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PIN DIAGRAM
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SIGNAL DESCRIPTIONS

Slgnal
Name

Pin
Number

Signal
Description

CLK

RESET

READY

HLDA

DREQO-DREQ3

DBO - DB7

~-IOR

-low

-EOP

12

1

13

19-16

30 - 26,
23-21

36

Clock Input: Controls the internal operations of the VL82C37A DMA Controller and its rate
of data transfers. This input may be driven at up to 4 MHz for the standard VL82C37A-04
and up to 8 MHz for the VL82C37A-08.

Chip Select: An active low input used to select the VL.B2C37A as an /O device during the
idle cycle, allows CPU communication on the data bus.

Reset: An active high input that clears the Command, Request, and Temporary Registers,
clears the first/last flip-flop, and sets the Mask Register. The device is in the idle cycle
following a Reset signal.

Ready: An input that extends the memory read and write pulses from the VL82C37A
accommodating slow memories or I/O peripheral devices. During its specified setup/hold
time, READY must not make transitions.

Hold Acknowledge: This active high signal from the CPU indicates that it has relinquished
control of the system busses.

DMA Request: These lines are individual asynchronous channel request inputs. Periph-
eral circuits use these lines to obtain DMA service. In fixed Priority, DREQO has the
highest priority and DREQS3 has the lowest priority. Activating the DREQ line of a channel
generates a request. DACK then acknowledges the recognition of DREQ signal. Polarity
of DREQ is programmable. Reset initializes these lines to active high. DREQ must be
sustained until the corresponding DACK becomes active.

Data Bus: These lines are bidirectional, three-state signals that connect to the system
data bus. The outputs are enabled in the program condition during the I/O read to output
the contents of an Address Register, a Status Register, the Temporary Register, or a
Word Count Register to the CPU. The outputs are disabled and the inputs are read during
an I/O Write cycle when the CPU is programming the VL82C37A control registers. During
DMA cycles the most significant eight bits of the address are sent onto the data bus and
are strobed into an external latch by ADSTB. In memory-to-memory operations, data from
the memory comes into the VL82C37A on the data bus during the read-from-memory
transfer. In the write-to-memory transfer, the data bus outputs determine the placement of
the data, not the new memory location. '

1/0 Read: This is a bidirectional, active low, three-state line. In the idle cycle, it is an input
control signal used by the CPU to read the control registers. In the active cycle, it is an
output control signal used by the VL82C37A to access data from a peripheral during a
DMA Write transfer.

1/0 Write: This signal is a bidirectional active ow, three-state line. It is used by the CPU to
load information into the VL82C37A DMA Controller. In the active cycle, it is used as an
output control signal used by the VL82C37A to load data to the peripheral during a DMA
read transfer.

End of Process: This is an active low bidirectional signal, which provides data on the
completion of DMA services and is available at the bidirection -EOP pin. The VL82C37A
allows an external signal to terminate an active DMA service, by pulling the —=EOP input
low with an external —-EOP signal. The VL82C37A also generates a pulse when the
terminal count (TC) for any channel is achieved. This generates an ~EOP signal that is
active on the —EOP Line. When ~EOP is received, either internally or externally, it will
cause the VL82C37A to terminate the service, reset the request, and, if auto-initialize is
enabled, to write the base registers to the current registers of that channel. The mask bit
and TC bit in the status word will be set for the currently active channel by ~EOP, unless
the channel is programmed for auto-initialize. In that case, the mask bit remains un-
changed. During memory-to-memory transfers, —-EOP will be output when the TC for
channel 1 occurs. To prevent erroneous end-of-process inputs, ~EOP should be tied
high with a pull-up resistor if it is not used.
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SIGNAL DESCRIPTIONS (conT,)

Signal
Description

Signal Pin
Name Number
A0 - A3 32-35
Ad- A7 37-40
HRQ 10
DACKO - DACK3 25, 24, 14,
15
AEN 9
ADSTB 8
~-MEMR 3
~-MEMW 4
vce 5,31
GND 20

The four least significant address lines: These lines are bidirectional three-state signals.
In the idle cycle, they are inputs used by the CPU to address the register to be loaded or
read. Inthe active cycle they are outputs that provide the lower four bits of the output
address to the system.

The four most significant address lines: These lines are three-state outputs that provide
four bits of address. They are enabled only during the DMA service.

Hold Request: This is the hold request to the CPU. It is used to request control of the
system bus. If the corresponding mask bit is clear, the presence of any valid DREQ
causes the VL82C37A to issue the HRQ signal. After HRQ is asserted, at least one clock
cycle (TCY) must occur before HLDA can be valid.

DMA Acknowledge: This signal is used to notify an individual peripheral when it has been
granted a DMA cycle. The sense of theses lines is programmable; Reset initializes them to
an active low.

Address Enable: This active high line enables the 8-bit latch containing the upper eight
address bits onto the system address bus. It can also be used to disable other system
bus drivers during DMA transfers.

Address Strobe: This active high is used to strobe the upper address byte into an external
latch.

Memory Read: This active low signal is a three-state output used to access data from a
selected memory location during a DMA read or memory-to-memory transfer.

Memory Write: This signal is an active low three-state output used to write data to a
selected memory location during a DMA write or memory-to-memory transfer.

+5 V £5% power supply.

Ground.

TABLE 1. INTERNAL REGISTERS

Name

Size Number

Base Address Registers

Base Word Count Registers
Current Address Registers
Current Word Count Registers
Temporary Address Register
Temporary Word Count Register
Status Register

Command Register
Temporary Register

Mode Registers

Mask Register

Request Register

16 bits
16 bits
16 bits
16 bits
16 bits
16 bits
8 bits
8 bits
8 bits
6 bits
4 bits
4 bits

IS

P U OO I S
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FUNCTIONAL
DESCRIPTION

The internal registers and major logic
blocks of the VL82C37A are shown in
the block diagram. Data interconnection
paths are also shown, but the various
control signals between the blocks are
not. The VL82C37A contains 344 bits of
internal register memory. Figure 3
describes these registers and shows
them by size. A complete description of
the registers and their functions can be
found in the Register Descriptions
section.

The VL82C37A contains three basic
control logic blocks. The Timing Control
block generates internal timing and
external control signals for the
VL82C37A. The program command
control block decodes the various
commands given to the VL82C37A by
the microprocessor before servicing a
DMA Request. Further, it decodes the
mode control word used to select the
type of DMA during the servicing. The
priority encoder block settles priority
contention between DMA channels
requesting service at the same time.

The external clock drives the timing
control block. In most VL82C37A
systems, this clock will usually be the
@2 TTL clock from an VL82CB84A. For
8085AH-2 systems above 3.9 MHz, the
8085 CLK(QUT) will not mest
VLB2C37A-05 (5 MHz) clock low and
high time requirements. In this case, an
external clock should be used to drive
the VL82C37A-05.

DMA OPERATION

The VL82C37A is designed to operate

in two major cycles: the idle and active .
Several states are contained in each
device cycle. The VL82C37A supports
seven separate states, each being one
full clock period. State | (Sl), the
inactive state, is entered when the
VL82C37A has no valid DMA requests
pending. While in SI, the DMA controller
is inactive but may be in the program
condition, being programmed by the
processor. State 0 (S0) is the first state
of a DMA service. The VL82C37A has
requested a hold, but the processor has
not yet responded with an acknowledge.
The VL82C37A may still be pro-
grammed until it receives HLDA from the
CPU. An acknowledge from the CPU

signals that DMA transfers may begin.
S1, S2, S3 and S4 are the functional
states of the DMA service. If more time
is needed to complete a transfer than is
available with normal timing, wait states
(WS) can be placed between S2 or S3
and S4 by using the Ready line on the
VL82C37A. The datais transferred
directly from the I/O device to memory
(or vice versa) with <IOR and -MEMW
(or -MEMR and -IOW) being active si-
multaneously. The data is not read into
or driven out of the VL82C37A during
1/0-to-memory or memory-to-l/O DMA
transfers.

To complete memory-to-memory
transfers requires a read-from and a
write-to-memory. The states, which
resemble the normal working states, use
two-digit numbers for identification.
Eight states are needed for each
transfer: the first four states (S11, S12,
S$13, §14), are used for read-from-
memory and the last four states (S21,
§22, S23, S24), for the write-to-memory
of the transfer.

IDLECYCLE

When no channels are requesting
servics, the VL82C37A enters the idle
cycle and performs Sl states, sampling

" the DREQ lines every clock cycle to

determine if any channel is requesting a
DMA service. The device also samples
~CS, looking for an attempt by the
microprocessor to write or read to the
internal registers of the VL82C37A.
When ~CS is low and HLDA is low, the
VL82C37A initiates the program
condition. The CPU now establishes,
changes or inspects the internal
definition of the part by reading from or
writing to the internal register. Address
lines A0-A3 are inputs to the device.
They select registers that will be read or
written. The —IOR and ~lOW lines are
used to select and time reads or writes.
Because of the number and size of the
internal registers, an internal flip-flop is
used to generate one more bit of
address. This bit is used to determine
the upper or lower byte of the 16-bit
address and Word Count Registers.
This flip-flop can be reset by a separate
software command.

Special software commands executed in
the VL82C37A during the program
condition are decoded as sets of
addresses with the —-CS and -IOW
signals. The commands do not use the
data bus. Clear First/Last Flip-Flop and
Master Clear instructions are included.

ACTIVECYCLE

When the VL82C37A is in the idle cycle
and a nonmasked channel requests a
DMA service, the device outputs an
HRQ to the microprocessor and then
enters the active cycle. During this
cycle the DMA service takes place, in
one of four modes.

In the single transfer mode, the device is
programmed to make only one transfer.
The word count is decremented and the
address decremented or incremented,
following each transfer. When the word
count is completed from zero to FFFFH,
a Terminal Count (TC) causes an auto-
initialize if the channel has been so
programmed.

The DREQ signal must be held active
until DACK becomes active, in order to
be recognized. lf DREQ is held active
for the entire single transfer, HRQ will
become inactive and release the bus to
the system. It again goes active and,
upon receipt of a new HLDA, another
single transfer is performed. in 8080A,
8085AH, 8088, or 8086 systems this
insures one full machine cycle execution
between DMA transfers. Details of
timing between the VL82C37A and
other bus control protocols depends
upon the characteristics of the micropro-
cessor involved.

In the block transfer mode, the device is
activated by the DREQ signal to
continue making transfers during the
service until a TC, caused by word count

. going to FFFFH, or an external end of

process (-EOP) is encountered. DREQ
need only be held active until DACK
becomes active. An auto-initialization
will occur at the end of the service, if the
channel has been programmed for it.

In the demand transfer mode the device
is programmed to continue making
transfers until a TC or external -EOP is
encountered or until the DREQ signal
goes inactive. Transfers may continue
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until the /O device has exhausted its
data capacity. After the I/O device has
caught up, the DMA service is re-
established by a DREQ signal. During
the interval between services, when the
microprocessor is operating, the
intermediate values of address and word
count are stored in the VL82C37A
Current Address and Current Word
Count Registers. Only an —EOP can
cause an auto-initialize at the end of the
service. EOP is generated either by TC
or by an external signal.

The fourth mode cascades multiple
VL82C37As together for easy system
expansion. The HRQ and HLDA signals
from additional VL82C37As are con-
nected to the DREQ and DACK signals
of a channel of the primary VL82C37A.
This permits the DMA requests of the
additional device to propagate through
the priority network circuitry of the
preceding device. The priority chain is
not broken, and the new device waits for
its turn to acknowledge requests. As the
cascade channel of the primary
VL82C37A is used only to prioritize the
additional device, it does not produce
any address or control signals of its
own, which could conflict with the
outputs of the active channel in the
added device. The VL82C37A responds
to the DREQ and DACK signal, but all
other outputs except HRQ are disabled.

Figure 8 shows two devices cascaded
into a primary device using two of the
previous channels. This forms a two-
level DMA system. More VL82C37A's
could be added at the second level by
using the remaining channels of the first
level. More devices can also be
cascaded into the channels of the
second-level devices, forming a third
level.

TRANSFER TYPES

Each of the three modes of active
transfer can perform three different
types of transfers: read, write and
verify. Write transfers move data from
an I/O device to the memory by activat-
ing ~-MEMW and -IOR; read transfers
move data from memory to an /O
device by activating -MEMR and —IOW.

Verify transfers are pseudo routines:
the VL82C37A DMA Controller operates
as in read or write transfers generating
addresses, and responding to —~EOP,

and other operations.The memory and
1/O control lines remain inactive. The
verify mode is not permitted during
memory-to-memory operation.

To perform block moves of data from
one memory address space to another
with a minimum of programming, the
VL82C37A includes a memory-to-
memory transfer feature. Programming
a bit in the Command Register selects
channels 0 and 1 to operate as memory-
to-memory transfer channels. The
transfer is initiated by setting the
software DREQ for channel 0. The
VL82C37A requests a DMA device as
usual. After HLDA is truse, the device,
using eight-state transfers in block
transfer mode, reads data from the
memory. The channel 0 Current
Address Register is the source for the
address, and is decremented or
incremented as usual. The data byte
read from the memory is then stored in
the VL82C37A internal Temporary
Register. Channel 1 writes the data
from the Temporary Register to memory
using the address in its Current Address
Register and incrementing or decre-
menting it as usual. The channel 1
current word count is decremented.
When the word count goes to FFFFH, a
TC is generated causing an —EOP
output terminating the service.

Channel 0 may be programmed to hold
the same address for all transters, which
permits a single word to be written to a
block of memory.

The VL82C37A responds to external
~EOP signals during memory-to-
memory transfers. In block search
schemes data comparators may use this
input cn finding a match. The timing of
memory-to-memory transfers is shown
in Figure 10. Memory-to-memory
operations can be detected as an active
AEN signal with no DACK outputs.

A channel may be set up to auto-
initialize by setting a bit in the Mode
Register. During initialization, the
aoriginal values of the Current Address
and Current Word Count Registers are
automatically restored from the Base
Address and Base Word Count Regis-
ters of that channel following —~EOP.
The base registers and the current
registers are loaded at the same time.
They remain unchanged thoughout the

DMA service. The mask bit is not set
when the channel is in auto-initialize.
Following auto-initialize, the channel is
prepared to perform another DMA
service, without CPU action, as soon as
a valid DREQ is detected.

The VL82C37A has two types of priority
encoding available as software-se-
lectable options. The fixed priority
option sets the channels in priority order
based upon the descending value of
their number. The channel with the
lowest priority is 3, then 2,1 and the
highest priority channel is 0. After
recognizing any one channel for service,
the other channels are prevented from
interferring with that service until it is
completed.

In the rotating priority option, the last
channel to get service becomes the
lowest priority channel with the others
rotating in order.

Rotating priority allows a single chip
DMA system. Any device requesting
service is guaranteed to be recognized
after no more than three higher priority
services have occurred. This prevents
any one channel from dominating the
system.

To achieve even greater throughput
where system characteristics permit, the
VL82C37A DMA Controller can com-
press the transfer time to two clock
cycles. State S3 is used to extend the
access time of the read pulse. By
removing state S3, the read pulse width
is made equal to the write pulse width,
and a transfer consists only of state S2
to change the address and state S4 to
perform the read/write. S1 state still
occurs when A8-A15 need updating
(see the Address Generation section.)

To reduce pin count, the VL82C37A
multiplexes the eight higher order
address bits on the data lines. State St
is used to output the higher order
address bits to an external latch, where
they may be placed on the address bus.
The falling edge of the Address Strobe
(ADSTB) is used to load these bits from
the data lines to the latch. Address
Enable (AEN) is used to enable the bits
onto the address bus through a three-
state enable. The lower order address
bits are directly sent by the VL82C37A .
Lines AQ-A7 are connected to the
address bus.
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During block and demand transfer mode
services, including multiple transfers, the
addresses generated will be in order.
During a large number of transfers the
data held in the external address latch
will not change. This data will change
when a carry or borrow from A7 to A8
takes place in the normal order of
addresses. To expedite transfers, the
VL82C37A DMA Controller executes S1
states only when needed to update A8-
A15 in the latch. For long services, S1
states and address strobes may occur
only once every 256 transfers, a savings
of 255 clock cycles for each 256
transfers.

REGISTER DESCRIPTION

Current Address Register: Each channel
has a 16-bit Current Address Register.
This register holds the value of the
address used during DMA transfers.
The address is automatically incre-
mented or decremented after each
transfer and the intermediate values of
the address are stored in the Current
Address Register throughout the
transfer. The microprocessor reads this
register in successive 8-bit bytes. It may
also be reinitialized by an auto-initialize
fo its original value which takes place
only after an ~EOP.

Current Word Register: Each channel
has a 16-bit Current Word Count
Register that determines the number of
transfers to be performed. The actual
number of transfers is one more than
the number programmed in the Current
Word Count Register; programming a
count of 100 will result in 101 transfers.
The word count is decremented after
each transfer; the intermediate value of
this word count is stored in the register
during the transfer. When the value in
the register goes from 0 to FFFFH, a TC
is generated. The register is then
loaded or read in successive 8-bit bytes
by the microprocessor in the program
condition. Following the end of a DMA
service, it may also be reinitialized by an
auto-initialization to its original value
which occurs only on -EOP. If it is not
auto-initialized, this register has a count
of FFFFH after TC.

Base Address and Base Word Count
Registers: Each channel has a pair of
16-bit Base Address and Base Word
Count Registers that store the original
value of their associated current

registers. Throughout auto-initialization
these values are used to restore the
current registers to their original values.
The base registers are written at the
same time with their corresponding
current register in 8-bit bytes in the
program condition by the microproces-
sor. These registers cannot be read by
the microprocessor.

Command Register: This 8-bit register
controls the operation of the VL82C37A,
is programmed by the microprocessor in
the program condition and is cleared by
reset or a master clear instruction.
Figure 2 lists and describes the function
of the command bits.

Mode Register: All channels have a 6-bit
Mode register. When the register is
being written to by the microprocessor in
the program condition, bits 0 to 1
determine which channel the Mode
Register is to be written.

Request Register: The VL82C37A can
responds to requests for DMA service
that are initiated by software as well as
by a DREQ signal. Each channel has a
request bit associated with it in the 4-bit
Request Register. These are non-
maskable and can be prioritized by the
priority encoder network.

Each register bit is set or reset sepa-
rately under software control, or is
cleared upon generation of a TC or
external —=EOP. The entire register is
cleared by a Reset. To setorreset a
bit, the software loads the correct form
of the data word. Table 2 shows
register address coding. To make a
software request, the channel must be in
block mode.

Mask Register: Each channel has an
associated mask bit that can be set to
disable the incoming DREQ signal. A
mask bit is set when its associated
channel produces an —EOP, if the
channel is not programmed for auto-
initialize. Any bit of the 4-bit Mask
register may also be set or cleared
separately under software control. The
entire register is set by a reset, which
disables all DMA requests until a clear
Mask Register instruction allows them to
occur. This instruction to separately set
or clear the mask bits is similar in form
to that used with the Request Register.

Status Register: The Status Register is
available to be read out of the
VL82C37A DMA Controller by the
microprocessor and contains information
about the status of the devices at this
point. This information includes which
channels have reached a terminal count
and which channels have pending DMA
requests.

Bits 0-3 are set eachtime a TC is
reached by that channel or an external
-EOP is applied and are cleared upon
reset and on every status read. Bits 4
through 7 are set whenever their
corresponding channel is requesting
service.

Temporary Register: The Temporary
Register is used to hold data during
memory-to-memory transfers. The last
word moved can be read by the micro-
processor in the Program Condition
following the completion of the transfers.
The Temporary Register always
contains the last byte transferred in the
previous memory-to-memory operation,
unless cleared by a reset.

Software Commands: These additional
special software commands can be
executed in the program condition and
do not depend on any specific bit pattern
on the data bus.

The clear first/last flip-flop command is
executed prior to writing or reading new
address or word count information to the
VL82C37A. This initializes the flip-flop
to a known state so that subsequent
accesses to register contents by the
microprocessor will address upper and
lower bytes in the correct sequence.

The Master Clear software instruction
has the same effect as the hardware
reset. The Command, Status, Request,
Temporary, and Internal First/Last Flip-
Flop Registers are cleared and the Mask
Register is set. The VL82C37A enters
an idle cycle.

The Clear Mask Register command
clears the mask bits of all four channels,
enabling them to accept DMA requests.

PROGRAMMING

The VL82C37A DMA Controller accepts
programming from the host processor
any time that HLDA is inactive, even i
the HRQ signal is active. The host must
assure that programming and HLDA are

519



® VLSI TECHNOLOGY, INC.

VL82C37A

mutually exclusive. A problem can
occur if a DMA request occurs, on an
unmasked channel while the VL82C37A
is being programmed.

For example, the CPU may be starting
to reprogram the two-byte Address
Register of a channel when that
channel receives a DMA request. if the

VL82C37A is enabled (bit 2 in the
command register is 0) and that
channel is unmasked, a DMA service
will occur after one byte of the Address
Register has been reprogrammed. This
can be avoided by disabling the
controller - setting bit 2 in the command
register - or masking the channel before

programming another registers. Once
the programming is complete, the
controller can be enabled (unmasked).

After power-up all internal locations,
including the Mode registers, should be
loaded with a valid value. This should
be done to unused channels as well.

APPLICATION

Figure 1 shows a convenient method for
configuring a DMA system with the
VL82C37A DMA Controller and an
8080A/8085AH microprocessor system.
Whenever there is at least one valid
DMA request from a peripheral devics,
the multimode VL82C37A DMA Control-
ler issues a HRQ to the processor.

FIGURE 1. SYSTEM INTERFACE

When the processor replies with a HLDA
signal, the VL82C37A takes control of
the address, data, and control buses.
The address for the first transfer
operation is output in two bytes - the
least significant eight bits on the eight
address outputs, and the most signifi-
cant eight bits on the data bus. The
contents of the data bus are then

latched into the 8282 8-bit latch to
complete the full 16 bits of the address
bus. The 8282 is a high-speed, 8-bit,
three-state latch in a 20-pin DIP
package. After the initial transfer takes
place, the latch is updated only after a
carry or borrow is generated in the least
significant address byte. Four DMA
channels are available when one
VL82C37A DMA Controller is used.

ADDRESS BUS A0-A15 >
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AB-A15
P>o——»d-0E
8282
sTB
> 8-BIT LATCH
AC-A15 Y
BUSEN AEN AO-A3 Ad-A7 -CS  ADSTB {\
HLDA .
¥) HLDA VL82C37A DBO-
HOLD DB?
< HRQ RESET -MEMW -IOW  DACK0-3
cPU ok |-wemal —ior | bRECO-3 l
f QO QO O 4 4
CcLOCK
RESET
-MEMR p S
\
-MEMW [o » | conTROL
1,
—oR jo— 4 »| B8
-ow p ) >
DBO-DB?

SYSTEM DATA BUS
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FIGURE 2. COMMAND REGISTER

7 6 5 43 2 1

LE T T 1T

FIGURE 3. MODE REGISTER

7 6 5§ 43 21

LLLT 1]

-0 X =0 - O > = O

X0

- O

< BIt
9 Number

Memory-to-memory disable
Memory-to-memory enable

Channel 0 address hold disable
Channel 0 address hold enable

lfbit0=0

Controller enable
Controller disable

Normal timing
Compressed timing
lfbit0 =1

Fixed priority
Rotating priority

Late write selection
Extended write selection
libit3 =1

DREQ sense active high
DREQ sense active low

DACK sense active low
DACK sense active high

0 +—— Bit

Number

Channel 0 Selsct
Channel 1 Select
Channel 2 Select
Channel 3 Select

Verify transfer
Write transfer
Read transfer
lllegal

If bits 6 and 7 = 11

Autoinitialization disable
Autoinitialization enable

Address increment select -

Address decrement select

Demand mode select
Single mode select
Block mode select
Cascade mode select
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FIGURE 4. REQUEST REGISTER

7 6 54 3 21 0 ¢—-

L1 d

[T 1P

I
Don't
care

L

FIGURE 5. STATUS REGISTER

Bit

Number
00 Select channel 0
01 Select channel 1
10 Select channel 2
11 Select channel 3
0 Reset request bit
1 Set request bit

FIGURE 6. MASK REGISTER (SELECT MODE)

7 6 5§ 432 10<¢—

Lt [ 11

[ [

00

— ¢

1

0
1

Bit

Number

Select channel 0 mask bit
Select channel 1 mask bit
Select channel 2 mask bit
Select channel 3 mask bit

Clear mask bit
Set mask bit

FIGURE 7. MASK REGISTER (MASK MODE)

Bit Bit
76 5§ 43 2 1 0‘_Number 7 6 5 43 21 0‘_Number
HEEEERER (TTTTTTT]
l L— 1 Channel 0 has reached TC T | 0 Clear channel 0 mask bit
1 Channel 1 has reached TC Don't 1 Setchannel 0 mask bit
1 Channel 2 has reached TC caré
1 Channel 3 has reached TC 0 Clear channel 1 mask bit
1 Setchannel 1 mask bit
1 Channel 0 request
1 Channel 1 request 0 Clear channel 2 mask bit
1 Channel 2 request 1  Setchannel 2 mask bit
1 Channel 3 request
0 Clear channel 3 mask bit
1 Set channel 3 mask bit
TABLE 2. REGISTER CODES
Signals
Register Operation -CS -IOR -IOW A3 A2 A1 A0
Command Write 0 1 0 1 0 0 0
Mode Write 0 1 0 1 0 1 1
Request Write 0 1 0 1 0 0 1
Mask Set/Reset 0 1 0 1 0 1 0
Mask Write 0 1 0 1 1 1 1
Temporary | Read 0 0 1 1 1 0 1
Status Read o] 0 1 1 0 0 0
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TABLE 3. SOFTWARE COMMAND CODES

Signals
A3 A2 A1 A0 -lor | -ow Operation
1 0 0 0 o] 1 Read Status Register
1 0 0 0 1 0 Wirite Command Register
1 0 0 1 0 1 lllegal
1 0 0 1 1 0 Write Request Register
1 0 1 0 o] 1 lllegal
1 0 1 0 1 0 Write Single Mask Register Bit
1 0 1 1 (o] 1 legal
1 0 1 1 1 0 Write Mode Register
1 1 0 0 0 1 lllegal
1 1 0 0 1 0 Clear Byte Pointer Flip/Flop
1 1 0 1 0 1 Read Temporary Register
1 1 0 1 1 0 Master Clear
1 1 1 0 0 1 lllegal
1 1 1 0 1 0 Clear Mask Register
1 1 1 1 0 1 lllegal
1 1 1 1 1 0 Write All Mask Register Bits

FIGURE 8. CASCADED VL82C37A CONTROLLERS

2ND LEVEL
VL82C37A
MICROPROCESSOR ISTLEVEL
<«—| HRQ DREQ |+
» HLDA DACK >
VL82C37A
DREQ | HRQ
DACK » HLDA
INITIAL DEVICE VL62GaTA
ADDITIONAL DEVICES
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TABLE 4. WORD COUNT AND ADDRESS REGISTER COMMAND CODES

. Signals Internal Data Bus
Channel Register Operation "
9 S -lOR -JOW A3 A2 A1 A0 | Flip-Flop |DBO-DB7
0 Base and Current Address Write 0 1 0 0 0 0 0 0 A0-A7
0 1 0 0 0 0 0 1 A8-A15
Current Address Read 0 0 1 0 0 0 0 0 A0-A7
0 0 1 0 0 0 0 1 AB-A15
Base and Current Word Count| Write 0 1 0 0 0 0 1 0 Wo-W7
0 1 0 0 0 0 1 1 W8-Wi5
Current Word Count Read 0 0 1 0 0 0 1 0 Wo-W7
0 0 1 0 0 (] 1 1 W8-Wis
1 Base and Current Address Write 0 1 0 0 0 1 0 0 A0-A7
0 1 0 0 0 1 0 1 A8-A15
Current Address Read 0 0 1 0 0 1 0 0 A0-A7
0 0 1 0 0 1 [} 1 A8-A15
Base and Current Word Count|]  Write 4] 1 0 0 0 1 1 0 Wo-W7
0 1 0 0 0 1 1 1 Ws-Wi5
Current Word Count Read 1] 0 1 0 0 1 1 0 Wo-w7
0 0 1 0 0 1 1 1 W8-W1s
2 Base and Current Address Write 0 1 0 0 1 0 0 0 A0-A7
0 1 0 0 1 ] 0 1 A8-A15
Current Address Read 0 0 1 0 1 0 0 0 A0-A7
0 0 1 0 1 0 0 1 A8-A15
Base and Current Word Count]  Write 0 1 0 0 1 0 1 0 Wo-w7
0 1 0 0 1 0 1 1 W8-Wis
Current Word Count Read 0 0 1 0 1 0 1 0 Wo-W7
0 0 1 0 1 0 1 1 W8-W15
3 Base and Current Address Write 0 1 0 0 1 1 0 0 AO-A7
0 1 0 0 1 1 0 1 AB-A15
Current Address Read - 0 0 1 0 1 1 0 0 A0-A7
0 0 1 0 1 1 0 1 A8-A15
Base and Current Word Count{ Write 0 1 0 0 1 1 1 0 Wo-W7
0 1 0 0 1 1 1 1 Ws8-W15
Current Word Count Read 0 0 1 0 1 1 1 0 Wo-w7
0 0 1 0 1 1 1 1 W8-Wis
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TABLE 5. DMA MODE AC CHARACTERISTICS

Symbol Parameter Vl:82C37A-04 VL'82C37A-05 VL.82037A-08 Unit
Min Max Min Max Min Max
TAEL AEN High from CLK Low (S1) Delay Time 225 200 105 ns
TAET AEN Low from CLK High (S1) Delay Time 150 130 80 ns
TAFAB| ADR Active to Float Delay from CLK High 120 90 55 ns
TAFC Read or Write Float from CLK High 120 120 75 ns
TAFDB| DB Active Float Delay from CLK High 190 170 135 ns
TAHR | 'ADR from Read High Hold Time TCY-100 TCY-100 TCY-75 ns
TAHS DB from ADSTB Low Hold Time 40 30 20 ns
TAHW |  ADR from Write High Hold Time TCY-50 TCY-50 TCY-50 ns
DACK Valid from CLK Low Delay Time (Note 7) 220 170 105 ns
TAK —~EOP High from CLK High Delay Time (Note 10) 190 170 105 ns
~EOP Low from CLK High Delay Time 190 170 105 ns
TASM ADR Stable from CLK High 190 170 105 ns
TASS DB to ADSTB Low Setup Time 100 100 65 ns
TCH Clock High Time (Transitions < 10 ns) 100 80 55 ns
TCL Clock Low Time (Transitions < 10 ns) 110 68 43 ns
TCY CLK Cycle Time 250 200 125 ns
TDCL | CLK High to Read or Write Low Delay (Note 4) 200 190 120 ns
TDCTR| Read High from CLK High (S4) Delay Time (Note 4) 210 190 115 ns
TDCTW  Write High from CLK High (S4) Delay (Note 4) 150 130 80 ns
TDQ1 . ) 120 120 75 ns
HRQ Valid from CLK High Delay Time (Note 5)
TDQ2 190 120 75 ns
TEPS | —EOP Low from CLK Low Setup Time 45 40 25 ns
TEPW | —EOP Pulse Width 225 220 135 ns
TFAAB| ADR Float to Active Delay from CLK High 190 170 100 ns
TFAC Read or Write Active from CLK High 150 150 90 ns
TFADB| DB Float to Active Delay from CLK High 225 200 110 ns
THS HLDA Valid to CLK High Setup Time 75 75 45 ns
TIDH Input Data from —-MEMR High Hold Time 0 0 0 ns
TIDS Input Data to -MEMR High Setup Time 190 170 a0 ns
TODH Output Data from -MEMW High Hold Time 20 10 10 ns
TODV | Output Data Valid to -MEMW High 125 125 20 ns
TQS DREQ to CLK Low (S1,S4) Setup Time 0 0 0 ns
TRH CLK to READY Low Hold Time 20 20 20 - ns
TRS READY to CLK Low Setup Time 60 60 35 ns
TSTL ADSTB High from CLK High Delay Time 150 130 110 ns
TSTT ADSTB Low from CLK High Delay Time 110 20 65 ns

Explanatory notes follow DC Characteristics Table.
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FIGURE 9. DMA TRANSFER TIMING (SEE TABLE5.)
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FIGURE 10. MEMORY-TO-MEMORY TRANSFER TIMING (SEE TABLE 5)
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TABLE 6. PERIPHERAL MODE AC CHARACTERISTICS
VL82C37A-04 VL82C37A-05 VL82C37A-08 Unit
Symbol Parameter Min Max Min Max Min Max
TAR ADR Valid or —CS Low to Read Low 50 50 30 ns
TAW ADR Valid to Write High Setup Time 150 130 80 ns
TCW CS Low to Write High Setup Time 150 130 80 ns
TDW Data Valid to Write High Setup Time 150 130 80 ns
TRA ADR or CS Hold from Read High ] 0 0 ns
TRDE Data Access from Read Low (Note 3) 200 140 120 ns
TRDF DB Float Delay from Read High 20 100 0 70 0 70 ns
TRSTD Power Supply High to RESET Low Setup Time 500 500 500 ns
TRSTS RESET to First ~IOW 2TCY 2TCY 2TCY ns
TRSTW | RESET Pulse Width 300 300 300 ns
TRW Read Width 250 200 155 ns
TWA ADR from Write High Hold Time 20 20 10 ns
TWC CS High from Wiite High Hold Time 20 20 10 ns
TWD Data from Write High Hold Time 30 30 20 ns
TWWS Write Width 200 160 100 ns
Explanatory notes follow DC Characteristics Table.
FIGURE 11. SLAVE MODE WRITE TIMING (SEE TABLE 6)
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FIGURE 12. SLAVE MODE READ TIMING (SEE TABLE 6)
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FIGURE 13. READY TIMING (SEE TABLE 5)
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FIGURE 14. COMPRESSED TRANSFER TIMING (SEE TABLE 5)
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FIGURE 15. RESET TIMING (SEE TABLE 6)
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ABSOLUTE MAXIMUMRATINGS

Supply Voltage -05t07.0V
Input Voltage -05t055V
Output Voltage -05t0 55V

Operating Temperature 0 °C to +150°C
Storage Temperature ~65°C to +150°C

Stresses above those listed under
"Absolute Maximum Ratings" may cause
permanent damage to the device. This
is a stress rating only and functional
operation of the device at these or any

other conditions above those indicated
in the operational sections of this
specification is not implied. Exposure to
absolute maximum rating conditions for
extended periods may affect device
reliability.

DC CHARACTERISTICS:
Symbeol Parameter Min Typ (1) Max Unit Test Conditions
VOH Output High Voltage 24 . v IOH - 20002
33 v IOH = =100 pA (HRQ Only)
VoL Output Low Voltage 450 m :8:: : :252 22 Eg:;::rb:lill;[sz)o(g)
IOL = 2.5 mA (ADSTB) (8)
VIH Input High Voltage 22 vee+05| v
ViL Input Low Voltage -0.5 0.8 '
ILI Input Load Current +10 HA 0VsVIN<VCC
ILo Output Leakage Current +10 HA 0.45 V< VOUT < VCC
IcCC VCC Supply Current 30 "mA Clk. Freq. = 5 MHz, 8MHz
Co Qutput Capacitance 4 8 pF
c1 Input Capacitance 8 15 pF fC = 1.0 MHz, Inputs = 0V
Ci0 1/0 Capacitance 10 18 pF

AC and DC Characteristics Notes:

1. Typical values are for TA = 25°C, nominal supply voltage, and nominal processing paramsters.

2. Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input and
output signals are 2.0 V for high and 0.8 V for low, unless otherwise noted.

3. Output loading is 1 TTL gate plus 150 pF capacitance, unless otherwise noted.

4. The net ~-IOW or ~-MEMW pulse width for normal write will be TCY-100 ns and for extended write will be
2TCY-100 ns. The net —lOR or -MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read

will be TCY-50 ns.

5. TDQ is specified for two different output high levels: TDQ1 is measured at 2.0 V, TDQ2 is measured at 3.3 V. The
value for TDQ2 assumes an external 3.3 Kohm pull-up resistor connected from HRQ to VCC.

6. DREQ should be held active until DACK is returned.
7. DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode.

8. Successive read and/or write operations, by the external processor, to program or examine the controller must be
timed 1o allow at least 400 ns forthe VL82C37A-05 and at least 250 ns forthe VL82C37A-08, as recovery time between

active read or write pulses.

9. —EOP is an open-collector output. This parameter assumes the presence of a 2.2 kQ pull-up resistor to VCC.
10. Pin 5 is an input that should always be at a logic high level. An internal pull-up resistor will establish a logic high

when the pin is left floating. It is recommended, however, that pin 5 be tied to VCC.
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FEATURES

* Full-function, single-chip interface to
Parallel System Bus (iPSB)

* Implements full message-passing
protocol on iPSB bus

 Offloads managing iPSB bus
arbitration, transfer and exception
cycles from local CPU ’

» Maximizes performance on iPSB bus
and local on-board bus

 Simplifies highly functional
interconnect space implementations
for both local and iPSB buses

* Processor-independent interface to
iPSB bus

« Supports co-existence of dual-port
and message-passing architectures

MESSAGE-PASSING COPROCESSOR

DESCRIPTION

The VL82C389 Message-Passing
Coprocessor (MPC) provides a high-
integration interface solution for the
Parallel System Bus (iPSB) of the
Multibus Il architecture. The device
integrates the logic necessary to
implement a full bus interface solution,
including support for message passing
and interconnect spaces, as well as
memory and /O references on the iPSB
bus. In addition, the MPC is designed to
simplify implementation of dual-port
memory functions for those designs
that must co-exist with message
passing.

The message address space in the
Mutltibus Il architecture has been
defined to provide a high-performance
interprocessor communication mecha-
nism for multiprocessor systems. By
performing the message space inter-
face, the VL82C389 MPC offloads the
interprocessor communication tasks
from the local on-board CPU, which
decouples the local bus activities from

MULTIBUS® II

the iPSB bus activities. Decoupling
these two functions eliminates an
interface bottleneck present in traditional
dual-port architectures. The bottleneck
is a result of having a dual-port architec-
ture that requires a tight coupling
between a processor and some shared
memory resource of limited size.
Unfortunately, as the number of
processors increases, the dual-port
structure degrades system performance
even more dramatically.

Using the MPC component to decouple
these resources yislds several enhance-
ments to system performance. For
example, resources on the local
processor bus and Parallel System Bus
are not held in wait states while arbitra-
tion for other resources is performed. In
addition, each transfer can occur at the
full bandwidth of the associated bus.
The benefit of this is the increased
overall system performance that results
from processors being able to process
other tasks in parallel, with message
transfers being handled by the MPC
component.

BLOCKDIAGRAM ORDER INFORMATION
LOCAL BUS INTERFACE Part
Number Package
LOCAL BUS VL82C389-GC Ceramic Pin
BUFFERS AND Grid Array
CONTROL (PGA)
TR LTS Note: Operating temperature range is

g

N7

Y

0°C to +70°C

INTERCONNECT MEMCRY, VO AND MESSAGE
REGISTERS AND INTERCONNECT BUFFERS AND
OPERATION REFERENCE CONTROL
INTERCONNECT CONTROL CONTROL
BUS SPACE
INTERFACE 4 DUAL-PORT
INTERNAL iPSB BUS MEMORY
{ k CONTROL
INTERFACE
ARBITRATION
TRANSFERAND | BUAL
EXCEPTION CONTROL
CONTROL

@ iPSB BUS INTERFACE

® Multibus is a registered trademark of Intel Corp.
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PIN DIAGRAM
CERAMIC PIN GRID ARRAY (PGA)
1 2 3 4 5 & 7 8 9 10 1 12 13 14 15
N

/ D2 D7 D9 Di2 D14 D17 D20 D23 D26 D28 D3 D31 IAD?

A @148 @145 @143 @141 ©138 134 @133 @129 @125 @126 @121 @120 E118 @115 @111
A5 DI D3 Ds D8 DIt D13 D6 D19 D2 D25 D27 D20 IAD5 IAD6

B @4 @147 @144 @142 139 136 @135 @128 @124 @122 @119 @116 @114 @110 @107
BE3 A4 VSS D5 VSS D10 VCC DI5 D18 D21 D24 VSS IAD3 IAD4 -WR

c ©E7 @3 @149 146 @140 @137 @131 ©130 @127 @123 @117 @113 @100 @106 (©)103
-BE2 A3 A2 VCC vss VCC  1AD1  1AD2  —RD

D @2 @5 ®2 @1 @132 ©@112 @108 @104 ©)102
-REGSEL -BE1 -BEO IADO  IAST -IREQ

E @12 @8 @s @©105 @101 (@100
IDREQ -MEMSEL ~1OSEL VSS -BADO -BAD1

F ©1s @11 E10 @9 @8 @6
ODREQ -IDACK-ODACK -BAD2 -BAD3 -BAD4

G @1 @13 @14 E@» @9 @
-RD  -WR -WAIT -BADS5 -BAD6 -BADY

H @18 @17 @19 TOP VIEW @2 @9 @2
MINT -LOCK VsS -BAD8 —BADS -BAD10

J @21 @2 @8 @8 @En
ENT -ERR —COM VSS -BAD11-BAD12

K @2 @2 @E= @8 @8 (@89
-SEL -BSCO -BSC1 -BAD13-BAD14-BAD15

L @2 @z @31 @8 @2 @ss

-BsC2 -BSC3 -BSC4 VCC

@2 % @ E=

VCC -BAD16-BAD17-BAD18

@7 @7 @7 @83

-BSCY SCDIR0 -BSC5 VSS -~ARB5 VSS -REFADR VCC  VSS -BPARO VSS -BAD27 VSS -BAD19-BAD20
©E2 E2 @33 @ @4 @47 @51 @56 @57 @2 @5 71 @72 @77 @st
-BSC6 -BSC7 -ARB1 -ARB3 -ARB4 -BREQ-BUSERRLACHN -BPAR3 ~-BPAR1-BAD30-BAD28-BAD25-BAD23 -BAD21
©1 @1 E4 @2 @5 @48 @0 @5 @0 @6 Es @67 @ @72 E7
-BSC8 SCDIR1 ~ARBO —ARB2 -RSTNC ADDIR TIMOUT BBCLK RESET -BPAR2-BAD31-BAD29-BAD26-BAD24-BAD22

7 % E# E46 9 @52 E8 @5 @8 En8 @ Es @8 70 @7

FUNCTIONAL DESCRIPTION

Arbitration, Transfer,and Exception
Cycle Protocol Support

The message-passing coprocessor
implements the full arbitration, transfer,
and exception cycle protocols required
to interface to the iPSB bus. Arbitration
is supported for both normal fairness
mode and high priority mode.

The MPC performs the handshake
protocols necessary to successfully
complete iPSB transfer operations.

Transfer operations include access to
memory, I/O, message and interconnect
address spaces on the iPSB bus.
During the transfer cycle, the device
generates and checks parity on the
system control (SC) lines and on the
address/data (AD) lines. In addition,
the MPC component recognizes agent
arrors and bus exceptions that are
reported to the local CPU for recovery
action.

INTERFACE DESCRIPTION

This section describes each interface
noted in the block diagram on the front
page. These interfaces include the
local bus, the iPSB bus, the
interconnect bus, and dual-port mem-
ory.

The Local Businterface

The local bus interface is used to
provide a processor-independent path
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from the on-board CPU to the iPSB bus.
This interface supports direct references
(memory, I/0, and interconnect address
spaces) to the iPSB bus, references to
local on-board interconnect space, and
the full protocol for unsolicited and
solicited message operations to and
from the on-board CPU. Within the
MPC component, local bus interface
support consists of three logical
interfaces: register, reference, and
DMA. The register interface is used for
message operations and access to
interconnect address register on-board.
These operations are completed fully
asynchronous to the bus clock or
interconnect bus operations. The
reference interface is used to access
resources asynchronous to the CPU
(local interconnect space and memory, I/
O, and interconnect address spaces on
the iPSB bus). The DMA interface is
used to transfer data for solicited
message operations. This interface is
designed to allow either two-cycle or
single-cycle transfers. Single-cycle
transfers allow direct transfer of data
between the MPC and memory. To
achieve higher performance via single-
cycle transfers, the DMA interface is
optimized for aligned data structures;
however, operation on arbitrary byte
strings is also supported.

IPSB BusInterface

The iPSB bus interface implements a full
32-bit interface to the iPSB bus. This
implementation includes arbitration,
requestor control, replier control, and
error handling functions. As a re-
questor, the MPC component supports
references to memory, /O, and intercon-
nect spaces, as well as message packet
transmission. As a replier, the MPC
supports interconnect space and
message packet reception. In addition,
this interface provides significant
management services for external dual
port memory. These services include:
address recognition, iPSB bus replier
handshake, agent error checking, and
bus parity generation and checking.
Although this device handles the
majority of errors, the dual-port memory
controller is still responsible for genera-
tion and checking of memory data parity
(not bus parity).

Interconnect Bus Support

Simply stated, the interconnect address
space provides a physical rather than
logical addressing mechanism for
software initialization and configuration
of system parameters (reduces jumper
configuration) and system-level diagnos-
tics. The interconnect bus provides a
simple 8-bit path between the MPC and
a user-defined design for the implemen-
tation of interconnect space. All
references to interconnect space (either
from the local bus or the iPSB bus) are
routed through this path for service. In
addition, this interconnect bus can be
used for such non-reference-related
activities as diagnostics. An example of
a highly functional interconnect space
implementation by the microcontroller
implementation of Intel's iISBC 386/100.
Further details of this implementation
are available in the iSBC 386/100
Hardware Reference Manual (Intel order
number: 146705-001).

Dual-Port Memory Support

Although the MULTIBUS I architecture
has defined the message address space
for optimized performance of inter-
processor communication, more
traditional designs can use dual-port
memory implementations. The iPSB
bus interface has been defined to allow
co-existence of dual-port memory and
message-passing architectures;
however, it should be noted that the
iPSB bus interface is optimized for
message-passing architectures. The
MPC is designed to support this co-
existence. The device can be configured
to recognize a range of addresses in
memory space and act as an iPSB bus
replier when appropriate. If an address
match is detected, the MPC signals the
external dual-port memory controller of
the request. While the MPC provides an
error detection and recovery mechanism
for most agent errors and bus excep-
tions in a dual-port design, it is still the
responsibility of the dual-port memory
controller to generate and check
memory data parity.

Single-Board Computer Configuration
The message passing coprocessor
component provides a processor-
independent iPSB bus interface solution
for intelligent SBC boards. Examples
include CPU boards, intelligent periph-
eral controllers, file servers, intelligent

data communications controllers, and
graphics/image processors. This
component is optimized for bus master
or intelligent slave designs. Using the
MPC reduces overall board real estate
required for the iPSB bus interface. The
MPC improves system reliability by
performing the error checking and
reporting protocols defined in the iPSB
bus interface specification.

Message Support

The MPC provides full support for
unsolicited and solicited messages. For
solicited messages, the MPC supports a
one-message-deep transmit FIFO and a
four-message-deep receive FIFO. For
solicited messages, the MPC supports
one output channel and one input
channel. Each channel has two packet
buffers to allow pipelined operations on
the local and iPSB buses. These
features provide the required level of
support necessary to implement the
high-bandwidth message-passing facility
defined in the Multibus Il architecture.

Unsolicited Massage Support
Unsolicited message support in the
MPC is provided on the local bus via a
register interface and on the iPSB bus
with a packet transfer mechanism. An
unsolicited message is initiated by the
sending host CPU transferring a
message to its local MPC. The transfer
is performed as a series of register
operations to the transmit FIFO. An un-
solicited message may be from 4 to 32
bytes in length in four-byte increments.

Once the unsolicited message is
transferred to the MPC, the sending
host is free to discard the message in
memory and process another task if it so
chooses. In parallel, the MPC requests
access to the iPSB bus for the pending
transfer. Once the iPSB bus is obtained,
the sending MPC transfers the mes-
sage, as a single packet, to the recsiv-
ing agent.

The receiving agent recognizes the
incoming packet by its destination
address field. If the MPC on the
receiving agent detects a match
between its message host ID and the
destination address field, the packet is
stored in a buffer and checks for error
conditions. Any errors found are
signaled to the sending MPC via the
iPSB bus protocol.
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Assuming the packet received is error-
free, the receiving host CPU is informed
of the message via an interrupt signal
generated by the MPC. The host
responds to this interrupt by performing
a series of register operations to
retrieve the message from the receive
FIFO.

If an error occurs during the transfer of
an unsolicited message over the iPSB
bus, the sending MPC takes recovery
action. If the error is a NACK, the MPC
retries the message a predetermined
number of times. All other errors are
reported back to the sending host CPU
for recovery actions. The host CPU is
signaled via an interrupt and can
retrieve the unsolicited message, with
error status, through the error FIFO.
Again, this operation is performed with
a series of register operations.

Solicited Message Support

Solicited message transfers can be
divided into three basic phases: nego-
tiation, data transfer, and completion.
The negotiation phase of the solicited
transfer requires the exchange of two
special unsolicited messages between
the sending and receiving agents. The
buffer request message is transferred
from the sending agent to the receiving
agent and the buffer grant is returned
from the receiving agent to the sending
agent. The MPC supports the transfer
of these messages with the standard
transfer protocol on the iPSB bus as
previously described for the typical
unsolicited message.

A solicited message transfer is initiated
by the sending host CPU writing a
buffer request message to the sending
MPC transmit FIFO. The sending MPC
recognizes the message as a buffer
request and saves the following infor-
mation. The destination and source
addresses are saved for use in the data
transfer phase. The request ID is saved
for identification during completion or
cancel operations. The transfer length is
saved to determine the end of transfer
and may contain any number of bytes.

The MPC pads the transfer to an even
four-byte increment on the iPSB bus.

The sending MPC then assigns a
sender liaison ID and transfers the
buffer request message packet on the
iPSB bus. The sender liaison ID is used
to bind the buffer grant ( or reject ) to its
cotresponding buffer request when it is
received back at the sending MPC. This
allows the protocol to be extended to
multiple concurrent transfers in the
future. "

The transfer phase is handled by the
sending and receiving MPCs and their
DMA controllers. Neither host CPU is
involved in the transfer, and each may
be processing other tasks during the
transfer. At the sending agent, the
transfer phase slightly overlaps the
negotiation phase. As soon as the
buffer request packet is sent error-free
on the iPSB bus, the sending MPC pre-
fetches up to two packets of data and
prepares for transmission. Upon
receiving the buffer grant and storing
the necessary parameters, the data
packet transfer is initiated. Data packets
are then sent on the iPSB bus using
full-bandwidth block transfers, at
intervals defined by the duty cycle
parameters, until the transfer is com-
plete. The end of transfer is signaled to
the receiving MPC by the last data
packet. A solicited transfer may consist
of from one to 32 packets. Packets are
bound to 32 bytes plus header, with
total transfers limited to 16M bytes.

At the receiving agent, the transfer
phase begins after a buffer grant packet
has been sent error-free on the iPSB
bus. The receiving MPC then detects
data packets, verifies the liaison ID, and
stores the data. If the solicited input
channel is not active (e.g., due to local
cancel) or the liaison ID does not
match, an agent error is signaled on the
iPSB bus. Errors during the transfer
phase are rare. Flow control using the
duty cycle parameter prevents NACK
problems, and the receiver has re-
sponded with a buffer grant guarantee-
ing its existence and ability to perform

the transfer. In the rare case that an
error does occur, the MPC provides a
retry algorithm for NACKs and reports
exceptions or other agent errors
immediately. The error is signaled to
the host CPU by entering the comple-
tion phase. Errors generate an interrupt
and provide error status.

The completion phase consists of a
signal from the MPC to its correspond-
ing host CPU. The signal consists of an
interrupt followed by a series of register
operations on the local bus. In all
cases, the completion operation clears
all states associated with the solicited
operation in the MPC, allowing another
operation to be initiated.

The MPC guarantees fail-safe operation
for all aspects of the solicited message
transfer, assuming the bus clock
remains active ( if the bus clock fails, all
transfers cease, eliminating the need
for recovery). This capability is provided
by the error detection and reporting
already discussed for bus-related
problems and by two fail-safe counters
that protect against fatal hardware or
software errors on the sending or
receiving agents. Recovery is provided
to free a solicited message resource
that would otherwise be tied up
indefinitely, which eliminates the need
for a fail-safe software timer.

It is important to note that the fail-safe
counters are not intended for normal
flow control. If a receiving host CPU
accumulates a significant queue of
buffer requests from its MPC, it should
use unsolicited messages (and possibly
rejects) to free channels in the system
for other uses. The fail-safe counters
are only intended to replace the need
for a software timer to recover from
otherwise fatal hardware and software
errors.

For a more comprehensive explanation
of the MPC function, please refer to the
Intel document, Multibus Il Message
Passing Coprocessor External Product
Specification ( Engineering Document
Number: 149300-001).
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SIGNAL DESCRIPTIONS

The MPC signals can be classified into five interface groups: the iPSB bus, the dual-port RAM, the local bus, the interconnect bus
and power/ground. This table describes the individual signals for each of these interfaces.

Signal Pin Signal

Name Number Description

~BREQ 48 The bus request is a bidirectional, open-drain signal with high current drive. It connects directly
to the iPSB bus. As an input, it indicates that there are agents awaiting access to the bus. In fair
access mode, this inhibits the MPC from activating its own request. As an output, this signal is
used to request bus access. Further details can be found in the iPSB bus specification.

-ARBO - 44,41, 46,42, The arbitration signals are bidirectional, open-drain signals with high current drive. They connect

~ARB5 45, 43 directly to the iPSB bus.These signals are used during normal operation to identify the mode and
arbitration ID of an agent during arbitration cycles. During system initialization (while reset is
active) , these signals are used to initialize slot and arbitration IDs. Further details are available in
the iPSB , bus specification.

-BADO- 63, 64, 66-73, The address/data signals are bidirectional lines that connect to the iPSB bus —AD signals through

-BAD31 77-83, 85-98 74F245 or equivalent transceivers. Further details are available in the iPSB bus specification.

~-BAD31] -BAD30| -BAD29] -BAD28| -BAD27| -BAD26| -BAD25| -BAD24
63 64 66 67 71 68 69 70

-BAD23| -BAD22} -BAD21} -BAD20} -BAD19| -BAD18| -BAD17| -BAD16
72 73 78 81 77 83 79 76

-BAD15| -BAD14{ -BAD13| -BAD12| -BAD11| -BAD10| -BAD9 | -BADS8
86 82 80 89 85 90 87 88

-BAD7 | -BAD6 | -BAD5 | -BAD4 | -BAD3 | -BAD2 | -BAD1 | -BADO
92 91 93 95 97 94 96 98

-BPARO, 62,61,59,60 The byte parity signals are bidirectional lines that connect to the iPSB bus PAR signals through

-BPAR1, a 74F245 or equivalent transceiver. These signals are used to receive byte parity for incoming

-BPAR2, operations and to drive byte parity for outgoing operations. The MPC is responsible for parity

-BPAR3 generation and checking even if the address/data signals are driven from another source (e.g.,
dual-port memory data, address for reference). Further details are available in the iPSB bus
specification.

ADDIR 52 The AD direction signal is an output used to control the direction of the 74F245 or equivalent
transceivers for the -BADO through -BAD31 and ~BPARO through -BPARS3 signals. Activating this
signal drives data to the iPSB bus.

-REFADR 51 The reference address signal is an output from the MPC used to enable external address buffers for
memory and I/O reference operations. Activating this signal drives the reference address onto the
—BAD bus.

SCDIRO, 32,40 The control/handshake direction signals are outputs used to control the direction of the 74F245 or

SCDIR1 equivalent transceivers for the -BSC signals. The SCDIRO signal is used for -BSCO - ~-BSC3 and
-BSC9. The SCDIR1 signal is used for -BSC4 - —~BSC8. Activating these signals drives data to the
iPSB bus.

-BSCO- 27-31, 33-37 The control/handshake signals are bidirectional lines that connect to iPSB bus —=SC signals through

-BSC9 74F245 or equivalent transcievers. Details on the operation of these signals are available in the

iPSB bus specification.

-BSC9 | -BSC8
29 37
-BSC7 | -BSC6 | -BsC5 | -BSC4 | -BsC3 | -BSC2 | ~BSC1 | -BSCO
36 33 35 34 30 28 31 27
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SIGNAL DESCRIPTIONS (cont.)

Signal
Description

Signal Pin
Name Number
BBCLK 55
TIMOUT 53
LACHN 54
RESET 58
-BUSERR 50
-RSTNG 49
-SEL 26
-COM 31
-ERR 24

DO-D31  114-130, 133-
139, 141-148

The bus clock input signal is a buffered version of the iPSB bus —BCLK signal. It is assumed that a
74AS1804A or equivalent buffer is used. This clock is used for ali synchronous internal MPC timing.

The time-out input signal is used to detect a time out condition signalled by the central services
module (CSM). This signal is connected to the iPSB bus through a 74AS1804A or equivalent buffer.

The latch signal is an input used during initialization of slot and arbitration IDs. When the RESET
signal is active, this signal indicates when slot and arbitration IDs are available. This signal is
connected to the iPSB bus through a 74AS1804A or equivalent buffer. Further details on
initialization are available in the iPSB bus specification.

The RESET signal is an input used to put the MPC in a known state. Only the parts of the MPC
involved with initialization of slot and arbitration IDs remain unaffected. This signal is buffered from
the iPSB bus by a 74AS1804A or equivalent buffer connected to the ~RST signal.

The bus error signal is a bidirectional, open-drain line with high current drive. It connects directly

to the iPSB bus. As an input, it is used to detect bus errors signalled by other agents. As an output
it is used to signal parity errors detected on either the —AD or —SC signal lines, handshake protocol
violations, or for extending exception recovery of a replier.

The reset not complete signal is a bidirectional, open-drain line with high current drive. It connects
directly to the iPSB bus. As an input, this signal inhibits the MPC from initiating iPSB bus
operations. As an output, it is used to prevent iPSB bus operation until an agent is finished with on-
board initialization. This signal is activated by the RESET signal going active. It is deactivated by
the microcontroller after the RESET signal is deactivated and initialization is complete.

The —SEL signal is activated by the MPC to indicate a dual-port access. This signal is used to
initiate the dual-port operation and may be used to enable the dual-port data buffers onto the BAD*
bus. When the MPC completes the iPSB bus handshake on the iPSB bus, or an exception is
detected, this signal deactivates.

The —COM signal is activated by the dual-port memory controller to indicate that it is ready to
complete the operation. This signal is assumed to be synchronous with the bus clock. The MPC
activates replier ready on the iPSB bus on the next bus clock. This signal may not be deactivated
until the EOT handshake is complete on the iPSB bus.

The —ERR signal is activated by the dual-port memory controller to signal a memory data parity
error. It must be stable at all times when the -COM signal is active. The MPC responds to this
signal by completing the replier handshake on the iPSB bus using a "data error” agent error code.
This signal may be asynchronous with the bus clock since it is qualified by the —COM signal.

The data bus is a bidirectional group of signals used to transfer data between the host CPU and the
MPC. Control is provided to allow operation of this bus with 8-, 16-, or 32-bit processors.

D31 D30 D29 D28 D27 D26 D25 D24
115 118 114 120 116 121 119 117
D23 D22 D21 D20 D19 D18 D17 D16
126 122 123 125 124 127 129 128
D15 D14 D13 D12 D11 D10 D9 D8

130 133 135 134 136 137 138 139
D7 Dé D5 D4 D3 D2 D1 Do

141 142 146 143 144 145 147 148

538



® VLSI TECHNOLOGY, INC.
VL82C389

SIGNAL DESCRIPTIONS (cont.)

Signal Pln Signal

Name Number Description

A2, 2,534 The address inputs are used to identify MPC registers for message and interconnect space

A3, operations. Note that A0 and A1 are omitted to provide a consistent register address for all data-
A4, bus width options. These signals are qualified by commands (e.g., -RD or ~WR) in the MPC and
A5 therefore may "glitch” outside the specified set-up and hold window.

-BEO, 6,8,9,7 The byte enable input signals are used to identify the valid bytes and for data path control during
-BEt1, memory and l/O reference operations. Only combinations supported by the iPSB bus specification
-BE2, are valid. These are summarized in the table below. Values not shown are illegal and may result
-BE3 in unpredictable results. These signals are qualified by commands (e.g., =RD or ~WR) in the MPC

and therefore may glitch outside the specified set-up and hold window.

Operation with 32-bit local buses requires all byte enable and data signals to be used. For 16-bit
local buses, the —-BE3 and —BE2 signals are held inactive and only D15-D0 are used. For all cases
a read operation enables all 32 data signals, even if all byte enables are inactive. For 8-bit local
bus operations —BE3 is held active, -BE2 is held inactive, -BE1 is connected to —A0, and -BEO is
connected to AO. This mode uses only D7-DO.

LOCAL BUS IPSB BUS
-BE3 |-BE2 |-BE1 |-BEO {D31- | D23- | D15- | D7- |AD31-|AD23-|AD15-| AD7-
D24 | D16 | D8 DO AD24 |AD16 |AD8 ADO

L L L L V3 V2 \%! Vo V3 V2 Vi Vo
L L L H V3 v2 Vi X V3 V2 V1 X
H L L L X v2 V1 Vo X V2 "2 Vo
L L H H V3 v2 X X X X V3 V2
H L L H X V2 Vi X X v2 Vi1 X
H H L L X X Vi Vo X X Vi Vo
L H H H V3 X X X X X V3 X
H L H H X V2 X X X X X V2
H H L H X X Vi X X X Vi X
H H H L X X X Vo X X X Vo
L H L H X X X Vo X X Vo X
L H L H X X X Vo X X X Vo

L - Electrical low state (active) For reference only

H- Electrical high state (inactive)
Vx - Valid data bus

-MEMSEL 11 The memory select input signal is used to idenfity a memory reference operation to the iPSB bus.
It is qualified by commands (e.g., -RD or “WR) in the MPC and therefore may glitch outside the
specified set-up and hold window.

-lOSEL 10 The /O select input signal is used to identify an 1/O reference operation to iPSB bus. It is qualified
by commands (e.g., —-RD or “WR}) in the MPC and therefore may "glitch” outside the specified set-
up and hold window. :

-REGSEL 12 The register select input signal is used to identify operations to internal MPC registers used to
perform message and interconnect space operations. This signal is qualified by commands (e.g.,
—RD or —-WR) in the MPC and therefore may glitch outside the specified set-up and hold window.

-LOCK 23 The —LOCK signal is an input to the MPC that allows back-to-back operations to be performed on
the iPSB bus or to local interconnect space. When —LOCK is asserted, any resource accessed by
the operation (iPSB bus or local interconnect space) is locked until the —-LOCK signal is deacti
vated.
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Signal
Description

Signal Pin
Name Number
-RD 18
-WR 17
-WAIT 19
MINT 21
EINT 22
ODREQ 16
IDREQ 15
-ODACK 14
-IDACK 13

IADO-IAD7 104-111

-IREQ 100
IAST 101
-IRD 102
-IWR 103

The read input signal is activated to initiate a read operation. This signal must provide clean
transitions.

The write input signal is activated to initiate a write operation. This signal must provide clean
transitions.

The —~WAIT signal is driven by the MPC to hold up a transfer operation. This signal is used by the
MPC for all accesses that require synchronization to another resource. When used, it is activated
by a command going active and deactivated when the accessed resource is ready to complete the
requested operation.

The message interrupt output signal is used for all message-related signalling to the host CPU.
This includes arrival of an unsolicited message, completion of a solicited transfer, and an error on
message transfer.

The error interrupt output signal is used to signal all errors related to memory, I/O or interconnect
space operations. Internal registers in the MPC provide exact details of the error via interconnect
space. (Even though this is a local bus signal, it will be discussed with the interconnect bus signals
for simpilicity in future sections.)

The output channel DMA request signal is generated by the MPC to enable DMA transfer of data
to the MPC (e.g., output to the iPSB bus).

The input channel DMA request signal is generated by the MPC to enable DMA transfer of data
from the MPC (e.g., input from the iPSB bus).

The output channe! DMA acknowledge input signal is activated to perform a DMA data transfer to
theMPC. lt is qualified by commands (e.g., -RD or -WR) in the MPC and therefore may glitch
outside the specified set up and hold window.

The input channel DMA acknowledge input signal is activated to perform a DMA data transfer from
the MPC. 1t is qualified by commands (e.g., -RD or -WR}) in the MPC and therefore may glitch
outside the specified set-up and hold window.

The interconnect address/data bus is a multiplexed bus designed to directly interface to a
microcontroller. In addition to the MPC, other interconnect registers can be connected to this bus.

IAD7 IAD6 IADS 1AD4 IAD3 IAD2 IAD1 IADO
111 107 110 106 109 104 108 105

The interconnect request signal is generated b.y the MPC when an interconnect operation has been
requested either from the local bus or from the iPSB bus. This signal remains active until the
microcontroller performs arbitration.

The interconnect address strobe signal is an input to the MPC used to indicate that a valid address
is on the interconnect bus.This signal may be directly connected to the ALE output of most
microcontrollers. This signal must provide clean transitions.

The interconnect bus read signal is an input to the MPC. This signal is used to perform a read
operation to one of the MPC interconnect interface registers. This signal must provide clean
transitions. When this signal is activated in conjunction with the —IWR signal, all MPC outputs are
disabled.

The interconnect bus write signal is an input to the MPC. This signal is used to perform a write
operation to one of the MPC interconnect interface registers. This signal must provide clean
transitions. When this signal is activated in conjunction with the —IRD signal, all MPC outputs are
disabled.
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TIMING CHABACTERISTICS TA =0°C to +70°C, VCC =5V £ 5%

LOCALBUS
Symbol Parameter Min Max Units Test Conditlons
- Address and —BE Set-Up To CommandActive 30 ns
Select and DACK Set-Up To CommandActive 24 ns
To Address, —BEn, —Select, and -DACK Hold 10 ns
From Command Active
T3 Command Inactive 35 ns
T4 Command [nactive To Read Data Disable 24 ns
(Note 1)
T5 Read Data Hold From Command Inactive 3 ns
T6 Read Data Enable From Command Active 0 ns
T7 ~WAIT Active From Command Active 35 ns CL =50 pF
T8 Command Inactive From -WAIT Inactive 0 ns
T9 -WAIT Inactive To Read Data Valid 50 ns CL = 150 pF
T10 Command Active To Write Data Valid 200 ns
T Write Data Hold From -WAIT Inactive 0 ns
T12 Command Active To —LOCK Active (Note 2) 100 ns
T13 LOCK* Hold From —WAIT Inactive (Note 3) Y ns
T14 Command Active 70 ns
T15 Read Data Valid From Command Active 60 ns CL=150pF
T16 Wirite Data Set-Up To Registers 35 ns
Command Inactive DMA 25 ns
T17 Write Data Hold From Command Inactive 5 ns
Ti8 Command Active To MINT Or -DREQ 70 ns CL =50 pF
Inactive (Notes 4, 5)
T19 Command Active To ~-DREQ Inactive (Note 5) 45 ns CL =50 pF
FIGURE 1. OUTPUT WAVEFORM TEST POINTS FIGURE 3. AC TEST LOAD CIRCUIT

DEVICE
UNDER
TEST

Notes:

1. Disable condition occurs when the output current becomes less than the input leakage specification.

2. Required to guarantee locking of resource.

3. Required to guarantee resource remains locked.

4. MINT deassertion only if no other sources are pending.

5. For —-DREQ inactive timing, T19 applies to a normal last transfer de-assert condition and T18 to an error de-asseit condition.
6. 1.4 V level for BBCLK only.
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TIMING DIAGRAMS
LOCAL BUS REFERENCE

-BE3 - -BEO
-MEMSEL,
—OSEL,
-REGSEL,

A5-A2

Wt-ﬂ—b

-

-RD OR-WR

<—T2—;I/

-WAIT

-

T8

4— T9

D31 - DO
(OUTPUTS OF MPC)

-

VALID

—»>

D31 - DO
(INPUTS TO

— T1o—;£

VALID

T1 1J’;<-

MPC)

-LOCK

4—T12——:L

—»

T13/L4—

LOCAL BUS REGISTER AND DMA OPERATIONS

—BE3 - -BEO
—REGSEL,

A5 - A2,
—IDACK, ~ODACK
T1 —P

-RD OR -WR

™

<

T4

S

T15

ﬂ—Tf.

D31 -DO
(OUTPUTS OF MPC)

T6 —P>

VALID

< T2
&
d
i
le

T16

D31 -DO
(INPUTS TO

S

VALID

MPC)

MINT,
IDREQ, ODREQ

<T17j§<

[ — T5 —P

I

¢ T8
T19
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AC CHARACTERISTICSTA =0°Cto +70°C, VCC = 5 V 5%

INTERCONNECT BUS
Symbol Parameter Min Max Units Test Conditions
T31 IAST Active 85 ns
T32 Command Active 250 ns
T33 Command Inactive To IAST Active 25 ns
T33A IAST Inactive To Command Active 120 ns
T34 Address Set-Up To IAST inactive 40 ns
T35 Address Hold From IAST Inactive 20 ns
T36 Write Data Set-Up To Command Inactive 120 ns
T37 Write Data Hold From Command Inactive 5 ns
T38 Read Data Enable From Commanc¢ Active o] ns
T39 Read Data Valid From Comman¢ Active 120 ns CL =150 pF
T40 Read Data Hold From Commanc Inactive 0 ns
T44 Read Data Disable From Commanc Inactive 30 ns
( Note 1)
T42 EINT, -IREQ Inactive From Command Active 100 ns CL =50 pF
(Note 2)

TIMING DIAGRAM

T31 —P»

-t
IAST
TsaA‘:lgd T32 > T33
-IRD OR -IWR S C T41 ——P]
T34 —P| |4 T35 T36 —P T37
IAD7 - 1ADO
D
(INPUTS TO ADDRESS VALID DATA VALI
MPC) <4— T39 —P T40
IAD7 - 1ADO DATA VALID ]
(OUTPUTS e
FROM MPC) Tag—p»
EINT
—— T42
-IREQ
— T42

Notes:

1. Disable condition occurs when the output current becomes less than the input leakage specification.
2. EINT inactive only on write to error register. -IREQ inactive only on write to arbitration register.
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TIMING CHARACTERISTICS TA = 0°Cto +70°C, VCC =5 V 5%

IPSB BUS
Symbol Parameter Min Max Unlts Test Conditions
TCP Clock Period 99.9 ns
TCL —BCLK Low Time 40 ns
TCH ~BCLK High Time 40 ' ns
TBCL BBCLK Low Time 38 ns
TBCH BBCLK High Time 38 ns
TRB —BCLK Rise Time 1.0 5.0 ns
TFB ~BCLK Fall Time 1.0 2.0 ns
TR BBCLK Rise Time 0.5 1.0 ns
TF BBCLK Fall Time 0.5 1.0 ns
TSK —BCLK To BBCLK Skew ( Note 1) -0.5 4.0 ns
e o
—~ARBS - —~ARBO (Note 2,3) 36 ns CL =500 pF
e, o | m o
| e [ o | v [oaw
Output Delay | oo, | High To Low 19 ns | CL=25pF
SCDIR1 Low To High 21 ns CL=25pF
ADDIR High To Low 27 ns CL = 50 pF
Low To High 21 ns CL = 50 pF
—REFADR 29 ns CL=75pF
~SEL 29 ns CL =50pF
-BREQ, -BUSERR, -RSTNC 6.5 ns
—-ARBS5 - —ARBO ( Note 3) 6.5 ns
Z3PAR3 . BPARD =0 e
TH E,‘:,‘ﬂ’,‘;ﬁk -BSC9 - -BSCO 4.0 ns
SCDIRO, SCDIRT1 4.0 ns
ADDIR 5.0 ns
—-REFADR 4.0 ns
—SEL 4.0 ns
Notes:

1. These clock timings refer the MPC specification to the iPSB bus specifications. They assume a 74AS1804 type buffer is used.

2. The 500 pF load is a distributed value as defined in the iPSB bus specification. The open-drain signals are designed such that
the output delay and bus loss meets the iPSB specification requirement. An appropriate test condition that correlates to the
distributed load will be determined during characterization.

3. The —~ARBS - ~ARBO signal timings are with respect to the first and last clock of the arbitration period. Details are in the
iPSB bus specification. Also, the arbitration logic has been designed to meet the loop delay specification accounting for the
full path of input to output plus bus loss. An appropriate test condition will be determined during device characterization.
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TIMING CHARACTERISTICS TA =0°Cto +70°C, VCC = 5 V +5%

IPSBBUS(Cont.)
Symbol Parameter Min Max Units Test Conditions
-BREQ, ~-BUSERR, -RSTNC 6.5 ns
Turn On Delay | —ARBS - —ARBO (Note1) 6.5 ns
TON From Clock
rom Cloc -BAD31 - -BADO, 50 ns
(Note 4) ~BPAR3 - -BPARO -
-BSC9--BSCO 4.0 ns
-BREQ, ~BUSERR, —-RSTNC 36 ns
Turn Off Delay | —ARBS - ~ARBO (Note 3) 36 ns
TOFF
From Clock —BAD31 - -BADO,
(Note 5) -BPAR3 - —-BPARO e ns
-BSC9--BSCO 29 ns
-BREQ, -BUSERR, -RSTNC 22 ns
~ARBS - ~ARBO (Note 3) 40 ns
—BAD31 - —BADO,
Input Set-U )
TSU Tociok 7 | -sPaR3--sraR0 2 ns
-BSC9--BSCO 24 ns
TIMOUT, LACHN, RESET 24 ns
-COM, -ERR 40 ns
—BREQ, -BUSERR, -RSTNC 0 ns
—-ARBS - ~ARBO (Note 3) 0 ns
TH Fiom Ciok | ~BPAR3 - —BPARO 8 ne
-BSC9--BSCO 2 ns
TIMOUT, LACHN, RESET 2 ns
-COM, -ERR 3 ns
TIMING DIAGRAM
iPSBBUS
< Tcp >
| ¢———— TCH ———Pp{ 4
 ———— TCL ——| Dl e
-BCLK - N
(ON iPSB '
BUS) TSK Iq_ TBCH——»] —>] I‘— ™ TF—’I
|€—— TBCL ]
R .o
BBCLK N %
[4—— TCD —Pp] [ ¢— TOFF —p»]
TON < TH—P l—
OUTPUTS  Other Source XK VALID i 5< Other Source
< Tcp » TH
INPUTS VALID ]
¢ TsU—
Notes:

4. Minimum turn-on times are measured the same way as hold times. Specifically, the logic level driven by another device on the
previous clock cycle must not be disturbed.
5. Maximum turn-off times are measured to the condition where the output leakage current becomes less than the input leakage

specification.
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ABSOLUTE MAXIMUM RATINGS

Ambient Operating Stresses above those listed may cause sheet is not implied. Exposure to
Temperature —-10°C10 +80°C  permanent damage to the device. These  absolute maximum rating oonditk_:ns for
—~85°C to +150°C  are stress ratings only, and operation of ex!engled periods may affect device
Storage Temperature o+ this device at these or other conditions reliablity.
Supply Voltage to above those Indicated in this data
Ground Potential -0.5Vto+7.0V
Applied Output
Voltage -0.3VtoVCC +0.5V
Applied Input
Voltage -05VtioVCC+05V
DC CHARACTERISTICS TA=0Cto+70C,VCC=5V 5%
Symbol Parameter Min Max Unlts Test Conditions
ViL Input Low Voltage -05 0.8 v
VIH Input High Voltage 2.0 VCC +0.5 \
Output Low Open Drain 0.55 \ 10L Max
VoL Voltage
All Others 0.45 v IOL Max
VOH Output High Voltage 24 \ IOH Max
Open Drain +400 pA 0<VIN<VCC
Input Leakage
Il Current BBCLK +£100 pA 0<VIN<VCC
All Others +10 pA 0<VIN<VCC
Open Drain 60.0 mA VOL =055V
Output Low ADDIR and
oL Current —REFADR 8.0 mA VOL =045V
All Others 4.0 mA VOL =045V
IOH Output High Current -1.0 VOH =24V
ICC Operating Supply Current 400 mA
CAPACITANCETA = 25C, iC = 1 MHz ( Note 1)
Symbol Parameter Min. Max. Units Test Conditions
BBCLK 15 pF
Cl Input Capacitance
Ali Others 10 pF
Clo /O Capacitance 20 pF
CcoC Output Capacitance 20 pF
Note:

1. Periodically sampled rather than100% tested.
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FEATURES
« Compatible with 8086, 8088, and
similar microprocessors

* Low power consuming CMOS

* Interrupt modes are programmable
« Minimizes software overhead

« Eight prioritized control levels

* 64 levels of expandability

« Single 5 V power supply

» 28-pin DIP Package

PROGRAMMABLE INTERRUPT CONTROLLER

DESCRIPTION

The VL82C59A Programmable Interrupt
Controller can manage up to eight
vectored priority interrupts for the
system's CPU. It can be cascaded to
handle up to 64 interrupts. No additional
circuitry is required.

The VL82C59A has been designed to
relieve the software of the burden of
handling multi-level priority interrupts. It
controls several modes, permitting
optimization for a large number of
system needs.

The VL82C59A is fully upward compat-
ible with the HMOS 8259 or 8259A.
Software originally written for the HMOS
8259 or 8259A will operate the
VL82CS59A in all 8259 or 8259A
equivalent modes.

The VL82C59A is housed in a 28-pin
DIP, uses CMOS technology and
requires a single 5 V supply. The circuit
is totally static, requiring no clock input.

BLOCK DIAGRAM
IT -IN[A
CONTROL LOGIC

DATA
BUS
BUFFER

IS

[ 1]

—]

:2?—» INTERRUPT] N READ/ [o¢— -RD
I | REQUEST :) PRIORITY 1 \|SERVICE P> WRIE 4 -WR
: RESOLVER Pa—
Re—s| (AR Y (sm) A0

IR —*
R7 — T T T t s
INTERRUPT MASK REG QZD > CASO
(MR) CASCADE
*|_ Burfer/ [+ oSt
COMPARATOR |4 cas2
INTERNAL BUS

}——v -SP/-EN

ORDER INFORMATION

PIN DIAGRAM
VL82C59A
—cs 1 28] vee
-WR[]2 2717 A0
-RD {3 26 -INTA
D7 ] 4 25[7 IR7
D6 15 24 I1Re
D5 []6 23 IRS
p4 7 22| IR4
D3 s 21[0 1IR3
p2 e 20[ 1R2
01 10 191 IR1
po []11 18] IR0
cAso []12 17|73 INT
cASt []13 16| -SP-EN
GND [] 14 15[ cAs2
-RD S A0
07 |-wr | vec | -mta
/ 4 3 2 1 28 27 26 )
o [] s ® =
os [] s a
D4 [: 7 =
o3a[] s TOP VIEW 2
D2 [: 9 a
20
D1 |: 10
50 [: “ 19
12 13 14 15 17 18
CASOLl-,GND 6P/ IRO
CAS1 CAS2 NT

[] w7 Part Bus
[ ire Number Speed Package
IRS

] VL82C59A-08PC Plastic DIP

[] 1ms VL82C59A-08QC | 8MHz | Plastic Leaded Chip Carrier (PLCC)

[ ]R3 VL82C59A-08CC Ceramic DIP

[] Re VL82C59A-10PC Plastic DIP

D IR1 VL82C59A-10QC 10 MHz Plastic Leaded Chip Carrier (PLCC)
VL82C59A-10CC Ceramic DIP

Note: Operating temperature range is 0°C to +70°C.
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SIGNAL DESCRIPTIONS

Signal Pin Signal Signal

Name Number Type Description

-CS 1 1 Chip Select - A low on —CS enables ~RD and ~-WR communication
between the CPU and the VL82C59A INTA functions are independent of
-Cs.

-WR 2 (o} Write - A low on ~-WR when —CS is low enables the VL82C59A to accept
command words from the CPU.

-RD 3 I Read - A low on —RD when -CS is low enables the VL82C59A to release
status onto the data bus for the CPU.

DO-D7 11-4 /0 Bidirectional Data Bus - Control, status, and interrupt-vector information is
transferred by this bus.

CAS0-CAS2 12,13, 15 [l{e} Cascade Lines - The CAS lines form a unique VL82C59A bus to control a

multiple VL82C59A configuration. These pins are outputs for a master
VL82C59A and inputs for a slave VL82C59A.

~SP/~EN 16 /10 Slave Program/Enable Buffer - The —~SP/-EN pin provides a dual function.
When in the Buffered Mode, it can be used as an output to control the
buffer transceivers (EN). When not in the buffered mode, it is used as an
input to designate a master (SP = 1) or a slave (SP = 0).

INT 17 (o} Interrupt - The INT pin goes high whenever a valid interrupt request is
. present. It is used to interrupt the CPU and is connected to the CPU'’s
interrupt pin.

IR0-IR7 18-25 | Interrupt Requests - Asynchronous inputs. An interrupt request is executed
by raising an IR input (low to high) and holding it high until it is acknowl-
edged (Edge Triggered Mode), by a high level on an IR input (Level
Triggered Mode).

~INTA 26 | Interrupt Acknowledge - The —INTA pin is used to enable the VL82C59A's
interrupt-vector data onto the data bus by a sequence of interrupt acknowl-
edge pulses issued from the CPU.

A0 27 | AO Address Line - The AO pin acts together with the —CS, ~WR, and -RD
pins. It is used by the VL82C59A to decode various Command words the
CPU writes and status the CPU needs to read. It is typically connected to
the CPU A0 address line (A1 on the iAPX86, 88).

VvCC 28 | +5 V Supply
GND 14 I Ground
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FUNCTIONAL DESCRIPTION

The VL82C59A has been designed to
be used in real-time, interrupt-driven
microcomputer systems. It controls
eight levels or requests, and has a built-
in feature for expandability to other
\VL82C59A's (up to 64 levels). Itis
programmed by the system’s software
as an I/O peripheral. A selection of
priority modes are usable by the pro-
grammer so that the way in which the
requests are handled by the VL82C59A
can be configured to match the system
requirements. The priority modes can
be changed at any time during the main
program. The entire interrupt structure
can be defined as needed, based on
the total system requirements.

Interrupt Request Register (IRR) and In-
Service Register (ISR) - The interrupts
at the IR input lines are handled by two
registers in cascade, the Interrupt
Request Register (IRR) and the In-
Service Register (ISR). The IRR stores
all the interrupt levels which are
requesting service, and the ISR stores
all of the interrupt levels which are
being handled.

Priority Resolver - This logic block sets
the priorities of the bits set in the IRR.
The highest priority is selected and
strobed into the corresponding bit of the
ISR during the —INTA pulse.

Interrupt Mask Register (IMR) - The
IMR holds the bits which mask the
interrupt lines. The IMR changes the
IRR. Masking of a higher priority input
will not affect the interrupt request lines
of a lower priority.

Interrupt (INT) - This output interfaces
to the CPU interrupt input. The VOH
level on this line has been designed to
be fully compatible with the 8080A,
8085A and 8086 input levels.

Interrupt Acknowledge (~INTA) - The
~INTA pulses will cause the VL82C59A
to release vectoring information onto
the data bus. The format of this data
depends on the system mode of the
VL82C59A.

Data Bus Buffer- This three-state, bidi-
rectional 8-bit buffer is used to interface
the VL82C59A to the system Data Bus.
Control words and status information
are transferred through the Data Bus
Buffer.

Read/Write Control Logic - The purpose
of this block is to accept output com-
mands from the CPU. It contains the
Initialization Command Word (ICW)
registers and Operation Command
Word (OCW) registers. They store the
various control formats for device
operation. This function block also
permits the status of the VL82C59A to
be transferred onto the Data Bus.

Chip Select (-CS) - A low on this input
enables the VL82C59A. Reading or
writing of the chip will not occur unless
the device is selected.

Wirite (-WR) - A low on this input
permits the CPU to write control words
(ICWs and OCWs) to the VL82C59A.

Read (-RD) - A low on this input
enables the VLB2C59A to transmit the
status of the Interrupt Request Register
(IRR), In-Service Register (ISR), the
Interrupt Mask Register (IMR), or the
interrupt level to the Data bus.

Cascade Buffer/Comparator - This
function block stores and compares the
identities of all VL82C59A’s used in the
system. The three I/O pins (CASO-
CAS2) are outputs when the VL82C59A
functions as a master and are inputs
when the VL82C59A functions as a
slave. As a master, the VL82C59A
sends the identity of the interrupting
slave device onto the CAS0-CAS2
lines. The slave selected can now send
its preprogrammed address to the Data
Bus during the next consecutive —INT,
pulses. :

Interrupt Sequence - Interrupt routine
addressing is a very important aspect of
VL82C59A operation, as is device
programmability. Interrupt routine
addressing permits direct or indirect
jumping to the specific interrupt routine
requested with no polling of the inter-
rupting devices. The activities occurring
during an interrupt depends on the type
of CPU being used.

The events occur as shown below in an
MCS 80/85 system:

1. Interrupt Request lines (IR0-IR7) are
raised high, setting the correspond-
ing IRR bit(s).

2. The VL82C59A evaluates these

requests, then sends an INT to the*
CPU, if necessary.

3. The CPU acknowledges the INT and
responds with the —INTA pulse.

4. When receiving an ~INTA from the
CPU group, the highest priority ISR
bit is asserted, and the proper IRR
bit is reset. The VL82C59A will also
send a CALL instruction code
(11001101) to the 8-bit Data Bus
through its D0-D7 pins.

5. The CALL instruction will initiate two
additional —-INTA pulses which will
be sent to the VL82C59A from the
CPU group.

6. The two —INTA pulses permit the
VL82C59A to send its prepro-
grammed subroutine address to the
Data Bus. The lower 8-bit address
is sent at the first -INTA pulse and
the higher 8-bit address is sent at
the next —INTA pulse.

7. The 3-byte CALL instruction sent by
the VL82C59A is then completed. In
the AEOI mode, the ISR bit is reset
at the end of the third —INTA pulse.
If not, the ISR bit remains set until
an appropriate EOl command is
issued at the end of the interrupt
sequence.

The sequence of events occurring in an
iAPX86-type system are the same until
step 4. The sequence then continues:

4. When receiving an ~INTA from the
CPU group, the highest priority ISR
bit is set and the corresponding IRR
bit is reset. The VL82C59A does
not use the Data Bus during this
cycle.

5. The iAPX 86/10 will send a second
~INTA pulse. During this second
pulse, the VL82C59A releases an 8-
bit pointer to the Data Bus and it is
read by the CPU.

6. The interrupt cycle is then complete.
In the AEOI mode the ISR bit is
reset at the end of the second
—INTA pulse. If not, the ISR bit
remains set until a valid EOIl com-
mand is sent at the end of the
interrupt subroutine.

If there is no interrupt request present at
step 4 of either sequence (i.e., the
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request duration was too short) the
VL82C59A will send an interrupt level 7.
Both the vectoring bytes and the CAS
lines will appear as though an interrupt
level 7 was requested.

INTERRUPT SEQUENCE OUTPUTS
FOR MCS-80® & MCS-85*

This sequence is timed by three —-INTA
pulses. During the first -INTA pulse the
CALL opcode is enabled onto the Data
Bus.

CONTENTS OF FIRST INTERRUPT
VECTOR BYTE

D7 D6 DS D4 D3 D2 D1 DO

8Ptone TTT oo [T 110 17]

During the second ~INTA pulse the
lower address of the selected service
routine is enabled to the data bus.
When the interval = 4 address bits A5-
A7 are programmed, while addresses
AO0-A4 are automatically inserted by the
VL82C59A. When interval = 8 only A6
and A7 are programmed, while A0-A5
are automatically inserted.

CONTENT OF SECOND INTERRUPT

During the third INTA pulse, the higher
address of the correct service routine-
programmed as byte 2 of the initializa-
tion sequence (address lines A8-A15)-
is enabled to the bus.

CONTENT OF THIRD INTERRUPT
VECTOR BYTE

D7 D6 D5 D4 D3 D2 D1 DO
[A15]A14[A13[A12]A11]A10] A9 [ A8 |

INTERRUPT SEQUENCE OUTPUTS
FOR IAPX86° & IAPX88

iAPX 86 mode is the same as the MCS-
80 mode, with the exception that only
two interrupt acknowledge cycles are
issued by the processor and no CALL
opcode is sent to the processor. The
first interrupt acknowledge cycle is like
that of MCS-80, 85 systems in that the
VL82C59A uses it to internally hold the
state of the interrupts for priority
resolution. As a master, it issues the
interrupt code on the cascade lines at
the termination of the INTA pulse. On
this first cycle, it does not send any data
to the processor. It leaves its Data Bus
buffers disabled. On the second
interrupt acknowledge cycle (in iAPX86
and iIAPX88 modes) the master (or
slave) will send a byte of data to the
processor with the acknowledged
interrupt code as follows (The state of
the ADI mode control is ignored and
address lines A5-A11 are unused in
iAPX86 and iAPX88 mode.):

CONTENT OF INTERRUPT VECTOR
BYTE FOR iAPX86, iIAPX88

VECTOR BYTE

IR Interval = 4
D7 D6 |D5|D4|D3|{D2|D1{D0
7 |A7|A8JAS5]1 |1 |1]0]0
6 |A7]A6|A5}11 |1]0}]0}0O
5 |A7|A6{A5|1 |0 |1]0]O
4 |A7]A6|A511|0]J0jO]}O
3 |A7|AB6|A5|0|1]1]0]0
2 |A7|A6jA510}1]0]0}O0
1 {A7|A6|A5|0|0[1]|0]|O
0 |A7|A6|A510 0|00 |0

IR Interval =8
D7|D6|D5|D4|D3|D2|D1|D0O
7 |A7]A6} 1] 1] 11 0] 0]0
6 |A7|ABl 1] 1] 0] 0] O0}]O
5|A7]lA6) 1] 0} 1] 0} O0]O
4|A7|A6| 1] 0] Ol OfjO]O
31A7]A6§ 0] 1] 110} 0]0
2|A7|A6} 0| 1{ 0] O] O]O
1]1A7{A6§ 0] 0} 11 0] 0)0
0]A7|A6| O O] Oj O] O]O

SYSTEM MODE

D7]D6{D5{D4]D3}D2 {D1} DO
IR7{T7|T6 |T5] T4|T3|1 |1} 1
IR6{T7|T6|T5{T4|T3{1 |1] O
IR5|T7|T6|T5|T4]T3[1 Jo| 1
IR4|T7|T6|T5|{T4|T3|1 |0} O
IR3|T7|T6|T5|T4|T3[0 | 1] 1
IR2|T7|T6|T5|{T4|{T3{0 |1] O
IR1|T7|T6|T5{T4{T3]0 |O| 1
IRO|T7|T6|T5{T4|{T3|/0 {0] O
PROGRAMMING

The VL82C59A uses two types of com-
mand words generated by the CPU:

1. Initialization Command Words
(ICWs): Before normal operation
begins, each VL82C59A in the
system should be brought to a
starting point. This is done by a se-
quence of 2 to 4 bytes timed by -WR
pulses.

2. Operation Command Words
(OCWs): OCWs are the command
words which command the
VL82C59A to operate in various
interrupt modes. These modes are:

A. Fully nested mode

B. Rotating priority mode
C. Special mask mode
D. Polled mode

The OCWs may be written into the
VL82C59A anytime following initializa-
tion.

Initialization Command Words (ICWS) -
When a command is issued with
address line A0 = 0 and D4 = 1, this is
decoded as Initialization Command
Word 1 (ICW1). ICW1 commences the
initialization sequence during which the
following occurs:

A. The edge sense circuit is reset.
Following initialization, an interrupt
request (IR) input should make a
low-to-high transition to generate an
interrupt.

B. The Interrupt Mask Register is
cleared.

C. IR7 input is assigned priority 7.
D. The slave mode address is set to 7.

E. Special Mask Mode is cleared and
Status Read is set to IRR.

F. If IC4 = 0, allfunctions that were
selected in ICW4 are set to zero.
(Non-Buffered mode, no Auto-EOI,
MCS-80 and MCS-85 system.
Master/Slave in ICW4 is only used in
the buffered mode.)

Initialization Command Words 1 and 2
(ICW1, ICW2) - A5-A15: Page starting
address of service routines. In an
MCS80/MCS85 system, all eight
request levels will generate CALLs to
eight locations equally separated in
memory. These can be programmed to
be separated at intervals of four or eight
memory locations. The eight routines
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will then occupy a page of 32 or 64
bytes, respectively.

The address format is 2 bytes in length
(A0-A15). When the routine interval is
4, A0-A4 are inserted by the
VL82C59A, while A5-A15 are externally
programmed. When the routine interval
is 8, AO-AS are inserted by the
VLB82C59A, while A6-A15 are externally
programmed.

The 8-byte interval will maintain
compatibility with software presently
being used, while 4-byte interval should
be used for a small jump table.

In an iAPX86 and iAPX88 system
address lines A15-A11 are inserted in
the five most significant bits of the
vectoring byte and the VL82C59A sets
the three least significant bits in
accordance with the interrupt level.
A10-AS5 are ignored and ADI (Address
Interval) is not used.

LTIM: If LTIM = 1, the VL82C59A will
operate in the level interrupt mode.
Edge detection logic on the interrupt
inputs will be disabled.

ADI: CALL address interval. ADI =1
then interval = 4; ADI = 0 then interval =
8.

SNGL: Single. This indicates that only
one VL82C59A is in the system. If
SNGL = 1 no ICW3 will be issued.

IC4: If this bit is set, ICW4 must be
read. If ICW4 is not used, set IC4 = 0.

Initialization Command Word 3 (ICW3) -
This word indicates that there is more
than one VLB2C59A in the system and
cascading is used (SNGL = 0). It will
load the 8-bit slave register. The
functions of this register are below:

A. In the master mode (either when SP
= 1, or in buffered mode when M/S =
1 in ICW4) a “1” is set for every
slave in the system. The master will
release byte 1 of the CALL se-
quence (for MCS80/MCS85 system)
and will then enable the correspond-
ing slave to release bytes 2 and 3
(for IAPX86, iAPX88 only byte 2)
through the cascade lines.

B. In the slave mode (either when —SP
=0,0rif BUF=1and M/S=0in
ICW4) bits 2-0 identify the slave.

The slave compares its cascade
input with these bits. If they are
equal, bytes 2 and 3 of the CALL se-
quence (or just byte 2 of IAPX86,
iAPX88) are released by it on the
Data Bus.

Initialization Command Word (ICW4) -
SFNM: If SFNM = 1, the special fully
nested mode is programmed. '

BUF: If BUF = 1, then the buffered
mode is programmed. In buffered
mode ~SP/~EN becomes an enable
output and the master/slave selection is
made by M/S.

M/S: M/S =1 indicates the VL8B2CS9A
is a master, M/S = 0 indicates the
VL82C59Ais a slave. If BUF =0, M/S
has no meaning.

AEO!L: If AEOI = 1, then the automatic
end of interrupt mode is programmed.

Microprocessor mode: pPM = 0 sets
the VL82C59A for MCS80, MCS85
system operation. uPM = 1 sets the
VLB82C59A for iAPX86 system opera-
tion.

Operation Command Words (OCWs) -
After the initialization Command Words
(ICWSs) are programmed into the
VLB82C59A, the chip is prepared to
accept interrupt requests on its inputs.
During VL82C59A operation, a selec-
tion of algorithms can command the
VL82C59A to operate in different
modes through the Operation Com-
mand Words (OCWs).

OPERATING CONTROL WORDS
(OCWs)

OCw1
A0 D7 D6 D5 D4 D3 D2 Dt DO

] [MzImeTmsTMa]mMa] M2 M1]Mo]

ocw2
A0 D7 D6 D5 D4 D3 D2 Di DO
[6] [RIStIEoijoJo]tz]ti]io]

. OCws3
A0 D7 Ds_ D5 D4D3 D2 Dt DO

[0] [oJessm[smMIo[1PIRR]RIS]

Operation Control Word (OCW1) -
OCWI1 sets and clears the mask bits in
the interrupt Mask Register (IMR). M7-
MO control the eight mask bits. M = 1
indicates the channel is masked , M =0
indicates the channel is enabled.

Operation Control Word 2 (OCW2) - R,
SL, EOI - These three bits control the
Rotate and End of Interrupt modes and
their combinations. A drawing of these
combinations can be found on the
Operation Command Word Format,
Figure 3.

L2, L1, LO - These bits determine the
interrupt level responded to when the
SL bit is active.

Operation Control Word 3 (OCW3)
ESMM - Enable Special Mask Mode.
When this bit is set to 1 it enables the
SMM bit to set or reset the Special
Mask Mode. When ESMM = 0 the
SMM bit is a “don’t care”.

SMM - Special Mask Mode. If ESMM =
1 and SMM = 1 the VL82C59A will
enter Special Mask Mode. If ESMM =1
and SMM = 0 the VL82C59A will revert
to normal mask mode. When ESMM =
0, SMM is not used.

FIGURE 1. INITIALIZATION
SEQUENCE

IN
CASCADE
MODE

NO (SNGL = 1)

YES (SNGL = 0)

NO (IC4 = 0)

IS ICW4
NEEDED

YES (IC4 = 1)

l Iowa ]

>
A

A

READY TO ACCEPT
INTERRUPT REQUESTS
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FIGURE 2. INITIALIZATION COMMAND WORD FORMAT
ICwW1
A0 D7 D6 D5 D4 D3 D2 D1 Do
0 A7 1 A6 | AS 1 |LTIM] ADI [SNGL] IC4 1 ICW4 needed
| I ———————»1 0 No ICW4 needed
1 =Single
»| 0 = Cascade mode
CALL ADDRESS INTERVAL
»| 1=Intervalof 4
0 = Interval of 8
.| 1 =Leveltriggered mode
"] 0 =Edge triggered mode
A7 through A5 of
»| interrupt vector address
Icw2 (MCS-80, 85 mode only)
AO D7 D6 D5 D4 D3 D2 DI Do
A15 | A14 |A13 |A12 |A11
V1 7 1e] 15 Ta] Ta| A0 AS ] A8 AT5 through A8 of
| I | | I l l | interrupt vector address
.| (MCS-80, 85 mode)
“| T7 through T 3 of
ICW3 ( MASTER DEVICE) interrupt vector address
A0 D7 D6 D5 D4 D3 D2 DI DO (8086, 8088 mode)
1 S7 | S6 | s5 | S4 | S3 | s2 St | SO
I l I l [ —[ l —[ 1 IR input has a slave
‘ ~| 0 IR input does not have a slave
ICW3 (SLAVE DEVICE)
AO D7 D6 D5 D4 D3 D2 D1 DO
1 0 0 o] 0 0 |ID2 | IDt | IDO
SLAVE ID
o|1|2][3]|4]{5]6]7
NNEIREEEEE
»10/0|1]|1]0]|O]1]1
»1ojojofo]1j111)1
ICW4
A0 D7 D6 D5 D4 D3 D2 Dt DO
1 0 0 0 [SNFM| BUF| M/S | AEDI| uPM
L 1 =8086, 8088 mode
0 = MCS-80, 85 mode
.| 1 Auto EOI
" |L.0__Normal EOI
A\ 4 v
0 X | Non-buffered mode
1 0 | Buffered mode slave
1 1_J Buffered mode master
1 =Special fully nested mode

Note: Slave ID is equal to the corresponding master IR input.

A

0 = Not special fully nested mode
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FIGURE 3. OPERATION COMMAND WORD FORMAT

Oocw1

A0 D7 D6 D5 D4 D3 D2 D1 DO

1 | M7 | M6 | M5 | M4 | M3]|M2]|M | Mo
INTERRUPT MASK
L 1 1 U T T T 1 = Mask set
0 = Mask reset
oCcw 2
AO D7 D6 D5 D4 D3 D2 Di DO
0 R |sL |EOQI| O ofLz|L |Lo IR LEVEL TO BE ACTED UPON
o|1|2]|3|4]|5]|6]7
»{oj1|o]1|o]1]oO |1
»ojoj1f1]ojof1]1
»{0jojojoj1j1]1]1
A\ A A
0{0]1]| Non-specific EOl command l End of interrupt
0[1]1] Specific EOl command
1]0]1] Rotate on non-specific EOl command
1|0]o| Rotate in automatic EOl mode (set) Automatic rotation
0|0}0]| Rotate in automatic EOl mode (clear)
1]|1})1| *Rotate on specific EOl command | Specific rotation
1|1]0]| *Set priority command
0|1]0| No operation
*L O - L 2are used.
ocws
A0 D7 D6 D5 D4 D3 D2 D1 DO
0 0 |[ESMM|[smM] © 1 P |RR]|RIS
READ REGISTER COMMAND
1 ) 1 0 1
P 0 0 1 1
Read IR |Read IS
No Action |Regon |Regon
next —RD | next—RD
pulse pulse

1 =Poll command

0 =No poll command

SPECIAL MASK MODE
0 1 0 1
0 0 1 1
Reset | Set
No Action special | special
mask mask
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MODES

Fully Nested Mode - This is the default
mode after initialization unless another
mode is programmed. The interrupt
requests are ordered in priority from 0
through 7 (0 highest). When an
interrupt is acknowledged, the highest
priority request is decoded and its
vector placed onto the bus. A bit of the
Interrupt Service register (1IS0-1S7) is
also set. This bit stays set until the
microprocessor issues an End of
Interrupt (EOI) command before
returning from the service routine. It
also stays set if the AEOI (Automatic
End of Interrupt) bit is set, until the
trailing edge of the last INTA. While the
In-Service (IS) bit is set, all further
interrupts of the same or lower priority
are disabled. Higher levels will gener-
ate an interrupt.

After the initialization sequence, IR0
has the highest priority and IR7 the
lowest. Priorities may be be changed
in the rotating priority mode.

End of Interrupt (EOI)- The In-Service
(IS) bit may be resset either automati-
cally following the trailing edge of the
last in sequence —INTA pulse (when
AEOI bit in ICW1 is set), orby a
command word that should be issued to
the VL82C59A before returning from a
service routine (EOl command). An
EOl command is issued twice if in the
Cascade mode, once for the master
and once for the corresponding slave.

Two forms of an EOl command are
used; Specific and Non-Specific.
When the VL82C59A is operated in
modes which maintain the fully nested
structure, it can determine which IS bit
to reset on EQOl. When a Non-Specific
EOI command is sent the VL82C59A
will reset the highest IS bit of those that
are set. In the fully nested mode the
highest IS level was necessarily the last
level operated upon. A Non-Specific
EOI can be sent with OCW2 (EOI = 1,
SL=0,R=0).

When a mode may change the fully
nested structure, the VL82C59A may
not be able to determine the last level
responded to. A Specific End of
Interrupt must then be issued, which
includes IS level to be reset as part of
the command. A Specific EOI can be
sent with OCW2 (EOl=1,SL=1,R =

0, and LO-L2 is the binary level of the IS
bit to be reset).

When the IS is masked by an IMR bit, it
will not be cleared by a Non-Specific
EO], if the VL82C59A is in the Special
Mask Mode.

Automatic End of Interrupt (AEO!) Mode
- I AEO! = 1 in ICW4, then the
VLB82C59A will operate in AEOI mode
until changed by ICW4. In this mode,
the VL82C59A will perform a Non-
Specific EOl operation at the trailing
edge of the last interrupt acknowledge
pulse. This mode should be used only
when a nested multilevel interrupt
structure is not required in a single
VL82C59A.

The AEOI mode can only be used in a
master VL82C59A.

Automatic Rotation (Equal Priority
Devices) - In many applications there
are several interrupting devices of equal
priority. In this mode the device
receives the lowest priority. A device
requesting an interrupt will wait, in the
worst case, until each of seven other
devices with higher priority are serviced.
If the priority and *in service” status is:

Before Rotate (IR4 the highest priority-

requiring service)

v 17 IS6 1S5 IS4 1S3 IS2 IS1 1SO

Status [O J 1 J O] 1 J]0]0J0 0]
Lowest Priority

Highest Priority

Priorit
Same L7 1615148 ]=]1]0]

After Rotate (IR4 was serviced):

wee  1S7 1S6 IS5 IS4 1S3 IS2 IS1 ISO
Stas [0 J1 J0JoJoJoJol]Jo]

Highest Priority Lowest Priority
gl T TS T e £ T T]
Status 1.2 |1 716 | 51413

There are two ways to accomplish
Automatic Rotation using OCW2, the
Rotation on Non-Specific EOl Com-
mand (R =1, SL =0, EOl = 1) and the
Rotate in Automatic EOl Mode which is
setby (R=1,SL =0, EOl =0) and
cleared by (R=0, SL =0, EOl = 0).

Specific Rotation (Specific Priority) -
The programmer may change priorities
by programming the bottom priority and
thereby fixing all of the other priorities
(e.g., if IRS is programmed as the

bottom priority device, then IR6 will be
the highest one).

The Set Priority command is issued in
OCW2 where: R=1,SL =1;L0-L2is
the binary priority level code of the
bottom priority device.

In this mode internal status is updated
by software control during OCW2. It is
independent of the End of Interrupt
(EOI) command. Priority changes may
be performed during an EOl command
by using the Rotate on Specific EOI
command in OCW2 (R =1, SL = 1, EOI
=1, and LO-L2 = IR level to receive
bottom priority).

Interrupt Masks - Each Interrupt
Request input may be masked individu-
ally by the Interrupt Mask Register

(IMR) by programming OCW1. Each bit

in the IMR masks one interrupt channel
when it is set (1). Bit 0 masks IRO, bit 1
masks IR1, etc. Masking an IR channel
has no affect on the other channels
operation.

Special Mask Mode - Some applications
will require an interrupt service routine
to change the system priorities during
its execution under program control.
The routine may need to inhibit lower
priority requests for a portion of its
execution, but enable some, for another
portion.

If an Interrupt Request is acknowledged
and an End of Interrupt command did
not reset the IS bit during a service
routine, the VL82CS59A will inhibit all
lower priority requests without a simple
routine to enable them.

In the Special Mask Mode, a mask bit
set in OCW1 inhibits further interrupts at
that level and enables interrupts from all
other levels that are not masked.

Any interrupts may be enabled selec-
tively by loading the mask register.

The Special Mask Mode is set by
OCW3 when: SSMM=1,SMM =1,
and cleared where SSMM = 1, SMM =
0.

Poll Command - In this mode the INT
output is disabled or the microprocessor
internal Interrupt Enable flip-flop is
reset, disabling its interrupt input.
Service to devices is programmed by
software using a Poll command.
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The Poll command is issued by setting
P ="1"in OCW3. The VL82C59A
treats the next —RD pulse to the
VL82C59A (i.e., -RD = 0, -CS = 0) as
an interrupt acknowledge, sets the
appropriate IS bit if requested and
reads the priority level. Interrupt is
frozen from =WR to -RD.

The word enabled to the data bus
during -RD is:

D7 D6 D5
Ll=1=

WO0-W2: Binary code of the highest
priority level requesting
service.

1: Equal to a "1" if there is an
interrupt.

D3 D2 D1 Do
— | wa{wr [wo]

D4
[—1

This mode is most useful when there is
a routine command common to several
levels. Then the —INTA sequence is not
needed. It is frequently useful to expand
the number of priority levels to more
than 64.

VL82C59A STATUS

The input status of several internal
registers can be read to update user
information from the system. The
following registers can be read by using
OCW3 (IRR and ISR or OCW1(IMR)).

Interrupt Request Register (IRR): 8-bit
register which contains the levels
requesting an interrupt to be acknowl-
edged. The highest request level is
reset from the IRR when an interrupt is
serviced. (Not affected by IMR.)

In-Service Register (ISR): 8-bit register
which contains the priority levels that
are being updated. The ISR is changed
when an End of Interrupt Command is
sent.

Interrupt Mask Register: 8 bit register
which contains the interrupt request
lines which are masked.

The IRR may be read when, prior to the
-RD pulse, a Read Register Command
is sent with OCW3 (RR = 1, RIS = 0).

The ISR may be read when, prior to the
~RD pulse, a Read Register Command
is sent with OCW3 (RR= 1, RIS - 1).

OCW3 is not written before every status
read operation, as long as the status
read corresponds with the previous one.

FIGURE 4. PRIORITY CELL-SIMPLIFIED LOGIC DIAGRAM

LTIM BIT

0=EDGE, 1 =LEVEL

TO OTHER PRIORITY CALLS
|

4
EDGE
SENSE
LATCH
CLR
Q
SET
R
~INTA
-FREEZE
MCS-80, 85
MODE
-INTA
—FREEZE
1APX 86
MODE

=

[—CLR ISR
] | &&
Q -9 ISRBIT
SET
. SET ISR
IN SERVICE
LATCH PRIORITY
RESOLVER

REQUEST

L

CONTROL
LATCH LOGIC
NON
—0 @ L1 MASKED
REQ
MASK
+{c @ LATCH
—1D Q
0—{
(&
CLR "_I
INTERNAL DATA BUS—p-
-FREEZE READ IRR MASTER CLR — | *— READ IMR
WRITE MASK READ ISR
TRUTH TABLE FOR D LATCH
NOTES: S o ) o m
1. Master clear active only during ICW1 peration
2. FREEZE/is active during —INTA/ and 1 D1 D1 Follow
poll sequences only 0 X On-1 Hold
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The VL82C59A retains whether the IRR
or ISR has been previously selected by
the OCWa3. This is untrue when the poll
is used.

After initialization, the VL82C59A is set
to IRR.

For reading the IMR, no OCW3 is
needed. The output data bus will
contain the IMR when —RD is active and
A0 = 1 (OCW1).

Polling overrides a status read when P
=1,RR-1in OCW3.

Edge and Level Triggered Modes - This
mode is selected using bit 3 in ICW1.

If LTIM = 0, an interrupt request will be
recognized by a positive-going transi-
tion on an IR input. The IR input may
stay high without generating another
interrupt.

if LTIM = 1, an interrupt request can be
recognized by a high level on IR input
and there is no requirement for edge
detection. The interrupt request should
be disabled before the EOl command is
issued or the CPU interrupt is enabled
to preclude a second interrupt from oc-
curring.

Figure 4, shows a basic circuit of the
level sensitive and edge sensitive input
circuitry of the VL82C59A. The request
latch is a "D" type latch, which is
transparent.

In the edge and level triggered modes,
the IR inputs should stay high until after
the falling edge of the first INTA. If the
IR input goes low before this time, a
default IR7 occurs when the CPU
responds to the interrupt. This may
detect interrupts generated by noise on
the IR inputs. The IR7 routine is used
for smoothing by simply executing a
return instruction thus ignoring the
interrupt. If IR7 is needed for other
purposes a default IR7 can still be
detected by reading the ISR. A normal
IR7 interrupt will set the corresponding
ISR bit, a default IR7 will not. If a
default IR7 routine occurs during a
normal IR7 routine, the ISR will remain

set. It is necessary to record whether or

not the IR7 routine was previously
entered. If another IR7 occurs, itis a
default.

The Special Fully Nested Mode - This
mode can be used for a big system,
where cascading occurs, and the

priority has to be saved by each slave.
Using ICW4, t1ghe fully nested mode
will be programmed to the master. This
mode is the same as the normal nested
mode, except as follows:

A. When an interrupt request from a
given slave is in service, the slave is
not locked out from the master’s
priority logic. Further interrupt
requests from higher priority IR's
within the slave will be recognized
by the master and will initiate
interrupts to the processor. In the
normal nested mode a slave is
masked out when its request is in
service and no higher requests from
the same slave can be handled.

B. When exiting the Interrupt Service
routine, the software has to insure
that the interrupt serviced was the
only one from the slave. This is
accomplished by sending a Non-
Specific End of Interrupt (EOI)
command to the slave, then reading
its In-Service register and checking
for zero. If empty, a Non-Specific
EOI may be sent. If not, no EOI
may be sent.

FIGURE 5. IR TRIGGERING TIMING REQUIREMENT

IR

AN

8086/8088

4

8080/8085

N\

8086/8088

INTA K
\ _/ \_/ V— 8080/8085
LATCH* EARLIEST IR LATCH*
ARMED CAN BE MOVED ARMED
*Edge Triggered Mode Only
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Buffered Mode - When the VL82C59A
is used in a large system and bus
driving buffers are needed, on the data
bus (when the cascading mode is used)
enabling buffers may cause difficulty.

The buffered mode will structure the
VL82C59A to send an enable signal on
—SP/-EN to enable the buffers in this
mode, when the VL82C59A data bus
outputs are enabled, the ~SP/~EN
output is active.

This change mandates the use of
software programming to ascertain
whether the VL82C59A is a master. Bit
3 in ICW4 programs the buffered mode,
and bit 2 in ICW4 decides whether it is
a master or a slave.

Cascade Mode - The VL82C59A may
be interconnected in a system of a
master with as many as eight slaves
and handle up to 64 priority levels.

The master controls the slaves by the
three-line cascade bus. The cascade
bus is like chip selects to the slaves
during the —=INTA. In a cascade con-
figuration, the slave interrupt outputs
are connected to the master interrupt
request inputs. When a slave request
line is asserted and then acknowledged,
the master will enable the slave to
release the device routine address
during bytes 2 and 3 of INTA. Byte 2is
only for 8086/8088-based systems.

The cascade bus lines are normally low
and contain the slave address code
from the falling edge of the first INTA
pulse to the falling edge of the third .
pulse. All VL82CS59As in the system
must follow a separate initialization
sequence. Each may be programmed to
work in a different mode. An EOI
command should be issued; once for
the master, and once for the slave. An
address decoder is needed to assert
the Chip Select (CS) input of each
VL82C59A.

The cascade lines of the Master
VLB2C59A are asserted for slave
inputs. Non-slave inputs let the cascade
line remain inactive (low).

FIGURE 6. CASCADING THE VL82C59A

ADDRESS BUS (16)

I CONTROL BUS |
hINT
REQ
| DATA BUS (8) |
I v v N/ ] Y v v/ [ Y v LAV
-CS A0 D07 -INTA INT -CS A0 DO-7 -INTA INT -CS A0 D07 ~INTA INT
CASO |« CASO | CASO - VLa7C0A
VL82C59A - VLB2C59A - 5
SLAVE A CAS 1)< SLAVE B CAS1 |4 CAS 1 MASTER
CAsz |« CAs2 | CAS2
—SP/-EN —SP/-EN 10 ~SPI-EN M7 M6 M5 M4 M3 M2 M1 MO

SRR

7

6 5 4

3 210

INTERRUPT REQUESTS

557



® VLSI TECHNOLOGY, INC.

AC CHARACTERISTICS: TA =0°Cto +70°C,VCC =5V +10%
TIMING REQUIREMENTS
VL82C59A VL82C59A
-08 -10
Symbol -Parameter Min Max | Min Max Units | Conditions
tAHRL A0/-CS Setup to ~RD/~INTA Low 10 ns
tRHAX AO/-CS Hold after -RD/~INTA High 5 " ns
tRLRH —RD/-INTA Pulse Width ' 160 ns
tAHWL A0/-CS Setup to ~WR Low 0 ns
tWHAX AO/~CS Hold after -WR High 0 ns
tWLWH -WR Pulse Width 190 ns
tDVWH Data Setup to ~WR High 160 ns
tWHDX Data Hold after -WR High 0 ns
tJLJH Interrupt Request Width (Low) 100 ns Note
Cascade Setup to Second
ICVIAL or Third ~INTA Low (Slave Only) 40 ns
End of ~RD to next -RD
tRHRL End of —INTA to next —INTA 160 ns
within an —INTA sequence only
tWHWL | End of -WR to next -WR 190 ns
. End of Command to Next Command
tCHCL* | (Not Same Command Type) 400 ns
End of -INTA Sequence to Next -INTA
Sequence

*Worst case timing for tCHCL in an actual microprocessor system is typically much greater than 400 ns
(i.e. 8085A = 1.6 ps, 8085-A2 = 1 us, 80C86 = 1 us, 8086-2 = 625 ns).
Note: This is the low time required to clear the input latch in-the edge triggered mode.
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TIMING RESPONSES
VL82C59A VL82C59A
-08 -10
Symbol Parameter Min | Max Min | Max | Units | Conditions
tRLDV Data Valid from —RD/~INTA Low 120 ns 1
tRHDZ Data Float after -RD/~INTA High 10 85 ns 2
tJHIH Interrupt Output Delay 300 ns 1
Cascade Valid from First
tiALCV ~INTA Low (Master Only) 360 ns 1
Enable Active from —-RD Low
tBLEL or —INTA low 110 ns 1
Enable Inactive from —RD High
tRHEH or —INTA High 150 ns 1
tAHDV Data Valid from Stable Address 200 ns 1
tCVDV Cascade Valid to Valid Data 200 ns 1
TEST CONDITION DEFINITION TABLE
Test Condition \'Al R1 R2 c1
1 1.7V 523 Q Open 100 pF
2 45V 1.8kQ 1.8kQ 30 pF
TESTING INPUT, OUTPUT WAVEFORM TESTING LOAD CIRCUIT 4
R1
24
2.0 2.0 DEVICE TEST POINT
UNDER
TEST POINTS TEST _L
0.45 0.8 0.8 R2 ,__[ ci*
AC testing inputs are driven at 2.4 V for a Logic 1 and *Includes stray and jig capacitance.

0.45 V for a Logic 0. Timing measurements are made
at 2.0 V for a Logic 1 and 0.8 V for a Logic 0.
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WRITE WAVEFORM
tWLWH
—WR — »
\ 7L
- A
tAHWL ¢— —p tWHAX
-CS
ADDRESS BUS
A0
tDVWH—p»
l@— tWHDX
-
DATA BUS Z(
-
READ/INTA WAVEFORM
i tRLRH
~RD/~INTA \ Iy
-
-EN
—P . tRLEL —p tRHEH
lg— tAHRL —p tRHAX
-CS
ADDRESS BUS
A0
¢— tRLDV g~ tRHDZ
tAHDV
DATA BUS

560



@ VLSI TECHNOLOGY, INC.

VL82C59A

OTHER TIMING WAVEFORMS

-RD
-INTA \
tRHRL —»

tWHWL \

7

-RD

—INTA
-WR

5y
]

{— tCHCL

-RD
~INTA
-WR

)

~INTA SEQUENCE WAVEFORM

tJLUH

INT /

o X

NO/ RO/ T RS

5 e {1
tCVIAL € —> l@— tCVIAL
tCVDV 4— /’l \

Co-2

€ tIALCV ->|

Notes: Interrupt output must remain HIGH at least until leading edge of first INTA.

1. Cycle 1 in iAPX 86, iAPX 88 systems, the Data Bus is not active.
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ABSOLUTE MAXIMUM RATING

Ambient Temperature

Stresses above those listed may cause

indicated in this data sheet is not

Under Bias 0°Ct0 70°C permanent damage to the device. implied. Exposure to absolute maxi-
Storage Temperature —65°C to +150°C These are stress ratings o.nly, and func- mum rating conditions for ext'end.e-d
tional operation of the device at these or  periods may affect device reliablility.
Voltage on Any Pin any other conditions above those
with Respectto Ground -05Vto7V
Power Dissipation 1 Watt
DC CHARACTERISTICS: TA =0°Cto 70°C, VCC = 5 V +10%
VL82C59A VL82C59A
-08 -10
Symbol | Parameter Min Max Min Max Units Conditions
VIL Input Low Voltage —0.5 08" v
VIH Input High Voltage 22 VCC +0.5 Y,
VOL Output Low Voltage 0.4 Vv IOL =2.5 mA
VOH Output High Voltage 3.0 \ IOH =-2.5 mA
VCC -0.4 vV | 1OH =-100 yA
ILI Input Leakage Current 1.0 HA 0V<VINSVCC
ILO Output Leakage Current +10.0 pA ovV<sVouT<VCC
ILIR IR Input Leakage Current -300 pA VIN=0
+10 pA VIN=VCC
ICC Operating Supply Current 5 mA Note
IcCs Standby Supply Current 10 HA VIN = VCC or GND
AllIR=VCC
Outputs Unloaded
VCC =55V
Note: For extended termperature EXPRESS VIH=2.3 V.
CAPACITANCE: TA=25°C,VCC=GND=0V
Symbol Parameter Min Max Units | Test Conditions
CIN Input Capacitance 7 pF fc =1 MHz
Cl/o /O Capacitance 20 pF Unmeasured pins returned to VSS
couT QOutput Capacitance 15 pF

Note: Capacitance values guaranteed and sampled, but not 100% tested.
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FEATURES

» Expands address lines from four to 12
» Paged memory mapping design

« Three-state or open-collector map
outputs

» Compatible with IBM PC/AT as well
as most popular microprocessor-
based systems

« Single 5 V power supply

*» Low power-consuming CMOS
technology

* Fully compatible with 74L.S612

PC-AT MEMORY MAPPER (74L.5612)

DESCRIPTION

The VLB82C612 CMOS memory-mapper
integrated circuit contains a 4-line to 16-
line decoder, a 16-word by 12-bit RAM,
16 channels of 2-line to 1-line multiplex-
ers, and the necessary control logic to
operate efficiently in an IBM PC/AT or
most other microprocessor environ-
ments. The device is fabricated in
CMOS technology to insure low power
consumption and maximum system
performance while remaining fully
compatible with the 74LS612.

The memory-mapper expands the
microprocessor’s system memory

address capability by eight bits. Four
bits of the memory address bus (see
System Block Diagram below) can be
used to select one of 16 map registers
that contain 12 bits each. These 12 bits
are presented to the system memory
address bus through the map output
buffers along with the remaining
memory address bits from the CPU.

The device is available in a 40-pin DIP
as well as a 44-pin plastic leaded chip
carrier (PLCC).

PIN DIAGRAM
vL82C612
RS2 (] 1 ~ 40 [ vCC
MA3 ] 2 39 [ MA2
RS3 ] 3 38 [ RSt
-cs ] 4 37 £ MA1
-s18 ] 5 36 -] RSO
R-WELJ 6 35 (] MAO
po 1 7 34 ] D11
p1 s 33 1 p10
p2 9 32 1 p9
p3 ] 10 31 1 D8
D4 ] 11 30 7 D7
Ds [ 12 29 [ Ds
-MMm ] 13 28 1 NC.
Moo ] 14 27 21 MOt
Mot [ 15 26 |1 MO10
Mo2 [T] 16 25 [ Mog
Mo3 [ 17 24 [ M08
Mo4 ] 18 23 [ MO7
Mos [ 19 22 ] MOs
GND [ 20 21 [ -ME
PLEASE CONSULT DATA
SHEET FOR DETAILED
INFORMATION

SYSTEM BLOCK DIAGRAM
< DATA \
V/
< CONTROL r\
S d
cPU N/ SYSTEM
4 CONTROL DO-D11 12 MEMORY
MAO- MOO-
MA3  yigace12z MOt
MEMORY-MAPPER
ADDRESS BUS
V]
ORDER INFORMATION
Part
Number Package
vL82C612-PC Plastic DIP
VL82C612-QC Plastic Leaded Chip Carrier (PLCC)

Note: Operating temperature range is 0°C to +70°C.

563



® VLSI TECHNOLOGY, INC.

564



® VLSI TECHNOLOGY, INC.

VL83C11

FEATURES

+ Meets full Small Computer Systems
Interface (SCSI) specifications for
system cables up to six meters long

Fully buffered, bidirectional data and
control buses

Intertaces directly to VL53C86 and
NCR 5386 family

Can be used with other interfaces
requiring a 48 mA drive

Low cost

Two-micron CMOS technology
Housed in a standard 52-pin PLCC

GENERAL PURPOSE (SCSI) BUS TRANSCEIVER

DESCRIPTION

The VL83C11 General Purpose Bus
Transceiver Chip, is a two-micron
CMOS device designed as a 48 mA bus
transceiver chip for all of the Small
Computer System Interface (SCSI) bus
signals. It incorporates high current
single-ended drivers for the SCSI bus.
The VL83C11 is specifically intended to
be used with the VL53C86 or NCR
53C86 SCSI Protocol Controller
families. It interfaces directly to those
devices, with no additional circuits
required. It can be used with other
interfaces where a general purpose 48
mA bus transceiver is required. Logical
and electrical flexibility also allow its use

as a general pupose interface driver/
receiver chip.

The VL83C11 is functionally equivalent
to the NMOS NCR 8310, but has been
designed in CMOS technology. It meets
the full electrical specifications of Small
Computer Systems Interface (SCSI) for
system cable lengths up to six meters
long. Further, it has been optimized for
connection to the standard SCS!
connector.

The VL83C11 General Purpose
Tranceiver Chip is packaged in a 52-pin
plastic leaded chip carrier (PLCC).

PINDIAGRAM

vLs3ci1-Qc

BSY BSY
VO MSG GND N OUT TGS

7 6 5 4 3 2 15251504948 47
8

9 o
10
11
12
13
14
15
16
17
18
19
20

ATN
RSTIN
-DBo
-DB1
-DB2
GND
-DB3
-DB4
-DBS
GND
-DB8
-DB7
-DBP

D6 D4 D2 VDD DP -D1

21 22 2324 2526 27 28 29 30 31 32 33

BLOCKDIAGRAM
68
T 1GS
10, C/D, MSG 6
e are =3 conTRoL
REQ, ACK, ATN 3 BUS 9
46 [1 -ATN  BUSYIN, SELIN, RSTIN =) K————>> scsi conTROL
45 (3 -BSY BSYOUT, SELOUT,& (-BSY, -SEL, -RST,
4 B —ack -ACK,-ATN, -0,
RSTOUT C/-D, -MSG, -REQ)
43 [ GNo
42 [ -RST
41 [ -MsG
-ID0 - -ID2 qﬁy
40 [ -sEL ARBITRATION|
39 [ eND ARB ————— LOGIC
38 [ ¢-D -DBEN
a7 [ -REQ
36 [ v-0 S
a5 [ -DBEN
34 1 ARB
DATA .
D0 -D7, DPCt:) BUS  [—"—> 5Bo--DBY, -DBP

ORDER INFORMATION

Part

Number Package

vLs3cii-QC Plastic Leaded Chip Carrier (PLCC)

Note: Operating temperature range is 0°C to +70°C
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SIGNAL DESCRIPTIONS

Signal Pin Signal

Name Number Description

-DBO0 - -DB7, 10-12, 14-16, These nine bits (~DBO through —-DB7, -DBP) are bidirectional, active low, open-drain

-DBP 18-20 signals that form the data bus. ~DB7 is the most significant bit and has the highest
priority during Arbitration phase. Data parity is odd. Parity is not valid during arbitration.

-RST 42 Reset - Indicates a SCSI bus reset condition. An “or-tied” signal. This signal is bidirec-
tional, active low and open-drain.

-ATN 46 Attention - Driven by an initiator, ~ATN indicates an attention condition. This bidirec-
tional, active low and open-drain signal is received in the target role.

~ACK 44 Acknowledge - Driven by an initiator, —~ACK indicates an acknowledgment for a REQ/
ACK data transfer handshake. In the target role, ~ACK is received as a response to the
—REQ signal. 1t is a bidirectional, active low, open-drain signal.

-REQ 37 Request - Driven by a target, -REQ indicates a request for a REQ/ACK data transfer
handshake. This signal is received by the initiator. It is a bidirectional, active low, open-
drain signal.

-MSG 41 Message - Driven by the target during the Message phase. This bidirectional, active low,
open-drain signal is received by the initiator.

-0 36 Input/Output - This bidirectional, open-drain signal is driven by a target which controls
the direction of data movement on the SCS| bus. High indicates input to the initiator.

. This signal is also used to distinguish between Selection and Reselection phases.

C/-D 38 Control or Data - This bidirectional, open-drain signal is driven by the target. It indicates
whether Control or Data is on the data bus. High indicates Control. This signal is
received by the initiator.

-SEL 40 Select - Used by an initiator to select a target or by a target to reselect an initiator. Itis a
bidirectional, active low, open-drain signal.

-BSY 45 Busy - Indicates the SCSI bus is being used and can be driven by both the initiator and

. the target device. An “or-tied” signal. This is a bidirectional, active low, open-drain
signal.

Do, D1-D7, DP 29, 27- 21, These nine bits (DO through D7, DP) form the data bus. D7 is the most significant bit

30 and has the highest priority during Arbitration phase. DP is the parity bit.

-DBEN 35 Data Bus Enable - This signal enables the SCSI bus drivers for -DB7 through -DBP.

TGS 48 Target Group Select - Enables the SCSI bus drivers for I/~O, C/-D, -MSG, and -REQ.

IGS 7 Initiator Group Select - Enables the SCSI bus drivers for ~ACK and —ATN.

ARB 34 Arbitration - Enables decode of IDO - ID2 and asserts priority decode as SCS! data bus
ID.

-ID0-2 33-31 ldentification - The ID signals are used during arbitration to select the correct DBx line.

lle] 6 Input/Output - This line is used to drive or receive the SCSI signal 1/-O.

C/D 5 Control/Data - This line is used to drive or receive the SCSI signal C/-D.

MSG 4 Message - This line is used to drive or receive the SCSI signal -MSG.

REQ 1 Request - This line is used to drive or receive the SCSI signal ~REQ.

ACK 3 Acknowledge - This line controls the SCSI signal —ACK.

ATN 8 Attention - This line controls the SCSI signal —ATN.

BSYIN 52 Busy - This line indicates the received state of the SCSI signal -BSY.

BSYOUT 50 Busy - This line drives the SCSI signal —-BSY.

SELIN 51 Select - This line indicates the received state of the SCSI signal -SEL.
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SIGNAL DESCRIPTIONS

Signal Pin Signal

Name Number Description

SELOUT 49 Select - This line drives the SCSI signal —SEL.

RSTIN 9 Reset - This line indicates the received state of the SCSI signal -RST.
—-RSTOUT 47 Reset - This line drives the SCSI signal -RST.

vbD 28 +5V

GND 2,13, 17, 39, 43 Ground

FUNCTIONAL DESCRIPTION

The VL83C11 General Purpose
Tranceiver has been designed primarily
a buffer whose purpose is to translate
signals from a microprocessor data bus
to the low impedance, terminated, 48
mA, single ended, environment of the
SCSl bus.

There is also an arbitration scheme,
consistent with SCSI requirements,
implemented in this device's logic.

LOGICAL OPERATION

Bus Operation - Data bus direction is
usually controlled with a single line
~-DBEN (pin 35). With -DBEN active
(low voltage level), data flow is from Dx
to DBx or onto the SCS! data bus.

Arbitration - Arbitration allows one SCSI
device to gain control of the SCSI bus
so that it can assume a role as Initiator
or Target. Arbitration is a system
option, but if not implemented, there
can be only one Initiator.

The SCSI ID bit is a single bit on the
data bus which corresponds to the
SCSI device's unique SCSI Address.
All other seven data bus bits are
released by the SCSI device. During
arbitration, parity is not guaranteed, but
may not be driven to the false state.

During arbitration with the VL83C11,
~DBEN is normally inactive and ARB is
driven active (high voltage level).

Under those circumstances, —-DBP will
be high as will all other -DBx lines
except for the one showing a decode of
the =ID2 - ~IDO lines.

Target Group Select (TGS) - When the
TGS line is driven active (high voltage
level), the driving device is controlling in
the Target role. The purpose is to
enable the VL83C11 SCSI drivers for
signals I/~O, C/~D, -MSG, and ~REQ.

Initiator Group Select (IGS) - When at a
high voltage level, the IGS line enables
the SCS! bus drives for —ATN and
—ACK that the driver is in the Initiator
role. In the low voltage state, ~ATN and
—ACK will be received by the Initiator.

APPLICATIONS

Driving Circuitry

The VL83C11 can be driven with either
7400 TTL, LS or Schottky or a MOS
microprocessor.

A typical driver/load implementation is
represented in Figure 2, TTL Drive of
the VL83C11. '

OutputLoading

Output loading of the VL83C11 is
prescribed in ANSI document X3T9.2,
SCSI, Small Computer Systems
Interface, Section 4, Physical level. An
example of a typical bus loading is
shown in Figure 1, lllustration of SCSI
Bus Loading. Note that the resistive

FIGURE 1: ILLUSTRATION OF SCSI BUS LOADING

220 Q

VL83C1t

loading element is clearly specified
regarding terminating resistors. In
contrast, the capacitive/inductive loads
imposed as a result of cabling, connec-
tors, or printed circuitry traces can only
be estimated when the application has
been defined. External loading must be
considered when evaluating the AC
characteristics.

220.Q

330 Q

T

LOADS LOADS

Note: SCSIbus may be loaded per ANSI X3T9.2, Section 4.

330 Q
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FIGURE 2. TTL DRIVE OF VL83C11

Note: 745240 easily drives eight VL83C11 driver chips.

745240 DRIVER

vL83C11

VL83C11

AC CHARACTERISTICS: TA =0°C to +70°C, VCC =5V + 5%

PROPAGATIONDELAY
Propagation Delay Reference defines
measurement points used in determina-
tion of delay times. Since there is no
internal clock in the VL83C11 Driver/

PROPAGATION DELAY REFERENCE

Receiver chip, measurements are to be
made relative to other signals defined

as references.

CHIP TIMING
The VL83C11 Driver/Receiver chip

conforms to propagation delays
illustrated in Data Bus and Control

Signal Turnaround, as well as Control
Signal and Arbitration Delay Times.

Symbol Parameter Min Max Unit Condition

tPDHH ns No Internal Clock
tPDLL ns No Internal Clock
tPDHL ns No Internal Clock

PROPAGATION DELAY REFERENCE TIMING

INPUT
05V —
QUTPUT
OUTPUT

4

€ tPDHH
05V

«¢- tPDHL

< 20V

20V

¢ tPDLL

05V

20V

—>

tPDLH
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DATABUS PROPAGATION .
Symbol Parameter Min Max Unit Condltlon
t1 Data Bus to SCSI Bus Delay 90 ns
12 SBEN True to Data Bus Three-State 90 ns
t3 SBEN False to SCSI Bus Release 100 ns
t4 SCSI Bus to Data Bus Delay 60 ns

DATA BUS PROPAGATION TIMING

-DBEN N\

D0-D7,DP

I X
t j —>| 13 £ 14
awo-om X

TGS GATED CONTROL SIGNAL DELAYS

Symbol Parameter Min Max Unit Condition
t5 Control Signal Delay to SCS| Bus 70 ns
t6 TGS True to Input Release 50 ns
t7 TGS False to SCSI Bus Release 70 ns
t8 SCSI Bus Receiver Delay 50 ns

TGS GATED CONTROL SIGNAL DELAYS TIMING

Tas /S N

0, C/D, MSG, REQ | X >|C

-0, C/-D, -MSG, -REQ X
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IGS GATED CONTROL SIGNALDELAYS
Symbol Parameter Min Max Unit Condition
19 Control Signal Delay to SCS| Bus 70 ns
t10 IGS True to Input Release 50 ns
t11 IGS False to SCSI Bus Release 70 ns
t12 SCSI Bus Receiver Delay 50 ns

IGS GATED CONTROL SIGNAL DELAYS TIMING

IGS / lq

110

ACK, ATN X

—ACK, -ATN

CONTROL SIGNAL TURNAROUND

0 — JZ ~;L“’->Ii*
X

Symbol Parameter Min Max Unit Condition
113 Receiver Delay BSY RST SEL 50 ns
t14 Driver Delay BSY RST SEL 70 ns

CONTROL SIGNAL TURNAROUND TIMING

BSYOUT, SELOUT, RSTOUT
t14

-BSY, -SEL, -RST

|<—t13

BSYIN, SELIN, RSTIN

ARBITRATIONDELAY

Symbol Parameter Min Max

Unit

Condition

t15 ARB True to -DB0-7 True 70

ns

116 ARB False to —-DB0-7 False 70

ns

ARBRITRATIONDELAY TIMING

ARB
4— 115

-DB0 --DB7

b
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ABSOLUTEMAXIMUMRATIINGS

Ambient Operating Stresses above those listed may cause in this data sheet is not implied.

Temperature 0°Cto +70°C  permanent damage to the device. Exposure to absolute maximum rating
_ago o These are stress ratings only, functional conditions for extended periods may

Storage Temperature  -65°C 10 +150°C operation of this device at these or any affect device reliability.

Supply Voltage to other conditions above those indicated

Ground Potential -05Vto+6.0V

Applied Input

Voltage -0.5Vto VCC + 0.5V

Power Dissipation 800 mW

DC CHARACTERISTICS: TA=0°Cto +70°C,VCC =5V +5%

Symbol Parameter Min Max Units Conditions

VCC Positive Supply Voltage 4.75 5.25 v

ICC Operating Current 2.0 mA All Inputs = VIL = 0.8

VIH High Level Input Voltage 2.0 5.25 v

VIL Low Level Input Voltage -0.3 0.8 v

IH High Level Input Current (SCSI) 50 RA VIH = 5.25

L Low Level Input Current (SCSI) -50 pA ViL=0

L Low Level Input Current (DP) 2 mA VIL=0

IIH High Level Input Current (All Other Pins) 10 pA VIH = 5.25

L Low Level Input Current (All Other Pins) -10 HA VIL=0

VOH High Level Output Voltage 25 5.25 v VCC =475V, IOH = 7.0 mA
VoL Low Level Output Voltage 0 0.4 \ VCC =4.75V, IOL = 7.0 mA
VoL Low Level Output Voltage (SCSI) 0 05 v VCC =475V, |IOL = 48.0 mA
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FEATURES

Two independent full-duplex
channels

0 to 1.5M bit/second

Multi-protocol operation for NRZ,
NRZI, or FM

Asynchronous mode includes 1, 1.5,
or 2 stop bits per character

.

Programmable clock factor

.

Break generation and error detection
Intelligent SDLC/HDLC

Local loopback and auto echo
modes

.

Synchronous support includes
internal or external character
synchronization

SERIAL COMMUNICATIONS CONTROLLER (SCC)

DESCRIPTION

The VL8530 Serial Communications
Controller (SCC) is a dual-channel,
multi-protocol data communications
peripheral designed for use with
conventional non-multiplexed buses.
The SCC can be software configured
to satisfy a wide variety of serial
communications applications. The
device contains a variety of new,
sophisticated internal functions,
including on-chip baud rate genera-
tors, digital phase-locked loops, and
crystal oscillators that dramatically
reduce the need for external logic.

The SCC handles asynchronous for-
mats, synchronous byte-oriented pro-
tocols, such as IBM Bisync, and syn-
chronous bit-oriented protocols, such
as HDLC and IBM SDLC. This ver-
satile device supports virtually any
serial data transfer application (cas-
sette, diskette, tape drives, etc.).

The device can generate and check
CRC codes in any synchronous mode
and can be programmed to check data
integrity in various modes. The SCC
also has facilities for modem controls
in both channels.

PIN DIAGRAM
VL8530
D1 1 Do
paf] 2 D2
o5 3 D4
o7 4 D6
NTO s -AD
IE0 6 -WR
€107 ~B
-INTACK ] 8 —E
vee o D¢
-W/-REQA GND
-SYNCA ] -W-REQB
-ATXCA [ -SYNCB
RXDA [0 -RTXCB
—TRXCA RXDB
TXDA [ ~TRXCB
-DTR-RECA [ TX0B
-ATSA [ -DTR-RECB
-cTsA -RTSB
-DCDA T —TsB
PCLK O -DCDB

BAUD RATE
GENERATOR
A le——" SERIALDATA
CHANNELA [$7—— CHANNELCLOCKS
|«— -SYNC
|—— CWAIT/-REQUEST
INTERNAL CHANNEL A
CONTROL REGISTERS
LOGIC
DISCRETE  [4—
DATA _-—_> CONTROL  [+—— MoDEMOMA, OR

: : CPU
: : BUS 1O

CONTROL

INTERNAL BUS

—
AND S;ATUS OTHER CONTROLS

DISCRETE |
[«—— MODEM,DMA, OR

INTERRUPT INTERRUPT
CONTROL CONTROL
LINES LoGIC

SRS N

CHANNEL B
REGISTERS

CONTROL |
AND STATUS — OTHER CONTROLS
8 E—

le—" SERIALDATA

BAUD RATE
GENERATOR
B

N fe——o
CHANNEL B [4—2 CHANNELCLOCKS
[e— -SYNC
-WAIT/~REQB

ORDER INFORMATION
Part Clock
Number Frequency Package
VL8530-04PC Plastic DIP
VL8530-04CC 4 MHz Ceramic DIP

VL8530-04QC

Plastic Leaded Chip Carrier (PLCC)

VL8530-06PC
VL8530-06CC
VL8530-06QC

6 MHz

Plastic DIP
Ceramic DIP
Plastic Leaded Chip Carrier (PLCC)

Note: Operating temperature range is 0° to +70°C.
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PIN DIAGRAM

39 A-B
-CE
D/-C
N.C.
GND
-W/-REQB
—-SYNCB
—RTXCB
RXDB
~TRXCB
TXDB

-DTR/-REQA —CTSA PCLK -CTSB -DTRREQB

SIGNAL DESCRIPTIONS

Slgnal DIPPin Signal

Name Number Description

A/-B 34 Channel A/Channel B Select - This input signal selects the channel on which the read or
write operation occurs.

-CE 33 Chip Enable - This active low input signal selects the SCC for a read or write operation.

-CTSA, 18, Clear To Send - Active low inputs - If these pins are programmed as auto enables, a low on

-CTSB 22 the inputs enables the respective transmitters. |If not programmed as auto enables, they may
be used as general-purpose inputs. Both inputs are Schmitt trigger buffered to accommo-
date slow rise time inputs. The SCC detects pulses on these inputs and can interrupt the
CPU on both logic level transitions.

D/-C- 32 Data/Control Select - This input signal defines the type of information transferred to or from
the SCC. A high means data is transferred; a low indicates a command.

-DCDA, 19 Data Carrier Detect - Active low inputs - These pins function as receiver enables if they are

-bCcDB 21 programmed for auto enables; otherwise, they may be used as general-purpose input pins.
Both pins are Schmitt trigger buffered to accomodate slow rise time signals. The SCC
detects pulses on these pins and can interrupt the CPU on both logic level transitions.

D0-D7 40,1,39,2,38, Data Bus - These bidirectional, three-state lines carry data and commands to and from the

3,374 SCC.

~-DTR/~REQA 16, Data Terminal Ready/Request - These active low outputs follow the state programmed into

-DTR~REQB 24 the ~-DTR bit. They can also be used as general-purpose outputs or as request lines for a
direct memeory access (DMA) controller.

IEI 7 Interrupt Enable In - Active high output - IEl is used with IEO to form an interrupt daisy chain
when there is more than one interrupt-driven device. A high IEl indicates that no other higher
priority device has an interrupt underservice or is requesting an interrupt.

IEO 6 Interrupt Enable Out - Active high output - IEO is high only if IEl is high and the CPU is not
servicing an SCC interrupt or the SCC is not requesting an interrupt (Interrupt Acknowledge
cycle only). IEO is connected to the next lower priority device's IEl input and thus inhibits
interrupts from lower priority devices.

-INT 5 Interrupt Request - Active low open-drain output - This signal is activated when theSCC

requests an interrupt.
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SIGNAL DESCRIPTIONS (cont.)

Signal
Name

DIP Pin
Number

Signal
Description

—-INTACK

PCLK

RXDA,
RXDB

-RTXCA,
-RTXCB

~RTSA,
-RTSB

-SYNCA,
-SYNCB

TXDA,
TXDB

~TRXCA,
-TRXCB

-WR

-W/-REQA,
-W/-REQB

8

20

36

13,
27

12,
28

17,

11,
29

15,
25

14,
26

35

10,

Interrupt Acknowledge - Active low input - This signal indicates an active Interrupt Acknowl-
edge cycle. During this cycle, the SCC interrupt daisy chain settles. When ~RD be-comes
active, the SCC places an interrupt vector on the data bus (if IE| is high). The ~INTACK
signal is latched by the rising edge of PCLK.

Clock - This input is the master SCC clock used to synchronize internal signals. PCLK is a
TTL level signal.

Read - Active low input - This signal indicates a read operation and, when the SCC is se-
lected, enables the SCC's bus drivers. During the Interrupt Acknowledge cycle, this signal
gates the interrupt vector onto the bus if the SCC is the highest priority device requesting an
interrupt.

Receive Data - Active high inputs - These input signals receive serial data at standard TTL
levels.

Receive/Transmit Clocks - Active low inputs - These pins can be programmed in several
different modes of operation. In each channel, -RTXC may supply the receive clock, the
transmit clock, the clock for the baud rate generator, or the clock for the digital phase locked
loop. These pins can also be programmed for use with the respective —-SYNC pins as a
crystal oscillator. The receive clock may be 1, 16, 32, or 64 times the data rate in asynchro-
nous modes.

Request To Send - Active low outputs - When the —RTS bit in write register 5 (figure 7) is set,
the —RTS signal goes low. When the —RTS bit is reset in the asynchronous mode and auto
enable is on, the signal goes high after the transmitter is empty. In synchronous mode or in
asynchronous mode with auto enable off, the —RTS pin strictly follows the state of the —-RTS
bit. Both pins can be used as general purpose outputs.

Synchronization - Active low inputs or outputs - These pins can act either as inputs or outputs,
or part of the crystal oscillator circuit. In the asynchronous recsive mode (crystal oscillator
option not selected), these pins are inputs similar to —-CTS and —-DCD. In this mode, transi-
tions on these lines affect the state of the synchronous/hunt status bits in read register 0
(Figure 6) but have no other function.

In external synchronization mode with the crystal oscillator not selected, these lines also act
as inputs. In this mode, —SYNC must be driven low to receive clock cycles after the last bit in
the synchronous character is received. Character assembly begins on the rising edge of the
receive clock immediately preceding the activation of ~SYNC.

In the internal synchronization mode (Monosync and Bisync) with the crystal oscillator not
selected, these pins act as outputs and are active only during the part of the receive clock
cycle in which synchronous characters are recognized. The synchronous condi-tion is not
latched, so these outputs are active each time a synchronization pattern is recognized
(regardless of character boundaries). In SDLC mods, these pins act as outputs and are valid
on receipt of a flag.

Transmit Data - Active high outputs - These output signals transmit serial data at standard
TTL levels. ’

Transmit/Receive Clocks - Active low inputs or outputs - These pins can be programmed in
several different modes of operation. —TRXC may supply the receive clock or the transmit
clock in the input mode or supply the output of the digital phase-locked loop, the crystal
oscillator, the baud rate generator, or the transmit clock in the output mode.

Write - Active low input - When the SCC is selected, this signal indicates a write operation.
The coincidence of —-RD and -WR is interpreted as a reset.

Wait/Request - Open-drain outputs when programmed for a wait function, driven high or low
when programmed for a Request function - These dual-purpose outputs may be programmed
as Request lines for a DMA controller or as Wait lines to synchronize the CPU to the SCC
datarate. The reset state is Wait.
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FUNCTIONAL

DESCRIPTION

The functional capabilities of the SCC
can be described from two different
points of view. As a data communi-
cations device, it transmits and receives
data in a wide variety of data communi-
cations protocols. As a microprocessor
peripheral, the SCC offers valuable
features as vectored interrupts, polling,
and simple handshake capability.

DATA COMMUNICATIONS
CAPABILITY

The SCC provides two independent full-
duplex channels programmable for use
in any common asynchronous or syn-
chronous data communication protocol.
Figure 1 and the following description
briefly detail these protocols.

Asynchronous modes - Transmission
and reception can be accomplished
independently on each channel with 5
to 8 bits per character, plus optional
even or odd parity. The transmitters
can supply 1, 1 1/2, or 2 stop bits per
character and a break output at any
time. The receiver break-detection logic
interrupts the CPU both at the start and
at the end of a received break.

Reception is protected from spikes by a
transient spike-rejection mechanism
that checks the signal one-half a bit
time after a low level is detected on the
receive data input (RXDA or RXDB). If
the low does not persist (as in the case
of a transient), the character assembly
process does not start.

Framing errors and overrun errors are
detected and buffered together with the
partial character on which they occur.
Vectored interrupts allow fast servicing
or error conditions using dedicated
routines. Furthermore, a built-in
checking process avoids the interpreta-
tion of a framing error as a new start bit:
a framing error results in the addition of
one-half a bit time to the point at which
the search for the next start bit begins.

The SCC does not require symmetric
transmit and receive clock signals

a feature allowing use of the wide vari-
ety of clock sources. The transmitter
and receiver can handle data at a rate
of 1, 1/16, 1/32, or 1/64 of the clock rate
supplied to the receive and transmit
clock inputs. In asynchronous modes,

the -SYNC pin may be pro-grammed as
an input used for such functions as
monitoring a ring indicator.

Synchronous modes. The SCC
supports both byte-oriented and bit-
oriented synchronous communication.
Synchronous byte-oriented protocols
can be handled in several modes, al-
lowing character synchronization with a
6-bit or 8-bit synchronous character
(Monosync) any 12-bit synchroni-zation
pattern (Bisync), or with an external
synchronous signal. Leading sync
characters can be removed without
interrupting the CPU.

5- or 7-bit synchronous characters are
detected with 8- or 16-bit patterns in the
SCC by overlapping the larger pattern
across multple incoming synchronous
characters.

The CRC checking for synchronous
byte-oriented modes is delayed by one
character time so that the CPU may
disable CRC checking on specific
characters. This allows the imple-
mentation of IBM Bisync. protocols.

Both CRC-16 (X'6 + X'5 +X2 + 1) and
CCITT (X'® + X'2 4+ X5+ 1) error check-
ing polynomials are supported. Either
polynomial may be selected in all
Synchronous modes. Users may preset
the CRC generator and checker to all
ones or all zeros. The SCC also pro-
vides a feature that automatically
transmits CRC data when no other data
is available for transmission. This
allows for high-speed transmissions
under DMA control, with no need for
CPU intervention at the end of a mes-
sage. When there is no data or CRC to
send in synchronous modes, the
transmitter inserts 6-, 8-, or 16-bit
synchronous characters, regardless of
the programmed character length.

The SCC supports synchronous bit-
oriented protocols, such as SDLC and
HDLC, by performing automatic flag
sending, zero insertion, and CRC gen-
eration. A special command can be
used to abort a frame in transmission.
At the end of a message, the SCC
automatically transmits the CRC and
trailing flag when the transmitter un-
derruns. The transmitter may also be

programmed to send an idle line con-
sisting of continuous flag characters or
a steady marking condition.

If a transmit underrun occurs in the
middle of a message, an external/sta-
tus interrupt warns the CPU of this
status change so that an abort may be
issued. The SCC may also be pro-
grammed to send an abort itself in case
of an underrun, relieving the CPU of this
task. One to eight bits per character
can be sent, allowing recep-tion of a
message with no prior infor-mation
about the character structure in the
information field of a frame.

The receiver automatically acquires
synchronization on the leading flag of a
frame in SDLC or HDLC and provides a
synchronization signal on the ~-SYNC
pin (an interrupt can also be pro-
grammed). The receiver can be
programmed to search for frames
addressed by a single byte (or four bits
within a byte) of a user-selected
address or to a global broadcast
address. In this mode, frames not
matching either the user-selected or
broadcast address are ignored. The
number of address bytes can be
extended under software control. For
receiving data, an interrupt on the first
received character, or an interrupt on
every character, or on special con-dition
only (end-of-frame) can be selected.
The receiver automatically deletes all
zeros inserted by the transmitter during
character assembly. The CRC is also
calculated and is automatically checked
to validate frame transmission. At the
end of transmission, the status of a
received frame is availabe in the status
registers. In SDLC mode, the SCC
must be programmed to use the SDLC
CRC polynomial, but the generator and
checker may be preset to all ones or all
zeros.

The CRC is inverted before transmis-
sion and the receiver checks against
the bit pattern 0001110100001111.

The NRZ, NRZI, or FM coding may be
used in any 1x mode. The parity
options available in asynchronous
modes are available in synchronous
modes.
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The SCC can be conveniently used
under DMA control to provide high-
speed reception or transmission. In
reception, for example, the SCC can

interrupt the CPU when the first
character of a message is received.
The CPU then enables the DMA to

transfer the message to memory. The
SCC then issues an end-of-frame
interrupt and the CPU can check the

status of the received messsage.

FIGURE 1. SCC PROTOCOLS

PARITY
START SIOP
marknaLNE | | pata || T | oata || 'l [ oata TTTT MARKINGLINE
ASYNCHRONOUS
| swc | oama | [ oata | cre CRC2 |
MONOSYNC
[ swe | swe | DATA ] [ DATA | CRC1 crcz |
BISYNC
[ DATA | [ oaA | cret crRcz |
EXTERNAL SYNG
[ mac | aporess ] | CRCH CRC2 FLAG
SDLC/HDLC/X.25
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The CPU is thereby freed for other
service while the message is being
received. The CPU may also enable
the DMA first and have the SCC in-
terrupt only on end-of-frame. This
procedure allows all data to be trans-
ferred via the DMA.

SDLC LOOP MODE

The SCC supports SDLC loop mode in
addition to normal SDLC. In an SDLC
loop, there is a primary controller
station that manages the message
traffic flow on the loop and any number
of secondary stations. In SDLC loop
mode, the SCC performs the functions
of a secondary station while an SCC
operating in regular SDLC mode can
act as a controller (Figure 3).

A secondary station in an SDLC Loop
is always listening to the messages
being sent around the loop, and in fact
must pass these messages to the rest
of the loop by retransmitting them with
a one-bit time delay. The secondary
station can place its own message on
the loop only at specific times. The
controller signals that secondary sta-
tions may transmit messages by
sending a special character, called an
End Of Poll (EOP), around the loop.
The EOP character is the bit pattern
11111110. Because of zero insertion
during messages, this bit pattern is
unique and easily recognized.

When a secondary station has a mes-
sage to transmit and recognizes an
EOP on the line, it changes the last
binary 1 of the EOP to a 0 before
trans-mission. This has the effect of
turning the EOP into a flag sequence.
The secondary station now places its
message on the loop and terminates
the message with an EOP. Any sec-
ondary stations, further down the loop
with messages to transmit, can then
append their messages to the
message of the first secondary station
without messages to send. The
following stations merely echo the
incoming messages and are prohib-
ited from placing messages on the
loop (except upon recognizing an
EOP). The SDLC loop mode is a
programmable option in the SCC;
NRZ, NRZI, and FM coding may all be
used in SDLC Loop mode.

BAUD RATE GENERATOR

Each channel in the ESCC contains a
programmable baud rate generator.
Each generator consists of two 8-bit
time constant registers that form a 16-
bit time-constant, a 16-bit down
counter, and a flip-flop on the output
producing a square wave. On startup,
the flip-flop on the output is set in a
HIGH state, the value in the time-
constant register is loaded into the
counter, and the counter starts count-
ing down. The output of the baud rate
generator toggles upon reaching 0,
the value in the time-constant register

process is repeated. The time constant
may be changed at any time, but the
new value does not take effect until the
next load of the counter.

The output of the baud rate generator
may be used as either the transmit
clock, the receive clock, or both. It can
also drive the digital phase-locked loop
(see next section).

If the receive clock or transmit clock is
not programmed to come from the
—TRxC pin, the output of the baud rate
generator may be echoed out via the
—TRxC pin.

The following formula relates the time
constant to the baud rate (the baud rate
is in bits/second and BR clock period is
in seconds):

baud rate =

1

2 (time constant+2) x (BR clock period)

DIGITAL PHASE-LOCKED LOOP
The ESCC contains a digital phase-
locked-loop (DPLL) to recover clock
information from a data stream with
NRZI or FM encoding. The DPLL is
driven by a clock that is nominally 32
(NRZI) or 16 (FM) times the data rate.
The DPLL uses this clock, along with
the data stream, to construct a clock
for the data. This clock may then be
used as the SCC receive clock, the
transmit clock, or both.

FIGURE 2. DETECTING 5- OR 7-BIT
SYNCHRONOUS CHARACTERS

5BITS

| .-

FIGURE 3. AN SDLC LOOP

L§'YNC | sYNG | syne

DATA | DATA | DATA | DATA |

[~
— |

SECONDARY #1
SECONDARY #2

CONTROLLER

SECONDARY #4
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For NRZI| encoding, the DPLL counts
the 32x clock to create nominal bit
times. As the 32x clock is counted, the
DPLL is searching the incoming data
stream for edges (either 1 to 0 or 0 to
1). Whenever an edge is de-tected, the
DPLL makes a count adjustment (during
the next counting cycle), producing a
terminal count closer to the center of the
bit cell.

For FM encoding, the DPLL still counts
from 0 to 31, but with a cycle corres-
ponding to two bit times. When the
DPLL is locked, the clock edges in the
data stream should occur between
counts 15 and 16, and between counts
31 and 0. The DPLL looks for edges
only during a time centered on the 15 to
16 counting transition.

The 32x clock for the DPLL can be
programmed to come from either the
—RTxC input or the output of the baud
rate generator. The DPLL output may
be programmed to be echoed out of the
ESCC via the =TRxC pin (if this pin is
not being used as an input).

DATA ENCODING

The ESCC may be programmed to en-
code and decode the serial data in four
different ways (Figure 4). In NRZ en-
coding, a 1 is represented by a HIGH
level and a O is represented by a LOW
level. In NRZ| encoding, a 1 is repre-
sented by no change in level and a O is
represented by a change in level.

In FM1 (more properly, bi-phase mark),
a transition occurs at the beginning of
every bit cell. A 1 is represented by

an additional transition at the center of
the bit cell and a 0 is represented by no
additional transition at the center of the
bit cell. In FM@ (bi-phase space), a
transition occurs at the beginning of
aevery bit cell. A 0 is represented by an
additional transition at the center of the
bit cell, and a 1 is represented by no
additional transition at the center of the

bit cell.

In addition to these four methods, the
ESCC can be used to decode Manch-
ester (bi-phase level) data by using the
DPLL in the FM mode and program-
ming the receiver for NRZ data.
Manchester encoding always produces
a transition at the center of the bit cell.
If the transition is 0 to 1, the bitis a 0. If
the transition is 1 to 0, the bitis a 1.

AUTO ECHO AND LOCAL
LOOPBACK

The ESCC is capable of automatically
echoing everything it receives. This
feature is useful mainly in Asyn-
chronous modes, but works in Syn-
chronous and SDLC modes as well. In
Auto Echo mode, TxD is RxD. Auto
Echo mode can be used with NRZI or
FM encoding with no additional delay,
because the data stream is not de-
coded before retransmission. In Auto
Echo mode, the —CTS input is ignored
as a transmitter enable (although transi-
tions on this input can still cause
interrupts if programmed to do so). In
this mode, the transmitter is actually
bypassed and the pro-grammer is
responsible for disabling transmitter
interrupts and Wait/Request on trans-
mit.

The ESCC is also capable of local
loopback. In this mode TxD is RxD, just
as in auto echo mode. However, in
local loopback mode, the internal
transmit data is tied to the internal
receive data and RxD is ignored (except
to be echoed out via TxD). The -CTS
and -DCD inputs are also ig-nored as
transmit and receive enables. How-
ever, transitions on these inputs can still
cause interrupts. Local loopback works
in asynchronous, synchronous, and
SDLC modes with NRZ, NRZI, or FM
coding of the data stream.

I/0 INTERFACE CAPABILITIES

The ESCC offers the choics of polling,
interrupt (vectored or nonvectored), and
block transfer modes to transfer data,
status, and control information to and
from the CPU. The block transfer mode
can be implemented under CPU or
DMA control.

POLLING

Allinterrupts are disabled. Three status
registers in the ESCC are auto-matically
updated whenever any function is
performed . For example, end-of-frame
in SDLC mode sets a bit in one of these
status registers. The idea behind
polling is for the CPU to periodically
read a status register until the register
contents indicate the need for data to
be transferred. Only one register needs
to be read; depending on its contents,
the CPU either writes data, reads data,
or continues. Two bits in the register
indicate the need for data transfer.

FIGURE 4. DATA ENCODING METHODS

DATA

NRZ

NRZI

FM1\/ \/\ / \/\

mo\—— /" N/ \/\

/\

manciester,. o/ M/ o /[
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An alternative is a poll of the Interrupt
Pending register to determine the

source of an interrupt. The status for
both channels resides in one register.

INTERRUPTS

When an SCC responds to an Interrupt
Acknowledge signal (-INTACK) from the
CPU, an interrupt vector may be placed
on the data bus. This vector is written in
Write Register 2 (WR2) and may be
read in Read Register 2A (RR2A) or
Read Register 2B (RR2B) (Figures 8).

To speed interrupt response time, the
SCC can modify three bits in this vector
to indicate status. lf the vector is read in
Channel A, status is never included; if it
is read in Channel B, status is always
included.

Each of the six sources of interrupts in
the SCC (Transmit, Receive, and
External/Status interrupts in both
channels) has three bits associated with
the interrupt source: Interrupt Pending
(IP), Interrupt Under Service (IUS), and
Interrupt Enable (IE). Operation of the
IE bit is straightforward. If the IE bit is
set for a given interrupt source, that
source can request interrupts. The
exception is when the MIE (Master
Interrupt Enable) bit in WR9 is reset and
no interrupts may be requested. The IE
bits are write only.

The other two bits are related to the
interrupt priority chain (Figure 5). As a
microprocessor peripheral, the SCC
may request an interrupt only when no
higher priority device is requesting one;
e.g., when IEl is high. If the device in
question requests an interrupt, it pulls

down —INT. The CPU then responds
with -INTACK, and the interrupting
device places the vector on the data
bus.

In the SCC, the IP bit signals a reed for
interrupt servicing. When an IP bit is 1
and the |El input is high, the INT output
is pulled low, requesting an interrupt.

In the SCC, if the IE bit is not set by
enabling interrupts, then the IP for that
source can never be set. The IP bits
are readable in RR3A.

The IUS bits signal that an interrupt
request is being serviced. If an IUS is
set, all interrupt sources of lower
priority in the SCC and external to the
SCC are prevented from requesting
interrupts. The internal interrupt
sources are inhibited by the state of the
internal daisy chain, while lower priority
devices are inhibited by the IEO output
of the SCC being pulled LOW and
propagated to subsequent peripherals.
An 1US bit is set during an interrupt ac-
knowledge cycle if there are no higher
priority devices requesting interrupts.

There are three types of interrupts:
transmit, receive, and external/status.
Each interrupt type is enabled under
program control with Channel A having
higher priority than Channel B, and with
receive, transmit, and external/status
interrupts prioritized in that order within
each channel. When the transmit
interrupt is enabled, the CPU is inter-
rupted when the transmit buffer be-
comes empty. (This implies that the
transmitter must have had a data
character written into it so that it can
become empty.) When enabled, the

receiver can interrupt the CPU in one of
three ways:

* Onfirst receive character or special
receive condition

¢ On all receive characters or special
receive condition

* On special receive condition only.

Interrupt on first character or special
condition and interrupt on special
condition only are typically used with
the Block Transfer mode. A special
receive condition is one of the following:
receiver overrun, framing error in
Asynchronous mode, end-of-frame in
SDLC mode, and optionally, a parity
error. The special receive condition
interrupt is different from an ordinary
receive character interrupt only in that
the status is placed in the vector during
the Interrupt Acknowledge cycle. In
interrupt on first receive character, an
interrupt can occur from special receive
conditions any time after the first receive
character interrupt.

The main function of the external/
status interrupt is to monitor the signal
transitions of the ~-CTS,~CCD, and
—SYNC pins; however, an external/
status interrupt is also caused by a
transmit underrun condition, or a zero
count in the baud rate generator, or by
the detection of a break (asynchronous
mode), abort (SDLC mode) or EOP
(SDLC loop mode) sequence in the data
stream.

FIGURE 5. INTERRUPT SCHEDULE

PERIPHERAL PERIPHERAL PERIPHERAL
*5V | IEI DO-D7 —INT —INTACK IEO | | IEI D0-D7 ~INT -INTACK IEO| | IEI DO-D7 -INT —INTACK
I f A | T f J { | T f & ,5v
D0-D7 < f é
-INT v 4
~INTACK-$~
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The interrupt caused by the abort or
EOP has a special feature allowing the
SCC to interrupt when the abort or EOP
sequence is detected or terminated.
This feature facilitates the proper
termination of the current message,
correct initialization of the next mes-
sage, and the accurate timing of the
Abort condition in external logic in SDLC
mode. In SDLC Loop mode, this feature
allows secondary stations to recognize
the need of the primary station to regain

control of the loop during a poll se-
quence.

CPU/DMA BLOCK TRANSFER

The SCC provides a Block Transfer
mode to accommodate CPU block
transfer functions and DMA controllers.
The Block Transfer mode uses the Wait/
Request output in conjunction with the
Wait/Request bits in WR1. The Wait/
Request output can be defined under
software control as a Wait line in the

CPU Block Transfer mode or as a
Request line in the DMA Block Transfer
mode.

To a DMA controller, the SCC Request
output indicates that the SCC is ready to
transfer data to or from memory. To the
CPU, the Wait line indicates that the
SCC is not ready to transfer data,
thereby requesting that the CPU extend
the I/O cycle. The DTR/Request line
allows full-duplex operation under DMA
control.

PROGRAMMING

The SCC contains 13 write registers in
each channel that are programmed by
the system separately to configure the
functional personality of the channels.

In the SCC, register addressing is direct
for the data registers only, which are
selected by a high on the D/-C pin. In
all other cases (with the exception of
WRO and RRO0), programming the write
registers requires two write operations
and reading the read registers requires
both a write and a read operation. The
first write is to WRO and contains three
bits that point to the selected register.
The second write is the actual control
word for the selected register, and if the
second operation is read, the selected
read register is accessed. All of the
registers in the SCC, including the data
registers, may be accessed in this
fashion. The pointer bits are auto-
matically cleared after the read or write
operation so that WRO ( or RRO) is
addressed again.

The system program first issues a series
of commands to initialize the basic mode
of operation. This is followed by other
commands to qualify conditions within
the selected mode. For example, the
asynchronous mode, character length,
clock rate, number of stop bits, and even
or odd parity might be set first. Then the
interrupt mode would be set, and, finally,
receiver or trans-mitter enable.

READ REGISTERS

The SCC contains ten read registers
(eleven counting receive buffer RR8) in
each channel. Four of these may be
read to obtain status information (RRO,
RR1, RR10, and RR15). Two registers
(RR12 and RR13) may be read to learn
the baud rate generator time constant.
The RR2 contains either the unmodified
interrupt vector (Channel A) or the
vector modified by status information
(Channel B). Both RR7 and RR6 read
the DMA FIFO. The RR3 contains the
Interrupt Pending (IP) bits (Channel A).

Figures 6 through 13 and Figure 31
show the formats for each read register.

The status bits of RRO and RR1 are
carefully grouped to simplify status
monitoring; e.g., when the interrupt
vector indicates a special receive
condition interrupt, all the appropriate
error bits can be read from a single
register (RR1).

WRITE REGISTERS

The SCC contains 13 write registers (14
counting WRS, the transmit buffer) in
each channel. These write registers are
programmed separately to configure the
functional personality of the channels,

In addition, there are two registers (WR2
and WR9) shared by the two channels
that may be accessed through either of
them; WR2 contains the interrupt vector
for both channels, while WR9 contains
the interrupt control bits. Figures 14
through 28 and Figure 31 show the
format of each write register.

TIMING

The SCC generates internal control
signals from -WR and —-RD that are
related to PCLK. Since PCLK has no
phase relationship with ~-WR and -RD,
the circuitry generating these internal
control signals must provide time for
metastable conditions to disappear.

This gives rise to a recovery time related
to PCLK. The recovery time applies
only between bus transactions involving
the SCC. The recovery time required for
proper operation is specified from the
rising edge of ~-WR or —RD in the first
transaction involving the SCC, to the
falling edge of WR or RD in the second
transaction involving the SCC. This time

must be at least four PCLK cycles plus
200 ns.

READ CYCLE TIMING

Figure 32 illustrates Read cycle timing.
Addresses on A/-B and D/-C and the
status on —INTACK must remain stable
through the cycle. If —CE falls after ~RD
falls or if it rises before —RD rises, the
effective —RD is shortened.

WRITE CYCLE TIMING

Figure 33 illustrates Write cycle timing.
Addresses on A/-B and D/-C and the
status on —INTACK must remain stable
throughout the cycle. If —CE falls after
-WR falls, or if it rises before —-WR rises,
the effective ~WR is shortened.

INTERRUPT ACKNOWLEDGE CYCLE
TIMING

Figure 34 illustrates Interrupt Acknowl-
edge cycle timing. Between the time
—INTACK goes low and the falling edge
of —RD, the internal and external IEVIEO
daisy chains settle. If there is an
interrupt pending in the SCC and IEl is
high when —RD falls, the Acknowledge
cycle is intended for the SCC. In this
case, the SCC may be programmed to
respond to —RD low by placing its
interrupt vector on D0-D7 and it then
internally sets the appropriate Interrupt-
Under-Service latch.

581



® VLSI TECHNOLOGY, INC.

VL8530

FIGURE 6. READ REGISTER 0

|o7|ns|os|o4|os|oz|o1|oo|

FIGURE 7. READ REGI

RX CHARACTER AVAILABLE
ZERO COUNT

TX BUFFER EMPTY
DCD

SYNC/HUNT
CcTS
TX UNDERRUN/EOM

BREAK/ABORT

STER1

07| 6| 0504 | 03] 02| b1 [ 20

ALL SENT

RESIDUE CODE 2
RESIDUE CODE 1
RESIDUE CODE 0
PARITY ERROR
RXOVERRUN ERROR
CRC/FRAMING ERROR

END OF FRAME (SDLC)

FIGURE 8. READ REGISTER 2

|o7]0s|ps|p4 |03 o2 o1 o]

l vo
vi

— V2

v INTERRUPT VECTOR *

V4

L-———-—V5

ve

* MODIFIED IN B CHANNEL

FIGURE 9. READ REGI

STER 3

EEESEERR

CHANNEL B EXT/STAT IP ¢
CHANNELBTXIP*

CHANNELB RX IP *
CHANNEL A EXT/STAT IP *

CHANNELATXIP*
CHANNEL ARXIP *
0

* ALWAYS 0 IN B CHANNEL

FIGURE 10. READ REGI

07|06 | Ds|o4 | b3 o2 ] 01 [ 00|

L

STER 10

0

ON LOOP

0

0

LOOP SENDING

0

TWO CLOCKS MISSING
ONE CLOCK MISSING

FIGURE 11. READ REGISTER 12

{o7fos{os o« foafozor oo}

TCt

LOWER BYTE OF
TIME CONSTANT

gag

Tc8
7

FIGURE 12. READ REGISTER 13

|o7}oe]os]o4 | D3| 02| 1] 0]

I_L Tcs

TC10

TC11 UPPER BYTE OF
TIME CONSTANT

TC12

TC13

TC14

TC15

FIGURE 13. READ REGISTER 15

o7|D8| 05|04 | 03| 02} 01| 00]

o

ZEROCOUNT IE

0

DCDIE

SYNC/HUNT E

CTSIE

TX UNDERRUN/EOM IE
BREAK/ABORT IE
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FIGURE 14. WRITE REGISTER 0

| 57| 06| bs| b4 | b3 b2] o1 Do)

REGISTER 0
REGISTER 1
REGISTER 2
REGISTER 3
REGISTER 4
REGISTER 5§
REGISTER 6
REGISTER 7
REGISTER 8
REGISTER 9
REGISTER 10
REGISTER 11
REGISTER 12
REGISTER 13
REGISTER 14
REGISTER 15

=lolojojco

(=] (=) (=3 [}

~fo]=jo]=|o]|=]|o]|=|o|-+|of~+|c]-|o!

=]-=|ofo]=]|=]|o]o]=+|+]o]of <]« |o]o]

NULL CODE

POINT HIGH

RESET EXT/STAT INTERRUPTS

SEND ABORT (SDLC)

ENABLE INT ON NEXT RX CHARACTER
RESET TXINT PENDING

ERROR RESET

RESET HIGHEST IUS

—|o]«|o]=jo

B B B L= (= (=] [=]

~JJolo]=f-=]|ole

0|0 ] NULL CODE
RESET RX CRC CHECKER
RESET TX CRC GENERATOR
RESET TX UNDERRUN/EOM LATCH

* WITH POINT HIGH COMMAND

FIGURE 15. WRITE REGISTER 1

| 7] 6| bs] 04 os| p2| 1] Dof

| |— EXT INT ENABLE
TX INT ENABLE
b PARITY IS SPECIAL CONDITION
1 0] 0] RX INT DISABLE

| 11 1] RX INT ON SPECIAL CONDITION ONLY
WAIT/DMA REQUEST ON RECEIVE/~-TRANS.
-WAIT/DMA REQUEST

FUNCTION

WAIT/DMA REQUEST ENABLE

FIGURE 16. WRITE REGISTER 2
| 07| 0] 05| 04| 03] 02| 03] D0]

vo
Vi
e V2

v INTERRUPT

e V4 VECTOR

——eeeee—me. V5
e e )
v7

[ O] 1] RX INT ON FIRST CHARACTER OR SPCL. CONDITION
[ 1] O] INT ON ALL Rx CHARACTERS OR SPCL. CONDITION

FIGURE 17. WRITE REGISTER 3

|o7] 06| D5 b4 {p3] 02| 01 | oo

| L_ RX ENABLE
SYNC CHARACTER LOAD INHIBIT
ADDRESS SEARCH MODE (SDLC)

RX CRC ENABLE

ENTER HUNT MODE
AUTO ENABLES

0] 0] RX5 BITS/CHARACTER
O] 1] RX 7 BITS/CHARACTER
1] 0] RX6 BITS/CHARACTER
1] 11 RX 8 BITS/CHARACTER

FIGURE 18. WRITE REGISTER 4

{o7]| s ps{p4 | pa o2{ b1 | o]

L. PARITY ENABLE

lL——— PARITY
EVEN/-ODD

[ 0] 0] sYNC MODES ENABLE

[ O[ 1] 1 STOP BIT/CHARACTER

| 1] 0| 11/2 STOP BITS/ICHARACTER
[7] 7] 2 STOP BITS/CHARACTER

[ 0] 0] 8 BIT SYNC CHARACATER
[0]1] 16 BIT SYNC CHARACTER

| 1]0] SOLC MODE (01111110 FLAG)
[7]7] EXTERNAL SYNC MODE

o[ 0] X1 CLOCK MODE

[0 1] X16 CLOCK MODE
0] x32 CLOCK MODE
1] X64 CLOCK MODE

FIGURE 19. WRITE REGISTER 5

{o7|bs]os |04 fos] vz o1 | 0]

| TXCRC ENABLE
RTS
-SDLC/CRC-16
TXENABLE
SEND BREAK

TX 5 BITS (OR LESS)/CHARACTER
TX 7 BITS/ICHARACTER
TX 6 BITS/ICHARACTER
TX 8 BITS/ICHARACTER

DTR

alalolo

~lol=lo
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FIGURE 20. WRITE REGISTER 6

[07]Ds|Ds|p4 | D3| 02| D1]D0]|

SYNC?7
SYNC1
SYNC7
SYNC3
ADR7
ADR7

SYNC6
SYNCO
SYNC6
SYNC2
ADR6
ADR6

SYNC5
SYNCS
SYNCS
SYNC1
ADRS
ADRS

FIGURE 21. WRITE REGISTER 7

SYNC4
SYNC4
SYNC4
SYNCO
ADR4
ADR4

SYNC3
SYNC3
SYNC3

ADR3
X

‘ B?[De] DsBTFDs] Dz| D1 l DOI

|

SYNC7
SYNC5
SYNC15
SYNC11

SYNC6

SYNC4

SYNC14

SYNC10
1

SYNC5

SYNC3

SYNC13

SYNC9
1

SYNC4

SYNC2

SYNC12

SYNC8
1

SYNC3

SYNC1

SYNC11

SYNC7
1

SYNC2 SYNC1 SYNCO
SYNC2 SYNC1 SYNCO
SYNC2 SYNC1 SYNCO
1 1 1
ADR2 ADR1 ADRO
X X X
SYNC2 SYNC1 SYNCO
SYNCO X X
SYNC10  SYNC9 SYNCS8
SYNC6 SYNC5 SYNC4

1

1

MONOSYNC, 8 BITS
MONOSYNG, 6 BITS
BISYNC, 16 BITS
BISYNC, 12 BITS
SDLC

SDLC

(ADDRESS RANGE)

MONOSYNC, 8 BITS
MONOSYNC, 6 BITS
BISYNC, 16 BITS
BISYNC, 12 BITS
SDLC
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FIGURE 22. WRITE REGISTER 9

ID7|DSIDSID4IDGIDZID1IDOI

VIS
L NV
DLC
MIE

STATUS HIGH/-STATUS LOW

o
o[ o] NormeseT

[0 1] CHANNEL RESETB

11 0] CHANNEL RESETA

1] FORCE HARDWARE RESET

FIGURE 23. WRITE REGISTER 10

[p7]os]os ][04 [p3]p2]o1]oo]
NRZ

=

FM1 (TRANSITION = 1)
FMO (TRANSITION = 0)

6 BIT/-8 BIT SYNC
LOOP MODE

ABORT/-FLAG ON UNDERRUN
MARK/-FLAG IDLE

GO ACTIVE ON POLL

CRC PRESET -0

FIGURE 24. WRITE REGISTER 11

{o7[0s[ps|p4]p3[p2]o1]o0]

—TRXC O/t

TRANSMIT CLOCK =-RTXC PIN
TRANSMIT CLOCK = -TRXC PIN

[0] TRANSMIT CLOCK = BR GEN, OUTPUT
TRANSMIT CLOCK = DPLL OUTPUT

RECEIVE CLOCK = -RTXC PIN
RECEIVE CLOCK =~TRXC PIN
RECEIVE CLOCK = BR GEN. OUTPUT
RECEIVE CLOCK = DPLL OUTPUT

—RTXC XTAL/-NO XTAL

[0 0] —TRXC OUT = XTAL OUTPUT

[0l 1] —TRXC OUT = TRANSMIT CLOCK

L1l 0] _TRXC OUT = BR GENERATOR OUTPUT
[ 1] 1] -TRxc out = DPLL OUTPUT

FIGURE 25. WRITE REGISTER 12

|D7|oe|os|o4|ns|02|o1 |oo|

Te3 | oWERBYTEOF

Tc4 | TIME CONSTANT
TCs5

TC6 l

Tcr

FIGURE 26. WRITE REGISTER 13

|D7|Ds[05|04|oa|02|o1]00|

|_LT°°T

TC10

T 1 yPPER BYTE OF
Tc12 | TIME CONSTANT
TC13

TC14 l

TC15

FIGURE 27. WRITE REGISTER 14
[D7[Ds]05|o4|os|oz|m|oo|

BR GENERATOR ENABLE
L BR GENERATOR SOURCE
-DTR/REQUEST FUNCTION
AUTO ECHO
LOCAL LOOPBACK

NULL COMMAND

ENTER SEARCH MODE

RESET MISSING CLOCK
DISABLE DPLL

SET SOURCE = BR GENERATOR
SET SOURCE = -RTXC

SET FM MODE

SET NRZI MODE

ojo

=|lololole

a|o]=|ol=lol=|le

BB [=][=]

FIGURE 28. WRITE REGISTER 15

[D7|De]os|o4|na|nz|m|m|

0
L ZERO COUNT IE
0
DCD IE
SYNC/HUNT IE
CTSE
TX UNDERRUN/EOM IE
BREAK/ABORT IE
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FIGURE 29. READ CYCLE TIMING

A/-B, D/-C Y ADDRESS VALID X

-INTACK _/ N\
—CE AN y
\ /
DO-D7 < > DATA VALID >

FIGURE 30. WRITE CYCLE TIMING

A-B, D/-C X ADDRESS VALID K

—INTACK 7 ’ AN
-CE \ /_—
;WR \ /

D0-D7 \f DATA VALID >—————

FIGURE 31. INTERRUPT ACKNOWLEDGE CYCLE TIMING

-NTACK TN yan

-RD N AN /_
D0-D7 -- < > VECTOR »>———
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FIGURE 32. READ AND WRITE TIMING (SEE TABLE 1)

e NN N

A-B,D/I-C

|
L
|

—INTACK

L
51

¥
gl

?‘

A

-CE

A
&

729\
‘ ccf Ll
ACTIVE VALID B

Do-D7

READ

23

®
@
4

®

A

~WR

Do-D7
WRIME

4
A
\/ A "‘A 3
AT T

A

-W/~REQ
WAIT <

~W/-REQ 7

REQUEST 33 4@—>

-DTR-REQ <+ >

REQUEST

T +—(G)——>

FIGURE 33. RESET TIMING (SEE TABLE 1)

FIGURE 34. CYCLE TIMING (SEE TABLE 1)

-CE / -

<

®

<

-RD OR -WR
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TABLE 1. READ AND WRITE TIMING CHARACTERISTICS: TA=0°Cc TO +70°C
No.|Symbol Parameter 4 MHz 6 MHz
Min Max Min Max Min Max Notes
1 | TwPCI PCLK Low Wiath 105 2000 70 1000
2 | TwPCh PCLK High Width 105 2000 70 1000
3 _|TiPC PCLK Fall Time 20 10
4 (TrPC PCLK Rise Time 20 15
5 |TcPC PCLK Cycle Time 250 4000 165 2000
6 | TsA(WR) Address to “-WR Setup Time 80 80
7 | ThA(WR) Address to “WR Hold Time 0 0
8 | TsA(RD) Address to ~RD Setup Time 80 80
9 |ThA(RD) Address to —RD Hold Time 0 0
10 | TsIA(PC) ~INTACK to PCLK Setup Time 0 0
11 | TsIAI(WR) —INTACK to —WR Setup Time 200 160 2
12 | ThIA(WR) —INTACK to ~WR Hold Time 0 0
13 | TslAi(RD) —INTACK to —RD Setup Time - 200 160 2
14 | ThIA(RD) —~INTACK to —RD Hold Time 0 0
15 | ThIA(PC) ~INTACK to PCLK Hold Time 100 100
16 | TsCE1(WR) —CE Low to -WR Setup Time 0 0
17 | ThCE(WR) —CE to ~WR Hold Time 0 0
18 | TsCEh(WR) —~CE High to “WR Setup Time 100 70 2
19 | TsCE1(RD) —CE Low to ~RD Setup Time 0 0 2
20 | ThCE(RD) —CE to —RD Hold Time 0 0 2
21 | TsCEh(RD) —CE High to —=RD Setup Time 100 70 2
22 | TwRD1 —RD Low Width 390 250
23 | TdRD(DRA) ~RD to Read Data Active Delay 0 0
24 | TdRDr(DR) —RD to Read Data Not Valid Delay 0 0
25 | TdRDf(DR) —RD to Read Data Valid Delay 250 180
26 | TdRD(DRz) —RD to Read Data Float Delay 70 45 3
27 | TdA(DR) Address Required Valid to 590 420
Read Data Valid Delay

28 | TwWR1 ~WR Low Width 390 250
29 | TsDW(WR) Write Data to —-WR Setup Time 0 0
30 | ThDW(WR) Write Data to ~-WR Hold Time 0 0
31 | TAWR(W) —~WR to Wait Valid Delay 240 200 5
32 | TdRD(W) —RD to Wait Valid Delay 240 200 5
33 | TdWRf(REQ) | =WR to —“W/-REQ Not Valid Delay 240 200
34 | TdRD(REQ) ~RD to ~-W/-REQ Not Valid Delay 240 200
35 | TdAWRr(REQ) ~WR to —-DTR/-REQ Not Valid Delay (5TcPC (5TcPC

+300) +250)
36 | TdRDr(REQ) —-RD to -DTR/-REQ Not Valid Delay (5TcPC (5TcPC

+300) +250)
37 | TdPC(INT) PCLK to =INT Valid Delay 500 500 5
38 | TdIAi(RD) ~INTACK to —RD (Acknowledge) Delay 250 250 6
39 | TwWRDA —RD (Acknowledge) Width 285 250
40 | TARDA(DR) —RD (Ack.) to Read Data Valid Delay 190 180
41 | TsIEI(RDA) IEl to —RD (Acknowledge) Setup Time 120 100
42 | ThIEI(RDA IE| to —RD (Acknowledge) Hold Time 0 0
43 | TdIEI(IEQ) |E| to IEO Delay Time 120 100
44 | TdPC(IEQ) PCLK to IEO Delay 250 250
45 | TARDA(INT) —RD to —INT Inactive Delay 500 500 4
46 | TdARD(WRQ) | —RD to —=WR Delay for No Reset 30 15
47 | TdAWRQ(RD) | -WR to —RD Delay for No Reset 30 30
48 | TWRES —WR and —RD Coincident Low for Reset 250 250
49 | Trc Valid Access Recovery Time (6TcPC (6TcPQ

+200) +130)
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Read and Write Timing Notes:

. Units are in nanoseconds.

. Parameter does not apply to Interrupt Acknowledge transactions.

. Float delay is defined as the time required for a + 0.5 V change at the output with a maximum dc load and minimum ac load.

. Parameter applies only between transactions involving the ESCC.

. Open-drain output, measured with open-drain test load.

. Parameter is system-dependent. For any ESCC in the daisy chain, TdIAi(RD) must be greater than the sum of TdPC (IEO) for
the highest priority device in the daisy chain, TsIEI(RDA) for the ESCC, and TdIEH(IEO) for each device separating them in the
daisy chain.

O WN -

FIGURE 35. INTERRUPT ACKNOWLEDGE TIMING (SEE TABLE 1)
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FIGURE 36. GENERAL TIMING (SEE TABLE 2)
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TABLE 2. GENERAL TIMING
No.| Symbol Parameter 4 MH2 6 MHz

Min Max Min Max Min Max |Notes
1 TdPC(REQ) PCLK to -W/-REQ Valid Delay 250 250
2 TdPC(W) PCLK to Wait Inactive Delay 350 350
3 | Ts RXC(PC) -RxC to PCLK Setup Time 80 | TwPC1 70 | TwPCt 2,5

(PCLK + 4 Case Only)

4 TsRXD(RXCr) RxD to ~RxC Setup Time (X1 Mode) 0 0 2
5 | ThRXD(RXCr) RxD to —RxC Hold Time (X1 Mode) 150 150 2
6 TsRXD(RXCf) RxD to —RxC Setup Time (X1 Mode) 0 0 2,6
7 __| ThRXD(RXCf) BxD to —~RxC Hold Time (X1 Mode) 150 150 2,6
8 TsSY(RXC) ~SYNC to ~RxC Setup Time —-200 -200 42
9 | ThSY(RXC) ~SYNC to —-RxC Hold Time 3TcPC 3TcPC 4,2

+200 +200
10 | TsTXC(PC) —TxC to PCLK Setup Time 0 0 35
11 | TdTXCH(TXD) =TxC to TxD Delay (X1 Mode) 300 230 3
12 | TdTXCr(TXD) —TxC to TxD Delay (X1 Mode) 300 230 3,5
13 | TdTXD(TRX) TxD to ~TRxC Delay (Send Clk Echo) 200 200
14 | TWRTXh —RTxC High Width 180 180 7
15 | TwRTXI —RTxC Low Width 180 180 7
16 | TcRTX —RTxC Cycle Time 400 400 7
17 | TeRTXX Crystal Oscillator Period 250 | 1000 250 | 1000 3
18 | TwTRXh —TRxC High Width 180 180 4,7
19 | TwTRX —~TRxC Low Width 180 180 4,7
20 | TcTRX ~TRxC Cycle Time 400 400 4,7
21 | TWEXT -DCD or —CTS Pulse Width 200 200
22 | TwSY —SYNC Pulse Width 200 200
TABLE 3. SYSTEM TIMING
No.| Symbol Parameter 4 MHz 6 MHz

Min | Max Min Max Min Max [Notes

1 TdRXC(REQ) —RxC to —~W/-REQ Valid Delay 8 12 8 12 2
2| TdRXC(W) —RxC to Wait Inactive Delay 8 12 8 12 1,2
3 | TdRXC(SY) —RxC to =SYNC Valid Delay 4 7 4 7 2
4 | TdRXC(INT) —RxC to —INT Valid Dela 10 16 10 16 1,2
5 | TdTXC(REQ) =TxC to ~-W/-REQ Valid Delay 5 8 5 8 3
6 | TdTXC(W) =TxC to Wait Inactive Delay _ 5 8 5 8 13
7 | TdTXC(DRQ) =TxC to -DTR/-REQ Valid Delay 4 7 4 7 3
8 | TATXC(INT) —TxC to —INT Valid Delay 6 10 6 10 1,3
9 | TdSY(INT) —SYNC to ~INT Valid Delay 2 6 2 6 1
10 | TAEXT(INT) —DCD or =CTS to —INT Valid Delay 2 6 2 6 1

eneral and System Timing Notes:
. Open-drain output, measured with open-drain test load.

G

1

2. RxC is RTxC or TRxC, whichever is supplying the transmit clock.
3. TxC is TRxC or RTxC, whichever is supplying the transmit clock.
4. Both TrxC and SYNC have 30 pF capacitors connected to ground.
5

. Applies only it the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and
PCLK or TxC and PCLK is required.

o N

. Applies only to FM encoding/decoding.
. Applies only for transmitter and receiver; DPLL and baud rate generator timing are identical to chip PCLK requirements.
. Units are in nanoseconds (ns).
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FIGURE 37. SYSTEM TIMING (SEE TABLE 3)
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ABSOLUTEMAXIMUMRATINGS

Voltages on all pins -0.3Vto 7.0V Stresses above those listed under those listed on the operational sections

with respect to GND "Absolute Maximum Ratings™ may of this specification is not implied and

Operating Ambient 0°C t0 +70°C cause permanent damage tc? the exposure to absolute maximum ratings

Temperature device. These are stress ratings only. conditions for extended periods may
Functional operation of this device at affect device reliability.

Storage Temperature -65°C to +150°C these or any other conditions above

STANDARD TEST sV

CONDITIONS

The dc characteristics and capacitance

section below apply for the following 2.1kQ 5V

standard test conditions, unless other-

wise noted. All voltages are referenced 1

to GND. Positive current flows into the e

referenced pin. 2.2kQ

Standard conditions are as follows: 100 pF
* +4.75V<Vec<+5.25V P2 @ FROM OQUTPUT
*GND=0V 250 uA UNDER TEST

* TA as shown in Ordering Information l 50pF

b
P/

DC CHARACTERISTICS: vcc =5V+5%, TA =0°C to 70°C

Symbol Parameter Min Max Unit Conditions
VIH Input High Voltage 2.0 VCC +0.3 \
VIL Input Low Voltage -0.3 0.8 v
VOH Ouput High Voltage 2.4 \ IOH = —250 pA
VoL Output Low Voltage 0.4 v IOH = +2.0 mA
IIL Input Leakage +10.0 RA 04V<VIN<+24V
I0L Output Leakage +10.0 HA 04V<VIN<S+24V
ICC VCC Supply Current 250 mA Clock Frequency = 8 MHz

CAPACITANCE: TA=0°Cto70°C,f=1MHz

Symbol Parameter Min Max Unit Conditions

CIN Input Capacitance 10 pF Unused Inputs Grounded
Ccou Output Capacitance 15 pF

Cllo Bidirectional Capacitance 20 pF Unused Inputs Grounded
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ENHANCED SERIAL COMMUNICATIONS CONTROLLER (ESCC)

FEATURES
» Enhanced SCC functions support
DMA

— 14-bit byte counter

— 19-bit-wide FIFO
Completely downward compatible
with the NMOS 8530

Two independent full-duplex channels

Programmable clock factor

Break generation and error detection
Intelligent SDLC/HDLC

Local loopback and auto echo modes

Internal or external character
synchronization

Low power consuming CMOS

DESCRIPTION

The VL85C30 CMOS Enhanced Serial
Communications Controller (ESCC) is a
dual-channel, multi-protocol data
communications peripheral designed
for use with non-multiplexed buses.
The ESCC can be software configured
for a wide variety of serial communica-
tions applications. The device contains
a variety of new, sophisticated internal
functions, including all of the features of
the NMOS 8530. In addition, the
VL85C30 Enhanced SCC contains a 10
x 19-bit FIFO array and 14-bit byte
counter. These features, in addition to
the new higher clock frequency
capabilities, allow the ESSC to be used
with a direct memory access (DMA)
controller.

The ESCC handles asynchronous for-
mats, such synchronous byte-oriented
protocols as IBM Bisync and such
synchronous bit-oriented protocols as
HDLC and IBM SDLC. This versatile
device supports virtually any

serial data transfer application (cas-
sette, diskette, tape drives, etc.),
including DMA.

The device can generate and check
CRC codes in any synchronous mode
and can be programmed to check data
integrity in various modes. The ESCC
also has facilities for modem controls in
both channels, in addition to its Byte -
Counting Register and FIFO in SDLC
mode.

PIN DIAGRAM
VL85C30
D1 1 1 Do
D3] 2 ] D2
Ds[Q 3 ;I D4
D7 4 [ D6
INTO 5 1 -RD
IEO 6 [ -WR
IE1 7 1 AB
—-INTACK ] 8 1 -CE
vce 1 D/-C
-W/-REQA 1 GND
-SYNCA [1 -W/-REQB
-RTXCA [] -SYNCB
RXDA [1 -RTXCB
-TRXCA 1 RXDB
TXDA [ -TRXCB
-DTR-REQA [0 TXDB
-RTSA [ -DTR/-REQB
~CTSA [ -RTSB
-DCDA -CTsB
PCLK ; -DCDB

BLOCKDIAGRAM
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LA cry |A
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DISCRETE

U\ CONTROL
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SNZ
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< SERIAL DATA
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N CHASNEL [$=> CHANNEL cLOCKS

!

=SYNC
> —WAIT/-REQUEST

ORDER INFORMATION

Part Clock

Number Frequency Package

VL85C30-8PC Plastic DIP

VL85C30-8QC 8 MHz Plastic Leaded Chip Carrier (PLCC)
VL85C30-8CC Ceramic DIP

VL85C30-10PC Plastic DIP

VL85C30-10QC 10 MHz Plastic Leaded Chip Carrier (PLCC)
VL85C30-10CC Ceramic DIP

VL85C30-12PC Plastic DIP

VL85C30-12QC 12 MHz Plastic Leaded Chip Carrier (PLCC)
VL85C30-12CC Ceramic DIP

Note: Operating temperature range is 0°C to +70°C.
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PIN DIAGRAM
A-B
-CE
D/-C
N.C.
GND
~W/-REQB
-SYNCB
~RTXCB
RXDB
~TRXCB
TXDB

-DTR/-REQA -CTSA PCLK -CTSB -DTRREQB

SIGNAL DESCRIPTIONS

Signal DIPPin Signal

Name Number Description

A-B 34 Channel A/Channel B Select - This input signal selects the channel on which the read or
write operation occurs.

~CE 33 Chip Enable - This active low input signal selects the ESCC for a read or write operation.

~CTSA, 18, Clear To Send - Active low inputs - If these pins are programmed as auto enables, a low on

-CTSB 22 the inputs enables the respective transmitters. If not programmed as auto enables, they may
be used as general-purpose inputs. Both inputs are Schmitt trigger buffered to accommo-
date slow rise time inputs. The ESCC detects pulses on these inputs and can interrupt the

. CPU on both logic level transitions.

D/~=C 32 Data/Control Select - This input signal defines the type of information transferred to or from
the ESCC. A HIGH means data is transferred; a low indicates a command.

~DCDA, 19 Data Carrier Detect - Active low inputs - These pins function as receiver enables if they are

-DCDB 21 programmed for auto enables; otherwise, they may be used as general-purpose input pins.
Both pins are Schmitt trigger buffered to accomodate slow rise time signals. The ESCC
detects pulses on these pins and can interrupt the CPU on both logic level transitions.

Do0-D7 40,1,39,2,38, Data Bus - These bidirectional, three-state lines carry data and commands to and from the
ESCC.

-DTR/-REQA 16, Data Terminal Ready/Request - These active low outputs follow the state programmed into

-DTR~-REQB 24 the -DTR bit. They can also be used as general-purpose outputs or as request lines for a
direct memeory access (DMA) controller.

5] 7 Interrupt Enable In - Active high output - IEl is used with IEO to form an interrupt daisy chain
when there is more than one interrupt-driven device. A high IEl indicates that no other higher
priority device has an interrupt underservice or is requesting an interrupt.

IEO 6 Interrupt Enable Out - Active high output - IEO is high only if IEl is high and the CPU is not
servicing an ESCC interrupt or the SCC is not requesting an interrupt (Interrupt Acknowledge
cycle only). IEO is connected to the next lower priority device's IEl input and thus inhibits
interrupts from lower priority devices.

~INT 5 Interrupt Request - Active low open-drain output - This signal is activated when the ESCC

requests an interrupt.
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SIGNAL DESCRIPTIONS (cont.)

Signal
Name

DIP Pin
Number

Signal
Description

-INTACK

PCLK

-RD

RXDA,
RXDB

-RTXCA,
-RTXCB

-RTSA,
-RTSB

-SYNCA,
-SYNCB

TXDA,
TXDB

-TRXCA,’
~TRXCB

-WR

-W/-REQA,
-W/-REQB

8

20

36

18,

12,
28

17,

1,
29

15,
25

14,
26

35

10,
30

Interrupt Acknowledge - Active low input - This signal indicates an active Interrupt Acknowl-
edge cycle. During this cycle, the ESCC interrupt daisy chain settles. When —RD be-comes
active, the ESCC places an interrupt vector on the data bus (if IEI is high). The -INTACK
signal is latched by the rising edge of PCLK.

Clock - This input is the master ESCC clock used to synchronize internal signals. PCLK is a
TTL level signal.

Read - Active low input - This signal indicates a read operation and, when the ESCC is se-
lected, enables the ESCC's bus drivers. During the Interrupt Acknowledge cycle, this signal
gates the interrupt vector onto the bus if the ESCC is the highest priority device requesting an
interrupt. .

Receive Data - Active high inputs - These input signals receive serial data at standard TTL
levels.

Receive/Transmit Clocks - Active low inputs - These pins can be programmed in several
different modes of operation. In each channel, -RTXC may supply the receive clock, the
transmit clock, the clock for the baud rate generator, or the clock for the digital phase locked
loop. These pins can also be programmed for use with the respective ~SYNC pins as a
crystal oscillator. The receive clock may be 1, 16, 32, or 64 times the data rate in asynchro-
nous modes.

Request To Send - Active low outputs - When the —RTS bit in write register 5 (figure 7) is set,
the —RTS signal goes low. When the ~RTS bit is reset in the asynchronous mode and auto
enable is on, the signal goes high after the transmitter is empty. In synchronous mode or in
asynchronous mode with auto enable off, the ~RTS pin strictly follows the state of the -RTS
bit. Both pins can be used as general purpose outputs.

Synchronization - Active low inputs or outputs - These pins can act either as inputs or outputs,
or part of the crystal oscillator circuit. In the asynchronous receive mode (crystal oscillator
option not selected), these pins are inputs similar to —CTS and -DCD. [n this mode, transi-
tions on these lines affect the state of the synchronous/hunt status bits in read register 0
(Figure 6) but have no other function.

In external synchronization mode with the crystal oscillator not selected, these lines also act
as inputs. In this mode, ~SYNC must be driven low to receive clock cycles after the last bit in
the synchronous character is received. Character assembly begins on the rising edge of the
receive clock immediately preceding the activation of —-SYNC.

In the internal synchronization mode (Monosync and Bisync) with the crystal oscillator not
selected, these pins act as outputs and are active only during the part of the receive clock
cycle in which synchronous characters are recognized. The synchronous condi-tion is not
latched, so these outputs are active each time a synchronization pattern is recognized
(regardless of character boundaries). In SGLC mode, these pins act as outputs and are valid
on receipt of a flag.

Transmit Data - Active high outputs - These output signals transmit serial data at standard
TTL levels.

Transmit/Receive Clocks - Active low inputs or outputs - These pins can be programmed in
several different modes of operation. =TRXC may supply the receive clock or the transmit
clock in the input mode or supply the output of the digital phase-locked loop, the crystal
oscillator, the baud rate generator, or the transmit clock in the output mode.

Write - Active low input - When the ESCC is selected, this signal indicates a write operation.
The coincidence of -RD and ~WR is interpreted as a reset.

Wait/Request - Open-drain outputs when programmed for a wait function, driven high or low
when programmed for a Request function - These dual-purpose outputs may be programmed
as Request lines for a DMA controller or as Wait lines to synchronize the CPU to the ESCC
data rate. The reset state is Wait.
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FUNCTIONAL

DESCRIPTION

The functional capabilities of the ESCC
can be described from two different
points of view. As a data communi-
cations devics, it transmits and receives
data in a wide variety of data communi-
cations protocols. As a microprocessor
peripheral, the ESCC offers valuable
features as vec-tored interrupts, polling,
and simple handshake capability.

DATA COMMUNICATIONS
CAPABILITY

The ESCC provides two independent
full-duplex channels programmable for
use in any common asynchronous or
syn-chronous data communication
protocol. Figure 1 and the following
description briefly detail these protocols.

Asynchronous modes - Transmission
and reception can be accomplished
independently on each channel with 5
to 8 bits per character, plus optional
even or odd parity. The transmitters
can supply 1, 1 1/2, or 2 stop bits per
character and a break output at any
time. The receiver break-detection logic
interrupts the CPU both at the start and
at the end of a received break.

Reception is protected from spikes by a
transient spike-rejection mechanism
that checks the signal one-half a bit
time after a low level is detected on the
receive data input (RXDA or RXDB). If
the low does not persist (as in the case
of a transient), the character assembly
process does not start.

Framing errors and overrun errors are
detected and buffered together with the
partial character on which they occur.
Vectored interrupts allow fast servicing
or error conditions using dedicated
routines. Furthermore, a built-in
checking process avoids the interpreta-
tion of a framing error as a new start bit:
a framing error results in the addition of
one-half a bit time to the point at which
the search for the next start bit begins.

The ESCC does not require symmetric
transmit and receive clock signals

a feature allowing use of the wide vari-
ety of clock sources. The transmitter
and receiver can handle data at a rate
of 1, 1/16, 1/32, or 1/64 of the clock rate
supplied to the receive and transmit
clock inputs. In asynchronous modes,

the ~SYNC pin may be pro-grammed as
an input used for such functions as
monitoring a ring indicator.

Synchronous modes. The ESCC
supports both byte-oriented and bit-
oriented synchronous communication.
Synchronous byte-oriented protocols
can be handled in several modes, al-
lowing character synchronization with a
6-bit or 8-bit synchronous character
{Monosync) any 12-bit synchroni-zation
pattern (Bisync), or with an external
synchronous signal. Leading sync
characters can be removed without
interrupting the CPU.

5- or 7-bit synchronous characters are
detected with 8- or 16-bit patterns in the
ESCC by overlapping the larger pattern
across multple incoming synchronous
characters.

The CRC checking for synchronous
byte-oriented modes is delayed by one
character time so that the CPU may
disable CRC checking on specific
characters. This allows the imple-
mentation of IBM Bisync. protocols.

Both CRC-16 (X' + X +X* + 1) and
CCITT (X' 4 X'z + X2+ 1) error checking
polynomials are supported. Either
polynomial may be selected in all
Synchronous modes. Users may preset
the CRC generator and checker to all
ones or all zeros. The ESCC also pro-
vides a feature that automatically
transmits CRC data when no other data
is available for transmission. This
allows for high-speed transmissions
under DMA control, with no need for
CPU intervention at the end of a mes-
sage. When there is no data or CRC to
send in synchronous medes, the
transmitter inserts 6-, 8-, or 16-bit
synchronous characters, regardless of
the programmed character length.

The ESCC supports synchronous bit-
oriented protocols, such as SDLC and
HDLC, by performing automatic flag
sending, zero insertion, and CRC gen-
eration. A special command can be
used to abort a frame in transmission.
At the end of a message, the ESCC
automatically transmits the CRC and
trailing flag when the transmitter un-
derruns. The transmitter may also be

programmed to send an idle line con-
sisting of continuous flag characters or
a steady marking condition.

If a transmit underrun occurs in the
middle of a message, an external/sta-
tus interrupt warns the CPU of this
status change so that an abort may be
issued. The ESCC may also be pro-
grammed to send an abort itself in case
of an underrun, relieving the CPU of this
task. One to eight bits per character
can be sent, allowing recep-tion of a
message with no prior infor-mation
about the character structure in the
information field of a frame.

The receiver automatically acquires
synchronization on the leading flag of a
frame in SDLC or HDLC and provides a
synchronization signal on the -SYNC
pin (an interrupt can also be pro-
grammed). The receiver can be
programmed to search for frames
addressed by a single byte (or four bits
within a byte) of a user-selected
address or to a global broadcast
address. In this mode, frames not
matching either the user-selected or
broadcast address are ignored. The
number of address bytes can be
extended under software control. For
receiving data, an interrupt on the first
received character, or an interrupt on
every character, or on special con-dition
only (end-of-frame) can be selected.
The receiver automatically deletes all
zeros inserted by the transmitter during
character assembly. The CRC is also
calculated and is automatically checked
to validate frame transmission. At the
end of transmission, the status of a
received frame is availabe in the status
registers. In SDLC mode, the ESCC
must be programmed to use the SDLC
CRC polynomial, but the generator and
checker may be preset to all ones or all
zeros.

The CRC is inverted before transmis-
sion and the receiver checks against
the bit pattern 0001110100001111.

The NRZ, NRZI, or FM coding may be
used in any 1x mode. The parity
options available in asynchronous
modes are available in synchronous
modes.
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The ESCC can be conveniently used
under DMA control to provide high-
speed reception or transmission. In
reception, for example, the ESCC can

interrupt the CPU when the first
character of a message is received.
The CPU then enables the DMA to

transfer the message to memory. The
ESCC then issues an end-of-frame
interrupt and the CPU can check the
status of the received messsage.

FIGURE 1. ESCC PROTOCOLS

START

PARITY
STOP

MARKINGLINE | |

oata [T T] |

DATA||'||

DATA | | T MARKING LINE

ASYNCHRONOUS
[ swc | oara | [ pama cRct | crcz |
MONOSYNC
[ swc | swe | pata | [ oata cRct |  crcz |
Unjlsmc
[ oA ] [ DATA cRol |  cRcz |
EXTERNAL SYNC
| fuc ADDRESS | CRCI | CRC2 |  FLAG
SDLC/HDLC/X.25
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The CPU is thereby freed for other
service while the message is being
received. The CPU may also enable
the DMA first and have the ESCC in-
terrupt only on end-of-frame. This
procedure allows all data to be trans-
ferred via the DMA.

SDLC LOOP MODE

The ESCC supports SDLC loop mode
in addition to normal SDLC. In an
SDLC loop, there is a primary control-
ler station that manages the message
traffic flow on the loop and any number
of secondary stations. In SDLC loop
mode, the ESCC performs the func-
tions of a secondary station while an
ESCC operating in regular SDLC mode
can act as a controller (Figure 3).

A secondary station in an SDLC Loop
is always listening to the messages
being sent around the loop, and in fact
must pass these messages to the rest
of the loop by retransmitting them with
. aone-bit time delay. The secondary
station can place its own message on
the loop only at specific times. The
controller signals that secondary sta-
tions may transmit messages by
sending a special character, called an
End Of Poll (EOP), around the loop.
The EOP character is the bit pattern
11111110. Because of zero insertion
during messages, this bit pattern is
unique and easily recognized.

When a secondary station has a mes-
sage to transmit and recognizes an
EOP on the line, it changes the last
binary 1 of the EOP to a 0 before
trans-mission. This has the effect of
turning the EOP into a flag sequence.
The secondary station now places its
message on the loop and terminates
the message with an EOP. Any sec-
ondary stations, further down the loop
with messages to transmit, can then
append their messages to the
message of the first secondary station
without messages to send. The
following stations merely echo the
incoming messages and are prohib-
ited from placing messages on the
loop (except upon recognizing an
EOP). The SDLC loop mode is a
programmable option in the ESCC;
NRZ, NRZ|, and FM coding may all be
used in SDLC Loop mode.

BAUD RATE GENERATOR

Each channel in the ESCC contains a
programmable baud rate generator.
Each generator consists of two 8-bit
time constant registers that form a 16-
bit time-constant, a 16-bit down
counter, and a flip-flop on the output
producing a square wave. On startup,
the flip-flop on the output is set in a
HIGH state, the value in the time-
constant register is loaded into the
counter, and the counter starts count-
ing down. The output of the baud rate
generator toggles upon reaching 0,
the value in the time-constant register

process is repeated. The time constant
may be changed at any time, but the
new value does not take effect until the
next load of the counter.

The output of the baud rate generator
may be used as either the transmit
clock, the receive clock, or both. It can
also drive the digital phase-locked loop
(see next section).

If the receive clock or transmit clock is
not programmed to come from the
—TRxC pin, the output of the baud rate
generator may be echoed out via the
~TRxC pin.
The following formula relates the time
constant to the baud rate (the baud rate
is in bits/second and BR clock period is
in seconds):
baud rate =

1

2 (time constant+2) x (BR clock period)

DIGITAL PHASE-LOCKED LOOP
The ESCC contains a digital phase-
locked-loop (DPLL) to recover clock
information from a data stream with
NRZI or FM encoding. The DPLL is
driven by a clock that is nominally 32
(NRZI) or 16 (FM) times the data rate.
The DPLL uses this clock, along with
the data stream, to construct a clock
for the data. This clock may then be
used as the ESCC receive clock, the
transmit clock, or both.

FIGURE 2. DETECTING 5- OR 7-BIT
SYNCHRONOUS CHARACTERS

5 BITS
e

FIGURE 3. AN SDLC LOOP

l%YNC | SYNC | SYNC

DATA | DATA | DATA | DATA |

[+
—

SECONDARY #1
SECONDARY #2,

CONTROLLER

SECONDARY #4
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For NRZI encoding, the DPLL counts
the 32x clock to create nominal bit
times. As the 32x clock is counted, the
DPLL is searching the incoming data
stream for edges (either 1 to 0 or 0 to
1). Whenever an edge is de-tected, the
DPLL makes a count adjustment (during
the next counting cycle), producing a
terminal count closer to the center of the
bit cell.

For FM encoding, the DPLL still counts
from 0 to 31, but with a cycle corres-
ponding to two bit times. When the
DPLL is locked, the clock edges in the
data stream should occur between
counts 15 and 16, and between counts
31and 0. The DPLL looks for edges
only during a time centered on the 15 to
16 counting transition.

The 32x clock for the DPLL can be
programmed to come from either the
—RTxC input or the output of the baud
rate generator. The DPLL output may
be programmed to be echoed out of the
ESCC via the =TRxC pin (if this pin is
not being used as an input).

DATA ENCODING

The ESCC may be programmed to en-
code and decode the serial data in four
different ways (Figure 4). In NRZ en-
coding, a 1 is represented by a HIGH
level and a 0 is represented by a LOW
level. In NRZI encoding, a 1 is repre-
sented by no change in level and a 0 is
represented by a change in level.

In FM1 (more properly, bi-phase mark),
a transition occurs at the beginning of
every bit cell. A1 is represented by

an additional transition at the center of
the bit cell and a 0 is represented by no
additional transition at the center of the
bit cell. In FM@ (bi-phase space), a
transition occurs at the beginning of
every bit cell. A 0 is represented by an
additional transition at the center of the
bit cell, and a 1 is represented by no
additional transition at the center of the

bit cell.

In addition to these four methods, the
ESCC can be used to decode Manch-
ester (bi-phase level) data by using the
DPLL in the FM mode and program-
ming the receiver for NRZ data.
Manchester encoding always produces
a transition at the center of the bit cell.

If the transition is 0 to 1, the bitis a 0. If
the transition is 1 to 0, the bitis a 1.

AUTO ECHO AND LOCAL
LOOPBACK

The ESCC is capable of automatically
echoing everything it receives. This
feature is useful mainly in Asyn-
chronous modes, but works in Syn-
chronous and SDLC modes as well. In
Auto Echo mode, TxD is RxD. Auto
Echo mode can be used with NRZI or
FM encoding with no additional delay,
because the data stream is not de-
coded before retransmission. In Auto
Echo mode, the —CTS input is ignored
as a transmitter enable (although transi-
tions on this input can still cause
interrupts if programmed to do so). In
this mode, the transmitter is actually
bypassed and the pro-grammer is
responsible for disabling transmitter
interrupts and Wait/Request on trans-
mit.

The ESCC is also capable of local
loopback. In this mode TxD is RxD, just
as in auto echo mode. However, in
local loopback mode, the internal
transmit data is tied to the internal
receive data and RxD is ignored (except
to be echoed out via TxD). The -CTS
and -DCD inputs are also ig-nored as
transmit and receive enables. How-
ever, transitions on these inputs can still
cause interrupts. Local loopback works
in asynchronous, synchronous, and
SDLC modes with NRZ, NRZI, or FM
coding of the data stream.

1/0 INTERFACE CAPABILITIES

The ESCC offers the choice of polling,
interrupt (vectored or nonvectored), and
block transfer modes to transfer data,
status, and control information to and
from the CPU. The block transfer mode
can be implemented under CPU or
DMA control.

POLLING

Allinterrupts are disabled. Three status
registers in the ESCC are auto-matically
updated whenever any function is
performed . For example, end-of-frame
in SDLC mode sets a bit in one of these
status registers. The idea behind
polling is for the CPU to periodically
read a status register until the register
contents indicate the need for data to
be transferred. Only one register needs
to be read; depending on its contents,
the CPU either writes data, reads data,
or continues. Two bits in the register
indicate the need for data transfer.

FIGURE 4. DATA ENCODING METHODS

DATA

NRZ

NRZI

mi\_/" \_/ /"

mo\/" N/ \_/ \

/\

MANCHESTER _\_/—\_/_\_/_—\—/—
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An alternative is a poll of the Interrupt
Pending register to determine the

source of an interrupt. The status for
both channels resides in one register.

INTERRUPTS

When an ESCC responds to an Interrupt
Acknowledge signal (~INTACK) from the
CPU, an interrupt vector may be placed
on the data bus. This vector is written in
Write Register 2 (WR2) and may be
read in Read Register 2A (RR2A) or
Read Register 2B (RR2B) (Figures 8).

To speed interrupt response time, the
ESCC can modify three bits in this
vector to indicate status. If the vector is
read in Channel A, status is never
included; if it is read in Channel B,
status is always included.

Each of the six sources of interrupts in
the ESCC (Transmit, Receive, and
External/Status interrupts in both
channels) has three bits associated with
the interrupt source: Interrupt Pending
(IP), Interrupt Under Service (IUS), and
Interrupt Enable (IE). Operation of the
IE bit is straightforward. If the IE bit is
set for a given interrupt source, that
source can request interrupts. The
exception is when the MIE (Master
Interrupt Enable) bit in WR9 is reset and
no interrupts may be requested. The |E
bits are write only.

The other two bits are related to the
interrupt priority chain (Figure 5). As a
microprocessor peripheral, the ESCC
may request an interrupt only when no
higher priority device is requesting one;
e.g., when [El is high. If the device in
question requests an interrupt, it pulls

down —INT. The CPU then responds
with —INTACK, and the interrupting
device places the vector on the data
bus.

In the ESCC, the IP bit signals aneed
for interrupt servicing. When an IP bit
is 1 and the IEl input is high, the INT
output is pulled low, requesting an
interrupt. In the ESCC, if the IE bit is
not set by enabling interrupts, then the
IP for that source can never be set.
The IP bits are readable in RR3A.

The IUS bits signal that an interrupt
request is being serviced. If an IUS is
set, all interrupt sources of lower
priority in the ESCC and external to the
ESCC are prevented from requesting
interrupts. The internal interrupt
sources are inhibited by the state of the
internal daisy chain, while lower priority
devices are inhibited by the IEO output
of the ESCC being pulled LOW and
propagated to subsequent peripherals.
An 1US bit is set during an interrupt ac-
knowledge cycle if there are no higher
priority devices requesting interrupts.

There are three types of interrupts:
transmit, recsive, and external/status.
Each interrupt type is enabled under
program control with Channel A having
higher priority than Channel B, and with
receive, transmit, and external/status
interrupts prioritized in that order within
each channel. When the transmit
interrupt is enabled, the CPU is inter-
rupted when the transmit buffer be-
comes empty. (This implies that the
transmitter must have had a data
character written into it so that it can
become empty.) When enabled, the

receiver can interrupt the CPU in one of
three ways:

* On first receive character or special
receive condition

* On all receive characters or special
receive condition

* On special receive condition only.

Interrupt on first character or special
condition and interrupt on special
condition only are typically used with
the Block Transfer mode. A special
receive condition is one of the following:
receiver overrun, framing error in
Asynchronous mode, end-of-frame in
SDLC mode, and optionally, a parity
error. The special receive condition
interrupt is different from an ordinary
receive character interrupt only in that
the status is placed in the vector during
the Interrupt Acknowledge cycle. In
interrupt on first receive character, an
interrupt can occur from special receive
conditions any time after the first receive
character interrupt.

The main function of the external/
status interrupt is to monitor the signal
transitions of the -CTS,~CCD, and
—SYNC pins; however, an external/
status interrupt is also caused by a
transmit underrun condition, or a zero
count in the baud rate generator, or by
the detection of a break (asynchronous
mode), abort (SDLC mode) or EOP
(SDLC loop mode) sequence in the data
stream.

FIGURE 5. INTERRUPT SCHEDULE

PERIPHERAL PERIPHERAL PERIPHERAL
+5V | |E1 D0-D7 —INT —INTACK IEO | | IEI DO-D7 —INT ~INTACK IEO| |  IEI DO-D7 ~INT —INTACK
|_f f f 3 § f y yey
DO-D7 ’ g
-INT ¢ \4 v
—INTACK->
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The interrupt caused by the abort or
EOP has a special feature allowing the
ESCC to interrupt when the abort or
EOP sequence is detected or termi-
nated. This feature facilitates the proper
termination of the current message,
correct initialization of the next mes-
sage, and the accurate timing of the
Abort condition in external logic in SDLC
mode. In SDLC Loop mode, this feature
allows secondary stations to recognize
the need of the primary station to regain

control of the loop during a poll se-
quence.

CPU/DMA BLOCK TRANSFER

The ESCC provides a Block Transfer
mode to accommodate CPU block
transfer functions and DMA controllers.
The Block Transfer mode uses the Wait/
Request output in conjunction with the
Wait/Request bits in WR1. The Wait/
Request output can be defined under
software control as a Wait line in the

CPU Block Transfer mode or as a
Request line in the DMA Block Transfer
mode.

To a DMA controller, the ESCC Request
output indicates that the ESCC is ready
to transfer data to or from memory. To
the CPU, the Wait line indicates that the
ESCC is not ready to transfer data,
thereby requesting that the CPU extend
the VO cycle. The DTR/Request line
allows full-duplex operation under DMA
control.

PROGRAMMING

The ESCC contains 13 write registers in
each channel that are programmed by
the system separately to configure the
functional personality of the channels.

In the ESCC, register addressing is
direct for the data registers only, which
are selected by a high on the D/~C pin.
In all other cases (with the exception of
WRO0 and RRO), programming the write
registers requires two write operations
and reading the read registers requires
both a write and a read operation. The
first write is to WRO and contains three
bits that point to the selected register.
The second write is the actual control
word for the selected register, and if the
second operation is read, the selected
read register is accessed. All of the
registers in the ESCC, including the data
registers, may be accessed in this
fashion. The pointer bits are auto-
matically cleared after the read or write
operation so that WRO ( or RRO) is
addressed again.

The system program first issues a series
of commands to initialize the basic mode
of operation. This is followed by other
commands to qualify conditions within
the selected mode. For example, the
asynchronous mode, character length,
clock rate, number of stop bits, and even
or odd parity might be set first. Then the
interrupt mode would be set, and, finally,
receiver or trans-mitter enable.

READ REGISTERS

The ESCC contains ten read registers
(eleven counting receive buffer RR8) in
each channel. Four of these may be
read to obtain status information (RRO,
RR1, RR10, and RR15). Two registers
(RR12 and RR13) may be read to learn
the baud rate generator time constant.
The RR2 contains either the unmodified
interrupt vector (Channel A) or the
vector modified by status information
(Channel B). Both RR7 and RR6 read
the DMA FIFO. The RR3 contains the
Interrupt Pending (IP) bits (Channel A).

Figures 6 through 13 and Figure 31
show the formats for each read register.

The status bits of RR0O and RR1 are
carefully grouped to simplify status
monitoring; e.g., when the interrupt
vector indicates a special receive
condition interrupt, all the appropriate
error bits can be read from a single
register (RR1).

WRITE REGISTERS

The ESCC contains 13 write registers
(14 counting WRS, the transmit buffer) in
each channel. These write registers are
programmed separately to configure the
functional personality of the channels.

In addition, there are two registers (WR2
and WR9) shared by the two channels
that may be accessed through either of
them; WR2 contains the interrupt vector
for both channels, while WR9 contains
the interrupt control bits. Figures 14
through 28 and Figure 31 show the
format of each write register.

TIMING

The ESCC generates internal control
signals from —WR and -RD that are
related to PCLK. Since PCLK has no
phase relationship with ~-WR and -RD,
the circuitry generating these internal
control signals must provide time for
metastable conditions to disappear.

This gives rise to a recovery time related
to PCLK. The recovery time applies
only between bus transactions involving
the ESCC. The recovery time required
for proper operation is specified from the
rising edge of -WR or —RD in the first
transaction involving the SCC, to the
falling edge of WR or RD in the second
transaction involving the ESCC. This

time must be at least four PCLK cycles
plus 200 ns.

READ CYCLE TIMING

Figure 32 illustrates Read cycle timing.
Addresses on A/-B and D/-C and the
status on —INTACK must remain stable
through the cycle. If —~CE falls after -RD
falls or if it rises before ~RD rises, the
effective —RD is shortened.

WRITE CYCLE TIMING

Figure 33 illustrates Write cycle timing.
Addresses on A/-B and D/-C and the
status on —INTACK must remain stable
throughout the cycle. If —CE falls after
-WR falls, or if it rises before ~-WR rises,
the effective ~-WR is shortened.

INTERRUPT ACKNOWLEDGE CYCLE
TIMING

Figure 34 illustrates Interrupt Acknowl-
edge cycle timing. Between the time
—INTACK goes low and the falling edge
of —RD, the internal and external IEI/IEO
daisy chains settle. If there is an
interrupt pending in the ESCC and IEl is
high when -RD falls, the Acknowledge
cycle is intended for the ESCC. In this
case, the ESCC may be programmed to
respond to —RD low by placing its
interrupt vector on D0-D7 and it then
internally sets the appropriate Interrupt-
Under-Service latch.
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FIFO DETAIL

For a better understanding of details of
the FIFO operation, refer to the block
diagram in Figure 39.
ENABLE/DISABLE

This FIFO is implemented so that it is
only enabled when Channel A register
WR15 bit 2 is set and the ESCC is in the
SDLC/HDLC mode, otherwise the status
register contents bypass the FIFO and
go directly to the bus interface (the FIFO
pointer logic is reset either when
disabled or via a channel or power-on
reset). When the FIFO mode is dis-
abled, the ESCC is completely down-
ward-compatible with the HMOS
VL8530. The FIFO mode is disabled on
power-up (WR15 bit 2 is setto 0 on
reset). The effects of backward com-

RR4 is an image of RRO, RR5 is an
image of RR1, RR6 is an image of RR2,
and RR7 is an image of RR3. For
details of the added registers, refer to
Figure 3. The status of the FIFO Enable
signal can be obtained by reading
Channel ARR15bit 2. Ifthe FIFO is
enabled, the bit will be set to 1; other-
wise, it will be reset. Channel B WR15
and RR15 behave exactly as in the
VL8530 standard product.

READ OPERATION

When WR15 bit 2 is set and the FIFO is
not empty, the next read to any of status
register RR1 or the additional registers
RR7 and RR6 will actually be from the
FIFO. Reading status register RR1

causes one location of the FIFO to be
emptied, so status should be read after
reading the byte count, otherwise the
count will be incorrect. Before the
FIFO underflows, it is disabled. In this
case, the multiplexer is switched to
allow status to read directly from the
status register, and reads from RR7
and RR6 will contain bits that are
undefined. Bit 6 of RR7 (FIFO Data
Available) can be used to determine if
status data is coming from the FIFO or
directly from the status register, since it
is set to one whenever the FIFO is not
empty.

Since not all status bits must be stored
in the FIFO, the All Sent, Parity, and
EOF bits will bypass the FIFO. The
status bits sent through the FIFO will be
Residue Bits (3), Overrun, and CRC
Error.

The sequence for proper operation of
the byte count and FIFO logic is to read
the registers in the following order:
RR7, RR6, and RR1 (reading RR6 is
optional). Additional logic prevents the
FIFO from being emptied by multiple
reads from RR1. The read from RR7
latches the FIFO empty/full status bit
(bit 6) and steers the status multiplexer
to read from the ESCC megacell
instead of the status FIFO (since the
status FIFO is empty). The read from
RR1 allows an entry to be read from the
FIFO (if the FIFO was empty, logic is
added to prevent a FIFO underflow
condition).

WRITE OPERATION

When the end of an SDLC frame (EOF)
has been received and the FIFO is
enabled, the contents of the status and
byte-count registers are loaded into the
FIFO. The EOF signal is used to
increment the FIFO. If the FIFO
overflows, the MSB of RR7 (FIFO
Overflow) is set to indicate the overflow.
This bit and the FIFO control logic is
reset by disabling and re-enabling the
FIFO control bit (WR15 bit 2). For
details of FIFO control timing during an
SDLC frame, refer to Figure 40.

BYTE COUNTER DETAIL
The 14-bit byte counter allows for
packets up to 16K bytes to be received.
For a better understanding of its
operation, refer to Figures 39 and 40.

ENABLE
The byte counter is enabled in the
SDLC/HDLC mode.

RESET

The byte counter is reset whenever an
SDLC flag character is received. The
reset is timed so that the contents of the
byte counter are successfully written
into the FIFO.

INCREMENT

The byte counter is incremented by
writes to the data FIFO. The counter
represents the number of bytes
received by the ESCC, rather than the
number of bytes transferred from the
ESCC. (These counts may differ by up
to the number of bytes in the receive
data FIFO containedin the ESCC.)
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FIGURE 6. READ REGISTER 0
|o7|oe|os[o4[oa|oz|m|oo|

RX CHARACTER AVAILABLE
ZERO COUNT

TX BUFFER EMPTY

DCD

SYNC/HUNT

CTs

TX UNDERRUN/EOM

BREAK/ABORT

FIGURE 7. READ REGISTER 1

o o]

ALL SENT

RESIDUE CODE 2
\————— RESIDUE CODE 1
RESIDUE CODE 0
PARITY ERROR

RX OVERRUN ERROR
CRC/FRAMING ERROR
END OF FRAME (SDLC)

FIGURE 8. READ REGISTER 2

|o7]0s{bs o4 |oa]p2] D1 | Do}

| vo &
1

v2

va

va

V5
ve

V7o
* MODIFIED IN B CHANNEL —

FIGURE 9. READ REGISTER 3

{07 0s] 0504 [oa] b2 o1 [ oo |

CHANNEL B EXT/STATIP ¢
CHANNELBTX IP *
CHANNELBRX IP *
CHANNEL A EXT/STATIP *
CHANNELATX 1P *
CHANNEL ARXIP *

0

* ALWAYS 0 IN B CHANNEL

INTERRUPT VECTOR *

FIGURE 10. READ REGISTER 10
|o7]os|os o4 pafp2]o1] oo}

=

LLOOP SENDING
0
TWO CLOCKS MISSING

ONE CLOCK MISSING

FIGURE 11. READ REGISTER 12

|o7]0s[0s|p4 [03[ 02| 01] Do)

| L ¥
TC1

TC2

TC3 LOWER BYTE OF

T TIME CONSTANT

TC5
TCs

L

FIGURE 12. READ REGISTER 13

{o7]oe]ps|ps | pafo2{o1] o]

=

TC11 UPPER BYTE OF
TIME CONSTANT

TC13
TC14

TC15

FIGURE 13. READ REGISTER 15

{o7]os|0s]p4 [o3[02]01 | 0o]

0

ZEROCOUNT IE

0

DCDIE

SYNC/HUNT IE

CTSIE

TX UNDERRUN/EOM IE
BREAK/ABORT IE
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FIGURE 14. WRITE REGISTER 0

| 07| b6 0s] p4] 03] b2} b1] Do}

REGISTER 0
REGISTER 1
REGISTER 2
REGISTER 3
REGISTER 4
REGISTER §
REGISTER 8
REGISTER 7
REGISTER 8
1] REGISTER 9
REGISTER 10
REGISTER 11
REGISTER 12
REGISTER 13
REGISTER 14
REGISTER 15

Of =] O} O

—|=]o]of=}=|o]o]-+]-=|o]of=]-

=lo]<]o}-

NULL CODE
POINT HIGH

RESET EXT/STAT INTERRUPTS

SEND ABORT (SDLC)

ENABLE INT ON NEXT RX CHARACTER
RESET TXINT PENDING

ERROR RESET

RESET HIGHEST IUS

olof«|-|o]o

-~ Of »jofsfjO]={O

1

0 ]0} NULL CODE
RESET RX CRC CHECKER
RESET TX CRC GENERATOR
RESET TX UNDERRUN/EOM LATCH

* WITH POINT HIGH COMMAND

FIGURE 15. WRITE REGISTER 1

| 07| o8| 5} 04| 03] D2} 1] 00]

L EXT INT ENABLE
TX INT ENABLE

PARITY IS SPECIAL CONDITION
[0] O] RX INT DISABLE

[ 1] 1] RX INT ON SPECIAL CONDITION ONLY
WAIT/DMA REQUEST ON RECEIVE/-TRANS.
-WAIT/DMA REQUEST

FUNCTION

WAIT/DMA REQUEST ENABLE

FIGURE 16. WRITE REGISTER 2
| o7] o8] bs] 04| o3| p2] b1] 00}

Vi
v2
V3
INTERRUPT
V4 | VECTOR
\
Ve
v7

[0} 1] RX INT ON FIRST CHARACTER OR SPCL. CONDITION
[ 1] O] INT ON ALL Rx CHARACTERS OR SPCL. CONDITION

FIGURE 17. WRITE REGISTER 3

|o7]os| 05|04 [p3| o201 [ Do ]

I_L. RX ENABLE
SYNC CHARACTER LOAD INHIBIT
L ADDRESS SEARCH MODE (SDLC)
RX CRC ENABLE
ENTER HUNT MODE

AUTO ENABLES

0] 0] RX5BITS/ICHARACTER
0 RX 7 BITS/CHARACTER
RX 6 BITS/CHARACTER
RX 8 BITS/CHARACTER

FIGURE 18. WRITE REGISTER 4

|o7]oe|ps]o4 |oa| o2 ] D1 o]

PARITY ENABLE

b PARITY
EVEN/-ODD

[ 0] 0] SYNC MODES ENABLE

0] 7] 1 STOP BIT/ICHARACTER
1170} 1 172 STOP BITS/ICHARACTER
[5]7] 2 STOP BITS/CHARACTER

[0]0] 8 BIT SYNC CHARACATER
[0]7] 16 BIT SYNC CHARACTER

[ 1] 0] sbLc MODE (01111110 FLAG)
[T7] EXTERNAL SYNC MODE

0[ 0] X1 CLOCK MODE

[0 7] x16 CLOCK MODE
| 1] 0] x32 cLock MODE
[ 7] x84 CLOCK MODE

FIGURE 19. WRITE REGISTER §

|o7] 06| b5 04 03| o2{ D1 | 0 |

I L TX CRC ENABLE
RTS
‘ -SDLC/CRC - 16
TX ENABLE
SEND BREAK

0] TX5BITS (OR LESS)/CHARACTER
[¢ TX 7 BITSCHARACTER
TX 6 BITS/.CHARACTER
1] 1] TX 8 BITS/CHARACTER

DTR

-
o
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FIGURE 20. WRITE REGISTER 6

[07| s | b5 D4 | D3| D2| D1 DO|

SYNC7
SYNC1
SYNC7
SYNC3
ADR7
ADR7

SYNC6
SYNCO
SYNC6é
SYNC2
ADR6
ADRG

SYNCS
SYNCS
SYNCS
SYNC1
ADR5
ADR5

FIGURE 21. WRITE REGISTER 7

SYNC4
SYNC4
SYNC4
SYNCO
ADR4
ADR4

SYNC3
SYNC3
SYNC3

ADR3
X

SYNC2 SYNC1 SYNCO MONOSYNC, 8 BITS
SYNC2 SYNC1 SYNCO MONOSYNC, 6 BITS

SYNC2  SYNC1 SYNCO BISYNC, 16 BITS
1 1 1 BISYNC, 12 BITS
ADR2 ADR1 ADRO  SDLC
X X X  sDLC
(ADDRESS RANGE)

|37] De| Ds| D4|Da| 02|D1|Do|

SYNC7
SYNCS
SYNC156
SYNC11

SYNC6

SYNC4

SYNC14

SYNC10
1

SYNCS

SYNC3

SYNC13

SYNC9
1

SYNC4

SYNC2

SYNC12

SYNC8
1

SYNC3
SYNC1

SYNC2 SYNC1 SYNCO MONOSYNC, 8 BITS
SYNCO X X  MONOSYNC, 6 BITS

SYNC11 SYNC10  SYNC9 SYNC8 BISYNC, 16 BITS

SYNC7
1

SYNC6 SYNC5  SYNC4 BISYNC, 12 BITS
1 1 0 sDLC
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FIGURE 22. WRITE REGISTER 9

107} 06] ps|o4] p3|p2{o1 {00}
L

FIGURE 25. WRITE REGISTER 12

|D7|Ds|Ds|D4|oa|m|m DOJ

=

LOWER BYTE OF

lTIME CONSTANT

I

vis TCO
NV TC1
DLC TC2
ME TC3
STATUS HIGH/-STATUS LOW TC4
o TCS

TC6
ol ol NORESET
Of 1] CHANNEL RESETB Ter
1] 0] CHANNEL RESET A

L1l 1] FORCE HARDWARE RESET FIGURE 26. WRITE REGISTER 13

|o7|oe|os|o4|oa|oz|o1|oo]

FIGURE 23. WRITE REGISTER 10 | I-— TC8
[o7]os]ps]os |Da[02|o1[DoJ TC9
TC10
| 6 BIT/-8 BIT SYNC To1
UPPER BYTE OF
LOOP MODE Tc12 | TIME CONSTANT
ABORT/~FLAG ON UNDERRUN Tc1a
MARK/-FLAG IDLE To14
GO ACTIVE ON POLL Tcis
[0 0] NRz
[ O] 1] NRzZi
|11 0] FM! (TRANSITION = 1) FIGURE 27. WRITE REGISTER 14
[ 1] 1] FMO (TRANSITION =0)
Jo7|oe[os] 4] D3[p2] D1 Do}
CRC PRESET V-0 |_
BR GENERATOR ENABLE
BR GENERATOR SOURCE
FIGURE 24. WRITE REGISTER 11 l———. -DTRREQUEST FUNCTION
AUTO ECHO
p7|o6 p4|p3|D2|D1
[07{o6os|o4]osfozot [oo] LOCAL LOOPBACK
~TRXC OUT = XTAL OUTPUT 0] 0] 0] NULL COMMAND
~TRXC OUT = TRANSMIT CLOCK 0] 0] 1] ENTER SEARCH MODE
—TRXC OUT = BR GENERATOR OUTPUT 0] 11 0] RESET MISSING CLOCK
~TRXC OUT = DPLL OUTPUT 0] 1] 7] DISABLE DPLL
0] 0§ SET SOURCE = BR GENERATOR
~TRXC O/-1 0] 1] SET SOURCE =-RTXC
1] 0] SET FM MODE
[0]0] TRANSMIT CLOCK = ~RTXC PIN 1] 1] SETNRZIMODE
[G]7] TRANSMIT CLOCK=-TRXCPIN .
| 110] TRANSMIT CLOCK = BR GEN. QUTPUT FIGURE 28. WRITE REGISTER 15
[ 7] 7] TRANSMIT CLOCK = DPLL OUTPUT
|D7|oe|05] D4|Ds[oz|m IDOJ
RECEIVE CLOCK = —RTXC PIN

RECEIVE CLOCK = -TRXC PIN
RECEIVE CLOCK = BR GEN. OUTPUT
RECEIVE CLOCK = DPLL OUTPUT

oy
alolalo

- =RTXC XTAU-NO XTAL

Lo
l— ZERO COUNT IE

0

DCDIE

SYNC/HUNT IE

CTSE

TX UNDERRUN/EOM IE

BREAK/ABORT IE
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FIGURE 29. ESCC STATUS REGISTER

l&——RESET ON FLAG DETECT
l«——— INCREMENT ON BYTE DET
RR1 SCC STATUS REG 14 BIT BYTE COUNTER | «———ENABLE COUNT IN SDLC
(EXISTING)
I END OF FRAME SIGNAL
15 BITS " 14BITS STATUS READ COMP
RESIDUE BITS(3)
OVERRUN
CRC ERROR
————— 10 X 19 BIT FIFO ARRAY TAIL POINTER
4BIT COUNTER
- HEAD POINTER |
- 4 BIT COUNTER
4 BIT COMPARATOR
OVER EQUAL
» 5 BITS .E_N=
] EOF = 1
AR + 6-BITS Ledms
T fux_ A—]
4 2-BITS »
6-BITS BT | BT TBns FIFO ENABLE
v . Y _RR1 7YV 6 ¥0-5 RR? y RRé ,E
\ INTERFACE TO SCC 44 4
YTE COUNTER CONTAINS 14-BITS FOR WR(15) BIT 2
A 16 KBYTE MAXIMUM COUNT SET ENABLES
STATUS FIFO
FIFO DATA AVAILABLE STATUS BIT
STATUS BIT SETTO 1
WHEN READING FROM FIFO
FIFO OVERFLOW STATUS BIT
MSB OF RR(7) IS SET ON STATUS FIFO
OVERFLOW

IN SDLC MODE THE FOLLOWING DEFINITIONS APPLY

» ALL SENT BYPASSES MUX AND EQUALS CONTENTS OF SCC STATUS REGISTER
* PARITY BITS BYPASSES MUX AND DOES THE SAME

« EOF IS SET TO 1 WHENEVER READING FROM THE FIFO
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FIGURE 30. SDLC BYTE COUNTING DETAIL

INTERNAL BYTE STROBE

INTERNAL BYTE STROBE
INCREMENTS COUNTER

INCREMENTS COUNTER
DONT LOAD RESET RESET

RESET
COUNTER ON BYTE COUNTER BYTE COUNTER BYTE COUNTER
1ST FLAG LOAD COUNTER LOAD COUNTER
RESETBYTE INTO FIFO AND INTO FIFO AND
COUNTER HERE INCREMENT PTR INCREMENT PTF

FIGURE 31. ESCC REGISTERS
7 6 5 4 3 2 1 ]
BC| BClBC[BC] 8Cl] BC READ FROM FIFO
RR7 Foy| FpAl 13| 12] 11] 10{ 9 |8 MSB BYTE COUNT
L— FIFO DATA AVAILABLE STATUS
1= STATUS READS WILL COME FROM FFO
0 = STATUS READS WILL COME FROM SCC
FIFO OVERFLOW STATUS
1 = FIFO OVERFILLOWED DURING OPERATDN
0 = NORMAL
7 6 5 4 3 2 1 [} )
RRS BC [ BC ] BC[ BC | BC] BC| BC [ BC READ FROM FIFO
7 6 5 4 3| 2 1 0 LSB BYTE COUNT

7 -3 5 4 3 2 1 /]
we [t f eyt ]

|— STATUS FIFO ENABLE CONTROL BIT
1 =STATUS AND BYTE COUNT WILL BE
HELD IN THE STATUS FIFO UNTL READ
0 =STATUS WILL NOT BE HELD (SCC
EMULATION MODE).

* = NO CHANGE FROM HMOS SCC DFN
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FIGURE 32. READ CYCLE TIMING

A-B, D/-C X ADDRESS VALID X

-INTACK _/ | N\

—CE AN /
\ /
DO-D7 < X DATA VALID >

FIGURE 33. WRITE CYCLE TIMING

A-B, DI-C X ADDRESS VALID ><

~INTACK / N\
AN /
-WR \ /
Do-D7 < DATA VALID )————

-CE

FIGURE 34. INTERRUPT ACKNOWLEDGE CYCLE TIMING

SINTACK N\ B /—_

-RD AN /
D0-D7 .- { X VECTOR >—
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FIGURE 35. READ AND WRITE TIMING (SEE TABLE 1)

<O
NN N R A\
| &—p le——()—»1 Q- ¢ > |«
A-B,DC DQ 4
D PR OF i SOR D52
—INTACK i
12 B\ K
— @ |+t Ol
—E \@\f < i i .
P ?&®_’ +——®—»
D e @j\_
< @ » |4¢—20) >
Do-D7 o ACTIVE VALID E
READ e ® -
< < e & > <> (D
WR 5 i T
< —(2)— >l
D0-D7
WRITE
€l BlC :\:L_ «—l®
~W-REQ
WAIT < (G
-W-REQ /
REQUEST 2 35
- le———- >
e %
T l——GD)——»
«——G)—»
FIGURE 36. RESET TIMING (SEE TABLE 1)
-WR ]
@ @ <

~-RD __/1- ’ U.-- () ()

FIGURE 37. CYCLE TIMING (SEE TABLE 1)

-CE \, / : o \,

le @)

o~ N/
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TABLE 1. READ AND WRITE TIMING CHARACTERISTICS: 1A =0°C TO +70°C
No. |[Symbol Parameter 8 MHz 10 MHz 12 MHz
Min Max Min Max Min Max Notes
1 _|TwPCI PCLK Low Width 50 1000 40 1000
2 |TwPCh PCLK High Width 50 1000 40 1000
3 _|T{PC PCLK Fall Time 10 10
4 |TrPC PCLK Rise Time 15 10
5 |TcPC PCLK Cycle Time 125 2000 100 2000
6 | TsA(WR) Address to -WR Setup Time 70 50
7 1ThA(WR) Address to ~WR Hold Time 0 0
8 JTsA(RD) Address to —RD Setup Time 70 50
9 |ThA(RD) Address to —=RD Hold Time, 0 (4]
10 _|TslA(PC) —INTACK to PCLK Setup Time 20 20
11 _|TslA(WR) —INTACK to “WR Setup Time 145 130 2
12 {ThIA(WR) ~INTACK to ~WR Hold Time 0 0
13 | TslAi(RD) —INTACK to —RD Setup Time 145 130 2
14 | ThIA(RD) —INTACK to —RD Hold Time 0 0
15 _|ThIA(PC) ~INTACK to PCLK Hold Time 40 30
16 |TsCE1(WR) —CE Low to ~WR Setup Time 0 0
17 | ThCE(WR) —CE to -WR Hold Time 0 0
18 |TsCEh(WR) —CE High to “WR Setup Time 60 50 2
19 |TsCE1(RD) —CE Low to —RD Setup Time 0 0 2
20 |ThCE(RD) —CE to —RD Hold Time 0 0 2
21 | TsCEh(RD) —CE High to —BRD Setup Time 60 50 2
22 {TwRD1 ~RD Low Width 150 125
23 |TdRD(DRA) -RD to Read Data Active Delay 0 0
24 {TdRDr(DR) —RBD to Read Data Not Valid Delay 0 0
25 {TdRD{(DR) —=RD to Read Data Valid Delay 140 120
26 | TdRD(DRz) -RD to Read Data Float Delay 40 35 3
27 |TdA(DR) Address Required Valid to 220 180
Read Data Valid Delay
28 |TWWR1 -WR Low Width 150 125
29 | TsDW(WR) Write Data to ~-WR Setup Time 10 10
30 | ThDW(WR) Write Data to ~-WR Hold Time 0 0
31 _|TdWR(W) ~WR to Wait Valid Delay 170 160 5
32 | TdRD(W) —RD to Wait Valid Delay 170 160 5
33 | TdWRf(REQ) ~WR to ~W/-REQ Not Valid Delay 170 160
34 | TdBRDI(REQ) -RD to -W/-REQ Not Valid Delay 170 160
35 | TdWRr(REQ) ~-WR to -DTR/-REQ Not Valid Delay 4TcPC 4TcPC
36 | TdRDr(REQ) -RD to ~-DTR/~REQ Not Valid Delay 4TcPC 4TcPC
37 _|TAPC(INT) PCLK to —INT Valid Delay 500 500 5
38 | TdIAI(RD) —INTACK to ~RD (Acknowledge) Delay 150 125 6
39 |TwRDA —RD (Acknowledge) Width 150 125
40 |TdRDA(DR) —RD (Ack.) to Read Data Valid Delay 140 120
41 |TsIEI(RDA) IEl to -RD (Acknowledge) Setup Time 95 95
42 | ThIEI(RDA IEI to —RD (Acknowledge) Hold Time 0 0
43 | TdIEIEO) IEl to IEO Delay Time 95 90
44 | TdPC(IEO) PCLK to IEO Delay 200 175
45 | TdRDA(INT) —RD to —INT Inactive Delay 500 500 4
46 | TARD(WRQ) —RD to ~-WR Delay for No Reset 15 15
47 | TdWRQ(RD) -WR to —RD Delay for No Reset 15 15
48 |TWRES ~WR and —RD Coincident Low for Reset 150 100
49 {Tre Valid Access Recovery Time 4TcPC 4TcPC
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Read and Write Timing Notes:

. Units are in nanoseconds.

. Parameter does not apply to Interrupt Acknowledge transactions.

. Float delay is defined as the time required for a + 0.5 V change at the output with a maximum dc load and minimum ac load.

. Parameter applies only between transactions involving the ESCC.

. Open-drain output, measured with open-drain test load.

. Parameter is system-dependent. For any ESCC in the daisy chain, TdIAi(RD) must be greater than the sum of TdPC (IEO) for

the highest priority device in the daisy chain, TsIEI(RDA) for the ESCC, and TdIEIf(IEO) for each device separating them in the
daisy chain.

ONAEWOWND =

FIGURE 38.INTERRUPT ACKNOWLEDGE TIMING (SEE TABLE 1)

PCLK _/_\_,Z \ \\ B \\
10 R O)

~INTACK =
-RD 1

L2
DATA ';: ACTIVE | VALD N

& Dla

Il
IEO XL I

—@E—
T 7
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FIGURE 39. GENERAL TIMING (SEE TABLE 2)
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X
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TABLE 2. GENERAL TIMING
No.| Symbol Parameter 8 MHz 10 MHz 12 MHz
Min Max Min Max Min Max |Notes
1 TdPC(REQ) PCLK to ~W/-REQ Valid Delay 250 250
2 TdPC(W) PCLK to Wait Inactive Delay 350 350
3 | Ts RXC(PC) —RxC to PCLK Setup Time 60 | TwPCl 40 | TwPCl 2,5
: (PCLK + 4 Case Only)
4 | TsRXD(RXCr) RxD to —RxC Setup Time (X1 Mode) 0 0 2
5 | ThRXD(RXCr) RxD to —RxC Hold Time (X1 Mode) 150 150 2
6 TsRXD(RXCH) RxD to —RxC Setup Time (X1 Modse) 0 0 2,6
7 | ThRXD(RXCH) RxD to —RxC Hold Time (X1 Mode) 150 150 2,6
8 | TsSY(RXC) —SYNC to —RxC Setup Time —200 =200 42
9 | ThSY(RXC) —SYNC to —RxC Hold Time 6TcPC 5TcPC 4.2
10 | TsTXC(PC) =TxC to PCLK Setup Time 0 0 35
11 | TdTXC{(TXD) —TxC to TxD Delay (X1 Mode) 200 150 3
12 | TdTXCr(TXD) ~TxC to TxD Delay {X1 Mode) 200 150 3,5
13 | TdTXD(TRX) TxD to —TRxC Delay (Send Clk Echo) 200 200
14 | TWRTXh —RTxC High Width 150 150 7
15 | TwRTXI —RTxC Low Width 150 150 7
16 | TcRTX ~RTxC Cycle Time 500 400 7
17 | TcRTXX Crystal Oscillator Period 125 | 1000 100 | 1000 3
18 | TWTRXh —TRxC High Width 150 150 4,7
19 | TWTRXI ~TRxC Low Width 150 150 4,7
20 | TcTRX —TRxC Cycle Time 500 400 47
21 | TWEXT —DCD or —CTS Pulse Width 200 200
22 | TwSY —-SYNC Pulse Width 200 200
TABLE 3. SYSTEM TIMING
No.| Symbol Parameter 8 MHz 10 MHz 12 MHz
Min | Max Min Max Min Max |Notes
1 TdRXC(REQ) —RxC to ~W/-REQ Valid Delay 8 12 8 12 2
2 TdRXC(W) ~RxC to Wait Inactive Delay 8 14 8 14 1,2
3 TdRXC(SY) —RxC to —SYNC Valid Delay 4 7 4 7 2
4 TdRXC(INT) —RxC to —INT Valid Delay 10 16 10 16 1,2
5 | TdTXC(REQ) —TxC to ~-W/-REQ Valid Delay 5 8 5 8 3
6 TdTXC(W) —TxC to Wait Inactive Delay 5 11 5 11 1,3
7__| TdTXC(DRQ) ~TxC to -DTR/-REQ Valid Delay 4 7 4 7 3
8 | TdTXC(INT) —TxC to —INT Valid Delay 6 10 6 10 1,3
9 | TdSY(INT) =SYNC to —INT Valid Delay 2 6 2 6 1
10 | TAEXT(INT) —DCD or ~CTS to ~INT Valid Delay 2 6 2 6 1

General and System Timing Notes:

(S0 AN VI

. Open-drain output, measured with open-drain test load.

. RxC is RTxC or TRxC, whichever is supplying the transmit clock.
. TxC is TRxC or RTxC, whichever is supplying the transmit clock.
. Both TrxC and SYNC have 30 pF capacitors connected to ground.
. Applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and

PCLK or TxC and PCLK is required.

o N

. Applies only to FM encoding/decoding.
. Applies only for transmitter and receiver; DPLL and baud rate generator timing are identical to chip PCLK requirements.
. Units are in nanoseconds (ns).
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FIGURE 40. SYSTEM TIMING (SEE TABLE 3)
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ABSOLUTE MAXIMUMRATINGS

Voltages on all pins -0.3Vto 7.0V
with respect to GND

Operating Ambient 0°C to +70°C
Temperature

Storage Temperature -65°C to +150°C

Stresses above those listed under
"Absolute Maximum Ratings” may
cause permanent damage to the
device. These are stress ratings only.
Functional operation of this device at
these or any other conditions above

those listed on the operational sections
of this specification is not implied and
exposure to absolute maximum ratings
conditions for extended periods may
affect device reliability.

STANDARD TEST
CONDITIONS

The dc characteristics and capacitance
section below apply for the following
standard test conditions, unless other-
wise noted. All voltages are referenced
to GND. Positive current flows into the
referenced pin.

Standard conditions are as follows:
*+475V<Veec< 4525 V:
*GND=0OV

* TA as shown in Ordering Information

5V

2.1kQ

100 pF

N
P4l

250 pA

L

2.2kQ

FROM OUTPUT
UNDER TEST

_—_I__ 50 pF

DC CHARACTERISTICS: vce=5V+5%, TA =0°Cto 70°C

Symbol Parameter

Min Max

Unit Condltions

VHH Input High Voltage

2.0 VCC +0.3

v

ViL Input Low Voltage

-0.3 0.8

VOH Ouput High Voltage

24

VOH Ouput High Voltage

VCC -0.8

IOH = -250 pA

VOL Output Low Voltage

0.4

v
v IOH = -1.0 mA
\
\'

IOH = +2.0 mA

liL Input Leakage

+10.0

MA 04V<VINS+24V

1oL Output Leakage

+10.0

pA 04V<VINS+24V

ICC VCC Supply Current

3.0

mA/MHz | See Note

Note: Add 0.5 mA quiescent current to determine total maximum VCC supply current. (Example: at 10 MHz clock frequency, the
total maximum VCC supply current equals 30 mA plus 0.5 mA or 30.5 mA.)

CAPACITANCE: TA=0°Cto70°C,f=1MHz

Symbol Parameter Min | Max | Unit | Conditions

CIN Input Capacitance 10 pF Unused Inputs Grounded
cou Output Capacitance 15 pF

Cllo Bidirectional Capacitance 20 pF Unused Inputs Grounded
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FEATURES

» 32-bit internal architecture
« 32-bit external data bus
* 64M-byte linear address space

» Bus timing optimized for standard
DRAM usage with page mode
operation

» 40M-byte/second bus bandwidth

» Simple/powerful instruction set
providing an excellent high level
language compiler target

Hardware suppott for virtual memory
systems

Low interrupt latency for real-time
application requirements

» Full CMOS implementation results in
low power consumption

Single 5 V + 5% operation

84-pin JEDEC Type-B leadless chip
carrier or plastic leaded chip carrier
(PLCC)

32-BIT RISC MICROPROCESSOR

DESCRIPTION

The VL86C010 Acorn RISC Machine
(ARM) is a full 32-bit general-purpose
microprocessor designed using
reduced instruction set computer
(RISC) methodologies. The processor
is targeted for the microcomputer,
graphics, industrial and controller
markets for use in stand-alone or
embedded systems. Applications in
which the processor is useful include
laser printers, graphics engines, N.C.
machines and any other systems
requiring fast real-time response to
external interrupt sources and high
processing throughput.

The VL86C010 features a 32-bit data
bus, 27 registers of 32 bits each, a
load-store architecture, a partially
overlapping register set, 2.6 us worst-
case interrupt latency, conditional
instruction execution, a 26-bit linear
address space and an average
instruction execution rate of from four-
to-five million instructions per second
(MIPS). Additionally, the processor
supports two addressing modes:
program counter (PC) and base
register relative modes. The ability to
do pre- and post-indexing allows

stacks and queues to be easily
implemented in software. All instruc-
tions are 32 bits long (aligned on word
boundaries), with register-to-register
operations executing in one cycle.

. The two data types supported are 8-bit

bytes and 32-bit words.

Using a load-store architecture
simplifies the execution unit of the
processor, since only a few instruc-
tions deal directly with memory and the
rest operate register-to-register. Load
and store multiple register instructions
provide enhanced performance,
making context switches faster and
exploiting sequential memory access
modes.

The processsor supports two types of
interrupts that differ in priority and
register usage. The lowest latency is
provided by the fast interrupt request
(FIRQ) which is used primarily for /O
to peripheral devices. The other
interrupt type (IRQ) is used for
interrupt routines that do not demand
low-latency service or where the
overhead of a full context switch is
small compared with the interrupt
process execution time.

PIN DIAGRAM

JEDEC TYPE-B CERAMIC LEADLESS CHIP CARRIER

_MREQ 1 -B/W -CP! D30 D28 CPA
VCC RES -IRQ -RW ©2 DBE 031

~TRAN _g 3 ABRT -OPC

VL86C010
TOP VIEW

ORDER INFORMATION
Part Clock
029 027 AND Number Frequency Package
Plastic Leaded
VL86C010-10QC 10 MHz Chip Carrier (PLCC)
JEDEC Type-B
VL86C010-10LC Ceramic Carrier
Plastic Leaded
VL86C010-12QC 12 MHz Chip Carrier (PLCC)
JEDEC Type-B
VL86C010-12LC Ceramic Carrier

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
00 0oo0pooopoooooooooaoodg
E DI D3 D5 D7
DO D2 D4 D6

GND A3 A7 A A3 Al AB
Al0 A8 A8 M A2 A0

Note: Operating temperature range is 0°C to +70°C

PLEASE CONSULT RISC FAMILY DATA
MANUAL FOR DETAILED INFORMATION
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FEATURES

Drives up to 32 standard dynamic
RAMs giving 4M bytes of real
memory with 1M bit devices

Logical-to-physical address
translation (32M byte logical address
space) supporting three protection
levels:

- Supervisor Mode

- Operating System Mode

- User Mode

Uses fast page mode DRAM
accesses fo maximize bandwidth
from commodity memories

Internal DMA address generators for
video, cursor and sound data buffers

Various ROM speeds supported
(access times of 450 ns, 325 ns,
200 ns)

Provides all critical system timing
including processor clocks, ~RAS,
~CAS, and DMA data transfer strobes

Arbitrates memory between the
processor and DMA systems

.

RISC MEMORY CONTROLLER (MEMC)

DESCRIPTION

The memory controller (MEMC) acts as
the interface between the ARM (Acorn
RISC Machine) processor and other
functions in the system. The four circuits
in the RISC family: MEMC, ARM,
VIDC-video controller, and I0C-I/O
controller, can be used to implement a
small computer system. MEMC uses a
single clock input to derive timing
information for the other components.

In addition to providing interface signals
to the other controllers, MEMC gener-
ates all the control signals for several
access times of read-only memory
(ROM) plus high-resolution timing and
refresh control for dynamic RAM
(DRAM). The controller outputs can
drive up to 32 memory devices directly
in a wide variety of configurations using
various architectures of standard
DRAMs. A logical-to-physical address
translator maps the 4M byte physical
memory into the 32M byte logical
address space with three levels of
protection.

Address translation is performed by a
simple 128 entry content-addressable

memory (CAM). MEMC provides a
descriptor entry for every page of
physical memory which eliminates
descriptor thrashing (address transla-
tion misses) from degrading system
performance.

The simple structure allows memory
address translation to be performed
without increasing required memory
access time or decreasing the system
clock. MEMC allows virtual memory and
multi-tasking operations to be imple-
mented without the usual performance
degradation associated with each
function. Fast page mode DRAM
accesses are used to maximize
memory bandwidth from inexpensive
commodity memory devices.

MEMC supports direct memory access
(DMA) read operations with three
programmable address generators.
Video refresh is performed using a
circular buffer to enhance scrolling
capability plus a separate linear butfer
for a cursor sprite. Sound data uses a
double buffering system.

PIN DIAGRAM

JEDECTYPE-B CERAMICLEADLESS ORDER INFORMATION
CHIP CARRIER Part Bus Clock
A7 A19 A21 A23 A25 ©1 RCLK -RW Number Frequency | Package
VDD | A18 | A20 | A22 | A24 | CLK | @2 |-BW]|VSS Plastic Leaded
gudduotiguduouououuououdy VL86C110-08QC Chip Carrier (PLCC)
987654 32 1686766656463 6261 8 MHz
A6 2 10 60 =} -RMCS JEDEC Type-B
A5 B 11 59 = -lora VL86C110-08LC Ceramic Carrier
A4 312 58 & -IOGT R ; i 00 o
Ata 2 13 57 o _sra Note: Operating temperature range is 0°C to + 70°C.
A2 F3 18 56 & DBE
AP 15 55 o -MREQ
A0 316 54 O sEQ
A9 B3 17 VLBEC110 53 =] ABRT
As 318 TOP VIEW 52 = SPMD
A7 P 1g 51 & -viDW
A6 [ 20 50 £ -VDAK
A5 P21 49 © —SDAK
M B22 s q-vora PLEASE CONSULT RISC FAMILY DATA
A3 =1 23 47 59-SORQ  MANUAL FOR DETAILED INFORMATION
A2 224 46 | -HSYC
Al B3 25 45 = FLBK
A P s 44 = RES

vss | rat | ras | mas | razlmas | | 1 hed voo
RAO RA2 RA4 RA6 RA8 ~CASO |
-RAS -CAS1-CAS3
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FEATURES
« Pixel rate selectable as 8, 12, 16, or
24 MHz

Serializes datato 1-, 2-, 4, or 8- bits
per pixel

16 x 13 bit words - 4096 color lookup
palette

Three 4-bit DACs (one for each CRT
gun)

Fully programmable screen parame-

ters

Screen border in any of the 4096
possible colors

Flexible cursor sprite

Support for interlaced display format

External synchronization capability

Very high resolution monochrome
mode support

High quality stereo sound generation

RISC VIDEO CONTROLLER (VIDC)

DESCRIPTION

The Video Controller (VIDC) accepts
video data from DRAM under DMA
control, serializes and passes it through
a color look-up palette, and converts it
to analog signals for driving the CRT
guns. The chip also controls all the
display timing parameters plus the
position and pattern of the cursor sprite.
In addition, the VIDC includes an
exponential DAC and stereo image
table for the generation of high quality
sound from data in the DRAM.

The VIDC requests data from the RAM
when required, and buffers it in one of
three first-in, first-out memories
(FIFOs). Note that the addressing of the
data in RAM is controlled elsewhere in
the system (usually in the VL86C110
Memory Controller, MEMC). Data is
requested in blocks of four 32-bit words,
allowing efficient use of page-mode
DRAM without locking up the system
data bus for long periods.

The VIDC is a highly programmable de-
vice, offering a very wide choice of dis-
play formats. The pixel rate can be se-

lected in a range between 8 and 24
MHz and the data can be serialized to
either 8-, 4-, 2-, or 1-bit per pixel. The
horizontal timing parameters can be
controlled to units of 2 pixels, and the
vertical timing parameters can be
controlled in units of a raster. The color
lookup palette which drives the three
on-chip DACs is 13 bits wide, offering a
choice from 4096 colors or an external
video source.

Extensive use is made of pipelining
throughout the device.

The cursor-sprite is 32 pixels wide, and
any number of rasters high. Three
simultaneous colors (from the 4096
possible) are supported, and any pixel
can be defined as transparent, making
possible cursors of many shapes. The
cursor can be positioned anywhere on
the screen. .

The sound system implemented on the
device can support up to eight chan-
nels, each with a separate stereo
position.

PIN DIAGRAM

JEDECTYPE-B CERAMICLEADLESS ORDER INFORMATION
CHIP CARRIER Part Clock
Number Frequency Package
_VDAK D30 D28 D26 D24 D2 D20 DI8 Plastic Leaded
~SDAK| Da1 | D29 | D27 | D25 | D23 | D21 | D19 | D17 . VL86C310-08QC 8 MHz Chip Carrier (PLCC)
A EEEAEEEEEEEEEY JEDEC Type-B

VSSS |1 10 ©C] 016 y| g6C310-08LC Ceramic Carrier
vobs I 11 59 . D15

rers b3 12 s =] pia  Note: Operating temperature is 0°C to +70°C.

et w= R E) 57 ] D13

RCH [ 14 56 ] Dt2

-LCH [ 15 55 q D11

-RCH |23 18 54 . D10

/R 33 17 s 53 3 D9

veso (2 1 Tor view =c|®  PLEASE CONSULT RISC FAMILY DATA

sk = 20 JR MANUAL FOR DETAILED INFORMATION

-HI 3 21 49 3 D5

FLBK 3 22 48 ] D4
=VDRQ [ 23 47 D03
~SDRQ p 24 46 ] D2
-HSYC [ 25 a0 0

-V/CS | 26 4 .4 DO

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
L. nonopopnAonNnponooononon f

-vipw | -vepa|-vep1 | NseL |-sep2|-sepo| RouT | BOUT | REFV
-SUP -VED2 -VEDO -SED3 -SED1 VDDD GOUT VSSV
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FEATURES

Power on reset control

Four independent 16-bit program-
mable counters

~Two timers

~Two baud rate generators

Bidirectional serial keyboard interface

Six programmable bidirectional
control pins

Interrupt mask, request and status
registers for —|RQ and —-FIRQ

14 level triggered interrupt inputs

Two edge triggered interrupt inputs

Four programmable peripheral cycles
- Slow

~ Medium

- Fast

— 2 MHz synchronous

Seven external peripheral selects
ARM/IO bus interface control
Expansion bus buffer control

RISC I/0 CONTROLLER (10C)

DESCRIPTION

The VL86C410 Input/Output Controller
(lOC) is designed to interface to the
VL86C010/VL86C110/VL86C310 chip
set to provide a unified view of inter-
rupts and peripherals within an Acorn
RISC Machine (ARM) based computer.
It controls an 8-to-32 bit /O data bus to
which on-board peripherals and any /O
expansions are connected. It provides a
set of internal functions, which are
accessed without wait states, and
programmable speed access to external
peripherals.

The VL86C410 provides system level
170 with six programmable control pins
and a full-duplex, bidirectional serial
keyboard interface. To support system
timing requirements, the VL86C410
contains four independent program-
mable counters. Two of these counters
are used as baud rate generators. One
is dedicated to the keyboard and the
other controls the BAUD output pin to

generate a free-running clock. The
other two counters can be used to
generate system timing events.

The I0C serves as the interface
between the very high-speed RISC
system bus and the slower /O or
expansion bus. The part provides all the
buffer control required between the two
buses. The VL86C410 supports an
interruptable /O cycle thats allows the
system to use slower, low-cost periph-
eral controllers such as the VL16C450
Asynchronous Communications
Element and VL1772 Floppy Disk
Controller without severe latency on the
system bus.

Peripheral controllers are supported
with 16 interrupt inputs (14 level
sensitive and two edge-triggered),
seven peripheral select outputs, and
four programmable I/O cycle times.

PIN DIAGRAM ORDER INFORMATION
JEDEC TYPE-B CERAMIC LEADLESS Part Clock
CHIP CARRIER Number Frequency | Package
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S U LR L E LT Je0EC e
63 €2 6 ’ :
-RW 31 10 60 ] vee VL86C410-08LC Ceramic Carrier
-RBE |2 11 9 S Note: Operating temperature is 0°C to +70°C.
-weE |2 12 58 ] -s5
Py =R 57 -s8
=R 56 . -s7
mpB s 55 = -sext
A5 te 54 . ctrn
b 83 . Kout
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VLSI SALES OFFICES
& DESIGN CENTERS

CALIFORNIA

2235 Qume Dr,

San Jose, CA 95131
408-943-0264

FAX 408-943-9792
TELEX 278807

MAIL

1109 McKay Dr. .
San Jose, CA 95131

1751 E. Garry Ave., Ste. A
Santa Ana, CA 92705
714-250-4900

FAX 714-250-9041

FLORIDA

2200 Park Central N., Ste. 600
Pompano Beach, FL 33064
305-971-0404

FAX 305-971-2086

ILLINOIS

1350 Remington Rd., Stes. A-D
Schaumburg, IL 60195
312-310-9595

FAX 312-310-9632

MASSACHUSETTS
261 Ballardvale St.
Wilmington, MA 01887
617-658-9501

FAX 617-657-6420

NEW JERSEY

101 Morgan Lane, Ste. 380
Plainsboro, NJ 08538
609-799-5700

FAX 609-799-5720

TEXAS

850 E. Arapaho Rd., Ste. 270
Richardson, TX 75081
214-231-6716

FAX 214-669-1413

FRANCE

2, Allee du 10, Rue Ambroise
Croizat

F-91120 Palaiseau-France
1-6447.04.79

TELEX visifr 600 759 F

FAX 1-6447.04.80

GERMANY
Rosenkavalierplatz 10
D-8000 Munich 81
West Germany

0 89/92 69 050
TELEX 521 4279 visid
FAX 0 89-92690545

JAPAN

Shuwa-Kioicho Tbr. Bivd., Rm 816
5-7 Kojimati, Chiyoda-Ku

Tokyo, Japan 102

81.3-239-5211

FAX 81-3-239-5215

UNITED KINGDOM
486-488 Midsummer Blvd.
Saxon Gate West, Central
Mitton Keynes, MK9 2EQ
United Kingdom

09 08/66 75 95

TELEX visiuk 825 135
FAX 09 08/67 00 27

VLSI AUTHORIZED
DESIGN CENTERS

COLORADO

SIS MICROELECTRONICS, INC.
Longmont, 303-776-1667
MAINE

QUADIC SYSTEMS, INC.

South Portland, 207-871-8244

PENNSYLVANIA
INTEGRATED CIRCUIT
SYSTEMS, INC.

King of Prussia, 215-265-8690
IRELAND

AXIOM ELECTRONICS LTD.
High Wycombe Bucks

04 94/46 18 16

SWEDEN

NORDISK ARRAYTEKNIX AB
Solna, (08) 734 99 35

VLSI SALES OFFICES

ALABAMA

2614 Artie St., Ste. 36
Huntsville, AL 35805
205-539-5513

FAX 205-536-8622

ARIZONA

8375 South River Parkway
Tempe, AZ 85284
602-752-6450

FAX 602-752-6000

CALIFORNIA

225 W. Broadway, Ste. 500
Glendale, CA 91204
818-995-2404
CONNECTICUT

60 Church St.

Yalesville, CT 06492
203-265-6698

FAX 203-265-3653
FLORIDA

601 Cleveland St., Ste. 400
Clearwater, FL 33515
813-443-5797

FAX 813-443-5674

GEORGIA

2400 Pleasant Hill Rd., Ste. 200
Duluth, GA 30136
404-476-8574

FAX 404-476-3790

MARYLAND

P.O. Box 289

124 Maryland, Rte. 3 N.
Millersville, MD 21108
301-987-8777

FAX 301-987-8779

MINNESOTA

5871 Cedar Lake Rd., Ste. 9
St. Louis Park, MN 55416
612-545-1490

FAX 612-545-3489

NORTH CAROLINA

2100 West Park Dr., Ste. 201
Research Triangle Park, NC 27713
919-544-1891/92

FAX 919-361-1943

OREGON

10300 SW. Greenburg Rd., Ste. 365
Portland, OR 97223

503-244-9882

FAX 503-245-0375

VLSI SALES
REPRESENTATIVES

ARIZONA

SYSTEM SALES OF ARIZONA
Tempe, 602-829-9338
CALIFORNIA

BESTRONICS

San Diego, 619-693-1111
EMERGING TECHNOLOGY
San Jose, 408-433-9366
EMERGING TECHNOLOGY
Fairoaks, 916-962-3030

COLORADO

LUSCOMBE ENGINEERING
Longmont, 303-772-3342
IOWA

SELTEC SALES

Cedar Rapids, 319-364-7660
KANSAS

SPECTRUM SALES
Overland Park, 913-648-6811
MISSOURI

SPECTRUM SALES
Hazelwood, 314-731-5151
NEW MEXICO

SYSTEM SALES OF ARIZONA
Albuguerque, 505-242-7998
NEW YORK

bbd ELECTRONICS
Rochester, 716-425-4101

SAI MARKETING
Columbus, 614-876-8650
SAI MARKETING
Dayton, 513-435-3181
SAl MARKETING
Shaker Heights, 216-751-3633
OKLAHOMA

LOGIC 1 SALES

Tulsa, 918-494-0765
OREGON

MICRO SALES
Beaverton, 503-645-2841
TEXAS

LOGIC 1 SALES

Austin, 512-459-1297
LOGIC 1 SALES
Richardson, 214-2340765
WASHINGTON
MICRO SALES
Bellevue, 206-451-0568
AUSTRALIA
ENERGY CONTROL
Brisbane, 61-7-3762955
BELGIUM AND
LUXEMBURG

DIODE

Bruxelles, (02) 216 2100
CANADA

bbd ELECTRONICS
Port Coquitlan, B.C.
604-941-7707

bbd ELECTRONICS
Mississauga, Ontario
416-821-7800

bbd ELECTRONICS
Ottawa, Ontario
613-729-0023

bbd ELECTRONICS
Pointe Claire, Quebec
514-697-0804

HONG KONG
LESTINA INTERNATIONAL, LTD.
Kowloon, 3-7231736
ISRAEL

RDT ELECTRONICS
ENGINEERING LTD.
Tel-Aviv, (3) 48 32 11-9
KOREA

EASTERN ELECTRONICS
Seoul, 82-02-464-0399
SINGAPORE
DYNAMIC SYSTEMS
ELECTRONICS
Singapore, 65-289-2024
TAIWAN

PRINCETON TECH
Taipei, 886-2-717-1439

VLSI DISTRIBUTORS

(A) ARROW
ELECTRONICS, INC.
(S) SCHWEBER
ELECTRONICS
ALABAMA
Huntsville, 205-837-6955 (A)
Huntsville, 205-895-0480 (S)
ARIZONA
Phoenix, 602-968-4800 (A)
Phoenix, 602-397-4874 (S)
CALIFORNIA
Canoga Park, 818-999-4702 (S)
Gardena, 213-320-8090 (S)
Irvine, 714-863-0200 (S)
Los Angeles, 818-701-7500 (A}
Crange County, 714-838-5422 (A)
Sacramento, 916-929-9732 ()
San Diego, 619-565-4800 (A)
San Diego, 619-450-0454 (S)
San Francisco, 408-745-6600 (A)
San Jose, 408-432-7171 (S)
COLORADO
Denver, 303-696-1111 (A)
Englewood, 303-799-0258 (S)
CONNECTICUT
Danbury, 203-748-7060 (S)
Wallingford, 203-265-7741 (A)
FLORIDA
Altamonte Springs, 305-331-7555 (S)
Clearwater, 813-576-8995 (A)
Fort Lauderdale, 305-429-8200 (A)
Melbourne, 305-725-1480 (A)
Pompano Beach, 305-977-7511 (S)
GEORGIA
Atlanta, 404-449-8252 (A)
Norcross, 404-449-4600 (S)
ILLINOIS
Chicago, 312:397-3440 (A)
Elk Grove Village, 312-364-3750 (S)
INDIANA
Indianapolis, 317-243-9353 (A)
IOWA
Cedar Rapids, 319-395-7230 (A)
Cedar Rapids, 319-373-1417 (S)
KANSAS
Overland Park, 913-492-2922 (S)
MARYLAND
Baltimore, 301-995-6002 (A)
Gaithersburg, 301-840-5900 (S)
MASSACHUSETTS
Bedlord, 617-275-5100 (S)
Boston, 617-933-8130 (A)
MICHIGAN
Detroit, 313-971-8220 (A)
Grand Rapids, 616-243-0912 (A)
Livonia, 313-525-8100 (S)
MINNESOTA
Edina, 612-941-5280 (S)
Minneapolis, 612-830-1800 (A)
MISSOURI
Earth City, 314-739-0526 (S)
St. Louis, 314-567-6888 (A)
NEW HAMPSHIRE
Manchester, 603-668-6968 (A)
Manchester, 603-625-2250 (S)
NEW JERSEY
Fairfield, 201-575-5300 (A)
Fairfield, 201-227-7880 (S)
Marlton, 609-596-8000 (A)
NEW MEXICO
Albuquerque, 505-243-4566 (A)
NEW YORK
Long Island, 516-231-1000 (A}
Rochester, 716-427-0300 (A)
Rochester, 716-424-2222 (S)
Syracuse, 315-652-1000 (A)
Westbury, 516-334-7474 (S)

NORTH CAROLINA
Raleigh, 919-876-3132 (A)
Raleigh, 919-876-0000 (S)
Winston-Salem, 919-725-8711 (A)
QHIO

Beachwood, 216-464-2970 (S)
Cleveland, 216-248-3990 (A)
Columbus, 614-885-8362 (A)
Dayton, 513-435-5563 (A)
Dayton, §13-439-1800 ()
OKLAHOMA

Tulsa, 918-665-7700 (A)
Tulsa, 918-622-8003 (S)
OREGON

Portland, 503-684-1690 (A)
PENNSYLVANIA
Horsham, 215-441-0600 (S)
Philadelphia, 215-928-1800 (A)
Pittsburgh, 412-856-7000 (A)
Pittsburgh, 412-782-1600 (S)
RHODE ISLAND

East Providence, 401-431-0980 (A)
TEXAS

Austin, 512-835-4180 (A)
Austin, 512-458-8253 (S)
Dallas, 214-380-6464 (A)
Dallas, 214-661-5010 (S)
Houston, 713-5304700 (A)
Houston, 713-784-3600 (S)
UTAH

Salt Lake City, 801-972-0404 (A)
WASHINGTON

Seattle, 206-643-4800 (A)
WISCONSIN

Milwaukee, 414-792-0150 (A}
New Berlin, 414-784-9020 (S)
PUERTO RICO

San Juan, 809-723-6500 (A}
CANADA

Montreal, 514-735-5511 (A)
Ottawa, 613-226-6903 (A)
Quebec City, 416-687-4231 (A)
Toronto, 416-661-0220 (A)
FRANCE

ASAP s.a.
Montigny-le-Bretonneux,

(1) 3043.82.33

GERMANY

DATA MODUL GmbH
Munich, 0 89/5 60 17-0
bit-electronic AG

Munich, 0 89/4180 07 20

SE SPEZIAL-ELECTRONIC KG
Biickeburg, 0 5722/20 32
JAPAN

ASAHI GLASS CO. LTD,
Tokyo, 81-3-218-5854 .
TEKSEL COMPANY, LTD.
Tokyo, 81-3-461-5311
TOKYO ELECTRON, LTD
Tokyo, 81423-33-8009
KOREA

EASTERN ELECTRONICS
Seoul, 82-02-464-0399
NETHERLANDS

DIODE

Houten, (0 34 03) 912 34
SOUTH AMERICA - BRAZIL
INTERNATIONAL TRADE
DEVELOPMENT

Palo Alto, 415-856-6686
SPAIN AND PORTUGAL
SEMICONDUCTORES s.a.
Barcelona, (3) 217 23 40
SWITZERLAND
FABRIMEX AG

Zirich, (01) 25129 29

The information contained In this document has
been carefully checked and is believed to be
reliable; however, VLS| shall not be responsible for
any loss or damage of whatever nature resulting
from the use of, or reliance upon, the information
contained in this document. VLS! makes no
guarantee or warranty concerning the accuracy of

such Information, and this document does not in
any way extend VLSI's warranty on any product
beyond that set forth in VLSI's standard terms and
conditions of sale. VLS| does not guarantee that
the use of any information contained herein will not
infringe upon the patent or other rights of third
parties, and no patent or other license is implied

hereby. VLS| reserves the right to make changes in
the products without notification which would
render the information contained in this document
obsolete or inaccurate. Please contact VLS| for the
latest information concerning these products.

© 1988 VLS| Technology, Inc. Printed in U.S.A.
8350-400100-001 25M
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