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Bus Controller for SAB 82288
SAB 80286 Processors

Preliminary

SAB 82288-6 up to 12 MHz SAB 82288-1 up to 20 MHz

SAB 82288 up to 16 MHz

® Provides commands and control for @ Optimal Multibus®-compatible timing
local and system bus ® Control drivers with 16 mA Iy and tristate

o Offers wide flexibility in system command drivers with 32 mA Iy,
configurations ® Single +5V supply

¢ Flexible command timing ® Plastic Package: P-DIP-20

SAB
82288

The SAB 82288 bus controller is a 20-pin MYMOS component for use in SAB 80286 micro-
systems. The bus controller provides command and control outputs with flexible timing
options. Separate command outputs are used for memory and 1/0 devices. The data bus is
controlled with separate data enable and direction control signals.

Two modes of operation are possible: Multibus-compatible bus cycles, and high-speed bus
cycles.
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Ordering Information -
Type Ordering code Package Description
SAB 82288-P Q67120-Y75 P-DIP-20 Bus controller up to 16 MHz
SAB 82288-6-P Q67120-Y110 P-DIP-20 Bus controller up to 12 MHz
SAB 82288-1-P Q67120-Y69 P-DIP-20 Bus controller up to 20 MHz
Pin Configuration Pin Names
(P-DIP-20) CLK System Clock
50,57 Bus Cycle Status
M/10 Memory or /0 Select
MB Multibus Mode Select
U/
READY (|1 20[] Vee CENL Command Enabie Latched
(K []2 19 :]% CMDLY Command Delay
_ _ READY Bus Cycle Termination
N 18 Jmi0 CEN/AEN | Command Enable/Address Enable
MCE [+ 17[J0TR ALE Address Latch Enable
ALE[]S SAB 16 [ J DEN MCE Master Cascade Enable
Me [ 82288 15 [ CEN/AER DEN Data Enable
CMDLY DT/R Data Transmit/Receive
v 37 [ CENL TOWC 1/0 Write Command
MRDC |8 13[JNTA iORC 1/0 Read Command
MWTC ]9 12[JI6rRT MWTC Memory Write Command
GND 10 1 :]lO_W—C— MRDC Memory Read Command
INTA Interrupt Acknowledge
Vee Power supply (+5V)
GND Ground (0V)
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Pin Definitions and Functions

Symbol

Pin

Input ()
Output (0}

Function

READY

READY indicates the end of the current bus cycle. READY is an
active low input. Multibus mode requires at least one wait
state to allow the command outputs to become active. READY
must be low during reset, to force the SAB 82288 into the idle
state. Setup and hold times must be met for proper operation.

SYSTEM CLOCK provides the basic timing control for the
SAB 82288 in an SAB 80286 microsystem. Its frequency is
twice the internal processor clock frequency. The falling edge
of this input signal establishes when inputs are sampled and
control outputs change.

O‘
N

UJ‘
i

BUS CYCLE STATUS starts a bus cycle and, along with M/10,
defines the type of bus cycle. These inputs are active low.

A bus cycle is started when either ST or S0 is sampled low at
the falling edge of CLK. These inputs have pullup resistors
sufficient to hold them high when nothing drives them. Setup
and hold times must be met for proper operation,

SAB 80286 bus cycle status definition

M/1

g
O

Type of bus cycle

Interrupt acknowledge
1/0 read

1/0 write

None; idle

Halt or shutdown
Memory read
Memory write

None; idle

PN e R e R e ]

S, L0000
O =0 =0=0C

MCE

MASTER CASCADE ENABLE signals that a cascade address from a
master SAB 8259A interrupt controller may be placed onto the
CPU address bus for latching by the address latches under ALE
control. The CPU’s address bus may then be used to broadcast the
cascade address to slave interrupt controllers so only one of them
will respond to the interrupt acknowledge cycle. This control output
is active high. MCE is only active during interrupt acknowledge
cycles and is not affected by any contro! input. Using MCE to
enable cascade address drivers requires latches which save the
cascade address on the falling edge of ALE.

ALE

ADDRESS LATCH ENABLE controls the address latches used
to hold an address stable during a bus cycle. This control
output is active high. ALE will not be issued for the halt bus
cycle and is not affected by any of the control inputs.

MB

MULTIBUS MODE SELECT determines timing of the command
and contral outputs. When high, the bus controller operates

in Multibus mode. When low, the bus controlter optimizes the
command and control output timing for short bus cycles. The
function of the CEN/AEN input pin is selected by this signal.
Typically, this input is a strapping option and not dynamically
changed. This input may be connected to Ve or GND.

Siemens Aktiengesellschaft
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Pin Definitions and Function (cont’d)

Symbol

Pin

input (1)
Output (0}

Function

CMDLY

COMMAND DELAY allows delaying the start of a command.
CMDLY is an active high input. If sampled high, the command
output is not activated and CMDLY is again sampled at the next
CLK cycle. When sampled low the selected command is
enabled. If READY is detected low before the command output
is activated, the SAB 82288 will terminate the bus cycle, even if
no command was issued. Setup and hold times must be satis-
fied for proper operation. This input may be connected to GND
if no delays are required before starting a command.

MEMORY READ COMMAND instructs the memory device to
place data onto the data bus. This command output is active
low. The MB and CMDLY inputs control when this output
becomes active. READY controls when it becomes inactive.

MEMORY WRITE COMMAND instructs a memory device to
read the data on the data bus. This command output is active
low. The MB and CMDLY inputs control when this output
becomes active. READY controls when it becomes inactive.

170 WRITE COMMAND instructs an I/0O device to read the data
on the data bus. This command output is active low. The MB
and CMDLY inputs control when this output becomes active.
READY controls when it becomes inactive.

170 READ COMMAND instructs an 1/0 device to place data onto
the data bus. This command output is active low. The MB

and CMDLY inputs control when this output becomes active.
READY controls when it becomes inactive.

INTA

13

INTERRUPT ACKNOWLEDGE tells an interrupting device that
its interrupt request is being acknowledged. This command
output is active low. The MB and CMDLY inputs control when
this output becomes active. READY controls when it becomes
inactive.

CENL

14

COMMAND ENABLE LATCHED is a bus controlter select signal
which enables the bus controller to respond to the current bus
cycle being initiated. CENL is an active high input latched
internally at the start of each bus cycle. CENL is used to select
the appropriate bus controller for each bus cycle in a system
where the CPU has more than one bus it can use. This input
may be connected to Vc to select this SAB 82288 for all
transfers. No control inputs affect CENL. Setup and hold times
must be met for proper operation.
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Pin Definitions and Functions (cont’d)

Input (1}
Symbol Pin Output (0) | Function

CEN/AEN 15 | COMMAND ENABLE/ADDRESS ENABLE contrals the
command and DEN outputs of the bus controller. CEN/AEN
inputs may be asynchronous to CLK. Setup and hold times are
given to assure a guaranteed response to synchronous inputs.
This input may be connected to Vec or GND.

When MB is high this pin has the AEN function. AEN is an
active low input which indicates that the CPU has been
granted use of a shared bus and the bus controller command
outputs may exit tristate off and become inactive (high).

AEN high indicates that the CPU does not have control of the
shared bus and forces the command outputs into tristate

off and DEN inactive (low). AEN would normallybe
controlfed by an SAB 82289 bus arbiter which activates AEN
when that arbiter owns the bus to which the bus controller is
attached.

When MB is low this pin has the CEN function. CEN is an
unlatched active high input which allows the bus controller
activate its command and DEN outputs. With MB low, CEN
low forces the command and DEN outputs inactive but does
not tristate them.

DEN 16 o} DATA ENABLE controls when data transceivers connected to
the local data bus should be enabled. DEN is an active high
control output. DEN is delayed for write cycies in the Multibus
mode.

DT/R 17 (¢} DATA TRANSMIT/RECEIVE establishes the direction of data
flow to or from the local data bus. When high, this control
output indicates that a write bus cycle is being performed.

A low indicates a read bus cycle. DEN is always inactive when
DT/R changes states. This output is high when no bus cycle
is active. DT/R is not affected by any of the control inputs.

M/10 18 | MEMORY or I/0 SELECT determines whether the current bus
cycle is in the memory space or I/0 space. When low, the
current bus cycle is in the I/0 space. This input has a pullup
resistor sufficient to hold it high when nothing drives it. Setup
and hold times must be met for proper operation.

Vee 20 - POWER SUPPLY (+5V)
GND 10 - GROUND {0V}
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Block Diagram
5 !
S0 Stat INTA ‘
Stat S atus
ans 5_1 Decoder — Command I0RC | Command
M/0 Output jowc ( Outputs
Logi —
g b4 —FROT |
MWTC |
/
CLK State
Machine
CEN/AEN Contral DR
CENL onfro | | L} Controt
M Input Output DEN Control
Controt oLy Logic Logic ALE Outputs
inputs READY MCE
MB
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Functional Description 52‘33\55

Introduction

The SAB 82288 bus controller is used in SAB 80286 systems to provide address latch control,
data transceiver control, and standard level-type command outputs. The command outputs
are timed and have sufficient drive capabilities for large TTL buses and meet all [EEE-796
requirements for Multibus. A special Multibus mode is provided to statisfy all address/data
setup and hold time requirements. Command timing may be tailored to special needs via a
CMDLY input to determine the start of a command and READY to determine the end of a
command.

Connection to multiple buses is supported with a latched enable input {CENL). An address
decoder can determine which, if any, bus controller should be enabled for the bus cycle. This
input is latched to allow an address decoder to take full advantage of the pipelined timing on
the SAB 80286 local bus.

Buses shared by several bus controllers are supported. An AEN input prevents the bus
controller from driving the shared bus command and data signals except when enabled by an
external bus arbiter such as the SAB 82289.

Separate DEN and DT/R outputs control the data transceivers for all buses. Bus contention is
eliminated by disabling DEN before changing DT/R. The DEN timing allows sufficient time for
tristate bus drivers to enter tristate off before enabling other drivers onto the same bus.

The term CPU refers to any SAB 80286 processor or SAB 80286 support component which may
become an SAB 80286 local bus master and thereby drive the SAB 82288 status inputs.

Processor Cycle Definition

Any CPU which drives the local bus uses aninternal clock which is one halfthe frequency of the
system clock (CLK) (see figure below). Knowledge of the phase of the local bus master’s
internal clock is required for proper operation of the SAB 80286 local bus. The local bus master
informs the bus controller of its internal clock phase when it asserts the status signals. Status
signals are always asserted in phase 1 of the local bus master’s internal clock.

CLK Relationship to the Processor Clock and Bus T-States

One Processor Ckock Cycle ——=

One Bus T State ——————

Phase Phase 2
[~— of Processor —=}=— of Processor —|
Clock Cycle Clock Cycle

v, N\
e —] |/
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Bus State Definition

The SAB 82288 bus controller has three bus states (see figure below): Idle (T1), Status (TS}, and
Command (TC). Each bus state is two CLK cycles long. Bus state phases correspond to the
internal CPU processor clock phases.

The Tl bus state occurs when no bus cycle is currently active on the SAB 80286 local bus. This
state may be repeated indefinitely. When control of the local bus is being passed between
masters, the bus remains in the Tl state.

Bus States

NEW CYCLE

READY
L]
NEW CYCLE

NEW
CYCLE

Bus Cycle Definition

The STand S0 inputs signal the start of a bus cycle. When either input becomes low, a bus cycle
is started. The TS bus state is defined to be the two CLK cycles during which either ST or S0 is
active (see figure on bus cycle definition). These inputs are sampled by the SAB 82288 at every
falling edge of CLK. When either ST or S0 is sampled low, the next CLK cycle is considered the
second phase of the internal CPU clock cycle.

The local bus enters the TC bus state after the TS state. The shortest bus cycle may have one TS
state and one TC state. Longer bus cycles are formed by repeating TC states. A repeated TC bus
state is called a wait state.

The READY input determines whether the current TC bus state is to be repeated. The READY
input has the same timing and effect for all bus cycles. READY is sampled at the end of each TC
bus state to see if it is active. If sampled high, the TC bus state is repeated. This is calied
inserting a wait state. The control and command outputs do not change during wait states.
When READY is sampled low, the current bus cycle is terminated. Note that the bus controller
may enter the TS bus state directly from TC if the status lines are sampled active at the next
falling edge of CLK.
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Bus Cycle Definition
TS
Phase 1
Ven
CLK
Va
Si50 Vi
™ v, /
Sample
v READY
READY «
V|L
Table 2

Command and Control Qutput for Each Type of Bus Cycle

Tpeofbuseyete WD ST |80 | SR (TR REEN R
Interrupt acknowledge |0 0 0 INTA low yes yes

1/0 read 0 0 1 1ORC low yes no

1/0 write 0 1 0 iowC high yes no
None; idle 0 1 1 none high no no
Halt/shutdown 1 0 0 none high no no
Memory read 1 0 1 MRDC low yes no
Memory write 1 1 0 MWTC high yes no
None; idle 1 1 1 none high no no

Siemens Aktiengeselischaft 643




47E D WE 8235b05 0031205 0O EESIEG

SAB 82288
SIEMENS AKTIENGESELLSCHAF

T-52-33-55
Operating Modes

Two types of buses are supported by the SAB 82288: Multibus and non-Multibus. When the
MB input is high, Multibus timing is used. In Muitibus mode, the SAB 82288 delays command
and data activation to meet IEEE-796 requirements on address to command active and write
datato command active setup timing. Multibus mode requires at least one wait state in the bus
cycle since the command outputs are delayed. The non-Multibus mode does not delay any
outputs and does not require wait states. The MB input affects the timing of the command and
DEN outputs.

Command and Control Outputs

The type of bus cycle performed by the local bus master is encoded in the M/IO, $7, and SO
inputs. Different command and control outputs are activated depending on the type of bus
cycle. Table 2 indicates the cycle decoding done by the SAB 82288 and the effect on command,
DT/R, ALE, DEN, and MCE outputs.

Bus cycles come in three forms: read, write, and halt. Read bus cycles include memory read,
1/0 read, and interrupt acknowledge. The timing of the associated read command outputs
(MRDC, IORC, and INTA), control outputs (ALE, DEN, DT/R} and control inputs (CEN/AEN,
CENL, CMDLY, MB, and READY) are identical for all read bus cycles. Read cycles differ only
in which command output is activated. The MCE control output is only asserted during
interrupt acknowledge cycles.

Write bus cycles activate different control and command outputs with different timing than
read bus cycles. Memory write and I/0 write are write bus cycles whose timing for command
outputs (MWTC and IOWC), control outputs (ALE, DEN, DT/R) and control inputs (CEN/AEN,
CENL, CMDLY, MB, and READY) are identical. They differ only in which command output is
activated.

Halt bus cycles are different because no command or control output is activated. AH control
inputs are ignored until the next bus cycle is started via ST and S0.

The basic command and control output timing for read and write bus cycles is shown in the
next five figures. Halt bus cycles are not shown since they activate no outputs. The basic
idle-read-idle and idle-write-idle bus cycles are shown. The signal label CMD represents the
appropriate command output for the bus cycle. For those five figures, the CMDLY input is
connected to GND and CENL to V. The effects of CENL and CMDLY are described later in the
section on control inputs.

The next two figures show non-Multibus cycles. MB is connected to GND while CEN is
connected to Vcc. The figure on page 11 shows a read cycle with no wait states while the figure
on page 12 shows a write cycle with one wait state. The READY inputis shown to illustrate how
wait states are added.
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Idle-Read-Idle Bus Cycles with MB = 0

CLK
$1-50
ALE |

DEN

READY

Bus cycles can occur back-to-back with no Tl bus states between TC and TS. Back-to-back
cycles do not affect the timing of the command and control outputs. Command and control
outputs always reach the states shown for the same clock edge (within TS, TC, or following
bus state) of a bus cycle. A special case in control timing occurs for back-to-back write cycles
with MB = 0. In this case, DT/R and DEN remain high between the bus cycles (see respective
write-write cycle diagram). The command and ALE output timing does not change.

The figures on pages 13 and 14 show a Multibus cycle with MB = 1. AEN and CMDLY are
connected to GND. The effects of CMDLY and AEN are described later in the section on control
inputs. The top figure shows a read cycle with one wait state and the figure below shows a
write cycle with two wait states. The second wait state of the write cycle is shown only for
example purposes and is not required. The READY input is shown to illustrate how wait states
are added.
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Idle-Write-ldle Bus Cycles with MB = 0

Tl 15 TC TC Tl

(LK

b4
gl
[
/”’—\

Wirite-Write Bus Cycles with MB = 0

1st Write Cycle 2nd Write Cycle
TC TS TC

LK
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Idle-Read-Idle Bus Cycles with MB = 1

1l TS TC TC i

CLK

ALE

pp——
— |
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Idle-Write-ldle Bus Cycles with MB = 1

Tl ( 15 ! TC 1 TC l TC ( T ‘

(LK

2
4l
(=1

ALE

READY

The MB control input affects the timing of the command and DEN outputs. These outputs are

automatically delayed in Muitibus mode to satisfy three requirements:

1) 50 ns minimum setup time for valid address before any command output becomes active.

2) 50 ns minimum setup time for valid write data before any write command output becomes
active.

3) 66 ns maximum time from when any read command becomes inactive until the slave’s read
data drivers reach tristate off.

Three signal transitions are delayed by MB = 1 as compared to MB = 0:

1) The high to low transition of the read command outputs (IORC, MRDC, and INTA) is delayed
one CLK cycle.

2) The high to low transition of the write command outputs ([{OWC and MWTC) is delayed
two CLK cycles.

3) The low to high transition of DEN for write cycles is delayed one CLK cycle.

Back-to-back bus cycles with MB = 1 do not change the timing of any of the command or

control outputs. DEN always becomes inactive between bus cycles with MB = 1.

Except for a halt or shutdown bus cycle, ALE will be issued during the second half of TS for any

bus cycle. ALE becomes inactive at the end of the TS to allow latching the address to keep it

stable during the entire bus cycle. The address outputs may change during phase 2 of any

TC bus state. ALE is not affected by any control input.

The following figure shows how MCE is timed during interrupt acknowledge (INTA) bus cycles.

MCE is one CLK cycle longer than ALE to hold the cascade address from a master SAB 8259A

valid after the falling edge of ALE. With the exception of the MCE control output, an INTA bus

cycle is identical in timing with a read bus cycle. MCE is not affected by any control input.
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MCE Operation for an INTA Bus Cycle

Control Inputs

The controlinputs can alter the basic timing of command outputs, allow interfacing to multiple
buses, and share a bus between different masters. For many SAB 80286 systems, each CPU
will have more than one bus which may be used to perform a bus cycle. Normally, a CPU will
only have one bus controller active for each bus cycle. Some buses may be shared by more
than one CPU (i.e. Multibus) requiring only one of them use the bus at a time.

Systems with multiple and shared buses use two control input signals of the SAB 82288 bus
controlier, CENL and AEN (see figure on system use of those signals). CENL enables the bus
controller to control the current bus cycle. The AEN input prevents a bus controller from
driving its command outputs. AEN high means that another bus controller may be driving the
shared bus.

In the figure on the AEN and CENL signal, two buses are shown: a local bus and a Multibus.
Only one bus is used for each CPU bus cycle. The CENL inputs of the bus controllers select
which bus controller is to perform the bus cycle. An address decoder determines which bus to
use for each bus cycle. The SAB 82288 connected to the shared Multibus must be selected by
CENL and be given access to the Multibus by AEN before it will begin a Multibus operation.

CENL must be sampled high at the end of the TS bus state {see waveforms) to enable the bus
controller to activate its command and control outputs. If sampled low the commands and
DEN will not go active and DT/R will remain high. The bus controller will ignore the CMDLY,
CEN, and READY inputs until another bus cycle is started via S1 and S0. Since an address
decoder is commonly used to identify which bus is required for each bus cycle, CENL is latched
to avoid the need for latching its input.

The CENL input can effect the DEN control output.

When MB = 0, DEN normally becomes active during phase 2 of TS in write bus cycles. This
transition occurs before CENL is sampled. If CENL is sampled low, the DEN output will be
forced low during TC as shown in the timing waveforms.
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When MB = 1, CEN/AEN becomes AEN, AEN controls when the bus controller command
outputs enter and exit tristate off. AEN is intended to be driven by a bus arbiter, like the

SAB 82289, which assures only one bus controller is driving the shared bus at any time. When
AEN makes a low to high transition, the command outputs immediately enter tristate off and
DEN is forced inactive. An inactive DEN should force the local data transceivers connected to
the shared data bus into tristate off (see next figure). The low to high transition of AEN should
only occur during Tl or TS bus states.

The high-to-low transition of AEN signals that the bus controller may now drive the shared bus
command signals. Since a bus cycle may be active or be in the process of starting, AEN can
become active during any T-state. AEN low immediately allows DEN to go to the appropriate
state. Three CLK edges later, the command outputs will go active (see timing waveforms). The
Multibus requires this delay for the address and data to be valid on the bus before the
commands become active.

When MB = 0, CEN/AEN becomes CEN. CEN is an asynchronous input which immediately
affects the command and DEN outputs. When CEN makes a high-to-low transition, the
commands and DEN are immediately forced inactive. When CEN makes a low-to-high
transition, the commands and DEN outputs immediately go to the appropriate state (see
timing waveforms). READY must still become active to terminate a bus cycle if CEN remains
low for a selected bus controller (CENL was latched high).

Some memory or I/0 systems may require more address or write data setup time to command
active than provided by the basic command output timing. To provide flexible command
timing, the CMDLY input can delay the activation of command outputs. The CMDLY input must
be sampled low to activate the command outputs. CMDLY does not affect the control outputs
ALE, MCE, DEN, and DT/R.

CMDLY is first sampled on the falling edge of the CLK ending TS. If sampied high, the command
output is not activated, and CMDLY is again sampled on the next falling edge of CLK. Once
sampled low, the proper command output becomes active immediately if MB =0.If MB = 1,
the proper command goes active no earlier than shown in the figures on pages 12 and 13.

READY can terminate a bus cycle before CMDLY allows a command to beissued. In this case no
commands are issued and the bus controller will deactivate DEN and DT/R in the same
manner as if a command had been issued.

Waveforms

The waveforms show the timing relationships of inputs and outputs and do not show all
possible transitions of all signals in all modes. Instead, all signal timing relationships are
shown via the general cases. Special cases are shown when needed. The waveforms provide
some functional descriptions of the SAB 82288; however, most functional descriptions are
provided in the figures of section Functional Description.

To find the timing specification for a signal transition in a particular mode, first look for a
special case in the waveforms. If no special case applies, then use a timing specification for
the same or related function in another mode.
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X1 X2
READY v SAB 1o XACK
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.[— SROYEN ARDYEN
(k READY §i50 | T8
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READY READY
CMD | CMD MD [ommand§>
cap LK €K g "
82288 82288 pEN
L j> Wi
5150 SIS0 prm
CENL f=—y —1 CENL ALE
MB__ CEN M8 AEN
+5Y +5V
]
v
2 READY 2
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s 82289 2
Y Confrol >
Address —]Mio
Decoder T‘/ 51,50
SYS/RESB
M/id k5 20kl STB
L ) — o
(Address > - Addr**s;>
L [ 1] 8283
( Data |
} i [ ]
A23-A0 (LK READY M/I0
51,50
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Absolute Maximum Ratings
Ambienttemperatureunderbias . . . . .. ..o Lo oL 0to70°C
Storagetemperature . . . . . . L. L e e e e e e e -65to0 +150°C
Voltage on any pinwithrespecttoGND . . . . . ... .. ... ... ..... -0.5t0 +7V
Powerdissipation . . . . . . . . . L 1w

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

DC Characteristics
Ta=0t070°C, Vec =5V £10%
Limit values 3
Parameter Symbol " Unit Test condition
min, max,

Power supply current Iee — 100 mA -
Firwird in;ﬂt current Ie - -0.5 mA Ve =045V
{50, S1, M/10)
Input leakage current I — +10 uA OV £ Viy £ Ve
(all other)
Output leakage current Io - +10 uA 0.45V £ Vour £ Ve
Low output voltage Voo

Command outputs — 0.45 \ loo =32 mA

Control outputs Io. = 16 MA
High output voltage Von

Command outputs Ion = =5 mA

Control outputs 2.4 - v Ion = —1mA
Low input voltage Ve -0.5 0.8 \ -
CLK low input voltage Veo -0.5 0.6 \) -
High input voltage Viu 2.0 Vee \ -
CLK high input voltage Ven 3.8 +05 |y -
Capacitance
Ta=25°C, Vec = GND =0V, fc =1 MHz

Limit values ., fos
Parameter Symbol - Unit Test condition
min. max.
CLK input capacitance Ceix - 12 pF .
Unmeasured pins

Input capacitance [0 - 10 pF returned to GND
Input/output capacitance Co - 20 pF

Note: Not 100%, guaranteed by design characterization.
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AC Characteristics SAB 82288

Unless otherwise specified, the AC timings are referred to signal points of 0.8V and 2.0V as
illustrated in the waveforms.

To=0t070°C, Vec =5V £10%

Parameter Symbol .Limit values Unit Test condition
min. max.

CLK period t 62 250 ns —

CLK high time t 20 235 ns at3.6V

CLK low time ts 15 230 ns at1.0V

CLK rise time ts — 10 ns 1.0t0o 3.6V

CLK fall time tg - 10 ns 3.6t0 1.0V

M/10 and status setup time ts 22 - ns -

M/IO and status hold time t; 0 - ns -

CENL setup time ts 20 - ns -

CENL hold time ty 0 - ns -

READY setup time to 38 - ns -

READY hold time t1 25 - ns -

CMDLY setup time t1o 20 - ns -

CMDLY hold time ta 0 - ns -

AEN setup time tia 20 - ns "

AEN hold time tis 0 - ns K

ALE, MCE active delay ts 3 20 ns 2

ALE, MCE inactive delay t - 20 ns 2

DEN (write) inactive from CENL tia - 35 ns 2

DT/R low from CLK tg - 25 ns 2

DEN (read) active from DT/R tao 5 35 ns 2

DEN (read) inactive delay ta 3 35 ns 2

DT/R high from DEN inactive to 5 35 ns 2

DEN {write) active delay ta - 30 ns a

DEN (write) inactive delay tra 3 30 ns 2

DEN inactive from CEN ts - 25 ns 2

DEN active from CEN tas - 30 ns 2

DT/R high from CLK and CEN ty - 35 ns 23

Notes see next page
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AC Characteristics SAB 82288 (cont'd)

Parameter Symbol -Limit values Unit Test condition

min. max.

DEN active from AEN tos - 30 ns 2

Command active delay tre 3 25 ns 4

Command inactive defay ta 3 25 ns 4

Command inactive from CEN ts1 - 25 ns 4

Command active from CEN t - 25 ns 4

Command valid delay from AEN ts - 40 ns 4

Command float time ta - 40 ns 4

MB setup time t3s 20 - ns -

MB hold time t 0 - ns -

Command inactive enable from MB| | t;; - 40 ns 4

Command float time from MB] taa - 40 ns -

DEN inactive from MB? tso - 30 ns 2

DEN active from MB| tao - 35 ns 2

" 'AEN is an asynchronous input. AEN setup and hold times are specified to guarantee the response shown
in the waveforms,

Control output load: G, = 150 pF, Io. = 16 MA, Ioy = —1 mA.

t2; only applies to bus cycles where MB = 0, the SAB 82288 was selected, and DEN = 0 when the cycle
is terminated (because CEN = 0).

Command output load: C, = 300 pF, lo. = 32 mA, lon = —5 mA.

2

3

4
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AC Characteristics SAB 82288-6

Unless otherwise specified, the AC timings are referred to signal points of 0.8V and 2.0V as
illustrated in the waveforms.

Ta=0t070°C, Voc = 5V £10%

Parameter Symbol - Limit values Unit Test condition
min. max.

CLK period t 83 250 ns -

CLK high time t 25 235 ns at3.6Vv

CLK low time ts 20 225 ns at1.0Vv

CLK rise time ty - 10 ns 1.0t0 3.6V

CLK fall time ts - 10 ns 3.6to1.0V

M/IO and status setup time te 28 - ns -

M/IO and status hold time t; 0 - ns -

CENL setup time tg 30 — ns -

CENL hold time ty 0 - ns -

READY setup time to 50 - ns -

READY hold time th 35 - ns -

CMDLY setup time ts 25 - ns -

CMDLY hold time ta 0 - ns -

AEN setup time ta 25 - ns "

AEN hold time tis 0 - ns "

ALE, MCE active delay tis 3 25 ns 2

ALE, MCE inactive delay ty - 35 ns 2

DEN (write) inactive from CENL tig - 35 ns 2

DT/R low from CLK te - 40 ns 2

DEN (read} active from DT/R t20 5 50 ns 2

DEN (read) inactive delay tr 3 40 ns 2

DT/R high from DEN inactive tr 5 45 ns 2

DEN (write) active delay tys - 35 ns 2

DEN (write) inactive delay toa 3 35 ns 2

DEN inactive from CEN ts - 40 ns 2

DEN active from CEN tae - 35 ns &

DT/R high from CLK and CEN ty - 50 ns 23

Notes see next page
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AC Characteristics SAB 82288-6 (cont'd)

Parameter Symbol -Limit values Unit Test condition

min. max.

DEN active from AEN toe - 35 ns 4

Command active delay tre 3 40 ns 4

Command inactive delay tso 3 30 ns 4

Command inactive from CEN tar - 35 ns 9

Command active from CEN [ - 45 ns 4

Command valid delay from AEN tss - 40 ns a

Command float time tsa - 40 ns 4

MB setup time tas 25 - ns -

MB hold time ta 0 - ns -

Command inactive enable from MB| | t3; - 40 ns a9

Command float time from MBT t - 40 ns -

DEN inactive from MB? [ - 40 ns 2

DEN active from MB| tao - 35 ns 2

" "AEN is an asynchronous input. AEN setup and hold times are specified to guarantee the response shown
in the waveforms.
Control output load: C_ = 160 pF, Io. = 16 mA, Igy = =1 mA,

ty; only applies to bus cycles where MB = 0, the SAB 82288 was selected, and DEN = 0 when the cycle
is terminated (because CEN = 0).

4 Command output load: C, = 300 pF, /oL = 32 MA, Ioy = —5 mA.

2]

3)
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AC Characteristics SAB 82288-1

Unless otherwise specified, the AC timings are referred to signal points of 0.8V and 2.0V as
illustrated in the waveforms.

Ta=01t070°C, Vec = 5V £10%

Parameter Symbol .Limit values Unit Test condition
min. max.

CLK period t 50 250 ns -

CLK high time t, 16 235 ns at 3.6V

CLK low time ta 12 230 ns at1.0vV

CLK rise time ta - 8 ns 1.0t03.6V

CLK fall time ts — 8 ns 3.6t01.0V

M/I0 and status setup time ts 18 - ns —

M/I0 and status hold time t; 0 - ns -

CENL setup time ts 15 - ns -

CENL hold time 18 0 — ns -

READY setup time to 26 - ns -

READY hold time t 25 - ns -

CMDLY setup time t2 15 — ns -

CMDLY hold time tiz 0 - ns -

AEN setup time ta 15 - ns "

AEN hold time tis 0 - ns "

ALE, MCE active delay tis 3 16 ns 2

ALE, MCE inactive delay ty - 19 ns 2

DEN {write) inactive from CENL tis - 23 ns 2

DT/R low from CLK tie - 23 ns 2

DEN (read) active from DT/R tao 5 21 ns 2

DEN (read) inactive delay tn 3 21 ns 2

DT/R high from DEN inactive tr 5 20 ns 2

DEN (write) active delay trs - 23 ns 2

DEN (write) inactive delay toa 3 19 ns 2

DEN inactive from CEN tos - 25 ns 2

DEN active from CEN ths - 24 ns 2

DT/R high from CLK and CEN ty - 25 ns a3

Notes see next page
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Parameter Symbol m:mit v:l‘:is Unit Test condition
DEN active from AEN tog - 26 ns 2
Command active delay tas 3 21 ns 4
Command inactive delay tso 3 20 ns 4
Command inactive from CEN ta - 25 ns 4
Command active from CEN ts - 25 ns R
Command valid delay from AEN t33 - 40 ns 4
Command float time ta - 40 ns Y
MB setup time tys 20 - ns -
MB hold time tas 0 - ns -
Command inactive enable from MB| | t5; - 40 ns 4
Command float time from MB1 tis - 40 ns -
DEN inactive from MB1 tae - 26 ns 2
DEN active from MB|, tao - 35 ns 2

" AEN is an asynchronous input. AEN setup and hold times are specified to guarantee the response shown
in the waveforms.
Control output load: C, = 150 pF, Io. = 16 mA, Ioy = —1 mA.

t;7 only applies to bus cycles where MB = 0, the SAB 82288 was selected, and DEN = 0 when the cycle
is terminated (because CEN = 0).

4 Command output load: C, = 300 pF, /o, = 32 mA, foy = —5 mA.

2]

3
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AC Testing Waveforms

Test Loading on Outputs

Device Output

4.
T

Drive and Measurement Points — CLK Input

i 36V 36V

CLK Input
10V 10V

0.45V

Setup, Hold and Delay Time Measurement — General

Lov 36V 36V
CLK Input
10V 10V

045V

tsetue | tholo

o |
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Waveforms

T-52-33-55

CLK Characteristics

(LK

Status, ALE, MCE Characteristics

} 1S

(LK l__/——\

*‘hsr"——’\

ALE / \

—= 47

MCE j
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CENL, CMDLY, DEN Characteristics with MB = 0 and CEN = 1 during Write Cycle
| s

(LK

DEN

5 5

EN Characteristics with MB = 1

CLK

\
Pen _f L S

1} AEN is an asynchronous input. AEN setup and hold time is specified to guarantee the response
shown in the waveforms.
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Read Cycle Characteristics with MB = 0 and CEN = 1

READY B8

—et fg

CENL
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Write Cycle Characteristics with MB = 0 and CEN = 1

(LK ‘__/_—\
S

Ny

DEN

DT/R

MDLY

[
=X
o

READY

CENL
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CEN Characteristics with MB = 0

—=1 tss — f2
DEN

DT/R ]‘

READY
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MB Characteristics with AEN/CEN = High

I TS | C | TC | IS} ’

Floating —= fy; —-J t29 —— by
I -
o —— L
JE—
#,

26
—lta = R e r

l‘ R
OEN Write-+-

r*fn
a——tyy
READY

READY /

" MB is an asynchronous input. MB setup and hold times specified to guarantee the response
shown in the waveforms.

If the setup time 35 is met, two clock cycles will occur before CMD becomes active after the
falling edge of MB.
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MB Characteristics with AEN/CEN = High {(cont'd)

—=1 ety
] t

. "‘f 38
Floating Floating

— fuo — F39

DEN

" MB is an asynchronous input. MB setup and hold times specified to guarantee the response
shown in the waveforms.
If the setup time t35 is met, two clock cycles will occur before CMD becomes active after the
falling edge of MB.
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