)  ;start access |
| /RASI := ( A2 * STARTACCESS) |
| A2REG := A2 ;sample A2 state |
|  MUXOE := MUXOE ;maintain MUXOE state|
\ I /
| STARTACCESS
v
/ \
| state ACCESS1 = 1000 ;first cycle of access or refresh|<--+
|  /RASO := /A2REG + MUXOE ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |<--memmn-
| A2REG := A2REG ;maintain state of sampled A2|
| MUXOE := MUXOE smaintain MUXOE state |<----- +
\ /
|always
v
/ \
| state ACCESS2 = 0001;second cycle of access or refresh|
| /RASO := /A2REG + MUXOE  ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |
| A2REG := A2ZREG smaintain state of sampled A2|
| MUXOE := MUXOE smaintain MUXOE state
\ /
|always
v
/ \
| state ACCESS3 = 0010 ;third cycle of access or refresh|
| RASO := /A2REG + MUXOE  ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh
| A2REG := A2REG smaintain state of sampled A2|
|  MUXOE := MUXOE smaintain MUXOE state
\ /
|always
v
/
| state ACCESS4 = 0111;fourth cycle of access or refresh|
| /RASO := /A2REG + MUXOE ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |
| A2REG := A2REG smaintain state of sampled A2]|
|  MUXOE := MUXOE smaintain MUXOE state
\ /
|always
v
/ \
| state ACCESSS = 1110 ;fifth cycle of access or refresh|
| /RASO := /A2REG + MUXOE  ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |
|  A2REG := /A2REG ;invert state of sampled A2 |
| MUXOE := MUXOE + RFRQ ssample refresh request |
\

|
always| (STARTACCESS * (( A2 * A2REG)
v

e

+(/A2 * /AiREG)))

state ACCESS6 = 1101 ;sixth cycle of access or refresh| |
/RASO := /A2 * /A2REG * STARTACCESS;start next.. | |
/RAS1 := A2 * A2REG * STARTACCESS;interleave accesl ------ +
A2REG := A2REG ;maintain state of interleave A2|
MUXOE := MUXOE smaintain MUXOE state }

}/(STARTACCESS * (( A2 * A2REG)
+(/A2 * /A2REG)))

Figure C-2. 3-CLK DRAM State PAL Equations (Cont’d.)
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/ \
| state PRECHARGE1 = 1110 ;first precharge after access |
| /RASO := OFF ;both RAS’s idle |
| /RAS1 := OFF |
| A2REG := A2REG ;maintain state of interleave A2|
|  MUXOE := MUXOE + RFRQ ;sample refresh request
\ I /
always| (STARTACCESS * (( A2 * A2REG)
v +(/A2 * /A2REG)))
/ \
| state PRECHARGE2 = 1111 j;second precharge after access|
| /RASO := /A2 * /A2REG * STARTACCESS;start next.
| /RASI := A2 * A2REG * STARTACCESS;interleave acces] --------- +
| A2REG := AZREG ;maintain state of interleave A2|
{ MUXOE := MUXOE ;maintain MUXOE state
/
/(STARTACCESS * (( A2 * A2REG)

+(/A2 * /AZREG)))l

Finally, the

karnaugh maps for the following signals are:

ROWSEL\QO
QI\CLK 00 01 11 10
MUXOE
00 MUX MUX key:
01 MUX MUX M+R MUX = MUXOE
11 MUX MUX M+R M+R = MUXOE + RFRQ
10 MUX MUX RFR RFR = RFRQ
ROWSEL\QO
QI\CLK 00 01 11 10
A2REG
00 A2R A2R key:
01 A2R A2R  /A2R A2; = A2
11 A2R A2R A2R A2R = A2REG
10 A2R A2; A2;
ROWSEL\QO
QI\CLK 00 01 11 10
RAS signals
00 /AM AM /AM AM key: [RASO:RAS1]
01 ON ON /AM AM /AM AM AM = A2REG + MUXOE
11 /Al AI /Al AI OFFOFF AS = A2 * STARTACCESS
10 | /AM AM /AS AS OFFOFF Al = A2 * STARTACCESS * interleave
ROWSEL\QO
QI\CLK 00 01 11 10
\ ROWSEL state circled
00 0010 0111  key: [ROWSEL:Q1:Q0:CLK]
01 1000 0110 1101 M = MUXOE * RFRQ
11 1ii0  10i0 1111 S = STARTACCESS
10 0001 10s0  mMml I = STARTACCESS * interleave
ROWSEL\QO
QI\CLK 00 01 11 10
\ Q1 state circled
00 0010 0111
01 1000 0110 1101
11 1ii0  10i0 1111
10 0001 10s0  mMml
ROWSEL\QO
QI\CLK 00 01 11 10
\ Q0 state circled
00 0010 0111
01 1000 0110 1101
11 1ii0  10i0 1111
10 0001 10s0  mMml

Figure C-2. 3-CLK DRAM State PAL Equations (Cont’d.)
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PAL16R
PART N
DRAM §
INTEL,
CLK2

OE RA

/DRAMS

/ROWSE

/0=
+
+
+
+
+

/Q0 :=

/RASO

/RAS1

/MUXOE

/A2REG

6 PAL DESIGN SPECIFICATIONS
UMBER: 2-CLK DRAM STATE PAL

TATE PAL OF INTERLEAVED DRAM CONTROLLER FOR 80386 SYSTEMS

SANTA CLARA, CALIFORNIA

CLK A2 CSO CS1 (€S2 CS3 DT%R RFRQ GND

SO ROWSEL MUXOE QO Q1 A2REG DRAMSELECT RAS1 VCC

ELECT := CSO * /DRAMSELECT
+ CS1 * /DRAMSELECT
+ CS2 * /DRAMSELECT
+ /CS3 * /DRAMSELECT
+ /CLK * /DRAMSELECT
+ /MUXOE * ROWSEL * /Q1 * /Q0 * /CLK

L := /ROWSEL * Q0 * CLK
+ /ROWSEL * /Q1
+ ROWSEL * /qQ1 * /Q0 * /CLK
+ ROWSEL * /Q1 * Q0 * /CLK * MUXOE * RFRQ

ROWSEL * /Q1 * /QO * /CLK

ROWSEL * Q0 *

Ql * /Q0 * CLK

/ROWSEL * /Q1 * /Q0 * CLK * DT%R * /MUXOE
ROWSEL * /Q1 * Q0 * /CLK * /MUXOE

ROWSEL * /Q1 * QO * /CLK * /RFRQ

/ROWSEL * Q1 * Q0 * /CLK
+ /ROWSEL * /Q0 * Q1 * CLK
+ ROWSEL * /Q1 * /Q0 * /CLK
+ ROWSEL * Q1 * CLK * /CSO * /CS1 * /CS2 * CS3
* /MUXOE * A2 * A2REG
+ ROWSEL * Q1 * CLK * /CSO * /CS1 * /CS2 * CS3
* /MUXOE * /A2 * /A2REG
+ ROWSEL * /Q1 * QO * CLK * /CSO * /CS1 * /CS2 * CS3 * /MUXOE
+ ROWSEL * /Q1 * Q0 * CLK * DRAMSELECT * /MUXOE
+ ROWSEL * /Q1 * Q0 * /CLK * MUXOE * RFRQ

= ROWSEL * /Q1 * /Q0 * /CLK * /A2REG

+ ROWSEL * /Q1 * /Q0 * /CLK * MUXOE

+ /ROWSEL * /A2REG

+ /ROWSEL * MUXOE

+ ROWSEL * Q1 * CLK * /A2 * /A2REG * /CSO * /CS1 * /CS2 * CS3 * /MUXOE
+ ROWSEL * /Q1 * Q0 * CLK * /A2 * /CSO * /CS1 * /CS2 * CS3 * /MUXOE

+ ROWSEL * /Q1 * QO * CLK * /A2 * DRAMSELECT * /MUXOE

= ROWSEL * /Q1 * /Q0 * /CLK * A2REG

+ ROWSEL * /Q1 * /QO0 * /CLK * MUXOE

+ /ROWSEL * A2REG

+ /ROWSEL * MUXOE

+ ROWSEL * Q1 * CLK * A2 * A2REG * /CSO * /CS1 * /CS2 * CS3 * /MUXOE
+ ROWSEL * /Q1 * Q0 * CLK * A2 * /CSO * /CS1 * /CS2 * CS3 * /MUXOE

+ ROWSEL * /Q1 * Q0 * CLK * A2 * DRAMSELECT * /MUXOE

:= /MUXOE * /Q0
+ /MUXOE * CLK
+ /MUXOE * /ROWSEL * /Q1
+ /RFRQ * ROWSEL * /Q1 * Q0 * /CLK
+ /MUXOE * /RFRQ * Q1 * Q0 * /CLK

1= /A2REG * /QO0
+ /AZREG * Q1 * CLK
+ /A2REG * ROWSEL * Q1 .
+ /A2REG * /ROWSEL * /Q1
+ A2REG * /ROWSEL * Q1 * Q0 * /CLK
+ /A2 * ROWSEL * /Q1 * Q0

Figure C-3. 2-CLK DRAM State PAL Equations
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FUNCTION TABLE

OE CLK2 CLK CSO CS1 CS2 CS3 CS4 A2 RFRQ ;inputs
RggssL Ql Q0 RASO RAS1 MUXOE DRAMSELECT A2REG  ;outputs
3| CLk2

3| ] CLK ROWSEL

3111 /Cso | a1

b1 /cest | | Qo

L1 /es2 | |1 /RASO

sL L] css I 111 /RAS

s LT 1] DTZR |1 11| /mMuxoe

2 O I O A .4 |1 11| | DRAMSELECT

s LT PRERQ ][] | || A2REG

1 T I O O O I I STATE COMMENTS

[l et el ol el e el ol el el el el el el el ol ol el el el e el e o 5t nt sl ol udl sl el skl aull ndl sl ol il kel
[2Xaialal el el el ol o RN e R e R e R e R N N e N e R R e N e R N e R e R e N e R R e N R e R e R e N e R N e N R N e R e K K Ka Ka Na Na N a K a K]
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>
D€ >< DE D D D DK D X< >

X; X
X;  IDLE1
X;  IDLE2
X;  IDLE1
X;  IDLE2
X;  IDLE1
X;  IDLE2
L; ACCESS1
L; ACCESS2
L; ACCESS3
L; ACCESS4
L; ACCESS5
5 ACCESS6
3 ACCESS1
ACCESS2
ACCESS5
ACCESS6
IDLE1
IDLE2
ACCESS1
ACCESS2
ACCESS3
ACCESS4
ACCESS5
ACCESS6
IDLE1
IDLE2
ACCESS1
ACCESS2
ACCESS3
ACCESS4
ACCESS5
ACCESS6
IDLE1
REFSTART2
ACCESS1
ACCESS2
ACCESS5
ACCESS6
IDLE1
IDLE2

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

initialize to IDLE

remain in IDLE

remain in IDLE

remain in IDLE

remain in IDLE

remain in IDLE

remain in IDLE

start DRAM cycle

continue DRAM cycle

continue DRAM cycle: it’s write
continue DRAM cycle

continue DRAM cycle new request
continue DRAM cycle

start DRAM cycle to other bank
continue DRAM cycle

continue DRAM cycle: it’s read
continue DRAM cycle

can’t start same bank cycle
wait for precharge

start DRAM cycle to same bank
continue DRAM cycle

continue DRAM cycle: it’s write
continue DRAM cycle

continue DRAM cycle new request
continue DRAM cycle

can’t start same bank cycle
wait for precharge

start DRAM cycle to same bank
continue DRAM cycle

continue DRAM cycle: it’s write
continue DRAM cycle

continue DRAM cycle new request
continue DRAM cycle refresh req
can’t start: refresh pending
wait for precharge

start refresh cycle

continue refresh cycle

continue refresh cycle

continue refresh cycle

can’t start: refresh precharge
wait for precharge

Figure C-3. 2-CLK DRAM State PAL Equations (Cont’d.)
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LCHHXXXXLL HLLLHLHL; ACCESS] start DRAM cycle
LCLXXXXXXL LLLLHLLL; ACCESS2 continue DRAM cycle
LCHLLLHLXL LHHLHLHL; ACCESS5 continue DRAM cycle: it’s read
LCLXXXXXXL HHLLHLHH; ACCESS6 continue DRAM cycle
LCHLLLHXHL HLLHLLHH; ACCESS] start DRAM cycle to other bank
LCLXXXXXXL LLLHLLLH; ACCESS2 continue DRAM cycle
LCHHXXXLXL LHHHLLLH; ACCESS5 continue DRAM cycle: it’s read
LCLXXXXXXL HHLHLLLL; ACCESS6 continue DRAM cycle
LCHHXXXXXL HLHHHLLX; IDLEl] no dram request pending
LCLXXXXXXL HLHHHLLX; IDLE2 wait for precharge
LCHHXXXXXH HLHHHLLX; IDLEl] no dram request pending
LCLXXXXXXH HLHHHHLX; IDLE2  refresh request sampled
LCHLLLHXHH HLHHHHHX; IDLEl1 can’t start: refresh pending
LCLXXXXXXH LHLHHHHX; REFSTART2 refresh address set-up
LCHHXXXXXH HLLLLHHX; ACCESS1 start refresh cycle
DESCRIPTION

**% NOTE - SOME VERSIONS OF PALASM WILL CRASH IF THE FILE IS TOO LONG ***
*** TF YOURS DOES, DELETE THIS DESCRIPTION (FROM HERE TO END-OF-FILE) ***

This PAL implements the main state machine of the DRAM controller.
The state machine is described below.

For brevity, the following keywords are used

SELECT = (/CSO * /CS1 * /CS2 * CS3 * CLK)
schip selects and clock must be active to select

SELECTED = (SELECT + DRAMSELECT) ;true if DRAM is now or has been selected
STARTACCESS = (SELECTED * /MUXOE) ;start dram access cycle from idle

The states are defined below and indicated by ROWSEL:Q1:Q0:CLK.
The 4-bit binary number following the state name represents these four signals.

/
state REFSTART2 = 0101 ;cycle preceding refresh |
ON snext cycle is first RAS for refresh|

|
| /RASO :=
| /RAS1 := ON |---+
| MUXOE := MUXOE ;maintain MUXOE state | always
\ /

A

|MUXOE * RFRQ

|
/ \
| state IDLEl = 1010 ;waiting for access or refresh |
| /RASO := sboth RAS’s idle |<--}--===--- +
| /RAS1 := OFF |
{ MUXOE := RFRQ ssample refresh request |

/

A

|
|/ (MUXOE * RFRQ) | /STARTACCESS
v I

\

state IDLE2 = 1011 ;waiting for access or refresh |
/RASO := (/A2 * STARTACCESS) ;start access |

|

|

|

e e e N

/RAS1 := ( A2 * STARTACCESS)
A2REG := A2 ;sample A2 state
MUXOE := MUXOE smaintain MUXOE state
/
|
| STARTACCESS

v

Figure C-3. 2-CLK DRAM State PAL Equations (Cont’d.)
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/ \
| state ACCESS1 = 1000 ;first cycle of access or refresh|<--+
|  /RASO := /A2REG + MUXOE ;sRAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |
| A2REG := AZREG ;maintain state of sampled A2|
| MUXOE := MUXOE smaintain MUXOE state |<----- +
\ | /
|always
v
/ \
| state ACCESS2 = 0001;second cycle of access or refresh|
| /RASO := /A2REG + MUXOE sRAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |--+
| A2REG := A2REG ;maintain state of sampled A2|
I\ MUXOE := MUXOE smaintain MUXOE state /[
| /DT%R + MUXOE
|/(/DT%R + MUXOE)
v
/ \
| state ACCESS3 = 0010 ;third cycle of access or refresh|
| /RASO := /A2REG + MUXOE ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |
| A2REG := AZ2REG ;maintain state of sampled A2|
|  MUXOE := MUXOE smaintain MUXOE state |
\ /
|always
/ v
| state ACCESS4 = 0111;fourth cycle of access or refresh|
| /RASO := /A2REG + MUXOE  ;RAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |
| A2REG := A2REG smaintain state of sampled A2|
|  MUXOE := MUXOE _ smaintain MUXOE state |
\ ) /
|always
v
/
| state ACCESSS = 1110 ;fifth cycle of access or refresh|
| /RASO := /A2REG + MUXOE sRAS corresponding to A2 |
| /RAS1 := A2REG + MUXOE sor refresh |<-+
|  A2REG := /A2REG sinvert state of sampled A2 |
|  MUXOE := MUXOE + RFRQ ;sample refresh request |
\
|
always| (STARTACCESS * (( A2 * A2REG)
v +(/A2 * /AiREG)))
/
| state ACCESS6 = 1101 ;sixth cycle of access or refreshj |
| /RASO := /A2 * /A2REG * STARTACCESS;start next... | |
| /RAS1 := A2 * A2REG * STARTACCESS;interleave acces|------ +
| A2REG := A2REG smaintain state of interleave A2|
| MUXOE := MUXOE smaintain MUXOE state /|
\
/(STARTACCESS * (( A2 * A2REG) |
+(/A2 * JA2REG)))+----=--ccmmmcmmmmm oo +

Figure C-3. 2-CLK DRAM State PAL Equations (Cont’d.)
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Finally, the karnaugh maps for the following signals are:

ROWSEL\QO .
QI\CLK 00 01 11 10
\ MUXOE
00 MUX MUX
01 MUX MUX M+R X = MUXOE
11 MUX M+R = MUXOE + RFRQ
10 MUX MUX RFR RFR = RFRQ
ROWSEL\QO
QI\CLK 00 01 11 10
A2REG
00 AZR A2R key:
01 A2R A2R A2R A2; = A2
11 A2R A2R = A2REG
10 A2R A2; A2;
ROWSEL\QO
QI\CLK 00 01 11 10
RAS signals
00 /AM AM /AM AM key: [RASO:RAS1]
01 ON ON /AM AM /AM AM AM = A2REG + MUXOE
11 /AT Al AS = A2 * STARTACCESS
10 | /AM AM /AS AS OFFOFF Al = A2 * STARTACCESS * interleave
ROWSEL\QO

QI\CLK 00 01 11 10
ROWSEL state circled

00 0W10 0111 key: [ROWSEL:Q1:Q0:CLK]
01 1000 0110 1101 M = MUXOE * RFRQ
11 10i0 S = STARTACCESS
10 0001 10s0  mMml I = STARTACCESS * interleave
W = WZR + MUXOE
ROWSEL\QO
QI\CLK 00 01 11 10
\. Q1 state circled
00 0W10 0111
01 1000 0110 1101
11 10i0
10 | 0001 10s0  mMml
ROWSEL\QO
QI\CLK 00 01 11 10
\ Q0 state circled
10 | oW10 0111
11 | 1000 0110 1101
ol | 1090
00 | 0001 10s0  mMml

Figure C-3. 2-CLK DRAM State PAL Equations (Cont’d.)
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DRAM CONTROL PAL

The DRAM Control PAL generates the majority of the control signals for the DRAM circuit.
The inputs sample the W/R# and byte-enable outputs of the 80386 as well as status signals
from the DRAM State PAL. The outputs generate the four CAS signals, two transceiver
control signals, and the signals for the 80386 READY# and Next Address (NA#) logic.
Table C-2 contains a description of the outputs and inputs.

The equations for the 3-CLK DRAM Control PAL are shown in Figure C-4; those for the
2-CLK DRAM Control PAL are shown in Figure C-5. A 16R8 PAL is needed to register
the CAS signals internally. A 16R4 PAL is needed when external registers drive the CAS
signals. For a 16-MHz system, B-series PAL speeds are required.

REFRESH INTERVAL COUNTER PAL

The Refresh Interval Counter PAL, which periodically generates refresh requests to the
DRAM State PAL, operates as a counter decremented every CLK cycle. Once the counter
reaches a preset value, it resets its value to 255 and activates its RFRQ (refresh request)
output. This output remains active until both REFACK (refresh acknowledge) inputs are
sampled simultaneously active.

Setup and hold times for RFRQ to the DRAM State PAL are guaranteed even with a large
CLK2-to-CLK skew because the Refresh Interval Counter PAL is clocked by the rising edge
of CLK, and the RFRQ output is only sampled by the DRAM State PAL at the middle-of-
phase CLK2 edge. However, the CLK2-to-CLK and output delays can add up so that the
setup and hold times for the REFACK inputs are not met. Therefore, the REFACK inputs
are activated for a minimum of four CLK2 periods to ensure deactivation of RFRQ. The
exact CLK in which RFRQ is deactivated is not critical.

Table C-3 shows the inputs and outputs of the Refresh Interval Counter PAL. Figure C-6
shows its PAL equations. The same equations are used for both the 3-CLK and 2-CLK
designs. A 20X10 PAL is used to implement this counter. For 16-MHz systems, A-series
PAL speeds are sufficient.

REFRESH ADDRESS COUNTER PAL

The Refresh Address Counter PAL maintains the address of the next DRAM row to be
refreshed. After every refresh cycle, the PAL increments this address. Table C-4 shows the
inputs and outputs of the Refresh Address Counter PAL.

PAL equations are shown in Figure C-7. Both the 3-CLK and the 2-CLK design use the
same equations. Most DRAMs require only 8-bits or fewer for the refresh row address, so a
16R8 PAL can be used. If necessary, 10 bits of row address can be provided using a 20X10
PAL. For a system operating at any speed, standard-PAL speeds are sufficient.

Cc-13
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Table C-2. DRAM Control PAL Pin Description

PAL CONTROLS
Name Connects From PAL Usage
CLK2 System CLK2 PAL register clock
OE Tied low Outputs always enabled
PAL INPUTS
Name Connects From PAL Usage Sampled
CLK System CLK Indicates clock phase Every CLK2
BEO# System Byte-Enables Used to enable the DRAM Start-Of-Phase for
BE1# CAS signals corresponding internal reg. Every
BE2+# to the active bytes CLK2 with exter-
BE3# nal reg
W/R# System W/R# Select write/read Every CLK2
ROWSEL DRAM STATE PAL Initiate DRAM access Middle-Of-Phase
DISABLE DRAM STATE PAL Disable controls during Middle-Of-Phase
MUXOE refresh
PAL OUTPUTS
Name Connects To PAL Usage Changes State
CASO# DRAM Byte 0
Start-Of-Phase for
CAS1# DRAM Byte 1 Controls DRAM CAS signals read active and
. read/write inactive
(Separate controls for writes
CAS2# DRAM Byte 2 to individual bytes) Middle-Of-Phase
for write active
CAS3# DRAM Byte 3
DEN# Transceiver Control xcvr enable Start-Of-Phase
DT/R# Transceiver Control xcvr direction Any time DEN#
off
RDY System Ready Logic Control system ready Rise: Start-Phase
Fall: Middle-Phase
wC DRAM WE# and Stores PAL state used only Rise: Start-Phase
System NA# logic in 3-CLK Fall: Middle-Phase
WE# DRAM WE# Control DRAM WE# used Rise: Start-Phase

only in 2-CLK

Fall: Middle-Phase
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PAL16R8

PART NUMBER: 3-CLK DRAM CONTROL PAL
DRAM CONTROL PAL OF INTERLEAVED DRAM CONTROLLER FOR 80386 SYSTEMS
INTEL, SANTA CLARA, CALIFORNIA '
CLK2 CLK BEO BE1 BE2 BE3 WZR ROWSEL DISABLE GND

OE CASO CASl

/CASO :

/CAS1

JCAS2 :

/CAS3

/DT%R

/DEN :=

/HC :=

JRDY :=

/ROWSEL
+ /ROWSEL
+ /ROWSEL

/ROWSEL
+ /ROWSEL
+ /ROWSEL

/ROMSEL
+ /ROWSEL

* CLK * /DT%R * /DISABLE
* WC * RDY * /CLK * /BEO
* /CASO

PAL DESIGN SPECIFICATIONS

DT%R DEN RDY WC CAS2 CAS3 VCC

sdrop CAS on read
;drop on write
smaintain throughout cycle

3BEx can disappear after CAS drop
;DISABLE must be maintained through last /ROWSEL * CLK

* CLK * /DT%R * /DISABLE
* WC * RDY * /CLK * /BE1
* /CAS1

* CLK * /DT%R * /DISABLE
* WC * RDY * /CLK * /BE2

sdrop CAS on read
;drop on write
smaintain throughout cycle

;drop CAS on read
;drop on write

+ /ROWSEL * /CAS2 smaintain throughout cycle
/ROWSEL * CLK * /DT%R * /DISABLE  ;drop CAS on read

+ /ROWSEL * WC * RDY * /CLK * /BE3  ;drop on write

+ /ROWSEL * /CAS3 smaintain throughout cycle
ROWSEL * DEN * /W%R ssample W%R when /ROWSEL * DEN

+ /ROWSEL * /DT%R sotherwise: maintain state

+ /DEN * /DT%R

CLK * /ROWSEL * /DISABLE
+ /CLK * /DEN

DISABLE

+ ROWSEL

+ /RDY
+ /WC * /CLK H

WC * CLK
+ /RDY * /DEN

swhen CLK: sample ROWSEL
sotherwise: maintain state

skeep Tow if DISABLE

?
’

or /ROWSEL
or /RDY
or already Tow * /CLK

;drop RDY
smaintain RDY

Figure C-4. 3-CLK DRAM Control PAL Equations
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FUNCTION TABLE

OE CLK2 CLK BEO BEl

CASO CAsl

WZR

ROWSEL
DISABLE

BE2 BE3 W%R ROWSEL DISABLE
CAS2 CAS3 DT%ZR DEN RDY WC

sinputs
soutputs

COMMENTS

initialize to IDLE

IDLE: DT%R tracking WZ%R
IDLE: DT%R tracking W%R
IDLE: DT%R tracking W%R
begin read: assert all CAS’s
continue read:

continue read: RDY active
last read cycle

CAS’s and DEN rise

DT%R and RDY rises

begin write: assert DEN and WE
continue write: assert valid CAS’s
continue write: RDY active
continue write:

CAS’s and DEN rise

RDY rises

begin read: assert all CAS’s
continue read:

continue read: RDY active
Tast read cycle

CAS’s and DEN rise

RDY rises

begin refresh

continue refresh

continue refresh

Tast refresh cycle

DESCRIPTION

This PAL implements most of the control signals of the DRAM controller.

Figure C-4. 3-CLK DRAM Control PAL Equations (Cont’d.)
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PAL16R4 - PAL DESIGN SPECIFICATIONS
PART NUMBER: 2-CLK DRAM CONTROL PAL

DRAM CONTROL PAL OF INTERLEAVED DRAM CONTROLLER FOR 80386 SYSTEMS

INTEL, SANTA CLARA, CALIFORNIA

CLK2 CLK BEO BEl "BE2 BE3 W%R ROWSEL DISABLE GND

OE CASO CAS1 DT%R DEN RDY WE CAS2 CAS3 VCC

/CASO =  /ROWSEL * /DT%R * CLK * /DISABLE ;drop CAS on read
+ /ROWSEL * /DT%R * /DEN smaintain CAS on read
+ /ROWSEL * /DEN * /BEO * /DISABLE ;activate CAS on write
;BEx must be maintained throughout
sDISABLE must be maintained through last /ROWSEL * CLK

/CAS1 = /ROWSEL * /DT%R * CLK * /DISABLE ;drop CAS on read
+ /ROWSEL * /DT%R * /DEN smaintain CAS on read
+ /ROWSEL * /DEN * /BE1 * /DISABLE ;activate CAS on write

/CAS2 =  /ROWSEL * /DT%R * CLK * /DISABLE ;drop CAS on read
+ /ROWSEL * /DT%R * /DEN ;maintain CAS on read
+ /ROWSEL * /DEN * /BE2 * /DISABLE ;activate CAS on write

/CAS3 = /ROWSEL * /DT%R * CLK * /DISABLE ;drop CAS on read

+ /ROWSEL * /DT%R * /DEN ;ymaintain CAS on read

+ /ROWSEL * /DEN * /BE3 * /DISABLE ;activate CAS on write
/DT%R := ROWSEL * DEN * /W%R ssample W%R when /ROWSEL * DEN

+ /ROWSEL * /DT%R ;otherwise: maintain state

+ /DEN * /DT%R
/DEN :=  CLK * /ROWSEL * /DISABLE swhen CLK: sample ROWSEL

+ /CLK * /DEN ;otherwise: maintain state
/WE :=  /ROWSEL * DT%R * RDY * /DISABLE ;only drops for writes
/RDY := /RONSEL * /DTVR * /DISABLE * CLK ;drop RDY immediately for read

+ /! ,drop RDY later for write

+ /RDY * /DEN smaintain RDY

Figure C-5. 2-CLK DRAM Control PAL Equations
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FUNCTION TABLE
OE CLK2 CLK BEO BEl1 BE2 BE3 W%R ROWSEL DISABLE ;inputs

CASO CAS1 CAS2 CAS3 DT%R DEN RDY WE soutputs
Hod

;] CLK2

3] | CLK CASO

;1 | | BEO | CAS1

i1 11| BEL | | CAS2

il 11| | BE2 | || CAS3

sP 111 ] BE3 | 11| DT%R

LT ] weR | 111 DEN

sU L1 F T 1T ] ROWSEL I 111 | ROY

sEL LT L | DISABLE | | | ] | || W

LT FErrirnd COMMENTS

; initialize to IDLE

5 IDLE: DT%R tracking WZR
5 IDLE: DT%R tracking W%R
5 IDLE: DT%R tracking W%ZR
; begin read: assert all CAS’s
5 last read cycle
3 CAS’s and DEN rise
s DT%R and RDY rises
;5 begin write: assert DEN and WE
;5 continue write: assert valid CAS’s
5 continue write: RDY active
; continue write:
; CAS’s and DEN rise

5 RDY rises

; begin read: assert all CAS’s
3 last read cycle

s CAS’s and DEN rise

5 RDY rises

; begin refresh

s continue refresh

3 continue refresh

; last refresh cycle

3 1D

[t~ 3 = = = 3 =~ gl =i i = g~ = e = gl o g = gl < gl 4
DEOCICICICDCIC I DD DD T L TE L DX DX DX DD DX XX >
SEOCIC DD DC DDA DI DE DL D™ 1 1= 1 DX DX DX DX D DK XX X<
DI DCIC D DC DI DI DI DI DI M 1 1 DX D D DK D D DX <
D€ D€ DC < D D D D<K DK > D > I I T I DX B DK DK DK XK X >
DEICICICICICICIC K RN NI IR T KX T ><
= g = ol adl - 3= f ol - - 4 ol il - - ~L = = = ==
rIrrrrrTx>rr~~rXTIrrcececrXT TR
XTI XTIrrIIIr-erCeIIICrXXITII
I XXX Tr-rTIXTITTXTTITIrrrIXI
I NN}~ LT TTTTrrrrrrXIxr>
b B = B i B B B ol gl == =l il gl gl == = gl padie o= == ~e =3
TTXIXTrTXTXIrrr-xXr-rer XTI XTI
rIrIrXrrIrIXrXIXIXXTXrrr-rITIIXIIIIIIT

DESCRIPTION
This PAL implements most of the control signals of the DRAM controlier.

Figure C-5. 2-CLK DRAM Control PAL Equations (Cont’d.)
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DESCRIPTIONS

Table C-3. Refresh Interval Counter PAL Pin Description

PAL CONTROLS

Name Connects From PAL Usage
CLK Systems CLK PAL register clock
OE Tied low Outputs always

enabled
PAL INPUTS

Name Connects From PAL Usage Sampled
REFACKO# DRAM RASO# Indicates when refresh Every CLK that
REFACK1# DRAM RAS1# starts: turns off RFRQ RFRQ is active
NCO
NC1
NC2
NC3
NC4 Not connected Not used Never
NC5
NC6
NC7

PAL OUTPUTS

Name Connects To PAL Usage Changes State
RFRQ DRAM STATE RFRQ Latch refresh request Any CLK
Qo
Q1
Q2
o Not connected Implements up to 9-bit Any CLK
a5 modulo counter y
Q6
Q7
Q8
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PAL20X10

PAL DESIGN SPECIFICATIONS

PART NUMBER: 16 MHz REFRESH INTERVAL COUNTER PAL

REFRESH INTERVAL PAL OF INTERLEAVED DRAM CONTROLLER FOR 80386 SYSTEMS
INTEL, SANTA CLARA, CALIFORNIA
CLK REFACKO REFACKI NC NC NC NC NC NC NC NC GND
OE RFRQ NC Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7 VvcC

/RFRQ * Q7 * Q6 * Q5 * Q4 * Q3 * Q2 * Q1 * Q0 ;raise at 255

/RFRQ :=

/Q0

/a

/Q2

/@3

/04

/05

/06

/a7

S

+ RFRQ * /REFACKO * /REFACK1

/RFRQ
/Q

0
+/Q7 * /Q6 * /Q5
o vee

/Q

1
+/Q7 * /06 * /Q5

/Q7 * /06 * /Q5

/Q2
+/Q7 * /Q6 * /Q5
7 * /Q6 * /Q5

i+ /Q
+/Q1 * /Q0

/Q3

4/ * /06 * /05

/Q7 * /Q6 * /Q5

4 /Q2 * /Q1 * /Q0

/04

o/ /06 * /05

/Q7 * /Q6 * /Q5

T4 /0 % /02 * /01

/05

/T /06 * /05

/37 * /06 * /05

T4 704 * /03 * /02

/06

+/Q7 * /Q6 * /Q5
. * * /05

/q7

T4 /05 % /04 * /@3

/7

/A7 % /06 * /05

/Q7 * /Q6 * /Q5

" 4706 * /05 * /04

* /Q4

* /Q4
* /Q4

* /04
* /04

sclear when both ACKs Tow
;else: don’t change state

;least-significant bit of counter

* /Q3 ;set at 7 or less
;else decrement

* /Q3 ;set at 7 or less

* /Q3 ;set at 7 or less
;else decrement

*/Q3 ;set at 7 or less

*/Q3 ;set at 7 or less
;else decrement

* /Q3 ;set at 7 or Tess

*/Q3 ;set at 7 or Tess
;else decrement

* /Q3 ;set at 7 or less

*/Q3 ;set at 7 or less
selse decrement

* /Q3 ;set at 7 or less

* /Q3 sset at 7 or less

* /Q0 selse decrement

* /Q3 ;set at 7 or less

* /Q3 ;set at 7 or less

* /Q1 * /QO0 ;else decrement

smost-significant bit of counter

* /Q3 ;set at 7 or less

* /Q3 ;set at 7 or less

* /Q2 * /Q1 * /Q0 ;else decrement

Figure C-6. Refresh Interval Counter PAL Equations
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FUNCTION TABLE

OE CLK REFACKO REFACK1 ;inputs
RFRQ Q7 Q6 Q5 Q4 Q3 Q2 Q1 Qo ;outputs
H Q7
; | Q6
; | 105
; | |04
; [ 11103
H REFACKO 1111 Q2
Hol3 | REFACK1 111 ]a1
;| CLK |1 RFRQ [ 1111100
H | | [ COMMENTS
LcC HX H LLLLHLHBH; initialize(ignore errors on vector)
LC X H H LLLLHLHL; decrement
LcC LL L LLLLHLLH; decrement
LC X X L LLLLHLLL; decrement
LC X X L LLLLLHHH; decrement to 7
Lc X X L HHHHHHHH; reset to 255
LC XX H HHHHHHHL; decrement, activate RFRQ
LC H X H HHHHHHLH; decrement, sample REFACKs
LC X H H HHHHHHLL; decrement, sample REFACKs
LC LL L HHHHHLHH; decrement, both REFACKs: clear RFRQ
LcC X X L HHHHHLHL; decrement
DESCRIPTION

This PAL implements the counter to determine when distributed
refresh cycles should be run. This counter counts intervals of 249
clocks which is just under 15 uS at 16 MHz.

The counter counts backwards from 255 to 7. The clock after the
counter reaches 7, the counter is set to 255 and will then continues
to decrement. Also when 7 is hit, RFRQ is activated until both
REFACKO and REFACK1 are simultaneously sampled low.

Figure C-6. Refresh Interval Counter PAL Equations (Cont’d.)
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Table C-4. Refresh Address Counter PAL Pin Description

PAL CONTROLS

Name Connects From PAL Usage
CLOCK RFRQ & MUXOE# PAL register clock
OE RFRQ & MUXOE# outputs enable on refresh

PAL INPUTS

Name Connects From PAL Usage Sampled
NCO

NCA1

NC2

NC3 ’ g

NC4 Not connected Not used Never
NC5

NC6

NC7

PAL OUTPUTS

Name Connects To PAL Usage Changes State

Qo Muxed Addr 0

Q1 Muxed Addr 1

Q2 Muxed Addr 2

Q3 Muxed Addr 3 .

Q4 Muxed Addr 4 Implements 8-bit counter Any Clock

Q5 Muxed Addr 5

Qb6 Muxed Addr 6

Q7 Muxed Addr 7
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PAL16R8 PAL DESIGN SPECIFICATIONS
PART NUMBER: REFRESH ADDRESS COUNTER PAL

REFRESH ADDRESS PAL OF INTERLEAVED DRAM CONTROLLER FOR 80386 SYSTEMS
INTEL, SANTA CLARA, CALIFORNIA

CLOCK NC NC NC NC NC NC NC NC GND

OE A0 Al A2 A3 A4 A5 A6 A7 VCC

/A0 = AO sleast significant bit of 8-bit counter

/Al := Al * AOQ
+/A1 */A0

/A2 := A2 * Al * AO
+/A2 */Al
+/A2 */A0

/A3 = A3 * A2 * Al * AQ
+/A3 */A2
+/A3 */Al
+/A3 */A0

/A i= A4 * A3 * A2 * Al * AD
+/A4 */A3
+/A8 */A2
+/A4 */Al
+/A% */A0

JA5 := A5 * A4 * A3 * A2 * Al * AQ
+/A5 */A4
+/A5 */A3
+/A5 */A2
+/A5 */Al1
+/A5 */A0

JA6 = A6 * A5 * A4 * A3 * A2 * Al * AD
+/A6 */A5
+/A6 */A4
+/A6 */A3
+/R6 */A2
+/A6 */Al
+/A6 */A0

JAT := A7 * A6 * A5 * A4 * A3 * A2 * Al * AO;most-significant bit of counter
+/AT */A6
+/AT */A5
+/A7 */A4
+/AT */A3
+/AT */A2
+/A7 */A1
+/AT */A0

Figure C-7. Refresh Address Counter PAL Equations
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FUNCTION TABLE

OE CLOCK ;inputs
A7 A6 A5 A4 A3 A2 Al A0 soutputs

i)

—_——————

[ COMMENTS

H H; initialize (ignore any errors on this vector)
L L; increment

L H; increment

H L; increment

H H; increment

L L; increment

Z 7; high-impedence state

DESCRIPTION

This PAL implements a simple 8-bit counter which is used to
generate the refresh row address by the DRAM controller.

Figure C-7. Refresh Address Counter PAL Equations (Cont’d.)
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TIMING PARAMETERS
Figure C-8 shows the timing of signals for DRAM read and write cycles. Table C-5 displays

the worst-case timing parameters for six DRAM circuits, each of which uses a different type
of DRAM.
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386 DRAM Controller

TIMING PARAMETERS

Max

32

64
64
128

50
10
999
46

12

Chip Symbol 10 Description From To Hin Max ‘Min MNax Min Max Min
51C64-8  51C64-10 51C256-12 51€256-15
82384 tl 0 CLK2 period clk2 /7 ck2 /7 31 32 31 32 40 42 3
CcLlk2  / ck2 /
k2 / ck2  /
cLk2 4/ ck2 ¢/
k2 / cwke2 /
K2/ ck2  /
Cclk2  / Ck2 7/
cLk2  / clk2  /
k2 /7 Ck2 /
CLk2 /7 ck2 7/
Clk2  / cik2  /
Cclk2  / Cck2 7/
clk2 7/ cwk2 /
Clk2 / Ck2 /
cLk2 /7 ck2  /
82384 trdWAIT O ClKperiod(s) rd WaitState  CLk2 / CLK2 / [ ] [ 0 0 62
82384 tWrtWAIT O ClKperiod(s) wt WaitState CLk2 / CLk2 / 62 64 62 64 80 84 62
82384 tBAK2BAK O CLKperiod(s) back-to-back CLk2 / CLk2 / 62 64 62 64 160 168 124
cLk2 7/ ck2 /7
386 t12 0 write data out-detay CLK2 / 385 Data< 1 S0 1 50 1 50 1
CLK2 /7 386 Data>
386 * 21 0 read data set-up 386 Data< CLK2 / o 10 0 10 0 10 0
386 22 0 read data hold CLK2  / 386 Data> 2 99 2 999 2 99 2
386+MUX t6+tMUX O addr fr 386 thru LatchMux  CLK2 / rows< 3 46 3 46 3 4 3
ck2  / row<
PAL P 0 clock to PAL outputs CLK2 /7 Row Sel\ 0 12 0 12 0 12 0
CLK2 / Row Sel/
CLK2 / Row Sel\
CLK2 / Row Sel/
CLK2 / -Row Sel\
PALOrREG Q 0 clock to PAL.or REG outpt CLK2 / RAS# \ 0 1 0 12 0 12 0
CLKZ / RAS¥ /
CLK2 / RAS# \
CLK2 / RAS#¥ /
CLK2 / RAS¥ \
Register R 0 clock to register output CLk2 / CAS# / 0 12 0 12 0 1 0
Clk2 / CAs# \
CLK2 / CAS# /
CLK2 / CAS# \
CLK2 / CAS# /
CLK2 / CAS# \
PAL+NAND W 0 pal and write logic delay CLK2 / WER [ 2 18 2 18 2 18 2
CLK2 7/ WER \
CLk2 /7 vE# /
0 transcvr prop in-to-out rd data< 386 Datac< 2 7 o 0 2 7 2

Transcvr tXCVR

DramData> 386 Data>
386 Data< wrt data<
386 Data> DramData>

Min

3

62
62
124

-

© wno

Max

32

64
64
128
50
10
999
46

12

10

18

Min Max
2164-15 51C256-20

40

80
80
160

© wNno

42

SRR

50
10
46
12

12

Table C-5. DRAM Circuit Timing Parameters
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Chip

DRAM
DRAM
DRAM
DRAM

DRAM
DRAM
DRAM

DRAM
DRAM

DRAM
DRAM

DRAM

DRAM
DRAM
DRAM
DRAM

DRAM
DRAM
ORAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM

=

* e e

tRP
tCSH

tCAS(R)
tCAS(W)
tWRP

tRWH
tASR

tRAH
tcP

tCRP

tRCD
tASC
tCAH
tAR

tON
tOFF
tRAC
tCAC
tCAA
tRSH(R)
tRCS
tCAR
tRCH
tRRH
tRSH(W)
TRWL
tcwL
twp
tes
tWCH
tDS

tOH

1
1
1

386 DRAM Controller

TIMING PARAMETERS

Description

RAS# pulse width

random read/write cycle
RAS# precharge time
CAS# hold time

CAS¥ pulse width(rd cycl)
CAS¥ pulse width(urt cyc)
write to RAS¥ precharge

RAS# to write hold time
row address set-up time

row address hold time
CAS# precharge

CAS# to RAS# precharge

RAS# to CAS# delay
column address set-up
colum address hold
colum addr hold fr RAS#

output buffer turn on
output buffer turn of f
access time from RAS#
access time from CAS#
access time fr column adr
RAS# hold time (rd cycle)
read command set-up time
colum address to RAS¥
read com hold ref to CAS#
read com hold ref to RAS#
RAS# hold time (wrt cycl)
write command to RASH
write command to CAS#
write command pulse width
write command set-up time
write command hold time
data-in set-up time
data-in hold time

From To
RAS# \ RAS# /
RAS¥ \ RAS#¥ /
RAS¥  \ RAS# \
RAS¥  \ RAS# \
RASE  / RAS# \
RAS#  / RASHE \
RAS#  \ CAS# /
RAS# \ CAS#
CAS#  \ CAs# 7/
CAS# \ CAs# /
WE# / RAS# \
WE# / RASH \
RAS® \  WE¥ \
row< RASH \
row< RAS# \
RAS# \  colum<
RAS# columnc<
CAS# / CAS¥ \
CAS¥ / CAs# \
CAS# / RASK \
CAS¥  / RAS# \
CASH  / RASH \
RAS# \ CAs¥ \
RAS# \ CAS¥ \
column< CAS# \

colum< CAS#

CAS# \ DramAddr<
CAS# \ DramAddr<
RAS#  \ DramAddr<
RAS¥  \ DramAddr<
CAS# \ rd data<
CAS#  / wrt data<
RAS# \ rd data<
CAS#  \ rd data<

column< rd data<
CAS# \ RAS# /
RAS# \ rd datac<

colum< RAS# /
CAS# / ME# \
RAS# / MEH \
CAS# \ RAS# /

WE# \ RAS¥ /

WE# \ CAs¥ /

WE# \  WEX¥ /

WE# \ CAS# \
CAS¥ \ WE# /
wrt data< CAS# \
CAS# \ DramData>

Min Max
51C64-8

80 9999
140 9999
50 9999
80 9999
15 9999
25 9999
=30 9999

0 9999
0 9999

15 9999
10 9999
<20 9999

30 9999

Min Max
51C64-10

100 9999
160 9999
50 9999
100 9999
20 9999
30 9999
-30 9999

0 9999
0 9999

15 9999
10 9999
<20 9999

30 9999
0 9999
10 9999
40 9999
20 9999

Min Max
51C256-12

120
200
70

9999
9999
9999

120 9999

25
25
10

15
0

15
10
-20

30
5
15

9999
9999
9999

9999
9999

9999
9999
9999

9999
9999
9999

Min Max
51C256-15

150 9999
245 9999
85 9999
150 9999
30 9999
30 9999
10 9999

20 9999
0 9999

20 9999
10 9999
-20 9999

35 9999
5 9999
20 9999
70 9999

Min Max
2164-15

150 9999
260 9999
100 9999
150 9999
85 9999
85 9999
-30 9999

0 9999
0 9999

20 9999
25 9999
=20 9999

30 9999
0 9999

Table C-5. DRAM Circuit Timing Parameters (Cont’d.)
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Chip

DRAM
+Q

+Q

DRAN
+Q

+Q

DRAM
+Q
+Q

DRAM
+R

+R

DRAM
+R

ORAM
+R

DRAM
+Q
+Q

DRAM
W

DRAM
+Q
+Q

DRAM
+tMUX
+tHUX

386 DRAM Controller

TIHING CALCULATIO

Symbol 10 Description

tRAS RAS# pulse width

+trdWAIT +t1 +t1 +t1
+TWrtWAI T+t +t1 +ti
tRC random read/write cycle
+tBAK2BAK+trdWAlT +t1 +t1
+tBAK2BAK+twrtWAIT+t1 +t1
tRP RAS¥ precharge time

+tBAK2BAK-Q
+tBAK2BAK-Q

tCSH CAS# hold time
+EraWAIT +t1 +t1 +t1

+turtWAI T+t +t1 +t1

tCAS(R) CAS# pulse width(rd cycl)
+traWAIT +tl +t1 R

tCAS(W) CAS# pulse width(wrt cyc)
+turtWAI T+t R

tWRP write to RAS# precharge
+t1 -

+tBAK2BAK+ tWrtWAIT-t1 -W
tRWH RAS# to write hold time
+t1 +t1 -Q

tASR row address set-up time
+t1 +t1 - t6+tHUX

+tBAK2BAK+trdWAIT - t6+tMUX

tRAH row address hold time
+P +t1 -Q
+P +tl -Q

+t1

+t1

+t1

+t1

+t1

+t1

From

RASE  \
RASE \

RAS# \

RASE \

RASH
RASH

~~

RASE \
RAS®

-~

CAS#

-

CAs#

-

WE#
WE#

SN~

RASE \

row<
FoW<

RAS#  \
RASH \

NS
To
RASE  /
RASE /
-Q
RASE  \
RASE \
RASE  \
RAS# \
CAS®  /
CASK¥  /
CAS¥ /
CAS¥ /
RASE \
RASKE \
WER O\
RAS# \
RAS# \
column<
columc<

Min Max
51C64-8

80 9999
112 140
174 204

140 9999
174 204
236 268
50 9999
50 76
50 76
80 9999
112 140
174 204

15 9999
50 76

25 9999
81 108

-30 9999
13 &2
7% 107

0 9999
52 82

0 9999
16 73
16 73

15 9999
23 55
23 55

Min Hax
51C64-10

100 9999
112 140
174 204

160 9999
174 204
236 268
50 9999
S0 76
50 76
100 9999
112 140
174 204

20 9999
50 76

30 9999
81 108

-30 9999
13 42
7% 107

0 9999
52 82

0 9999
16 73
16 73

15 9999
23 55
23 55

Min Max
51C256-12

120 9999
148 180
228 264

200 9999
308 348
388 432
70 9999
148 180
148 180
120 9999
148 180
228 264

25 9999
68 96

25 9999
108 .138

10 9999
22 52
180 222

15 9999
70 102

0 9999
36 93
16 177

15 9999
32 65
32 65

Min Max
51€256-15

150 9999
174 204
174 204

245 9999
298 332
298 332
85 9999
112 140
112 140
150 9999
174 204
174 204

30 9999
112 140

30 9999
81 108

10 9999
13 42
136 171

20 9999
52 82

0 9999
16 73
140 201

20 9999
23 55
23 55

Min HMax
2164-15

150 9999
180 198
180 198

260 9999
304 326
304 326
100 9999
18 134
18 134
150 9999
180 198
180 198

85 9999
118 134

85 9999
87 102

<30 9999
17 40
140 169

0 9999
54 78

0 9999
20 N
1446 199

20 9999
25 51
25 51

Min Hax
51€256-20

200 9999
228 264
228 264

315 9999
388 432
388 432
105 9999
148 180
148 180
200 9999
228 264
228 264

35 9999
148 180

35 9999
108 138

10 9999
22 52
180 222

25 9999
70 102

0 9999
36 93
194 261

25 9999
32 65
32 65

Table C-5. DRAM Circuit Timing Parameters (Cont’d.)
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Chip
DRAM
+R
+R
DRAM
+Q
+Q
+Q
DRAM
+R
DRAM

R
+R

DRAM
+THUX
+THUX

DRAM
+tHUX

-+ tHUX

DRAM
- tXCVR

DRAM
+tXCVR

DRAM
- IXCVR

DRAM
- tXCVR

-

-

Symbol
tcp
+t1

+t1

tCRP
-R

386 DRAM Controller
TIMING CALCULATIONS

10 Description
CAS# precharge
+t1 +t1

+t1 +tBAK2BAK-R

CAS# to RAS# precharge

+tBAK2BAK-R
+tBAK2BAK-R

tRCO
+t1
+t1

tASC
+t1
3

tCAH
+P
+P
tAR
+P

+P

TON
-t21

tOFF
+t12

tRAC
-t21

tCAC
-t21

RAS# to CAS# delay
+t1 -Q
+t1 +t1 -Q

column address set-up
-P - tHUX
+t1 -P - tMUX

column address hold

+t1 +t1 +t1
+t1 +t1 -R
column addr hold fr RAS#
+t1 +t1 +t1

+t1 +t1 +t1

output buffer turn on
+TraWAlT +t1 +t1

output buffer turn off
+t1 +tBAK2BAK-R

access time from RAS#
+TraWAIT +tl +t1

access time from CAS#
+traWAlT +td +t1

+tBAK2BAK-R

+t1

+t1

+t1

From To
CAS# / CAs# \
CAS# / CAs# \
CAS¥ / RAS#¥ \
CAS¥  / RASE \
CAS# / RAS# \
RAS# \ CAs¥ \
RAS#¥ \ CAS¥ \
colum< CAS¥ \
colum< CAS# \

CAS#  \ DramAddr<
CAS#  \ DramAddr<

-Q
RAS# \ DramAddr<

Q
RAS# \ DramAddr<

CAS# \ rd data<
CAS#  / wrt data<

+tl -Q
RAS# \ rd data<

CAS# \ rd data<

Min Max
51C64-8

10 9999
1463 172
112 140

-20 9999
1212
50 76
50 76

30 9999
50 76
81 108

0 9999

8 40
3 n
10 9999
85 119
56 &7
40 999
147 183
147 183

20 9999
33 62

20 9999
84 153

80 9999
95 126

20 9999
33 62

Min Max
51C64-10

10 9999
143 172
112 140

-20 9999
12 1
50 76
50 76

30 9999
50 76
81 108

0 9999

8 40
3 n
10 9999
85 119
54 87
40 9999
147 183
147 183

20 9999
40 64

20 9999
82 146

100 9999
102 128

20 9999

40 64

Min Max
51€256-12

10 9999
268 306
228 264

-20 9999
-12 12
148 180
148 180
30 9999
68 96
108 138

5 9999
17 50
57 92
15 9999
112 149
” 107
60 9999
192 233
192 233

25 9999
51 82

20 9999
191 267

120 9999
131 166

25 9999
51 82

Min Max
51€256-15

10 9999
205 236
174 204

-20 9999
12 12
112 140
112 140

35 9999
50 76
81 108

5 9999

8 40
¥ nr
20 9999
85 19
56 87
70 9999
147 183
147 183

30 9999
95 126

25 9999
146 217

150 9999
157 190

30 9999
95 126

Hin Max
2164-15

25 9999
211 230
180 198

-20 9999

6 6
118 134
118 134

30 9999
56 70
87 102

0 9999
12 38
3 70
25 9999
87 115
56 83
90 9999
%9 179
%9 179

85 9999
97 122

30 9999
148 213

150 9999
159 186

85 9999
97 122

Hin Max
51€256-20

10 9999
268 306
228 264

-20 9999
12 12
148 180
148 180

40 9999
68 96
108 138

5 9999
17 50
57 92
25 9999

12 149
72 107
80 9999
192 233
192 233

35 9999
131 166

30 9999
191 267

200 9999
211 250

35 9999
131 166

Table C-5. DRAM Circuit Timing Parameters (Cont’d.)
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Chip

DRAM  *
< TXCVR

DRAM
+Q

DRAN
- tXCVR

DRAM
+Q

DRAM
*»

DRAM
-

DORAM
+Q

DRAM
+Q

DRAM
+R

ORAM
W

DRAM
+R

DRAM
W

386 DRAN Controller

TIMING CALCULATIONS

Symbol 10 Description From To
tCAA access time fr column adr
-t21 +LraWALT +t1 +t1 +t1 -P - tHUX

colum< rd data<

tRSH(R) RAS# hold time (rd cycle)
-R

+LraMALT +t1 +t1 CAS# \ RASH

tRCS read command set-up time
-t21 +EravALT +t1 +t1 +t1 +t1 -Q

RAS# \ rd datac<

tCAR column address to RAS#
+traWAIT +t1 +t1 +t1 -P - tHUX
column< RAS#

tRCH read com hold ref to CASK

+tl +t1 +tBAK2BAK-R CASE  /  wEX
tRRH read com hold ref to RAS#
+t1 +t1 +tBAK2BAK-Q RASE  / wE#

tRSH(W) RAS¥ hold time (wrt cycl)

+turtWAl Tt -R CAS# \ RAS#
TRWL write command to RASK

+turtWAIT+t1 +t1 -¥ VE¥ \ RASH
tCuL write command to CASK

+turtUAI T+t +t1 -o WE#  \ CASH
WP write command pulse width

+tl +t1 +tl -W VEF  \  WES
tHCS write command set-up time

+tl W WE# \ CASH
tWCH write command hold time

+t! +t1 R CAS¥  \  WEN

Min Max
51C64-8

45 9999
53 90
10 9999
50 76
0 9999
95 126

45 9999
70 104

0 9999
116 1466

10 9999
114 146

35 9999
81 108

25 9999
106 138

25 9999
106 138

20 9999
7 112

0 9999
13 &2

25 9999
52 82

Min Max
51C64-10

55 9999
60 92
10 9999
50 76

0 9999
102 128

55 9999
70 104

0 9999
114 146

10 9999
114 146

35 9999
81 108

30 9999
106 138

30 9999
106 138

20 9999
7 o1

0 9999
13 &2

30 9999
52 8

Min Max
51C256-12

55 9999
80 120
10 9999
68 96

0 9999
131 166

55 9999
97 134

0 9999
230 270

10 9999
230 270

25 9999
108 138

25 9999
142 178

25 9999
142 178

20 9999
104 142

0 9999
22 52

25 9999
70 102

Min Max
51C256-15

70 9999
115 154
10 9999
112 140
0 9999
157 190

70 9999
132 168

0 9999
176 210

10 9999
176 210

30 9999
81 108

30 9999
106 138

30 9999
106 138

25 9999
712

0 9999
13 42

30 9999
52 8

Min Max
2164-15

85 9999
115 154
85 9999
18 134
0 9999
159 186

85 9999
136 166

5 9999
178 206

20 9999
178 206

85 9999
87 102

40 9999
110 136

40 9999
110 136

30 9999
7 o2

-10 9999
17 40

30 9999
S4 78

Hin Max
51C256-20

90 9999
160 204
10 9999
148 180
0 9999
211 250

90 9999
177 218

0 9999
230 270

10 9999
230 270

35 9999
108 138

35 9999
142 178

35 999
142 178

30 9999
104 142

0 9999
22 52

35 9999
70 102

Table C-5. DRAM Circuit Timing Parameters (Cont’d.)
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386 DRAM Controller

TIMING CALCULATIONS

Chip Symbol 10 Description From To Min Max Min Max Min Max Min Max Min Max Min Max

51C64-8  51C64-10 51C256-12 51C256-15 2164-15 51C256-20
DRAM tDS data-in set-up time 0 9999 0 9999 0 9999 0 9999 0 9999 0 9999
+R +t1 +t1 -t12 - tXCVR wrt data< CAS¥ \ 5 3 12 75 23 93 s 3 s n 23 93
DRAM tOH data-in hold time 20 9999 20 9999 20 9999 25 9999 30 9999 30 9999
+IXCVR  +t12 +t1 +turtWAIT+t1 -R

CAS# \ DramData> 115 185 113 178 151 225 115 185 117 181 151 225

Table C-5. DRAM Circuit Timing Parameters (Cont’d.)
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ALABAMA

Intel Corp.

015 Bradford Dr., #2
Huntsville 35805
Tel: (205) 830-4010

ARIZONA

tintel Cor g
Ph225 N. am Dr., #D214
Tel: (602) 869—4980

Intel Cor|
||6| N. Ei Dorado Place

3
Tucs
Tel: 1602) 299 6815

CALIFORNIA

intel Col

1515 Vanowen Street
Suite 116
Canoga Park 91303
Tol: (818) 704-8500

zlzme
50 g i’mperlal Highway
uite

Els undo 90245

Tel: (213) 640-6040

tel
1510 Avmsn Way, Suite 101
Sacramento 95815
Tel: (916) 920-8096

tintel Corp.
050 Execullve Drive

Sun DI o 92121
Tel: (619) 452-5880
Intel Corp.*
400 N. Tustin Avenue
Suite 450
Santa Ana 92705
TWX 9‘2’-595-1‘ 14
gl:lel Cofp,'

n Tom:

S 4
2700 San Tomas Expresswuy
Santa Clara. CA 95051

Tel: (408) 986-8086
TW)é: 91(’)‘338‘0255
COLORADO

Intel .
msmhpark Drive
Suite 100

3
Colorado Springs 80907
Tel: (303) 5

153% gv?«g St., Suite 915
nver 802:

TV 51801 2208

CONNECTICUT

%E:»E:x%ﬁ Road

8-3130
6-1199

FLORIDA

Intel Corp.
;42 Ni ovgestmoma Dr.
A onte Springs 32714
Tel: (305) 869-5588

Intel Col
6363 N.W. 6th Way, Suite 100
Ft. Lauderdale
Tel: (305) 771-0800
: 510-956-9407

Intel Col

+ ot
Tel (013) 57?2"3

tSales and Service Office
*Field Application Location

DOMESTIC SALES OFFICES

GEORGIA

zlnlel Corp.

280 Pmme Parkway
Suite

Norc r

Tel: (404) 449 054'

ILLINOIS

In'el COJ)
rtingale Roaa Suite 400
Schaumbur 173

Tel: (312) 310-8031

INDIANA

tintel Cor
8777 Punﬁne Road

lndxann hs 46268
Tel: (317) 875-0623

10WA

Sl Andrews Building

1930 St. Andrews Dnve NE.
Cedar Rapids

Tel: (319) 393 55!0

KANSAS

tintel Corp.
8400 W. 110th Street
Suite 170

Overland Park 66210
Tel: (913) 345-2727

MARYLAND

Intel Corp.*
7321 Zavkway Drive South

HGHW
Tl (301 e 7500
TWX: 710-862-1944

Intel Covp.
5th Floor

7833 Walkar Drive
Greenbelt 20770
Tel: (301) 441-1020

MASSACHUSETTS

tintel Corp.*

Waestford Corp. Center
3 Carlisle Road
Westford 01886

617) 692-3222

: 710-343-6333

MICHIGAN

Intel C
O7| Orchard Lake Road

Wesl Bloomheld 48033
Tel: (313) 851-8096

MINNESOTA
Intel Corp.
3500 W. an St., Suite 360
Bloomington 55431
Tel: (612) 835-6722
TWX: 910-576-2867
MISSOURI
Intel Cor
4203 Eann City Expressway
Suite 13!
Earth
Tel: (31 4?29!41 990
NEW JERSEY
tel Corp.*

Palkwsy 109 Office Center
32& Newman Sprlngs Road
Tel (201) 747- 2233
Intel Co

280 Corpomls Center
75 lelngston Avenue

First

Roseiund 07068
Tel: (201) 740-0111

NEW MEXICO

Intel Corp.

8500 Menual Boulevard N.E.
Suite B 295

Albuquerque 87112

Tel: (505) 292-8086

NEW YORK

Intel Cor|

127 Maln Street
Binghamton 13905
Tel: (607) 773-0337

Intel Cor|

250 Cross Ke s Office Park
air

Tel: (7I6) 425 2750

TWX: 510-253-7391

Intel Corp.*

Motor Parkway

aupgauge 11787

TWX 510 227 6236
Intel Corp.
Suite 2B Hollowbrook Park
15 Myers Corners Road
Wappmger Falls 12590
Tel: (914) 297-6161

: 510-248-0060
NORTH CAROLINA

Intel Corp.
5700 Execuuve Center Drive

Suite 21
Charlotte 28212
Tel: (704) 568-8966

tintel Cor
2700 w chn Road

Ral |g
Tel: (919) 731-8022

OHIO

Intel Corp.

3401 Pavk Cantar Drive
Suite 220

Dayton 45414

Tel: (513) 890-5350
TWX: 810-450-2528
intel Corp.

25700 Sclanoe Park Dr., Suite 100
Beachwood 4

Tol: (216) 464- 2736
TWX: 810-427-9298
OKLAHOMA

Intel Corp.

630! N.rsgroadway
Oklahoma City 73116
Tel: (405) 848-8086
OREGON

tintel Cor,

15254 N.! »5 Greenbner Parkway, Bldg. B

Beaverton 97006
Tel: (503) 645-8051
TWX: 910-467-8741

PENNSYLVANIA

‘51 3 Cedal Cllﬂ Drive
Camp Hill 17011
Tel: (717) 737-5035

Intel Corp.*
455 Pennsylvania Avenue
rt Washington 1

Fort
Tel: (215 641-1000
Sibser 2077

Intel Corp.*

400 Penn Center Bivd., Suite 610
Pmsbu?h 15235

Tel: (412) 823-4970

PUERTO RICO

Intel Microj ssor Corp.
South Indgetrial Park *
P.O. Box 910

Las Piedras 00671

Tel: (809) 733-8616

TEXAS

gln tel Corp.
3E. Anderson Lane
uite e

A
Tel: (5!2) 45443628

tintel Corp.

12300 Ford Rowd

Suite

Dallas 75234

Tel: (214) 241-8087

TWX: 910-860-5617

Intel Corp.*

7322 S w Flseway

aullo 149

Ta| (713) 988 5085
X: 910-881-2490

UTAH

Intel Corp.
5201 Green Street
280

uite
Murra %
Tol: (8 |)263 8051

VIRGINIA

tintel Co
1603 Sanm Rosa Road

Suif
nuchmond 23288
Tel: (804) 282-5668

WASHINGTON

Intel Corp.

155-108 Avenue N.E.
Suite 386

Bellevue 98004

Tel: (206) 453-8086
TWX: 910-443-3002

Intel Corj
408 N. Mullan Road
unle 02

Spol
Tel: (509) 928-8086
WISCONSIN

tintel Corp.

330 S. Executive Dr.
Suite 102
Brookfield

Tel: (414) 784 8087
FAX: (414) 796-2115

CANADA
BRITISH COLUMBIA

Intel Semiconductor of Canada, Ltd.
4585 Canada Way, Suite 202
Bumaby V5G 4L
Tel: (604) 298-0387
AX: (604) 298-8234

ONTARIO

‘tintel Semiconductor of Canada, Ltd.
gsso Queensview Drive

Ottawa K2B 8H6

Tel: (613) 829-9714

TLX: 053-4115

tintel Samloondumar of Canada, Ltd.
190 Attwell Di

Suite 500
Rexdalo MW 6H8
Tel: (416) 675-2105
LX: 06983574
FAX: (416) 675-2438
QUEBEC
msl Semk:onducw ol Canada, Ltd.
Jean Boulev
Ponmo Claire HIR 3!(3

Tel: (514) 694-9130
TWX: 514-694-9134
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ALABAMA

Arrow Electronics, Inc.
1015 Henderson Road
Huntsville 35805

Tel: (205) 837-6955

‘tHamilton/Avnet Electronics
4940 Research Drive
Huntsville 35805

Tel: (205) 837-7210

TWX: 810-726-2162

Pioneer/Technologies Group Inc.
4825 Univer: ;élz Square
Huntsville 3!

Tel: (205) 837-9300

TWX: 810-726-2197

ARIZONA

tHamnlon/Avnet Electronics
. Madison Drive
pe 85281
Tel: (602) 231-5100
TWX: 910-950-0077
Kierulff Electronics, Inc.
4134 E. Wood Street

Phoenix 85040

Tel: (602) 437-0750

TWX: 910-951-1550

Wyle Distribution Group
17855 N. Bla ck Canyon Highway

Pnoe nix 85023

Tel: (602) 866-2888

CALIFORNIA

Arrow Electronics, Inc.

1
Tel (818) 701-7500
TWX: 910-493-2086

Arrow Electronics, Inc.
1502 Crocker Avenue

Hayward 94544

Tel: (408) 487-4600
Arrow Electronics, Inc.
9511 Rldgehaven Court

San Dleg 212!
Tel (6 )565-4800

tArrow Electronics, Inc.
521 Weddell Drive
Sunnyvale 94086

Tel: (408) 745-6600
TWX: 910-339-9371

Arrow Electronics, Inc.
2961 Dow Avenue
Tustin

Tel: (714) 336_5422
TWX: 910-595-2860

tAvnet Electronics

350 McCormick Avenue
Costa Mesa 92626

Tel: (714) 754-6051
TWX: 910-595-1928

Hamullon/Avnel Electronics
175 Bofdeaux Drive

xv 086
Tel: (408) 743-3300
TWX: 910-339-9332

‘tHamilton/Avnet Electronics
4545 Viewridge Avenue
San Diego 921.

Tel: (61 571 -7500

TWX: 910-595-2638

lﬂammon/Avnel Electronics
0501 Plummer Street
Chatsworth 91311

Tel: (818) 700-6271
TWX: 910-494-2207

fHamulton /Avnet Electronics
gate Boulevard

Sul:lamento 95

Tel: (916) 920-3150

‘tHamilton/Avnet Electronics
G Street
Ontario 91311
Tel: (714) 989-9411
Hamilton/Avnet Electronics
9515 So. Vermont Avenue

Torrance 90502
Tel: (213) 615-3909
TWX: 910-349-6263

Hamilton Electro Sales
9650 De Soto Avenue
Chatsworth 91311

Tel: (818) 700-6500

DOMESTIC DISTRIBUTORS

CALIFORNIA (Cont'd)

tHam-lIon Electro Sales
10950 W. Washington Bivd.

Culver City 90230

Tel: (213) 558-2458

TWX: 910-340-6364

Hamilton Electro Sales
1361 B West 190th Street
Gardena 90248

Tel: (213) 558-2131

tHamilton Electro Sales
3170 Puliman Street
Costa Mesa 92626

Tel: (714) 641-4150
TWX: 910-595-2638

Kierulff Electronics, Inc.
10824 Hope Street
Cypress 90430

Tel: (714) 220-6300

tKierulff Electronics, Inc.
1180 Murphy Avenue
San Jose 95131

Tel: (408) 971-2600
TWX: 910-379-6430

tKierulff Electronics, Inc.
14101 Fwnklln Avenue
Tustin 92680

Tel: (714) 731-5711
TWX: 910-595-2599

1Kierulff Electronics, Inc.
5650 Jillson Street
Commerce 0

Tel: (213) 725-0325
TWX: 910-580-3666

Wyle Distribution Group

26560 Agoura Street

Calabasas 91302

Tel: (318) 880-9000
TWX: 818-372-0232

1Wyle Distribution Group
124 Maryland Street

El Segundo 90245

Tel: (213) 322-8100

TWX: 910-348-7140 or 7111

1Wyle Distribution Group
179 2 Cowan Avenue

Tel (7|4) 863 9953
TWX: 910-595-1572

Wyle Distribution Group
11151 Sun Center Drive
Rancho Cordova 95670
Tel: (916) 638-5282

tWyle Distribution Group
525 Chesapeake Drive

San Dlego 92123

Tel: (619) 565-9171

TWX: 910-335-1590

Wyle Distribution Group
wers Avenue
Santa Clara 95051
Tel: (408) 727-2500
TWX: 910-338-0296

Wyle Military
1 891 0 Teller Avenue

e 9.
Tel (714) 851-9958
TWX: 310-371-9127

W:%Ie Systems

7382 Lampson Avenue
Garden Grove 92641
Tel: (714) 891-1717
TWX: 910-595-2642

COLORADO

Arrow Electronics, Inc.

1390 S. Potomac Street

Suite 136

Aurora 80012

Tel: (303) 696-1111
Hamilton/Avnet Electronics
765 E. Orchard Road

Suite 708

Englewood 80111

Tel: (303) 740-1017
TWX: 910-935-0787

le Distribution Grou
4!?15 124th Avenue P

Tel (303) 457-9953
910-936-0770

tMicrocomputer System Technical Distributor Centers

CONNECTICUT

tArrow Electronics, Inc.

12 Beaumont Road

Wallxn%?rd 06492

Tel: (z ) 265-7741
710-476-0162

Hailton/Avnet Electronics
Commerce Industrial Park
Commerce Drive

Danburg 06810

Tel: (203) 797-2800

TWX: 710-456-9974
tPioneer Norlheast Electronics
112 Main Stree

Norwalk 068

Tel: (203) 853- 1515

TWX: 710-468-3373

FLORIDA

"Arrow Electronics, Inc.

50 Fairway Drive
Deerfield Beach 33441
Tel: (305) 429-8200
TWX: 510-955-9456

Arrow Electronics, Inc.

1001 N.W. 62nd St., Ste. 108
Ft. Lauderdale 33309

Tel: (305) 776-7790

TWX: 510-955-9456

tArrow Electronics, Inc.

50 Woodlake Drive W., Bidg. B
Palm Ba

Tel: (305{ 725-1480

TWX: 510-959-6337
?Hamilton/Avne\ Electvonics

Tel (305) 971-2900
X: §10-956-3097

Hamilton/Avnet Electronics
3197 Tech Drive North

St. Petersburg 33702

Tel: (813) 576-3930

TWX: 810-863-0374

Hamilton/Avnet Electronics
6947 University Boulevard

X: 810-853-0322

tPioneer Electronics
337"& Lake Blivd., 3:570
Alta Monte Springs 1
Tel: (305) 331’ g

TWX: 810-853-0284

Pioneer Electronics
674 S. Military Trail
Deerfield Beach 33442
Tel: (305{):128%877
-955-9653

GEORGIA

Arrow Electronics, Inc.
|55 Northwoods Parkway

Norcross 30071
Tel: (404) 449-1 3252
TWX: 810-766-0439

Hamilton/Avnet Electronics
5825 D. Peachtree Corners

Norcross 30092
Tel: (404) 447-7500
TWX: 810-766-0432

Pioneer Electronics

3100 F. Northwoods Place
Norcross 30071

Tel: (404) 448-1711

TWX: 810-766-4515

ILLINOIS

tArrow Electronics, Inc.
2000 E. Alonquin Street
Schaumberg 60195
Tel: (312%? 7-3440
TWX: 910-291-3544

130 Thorndale Avenue
Bensenville 60106

el: (312&860—7780
TWX: 810-227-0060

Kierulff Electronics, Inc.
rndale

1140 W. Th
Itasca 6
Tel: (312) 25{}0500

ILLINOIS (Cont'd)

MTI Systems Sales
1100 West Thorndale
Itasca 60143

Tel: (312) 773-2300

tPioneer Electronics
1551 Carmen Drive

Elk Grove Village 60007
Tel: (312) 437

TWX: 910-222-1834

INDIANA

Arrow Electronics, Inc.
495 Directors Row, Suite H
Indianapolis 46241
(317) 243-9353
: 810-341-3119

Hamilton/Avnet Electronics
485 Gradle Drive

Carmel 46032

Tel: (317) 844-9333

TWX: 810-260-3966

tPioneer Electronics
6408 Castleplace Drive
Indianapolis 46250
Tel: (317) 849-7300
TWX: 810-260-1794

KANSAS

;Hamillon/kvnel Electronics
219 Quivera Road
Overland Park 662!5

Tel %
91 743 0005

Pioneer Electronics
10551 Lackman Rd.

Lenexa 66215

Tel: (913) 492-0500
KENTUCKY
Nggmlton/Avnet Eleclromcs

Lexington 40511
Tel: (goe) 259-1475

MARYLAND

Arrow Electronics, Inc.

8300 Gulford Road #H

Rivers Center

Columbia 21046

Tel: (301) 995-0003
TWX: 710-236-9005

Es lamilton/Avnet Electronics
22 Oak Hall Lane
Columbia 21045
Tel: (301) 995-3500
TWX: 710-862-1861

tMesa Technology Corp.
9720 Patuxentwood Dr.
Columbia 21 046

Tel: (301 &

TWX: 71 828-9702

tPioneer Electronics

9100 Gaither Road

Galmersburg 20877
: (301) 92

TWX: 7|0-523<0545

MASSACHUSETTS

‘TArrow Electronics, Inc.

1 Arrow Drive

Woburn 01801

Tal (617) 933-8130
710-393-6770

‘tHamilton/Avnet Electronics
10D Centennial Drive

Peabody 01960
Tel: (617) 532-3701
TWX: 710-393-0382
Kierulff Eleclronlcs‘ Inc.
13 Fortur
B||Isnca 01 321
Tel: (617) 667-8331
MTI Systems Sales

13 Fortune Drive
Billerica 01821

Pmnesr Northeast Electronics

MICHIGAN

w Electronics, Inc.

755 Phoenlx Drive

Ann Arbor 48104

Tel: (313) 971-8220
TWX: 810-223-6020

;Humnlton/Avnet Electronics
2487 Schoolcraft Road

Tel (3'3 522-4700
810-242-8775

Hamilton/Avnet Elmvonlcs
2215 29th Street

Space A5

Grand Rapids 49508

Tel: (616) 243-8805

TWX: 810-273-6921

Pioneer Electronics

4505 Broadmoor Ave. S.E.
Grand Rapids 49508

Tel: (616) 555-1800

tPioneer Eleclromcs
13435 S( ‘ 0

TW B|%<2‘2-3271
MINNESOTA

Arrow Electronics, Inc.
230 W. 73rd Street

55435
Tel 612 830-1800
WX: 910-576-3125

Hamilton/Avnet Electronics
124 ite Water Drive
anelonka 55343

612)
(910) Trogrzo

tPioneer Electronics
10203 Bren Road East
Minnetonka 5!

Tel: (612) 935-5444
TWX: 910-576-2738

MISSOURI

;Anow Electronics, Inc.
380 Schuetz

St. Louis 63141

Tel: (31 4&5576888

TWX: 910-764-0882
tHammon/Avnel Electronics
13743 Shoreline Court

Earth Cif 63045

Tel: (3|4 344-1200

TWX: 910-762-0684

Kierulff Electronics, Inc.
| 1804 Bo Or.

63146
Tel: (314) 997-4956
NEW HAMPSHIRE
Arrow Electronics, Inc.
Perimeter Road
Manches\er 03|03
2)- 20-‘684
Hamilton/Avnet Electronics
444 E. Industrial Drive
Manchester 03104
Tel: (603) 624-9400
NEW JERSEY
gAnow Elocuoﬂlcs. Inc.
08053
Te|~ (609)
TWX: 7|0~897—0829

"Arrow Electronics, Inc.
Industrial Road

Fairfield
Tel: (201:):‘)75 -5300

tHamilton/Avnet Electronics
1 Kays(om Avenue

C
wggs 4240110
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NEW JERSEY (Cont'd)

1Ham-lton(Avnet Electronics
10 Induslnal

Fairfiel

Tel: 4201 ) 575 3390

TWX: 701-734-4388

tPioneer r:urmaasl Electronics

45 Route
Pinebrook 07058

Tel: (201) 575-3510
TWX: 710-734-4382

1T Systams Sales
383 Route 46 W
Fairfiel

Tel: (201)227 5552

NEW MEXICO

Alllance Elac\vomcs Inc.
30 Cochiti S.E.

Albu%uerque 87123

Tel: (505) 292-3360

TWX: 910-989-1151

Hamilton/Avnet Eleclromcs

2524 Baylor Drive S.E.

Albuquerque 87106

Tel: (505) 765-1500

TWX: 910-989-0614

NEW YORK

Arrow Electronics, Inc.

25 Hub Drive

Melvi lll 11747

Tel: (516) 694-6800

TWX: 510-224-6126

tArrow Electronics, Inc.

3375 Brighton-| -Henrietta Townline Rd.

Rocheste! 14623
Tel: (716) 427-0300
TWX: SIO 253—4753

Arrow Electronics, Inc.
7705 Maltage Drive
Liverpool 13088

Tel: (315) 652-1000
TWX: 710-545-0230

Arrow Electronics, Inc.
20 Oser Avenue
Hauppauge 1178

Tel: (516) 231- IOOO

TW)! 510-227-6623

Hamxllon/Avne\ Electronics

333 M Park

Hoches(er 14623

Tel: (716) 475-9130
TWX: 510-253-5470

‘tHamilton/Avnet Electronics

103 Twin Oaks Drive

TWX: 710-541-1560

tHamilton/Avnet Eleclronlcs
933 Motor P:irk

laup ga 788
Tal( 16) 231-9800
TWX: 510-224-6166

gMTI Systems Sales
8 Ha:bor Park Drive

Porl Washm ton 11050
Tel: (516) 621-621
: 510-223-0846

tPioneer Northeast Electronics

1806 Vestal Parkway East
Vestal 13850

Tel: (607) 748-8211
510-252-0893

Pioneer Northeast Electronlcs

Crossway Park West
I:land 11797
Tel (5!6 921.8700
X: 510-221-2184

DOMESTIC DISTRIBUTORS

NEW YORK (Cont'd) OREGON (Cont’d)

tPion: Wyle Distribution Group

840 Fa-rpon Pavk 5250 N.E. Elam Young Parkway
Suite 600

Tel (716) 381-7070 Hillsbol

TWX: §10-253-7001
NORTH CAROLINA

tArrow Electronics, Inc.
5240 Greendairy Road
Ralelgn 27604

Tel: (319) 876-3132
TWX: 510-928-1856

Tel: (503) 640 6000
TWX: 910-460-2203

PENNSYLVANIA

Arrow Electronlcs Inc.
650 Seco Road
Monroevxlle 151 6
Tel: (412) 856-7000

351 [} SpnngoFures( Drive
Ralei |g

Tel: (319) 878-0819
TWX: 510-928-1836

Pioneer Electronics

9801 A-Southern Pine Bivd.
Charlotte 28210

Tel: (704) 527-8188

TWX: 810-621-0366

OHIO

Arrow Electronics, Inc.
7620 McEwen Road
Centerville 45459

Tel: (513) 435-5563
TWX: 810-459-1611

tArrow Electronics, inc.
6238 Cochran Road
Solon 44139

Tel (216) 248-3990
TWX: 810-427-9409

Hamilton/Avnet Electronlcs
777 Brookedge

Westerville 4; BI

Tel: (614) 882-7004

1Hamllton/Avne' Electronics
954 Senate

Dayton 45

Tel: (513) 433-0610

TWX: 810-450-2531

tHamilton/Avnet Electronics
4588 Emery Industrial Parkway
Warmnsvulle Hel hts 44128
Tel: (216) 0
TWX: B|0<427~9452

tPioneer Electronics
4433 Interpcum Bivd.
Dayton 45424

Tel: (513) 236-9900
TWX: 810-459-1622

tPioneer Electronics

Tel: (216) 587-3600
TWX: 810-422-2211

OKLAHOMA

Arrow Electronics, Inc.
4719 S. Memorial Drive

Tulsa 74145

Tel: (918) 665-7700

OREGON

TAImac Electronics Corpora-

385 N.W. 169th Place
Beaverton 97006

Tel: (503) 529 -8090
TWX: 910-467-8743

gHamlllon/Avne( Electronics
024 S.W. Jean Roa
Bldg. C, Suite 10
Lake Oswego 97034
Tel 503) 5-7848
: 910-455-8179

tMicrocomputer System Technical Distributor Centers

2800 Lmeng Ave., Bldg E
Pittsbu g
Tel: (41 )28!-4150

F-oneer Elec\romos
2! a Drive
Pmsbur h 15238
Tel: (412) 782-2300
TWX: 710-795-3122

tPioneer Electronics
261 Gibralter Road
Horsham 19044

Tel: (215) 674-4000
TWX: 510-665-6778
TEXAS

tArrow Electronics, Inc.
mmander Drive

Carroliton 75006

Tel: (214) 380-6464

TWX: 910-860-5377

tAnow Electromcs Inc.
10899 Kinghus

e 100
Houston 77099
Tel: (713) 530-4700
TWX: 910-880-4439
‘tArrow Electronics, Inc.
10125 Metropolitan
Austin 78758
Tel: (512) 835-4180
TWX: 810-874-1348

;Hamulton/Avnat Electronics
401 Rut;

Austin 78758

Tel: (512) 837-8911

TWX: 910-874-1319

THamullon/Avnal Electronics
li 1W. Walnm Hill Lane

Tel: ?2!4) 659-4100
TWX: 910-860-5929

tHamilton/Avnet Electronics
485! Wri?hl Road #190
Statford 77477

Tel: (713) 780-1771

TWX: 910-881-5523

Kisrulft Elemromcs Inc.
9610 Skillm:

Dallas 75243

Tel: (214) 343-2400

1Pioneer Electronics
‘1\ 826 D. Kramer Lane
ustir

12) 835-4000
: 910-874-1323

Pioneer Electronics
3710 Omega Road
Dallas 7523«
Tel: (214) 386-7300
TWX: 910-850-5563

tPioneer Electronics

5853 Point West Drive

Houston 77036

Tel: (7 13) 988-5555
TWX: 910-881-1606

UTAH BRITISH COLUMBIA (Cont'd)
1585 West 2100 South foa3a00 ana? oport Road
Salt Lake City 84119 Richmond V6X 1T2
Tel: (801) 972-2800 Tel: (604) 273-5575
TWX: 910-925-4018 TWX: 04-5077-89
Kierum Electronics, Inc. MANITOBA
6 W. Parkwa Blvd.
Salt Lake Cif Zentronics

Tel: (801) 97. 69!3

Wyle Distribution Group
1325 West 2200 South
Suite E

Salt Lake City 84119
Tel: (801) 974-9953

WASHINGTON

tAlmac Electronics Corp.
14360 S.E. Eastgate Way
Bellevue 98007

Tel: (206) 643-9992
TWX: 910-444-2067
Arrow Electronics, Inc.
14320 N.E. 21st Street
Bellevue 98007

Tel: ;206) 643-4800

TWX: 910-444-2017
Hamilton/Avnet Electronics
14212 N.E. 21st Street
Bellevue 98005

Tel: (206) 453-5874

TWX: 910-443-2469

Wyle Distribution Group
1750 132nd Ave., N.E.

Bellvue
Tel: (206) 453-8300
WISCONSIN
tArrow Electronics, Inc.

. Rausson Avenue
TWX: 91 252-‘ 193
Hamilton/Avnet Electronics
2975 Moorland Road
New Berlin 53151
Tel: (414) 784-4510
TWX: 910-262-1182
Kierulff Electronics, Inc.
22 . Bluemound Rd.

Waukeshaw 53186
Tel: (414) 784-8160

CANADA
ALBERTA

Hamilton/Avnet Electwnlcs
2316 218' Street N.E.

2E 622
Tal: (4‘33) 250-9380
TWX: 03-827-642
Hamilton/Avnet Electronics
6845 Rexwt d Unit 6
Mississauga, Ontario L4VIR2
Tel: (416) 677-0484

Zentronics
6815 8th Street. N.E., Ste. 100

Tsl (4‘33) 295-4 8333
BRITISH COLUMBIA

Hamilton/Avnet Electronics
105- 5 Boundary Road

Tel (604) 437-6667

60-1313 Border Slrae(
Winnipeg R3H

Tel: ( 694-1 957
FAX: (204) 633-9255

ONTARIO

Arrow Electronics Inc.
24 Mamn Ross Avenue

Downsview M3J 2K9
Tel: (416) 66‘ 0220
TLX: 06-21

Arrow Electronics Inc.
148 calunnada Roaa

in K2E
Tel: (6|3i 226-6903
gHamil(on/Avnet Electronics
ood Road

Units G & H

Mississauga L4V 1R2

Tel: (41 2)4 77-7432
92-8867

ZHamnnon/Avnet Electronics
onnad79 Road South

Nepean L5
Tel: (613) 226-1700
TWX: 05-349-71

Zentronics
Tilbury Court
) f%,’&?fg%%
o K
06-976-78

Zentronics

564/10 WQber Street North
Waterloo N2L 5C6

Tel: (519) 884-5700

tZentronics
155 Cglonnada Road

nit 1
Nepean K2E 7K1
Tel: (613) 225-8840
TWX: 06-976-78

SASKATCHEWAN

Zentron

1731 222 Albeml Avenue
Saskatoon S7K 1R4

Tel: (306) 955-2202, 2207
FAX: (306) 244-3731

QUEBEC

tArrow Electronics Inc.

4050 Jean Talon Oues(

Montreal H4P 1

Tel: (51 4&735 551|

TLX: 05-25596

Arrow Electronics Inc.

909 Charest Blvd.

Quebec 61N 269

Tel: (418) 687-4231

TLX: 05-13388

Hamllton/Avnet Electronics
ue pern

St Laursnt H‘S 1P8

wv;g 1)-42 1-3731

Zentronics
505 Locke Street
St. Laurent H4T 1X7
Tel: (514) 735-5361

: 05-827-635
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ALABAMA
Intel Corp.
5015 Bradford Dnve. #2
Humsvllle 805
el: (205) 830-4010

ARIZONA

Intel Corp.

11225 N. 28th Dr., #D214
Phoenix

Tel: (602) 869-4980

500 E Fry Blvd., Suite M-15
Sierra Vista 85635

Tel: (602) 459 5010
ARKANSAS

Intel Corp.
P.O. Box 206

Uim 72170
Tel: (501) 241-3264
CALIFORNIA

Tel: 131 8) 704-8500

Intel Corp.
22?‘0 E. |mpe:lal Highway

B Segundc 90245
Tel: 1-800-468-3548
Intel Corp.

1900 Prairie Gi
Folsom 95630-9597
Tel: (916) 351-6143

DOMESTIC SERVICE OFFICES

‘CONNECTICUT

26 M|II Prraln Road
bu 06811
Tel ,}2 )74&3130

FLORIDA
Intel Cor|
1500 N. x 62, Suite 104

Ft. Lauderdale 33309
Tel: (305 771-0600

956-9407
Intel
242 N Weslmonle Drive
Swt 105
itamonte Springs 32714

Tal (305) 869-5588
GEORGIA
intel Corp.
3260 Polme Parkway
Novc

Tel: (404) 441- |17|
ILLINOIS

)nt

“'?
Tel: (3!2} 3 0-5733
INDIANA

intel Corp.
8777 Purdue Rd..a#l25

Indianapolis 4626
Tel: (317) 875-0623
KANSAS

Intel Corp.

8400 W 1|0th Street
Suite 17/

Overland Park 66210

Tel: (913) 345-2727

Sal
Tel: (408) 970-1740

Intel Corp.
4850 Executlve Drive

Sln DI 0 92121
Tel: (6'03) 452-5880

COLORADO
650 saum chervy
Sulle 915

Tel 306 321 8086
-931-2289

CALIFORNIA

2700 San’Tomns Expressway
95051

Tel (wa) 970-!700

CALIFORNIA

2700 San Tomas Expressway

Suma CInru 95051
‘el: (408) 986-8086

ntel Corp.

3525 Tatesueok Road, #51

Lexington 40502

Tel: (606) 272-6745

MARYLAND

Intel Corp.

5th Flot';f'1

7833 Walkef Drive

Greenbelt 20770

Tel: (301) «l 1020

MASSACHUSETTS

Intel Corp.
fgstiore .

3 Carlisle CR?;IF\.‘I

Westford 01886

Tel: (617) 692-1060

Center

CUSTOMER TRAINING CENTERS

ILLINOIS
300 N Mmlngglo. #300
Tol (312) 3?0 5700

ILLINOIS
300 . Marti ale7, #300
Tel (312) 3?0—8031

MICHIGAN
intel Corp.
70'_1'1 Orchard Lake Road
uite
West Bloomfield 48033
Tel: (313) 851-8905
MISSOURI
el Corp.
4203 Eann City Expressway
Suite !
Earth City 63
Tel: (314) 291-2015
NEW JERSEY
Intel Cor
335 Sylvan Avenue
07632

Yel: (201 567-0821
TWX: 710-991-8593
Intel Ooer
Raritan Plaza IIf
Raritan Genter
Edison 08817
Tel: (201) 225-3000
NORTH CAROLINA
Intel Corp.
2306 W. Meadowvlw Road
Suite 206
Greensboro 2:
Tel: (919) 294~|54|

Intel Corp.

00 Wycliff Rd., Suite 102
Ralelgh
Tel: (319) 781-8022
OHIO

Chd i rg d Bldg.
agrin-Brainar

Sui vtg 305

28001 Cha rlnzzsoulevard

Tel)é216 464-6915
TWX: 810-427-9298

Intel Corp.

6500 Poe

Du?ton 45414

Tel: (513) 890-5350
OREGON

Intet Corp.
|5254 N.W. Greenbrier Parkway, Bidg. B
Bea 1886

Tol 503
15—467-8741

2 Elam Young Parkway
Hlllsbovo 97123
Tel: (503) 681-8080

MASSACHUSETTS

3 Carlisle Road
Westford 01886
Tel: (617) 692-1000

SYSTEMS ENGINEERING OFFICES

MASSACHUSETTS
3 Carlisle Road
Waestford 01886
Tel: (817) 692-3222

PENNSYLVANIA

el Corp.
201 Penn Center Boulevard
ite 301 W

Pmsbuv h 15235
Tel: (313) 354-1540

TEXAS

Intel Corp.
313 E. Anderson Lane
Suite 314.
Austin 78752
Tel: (512) 454-3628
: 910-874-1347.

Intel Corp.
12300 Ford Road

Intel Corp.

8815 Dyer St., Suite 225
El Paso 79904

Tel: (915) 751-0186
VIRGINIA

Intel Corp.
609 sanla Rosa Rd., #109
ichmond 23288

'I’ol (804) 282-5668

WASHINGTON

Intel Oorr\.

110 110th Avenue N.E.

Suite 510

Bellevue 98004

Tel: 1-800-468-3548

TWX: 910-443-3002

'WISCONSIN

Intel Corp.

3308S. E; (ecuﬂve or.

Sune 102
Brookfield 53005

Tol: (414) 784-8087

CANADA

Intel Corp.
190 Attwell Drive, Suite 500
Rexdale, Ontario

Canada MSW 6H8

Tel: (416) 675-2105

Canada K3

Tel: (514) 694-9130

Intel Cory

2850 Quoensviuw Drive, #250

a, Ontario,
Canadt K2B 8HB
Tol: (613) 829-9714

MARYLAND

7833 Walker Dr., 4th Floor
reenbelt 20770

Tel: (301) 220-3380

NEW YORK
Mmor Parkw
11788
‘I’el ( 16) 231»3300
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BELGIUM

Intel Corporation S.A.
Rue de Cottages 65
B-1180 Brussels

Tel: (02) 347-0666

DENMARK

Intel Denmark A/S*
Glentevej 61 - 3rd Floor
DK-2400 Copenhagen
Tel: (01) 19-80-33
TLX: 19567

FINLAND

Intel Finland OY
Rousilantie 2

00390 Helsinki

Tel: (8) 0544-644
TLX: 123332

FRANCE

Intel Paris
1 Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex

Tel: (33) |$0-57 7000
TLX: 6990

Intel Corporation, S.A.R.L.
Immeuble BBC

4 Quai des Etroits

69005 Lg‘on

Tel: (7) 42-4089

TLX: 305153

EUROPEAN SALES OFFICES

WEST GERMANY

Intel Semiconductor GmbH*
Seidlstrasse 27
D-8000 Muenchen 2
Tel (B 5’) 53891
LX: 05-23177 INTL D

Intel Semiconductor GmbH
Verkaulsbuero Wiesbaden

Abraham-Lincoln Str. 16-18
6200 Wiesbaden

Tel: (6121) 76050

TLX: 04186183 INTW D

Intel Semiconductor GmbH
Verkaufsbuero Hannover
Hohenzollernstrasse 5
3000 Hannover 1

Tel: (511) 34-40-81

TLX: 923625 INTH D

Intel Semiconductor GmbH
Verkaufsbuero Stuttgart
Bruckstrasse 61

7012 Fellbacl

Tel: 1711) o oo~az

TLX: 7254826 INTS D

ISRAEL

Intel Semiconductor Ltd*
Attidim Industrial Park
Neve Sharet

Dvora Hanevi

gldg No. 13 Mh Floor
Tel Avw

Tel 13) 49! 099 491-098

ITALY

Intel Corporation S.P.A.*
Milanotiori, Palazzo E/4
20090 Assago (Milano)
Tel: (02) 8249 -4071

TLX: 341286 INTMIL

NETHERLANDS

Intel Semlconductor (Nedarland) BV
Alexanderpoort Buildin,
Manan Meesweg 93
3068 Rotterdam

Tel: (10) 21-23-77
TLX: 22283
NORWAY

Inlel Norwa! A/S
Hvamvelen

N-2013, Sk]enen

Tel: 06-8424
TLX: 780‘5

SPAIN

Intel Ibe:

nge Zuvbaran 28-1ZQDA
Tel: (? 4|0~4004

TLX: 46880

SWEDEN

Intel Sweden A.B.*

Tel: (8) 734-0100

TLX: 12261
SWITZERLAND

Intel Semiconductor A.G.*

Tel (o1 329 2977
TLX: 67989 ICH CH

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.*
Pipers W‘:;

Swmdon Wlllsmro SN3 1RJ

Tel: (07" ‘)
o Thada TS SWN

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Elektronics Ges m.b.H.
Rolenmuehlgas

A-1
Tel (222) 835 6460

BELGIUM

Inelco Belgium S.A.

Ave. des Croix de Guerre, 94
Bruxelles 1120

Tel: (02) 216-01-60

TLX: 64475

BENELUX

Postbu:

2600 AC n |
Tel: (15) 609-906
TLX: 38250

DENMARK

ITT MultiKomponent
Naverland 29
DK-2600 Glostrup
Tel: (02) 456-66-45
TLX: 33355 ITTCG DK

FINLAND

Oy Fintronic AB
Melkonkatu 24A
SF-00210 Helsinki 21
Tel: (0) 692-60-22

TLX: 124224 FTRON SF

FRANCE

Generim

Zone d'Activite de Courtaboeuf
Avenue de la Baltique

91943 Les Ulis Cedex

Tel: (1) 69-07-78-78

TLX: 691700

J9n7ngvn

73-79 Rue des Solets
Silic 585

94663 Rungis Cedex
Tel: (1) 45- 00
TLX: 290967

Metrol
Tour d'Asnieres
4 Avsnue Laurent Cely

608 Asnieres
Tel (2 47- 9&6240

“Field Application Location

Koning en Hanman Electrotechniek B.V.
tbus 1

FRANCE (Cont'd)

Tekelec Airtronic

Cite des Bruyeres
Rue Carle Vernel BP2
92310 Sevi

Tel (1)45 34 75-35

WEST GERMANY

Electronic 2000 Vertriebs AG
Stahlgruberring 12

LX: 522561 ELEC D
Jermyn GmbH

Schu Istrasse 84

TLX 415257 OJERM D
Metrologie GmbH
Megling srslr 49

8000 chen 71
Tel 1089) 570< 0

Metrologie GmbH
Rheinstr. 94-96

Proelectron Vertriebs AG
Max-Planck-Strasse 1-3
TLX:

ITT-MultiKomponent
Behnnolsnasse 44

ot 107?9?) 875
TLX: 7264399 MUKO D

ISRAEL

Eastronics Ltd.

11 Rosanis Street

Tel: (3) 47-51-51

TLX: 342610 DATIX IL or
33638 RONIX IL.

ITALY

Eledra cumpanentl S P.A.

Via Giacomo Watt, 3

20143 Milano
Tel: (02) 82821
TLX: 332332

ITALY (Cont'd)

Intesi
Milanofiori ES
20090 Assago
Tel: (02) 824701
TLX: 311351

Lasi Elettronica S.P.A.
Viale Fulvio Testi, 126
20092 Cinisello Balsam:
Tel (025) 244-0012, 244- 0212
NORWAY
Nordlsk Elecuomk A/S
Postboks 130
N<|364 Hvalslad
TeI 7)

7546 NENAS N
PORTUGAL
Ditram
fvemda M%r ues de Tomar, 46A

is

Tel: (1) 545-313
TWX: (0404) 14182
SPAIN
A.T.D. Electronica S.A.
Pl. Ciudad de Viena 6
28040 Madrid
Tel: (1) 234-40-00
TWX: 42477

ITT SESA
21-3 Mlguel Angel

Tel (| 541 9-54-00

TWX: 27461

SWEDEN

Notrdisk Elektronik AB
ox

S-171 27 Solna

Tel: (8) 734-97-70

TLX: 10547

SWITZERLAND

Industrade AG

UNITED KINGDOM

Accent Electronic Oomponen(s Ltd.
Jubilee House, Jubilee
Letchworth, Herts SG6 10
England

Tel: (0462) 686666

TLX: 626923

By

Uml 2 Wule

Woestern Indusmal Estate
Bracknell, Berkshire RG12 1RW
England

Tel: (03442) 482211

TLX: 848215 .

Comway Microsystems Ltd.
John Scott House, Market St.
Bracknell Berkshire RJ12 1GP

Tol (0344 55333
TLX: 847201

1BR Microcomputers Ltd.

Unit 2 Western Cmve

Western Industrial E:

Bracknell Berkshire RG12 1RW

oo (0344 405-555

TLX: 849381

Jermyn Industries

Vestry Estate, Otford Road

Sevenouks, Kent TN14 5EU

ol (@732 450144

TLX: 95142

Rapid Silicon

Rapid House, Denmark

H gh combe, Bucks HPH 2ER

Tel: (0494) 442266

TLX: 837931

Rapid Sys(ems

Rapid House, D rk St.

Esqn Wycombe, Bucks HP11 2ER
ind

Tel: (049433450244

TLX: 837931

Micro Marketine

Glenageary Office Park

Glena jeary, Co. Dublin

Irel
Tel: (0001) 856288
TLX:( 31534

YUGOSLAVIA
H R. Microslectronics C
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INTERNATIONAL SALES OFFICES

AUSTRALIA

Intel Australia Ply Ltd.*
Spectrum Buildi %.

200 Pacific Hy evel 6
Crows Nest, NSW, 2065
Tel: (2) 957-2744

FAX: (2) 923-2632

BRAZIL

Inte Semicondutores do Brasi LTDA
Av. Paulista, 1159-CJS 404/40
01311 - Sao Paulo - S.P.

Tel: 9-011-55-11-287-5899
TLX: 1153146

CHINA

Intel PRC Corporation
15/F, Office 1, Citic Bldg.
Jian Guo Men Wai Street

Beijing, PRC
Tel: (1) 500-48!
TLX: 22947 INTEL CN

FAX: (1) 500-2953

HONG KONG

Intel Semiconductor Ltd.*
1701-3 Connaught Centre
1 Connaught Road

Tel: (5) 844-4555

TWX: 63869 ISLHK HX
FAX: (5) 294-589

ARGENTINA
VLC S.R.L. Bartalome Mitre 1711
3 Piso
1037 Buenos Aires
Tel: 54-1-49-2092
TLX: 17575 EDARG-AR
AUSTRALIA
Total Electronics
Private Bag 250
9 Harker Street
Burwood, Victoria 3125
Tel: 61-3-288-4044
TLX: AA 31261
To(al Electronics

P.O. Box 89
Artamon, N.S.W. 2064
Tel 61-02-430 1855
BRAZIL

Elebra Microelectronica S/A
Giveldo Flausino Gomes, 78
\ndar

i
04575 - Sao Paulo - S.P.
Tel: 55-11-534-9600

TLX: 3911125131 ELBR BR
FAX: 55-11-534-9424

CHILE

DIN Ins(ruments

Suecia 2

Casilla 8055 Correo 22

Santiago
Tel: 56-2-225-8139
TLX: 440422 RUDY CZ

CHINA
Nove! Precision Mechmergl(:o Ltd.

Fiat D, 20 Kingstford Ind.
Phasel 26 wai Hei Streel

FAX: 852-0-261-602

*Field Application Location

JAPAN
Intel Japan K.K.

5-6 Tokodai g -machi
Tsukuba un, | arekl ken 300-26
Tel: 029747-8511

TLX: 3656-160
FAX: 029747-8450

Intel Japan K.

FAX: 0423-60-0315

Intel Japan K.K.*

Flower-Hill Snm machl Bidg.
1-23-9 Shis

Seta aya ku, Tokyo 154

Tel:

FAX: 03—427 7620

Intel Japan K.K.*
Bidg. Kumagaya
6 oo Chg S it 360
a-shi, al ama
Tel 028;

FAX: 0485- 24 75|8

Intel Japan KK.*

Mitsui-Seimei Musashn-kosugl Bldg.
915 Shinmaruko, Nakahara:
Kawasaki-shi, Kanagawa 2"

Tel: 044-733-7011

FAX: 044-733-7010

JAPAN (Cont’d)

Intel Jaé)an
Nihon Seimei Atsugi Bldg.
1-2-1 Asahi-machi

Atsugi- shl Kanagawa 243
Tel: -29-

FAX: 0462 -29- 3731

intel Japan KK."
Flyokuchl-Ekl Bldg

2-4-1

To) onakx shn Osaka 560
Tel: (06) 863-1091

FAX: 06-863-1084

Intel Japan K.K.
Shinmaru Bldg.
1-5-1 Marunouchi
FAX: 03-201-6850
lnlel Japan KK.

-16~30 sieki Minami
Nakamura ku, Nagoya-shi

Tel 052 561-5181
FAX: 052-561-5317

INTERNATIONAL
DISTRIBUTORS/REPRESENTATIVES

CHINA (Cont’d)

Schmidt & Co. Ltd.

18/F Great Eagle Centre
23 Harbour Road
Wanchgl Hong Kong

2
TWX: 74766 SCHMC HX
FAX: 852-5-891-8754

INDIA

Micronic Devices

Arun Complex
0. 65 D.V.G. Road

Bssavanagudl

Bangalore 560 004

Tel: 91-812-600-631

TLX: 0845-8332 MD BG IN

Micronic Devices

403, Gagan Deep

12, Rajendra Place

New Delhi 110 008

Tel: 91-58-97-71

TLX: 03163235 MDND IN

Micronic Devices

No. 516 5th Floor

Swastik Chambers

Sion, Chambray Road
Bombay 400 071

Tel: 91-52-39-63

TLX: 9531 171447 MDEV IN

JAPAN

Asahl Electronics Co. Ltd.
KMM Bidg. 2-14-1 Asano
Kokuraklla—ku
Kits)&ushu-shi 802

Tel: -511-6471

FAX: 093-551-7861

C. Itoh Techno-Science Co., Ltd.
C. Itoh Bidg., 2-5-1 Kita- Aoyama
Minato-ku, Tokyo 107

Tel: 03-497-48

FAX: 03-497-4969

JAPAN (Cont'd)

Dia Semicon Systems, Inc.
Wacore 64, 1-37-8 Sangenjaya
Setagaya ku Tsoskyo 1

FAX: 03-487-8088
Okaya Koki

2-4-18 Sakae
Naka-ku, Nagoga shi 460

FAX: 052-204-2901

Ryoyo Electro Corp.
Konwa 8l

1-12-22 Tsuklp
Chuo-ku, Tokyo 104
Tel: 03-546-501
FAX: 03-546-5044

KOREA
J-Tek Corporation

6th Floor, Government Pension Bldg.

64-3 Ygldo—Do
‘oungdeungpo-ku
Seou?iso N
Te 82 2-782-8039
5299 KODIGIT
FAX 82-2-784-8391
Samsung Semiconductor &
Telecommunications Co., Ltd.
150, 21% Tafpyung-ro, Chung<ku

Seoul
Tel: 82-2- 7051 -3987

KORSST
FAX: 82 -2-753-0967
MEXICO
Dicoj

pel S,
Tochtli 368 Fracc. Ind. San Antonio
Axcago zalco
C.P. 2760—Mexlc0. D.F.
Tel: 52-5-561-321
TLX: 1773790 DICOME

KOREA

Intel Technology Asfa le

Room 906, Singson Yg

25-4, Yoido-Dong, oungdeungpo-ku
eoul 150

) 784-8096
SINGAPORE

Intel Singapore Technols
101 Thomson Road #2'

Goldhill Square

Singapore 1130

Tel: 250-7811

TLX: 39921 INTEL

FAX: 250-9256

TAIWAN

Intel Technodogy (Far East) Ltd.
Taiwan Bra
IO/F No 205 Tun Hua N. Road

R.O.C.
Tel 83&2-716—9650
TLX: 13159 INTELTWN
FAX: 886-2-717-2455

NEW ZEALAND

Northrup Instruments & Systems Ltd.
459 Kyber Pass Road

P.O. Box 9464, Newmarket
Auckland 1

Tel: 64-9-501-219, 501-801

TLX: 21570 THERMAL

Nonhrup Instrumanm & Systems Ltd.

Wellln ton 856658
I: 64-4-856-658

LX NZ3380
FAX: 64-4-857276
SINGAPORE

Francotone Electronics Pte Ltd.
17 Harvey Road #04-01
Smgagg_ 1336

Tel: 283-0888, 289«1615
TWX: 56541 FRELS
FAX: 2895327

SOUTH AFRICA
Electronic Building Elements, Pty. Ltd.
P.O. Box 4609

X
Pme Square, 18th Street

ood, Pretoria 0001
Tel 27 12-469921
TLX: 3-227786 SA

TAIWAN

Mitac Corporatic

No. 585, Mmg shen East Rd.
Taipei, R.O.C.

Tel: B86-2-501-8231

FAX: 886-2-501-4265

VENEZUELA

P. Benavides S/A
Avilanes a Rio
Residencias Kamarata
Locales 4 A17
Candelaria, Caracas
Tel: 58-2-571-0396
TLX: 28450 PBVEN VC
FAX: 68-2-572-3321
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UNITED STATES

Intel Corporation

3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K.K.

5-6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26

FRANCE

Intel Paris

1 Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex

UNITED KINGDOM

intel Corporation (U.K.) Ltd.
Pipers Way

Swindon

Wiltshire, England SN3 1RJ .

WEST GERMANY
Intel Semiconductor GmbH

-Seidlstrasse 27

D-8000 Muenchen 2

HONG KONG

Intel Semiconductor Ltd.
1701-3 Connaught Centre
1 Connaught Road

CANADA

Intel Semiconductor of Canada, Ltd.
190 Attwell Drive, Suite 500
Rexdale, Ontario MOW 6H8

Printed in U.S.A./0787/C87-222/33K/RRD LD
Microprocessors

ISBN 1-55512-069-5



