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Throughout this document, M68000 is used as a general reference to a family of
microprocessors, which includes the MC68000, MC68020, MC68030. A reference
to a particular member of the family will use the MC prefix followed by the specific
number. 82596 is used as a general reference to a family of LAN coprocessors—the
82596CA, 82596DX, and 82596SX. A reference to a particular member of the fami-
ly will use 82596 followed by the two letter suffix.
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1.0 INTRODUCTION

1.1 Scope

The 82596 family of LAN coprocessors provide IEEE
802.3 MAC functions for use with 10BASES (Ether-
net), 10BASE2 (Cheapernet), 10BASE-T (Twisted Pair
Ethernet), 1BASES (StarLLAN), and other CSMA/CD
LANs with serial bit rates up to 20 Mb/s. The three
members of the 82596 family differ only in the charac-
teristics of their paralle] interfaces; the FIFO and serial
functions are identical. Table 1 shows the paraliel bus
differences.

This document describes the circuits required to inter-
face the Intel 82596 family of LAN coprocessors with
the M68000 family of microprocessors. First, general
interface issues are identified and then three specific
designs are provided—including the PLD equations,
timing diagrams, and schematics.

® 82596CA and MC68030

* 82596DX and MC68020
® 82596SX and MC68000

1.2 Fundamental Assumptions

Each design is based on several fundamental assump-
tions about the memory subsystem. The circuits re-
quired to support these features are implemented in a
few programmable components. If the 82596 is added
to existing designs in which the required circuits are
already implemented, these circuits do not have to be
duplicated.

The following assumptions are made about the designs.

® The memory subsystem uses DRAM.

® Refresh request signals are asynchronous to the sys-
tem clock.

® Interface logic is implemented in PLDs where possi-
ble.

® 82596 family type signals will be converted to
M68000 family type signals.

2.0 GENERIC IMPLEMENTATION
ISSUES

2.1 Block Definitions

Each design is broken into functional blocks. The ge-
neric block diagram is shown in Figure 1. The M68000
family and 82596 family are fixed from a functional
standpoint. The designer has almost no flexibility in
their connection or timing. For the purpose of these
designs, the memory control block is also assumed to be
fixed. It is set up only for M68000-type signals and
timings. The blocks for which there is some design flex-
ibility are grouped under the name control logic. These
blocks include the following.

® Clocking. Provides the proper clock phases to the
82596 and M68000. It also provides the clock for
the other blocks.

¢ Reset Retiming. Takes the active low RESET signal
that goes to the M68000 and adjusts its timing and
level to be compatible with the active high RESET
for the 82596.

o CA and PORT Generation. Decodes the address
lines and generates the Channel Attention (CA) and
CPU Port (PORT) signals to the 82596. The system
designer selects the memory addresses to be decoded
to activate these signals. The amount of decode logic
will vary greatly depending on the system memory
map.

® Arbitration. Determines which of the three master
devices has control of the local bus: the M68000, the
82596, or the refresh controller. The refresh control-
ler has the highest priority, followed by the 82596
and then the M68000. Additional master devices are
supported through simple changes to the PLD equa-
tions in this block.

® Memory Signal Conversion. Takes the 82596 con-
trol signals, such as ADS and W/R, and converts
them to M68000-type control signals, such as AS,
DS, and R/W.

® Wait State and Burst Generation. Generates the
RDY signal to the 82596 (and BRDY for the
82596CA). It also asserts the burst request
(CBREQ) to the memory controller.

Table 1. 82596-Family Parallel Bus Comparison

82596 Address Data Parallel Burst Parity I-!: :::z:?y
Version Bits Bits Clocking Access Pins
(MHz)
82596CA 32 32 x1 Yes Yes 33
82596DX 32 32 X2 No No 33
82596SX 24 16 x2 No No 20
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2.2 Clocking

The 82596 family uses different types of clocking. The
82596DX and 82596SX use CLK2, which is twice as
fast as the internal operating frequency. The two differ-
ent phases of CLK2 for every CLK1 are defined as ¢1
and ¢2. The rising edge of CLK1 corresponds to the
rising edge of CLK2 at the beginning of ¢1. The
82596CA uses CLK 1, which is identical to the internal
operating frequency. The 82596 clock timing relation-
ships are shown in Figure 2.

In many cases the control logic is simplified by clocking
it with CLK2, even if the CPU and 82596CA are
clocked by CLKI1 . In some other cases it is advanta-
geous to invert the clocking signal to the 82596, which
introduces a phase shift between the devices. The clock-
ing specifications of the 82596 and M68000 are shown
in Table 2.

All the designs use 74F74 flip-flops because of their
high operating frequency, low propagation delay, and
wide availability. If another type of flip-flop is used the
timing analysis must be modified to reflect the different
specifications.

2.3 Reset Retiming

Because the 82596DX and 825965SX use CLK2, the set-
up and hold time specifications for the reset signal are
very important. The deactivation of RESET is the only
means by which the 82596DX and 82596SX determine
which phases of CLK2 correspond to ¢1 and ¢2. Since
many of the control signals are only valid at the begin-
ning of certain phases, it is crucial that the arbitration,
signal conversion, and wait state generation logic know
the current phase of the clock. Failure to meet these
specifications can cause improper memory accesses by
the 82596. Figure 3 is the reset retiming block schemat-
ic.

RESET —1D Q D Q |~ RESET

Nl

Figure 3. Reset Retiming Block

f=d]
=]l

202076-3

Table 2. Clocking Specifications

Max Max Min Min
Component (::g) Clock Rise Fall High Low
(nanoseconds)

82596CA 25 CLK 3.0 3.0 14.0 140
82596CA 33 CLK 3.0 3.0 11.0 11.0
82596DX 25 CLK2 7.0 7.0 4.0 5.0
82596DX 33 CLK2 4.0 3.0 45 45
82596SX 16 CLK2 8.0 8.0 5.0 7.0
MC68030 25 CLK 4.0 4.0 19.0 19.0
MC68030 33 CLK 3.0 3.0 14.0 14.0
MC68020 25 CLK 4.0 4.0 19.0 19.0
MC68020 33 CLK 3.0 3.0 14.0 14.0
MC68000 16 CLK 5.0 5.0 27.0 27.0
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The timings for the M68000 active low signal RESET
are not compatible with the 82596 active high signal
RESET. To prevent possible metastable conditions, the
M68000 RESET passes through a two-stage synchroni-
zer before going to the 82596. This will usually require
two 74F74 flip-flops. Using two stages, rather than one,
greatly reduces the probability of metastable conditions
in the 82596. One of the stages is also used to invert the
signal. Table 3 lists the relevant specifications for RE-
SET and RESET.

Table 3. Reset Specifications

Component (';ATI:) s(?:;p T::
82596CA 25 8.0 3.0
92596CA 33 10.0 3.0
82596DX 25 10.0 3.0
82596DX 33 8.0 3.0
82596SX 16 13.0 4.0
MC68030 25 ND ND
MC68030 33 ND ND
MC68020 25 ND ND
MC68020 33 ND ND
MC68000 16 ND ND

ND = Not Defined by Motorola

2.4 CA and PORT Generation

The 82596 has two inputs that do not correspond to
any signals generated by the CPU: Channel Attention
(CA) and CPU Port (PORT). Channel Attention is al-
ways monitored by the 82596, and the falling edge is
internally latched. The 82596 responds to Channel At-
tention by reading the system control block command
word, which is stored in memory. Several fields in this
command word tell the 82596 what to do; e.g., ac-
knowledge interrupts, change the state of the command
unit, change the state of the receive unit, or load the
bus throttle timers.

When the 82596 does not have the bus, it examines
PORT. If it is active the value on the data bus is stored
in the 82596 in a special register. The value on the 4
least significant bits (D3-DQ0) indicates one of sixteen

functions. Only four functions are defined (functions 4
through 15 are reserved and should not be used).

0 Do an internal reset (pins D31-D4 are ignored).

1 Do a self test (the results are placed at the location
specified by pins D31-D4).

2 Execute a Dump command (the results are placed at
the location specified by pins D31-D4).

3 Move the system configuration pointer to the loca-
tion specified on pins D31-D4.

PORT has more stringent requirements for setup and
hold times than CA does. PORT must meet specific
setup and hold times with respect to the clock and must
also be active for at least two consecutive clocks. CA is
only required to be active for two clocks without meet-
ing specific setup or hold times; however, CA only has
to be active for one clock if the setup and hold times are
met.

Because the M68000 family does not support a separate
1/0 address space, all 170 functions must be memory-
mapped . The addresses for CA and PORT can be se-
lected by the designer. In the design examples, Section
3 through 5, part of one PLD is used to generate both
signals. The number of input pins on the PLD will de-
termine the address range limitations. If the PLD has
fewer input pins than the number of address lines to be
decoded, one of the PLD inputs should be connected to
the output of a secondary decoder. This secondary de-
coder must meet a worst-case propagation delay, which
is listed in the comment fields of the PLD equations for
each design.

Implementing CA and PORT will usually require four
macro-cells, which is about one-half of a standard
PLD. Two are used for the actual output signals and
two are used as a state machine to control the timing of
the output signals. Figure 4 is the CA and PORT gen-
erator block diagram and Figure 5 is the state transition
diagram.

CLK ———] —— cA
As — ro PR
Annnzss#
HIADDR ————pr
2920764

Figure 4. CA and PORT Block Diagram

IDECODE

()

AS

(=)

292076-5

Figure 5. CA and PORT State Transition Diagram
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2.5 Arbitration

All the design examples assume that the memory will
use DRAMs. This means there will be at least three
master devices attempting to gain access to memory:
the M68000 CPU, the 82596 LAN coprocessor, and the
refresh controller. The requests from the refresh con-
troller must be given highest priority to avoid corrupt-
ing data in the DRAMSs. The 82596 is given the second
highest priority, so it is not forced to wait and eventual-
ly overrun or underrun. The M68000 has the lowest
priority because of its internal Bus Request/Bus Grant
mechanism. Because some of the M68000 family CPUs
have an internal cache or instruction pipeline, they can
fetch code or data internally while the 82596 or the
refresh controfier are using the local bus.

The M68000 family uses a three-signal arbitration
scheme. A master device makes a bus request by assert-
ing BR and waiting for the M68000 to assert BG. The
master device then drives BGACK while it is using the
bus. When the master device no longer needs the bus it
brings BR inactive, then the M68000 drives BG inac-
tive. Finally the master device drives BGACK inactive.

2.5.1 REFRESH REQUESTS

Refresh requests are assumed to be asynchronous with
the arbitration clock; therefore, the refresh signal must
be synchronized—typically with a 74F74 flip-flop. At
the completion of the refresh cycle the local bus will be
released to the requestor having highest priority. The
flip-flop is not needed if the refresh request timing is
synchronous with the arbitration clock and meets the
setup and hold times of the PLD.

If a refresh request arrives while the M68000 is the
active bus master, the Bus Request signal (BR) to the
M68000 will be asserted. When the M68000 forces BG
active the arbitration logic brings BGACK active and
the refresh_cycle begins. When the refresh has been
completed BR goes inactive. If the 82596 is the active
bus master when the refresh request arrives, the refresh
cycle will not start until the 82596 has completed its
transfers. BR to the M68000 will remain active until

There are several transparent DRAM refresh tech-
niques. The most common method hides the refresh
cycle as extra wait states in the normal CPU or 82596
accesses. This technique eliminates the arbitration over-
head of the BR/BG (HOLD/HLDA) protocol and
simplifies the arbiter logic. The main disadvantage is
that the wait state generator becomes more complex.

2.5.2 82596 REQUESTS

The 82596 acquires and holds the system bus via the
HOLD/HLDA handshake. It requests the bus by acti-
vating HOLD. When the arbiter gives the local bus to
the 82596 it asserts the HLDA signal, which is the in-
verted LANCYC signal from the arbiter. Overrun con-
ditions can occur in some external devices if the 82596
holds the bus too long. The 82596’s bus throttle timers
can be used to regulate bus use; the timer can be acti-
vated two ways.

* Externally. A high state on the BREQ pin starts the
timer.

® Internally. A high state on the HLDA pin starts the
timer.

Instead of using bus arbitration schemes, the 82596CA
can be forced off the bus by activating the backoff pin
(BOFF). This provides higher performance and faster
refresh cycles. (The 82596DX and 82596SX do not
have this backoff feature.)

Because the 82596 HOLD and HLDA signals are ac-
tive high and the M68000 BR and BG are active low,
the arbiter must invert the logic. In addition, the tim-
ings are not compatible. The arbitration signal timings
are shown in Tables 4 and 5.

Table 4. Arbitration Signal Input Timings

the refresh cycle has completed; BR will not deassert
when the 82596 completes its transfers. If another
82596 request arrives during the refresh cycle, BR will
remain active until both the refresh controller and the
82596 complete their transfers.

The designer is responsible for ensuring that enough
refresh requests are made to avoid corrupting data in
the DRAM. These designs assume that a refresh cycle
signal goes into the memory controller and indicates
that a refresh cycle is in progress. If a transparent tech-
nique is used for refreshing the DRAM, or if SRAM is
used, then the arbiter can be greatly simplified.

Component Fre(at:.'ezr;cy Signal 0;2::; x‘a;;d
82596CA 25 HOLD 3to22
82596CA 33 HOLD 3to 19
82596DX 25 HOLD 41022
82596DX 33 HOLD 3to 19
82596SX 16 HOLD 41032
MC68030 25 BG Oto 20
MC68030 33 BG 0to 20
MC68020 25 BG 0to 20
MC68020 33 BG Oto 20
MC68000 16 BG 01040
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2.5.3 ARBITER IMPLEMENTATION

Local bus arbitration is mostly implemented in a syn-
chronous PLD that uses the inverted CPU clock
(CLK1) as the arbitration clock. The arbiter has fixed
priorities and responds to bus requests from the 82596
and the refresh controller by requesting the local bus
from the M68000. The arbiter asserts the Bus Request
(BR) and Bus Grant Acknowledge (BGACK) signals
to the M68000, and enforces the bus arbitration proto-
col.

The arbiter does not immediately give the bus to the
requestor. The arbiter is usually required to provide an
adequate DRAM precharge time and will not release
the bus until the precharge time has expired. The arbi-
ter can be greatly simplified if other logic is used to
control the precharge time. Figure 6 is the arbiter state
transition diagram and the signal timings are shown in
Figure 7.

Table 5. Arbitration Signal Output Timings

Component Fr:;‘:_;’;cy Signal sMei tnui :'(‘:‘";) ﬂ:::’":::;
82596CA 25 HLDA 10 3
82596CA 33 HLDA 8 3
82596DX 25 HLDA 10 3
82596DX 33 HLDA 8 3
82596SX 16 HLDA 11 8
MC68030 25 BR NA NA
MC68030 25 ACK NA NA
MC68030 33 BR NA NA
MC68030 33 BGACK NA NA
MC68020 25 BR NA NA
MC68020 25 BGACK NA NA
MC68020 33 BR NA NA
MC68020 33 BGACK NA NA
MC68000 16 BR NA NA
MC68000 16 BGACK NA NA
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Figure 6. Arbiter State Transition Diagram
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Figure 7. Arbiter Signal Timings
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2.6 Signal Conversion

The memory signal conversion block modifies the
82596 bus signals to simulate M68000 signals. The new
bus control signals are connected directly to the
M68000’s control signals and are tri-stated when the
82596 is not the bus master. This block will vary de-
pending on which M68000 and 82596 combination is
used. This block can be greatly simplified if the memo-
ry controller is capable of using both M68000 and
82596 signals and timings. The memory signal conver-
sion block diagram is shown in Figure 8.

A single PLD generates the signals Address Strobe
(AS), Data Strobe (DS), Read/Write (R/W), and Data
Bus Enable (DBEN) from the 82596’s signals ADS and
W/R. In 32-bit designs this PLD also generates SIZ0,
SIZ1, AQ, and Al from the 82596’s BEQ—BE3. In 16-
bit designs it generates UDS and LDS from the
825968X’s A1, BHE, and BLE signals. The External
Cycle Start (ECS) and Operating Cycle Start (OCS)
signals are emulated with a tri-state buffer (e.g., a
74F244) enabled by LANCYC. The m&hat corre-
sponds to the ECS and OCS signals is ADS from the
82596. Figure 9 shows the different types of cycles for
the M68000 and 82596.

m —>r As- DS—_
WR——p| PO [ RMODBEN
(BWE, BLE) BE3~HED 7:;1;5“ j——p SIZ1-SIZ0 (UDS,LDS)
= — > Ata0_
=9 ECS, OCS
: 292076-8
Figure 8. Memory Signal Conversion Block Diagram
I M68000 Cychsl
oKkt \ / /
R \ / 1
R/W, A31-A0 x Volid x Valid x
Asynchronous Synchronous
DSACKx (Asynch) \ ’ !
STERM (Synch)
I 82596 Cycles l
s y L/
WL X X
BEx, A31-A2 X Voiia X vaiid X voiid Y vaia
Zero Wait States One Wait State Two Wait States
RDY

u

W juy

292076-9

Figure 9. M68000 and 82596 Cycles
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2.7 Wait State and Burst Generator

2,7.1 GENERAL INFORMATION

The 82596 and M68000 combinations can use three
types of bus transfers (the 82596DX and 82596SX sup-
port only a basic single-cycle transfer). More than one
single transfer can occur without interruption. Each
transfer requires at least two clocks and begins with
ADS going active during the first clock cycle and then
RDY goes active in the last clock. Wait states are in-
serted by keeping RDY inactive. Figure 10 shows the
wait state and burst generator block diagram.

— |——p RDY
ROY ——p} wi
BUAST l 0 — BRDY
BLAST —— |———» NEWCEREEQ
ST[RM —’
CBACK =———————p
292076-10

Figure 10. Wait-State and Burst
Generator Block Diagram

The 82596CA supports all three types of transfers: sin-
gle cycle, multiple cycle, and burst. The multiple cycle
is simply several uninterrupted single-cycle transfers,
with each bus cycle beginning with ADS going active
during the first clock and then RDY going active in the
last clock. Burst cycles can contain as many as four
consecutive data transfers to four consecutive locations;
however, ADS is only generated before the first data
transfer, The maximum amount of data moved during a
burst is 16 bytes (four 4-byte transfers). The wait state
and burst generation block inserts the appropriate num-
ber of wait states during the bus cycle by driving RDY
and BRDY active at the appropriate time.

The M68000 family supports a 3-clock asynchronous
cycle. The MC68030 aiso supports a 2-clock synchro-
nous cycle that is similar to the 82596CA burst access.

2.7.2 SINGLE-CYCLE BUS TRANSFERS

The 82596 begins a cycle after the rising edge of CLK?2
(CLK for the 82596CA) by asserting ADS and driving
W/R and the address lines (A31-A2) valid. The con-
version PLD synchronizes ADS to the clock and gener-
ates an address strobe (NEWAS). NEWAS is asserted
during the same phase of the clock that a M68000
would assert AS. NEWAS is also asserted during the
second clock of the 82596 transfer.

The wait state generator delays the RDY signal to the
82596 from going active. This provides time to meet the
data setup and hold specifications. The 82596 requires
that data be set up a few nanoseconds before the rising
edge of its clock. The M68000 also requires a setup
time; however, it is usually only one nanosecond. The
system designer will need to make provision for, at the
least, the 82596 data setup time plus an additional 2 ns
for clock skew. If this cannot be met another wait state
will be needed for all 82596 memory read cycles. This
can be provided by modifying the PLD equations to
delay the assertion of RDY by one or more clocks at
the end of a read cycle. The 82596CA asserts Burst
Last (BLAST) during the second clock of the first cy-
cle, which indicates that the transfer is complete after a
single cycle (the 82596DX and 82596SX do not use
BLAST).

2.7.3 BURST-CYCLE AND MULTIPLE-CYCLE
BUS TRANSFERS

The 82596CA tries to burst cycles for any bus request
that requires more than a single data cycle to consecu-
tive addresses. The starting address must begin on an 8-
byte boundary (xxxxxxxOh or xxxxxxx8h). The fastest
burst cycle for this design assumes that 80 ns inter-
leaved DRAMS are being used, which are fast enough
to allow new data to be strobed into the 82596CA on
each clock. The burst cycle requires 4 ciocks for the
first data strobe; however, subsequent data strobes are
returned with each clock.

Burst cycles begin with the 82596CA driving a valid
address and asserting ADS in the same manner as non-
burst cycles. The 82596CA indicates that it is willing to
enter a burst cycle by holding BLAST inactive during
the second clock of the cycle. The ready logic then gen-
erates a Cache Burst Request (NEWCBREQ) signal to
the memory controller. If Cache Burst Acknowiedge
(CBACK) is returned active it indicates that the memo-
ry can operate in burst mode. Then the ready logic
waits for the Synchronous Termination (STERM) bus
handshake signal, which indicates that the correct
number of wait states has occurred and data is valid.
When STERM is received the ready logic activates
BRDY to the 82596CA, which indicates its willingness
to allow a burst cycle. The 82596CA drives BLAST
inactive for all but the last cycle in a burst. BLAST is
driven active in the last cycle of the transfer to indicate
that when either BRDY or RDY is next returned the
transfer is complete. RDY is always returned in re-
sponse to BLAST going active.
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If the memory controller cannot perform a burst cycle
CBACK will not go active and the ready logic will
return RDY to the 82596CA, which indicates a non-
burst multiple-cycle transfer will take place. Unlike the
burst cycle, ADS will go active at the beginning of the
second and all subsequent transfers in the multicycle
transfer and RDY is used to end the cycle rather than
BRDY.

The two data acknowledge signals for the MC68030
(DSACKO and DSACK 1) can be combined because the
82596CA only needs one RDY signal. Both DSACK
signals connect to the inputs of an 74F08 AND gate.

3.0 MC68030/82596CA INTERFACE

3.1 Design Specifications

This interface example is based on the following as-
sumptions.

* MC68030 CPU.

® 82596CA LAN coprocessor.

® 32-bit DRAM memory with burst capability.

¢ DRAM refresh using CAS-before-RAS technique.
* 33 and 25 MHz operating frequencies.

® Interface logic implemented in PLDs where possi-
ble.

® B2596CA signals converted to MC68030 signal
types.

® Refresh request signal asynchronous to 33 MHz
clock.

* Burst accesses attempted whenever possible.

3.2 Clocking

This design uses a clock operating at 66 MHz. It is
divided by a 74F74 flip-flop to generate two 33 MHz
clocks from the Q and Q outputs: CLK1 and CLKI.
The MC68030 uses CLK 1, but the 82596CA and arbi-
tration logic use CLK1. The clock-to-output-valid de-
lay of the 74F74 is 3.8 to 7.8 ns.

3.3 Reset Retiming

The 82596CA reset retiming block is the same as that
shown in Figure 2. The synchronizing flip-flops are
clocked by CLK1. There are two 82596CA specifica-
tions for RESET that must be met: the setup time (T23)
and the hold time (T24). The worst-case margin is
shown in Table 6 (all times are in nanoseconds).

3.4 CA and PORT Generator

The CA and PORT generation block is the same as that
shown in Figure 4 and is based on a 20R4 PLD (10 ns
delay at 33 MHz, 15 ns delay at 25 MHz). At either
speed it is clocked by CLK1. AS, the address lines, and
HIADDR are examined at the rising edge of CLKI1.
The worst-case margin to this rising edge limits the
maximum propagation delay of the secondary decoder.
Each margin is calculated separately.

Because AS is generated later than the address, it is
checked first. The setup time margin to the PLD’s flip-
flop is calculated as follows (all times are in nanosec-
onds).

CLK1 cycle — max MC68030 AS valid delay

— max CLK1to CLK1 skew 3.1)
NOTE: — min PLD setup
Many of the circuit elements (e.g., PLDs and flip- _ _
flops) in this design probably already exist in designs At 33 MHz = 39 - 15-2-10=3ns
presently using the MC68030. The extra elements are (with 10 ns PLD)
provided only for completeness. The final design will
probably require fewer circuit elements. At25MHz = 40 — 18 = 2 — 15 = 5ns
(with 15 ns PLD)
Table 6. 82596CA Worst-Case Reset Timing Margin
82596CA Clock-to-Output Delay Minimum Minimum Margin
Frequency Minimum Minimum Setup Hold Setup Hold
(MHz) (nanoseconds)
33 3.8 7.8 8.0 3.0 14.2 0.8
25 38 7.8 10.0 3.0 22.2 0.8

1-506



intel

AP-344

The address has an additional margin because it is gen-
erated almost one-half clock earlier. This additional
margin is calculated as follows.

CLK1 cycle + CLK1 high time
— max MC68030 address valid delay
— max CLK1 to CLK1 skew 3.2)

— min PLD setup
At33MHz =30+ 15 -21 -2 — 10 = 12 ns
(with 10 ns PLD)
At25MHz = 40 + 20 — 25 — 2 — 15 = 18 ns

(with 15 ns PLD)

Next, the worst-case setup and hold times to the
82596CA are calculated for CA and PORT, which
have identical timings. They go active based on the ris-
ing edge of CLK 1. The setup margins are calculated as
follows.

CLKl!lcycle — max PLD output valid delay

— min 82596CA input setup (33
At33MHz = 30 — 7~ 7 = l6ns
(with 10 ns PLD)

At25MHz = 40 — 12 — 7 = 21 ns
(with 15 ns PLD)

The hold margins are calculated as follows.

min PLD output valid delay —
min 82596CA input hold (3.4)
=4 — 3 = 1ns (at 33 and 25 MHz)

3.5 Bus Arbiter

The bus arbiter is implemented with a 20R8 PLD (10
ns delay at 33 MHz, 15 ns delay at 25 MHz). At either
speed, it is clocked by CLK1. The worst-case flip-flop
setup margins to this rising edge is calculated as fol-
lows.

CLK1 cycle — max 82596CA HOLD
output valid 3.5
— min PLD input setup

At33MHz = 30 - 19 — 10 = 1 ns
(with 10 ns PLD)

At25MHz = 40 ~ 22 — 15 = 3 ns
(with 15 ns PLD)

The signal BR does not need to meet any setup or hold
times because it is internally synchronized by the
MC68030. The PLD flip-flop setup time for BG is
checked next. Because BG can go active O ns after the

falling edge of CLK1, and because there can be up to
2 ns of skew between CLK1 and CLK1, it is not com-
pletely safe to directly use BG in the arbiter PLD. In-
stead it is run through one of the flip-flops in the PLD
to fully synchronize the signal. In the worst case, BG
can go active about the same time as CLK1 goes high.
Because the PLD will not be clocked until the next
rising edge of CLK 1, there will be at least one full clock
cycle minus the PLD feedback delay for the output to
reach a valid state.

The unused macro-cell in the 20R8 can be used to in-
vert LANCYC to create HLDA to the 82596CA. The
outputs of the arbiter, HLDA and REFCYC, are inter-
nally synchronized at their destination, so no output
timing analysis is required.

3.6 Memory Signal Conversion

The memory signal conversion block is implemented as
shown in Section 2.6. A 20R4 PLD (10 ns delay at
33 MHgz, 15 ns delay at 25 MHz) is used to convert the
82596CA-type control signals to MC68030-type con-
trol signals. When the 82596CA does not have the bus
all the outputs go to a high-impedance state.

The signals SIZ1, SIZ0, A1, and AOQ are generated by
using simple combinatorial decodes of BE3, BE2, BE1,
and BEQ. The delay will be identical to the PLD propa-
gation delay. The signals NEWAS, NEWDS,
NEWDBEN, and NEWR/W are generated by using
the PLD’s registered outputs, which are clocked by
CLK1. Their states are determined by the state of the
82596CA’s signals ADS, W/R, and RDY.

An 82596CA read or write cycle starts with ADS going
active based on the rising edge of CLK1. NEWAS and
NEWDBEN will go active on the next rising edge of
CLKI1. If the cycle is a read cycle NEWDS will also go
active. If it is a write cycle NEWDS will go active one
clock later. In general, the signals go inactive based on
RDY going active. To meet the data hold times
NEWDBEN stays active one extra clock during a write
cycle. NEWR/W is simply the inverted and registered
W/R.

The timing of the PLD is checked next. The 82596CA
control signals must be valid in time to meet the setup
requirements of the PLD’s flip-flops. The margin is cal-
culated as follows.

CLK1 cycle — max 82596CA output delay

— PLD input setup (-6

At33MHz = 30 — 19 — 10 = 1 ns
(with 10 ns PLD)

At25MHz = 40 — 22 — 15 = 3 ns
(with 15 ns PLD)
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NEWAS goes active based on the rising edge of CLK1,
which is the same as the falling edge of CLK1. The
PLD clock to output valid delay is 3 to 7 ns maximum
at 33 MHz and 4 to 12 ns maximum at 25 MHz. The
skew between the clocks will be —2 to +2 ns. This
translates to a 1 to 5 ns delay at 33 MHz and 2 to 10 ns
delay at 25 MHz, which is within the MC68030 specifi-
cations of 2 to 10 ns.

ECS and OCS are generated by taking ADS and run-
ning it through a tri-state buffer (74F244) that is en-
abled by HLDA. When the 82596CA has the bus ECS
and OCS will go active about 4 to 8 ns after ADS goes
active.

3.7 Wait State and Burst Generator

3.7.1 GENERAL INFORMATION

The 82596CA supports three types of bus transfers: sin-
gle cycle, multiple cycle, and burst. Each bus cycle is at
least two clocks long and begins with ADS going active
during the first clock and RDY active in the last clock.
A bus cycle contains one or more data transfers, each of
which can be up to 32 bits. Burst cycles can contain as
many as four data transfers, thus, the maximum
amount of data moved during a burst is 16 bytes (4
transfers of 4 bytes each). The wait state and burst gen-
eration block inserts the proper number of wait states
during the bus cycle. For this design it was assumed
that the DRAM would allow for zero wait state access-
es for the second through fourth data transfers during a
burst cycle. If slower DRAMs are used, wait states will
need to be inserted in the DSACK and RDY genera-
tion circuits.

3.7.2 SINGLE CYCLE TRANSFERS

The fastest single cycle transfer in this design requires
three clocks for the 82596CA. The 82596CA initiates a
cycle after the rising edge of CLK1 by asserting ADS
and driving W/R and the address lines (A31-A2) val-
id. The conversion PLD synchronizes ADS and gener-
ates an address strobe (NEWAS). NEWAS is asserted
during the same phase of the clock that a MC68030
would assert AS. NEWAS is also asserted during the
second clock of the 82596CA transfer.

The wait state generator delays the RDY signal to the
82596CA. This provides enough time to meet the data
setup and hold specifications. The 82596CA requires
that data be valid at least 5 ns before the rising edge of
its clock. The MC68030 requires only a 1 ns setup to its
clock. The system designer will need to guarantee that

the 82596CA has at least a 5 ns data setup to this edge,
plus 2 ns for the clock skew. If this cannot be met,
another wait state will be needed for all 82596 memory
read cycles. This can be done by modifying the PLD
equations to delay the assertion of RDY by one or more
clocks. The 82596CA asserts Burst Last (BLAST) dur-
ing the second clock of the first cycle, which indicates
that the transfer is complete after a single cycle.

3.7.3 BURST CYCLE BUS TRANSFERS

The 82596CA attempts burst cycles for any bus request
that requires more than a single data cycle to consecu-
tive addresses. The starting address must begin on an 8-
byte boundary (xxxxxxx0Oh or xxxxxxx8h). The fastest
burst cycle for this design assumes 80 ns interleaved
DRAMs, which allow new data to be strobed into the
82596CA on each clock. The burst cycle requires four
clocks for the first data strobe, but subsequent data
strobes are returned with each clock.

Burst cycles begin with the 82596CA driving a valid
address and asserting ADS in the same manner as non-
burst cycles. The 82596CA indicates that it is willing to
enter a burst cycle by holding BLAST inactive in the
second clock of the cycle. The ready logic then gener-
ates a cache burst request (NEWCBREQ) signal to the
memory controller. If the cache burst acknowledge sig-
nal (CBACK) is returned active it indicates that the
memory can operate in burst mode. The ready logic
then waits for the synchronous termination (STERM)
bus handshake signal, which indicates that the correct
number of wait states has occurred and data is valid.
The ready logic then activates BRDY to the 82596CA
to indicate its willingness to permit a burst cycle. The
82596CA drives BLAST inactive for all but the last
cycle in a burst. BLAST is driven active in the last
cycle of the transfer to indicate that when RDY or
BRDY is next returned the transfer is complete. RDY
is always returned in response to BLAST going active.

If the memory controller cannot perform a burst cycle
CBACK will not go active and the ready logic will
return RDY to the 82596CA to indicate a nonburst
multiple-cycle transfer will take place. This bus transfer
is simply a sequence of two or more single cycle trans-
fers. Unlike the burst cycles, ADS goes active during -
the first clock of the second through fourth data trans-
fers. The timing margins for these cycles are identical
to those for nonburst single cycle transfers.

Because the 82596CA requires only one RDY signal,
the two data acknowledge signals for the MC68030
(DSACKO and DSACKI1) can be combined. Both
DSACK signals connect to the inputs of an 74F08
AND gate.
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4.0 MC68020/82596DX INTERFACE

4.1 Design Specifications

This interface example is based on the following as-
sumptions.

* MC68020 CPU.

e 82596DX LAN coprocessor.

® 32-bit DRAM memory without burst capability.
® DRAM refresh using CAS-before-RAS technique.
® 33 MHz operating frequency.

¢ Interface logic implemented in PLDs where possi-
ble.

¢ 82596DX signals converted to MC68020 signal
types.

® Refresh request signal asynchronous to 33 MHz
clock.

NOTE:
Many of the circuit elements (e.g., PLDs and flip-
flops) in this design probably already exist in designs
presently using the MC68020. The extra elements are
provided only for completeness. The final design will
probably require fewer circuit elements.

4.2 Clocking

This design uses a clock operating at 66 MHz. The
66 MHz clock, CLK2, is directly by the 82596DX. It is
divided by a 74F74 flip-flop to generate two 33 MHz
clocks from the Q and Q outputs: CLK1 and CLK1.
The MC68020 uses CLK1, but the arbitration logic
uses CLK1. The clock-to-output-valid delay of the
74F74 is 3.8 to 7.8 ns. The rising edge of CLK1 corre-
sponds to the rising edge of CLK2 at the beginning of
b1,

4.3 Reset Retiming

The 82596DX reset retiming block is shown in Figure
11. The synchronizing flip-flops are clocked by CLK2.
There are two 82596DX specifications for RESET that
must be met: the setup time (T23) and the hold time
(T24). The worst-case margin is shown in Table 7.

RESET ——4 D Q 0 f— RESET
> | >
CLK2

29207611

o

)

Figure 11. Reset Retiming Block

Table 7. 82596DX/SX Worst-Case Reset Timing Margin

82596 Clock-to-Output Delay Minimum Minimum Margin
Frequency Minimum Maximum Setup Hold Setup Hold
(MHz) (nanoseconds)
33 3.8 7.8 8.0 3.0 14.2 0.8
25 38 7.8 10.0 3.0 22.2 0.8
16 3.8 7.8 13.0 40 45.2 -0.2
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4.4 CA and PORT Generator

The CA and PORT generation block is the same as that
shown in Figure 4 and is based on a 20R4 PLD (10 ns
delay at 33 MHz, 15 ns delay at 25 MHz) clocked by
CLK 1. AS, the address lines, and HIADDR are exam-
ined at the rising edge of CLK 1. The worst-case margin
to this rising edge limits the maximum propagation de-
lay of the secondary decoder. Each margin is calculated
separately.

Because AS is generated later than the address, it is
checked first. The setup time margin to the PLD’s flip-
flop is calculated as follows (all times are in nanosec-
onds).

CLK1 cycle — max MC68020 AS valid delay
— max CLK1 to CLK1 skew “.1
min PLD setup

|

At33MHz = 30 — 15 —2 — 10 = 3 ns

(with 10 ns PLD)

At25MHz = 40— 18 — 2 — 15 = 5ns
(with 15 ns PLD)

The address has an additional margin because it is gen-
erated almost one-half clock earlier. This additional
margin is calculated as follows.

CLK1 cycle + CLK1 low time
— max MC68020 address valid
delay 4.2)
— max CLK1 to CLK1 skew
— min PLD setup

At33MHz = 30 + 15— 21 — 2 — 10 = 12 ns
(with 10 ns PLD)
At25MHz =40 + 20 — 25— 2 — 15 = 18 ns

{with 15 ns PLD)

Next, the worst-case setup and hold times to the
82596DX are calculated for CA and PORT, which
have identical timings. They go active based on the ris-
ing edge of CLK1. The setup margins are calculated as
follows.

CLK1 cycle — max PLD output valid delay
min 82596DX input setup 4.3)
max CLK2 to CLKI1 clock skew

|

At33MHz = 30 -7 -7 — 78 = 82ns

(with 10 ns PLD)

At25MHz = 40 — 12 — 7 — 78 = 132 ns
(with 15 ns PLD)

The hold margins are calculated as follows.

PLD output valid delay - min 82596DX input hold
+ min CLK2 to CLK 1 skew (4.9
=4 — 34 3.8 = 4.8 ns (at 33 and 25 MHz)

4.5 Bus Arbiter

The bus arbiter is implemented with a 20R8 PLD
(10 ns delay at 33 MHz, 15 ns delay at 25 MHz)
clocked by CLK1. The worst-case margins to this rising
edge is calculated as follows.

CLK1 cycle + min CLK2 to CLK1 skew
— max 82596DX HOLD output

valid (43)
— min PLD input setup
At33MHz = 30 + 3.8 — 19 — 10 = 4.8 ns

(with 10 ns PLD)

At25MHz = 40 + 38 — 22 — 15 = 7.8 ns
(with 15 ns PLD)

The signal BR does not need to meet any setup or hold
times because it is internally synchronized by the
MC68020. The PLD flip-flop setup time for BG is
checked next. Because BG can go active 0 ns after the
falling edge of CLK 1, and because there can be up to 2
ns of skew between CLK1 and CLK1, it is not com-
pletely safe to directly use BG in the arbiter PLD. In-
stead it is run through one of the flip-flops in the PLD
to fully synchronize the signal. In the worst case, BG
can go active about the same time as CLK1 goes high.
Because the arbiter’s flip-flop will not be clocked until
the next rising edge of CLK1, there will be a full clock
cycle minus the PLD feedback delay for the output to
reach a valid state.

The outputs of the arbiter, LANCYC and REFCYC,
are internally synchronized at their destination, so no
output timing analysis is required. An external inverter
is required for LANCYC to create HLDA to the
82596DX. If the PLD has an internal inverter then this
will not be required.

4.6 Memory Signal Conversion

The memory signal conversion block is implemented as
shown in Section 2.6. A 20R4 PLD (10 ns delay at
33 MHz, 15 ns delay at 25 MHz) is used to convert the
82596DX-type control signals to MC68020-type con-
trol signals. When the 82596DX does not have the bus
all the outputs go to a high-impedance state.
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The signals SIZ1, SIZ0, A1, and AO are generated by
using simple combinatorial decodes of BE3, BE2, BE1,
and BEQ. The delay will be identical to the PLD propa-
gation delay. The signals NEWAS, NEWDS,
NEWDBEN, and NEWR/W are generated by using
the PLD’s registered outputs, which are clocked by
CLK1. Their states are determined by the state of the
82596DX’s signals ADS, W/R, and RDY.

An 82596DX read or write cycle starts with ADS going
active based on the rising edge of CLK1. NEWAS and
NEWDBEN will go active on the next rising edge of
CLK(1. If the cycle 1s a read cycle NEWDS will also go
active. If it is a write cycle NEWDS will go active one
clock later. In general, the signals go inactive based on
RDY going active. To meet the data hold times
NEWDBEN stays active one extra clock during a write
cycle. NEWR/W is simply the inverted and registered
W/R.

The timing of the PLD is checked next. The 82596DX
control signals must be valid in time to meet the setup
requirements of the PLD’s flip-flops. The margin is cal-
culated as follows.

CLK1 cycle + min CLK2 to CLK1 skew
— max 82596DX output delay (4.6)
— PLD input setup

At33MHz = 30 + 38 - 19 — 10
(with 10 ns PLD)

4.8 ns

At25MHz = 40 + 38 ~ 22 — 15 = 78 ns
(with 15 ns PLD)

NEWAS goes active based on the rising edge of CLK1,
which is the same as the falling edge of CLK1. The
PLD clock to output valid delay is 2 to 7 ns maximum.
The skew between the clocks will be —2 to +2 ns. This
translates to a 0- to 5 ns delay, which is within the
MC68020 specifications of 2 to 10 ns.

ECS and OCS are generated by taking ADS and run-
ning it through a tri-state buffer (74F244) that is en-
abled by HLDA. When the 82596DX has the bus ECS
and OCS will go active about 8 ns after ADS.

4.7 Wait State Generator

Each 82596DX bus cycle is at least two clocks long and
begins with ADS going active during the first clock and
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RDY active in the last clock. The wait state block in-
serts the proper number of wait states during the bus
cycle by delaying the RDY signal to the 82596DX. The
fastest single transfer in this design requires three
clocks for the 82596DX. This provides enough time to
meet the data setup and hold specifications. The
82596DX requires that data be valid at least 5 ns before
the rising edge of its clock. The MC68020 requires only
a 1 ns setup to its clock. The system designer will need
to guarantee that the 82596DX has at least a 5 ns data
setup to this edge, plus 2 ns for the clock skew. If this
cannot be met, another wait state will be needed for all
82596DX memory read cycles. This can be done by
modifying the PLD equations to delay the assertion of
RDY by one or more clocks.

Because the 82596DX requires only one RDY signal,
the two data acknowledge signals for the MC68020
(DSACKO and DSACKI1) can be combined. Both
DSACK signals connect to the inputs of an 74F08
AND gate.

5.0 MC68000/82596SX INTERFACE

5.1 Design Specifications

This interface example is based on the following as-
sumptions.

* MC68000 CPU.

® 82596SX LAN coprocessor.

® 16-bit DRAM memory without burst capability.

® DRAM refresh using CAS-before-RAS technique.

® 16 MHz operating frequency.

® Interface logic implemented in PLDs where possi-
ble.

® 82596SX signals converted to MC68000 signal
types.

® Refresh request signal asynchronous to 16 MHz
clock.

NOTE:
Many of the circuit elements (e.g., PLDs and flip-
flops) in this design probably already exist in designs
presently using the MC68000. The extra elements are
provided only for completeness. The final design will
probably require fewer circuit elements.
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5.2 Clocking

This design uses a clock operating at 32 MHz. The
32 MHz clock, CLK2, is used directly by the 82596SX.
It is divided by a 74F74 flip-flop to generate two
16 MHz clocks from the Q and Q outputs: CLK1 and
CLK 1. The MC68000 uses CLK1, but the arbitration
logic uses CLK1. The clock-to-output-valid delay of
the 74F74 is 3.8 to 7.8 ns. The rising edge of CLK1
corresponds to the rising edge of CLK2 at the begin-
ning of ¢1.

5.3 Reset Retiming

The 82596SX reset retiming block is shown in Figure
11. The synchronizing flip-flops are clocked by CLK2.
There are two 82596SX specifications for RESET that
must be met: the setup time (T23) and the hold time
(T24). The worst-case margin is shown in Table 7 (all
times are in nanoseconds).

5.4 CA and PORT Generator

The CA and PORT generation block is the same as that
shown in Figure 4 and is based on a 20R4-15 PLD
clocked by CLK1. AS, the address lines, HIADDR,
LDS, and CLK1 are decoded in a combinatorial mac-
ro-cell of the 20R4. The macro-cell output is sent to the
input of one of the registered macro-cells, which is
clocked at the rising edge of CLK1. Since propagation
delay through the PLD is much less than the CLK1
cycle time, there will be a large margin on the flip-flop
setup time.

Next, the worst-case setup and hold times to the
825968X are calculated. The 82596SX timings are iden-
tical for both CA and PORT. They go active based on
the rising edge of CLK 1. The setup margins are calcu-
lated as follows.

CLK1 cycle — max PLD output

min 82596SX input setup (5.1)
— max CLK2 to CLK1 skew

66 — 12 — 11 — 7.8 = 352 ns

!

Margins are calculated as follows.

min PLD output valid delay
min 82596SX input hold
max CLK2 to CLK1 skew
4 —6+ 38=18ns

(5.2)

=+ 1

5.5 Bus Arbiter

The bus arbiter is implemented with a 20R8-15 PLD
clocked by CLK 1. The worst-case margins to this rising
edge is calculated as follows.

CLK1 cycle — max 825968X output
— min PLD input setup (5.3)
+ min CLK2 to CLK1 skew i
=66 —-—32— 15+ 38 =228ns

The signal BR does not need to meet any setup or hold
times because it is internally synchronized by the
MC68000. The PLD flip-flop setup time for BG is
checked next. Because BG can go active O ns after the
falling edge of CLK1, and because there can be up to 2
ns of skew between CLK1 and CLK], it is not com-
pletely safe to directly use BG in the arbiter PLD. In-
stead it is run through one of the flip-flops in the PLD
to fully synchronize the signal. In the worst case, BG
can go active about the same time as CLK 1 goes high.
Because the arbiter’s flip-flop will not be clocked until
the next rising edge of CLK 1, there will be almost 60 ns
for the output to reach a valid state.

The outputs of the arbiter, LANCYC and REFCYC,
are internally synchronized at their destination, so no
output timing analysis is required. An inverter is re-
quired for LANCYC to create HLDA. to the 82596S8X.
If the PLD has an internal inverter then this will not be
required. If not, one of the unused macrocells in the
20R8 can be used to perform the inversion.

5.6 Memory Signal Conversion

The memory signal conversion block is implemented as
shown in Section 2.6. A 20R4-15 PLD is used to con-
vert the 825968X-type control signals to MC68000-
type control signals. When the 82596S8X does not have
the bus all the outputs go to a high-impedance state.

The signals UDS, LDS, and A1 are generated by using
simple combinatorial decodes of BHE and BLE. The
delay will be identical to the PLD propagation delay,
which is 15 ns maximum. The signals NEWAS,
NEWDS, NEWDBEN, and NEWR/W are generated
by using the PLD’s registered outputs, which are
clocked by CLK1. Their states are determined by the
state of the 82596SX’s signals ADS, RDY, and W/R.

An 82596SX read or write cycle starts with ADS going
active based on the rising edge of CLK2. NEWAS and
NEWDBEN will go active on the next rising edge of
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CLK1. If the cycle is a read cycle NEWDS will also go
active. If it is a write cycle NEWDS will go active one
clock later. In general, the signals go inactive based on
RDY going active. To meet the data hold times
NEWDBEN stays active one extra clock during a write
cycle. NEWR/W is simply the inverted and registered
W/R.

The timing of the PLD is checked next. The 82596SX
control signals must be valid in time to meet the setup
requirements of the PLD’s flip-flops. The margin is cal-
culated as follows.

CLK1 cycle + min CLK2 to CLK1 skew
— max 82596SX output defay .4
— PLD input setup :
=66 + 38 — 36 — 15 = 188 ns

NEWAS goes active based on the falling edge of CLK1,
which is the same as the rising edge of CLK 1. The PLD
clock to output valid delay is 5 to 12 ns maximum. The
skew between the clocks will be —2 to +2 ns. This
translates to a 3 to 14 ns delay, which is within the
MC68000 specifications of 3 to 40 ns.

ECS and OCS are generated by taking ADS and run-
ning it through a tri-state buffer (74F244) that is en-
abled by HLDA. When the 825968X has the bus ECS
and OCS will go active about 8 ns after ADS.

5.7 Wait State Generator

The 82596S8X bus cycle is at least two clocks long and
begins with ADS going active during the first clock and
RDY active in the last clock. The wait state generation
block inserts the proper number of wait states during
the bus cycle. For this design it was assumed that the
DRAM would allow for zero wait state accesses. If
slower DRAMs are used, wait states will need to be
inserted in the DSACK and RDY generation circuits.

The fastest single cycle transfer in this design requires
three clocks for the 825968X. The wait state generator
delays the RDY signal to the 82596SX. This provides
enough time to meet the data setup and hold specifica-
tions. The 82596SX requires that data be valid at least
S ns before the rising edge of its clock. The MC68000
requires only a 1 ns setup to its clock. The system de-
signer will need to guarantee that the 825968X has at
least a 5 ns data setup to this edge, plus 2 ns for the
clock skew. If this cannot be met, another wait state
will be needed for all 82596 memory read cycles. This
can be done by modifying the PLD equations to delay
the assertion of RDY by one or more clocks.
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APPENDIX A
SCHEMATICS

Each schematic includes only the logic needed to interface the 82596 to the M68000. The address and data bus
connections between the two are not currently shown.

1-514



intel

AP-344

A.1 MC68030/82596CA

4
TAET4
PR®
Q — CLK1
=13
* CLK1*
t REFDEB=U!

£

sz fsdizeagia

axee o
s
L, 00 CA
¥ ot sore
o2 o' st
o4 4 oy PORT
et 1009 NC1 (OR A1
pred 017 we2 (OR A12
- w0z NC3 {OR 13
- 1 03¢ NCh (OR AL,
{OR A10) NS5 it}
HADDR n2
N0 o6
REFOES~U4
PALI0RB8
1
R
3
——d 2 01+ oL@ BREQ
A 18
[EEE——— ol LancYe
5
e 14 Py LAY
M wh o buce
7
" o o oo
L1 | KT o kv
[
*—T ot
1
—1"10
—T100
[E——_E
—2721
1
— o

I3
&

s 55 0s8s0das

GND

"2

PAL20R4B
axe OK
NC1
DELAYAS® OD: oos
o ol ase
o — 02 b5
b 03 DeEN®
BEs
100°| A
e 014 S0
ez & w027 szt
3 o \
11t
ROY® n2
LANCYC® L3
REFDES-US
PAL20R4D
1
> ax
2 n
s 000 g DELATAS®
P—— (2
A o1t Ll 50
-—t]
N B 02 fot g CHREQ®
S———
1" onpll————g &3
—
7
s 100 [—— RDY*
. oiejp 2l 0T
10 102° Pr——l DELAYDY®
D—— ) 15
" 1038 el NC4
.——“ n
23
D———
13
M

292076-12

1-615




intel

AP-344

A.2 MC68020/82596DX

4
Lm’u

3
e

® CLKi
[oTey m—1

Q*

T

@ CLK1*

REFDEB=U1

4 10
LNF‘M 74F74

2|, * s 12

SYSRESET* [ b a
CLK1® 3 ok 11

ol o

cLRe CLRe

ot reser

?. REFDES-U2

T| 5 REFDES=U3

PALZOR4S
cikre w—ib cik
as* It 20
A1 B— PR
A2 @— i3
o - v ovpll PORT*
e B oolofi—a et (oraty
07 & orfof—e Nz (OB A12
s a—7 020 fotE— NC3  ({OR A13
e T o3fo>—a nct {OR A14)
A10 7H
HiDoR @——22] 12
oD 3o ot
REFDES~U4
PAL20R6A
1
RN Y i
Ll [ Y ) u7
NCYC* 2
o—31p orvb® LANCYC -
wow s— s onfolt 74F04
5
LOCK @ 14 orflt @ Boacke
5
b5t @————o s ol & Rrove
7 18
[V — 05° fo—————8 s8G*
3
DaENe @————————{ 17
9 2
RFRQ* @————————— B e — & priavor
10
NC! Bl ¢ oS — & e
"
N2 B———————] 110
14
N3 B———— i
NC4 .———23 1z
13
Np @—————— 0e*
s

2
PAL20R4B
cue cK
e
seor -—ay3s  O1EE A
Bet u p—es
. .
e s osfol—m deew
BE3* i
WRe 14 g?: _9“;0
Nez 7512 ool —e sz
NCS B—— 18 paeln TS g
: b
No4 B/
tm
RoY* ﬁ 2
LANCYC 3
REFDES-US
4R 244
ADS* f I 1: ECs*
L_G A2 T2 T———- ocs*
i ]
— A Y4 =
o
s
LANCYCY 1
292076-13

1-516




AP-344

intel

A.3 MC68000/82596SX

vi-98.0c6C

«SY

YN-530434
30 o8
2 [ oomH
M &0
ol o8 c0¥
ol
St 6 p————————a 50Y
LmOm'I'Io—Q o201 ol
o= o
L e —n————a L]
T o p————u g0v
(01Y 40) 1O e 001 8
3 ] sov
& p—————=a rov
N 'JO o0 9
"p————a sov
1S @m0 420
8l ¢t p—— zov
05 B0 ui0 ’
o to¥
7N Bz} 00
[ "
1 .
m < - o
BrU071¥d
aN-530138
30 o8 oW
4 o - SN
1
)
on f—————a
S0 @————————————— 50t "
6 f——————8 .sav
-S:J o201 ot
o= o
R e —— s 1]
2 o= o
Y e 400
3 W
S
.|° +f0
SYAYTI0 m ] —
[ RE——, T
[ 9 <||. N8
W———C y | O
OHAYTIO Q) o f———a
[3 "
1 .
¥ < - o

aryozIvd

sn
30 o———rme—eeedl}  INO
£
u N
ra
a ON
L] ey
W — PN
il B
£IN
“for
——q & Ul
LON T R Ll oy ’
— 8 N
34034 e B ar
V08 0 4SO w -8 %8
985 @l 470 a5 1N
o8 B——————— 1 0 d %001
[ 2 gl
+IAINYY 579] 0 ol @0H
VO G—— o { G a : — »SY
W———
0348 779+ ul e}
m < n — D
284074
0 »_w n _m
1 33
13534 @ © —]®
bl w 0
—4o a L] «ISSAS
[ S (1) 517 e
:.:ﬂ :L:w
ol v
n _h
£33
I ki
mdq o
[§ 2] .Illln [+ a4 p—i

1-517



AP-344

APPENDIX B
PLD EQUATIONS

Several conventions are used in the PLD equations.
These are designed to make the equations easier to un-
derstand. In general the equations are designed for
PLD’s with fixed macro-cells. If programmable macro-
cells are available, then some reduction will be possible.

Pin signal name assignments are followed by a com-
ment indicating the pin type:

® Input = I

¢ Combinatorial input/output = /O

& Registered input/output = R, /0

Names for active low signals are followed by an under-
score. For example, AS__ is an active low signal and
BREQ is an active high signal.

Logical operators are defined as:

® Logical AND = &
® Logical OR = #
® Logical NOT = !

Where possible, state and truth table formats are used.

General comments start with a “ in the left-most col-
umn. Specific Comments appear on the same line as the
individual equations or terms within the equation. If
there is not room on the right side for the comment to
fit on the same line, then it will be indented on the
following line.
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B.1 MC68030/82596CA

Module ARB FLAG ‘-R3‘;
Title '82596CA Arbitration for Local Bus Rev. B 02/20/90

34 2 3 3 3 3 3 23 3 2 8 ¥ 3 3 3 3 3 2 3 31 3

4 3 3 2 3 3 3 2 3 3 2 42 53 3 3 2 2 3 2 2 3

DOCTOR DESIGN, San Diego, CA
PLD20R8-10";

AARARRNKRKRARRRNARKRARRRAN Descrption AARARARNRAKIRARNNRRN N
FOR: 82596CA / 68030 Interface

This PLD arbitrates between the CPU, the LAN Controller and
the Refresh requestor for the local bus. Refresh requests are
given highest priority, and the 82596 requests given second
highest priority. The CPU normally controls the local bus
when no requests are pending.

Requestors are granted the bus by using the inverted CPU clock
(CLK1_). Since CLK1l_ is also used in the equations, it must
connected with a separate pin with a separate name (CCLK1_ ).

The refresh request (RFRQ_ )} 1s assumed to be an active low
signal having the required 12 ns set-up to the inverted clock
(CLK1_). If this set-up cannot be guaranteed, the request
must be synchronized through an external flip-flop, clocked
with CLK1l_.

SBG__ is the aynchronized 68030 Bus Grant (BG_) signal.

HLDA is the inverted LANCYC*. Due to a lack of P-terms, HLDA
will be delayed by 1 clock. If a PLD with inverter outputs is
available, then LANCYC* can be inverted and used directly as
HLDA,

The Bus Request signal, BREQ, and Backoff, BOFF, are used to
activiate the Bus Throttle Timers and backoff function. The
equations are included but the outputs are always set
inactive. It is left to the system designer to define input
conditions for this signal.

The two states LAN OFF and LAN RF can be used if the external
circuitry cannot guarantee that the 82596 will get off the bus
in time to do refresh cycles. If these states are used, a
larger PLD will be needed to generate the BGACK to the 68030.

UNUSED INPUT PINS : 5
UNUSED OUTPUT PINS (REGISTERED) 0
UNUSED OUTPUT PINS (COMBINATORIAL) : O

KRR AR AR R AR AR R R AR AR AR R R A AR A AR A AR R AR A AR R AN RN AN R RN RR KRR AR R R AR KN

292076-35

1-519




ntel

AP-344

arb Device ‘P20R8’;

CLK1_ Pin 1; "I" vee Pin 24;

CCLK1_ P#n 2; wIv NC5 Pin 23; "1"

As_ Pin  3; "I" SBG_ Pin 22; "R, I/O"
HOLD Pin 4; “1I» BREQ Pin 21; "R, I/O"
LOCK Pin 5; "Iv LANCYC _ Pin 20; "R, I1/0%
NCI Pin 6; "I BR_ Pin 19; "R, I/0"
BG_ Pin 7; "I" BGACK_ Pin 18; "R, I/0"
NC2 Pin 8; ™Iv BOFF_ Pin 17; "R, I/0"
RFRQ_ Pin 9; "I RFCYC_ Pin 16; "R, I/0"
NC3 Pin 10; "I1I" HLDA .Pin 15; "R, 1/O"
RESET Pin 11; "I1I" NC4 Pin 14; "I1"

GND Pin 12; OE_ Pin 13; "I"

MODE = [BR_, BGACK , RFCYC_, LANCYC_, BOFF_];

IDLE - [1,1,1,1,1);

REQ - [0,1,1,1,1]; " Generic request to CPU for local bus,
RF CYC = [1,0,0,1,1); " Refresh request has been granted.
LAN CYC = [1,0,1,0,1]; ™ LAN request has been granted.
PRE_CHG ~ [1,0,1,1,1]); " Required for back-to-back cycles.
" The following two lines are used only if the 82596 is required to

" LAN_OFF = {1,0,1,0,0];
" LAN ON = [1,0,0,1,01;

Equations

SBG_ = !BG_ & CCLK1_

# !SBG_ & !BG_
# !SBG_ & !CCLK1_

HLDA := !LANCYC_;

be kicked off the bus.

3 3 3 2

Most designs will not require these states.

Refresh Request forces 82596 off bus.
Refresh Request returns control to 82596

Bus Throttle conditions will need to be
defined by the system designer.

Set synchronized bus grant during high clock
to phase meet setup to ARB PLD.

Hold until processor bus grant goes away.

Hold through low clock phase to met setup.

Create HLDA from inverted LANCYC_.
292076-36
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MODE := RESET & IDLE; " Initialize state machine to IDLE State on reset.

State_Diagram IN arb MODE

state IDLE : IF (!RFRQ_ # HOLD) THEN REQ
ELSE IDLE;
state REQ : CASE (!RFRQ_ & !SBG_) :RF_CYC;
(HOLD & RFRQ_ & !SBG_) :LAN_CYC;
(t ((!RFRQ_ & !SBG_)
# (HOLD & RFRQ_ & SBG_))) :REQ;
ENDCASE;
state RF_CYC : CASE (RFRQ & !HOLD & SBG_) :IDLE;
(RFRQ__ & HOLD) :PRE_CHG;
(!REFRQ ) :RF_CYC;
ENDCASE;
state LAN _CYC : CASE (!'HOLD & RFRQ_ & !LOCK & SBG_) :IDLE;
(!HOLD & !RFRQ_ & !LOCK) :PRE_CHG;
" ( HOLD & !RFRQ_ & !LOCK) :LAN_Off;
( HOLD & RFRQ_) :LAN_CYC;
ENDCASE;
state PRE_CHG : CASE ( RFRQ & 'HOLD & !LOCK & SBG_) :IDLE;
(!RFRQ_ & !'LOCK) :RF_CYC;
( RFRQ_ & HOLD) :LAN_CYC;
( RFRQ_ & !HOLD & !LOCK & !SBG_) :PRE CHG;
ENDCASE;

state LAN OFF : IF (!HOLD) THEN LAN_RF
» ELSE LAN_OFF;

state LAN RF : IF (RFRQ_) THEN LAN_CYC
ELSE LAN_RF;

*AkRAKERANKIRANKA kAR Rovision HiStOry  HARKkahkkdkxXakkrXxxxrX &%

Rev. A 01/03/90 - KKP - First Version
Rev. B 02/20/90 - KKP - Put BG_ Synchroniziation into PLD.

T 2 =2 2

W oAk RN R RN KR AR AR AR KA AR KRR AR RN AR Rk kA kRN ARk kA kAR kAR AR KAk

end ARB
282076-37
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Module CAPORT FLAG '-R3';
Title ‘82596CA Channel Attention and Port Rev. A 01/03/90

DOCTOR DESIGN, San Diego, CA
PLD20R4-15';

AKHKKRRRXKR K AKRRK ARk Ak A Khk Descrption AAAEARKARAARRAT A AR AR KRR Kk
FOR: 82596CA / 68030 Interface

This PLD decodes the 68030 address lines and generates the
Channel Attention and PORT_ signals to the 82596. The choice
of address is of address is left to the system designer.

Nine address decode lines are available. They could be
connected to A31-A23, NC1, NC2, NC3, and NC4 are
combinatorial outputs. They can be used as extra address
inputs. NCS5 is a standard input that is also available as

an extra address term. If even more decode lines are required,
then the HIADDR input is for the output of the external
decoder. This decode must be done in less than 16 ns.

In the line ADDR = [A09,A08,....], the values for A09-A01
should be set high or low (inverted) for the desired range.
The decode values for CA_ACC and PORT ACC (110 and 220) are
arbitrary and can be modified as needed.

SO0_ and S1_ are state bits used for generating wait states for
PORT_ assertion.

UNUSED INPUT PINS 01
UNUSED QUTPUT PINS (REGISTERED) )
UNUSED OUTPUT PINS (COMBINATORIAL) : 4

HEAKAKNARI KKK AKRR R KRR AR KRRRRARRKRKAARRARKR KR AARKRRR AR AR RN RN KA ARk

caport Device ‘P20R4’;

CLK1_ Pin 1; "1 vce Pin 24;

AS_ Pin 2; "1Iv HIADDR Pin 23; "I"
A0l Pin 3; "Iv NC1 Pin 22; “1/0"
AQ2 Pin 4; "1v NC2 Pin 21; “1/0™
AQ3 Pin 5; "I" ca Pin 20; “R,I/0"
A04 Pin 6; "I" S0_ Pin 19; "R,1/0"
A0S Pin 7; "Iv 81 _ Pin 18; "R,I/O"
A06 Pin 8; "1v PORT_ Pin 17; "R,I/0"
AQ7 Pin 9; "I" NC3 Pin 16; "I1/0"
A08 Pin 10; "I" NC4 Pin 15; "I/0"
A09 Pin 11; “Iv NC5 Pin 14; "1©
GND Pin 12; OE_ Pin 13; "I©

292076-38
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*Declarations
X,C =- X.,.C.;
ADDR = [A09,A08,A07,A06,A05,A04,A03,A02,A01,X,X,X]; " User defined
CA_ACC MACRO { (ADDR == ~h110) & HIADDR & !AS_ };
PORT_ACC MACRO { (ADDR == ~h220) & HIADDR & !'AS_ };
MODE = [CA,PORT_,S0_,S1_J;
IDLE - [ 1, 1, 1, 11];
PORT_SET = f1, 0, 1, 11); ™ set PORT_ to B2596.
PORT_HID1 = (1, 0, 0, 1 ); " Hold for one clock state.
PORT_HLD2 = [ 1, 0, 0, 0 ); ™ Hold for a second clock state.
ACCESS_ OFF= [ 1, 1, 0, 0 ]; ™" Deassert PORT_ and CA.
CA_SET = [0, 1, 1 ,11]; " Set CA to 82596.
CA_HLD1 =0 1, 0, 1 ]; " Hold for one clock state.
CA_HLD2 = {0, 1, 0, 0 1; ™ Hold for a second clock state.
Equations

State_Diagram IN

state IDLE

state PORT_SET

state PORT_HLD1

state PORT_HLDZ2

caport MODE

CASE  (PORT_ACC) :PORT_SET;
{CA_ACC) :CA_SET;
(! (PORT_ACC # CA_ACC)) :IDLE;
ENDCASE;

GOTO PORT_HLD1;

: GOTO PORT_HLD2;

state ACCESS_OFF :

state CA_SET

state CA_HLD1

state CA_HLD2

N OARKARKARKRARKRR KX

" Rev, A

: GOTO ACCESS_OFF;

IF AS_ THEN IDLE
ELSE ACCESS_OFF;

GOTO CA_HLD1;

: GOTO CA_HLDZ2;

GOTO ACCESS_OFF;

Revision HiStory  AWAAX®ankkkAaAkXAkRXANKAKKI*K

1/3/90 - KKP - First Version,.

W R RN AR R AR RN AR R R AR R AR R AR AR AN R AR R AR N R AR R KA RN R NRRNRAR AN ARk kK

end CAPORT

address.

29207639
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Module CNVRT FLAG ’'-~R3’;
Title ’82596CA Signal Conversion Rev. A 01/03/90

"
L]
L]
]
L]
L
n
L]
"
L]
L]
”
n
L
L]
L]
"
"
L
L)
L]
L]
"
n
L]
]
]

DOCTOR DESIGN, San Diego, CA
PLD20R4-10" ;

AARKRNKRARRRRAA AR Kk kkhhk Descrption ARKKXKARKRARKRNK AR A kkk
FOR: 82596CA / 68030 Interface
This PLD converts the 82596 signals to 68030 type signals.

DELAYAS_ is generated in the RDY PLD to delay AS_ until it is
known whether a multiple or burst transfer is to take place.

A PLD 20R4 was used in this example, requiring seperate
output enables (LANCYC and LANCYC2 , connected external to
the PLD) for the registered and latched outputs.

NEWRW_, NEWAS_, NEWDS_, and NEWDBEN are registered outputs.
NEWSIZ0, NEWSIZ1l, NEWAO, and NEWAl are combinatorial outputs.
All of these signals will be enabled when the 82596 has

control of the local bus, otherwise they will be tri-stated.

The combinatorial outputs are generated using a truth table.
For completeness, default settings are included for the
impossible BE# input combinations.

UNUSED INPUT PINS : 3
UNUSED OUTPUT PINS (REGISTERED) HE
UNUSED OUTPUT PINS (COMBINATORIAL) : 0

KRR R R RN R R AN AR AR RN EARR AR AR AR NN R kR AN RRNNNRNRNRRR

cnvrt Device "P20R4’;

CLKl_  Pin 1; "I" vee Pin 24;

NC1 Pin  2; "I" RDY_ Pin 23; "I®
DELAYAS Pin 3; "Iv NEWAO Pin 22; "1I/0"
BEO_ Pin ; vIv NEWSIZ( Pin 21; TI/0"
BE1_ Pin ; mIv NEWRW_  Pin 20; "R,I/O"
BEZ2_ Pin  6; "I" NEWAS_  Pin 19; “R,I/O"
BE3_ Pin 7; “I® NEWDS__ Pin 18; "R,I/O"
WR_ Pin 8; "1v NEWDBEN_ Pin 17; "R,I/O"
NC2 Pin 9; "In NEWSIZ1 Pin 16; "I/O"
NC3 Pin 10; "I" NEWAl Pin 15; "1/0"
NEWCBRQ_ Pin 11; “I" LANCYCZ2_ Pin 14; "I"
GND Pin 12; LANCYC Pin 13; "I1I"

29207640
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Equations
ENABLE NEWAS_ = !LANCYC_;
ENABLE NEWDS_ = !LANCYC ;
ENABLE NEWDBEN_ = !LANCYC_ ;
ENABLE NEWRW_ = ILANCYC_ ;
ENABLE NEWSIZ0 = !LANCYC2_ ;
ENABLE NEWSI21 = |LANCYC2 ;
ENABLE NEWAO = !LANCYC2 ;
ENABLE NEWAl = ILANCYC2_;
!NEWAS_ Hl
'DELAYAS_ " Start after BLAST valid.
# INEWAS_ & !NEWCBRQ_; " Hold through multiple/burst transfer.
INEWDS_ =
'WR_ & !DELAYAS_ " Start DS_ with AS_ during read cycle.
# WR_ & !NEWDBEN_ & RDY_ " Delay DS_ by 1 clock during a write cycle.
# INEWDS_ & !NEWCBRQ_; " Hold until clock following RDY_ set.
INEWDBEN_ :=
!DELAYAS " Enable data transceivers as soon as 82596
" begins its cycle.
# !WR_ & !NEWDBEN & RDY_ " Hold as long as AS_ during read.
# WR_ & !NEWDBEN_ & !NEWAS_; " Longer data hold during a write.
INEWRW_ 1= WR_; "invert WR to match processor

" The following truth table converts the byte enable signals from
" the 82596 into the 68030 SIZ signals and address lines A0 and

" Al.

Truth_Table

( [BE3_,BE2_,BEl_,BE0_, LANCYC2_] ~-> [NEWSIZ1,NEWSIZO0,NEWAL,NEWAO] )

[x , x , X ,x , 1 ] > 1 1 ’ T, 1 , 1 ]
fv ,2 ,1 ,1, 0 1->¢( 1 , 1,1, 1 0
r« ,2 ,1 ,0 , 0 1 > 1 0 ’ 1, 1, 1 )
tra »2 ,0 ,0 , 0 1->0 1 o, 1, 0 );
{+ ,0 ,0 ,0 , 0 ] > 1 1 ’ i, o ., 1 );
(o ,0 ,0 ,0 , 0 ] -> [ 0 ' o , 0 , 0 1:
(1 e 1 10 e 1 4 0 1 > 1 0 ’ 1 1 1 ’ 0 1;
(. ,0o ,0 ,1 , 0 1 => 1 ’ 6 , 0 , 1 )
tro ,0o ,0 ,1 , 0 1->10 1 T, 0, 0 1)
fr» 0 ,1 ,1 , 0 } > 1 0 . 1, 0 ’ 1 );
[0 10 11 11 ’ 0 1 > 1 I} 0 I} 0 ' 0 ):
{o ,1 ,1 ,1 , 0 1> 0o , t ., 0, 0 1

282076-41
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* The following BE# input combinations are illegal and will
" result in erroneous data transfers.

[X .0 1,0 , 1 1 >0 1 ’ 1 ’ 1, 1 1:
ro ,* ,0 ,x , 1 1 -> 10 1 4 1, 1, 1 1
[0 e 1 e 1 ' 0 2 1 1 >0 1 ’ 1 ’ 1 ’ 1 1:

M okkkkkkkkkkkaakkk  Revision History  Hasdaskdsekhskkrkdkhkikkhkn

" Rev. A 1/3/90 - KKP - First Version.

W AR RR AR AR AN AR AN AR AT AR AR KRR RN A AR AR KRR RA R A AR AR ARA NN AR R ANAR AR AR AW

end CNVRT

292076-42
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Module RDY FLAG '-R3’;
Title '82596CA Ready and Burst Cycle Logic Rev. A 01/03/90

2 = 3 3 3 2 2 2 3 3 3 3 3 2 3 3 a3 F = 3 3 3 9 32 3 3 T 3 3 3 I 3

DOCTOR DESIGN, San Diego, CA
PLD20R4-10’;

RAKKRKRRRANAKRNNARRRRRR AR Descrption R T T T T T

This PLD generates the RDY and BRDY_ signals to the 82596.

It also generates the Burst Request (CBREQ ) signal to the
memory controller. It uses the 68030 signals Address Strobe
(AS_), Data Strobe (DS_), Data Bus Enable (DBEN_), Data
Acknovwledge (DSACK_) and Synchronous Termination (STERM ). It
alsc uses Cache Burst Acknowledge (CBACK_) from the memory
controller and Burst Last (BLAST_) from the 82596. The
DELAYAS_ signal is used to delay the generation of AS_ to the
memory controller in order to determine whether a burst transfer
is about to take place. Because CLK1_ is needed for both the
flip-flop registers and in the combinatorial equations, it

is connected to both pins 1 and 2. Two separate names are
required in the equationa (CLK1l_ and CCLK1l_).

The first three burst data transfers between the 52596 and the
memory will be acknowledged with the BRDY_ signal. The last
{fourth) burst data transfer cycle will be acknowledged with a
RDY_.

This PLD must be 10 ns or faster to meet BRDY set-up to CLK1_
on 82596,

The ocutput DELAYRDY_ is only used inside this PLD to generate
a delay for the RDY_ signal to the B2596.

UNUSED INPUT PINS : 2
UNUSED OUTPUT PINS (REGISTERED) s 1
UNUSED OUTPUT PINS (COMBINATORIAL) : 1

KRN R R KA AR KRR AR KRR R KRR AR AR AR AR NI R AN AR AR RAR AR RAARRARRR RNk A N K

rdy Device 'P20R4’;

CLK1_ Pin 1; "I vee Pin 24;

CCLKl_  Pin 2; "I~ ' NC2 pin 23; "I"
As_ Pin ;oI RDY_ Pin 22; "I/0"
Ds_ Pin  4; "1I" BRDY_ Pin 21; "1/0"
STERM _ Pin §; "I" DELAYAS_ Pin 20; "R,I/O"
DBEN__ Pin  §; "I" S0 Pin 19; "R,I/0"
ADS_ Pin  7; "I NEWCBREQ_ Pin 18; "R,I/O"
CBACK_ Pin §; "I® NC3 Pin 17; "R,I/0"
NC1 Pin ;oI DELAYRDY_ Pin 16; "I/O"
DSACK_ Pin 10; "I" NC4 Pin 15; "I/0"
BLAST _ Pin 11; "1" LANCYC_  Pin 14; "1n
GND Pin 12; OE_ Pin 13; "1

292076-43
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rpeclarations

MODE = [DELAYAS ,S0,NEWCBREQ_];

IDLE =- 1,1,1);

BLST WT = [0,1,1); " Wait for BLAST to determine if burst data transfer.
NO_BURST = (1,0,1]; " BLAST active so no burst transfer.

BRST_CYC = [0,0,1); * BLAST_ not active so multiple or burst transfer.
STERM 1 = {0,0,0); ™ Wait for acknowledge.

STERM 2 = [0,1,0]; " Wait for acknowledge.

STERM_3 = {1,1,0]; ™ wWait for acknowledge.

Equations

tRDY_ = !BLAST_ & !DELAYRDY_ & CCLK1l_ & !AS_ & CBACK_
" Return RDY_ whenever BLAST_ asserted.
# !STERM_ & NEWCBREQ
" Fourth burst transfer or synchronous transfer.
4 !RDY_ & !DBEN_;
" Hold RDY_until data requirement met.

!BRDY_ = !STERM_ & !NEWCBREQ_ & !CBACK_
" Assert BRDY_ during burst cycles
4 !BRDY_ & !CCLKl_;
" Hold so recognized on rising edge of CLK1l_to 82596.
'DELAYRDY_ =
'DS_ & !'LANCYC_ & !CCLK1l_ " Delay RDY for data setup.
# !DELAYRDY & !AS_; " Hold until end of data cycle.

State Diagram IN rdy MODE

state IDLE : IF !ADS THEN BLST_WT
ELSE IDLE;

state BLST_WT : IF !BLAST THEN NO_BURST
ELSE BRST CYC:;

state NO_BURST : GOTQ IDLE;

state BRST CYC : CASE (!BRDY_ & !CBACK_ ) : STERM_1;
((!BRDY_ & CBACK_ ) # !BLAST_) : IDLE;
(BRDY _ & BLAST_) : BRST_CYC;
ENDCASE;
state STERM 1 : CASE (!BRDY_ & !CBACK ) : STERM_2;
((!BRDY_ & CBACK ) # !BLAST ) : IDLE;
(BRDY_ & BLAST ) : STERM_1;
ENDCASE;

292076-44

1-528




ntel AP-344

state STERM 2 : CASE (!BRDY_ & !CBACK_) : STERM_3;
({!BRDY_ & CBACK ) # !BLAST ) : IDLE;
(BRDY_ & BLAST_) : STERM_2;
ENDCASE;

state STERM 3 : IF (!BRDY_ # !BLAST_ ) THEN IDLE
ELSE STERM_3;

HERXAXKEXNKARR* K Ravision HIStOry A*raAXawkaXxkkakkhkkakhakhdk

L]
" Rev., A 1/20/90 ~ KKP -~ First Version.
"
L.

REEERAA AR KRR KRR IR RA R KRN IR AR A AR KRR AR AR AR KRR RN A KRR h Kk

end RDY
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B.2 MC68020/82596DX

Module ARB FLAG ‘-~R3’;
Title 782596DX Arbitration for Local Bus Rev. A 01/12/90

DOCTOR DESIGN, San Diego, CA
PLD20R6-10' ;

AAKRKRIRRRARRRARRRAARXRRR Descrption LT T e T T TR 2
FOR: 82596DX / 68020 Interface

This PLD arbitrates between the CPU, the LAN Controller and
the Refresh requestor for the local bus. Refresh requests are
given highest priority, and the 82596DX requests given second
highest priority. The CPU normally controls the local bus
when no requests are pending. The RDY_ acknowledge signal to
the 82596DX is also generated in this PLD. The signal
DELAYRDY_  is an embedded signal used only in this PLD to
generate RDY .

Requestors are granted the bus by using the inverted CPU clock
(CLK1) . Because is required for both the registered and
combinatorial terms, CLKl1l is connected to both the clock and a
combinatorial input. The combinatorial term is called CCLK1.
The refresh request (RFRQ_) is assumed to be an active low
signal having the required 12 ns set-up to CLK1l. If this
set-up cannot be guaranteed, the request must be synchronized
through an external flip-flop, clocked with CLK1l.

The SBG_ signal is the synchronized 68020 Bus Grant (BG_)
signal,

Because the 82596 uses and active-high HOLD, LANCYC is
inverted with an external 74F04.

The equations and marco-cells are allocated for the Bus
Request (BREQ) signal, which is used to activiate the 82596DX
Bus Throttle Timers. In these equations it is set inactive.
It is left to the system designer to define input conditions
for this signal.

UNUSED INPUT PINS H !
UNUSED OQUTPUT PINS (COMBINATORIAL) : 0
UNUSED OUTPUT PINS (REGISTERED) : 0

KA KRR AR R AR R AR R AN AR RN A KRR AN KRARR AR R NARR AR AR Rk Ak ke kkk kAR k
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arb Device 'P20R6‘;

CLK1 Pin 1; "I" vce Pin 24;

CCLK1 Pin 2; “I" NC3 Pin 23; "1"
AS__ Pin 3; vIv DELAYRDY_ Pin 22; "1/0"
HOLD Pin 4; 1" BREQ Pin 21; "R,I/O"
LOCK Pin 5; 1" LANCYC_ Pin 20; "R, I/0"
DS_ Pin 6; "I" BR_ Pin 19; "R, I/O"
BG_ Pin 7; "I" BGACK_  Pin 18; "R,I/O"
DBEN_ Pin 8; "I RFCYC_ Pin 17; "R, I/O"
RFRQ_ Pin 9; "I" SBG_ Pin 16; "R,I/0"
NC1 Pin 10; ™Iv RDY Pin 15; "1/0"
RC2 Pin 11; "I" NC4 Pin 14; "1
GND Pin 12; OE_ Pin 13; »I"
MODE = [BR_,BGACK_,RFCYC_, LANCYC };

IDLE = [1,1,1,1);

REQ = [0,1,1,1]; " Generic request to CPU for local bus.
RF_CYC = (1,0,0,1}); " Refresh request has been granted.
LAN _CYC = [1,0,1,0]; " LAN request has been granted.

PRE CHG = [1,0,1,1); " Required for back-to-back cycles.
Equations

BREQ := 0; " Bus Throttle conditions will need

" to be defined by the system designer.

ISBG_ = !BG_ & CCLKl1 " Set’ during high phase of ARB clock to
" meet setup time into PLD.
# !1SBG_ & !BG_ * Hold with processor bus grant.
“

# 1SBG_ & !CCLK1; Hold through low phase of clock to meet setup time.

IDELAYRDY =

IDS_ & !'LANCYC_ & !CCLK1 " Delay RDY_ for data set-up.
# !DELAYRDY & !AS_; " Hold until end of data cycle.

'RDY_ =

!DELAYRDY_ & CCLK1 & tAS_ " Return RDY_ after delay while
data cycle still in progress.
# !'RDY_ & !DBEN_; " Hold until end of data cycle.

29207647
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State_Diagram IN arb MODE

state IDLE

state REQ

state RF_CYC

state LAN_CYC

state PRE_CHG

end ARB

IF (!RFRQ # HOLD) THEN REQ
ELSE IDLE;

: CASE (!RFRQ_ & !SBG_)

( HOLD & RFRQ_)

(! ((!RFRQ_ & !SBG_)

# (HOLD & RFRQ_ & SBG_)))
ENDCASE;

: CASE (RFRQ_ & !HOLD)

(RFRQ_ & HOLD)
(!RFRQ_)
ENDCASE;

: CASE (!HOLD & RFRQ_ & !LOCK)

(!HOLD & !RFRQ_ & !LOCK)
(HOLD)
ENDCASE;

: CASE (RFRQ_ & 'HOLD & !LOCK)

(RFRQ_ & HOLD)
(!RFRQ_ & !LOCK)

(!SBG_ & RFRQ_ & !'HOLD & !LOCK)

ENDCASE;

Rev. A 01/12/90 - KKP - First Version
Rev. B 02/20/90 - KKP - Moved BG_ synchronization into PLD.

:RF_CYC;
:LAN_CYC;

:REQ;

:IDLE;
:PRE_CHG;
:RF_CYC;

:IDLE;
:PRE_CHG;
:LAN_CYC;

:IDLE;
sLAN_CYC;
:RF_CYC;
:PRE_CHG;

KRXKKKAKKXRRRRRANRR  Ravision HASLOry FAXARXKAXRAXAAKKAKKARKAAK

AAKE AR KRR AR AR KRN R R KRR AR AR R AR KR AR KRR R R AN KA RN R AR RN A RN AR RR AR ANR
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Module CAPORT FLAG ’'-R3’;
Title '82596DX Channel Attention and Port Rev. A 01/12/90

2 g 3 3 3 2

2 3 2 3 3 3 3 3

DOCTOR DESIGN, San Diego, CA
PLD20R4-15';

LI T Y Descrption HRKKAKREKNKRRRNARRN KR RA K
FOR: 82596DX / 68020 Interface

This PLD decodes the 68020 address lines and generates the
Channel Attention and PORT_ to the 82596DX. The choice of
address is left to the system designer.

Nine address decode lines are available. They could be
connected to A31-pA23, NC1, NC2, NC3, and NC4 are
combinatorial outputs. They can be used as extra address
inputs. NC5 is a standard input that is also available as

an extra address term. If even more decode lines are required,
then the HIADDR input is for the output of the external
decoder. This decode must be done in less than 22 ns.

In the line ADDR = [A09,A08,....]1, the values for A09-A01
should be set high or low (inverted) for the desired range.
The decode values for CA_ACC and PORT ACC (110 and 220) are
arbitrary and can be modified as needed.

SO_ AND S1_ are state bits used for generating wait states for
PORT_ assertion.

UNUSED INPUT PINS s 1
UNUSED OUTPUT PINS (REGISTERED) : 0
UNUSED OUTPUT PINS (COMBINATORIAL) : 4

M kAR AR R AR R A AN R AR TR AR AR AR AR R A AR ARN AR RANKR AR AR R R AR R ARk R A kA ARk

caport Device ‘P20R4';

CLK1_ Pin 1; w1 vce Pin 24;

AS_ Pin 2; "I“ HIADDR Pin 23; "1

a01 Pin 3; "Iv NC1 Pin 22; "1/0"
A02 Pin 4; "1™ NC2 Pin 21; "1/0"
AO3 Pin 5; °I™ CA Pin 20; "R,I/O"
A04 Pin  6; "I* S0_ pin 19; "R,I/O"
A0S Pin 7; "1I" S1_ Pin 18; "R,I/O"
A06 Pin 8; "I PORT_ Pin 17; "R,1/0"
a07 Pin 9; "I" NC3 Pin 16; "1/0"
AO8 Pin 10; "I NC4 Pin 15; "1/0"
AQ9 Pin 11; "1™ NC5 Pin 14; =Iv

GND Pin 12; OE Pin 13; "I
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" Declarations
X,C - .X.,.C.;
ADDR = [A09,A08,A07,A06,A05,A04,A03,202,A01,X,X,X]; " User defined address.
CA_acCC MACRO { (ADDR == ~h110) & HIADDR & !AS_ };

PORT_ACC MACRO ( (ADDR == ~h220) & HIADDR & !AS_ };

’
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MODE -
IDLE = {1,
PORT_SET = [ 1,
PORT_HLDL = [ 1,
PORT _HLD2 = [ 1,
ACCESS_OFF = [ 1,
CA_SET = [0,
CA_HLD1 = {0,
Ca_HLD2 = {0,
Equations

[CA,PORT_, S0_,S1_1;

State_Diagram IN caport MODE

state

state

state

state

state

state

state

state

IDLE H

PORT_SET  :
PORT_HLD1l :
PORT_HLD2 :

ACCESS_OFF :

CA_SET :
CA_HLD1 :

CA_HLD2 :

KRkhkkkhkkkhdk ik

i, 1,11];
0, 1, 11]; ™ Set PORT_ to 82596DX.
0, 0, 11]1; ™ Hold for one clock state.
0, 0, 011; ™ Hold for a second clock state.
1, 0, 0); * Deassert PORT_ and CA.
1, 1, 1); ™ Set CA to 82596DX.
1, 0, 1 1]1; ™ Hold for one clock state.
1, 0, 0); ™ Hold for a second clock state.
CASE (PORT_ACC) :PORT_SET;
(CA_ACC) :CA_SET;
(! (PORT_ACC # CA_ACC)) :IDLE;
ENDCASE;

GOTO PORT_HLD1;
GOTO PORT_HLD2;
GOTO ACCESS_OFF;

IF AS_ THEN IDLE
ELSE ACCESS_OFF;

GOTO CA_HLD1;
GOTO CA_HLD2;

GOTO ACCESS_OFF;

Revision History  Ahsakkawkdkakdkkikkkkkthkks

”
" Rev. A 1/3/90 - KKP ~ First Version.
"

AR A KR KA R KK AN KA KN AR AR RN RN AR ANR AR AR AR RAN R AR RRA N

end CAPORT
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Module CNVRT FLAG ’-R3‘;
Title ‘82596DX Signal Conversion Rev. A 1/12/9%0

DOCTOR DESIGN, San Diego, Ca
PLD20R4-10';

AARRRRRRRARKKKARRRRRRN AR Descrption AAKKKNRRRRKRKKKRRRKRRAKN

FOR: B2596DX / 68020 Interface
This PLD converts the 82596DX signals to 68020 type signals.

These signals will be enabled when the 825%6DX has control of
the local bus (LANCYC is low), otherwise they will be
tri-stated.

A PLD 20R4 was used in this example, requiring seperate
enables, LANCYC and LANCYC2 , which are the same signal
external to the PLD. If the PLD does not require separate
output enables for registered and latched outputs then this is
not required.

NEWRW_, NEWAS_, NEWDS_, and NEWDBEN_ are registered outputs.
NEWSIZ0, NEWSIZ1l, NEWAQ, and NEWAl are combinatorial outputs.

The combinatorial outputs are generated using a truth table.
For completeness, default settings are included for the
impossible BE# input combinations.

UNUSED INPUT PINS H
UNUSED OUTPUT PINS (COMBINATORIAL) : 0
UNUSED OUTPUT PINS (REGISTERED) : 0

WRARE KRR AN K IR AARRRAR RN AR RRAA AR AR R AARKRANR KRN A RRR AR KRN AR N

cnvrt Device ’P20R47;

CLK1__ Pin ;"I vCe Pin 24;
NC1 Pin 2; "I" RDY__ Pin 23; "I
ADS_ Pin 3; "Iv NEWAQ Pin 22; "I1/0"
BEO_ Pin  4; "1I® NEWSIZ0 Pin 21; "1/0"
BE1 _ Pin S; "1™ NEWRW__ Pin 20; "R,I/O"
BE2__ Pin 6; "1Iv NEWAS_ Pin 19; "R,I/O"
BE3_ Pin T; “Iv NEWDS_ Pin 18; "R,I/O"
WR_ Pin 8; vwIv NEWDBEN_ pin 17; "R, I/O"
NC2 Pin 9; “I” NEWSIZ1l Pin 16; "1/0"
NC3 Pin 10; “1I» NEWA1l Pin 15; "1/0"
NC4 Pin 11; "I" LANCYC2 _ Pin 14; "I"
GND Pin 12; LANCYC Pin 13; 1"
"Declarations

X = .X.;

292076-52
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Equations
ENABLE NEWAS__ = !LANCYC_;
ENABLE NEWDS_ = ILANCYC_;
ENABLE NEWDBEN_ = !LANCYC_;
ENABLE NEWRW_ = | LANCYC ;
ENABLE NEWSIZ0 = !LANCYC2 ;
ENABLE NEWSIZ1 = !LANCYC2 ;
ENABLE NEWAQ = ILANCYCZ_;
ENABLE NEWAl = |LANCYC2 ;
INEWAS_ :=
{ADS_ " Start AS_ during 68020 clock low cycle.
# INEWAS_ & RDY_; " Hold until clock following RDY_ set.
INEWDS_ :=
IWR_ & !ADS_ " Start DS_ with AS_ during read.
# WR_ & !NEWDBEN_ & RDY_ ™ Delay DS_ by 1 clock during write.
# INEWDS_ & RDY_; " Hold until clock following RDY_ set.

INEWDBEN_ :=

!ADS_
# !WR_ & !NEWDBEN_ & RDY_
# WR_ & !NEWDBEN_ & !NEWAS_;
|NEWRW__ = WR_;

Enable data transceivexs as soon
as 82596DX begins its -cycle,

Hold as long as AS_ during read.
Longer data hold during a write.

Invert W/R_ to match processor.

" The following truth table converts the byte enable signals from
" the B2596DX into the 68020 SIZE signals and address lines A0

" and Al.

Truth_Table

{ [BE3_,BE2_,BEl_, BEO_, LANCYC2_)

COFORMPOHRRKHNX
. % na s e s me NN
HOOCOOKROOKHRKFX
N s e e N e v N w s~
HHMHOOOODODOOKHPKPX
NN s mm s am AN~
PR P RPRPOCOO00R X
[ T TR Y
CCO0OO0OO00COO0OOOHK
ot bt et i N ot ot bt et A} ek N

— e e e P e e e P e

->

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

[NEWSI21,NEWSIZ0,NEWAL,NEWAO] )

[ 1 P i, 1, 1 3;
{ 1 ’ 1, 1, 1 1;
[ 0 . T, 1, 1 1
{ 1 . 6 ., 1 , 0 I
tr 1 r , 0, 1 1
{ 0 3 6 , 0 , 0 J;
{ 0 ’ T, O 0 1;
[ 1 ' o, 0 , 1 J;
[ 1 ’ 1, o . 0 1:
[ 0 7 1, o, 1 1:
[ 1 ' o , 0 , 0 1
( 0 ’ TP, 0, 0

1:
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" The following BE# input combinations are illegal and will
result in erroneous data transfers.

[x ,o ,1 ,0 , 1 1 > 1 P T, 1, 1 H
roe ,1 ,0 ,x , 1 -> [ 1 v i, 1, 1 3
(e ,1 ,1 ,0 , 1 1 > 1 1 T, 1 , 1 )

nokkkAkkkAKRERNKES Rovision HiStOry A*daaaskekadrdaakkaxxhkAAANAX
" Rev. A 01/12/90 ~ KKP - First Version.
LR 2 2252222223222 282222 2 22242222 2122232242222 8333222232221

end CNVRT
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B.3 MC68000/82596SX

Module ARB FLAG ’~R3’;
Title ‘825968X Arbitration for Local Bus Rev, A 01/20/90

T 3 3 3 2 3 3 3 I 2 3 3 3 ¢ =

£ 8 3 3 2 3 3 2 8 3 3 =

DOCTOR DESIGN, San Diego, CA
PLD20R8-15/;

3222222222322 2Ed] Deacrption ¢ e ke ok o e e e e o ol e ok o e e e ko Rk

This PLD arbitrates between the CPU, the LAN Controller and
the Refresh requestor for the local bus. Refresh requests are
given highest priority, and the 82596SX requests given second
highest priority. The CPU normally controls the local bus
when no requests are pending.

Requestors are granted the bus by using the 82596SX clock,
CLK1. :

The refresh request (RFRQ ) is assumed to be an active low
signal having the required 12 ns set-up to the clock (CLK1l).
If this set-up cannot be guaranteed, the request must be
synchronized through an external flip-flop, clocked with CLK1.

The SBG_ signal is the synchronized 68000 Bus Grant (BG_ )
signal. It is be synchronized internally using a flip-flop
clocked with CLK1l. Because the 82596SX uses an active high
HLDA, LANCYC_ is inverted using one of the macro-cells.

The equations and macro-cells are allocated for the Bus
Request signal, which is used to activiate the Bus Throttle
Timers. It is left to the system designer to define input
conditions for this signal.

UNUSED INPUT PINS HI
UNUSED QUTPUT PINS (COMBINATORIAL) : 0
UNUSED OUTPUT PINS (REGISTERED) HE

AR NK KRRk d kR Rk AR AR kR ARk A A ARk A Ak kA A kAR ARk kkkk kX Rk kkkk

arb Device 'P20RS8‘;

CLK1 Pin 1; "I» vee Pin 24;

RESET Pin 2; "Iv NC6 Pin 23; "I"
AS_ Pin 3; »Iv BREQ Pin 22; "R,I/O"
HOLD Pin 4; "I" HLDA Pin 21; "R,I/Q"
LOCK Pin 5; "I" LANCYC_  Pin 20; "R,I/0"
NC1 Pin 6; "I" BR_ Pin 19; "R,I/O"
BG_ Pin 7; "1I® SBG_ Pin 18; "R,I/O"
NC2 Pin 8; "I" BGACK_ Pin 17; "R,I1/0"
RFRQ_ Pin 9; "I® RECYC_ Pin 16; "R,1/0"
NC3 Pin 10; "Iv NC?7 Pin 15; "R,I/O"
NC4 Pin 11; "1I» NC5 Pin 14; "1"
GND Pin 12; OE_ Pin 13; "I"
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MODE = [BR_,BGACK_, RFCYC_, LANCYC ]

IDLE = {1,1,1,1);

REQ = [0,1,1,1]; "

RF_CYC = [1,0,0,1}; *

LAN CYC = [1,0,1,0); "
"

PRE_CHG = [1,0,1,1];

Equations

BREQ := 0; »
]

HLDA := !LANCYC ; .

SBG, = BG_;

MODE := RESET &

State_Diagram IN

state IDLE

state REQ

state RF_CYC

state LAN_CYC

state PRE_CHG

AARKKNRNRKRKRRRR A KN N

H

IDLE; "

arb MODE

Generic request to CPU for local bus.
Refresh request has been granted.
LAN request has been granted.
Required for back~to-back cycles.

Bus Throttle conditions will need to be
defined by the system designer.

82596SX requires active-high HLDA.
Synchronized Bus Grant.

Initialize state machine to IDLE State on

IF (!RFRQ_ # HOLD) THEN REQ

ELSE IDLE;

CASE (!RFRQ_ & !SBG ) tRF_CYC;
(HOLD & RPRQ_) :LAN_CYC:
(! ((!RFRQ_ & !SBG_)

# (HOLD & RFRQ_ & SBG_))) :REQ;

ENDCASE;

CASE (RFRQ_ & !HOLD) :IDLE;
(RFRQ_ & HOLD) :PRE_CHG;
{!RFRQ_) :RF_CYC;

ENDCASE;

CASE (!HOLD & RFRQ & !LOCK) :IDLE;
('HOLD & !'RFRQ & !LOCK) :PRE_CHG;
{(HOLD) :LAN_CYC;

ENDCASE;

CASE (RFRQ & !HOLD & !LOCK) :IDLE;
(RFRQ_ & HOLD) :LAN_CYC;
{!RFRQ_ & !LOCK) :RF_CYC;

(1SBG_ & RFRQ_ & 'HOLD & !LOCK) :PRE_CHG;

ENDCASE;

ROViSLiOn HiStOry  Whsdikxdhkaxikkkxkkhrthn

" Rev. A 1/20/90 - KKP - First Version
L]
L]

KRAT IR R AR R AR A AN A R RENRAANRAARARA R AR AR ANk k kR ARk kA kA Rk kk

end ARB

reset
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Module CAPORT FLAG ’'-R3';

Title '82596SX Channel Attention and Port Rev. A 1/20/90
DOCTOR DESIGN, San Diego, CA
PLD20R4-15";

ARARRKRANKRRARRRARR N AR RAR Deacxption LR T T 2T e
FOR: B2596SX / 68000 Interface

This PLD decodes the 68000 address lines and generates Channel
Attention and PORT_ to the 82596. The choice of address is
left to the system designer.

Nine addreas decode lines are available. They could be
connected to A23-Al4. NC1 is a combinatorial outputs and
could be used as extra address input. If even more decode
lines are required, then the HIADDR input is for the output
of the external decoder. This decode must be done in less
than 60 ns.

In the line ADDR = [A09,A08,....], the values for A09-A01
should be set high or low (inverted) for the desired range.
The decode values for CA_ACC and PORT_ACC (110 and 220) are
arbitrary and can be modified as needed.

SO_ AND S1_ are state bits used for generating wait states for
PORT__ assertion.

UNUSED INPUT PINS H)
UNUSED OUTPUT PINS (COMBINATORIAL) : 1
UNUSED OUTPUT PINS (REGISTERED) : 2

2 42 3 3 2 £ 2 3 3 3 2 3 2 a3 3 3 2 3 % 3 3 3 3 3 3 3 3 2

AR AK KRR AT IR R AR AR AR IR R AR AR A AR R IR R AR AR AR RN AR A AR KR A AR N ARk kA Ak kR k Kk k

caport Device 'P20R4’;

CLK1l Pin 1; »I* vCe Pin 24;

CCLK1 Pin 2; vI* HIADDR Pin 23; "1"
A01 Pin 3; »Iv NC1 Pin 22; "I/O"
A02 Pin 4; *I» CA Pin 21; "1/0"
A03 Pin 5; "I" NC2 Pin 20; "R,I/O"
A04 Pin 6; "IV SO_ Pin 19; "R,I/O"
AQS5 Pin 7; "Iv S1_ Pin 18; "R,I/O"
RO6 Pin 8; "1* NC3 Pin 17; "R,I/O"
A07 Pin  9; "i" PORT _ Pin 16; "I/O"
A08 Pin 10; "I" AS_ Pin 15; "1/O"
A09 Pin 11; "»I" 1DS Pin 14; "I"
GND Pin 12; OE Pin 13; "1"
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"Declarations
X,C = .X.,.C.;
ADDR = [A09,A08,A07,A06,A05,A04,A03,A02,A01,X,X,X]; " User defined address.
CA_ACC MACRO { (ADDR == ~h110) & HIADDR & !AS_ };

PORT_ACC MACRO { (ADDR == ~h220) & HIADDR & !AS_ };

MODE = [S0_,81_);
IDLE -1, 11];
STRCNT = [ 0, 1 ]; *® PORT_or CA has been sent to 82596,
CNT_1 = [0, 0 3: " Hold for one clock state.
CNT_2 = [ 1, 01]); ™ Hold for a second clock state.
Equations
'Ca -
'LDS_ & !AS_ & CCLKl & CA_ACC " Start when data valid on buas.
# ICA & !1(S0_ & !S1)) " Hold for at least 2 clocks.
# ICA & CCLK1; " Guarantee CA hold time to 82596,
'PORT_ = !LDS_ & !AS_ & CCLK1 & PORT_ACC " Start when data valid on bus.
# !PORT _ & !(SO_ & !S1_) " Hold for at least 2 clocks.
# !PORT_ & CCLK1; " Guarantee PORT_ hold time to 82596.

State_Diagram IN caport MODE

state IDLE : IF (!PORT_ # CA) THEN STR_CNT
ELSE IDLE:

state STR_CNT : GOTO CNT 1;

state CNT_ 1 ¢ GOTO CNT_2;
state CNT_2 : IF AS_ THEN IDLE
ELSE CNT_2;

"OARARRRANAKANANANY  Revision HISLOry FAthkkskukkhukdxkkhikikikid
”»

" Rev. A 1/20/90 - KKP - First Version.

n

B AR R R A AR AR AR AR KRR R KA A RN RARNKRAR AR R AR AR AR AR AR A AR AR AR AR Ak kkhkk

end CAPORT
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Module RDY FLAG ’'~-R3’;

Tit

" X

* K

le '82596SX Ready and Signal Conversion Rev. A 01/20/90
DOCTOR DESIGN, San Diego, CA
PLD20R4-15';

HEKKRKREKKERNRRRRRRERK K Descrption KRR RIKKKKRRRRRKKK KK

This PLD generates the RDY_ signal to the 825965X. It also
converts the 82596SX signals BHE_, BLE , ADS_ and WR_ to the
68000 equivalents, UDS, LDS, AS_, and RW_ and mimics their
timing to the memory controller.

The output DELAYRDY _ is only used inside this PLD to generate
a delay for the RDY _signal to the 82596SX.

A 20R4 was used for this example requiring a separate input
for the combinatorial enable.

UNUSED INPUT PINS HI-
UNUSED OUTPUT PINS (COMBINATORIAL) : 0
UNUSED OUTPUT PINS (REGISTERED) : 0

KKK AR AR KRR AR KR AR AR AR RR AR IR NKRRRARARRENRR AN KRR R AR R AN R RN AR A Nk

rdy Device ‘P20R4’;

CLK1 Pin 1; 1" vCce Pin 24;

CCLK1 Pin 2; "1Iv NC5 pin 23; "1I"

AS_ Pin 3; "1Iv NEWRW_ pin 22; "1/0"

BHE _ Pin 4; "I NEWAS_ Pin 21; "1/0"

BLE_ Pin 5; "I» RDY__ pin 20; "R,I/O"

WR_ Pin  6; “I" DELAYRDY_ Pin 19; "R,I/0O"

NC1l Pin T “I” S0_ Pin 18; "R,I/O"

NC2 Pin 8; "I" DELAYAS__ Pin 17; "R,I/O"

NC3 Pin 9; "Iv NEWUDS_ Pin 16; "1/0"

ADS_ Pin 10; "I" NEWLDS_  Pin 15; "I/oO“

NC4 Pin 11; "1 LANCYCZ_  Pin 14; "I

GND Pin 12; LANCYC_ Pin 13; "I"

MODE = [DELAYAS_,DELAYRDY ,RDY_,50_1;

IDLE - [1,1,1,1);

STR_AS = [0,1,1,1); " Delay AS_ until clock phase of 68000 S2.
DLY RDY = [0,0,1,1); ™ Delay RDY_ by 1 82596 clock state.
DLY_DS = [0,0,1,0); ™ Delay UDS_,LDS_ during write cycle.
STR_RDY = (0,0,0,1); ™ Initiate RDY_ for 68000 type 0 wait cycle.

292076-59
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Equations
ENABLE NEWRW_ = !LANCYC2_;
ENABLE NEWUDS_ = !LANCYC2_;
ENABLE NEWLDS_ = !LANCYC2_;
ENABLE NEWAS_ = !LANCYC2 ;
!NEWRW_ = WR_; " Invert 82596SX signal
# !NEWRW_ & !NEWAS_; " Hold write until AS_ negated
INEWUDS_ =
IWR_ & !DELAYAS_ & !BHE_ & !CCLK1 & !AS_ " Start UDS_ with AS_ on read.
# WR_& !S0_ & !BHE_ & !CCLKl & !AS_ " Delay UDS on a write.
# INEWUDS_ & !WR_ & !DELAYAS_ " Hold thru data cycle.
# INEWUDS_ & WR_ & RDY;
INEWUDS_ =
'WR_ & !DELAYAS_ & !BLE_ & !CCLKl & !AS_ " Start LDS_ with AS_ on read.
# WR_ & !S0_ & !BLE_ & !CCLK1l & !AS_ " Delay LDS_ on a write.
# INEWUDS_ & !WR_ & !DELAYAS_ " Hold thru data cycle.

# INEWUDS_ & WR_ & RDY:
INEWAS_ = !DELAYAS_ & !CCLKY’
# !NEWAS_ & !WR_ & !DELAYAS_
# INEWAS_ & WR_ & RDY;

State_Diagram IN rdy MODE

state IDLE : IF !ADS_ THEN STR_AS
ELSE IDLE;

state STR AS : IF !WR_ THEN DLY RDY
ELSE DLY_DS;

state DLY DS : GOTO DLY_RDY;
state DLY RDY : GOTO STR_RDY;
state STR_RDY : GOTO IDLE;
AXAKRANKARIAXAN,  Rovision History **kakAnakxwknxkhxixkxkkkhikk

"

n

" Rev. A 1/20/90 - KKP - First Version,

W O AEARAA RN R AR AR RRA R AR AN AR R R AR AR R R AR AR R AR RN KR A AR R AN AR AR AN RNk A

end RDY
292076-60
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APPENDIX C
TIMING DIAGRAMS

The following section includes the timing diagram for
each specific design. A summary of the timing specifi-

cations is also included.

C.1 MC68030/82596CA
® Block Diagram

* MC68030 and 82596CA. Clock Synchronization
® MC68030 and 82596CA CA and PORT Access
® MC68030 Local Arbitration (1 page)

® 82596CA Memory Access (2 pages)

® Timing Summary

1-645

C.2 MC68020/82596DX

® Block Diagram

e MC68020 and 82596DX Clock Synchronization
® MC68020 and 82596DX CA and PORT Access
» MC68020 Local Arbitration (2 pages)

® 82596DX Memory Access

® Timing Summary

C.3 MC68000/82596SX

® Block Diagram

* MC68000 and 825965SX Clock Synchronization
® MC68000 and 82596SX CA and PORT Access
e MC68000 Local Arbitration (1 page)

® 82596SX Memory Access (2 pages)

® Timing Summary
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INTERFACE BETWEEN 68030 AND 82596CA LAN CONTROLLER

CLK1 CLK1* > CLK1®
AS* o] DEC
68030 PAL 82596CA
—] ca
»| PORT*
A(0-31) A(2,31)
N D(0=31)
RFRQ*
I LOCK®*
ARB LANCYC‘: I HLDA
PA
- < HOLD
BG* >
BGACK®, BR* |« l »] BRDYRDY*
DSACKO, 1*
A 4
AS*,DS* ¢ BE(0-3)*
R/W* DBEN* MEMORY [« ADS*W/R*
S120, 1 SIGNAL | BLAST*
CBREQ CONVERSION ol soFre
A 4 A1,A0
M
g VVJVJNV l
I MEMORY CONTROL
INT
MA(0-X) l l l |
r
RAS CAS OE(HILO) WE(0=3)
MEMORY

29207615
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MC68030 AND 82596CA TIMING 34 Latched in ARB PLD
SUMMARY FOR 33 MHz 35 30ns + 15 ns = 45 ns (1.5 clocks).
37 30ns + 15ns = 45 ns (1.5 clocks).
MC68030 PARAMETERS 37A 30 ns in ARB PLD = 1 clock
40  Asserted with AS, maximum of 8 ns into clock
6 82596 puts address out 1 clock phase before low cycle. This should meet requirements, system
68030 S0. - designer should verify.
6A ADS used to generate ECS and OCS before AS 41 Negated in PLD, maximum 8 ns.
asserted. 42 Asserted in PLD, maximum 8 ns.
7 LAI'\ICYC off + buﬁier off = 15 + 10 = 25 ns. 43 Negated in PLD, maximum 8 ns.
9 Den'ved from PLD Wfth clock to Q delay of 8 ns. 4 1 clock cycle = 30 ns.
12 Derived from PLD with clock to Q delay of 8 ns. 45 Read = 60 ns — 2 ns (skew) = 58 ns. Write =
12A Worst case could hold ECS and OCS as long as 90 ns — 2 ns = 88 ns.
20 ns (82596) + delay through buffer. Note to _ _
system designer. 46 90ns — 2 ns = 88 ns. A
13 Could be a violation for AS, DS to address hold 53 Datla :)ut from t82596 held valid for extra clock
of 4 ns (82596) = 8 ns (PLD) — 2 ns (skew) = cycie 1o gharantee.
—6 ns. System designer must guarantee address
hold.
82596CA PARAMETERS
14 30 ns + 30 ns — 3 ns (common path through
PLD) = 57 ns. T13 30ns — 12 ns (PLD) = 18 ns.
15 30 ns — 2 ns (skew) = 28 ns. Ti4 5 ns through PLD for PORT.
16 Floated with LANCYC going high. Minimum T17 30 ns — 10 ns (PLD) = 20 ns.
30 ns to next cycle. o Ti18 3 ns (DBEN through PLD) + 3 ns (PLD) =
17 R/W invalid 1 clock cycle after AS/DS negated. 6 ns.
18  Set with addresses from 82596. T19 May violate by 5 ns + 2 ns (skew) — 1 ns
20  Set with addresses from §2596. (memory controller) = 6 ns: System designer
21  R/W set 1 clock cycle before AS = 30 ns. T : v3wll nf%l ;0 gu;rzntee:;:r:x 2 r;ls setu: time.
22 Write cycle minimum setup to DS = 30 ns + 20 r nzo(grollre(:-m D) clay through memo-
30 ns — 8 ns (R/W through PLD) + 5 ns (DS Y ’
through common PLD) = 57 ns. T21 30ns — 8ns = 22 ns.
23 82596 provides required time. T23 30ns — 9ns — 2 ns skew = 19 ns.
25 Minimum time = 30 ns (clock) — 8 ns (AS  T24 4 ns minimum through flip-flop.
through PLD) + 4 ns (82596) = 26 ns. T26 3 CLK2 cycles.
25A 30 ns — 2 ns (skew) = 28 ns. T27 30 ns + 15 ns — 18 ns (68030) = 27 ns
26 30ns + 30ns — 19 ns (82596) + 3 ns (PLD) = T28 15ns — 12 ns (PLD) + 2 ns (68030) — 2 ns
44 ns. (skew) = 3 ns
27 Memory controller must guarantee 1 ns. T29 30ns — 12 ns = 18 ns.
28 N/A T30 Minimum 3 ns through 10, 12, or 15 ns PLD.
+ B —
29 3=0 12156 - 4 ns (82596) — 8 ns (AS through PLD) N/A = Not Applicable
31 N/A 15ns = Y, clockpe.riod
32 Plenty of time 30ns = 1 clock period
33 Latched in ARB PLD
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INTERFACE BETWEEN 68020 AND 82596DX LAN CONTROLLER

CLK1* CLK1* > CLK1
AS* »{ DEC
68030 PAL 82596CA
» cA
- PORT*
A(0-31) A(2,31)
- 0(0-31)
RFRQ*
‘ { LOCK®
P *
4 ARB LANCYC! ‘ I » Hioa
PAL
< HOLD
BG* >
BGACK*, BR* 44— [ —p{ ROY*
DSACKO, 1% ML
LJ K2R
AS*,DS* < BE(O=3)*
R/W#*,DBEN® MEMORY J* ADS*, W/R
SIGNAL
Sizo, 1 CONVERSION
A 4 A1,A0
M
';(’ vavw 1
| MEMORY CONTROL I
INT
wend VT T 7
) 4
RAS CAS OE(HILLO) WE(0-3)
MEMORY

292076-23

1-555




AP-344

intel

¥2-9.0262

1 1 1 1 e
‘965ZQ 0} 1353y Uo sjqoiamiews xpouks~wo dux 08/21/1
JueAKd 8} WJISIUSAS 02029 S0} ks ooK) XAPSEIR DUV 02089
penbal & UNoL3 UORDZIUOIYSULS ¥ ‘obayg uug
NOISI0 ¥0L200
‘sug seAnbed £71 le— sugg o
own dn-jee 363y
\ 1353
rLIVL &~
«LISIYSAS TIuAS
rLiv4 8=y
7 s
\ @ /- o
visVE 8% yLivL By
l=-su 09
| o
riivL =¥ YLIVL 8-¥
N0
L IHd LT
[TX¥4} suU90iL nl:—ﬁ Hﬂh sJ 9 sucy £ gl sug

1-556



AP-344

52-9/0262

1 1 1
_ _ ! x07Wod=0z0 dx% 06/71/1
“2)ME YUA Z S4NDI SeEe000 su 2 eanbes SSIOV 140 3 Y2 OZ0B9
1404 PUO YO DY) ho Sun sug annbes og'yil 6211 oy dnayss Y2 "0bey] uug
96528 WL e1T) HO SuNJ OT0RY UL up Py LI0d PU VD | . 1804 PUY ¥ NS0 305500
t— sugry) —f e
| ﬁu is
19dq Z1eg 1949 z1-¢ #
L\ X os
1949 71-5 Ik 19dq «Tm_
— | ) (120
02089 0=0 ) / 02089 83~0 ’
) & 1 I ) & { H0d'YD
1944 Zi-5 A‘ ~ 1939 713 f’ _
_ 3 oSY
02089 §1-0 02089 n_un_’
N 1 | { { i G $'7:004(15:0W
02089 0£~0 /1 f 02089 17-0
7T\ =\ ﬁ\l amm \ Y ARN VA /] (zHmsE D
\ / \ v \_ / \ / 1\ / \_ S \L (ZHNES)o b3
_ Is 0s [ [ [ M ™ 3 €S zs 1S [3 _ ams
u 7L AL JL u iy
I — ] ] 1 I ] I I I I —
gL L3777 Wiz EF szl izl W16 (g T o

1-557



92-9.026¢

|

|

“UMOYE LDy}

JeBuo) eq [jIm s8j3X3 [OMOY
“TI¥DS NMOHS LON

]

I

ZioBd

Xa—qio dpt 06/Z1/1
UONDIHQLY SN (D907 0Z0RY

) ‘0Beig uog
NOISID ¥01000

+1408

ldqziag

‘

(s9PIL)DAINYT

/
1049z} -¢

X

#JA4Y

1PdqZ1~g

AP-344

10dggL-g

(pausds),ons

«0¥4Y

odagi-g

\
|
|
|
‘

[ B I e

\_Ls

\

/

96578 61-F

Q0H

»SY

\_| (zsneepino

\L (ZHNEE)a b0

L 0mS-)

I

1-558



£2-9.026¢
- 1 {
Zjpogtd
@ dXy 06/5/1
ponoayaly sng 10297 0E0RY
¥0 ‘oBeiq ubg
NOISIE ¥OLO0G
3408
- (xBP14)DNONY
10d Z1-5
“ DA
\ * (pousis)eo8s
e d
e g
Q.u »88
a.
-4
«DY3¥
N\ cwH
96578 645
Y
10dq GL-g f
\I \l amn / \ / / (ZHAEEND
\ \ \l_l/ \ AN / / / (ZHNES)e1X10
_ TSULT
T vree—
Sovs Tove ooy Tw03r SUOZF U068 OTrE SUQEE $U 00§ uo/Z
» P

1-559



82-8.026¢

intel

1 5 - L L 1
“sojussoné o J._ aa Jeubep Eshnm =uisebusue »N_n o8/s/i
“SU juo v
ums amieq pasnbas g = (oY o2 P whas sesza v ‘obwg vmg
TIAD UMM 96528 7 4 Sug-61L - dnmyes peey Wug NrS30 HOL900
kg o -
/- \ /- - AT
fodo g1-¢ / 1odo g1 =g 1odo 01 ~¢ / 1odo g1 =g
/ \ R.\ \ oNIBOMIN
1040 geg 1odo g—g ©do gag odo g—¢
! ) { (1s:0)a
L XQ865Z9 §1-5
/ N\ / \ +SOMIN
< 10do g—g 1odo g—g odo g—¢ iodo gug
e g |
@ _ / / '\ 1SYMIN
” p jodo g-g 10do geg 1590 g5 1odo g-g
|
! | X XTh ) =l U/W oSTY
# \ XA96528 0Z~¥ X096578 0T~y / XQ96SZ8 Si-v ’
1
— | | X= \ | G | VOVAON'ZISMIN
~ To& o1=¢ \ / iodo 01 ~¢ /
| |
— - D = T oY 01381550}
H{ ﬁvao%«n Si=¥ /(xao%uo Si-y
/ N\ \ i \ —/ \ /T \ /T \ +/ ( \ | (zmssi
\ / \ / \ / / \ / \ / /1T \ /T \ /] (zumes)e
3 3 [ s S S 3 TS 0S SS S 3 7S IS 3 _
u 2 [ z [ o 2 i aes
] I | ] — I — I —_— I [ | SR S S S p
Tt vz TziT CE C iz 016 o) T U0

1-560



intel

AP-344
MC68020 AND 82596DX TIMING 32 Plenty of time
SUMMARY FOR 33 MHz 33 Latched in ARB PLD
34 Latched in ARB PLD
MC68020 PARAMETERS 35 30mns + 15 ns = 45 ns (1.5 clocks).
37 30 mns + 15 ns = 45 ns (1.5 clocks).
6 82596 puts address out 1 clock phase before 68020

S0.

6A ADS used to generate ECS and OCS before AS

7

12

asserted.

LANCYC off + buffer off = 15 + 10 = 25 s.
Derived from PLD with clock to Q delay of 8 ns.
Derived from PLD with clock to Q delay of 8 ns.

12A Worst case could hold ECS and OCS as long as 20

13

14

15
16

17

20
21

22

23
25

ns (82596) + delay through buffer. Note to sys-
tem designer.

Could be a violation for AS, DS to address hold of
4 ns (82596) = 8 ns (PLD) — 2 ns (skew) = —6
ns. System designer must guarantee address hold.

30 ns + 30 ns — 3 ns (common path through
PLD) = 57 ns.

30 ns — 2 ns (skew) = 28 ns.

Fioated with LANCYC going high. Minimum 30
ns to next cycle.

R/W invalid 1 clock cycle after AS/DS negated.
Set with addresses from 82596.

Set with addresses from 82596.

Setting with AS could violate read cycle timing.

System designer must guarantee that 5 ns setup is
not required.

Write cycle minimum setup to DS = 30ns — 8 us
(R/W through PLD) + 5 ns (DS through com-
mon PLD) = 27 ns. The system designer must
verify that this meets memory controller timing.
82596 provides required time.

Minimum time = 30 ns (clock) — 8 ns (AS
through PLD) + 4 ns (82596) = 26 ns.

25A 30 ns — 2 ns (skew) = 28 ns.

26
27
28
29

31

30 ns — 19 ns (82596) + 3 ns (PLD) = 14 ns.
Memory controller must guarantee 5 ns.
N/A

30 ns + 4 ns (82596) — 8 ns (AS through PLD)
= 26 ns.

N/A

1-561

37A 30 ns in ARB PLD = 1 clock

40

41
4
43

45

46
53

Asserted with AS, maximum of 8 ns into clock
low cycle. This should meet requirements, system
designer should verify.

Negated in PLD, maximum 8 ns.

Asserted in PLD, maximum 8 ns.

Negated in PLD, maximum 8 ns.

Asserted with R/W in PLD. System designer will
need to verify that 5 ns setup is not required.
Read = 60 ns — 2 ns (skew) = 58 ns. Write =
90ns — 2 ns = 88 ns.

90 ns — 2ns = 88 ns.

Data out from 82596 held valid for extra clock
cycle to guarantee.

82596DX PARAMETERS

T13
Ti4
T17
T18

T19

T20

T21
T22
T26
T27
T29
T30

N/A
1S ns
30ns

30ns — 12 ns (PLD) = 18 ns.
5 ns through PLD for PORT.
30 ns — 10 ns (PLD) = 20 ns.

" 3 ns (DBEN through PLD) + 3 ns (PLD) =
6 ns.

May violate by 5 ns + 2 ns (skew) — S ns
(memory controller) = 2 ns. System designer
will need to guarantee extra 2 ns setup time.

3 ns (DS from PLD) + delay through memo-
ry controller.

30us — 8ns = 22 ns.

3 ns (PLD) + external inverter.

3 CLK2 cycles.

30ns + 15ns — 18 ns (68020) = 27 ns
30ns — 12 ns = 18 ms.

Minimum 3 ns through 10, 12, or 15 ns PLD.

= Not Applicable
= %, clock period

1 clock period



intel

AP-344

INTERFACE BETWEEN 68000 AND 82596SX LAN CONTROLLER

CLK1* CLK1 > CLK1
Ase o DEC
68030 PAL 825965A
» ca
»{ PORT*
A(0-23) A(1,31)
« D(0-15)
RFRQ*
h g LOCK*
" are LANCYC‘D—. HLDA
i Y
< HOLD
BG* —>
BGACK®, BR* |« j —{ RrOY*
Y
AS* < BHE®,BLE*
R/W* MEMORY | ADS®, W/Re
Rt SIGNAL
uDS*,LDS! CONVERSION
v AO
» ]
U YYYY
X
MEMORY CONTROL —|
INT
MA(0-X) T r f
A 4
RAS CAS WE(0-3)
MEMORY

292076-29
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MC68000 AND 82596SX TIMING 27 Data setup to clock low for 68000 is 7 ns which
SUMMARY FOR 33 MHz could violate T19 below.

28 N/A

29 Memory controller guarantees O ns.

68000 PARAMETER

MC68000 PARAMETERS 31 N/A
6 82596 puts address out 1 clock phase before 32 Transition time depends on flip-flop used for de-

6A

11A

12
13
14

15
16
17

20
21

22

23
25

26

68000 SO.

FC valid when 82596 arbitrates for the bus, with
LANCYC valid.
Address goes away with LANCYC going invalid.

Address goes away with AS. System design must
verify that this meets memory controller require-
ments.

Derived from 15 ns PLD.

62 ns — 36 ns (82596 address delay) + 31 ns +
5 ns (AS through PLD) = 62 ns.

FC valid when 82596 arbitrates for the bus, with
LANCYC valid.

12 (DELAYAS) + 15 ns (AS) = 27 ns.

FC held until LANCYC goes invalid.

16 ns + 62 ns + 62 ns + 10 ns (2 PLDs) =
150 ns.

62 ns minimum.

Control bus held until LANCYC goes invalid.

AS negated to R/W negated is the minimum time
through the RDY PLD. The system designer
must verify that this meets memory controller re-
quirements.

Maximum from clock high is 33 ns (82596) +
15 ns (PLD) + 2 ns (skew) — 31 ns (clock) =
19 ns.

Same as 18 above.

No timing relationship is given for the 82596 be-
tween address valid and W/R low. It is assumed
that if address is delayed out of the 82596, W/R
will be delayed by about the same amount. The
W/R signal has an additional PLD delay for in-
version.

Minimum time = 19 ns (18 above) — 31 ns
(clock) + 62 ns (clock) = 50 ns.

82596 outputs data immediately on a write cycle.

AS, DS negated 1 clock cycle before ending 82596
write to meet this parameter by 62 ns — 27 ns (2
PLD delays) — 2 ns (skew) = 33 ns.

82596 outputs data immediately on a write cycle.

riving RESET.

33 Setup to PLD.

34 Setup to PLD.

38  Synchronizing BG and generating LANCYC will

be a minimum of 31 ns + 62 ns = 93 ns.

46 Minimum width low for 82596 cycle is read cycle

— 4 clocks.
53 Minimum = 31 ns (clock) + 4 ns (82596) =
35 ns.

82596SX PARAMETERS

T13 62 ns — 15 ns (PLD) = 47 ns.

T14 31 ns + 5(PLD) + 36 ns.

T17 62 ns — 12 ns (PLD) = 50 ns.

T18 5 ns (PLD).

T19 May violate by 9 ns (82596 setup) + 2 ns
(skew) — 7 ns (memory controller) = 4 ns.
System designer must verify that this meets
requirements.

T20 5 ns (DELAYAS from PLD) + 5 ns (DS
through PLD) + delay through memory con-
troller.

T21 62 ns — 12 ns = 50 ns.

T23 31 ns — 8 ns (flip-flops) — 9 ns (FF) = 14 ns.

T24 4 ns (FF) — 4 ns (FF) = 8 ns

T26 N/A

T27 62 ns — 50 ns (68000) — 5 ns (PORT from
PLD) = 69 ns

T28 62 ns — 5 ns (PORT through PLD) = 57 ns.

T29 62 ns — 15 ns = 47 ns.

T30 31 ns + 5ns (PLD) = 36 ns.

N/A = Not Applicable

31 ns = Y% clock period

62 ns = 1 clock period
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APPENDIX D
PARTS LISTS

Each parts list includes only those components that are part of the interface. The memory controller and memory
components are not included.

D.1 MC68030/82596CA

Quantity Generic Number Description
1.5 74F74 Dual D Flip-Flop
3 20R4 24-pin PLD; 4 Registered Outputs
1 20R8 24-pin PLD; 8 Registered Outputs
0.5 74F244 Octal Tri-State Buffer

Each PLD must have no more than 10 ns propagation delay for 33 MHz design.
Each PLD must have no more than 15 ns propagation delay for 25 MHz design.

D.2 MC68020/82596DX
Quantity Generic Number Description
1.5 74F74 Dual D Flip-Flop
2 20R4 24-pin PLD; 4 Registered Outputs
1 20R6 24-pin PLD; 6 Registered Outputs
0.5 74F244 Octal Tri-State Buffer

Each PLD must have no more than 10 ns propagation delay for 33 MHz design.
Each PLD must have no more than 15 ns propagation delay for 25 MHz design.

D.3 MC68000/82596SX
Quantity Generic Number Description
1.5 74F74 Dual D Flip-Flop
2 20R4 24-pin PLD; 4 Registered Outputs
1 20R8 24-pin PLD; 8 Registered Outputs

Each PLD must have no more than 15 ns propagation delay for 16 MHz design.




