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82258

ADVANCE INFORMATION

LATENCIES

The latency calculations do not take into account set
up, hold and output delay times which are specified
in the A.C. Characteristics section. These should be
added to get the final latency figures. All timings are
in units of T-states (125 ns in an 8 MHz system). If
bus cycles are involved then the following abbrevia-
tions are used:

T = time for one bus transfer
W = wait time during bus cycles for a slow device

In case of various influences affecting the timing, the
most typical case is mentioned in the table and ex-
plained in notes.

DMA Request Processing:

Assumptions:

1. The channel for which latencies are calculated
currently has the highest priority and will not be
blocked by other still higher priority requests.

2. In remote mode delays due to CPU accesses to
the 82258 are not taken into account for laten-
cies.

3. All control space accesses are on a 16 bit bus
and command blocks and data chain lists are ad-
dressed on even boundaries.

~ 4. Organizational and other unsynchronized trans-

fers (e.g. prefetch) have been completed before
the processing of DREQ starts.

v

4.5
HOLD

25
HLDA

HOLD -HLDA=0

T 1.5
DREQ e

HOLD *HLDA=1

CYCLE 0.5
START

v

DACK l

(T0)

.
»

231263-29

Figure 32. DREQ to DACK Latency in Local Mode*

Table 10. DREQ to DACK in Local Mode*

Minimum | Typical Maximum
DREQ to HOLD 25 3 3+W(1)(©2
HOLD to HLDA 45 (3)
HLDA to CYCLE START 1.5 25 25
(wihout bus rbivaton) 25 | 4+ W)
CYCLE START to DACK 0.5 0.5 0.5

Notes are indicated in parenthesis

*All timings are in units of T-states (125 ns in an 8 MHz system). If bus
cycles are involved then the following abbreviations are used:

T = Time for one bus transfer

W = Wait time during bus cycles for a slow device
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242BC 2
HOLD T > HLDAT
1.5 HOLD *HLDA=0
SYSTEM
BUS
REQUEST
HOLD «HLDA=1
} 0
DREQ T —5_-> * ! » gﬁ;ﬁ o5 >l DACK l
0
(10)
HOLD + HLDA=0
RESIDENT
BUS
REQUEST HOLD=0
15 HLDA=1
HOLD=1
HOLD l »| HLDA l
2 2
231263-30
Figure 33. DREQ to DACK Latency in Remote Mode*
Table 11. DREQ to DACK in Remote Mode*
Minimum | Typical Maximum
DREQ to HOLDset 2.5 3 3+ WM (@)
HOLDset to HLDAset 2BC 2+ 2BC (4)
HOLDAset TO CYCLE START 1.5 2 2.5
DREQ to HOLDreset 1.5 3 55+ W (1)
HOLDreset to HLDAreset 1 2 2
HLDAreset to CYCLE START 1.5 2 2.5
DREQ to CYCLE START 2 3.5 5+ W(1)
(without bus change)
CYCLE START to DACK 0.5 0.5 0.5
Notes:

(1) Single bus cycle running: 1 + W
unseparable bus cycles running:

—word access at odd addresses (and pointer transfers): 3 + 2W
—IOACK cycle (only multiplexor channel): 7 + 2W

(2) General Burst Counter = 0: 2 X GDR
HLDA = 1, HOLD = 0: Wait for HLDA = 0
HLDA lost: 2
(3) 16 + 15W (from the 286 manual, assumed repeat and lock prefix not combined)
(4) Bus arbitration + currently running bus transfers.
BC = Multibus clock cycle.
* All timings are in units of T-states (125 ns in an 8 MHz system).
If bus cycles are involved then the following abbreviations are used:

T = Time for one bus transfer
W = Wait time during bus cycles for a slow device
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General Command Processing:*

Minimum Typical Maximum
WRITE to Set Up 6.5 8 9.5
+ HOLD/HOLDA sequence

At this point the start command is ready for the start
of the channel set up routine
Set Up Processing:*

Standard command block 7T+ 4
additional for long. command block 15T

additional for list data chaining AT+ 2
additional for linked list data chaining 13T+ 2
Type 1 Command Processing:*
Chaining : same as the set up processing
Termination :
store CSR and calculate next
command pointer 1T +6
store status block (if programmed) 16T
Type 2 Command Processing:*
Standard :
CCR load AT
CCR decode and execution 2T+ 2
additional for jump 14

START/STOP Subchanriel:‘ v
(see General Command Processing for set up)

Execution 4T + 6

Multiplexor Channel:*

(see General Command Processing for set up)

IOREQ to IOACK : identical to DREQ to DACK timing
First IOACK to second IODACK 1T+ 2

Second IOACK to vector in LVR 1T+ 2
Calculate MT address and read

command pointer into CPR 2T + 4
Data transfer 2T+ 2
Restore pointers 4T + 4
Restore byte count : 2T

Data Chaining:*

Latencies in data chaining occur when transfers are
changed between data blocks.

List Chaining 13T+ 6
Linked List Chaining 5T + 6

* All timings are in units of T-states (125 ns in an 8 MHz
system).

If bus cycles are involved then the following abbreviations
are used:

T = Time for one bus transfer
W = Wait time during bus cycles for a slow device
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Absolute Maximum Ratings

Ambient Temperature Under Bias 0°C to 55°C
Case Temperature 0°C to 85°C
Storage Temperature —65°Cto +150°C
Voltage on Any Pin with

Respect to Ground -1.0Vto +7V
Power Dissipation 3.6 Watt

" *Notice: Stresses above those listed under “Abso-

lute Maximum Ratings” may cause permanent dam-
age 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 opera-
tional sections of this specification is notimplied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

NOTICE: Specifications contained within the
following tables are subject to change.

D.C. Characteristics Voo =5V +5%; TA=0°C to +55°C, or Tcase =0°C to +85°C

Symbol Parameter Limit Values Units Test Conditions
Min Max
ViL Input Low Voltage —-0.5 +0.8
(except CLK)
ViH Input High Voltage 2.0 Ve + 0.5 v
(except CLK)
VoL Output Low Voltage — 0.45 loL = 3.00mA
VoH Output High Voltage 2.4 — loy = —400 pA
lcc Power Supply Current 450 mA Ta = 25°C,
all outputs open
L Input Leakage Current +10 HA OV <ViN<veo
ILo Output Leakage Current
50, 57, 52, BHE, D, ~200 KA
WR, M/IO - 0.45V < VouTt = Ve
HOLD (RQ/GT mode), EOD -1.5 mA
other pins + 10 RA
VoL Clock Input Low Voltage -0.5 +0.6 Vv _
VGcH Clock Input High Voltage 3.8 Voo +1.0
CiN Capacitance of Inputs 10
(except CLK)
Co Capacitance of 170 or — 20 pF fc = 1 MHz
Outputs
CCLK Capacitance of CLK Input 12
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A.C. Characteristics Voo =5V +5%; To=0°C to +55°C, or Toase =0°C to +85°C

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless
otherwise noted.

Sym Parameter 6 MHz 8 MHz Unit Test Conditions
Min Max Min Max

1 CLK Cycle Period (286 Mode) 83 250 62 250 ns
2 CLK Low Time (286 Mode) 20 225 15 230 ns at 0.6V
3 CLK High Time (286 Mode) 25 230 20 235 ns at 3.2V
4 Output Valid Delay 1 80 1 60 ns CL = 125 pF
5 Output Valid Delay 1 55 1 40 ns CL = 125 pF
6 Data Setup Time 15 10 ns
6a Address Input Setup (186 Mode) 20 15 ns
7 Data Hold Time 8 5 ns
8 READY Setup Time 50 38 ns
9 READY Hold Time 35 25 ns

10 Input Setup Time 25 20 ns

11 Input Hold Time 25 20 ns

11a BHE Hold Time (186 Mode) 15 10 ns

12 Address Setup Time 3 2 ns

13 Data Valid Delay 0 60 0 50 ns

14 Data Float Delay 8 80 5 60 ns

15 Chip Select Setup 30 20 ns

16 Command Length 320 290 ns

17 Data Setup Time 185 165 ns

18 Address Setup Time 30 20 ns

19 Command Inactive 320 290 ns

19a Access Time 420 380 ns

20 - CLK Period (186 Mode) 166 500 125. | 500 ns

21 CLK Low Time (186 Mode) 76 55 ns

22 CLK High Time (186 Mode) 76 55 ns

23 CLK Rise Time (186 Mode) 15 15 ns

24 CLK Fall Time (186 Mode) 15 15 ns

25 READY Active Setup Time 20 20 ns

26 READY Hold Time 10 10 ns

26a SREADY Hold Time (186 Mode) 15 15 ns

27 READY Inactive Setup Time 35 35 ns

28 Control Reset Setup Time 25 20 ns

29 Reset Control Setup Time 0 0 ns

30 Address/Data Valid Delay 10 55 10 50 ns

31 Status Delay 10 75 10 55 ns

32 Address/Data Float Delay 10 50 10 50 ns

33 DT/R Delay (186 Mode) 10 76 10 55 ns

34 . DEN Delay (186 Mode) 10 80 10 60 ns
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A.C. MEASUREMENT POINT DESCRIPTION
4,00V
0.45V
231263-31
A. CLK input
DEVICE
QUTPUT

2.40V

0.45V

231263-32
B. Outputs and Other Inputs

T C_= 150pF

231263-53

Figure 33a. AC Drive and Measurement Points

Figure 33b. AC Test Loading on Outputs

4.00V
CLK % 36V
INPUT 1oV
0.45V -
<«—T sgTup —={<—THoLD ——>t
OTHER 2.0V 2.0V
DEVICE
INPUTS 0.8V 0.8V
<«—— TpELAY —>
SRR XX777
EViCE \\0’ QN ” o.o W :9:0:0. :o,o 010:0’ 0’0’/
ouTPUT QRXRXRXKXRNNN 0 0\
//RREEAEABBIERN o1

231263-33

Figure 34. AC Setup, Hold and Delay Time Measurement - General

BUS CYCLE T-STATES: T1: [A bus cycle is proceeding] This state is
used to allow the bus controller commands
The bus cycles are subdivided into T-states which to become active and, to output data during
are interpreted differently depending on whether the a write cycle.
82258 is in the 286 mode or the 186 mode. T2l:-  [Abus cycle is prepared for termination with
no new cycle ready to begin] If the READY
286 Mode T-states: Each T-state is two clock cy- signal is yactive ar¥d no ge&v bus cycle is
cles long and starts in the middle of a processor ready to begin, this will be the state used.
cycle and ends in the middle of the succeeding proc- Input data will be accepted during this state
essor cycle. if the READY signal is active and if the bus
TI: [The bus is idle] This state will occur if the cycle is an input cycle.
82258 cannot start the next bus cycle. T20:  [Abus cycle is prepared for termination with
TO: [A new bus cycle is beginning] When the a new cycle ready to begin] This state ter-

address and status of a new bus cycle is to
be sent as output, this state is used.
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begin. As with the T2l state, input data will T2:
be accepted during this state if the cycle is

an input cycle and if the READY signal is

active. This state will also output the ad-

dress of the new bus cycle, and if READY is T3:
active, the status also.

186 Mode T-states: The T-states are one CLK peri-
od long, beginning and ending with the falling edge
of the CLK signal.

TI: [The bus is idle] This state occurs if the Ta:
82258 cannot start the following bus cycle.

T1: [The first bus cycle T-state] During this
state, address information is output to the
A19/86-A16/83 and AD15-ADO pins. The
status is activated with the rising edge of
the CLK previous to this state.

[The second bus cycle T-state] This state
allows the bus controller and the 82258
commands to become active and outputs
data if the cycle is a write cycle.

[The third bus cycle T-state] This state is
used to synchronize the ready signals. If the
bus is not ready, then the bus cycle is ex-
tended by repeating this state, with the
status lines going inactive during the last
T3-state.

[The last bus cycle T-state] During this cy-
cle, data is input for input cycles and the
bus controller and the 82258 commands
are disactivated. If the following state is T1,
then the status is activated during this state.

Waveforms
PROCESSOR STATES
Ts Tc
T0 OR T20 m T21 OR T20
NOTE 2

o /Yo

2—>ra-3 >

1 —

4 —»] e—4

AZ3-A0MIID X j(

8l
<)
>t
N

FLOAT

D15-D0 (INPUT)

— 13 r—~

1. D15-DO floats during Single Cycle Transfer like a Read Cycle.
2. T2 will be repeated, if READY is inactive.

8—»e—9
e SOONSNNINANNTIANN \\\\\\( % £
231263-34
NOTES:

Figure 35. Timing of an Active Bus Cycle (286 and Remote modes)
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NOTES:

CLK

AD15-ADO
DR

READ

BUS CYCLE

RD (oum)

AD15-ADO
NOTE 3

WRITE DEN
BUS CYCLE :g‘i 3

WA (um)

NOTE 4
nji//_
bl 12\ n il
4 xd A Y F S/
pufgrainaLig
—f X P
- 31 |at —>| 31 ja—
X I |
— 30 —»{ 30
X‘P—ADDRESS I $6-83 x
— 30
A X
] iRl g | Jet T ey
ADDRESS ) (DN ]| > F <
—»| 3_3*4_ —»{ 33
—>l3ire— . i
i
> 4 o 4 et
1 v i
—>ue| »n —>%
ADDRESS DATA OUT
—] 4 j— 4
{ F—
4 > 4 et
R ¥

231263-35

3. For a Single Cycle Transfer the timings of AD15-ADO, DEN and DT/R are the same as in a Read Bus Cycle.
4. Additional T3 cycles will be inserted if bus is not ready (see Figure 40).

Figure 36. Timing of an Active Bus Cycle (186 and 8086 Modes)

CiX

$1,80
(INPUT)

ATAL,
(INPUT)

al

FOR WRITE: 015-D0

FOR READ: D15-D0

— 1

231263-36

Figure 37. Timing of a Synchronous Access to the 82258 (286 Mode)
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™ ) n | ] [
CLK \ / RV / 3 / _3' \
10— )
§1,50 Tl
—>{ 8 je—11—>]
ADT-ADO
- T S e
(7]
-
— L
[
|«—86 d 7
mﬁm DATA IN
S [P - " |e—
READ:
AD15-ADO DATA OUT

231263-37

Figure 38. Timing of a Synchronous Access to the 82258 (186 and 8086 Modes)

AT ;
e X
<~—18~ﬂ ) —| 1 I<—
5
10— — n
WRITE:
" X f ) W
e 17— 11 |je—
D15-00
(AD15-AD0)
1 > 19—
R_EAD: —————\ r—_ﬂw
RD X 7 W
el e
D15-00
(AD15-ADO)

231263-38

Figure 39. Timing of an Asynchronous Access to the 82258 (All Modes)
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| T2m3 | ix] | T2IT3 | i £ |

oLk \J—\JU—\ /T \
%5 e R
AREADY __]L - 25{_—_ m==vd 4(27
8262 g 262
SREADY ___)(I‘-— ‘ *lx L I }____.
e

25150 Vi .
C

BUS READY BUS NOT READY
231263-39
Figure 40. READY Timing (186 Mode)
>=ZTSTATES e~
n n n n |
\ :./'Jt./'\.
CLK N
—»I 0 —»lm < wore 5
4‘_‘: - o e e o o
OREQn —F Y 3
WITHOUT
BUS ARBITRATION:
- 5 |&— — 5 |@—
§1,50 & 3 4
P T 4
—> 4 e - 4 le—
DAckn - X S S
WITH
BUS ARBITRATION:
5 |a—
HOLD 2 g *J{m e
HLDA = et
—» 5 —» 5 lc——
51,80 ? o r_
L7
[ )
DACKn 02
NOTE: 231263-40

5. The trailing edge of DREQn, as specified in this diagram, is necessary if only one bus cycle should be executed.
A later trailing edge may cause an additional bus cycle (continuous CREQ), if no READY-wait-states are inserted.

Figure 41. DREQ, DACK Timing (286 and Remote Modes)
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a Y_—/-#_./__‘L_/_\mi:_ﬁu—!\_

e hare s

L S "J AN

.
o 3 7

—s 0
oA . -

] —»
os 5 ln 5 t- .
X _r \ e

:
'
E
)
s

23126341

NOTE:
The DREQ and DACK signal timings are the same for the 8086 mode.

Figure 42, DREQ, DACK Timing (186 Mode)

CLK

BREL

231263-42

Figure 43. BREL, Bus Tristate Timing (Remote Mode)
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ax /TH N\ T:J ) S
——-l 10 — 10
R Qe \
B— o 2
AZWAREADY . _ S\
186 MODE 286 MODE
—p 2'
HLDA
(ONLY IN 186 MODE) 7 Y\
HOLD/MLDA MODE RQ/BT MODE
231263-43
Figure 44. RESET Timing (All Modes)
| vt | ] |
CLK MJY\MN‘
3 33 |.,
r-;‘? — oé i -
HOLD . \ L W 4
—»| 34— l‘—
2% JQ i
HLDA S
BUS o o m G iD, -
ACTIVITY g ) S
SEE NOTE
«— T0—»P0e—T2 —»
231263-44
NOTE:
See Figure 32 and Table 10 (Pg. 41) for HLDA to Cycle Start Latency.

Figure 45. HOLD, HLDA Timing (286 and Remote Modes)
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| . T —de— T4 —»] |

—e 4| '
hY)N Pt
HOLD [ b b A 5N
—»f 10 je— - —-1 10 }4—
) ) 33}
WLDA o/ 2 v oy
BUS 7 oo \
ACTIVITY —p 03 { . D é
SEE NOTE

231263-45

NOTE:
See Figure 32 and Table 10 (Pg. 41) for HLDA to Cycie Start Latency.

Figure 46. HOLD, HLDA Timing (186 Mode)

CLK L_./_—\_./-—

4 e 4 10 11—51 —{ 4
- —
REQUEST GRANT RELEASE

231263-46 -

Figure 47. RQ/GT Timing (8086 Mode)
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e T - STATE ]

w N\

(ACTIVE k
HIGH)

E0Dn * ;(
(outPuT) !
0 je—1 “_,}

EODn
(INPUT) J

231263-47
Figure 48. INTOUT, EOD Timing (286 and Remote Modes)
l¢———— 2 T-STATES ——J
[—— 20—
‘J -
X 3 R
CLK / \/ S / \/
—» 4 t<._
INTOUT ’
(EGDc 2 PIN) *
—» 4 '4— — > 4 |e—
EODn *
(OUTPUT) X
0 le— —».
EODn
(INPUT) g_j
231263-48

Figure 49. INTOUT, EOD Timing (186 and 8086 Modes)
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WRITE CYCLE

PROCESSOR STATES T
s Tc

82258 STATES Ty OR Ty

CLOCK [

A23-A0, M0 SOURCE ADDRESS VALID
[ X X

[ X VALID CONTROL X

L e Y <4 WA o PO S

e | y n U S—

Etﬁ wouteun | AY 7

231263-49

Figure 50. Single Cycle Transfer (286 mode)
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PACKAGE
The 82258 is packaged in a 68-pin, leadless JEDEC type A hermetic leadless chip carrier.

094
"' *— 39
066
050 — (1.68)
0.2 —
T ooy [} =
—t—F [
T - I w
(2032) l (2438)
B
= |
(099)
P i
= e
J ~
—f bl
PIN NO. 18 PIN NO. 1 PIN NO 1 MARK
—» —
130
(330)
960 INCHES
(2438) (MILLIMETERS)

231263-51

Figure 52. JEDEC Type A Package
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CLOCK GENERATOR AND READY INTERFACE

FOR iAPX 286 PROCESSORS
(82284-10, 82284-8, 82284-6)

® Generates System Clock for iAPX 286 ® Available in 18-Lead Cerdip Package
Processors (See Packaging Spec, Order #231369)

m Single +5V Power Suppl
® Uses Crystal or TTL Signal for Frequency ingle ower Supply

Source ® Generates System Reset Output from
Schmitt Trigger Input
B Provides Local READY and MULTIBUS®* = Available in EXPRESS
READY Synchronization — Standard Temperature Range

— Extended Temperature Range

The 82284 is a clock generator/driver which provides clock signals for iAPX 286 processors and support compo-
nents. It also contains logic to supply READY to the CPU from either asynchronous or synchronous sources and
synchronous RESET from an asynchronous input with hysteresis.

RESET
RES ﬂ > RESET
SYNCHRONIZER
" Arov 1 >~ 180 Vee
XTA N —
- osc SRDY [] 2 17 [] ARDYEN
MUX CLK [ J—
- SRDYEN[] 3 16|81
EF— READY [ 4 15 gﬁ
Fic EFIC]5 82284 14[INC.
I FiIC[Qe 13 ] PCLK
ARDYEN —
by | )| smewnonzes .07 12 [ RESET
) X,[] 8 11 RES
SRDVEN ——:D_ READY GND[] 9 10[] CLK
SRDY —— Loaie READY
51 '—m__ PCLK
S0 GENERATOR PCLK
Figure 2.
Figure 1. 82284 Block Diagram 82284 Pin Configuration

*MULTIBUS is a patented bus of intel.

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are implied.
January 1986
© INTEL CORPORATION 1982 4-139 ORDER NUMBER: 210453-004
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Table 1. Pin Description

The following pin function descriptions are for the 82284 clock generator.

Symbol

Type

Name and Function

CLK

(o]

System Clock is the signal used by the processor and support devices which must be synchro-
nous with the processor. The frequency of the CLK output has twice the desired internal pro-
cessor clock frequency. CLK can drive both TTL and MOS level inputs.

F/IC

Frequency/Crystal Select is a strapping option to select the source for the CLK output. When
F/C is strapped LOW, the internal crystal oscillator drives CLK. When F/C is strapped HIGH,
the EFI input drives the CLK output.

X1, X2

Crystal In are the pins to which a parallel resonant fundamental mode crystal is attached for
the internal oscillator. When F/C is LOW, the internal oscillator will drive the CLK output at the
crystal frequency. The crystal frequency must be twice the desired internal processor clock
frequency. -

EFI

External Frequency In drives CLK when the F/C input is strapped HIGH. The EFI input fre-
quency must be twice the desired internal processor clock frequency.

PCLK

Peripheral Clock is an output which provides a 50% duty cycle clock with 1/2 the frequency of
CLK. PLCK will be in phase with the internal processor clock following the first bus cycle after
the processor has been reset.

ARDYEN

Asynchronous Ready Enable is an active LOW input which qualifies the ARDY input.
ARDYEN selects ARDY as the source of ready for the current bus cycle. Inputs to ARDYEN
may be applied asynchronously to CLK. Setup and hold times are given to assure a guaranteed
response to synchronous inputs.

Asynchronous Ready is an active LOW input used to terminate the current bus cycle. The
ARDY input is qualified by ARDYEN. Inputs to ARDY may be applied asynchronously to CLK.
Setup and hold times are given to assure aguaranteedresponse to synchronous inputs.

Synchronous Ready Enable is an active LOW input which qualifies SRDY. SRDYEN selects
SRDY as the source for READY to the CPU for the current bus cycle. Setup and hold times
must be satisfied for proper operation.

Synchronous Ready is an active LOW input used to terminate the current bus cycle. The SRDY
inputis qualified by the SRDYEN input. Setup and hold times must be satisfied for proper oper-
ation.

Ready is an active LOW output which signals the current bus cycle is to be completed. The

SRDY, SRDYEN, ARDY, ARDYEN, S1,S0and RES inputs control READY as explained later
in the READY generator section. READY is an open collector output requiring an external
pullup resistor.

Status inputs prepare the 82284 for a subsequent bus cycle. S0 and ST synchronize PCLK to
the internal processor clock and control READY. These inputs have pullup resistors to keep
them HIGH if nothing is driving them. Setup and hold times must be satisfied for proper oper-
ation.

Resetis an active HIGH output which is derived from the RES input. RESET is used to force the
system into an initial state. When RESET is active, READY will be active (LOW).

Reset In is an active LOW input which generates the system reset signal RESET. Signals to
RES may be applied asynchronously to CLK. A Schmitt trigger input is provided on RES, so
that an RC circuit can be used to provide a time delay. Setup and hold times are given to assure
a guaranteed response to synchronous inputs.

System Power: +5V power supply

GND

System Ground: 0 volts

FUNCTIONAL DESCRIPTION

Introduction

The 82284 generates the clock, ready, and reset sig-
nals required for iAPX 286 processors and support
components. The 82284 is packaged in an 18-pin DIP
and contains a crystal controlled oscillator, MOS
clock generator, peripheral clock generator, Multibus

4-140

ready synchronization logic and system reset genera-
tion logic.

Clock Generator

The CLK output provides the basic timing control for
an iAPX 286 system. CLK has output characteristics
sufficient to drive MOS devices. CLK is generated by
either an internal crystal oscillator or an external
source as selected by the F/C strapping option. When
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F/Cis LOW, the crystal oscillator drives the CLK out-
put. When F/C is HIGH, the EFI input drives the CLK
output.

The 82284 provides a second clock output (PCLK) for
peripheral devices. PCLK is CLK divided by two.
PCLK has a duty cycle of 50% and TTL output drive
characteristics. PCLK is normally synchronized to the
internal processor clock.

After reset, the PCLK signal may be out of phase with
the internal processor clock. The ST and S0 signals of
the first bus cycle are used to synchronize PCLK to
the internal processor clock. The phase of the PCLK
output changes by extending its HIGH time beyond
one system clock (see waveforms). PCLK is forced
HIGH whenever either SO or ST were active (LOW) for
the two previous CLK cycles. PCLK continues to os-
cillate when both S0 and ST are HIGH.

Since the phase of the internal processor clock will
not change except during reset, the phase of PCLK
will not change except during the first bus cycle after
reset.

Oscillator

The oscillator circuit of the 82284 is a linear Pierce os-
cillator which requires an external parallel resonant,
fundamental mode, crystal. The output of the oscilla-
tor is internally buffered. The crystal frequency cho-
sen should be twice the required internal processor
clock frequency. The crystal should have a typical
load capacitance of 32 pF.

X1 and X2 are the oscillator crystal connections. For
stable operation of the oscillator, two loading capacitors
are recommended, as shown in Table 2. The sum of
the board capacitance and loading capacitance should
equal the values shown. It is advisable to limit stray
board capacitances (not inciuding the effect of the
loading capacitors or crystal capacitance) to less than
10 pF between the X1 and X2 pines. Decouple V¢c and
GND as close to the 82284 as possible.

7 10
X1 oL CLK
c iAPX 286
D 8 CPUor
SUPPORT
_[_L X2 82284 . COMPONENT
¢ I7T c2 READY ‘ READY
=+ = 6 18
= = FIC Vee Ve
SEE TABLE
2 FOR DECOUPLING
CAPACITOR T capacrToR
VALUES L L

Figure 3. Recommended Crystal and READY

Connections

Reset Operation

The reset logic provides the RESET output to force
the system into a known, initial state. When the RES
input is active (LOW), the RESET output becomes ac-
tive (HIGH). RES is synchronized internally at the fall-
ing edge of CLK before generating the RESET output
(see waveforms). Synchronization of the RES
input introduces a one or two CLK delay before affect-
ing the RESET output.

At power up, a system does not have have a stable V¢
and CLK. To prevent spurious activity, RES should be
asserted until V¢ and CLK stabilize at their operating
values. iAPX 286 processors and support components
also require their RESET inputs be HIGH a minimum of
16 CLK cycles. An RC network, as shown in Figure 4,
will keep RES LOW long enough to satisfy both needs.

‘P
1N914 $10Ka 82284
1"

—AAA
VWA~

470

|
m|
o

~ 10uF

W o—
L

Figure 4. Typical RC RES Timing Circuit

A Schmitt trigger input with hysteresis on RES as-
sures a single transition of RESET with an RC circuit
on RES. The hysteresis separates the input voltage
level at which the circuit output switches between
HIGH to LOW from the input voltage level at which the
circuit output switches between LOW to HIGH. The
RES HIGH to LOW input transition voltage is lower
than the RES LOW to HIGH input transition voltage.
As long as the slope of the RES input voltage remains
in the same direction (increasing or decreasing)
around the RES input transition voltage, the RESET
output will make a single transition.

Ready Operation

The 82284 accepts two ready sources for the system
ready signal which terminates the current bus cycle.
Either a synchronous (SRDY) or asynchronous ready
(ARDY) source may be used. Each ready input has an
enable (SRDYEN and ARDYEN) for selecting the type
of ready source required to terminate the current bus
cycle. An address decoder would normally select one
of the enable inputs.
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READY is enabled (LOW), if either SRDY +
SRDYEN = 0 or ARDY + ARDYEN = 0 when sam-
pled by the 82284 READY generation logic. READY
will remain active for at least two CLK cycles.

The READY output has an open-collector driver
allowing other ready circuits to be wire or'ed with it,
as shown in Figure 3. The READY signal of an iAPX
286 system requires an external pull-up resistor. To
force the READY signal inactive (HIGH) at the start of
a bus cycle, the READY output floats when either S1
or SO are sampled LOW at the falling edge of CLK.
Two system clock periods are allowed for the pull-up
resistor to pull the READY signal to V,,y. When RESET
is active, READY is forced active one CLK later (see
waveforms).

Figure 5 illustrates the operation of SRDY and

SRDYEN. These inputs are sampled on the falling
edge of CLK when ST and S0 are inactive and PCLK is
HIGH. READY is forced active when both SRDY and
SRDYEN are sampled as LOW.

Figure 6 shows the operation of ARDY and ARDYEN.
These inputs are sampled by an internal synchronizer
at each falling edge of CLK. The output of the synchro-
nizer is then sampled when PCLK is HIGH. If the syn-
chronizer resolved both the ARDY and ARDYEN have
been resolved as active, the SRDY and SRDYEN inputs
are ignored. Either ARDY or ARDYEN must be HIGH at
end of Tg (see figure 6).

READY remains active until either ST or SO are sam-
pled LOW, or the ready inputs are sampled as inac-
tive.

Table 2. 82284 Crystal Loading Capacitance Values

Crystal Frequency C1 Capacitance C2 Capacitance
(pin 7) (pin 8)
1to 8 MHz 60 pF 40 pF
8 to 20 MHz 25 pF 15 pF

NOTE: Capacitance values must include stray board capacitance.

Ts

CLK

PCLK

§1.80

VIH

Te

Te

T

|

ARDYEN
SRDYEN

Y )
v T T T~

/

Figure 5. Synchronous Ready Operation
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CLK
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+

ARDYEN

415

WS/

READY

|

Figure 6. Asynchronous Ready Operation

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . . . . .
Storage Temperature
All Output and Supply Voltages
All Input Voltages

Power Dissipation

D.C. CHARACTERISTICS

0°Cto70°C
-65°C to +150°C
...... -0.5Vto +7V
-1.0Vto +5.5V

“Notice: Stresses above those listed under ""Absolute
Maxmum 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 condi-
tions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to
absolute maximum rating conditions for extended
periods may affect device reliability.

(To=0°C to 70°C, or Tgage = 0°C to +85°C, Vg = 5V =+ 5%)

6 MHz 8 MHz
-6 -6 -8 -8
Sym Parameter Min Max Min Max Unit | Test Condition
Vi Input LOW Voltage 8 .8 '
ViK Input HIGH Voltage 2.0 2.0 Vv
Viur RES and EFl Input HIGH Voltage 26 26 \
Vhys | RES Input hysteresis 0.25 0.25 \
VoL RESET, PCLK Output LOW Voltage 45 45 V 1l =5mA
VoH RESET, PCLK Output HIGH Voltage 2.4 24 V |loy=-1mA
Vo | READY, Output LOW Voltage 45 45 V |lg.=7mA
Voic CLK Output LOW Voltage 45 .45 V llo=5mA
Vonc | CLK Output HIGH Voltage 4.0 4.0 V | loy = -800uA
Ve Input Forward Clamp Voltage -1.0 -1.0 V |lc=-5mA
I Forward Input Current -5 -5 mA | Vg = .45V
Ir Reverse Input Current 50 50 UuA | Vg=V¢c
lec Power Supply Current 145 145 mA
C, Input Capacitance 10 10 pF | Fc=1MHz

210453-004
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A.C. CHARACTERISTICS (T, =0°C to 70°C, or Tgage = 0°C to +85°C, V¢ = 5V, £5%)
AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless

otherwise noted.

10 MHz
6 MHz 8 MHz (Preliminary)
-6 -6 -8 -8 -10 -10
Sym Parameter Min. Max. Min. Max. Min. Max. Unit Test Condition
1 EFl to CLK Delay 35 30 30 ns at 1.5V Note 1
2 EFI LOW Time 40 22 25 ns at 1.5V Note 1 Note 7
3 EFI HIGH Time 35 40 25 ns at 1.5V Note 1 Note 7
4 CLK Period 83 500 62 500 50 500 ns
5 CLK LOW Time 20 15 12 ns at 1.0V Note 1 Note 2,7, 8
6 CLK HIGH Time 25 25 16 ns at 3.6V Note 1 Note 2,7, 8
7 CLK Rise Time 10 10 8 ns 1.0V to 3.6V Note 1
8 CLK Fail Time 10 10 8 ns 3.6V to 1.0V Note 1
9 Status Setup Time 28 22 — ns Note 1
% | Status Going Actve. - - 20 ns | Note
9 | Statee Going Actve - - 20 ns | Notel
10 Status Hold Time 0 1 1 ns Note 1
11 | SRDY or SRDYEN Setup Time 25 17 15 ns Note 1
12 | SRDY or SRDYEN Hold Time 0 0 0 ns Note 1
13 | ARDY or ARDYEN Setup Time 5 0 0 ns Note 1 Note 3
14 | ARDY or ARDYEN Hold Time 30 30 30 ns | Note 1 Note 3
15 RES Setup Time 25 20 20 ns Note 1 Note 3
16 RES Hold Time 10 10 10 ns Note 1 Note 3
17 | READY Inactive Delay 5 5 5 ns at 0.8V Note 4
18 READY Active Delay 0 33 0 24 0 24 ns at 0.8V Note 4
19 PCLK Delay 0 45 0 45 [¢] 35 ns Note 5
20 | RESET Delay 5 50 5 34 5 27 ns | Notes
21 PCLK LOW Time t4-20 14-20 t4-20 ns Note 5 Note 6
22 PCLK HIGH Time t4-20 t4-20 t4-20 ns Notes 5 Note 6

NOTE 1: CLK loading: C_ = 150pF. The 82284’s X1 and X2 inputs are designed primarily for parallel-resonant crystals.
Serial-resonant crystals may also be used, however, they may oscillate up to .01% faster than their nominal
frequencies when used with the 82284. For either type of crystal, capacitive loading should be as specified by

Table 2.

NOTE 2: With the internal crystal oscillator using recommended crystal and capacitive loading; or with the EFI input
meeting specifications t2 and t3. The recommended crystal loading for CLK frequencies of 8-20 MHz are 25pF
from pin X, to ground, and 15pF from pin X, to ground. These recommended values are £5pF and include all stray

capacitance. Decouple Vg and GND as close to the 82284 as possible.

NOTE 3: This is an asychronous input. This specification is given for testing purposes only, to assure recognition at

specific CLK edge.
NOTE 4: Puil-up Resistor values for READY Pin:

CPU Frequency 6-8 MHz 10 MHz
Resistor 910 ohm 700 ohm

CL 150 pF 150 pF

loL 7 mA 7 mA

NOTE 5: PCLK and RESET loading: C, = 75pF. PCLK also has 750 ohm pullup resistor.

NOTE 6: t4 refers to any allowable CLK period.

4-144
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12MHz | 16MHz | 20MHz
CLK | CLK* | CLK*

Min. required EFI HIGH time| 35ns | 40ns | 25ns
Min. required EFI LOW time | 40ns | 22ns | 25ns

CLK Output Frequency:

*At CLK Frequencies above 12MHz, CLK output HIGH and LOW times are guaranteed only when using crystal
with recommended capacitive loading per Table 1, not when driving component from EFI.

NOTE 7: When driving the 82284 with EFI, provide minimum EFl HIGH and LOW times as follows:

NOTE 8: When using crystal (with recommended capacitive loading per Table 2) appropriate for speed of 80286, CLK
output HIGH and LOW times guaranteed to meet 80286 requirements.
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EFI Drive and Measurement Points CLK Output Measurement Points
2.6V
1.5V 1.5v
0.45V
NOTE 9: NOTE 10:
F/C Drive Points
26
45
NOTE 11:
82284
CLK
OUTPUT
I
t+— tHOLD ~—1
DEVICE
INPUT
0.45V
tpELay
OTHER ¢ > \3» S / 20v
DEVICE %
ouTRUT SRR \,\
< < 0.8V
X
+
NOTE 12: AC Setup, Hold and Delay Time Measurement—General
Vee Vec
7500hm 910ohm
PCLK READY Other
output output outputs
75pF I 150pF I CL
- - =

NOTE 13: AC Test Loading on Outputs
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Waveforms

CLK as a Function of EFI (82284-6 only)
®) ® ®
EFI

® ®
® 7

NOTE: The EFlinput LOW and HIGH times as shown are required to
guarentee the CLK LOW and HIGH times shown.

_RESET and READY Timing as a Function of RES
with S1, S0, ARDY to ARDYEN, and SRDY + SRDYEN HIGH

b
Depends on \/ previous
RESET state of /\ RES

" —®
m\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\mr o

NOTE 1: This is an asynchronous input. The setup and hold times
shown are required to guarantee the response shown.

®

READY and PCLK Timing with RES HIGH

@, 15 2 ®y Tc P2
51,50 E@—ﬂ — f—
| —l@f ~ O

Undefined \/ if this is
PCLK X first A bus cycle / @ F K
[ g S )

SRDYEN

) )

NOTE 1: This is an asynchronous input. The setup and hold times shown
are required to guarantee the response shown.

NOTE 2: If SRDY + SRDYEN or ARDY + ARDYEN are active before
and/or during the first bus cycle after RESET, READY may not be
deasserted until after the falling edge of ®2 of Tg.

® {9 Note 1 () Note 1
ARDY @
—-—Wm} I
- —]
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BUS CONTROLLER
FOR iAPX 286 PROCESSORS

(82288-10, 82288-8, 82288-6)

= Provides Commands and Control for a Control Drivers with 16 ma lp, and
Local and System Bus 3-State Command Drivers with
= Offers Wide Flexibility in System 32ma lo.
Configurations = Single + 5V Supply
= Flexible Command Timing u Available in 20 pin Cerdip Package
. Oplional MULT'BUS® (See Packaging Spec, Order #231369)

Compatible Timing

The Intel 82288 Bus Controlier is a 20-pin HMOS component for use in iAPX 286 microsystems. The bus
controller provides command and control outputs with flexible timing options. Separate command out-
puts are used for memory and |/O devices. The data bus is controlled with separate data enable and direc-
tion control signals.

Two modes of operation are possible via a strapping option: MULTIBUS compatible bus cycles, and high
speed bus cycles.

RS o
READY [ |1 20[] vee
STATUS OUTPUTS
= CLK 2 19 :l S0
85— INTA O S0
= STATUS -
§1—"| oECoDER [ — comMmaND [1>IOR i[]s 18 F] miG
MITS—1] QureuT ioWS 82288
| o WADG mce [ 4 17[] om
->NMWTC
d ae [ 16 [ ] DEN
STATE =
CLK i CONTROL me [ s 15 ] CENIAEN
CONTROL ouTPUTS
INPUTS - cmory []7 14[] cenL
CEN/AEN—1~ - o1/R
—4] CONTROL CONTROL MRD INTA
CENL iNpuT - = “oureur [T 0EN ¢ s 1] W
cMpLY—+ LOGIC LOGIC [H*ALE WG E [ iome
READY — | H>MCE ® 12
anp [J10 1] iowe
Figure 1. 82288 Block Diagram Figure 2. 82288 Pin Configuration

*MULTIBUS is a patented bus of Intel.

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied.
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Table 1. Pin Description

The following pin function descriptions are for the 82288 bus controller.

Symbol Type Name and Function

CLK | System Clock provides the basic timing control for the 82288 in an iAPX 286 micro-
system. Its frequency is twice the internal processor clock frequency. The falling edge
of this input signal establishes when inputs are sampled and command and control
outputs change.

4l
S
4

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 S1 or SO is sampied
LOW at the falling edge of CLK. Setup and hold times must be met for proper operation.

iAPX 286 Bus Cycle Status Definition

E
o

Type of Bus Cycle

Interrupt acknowledge
/0 Read

110 Write

None; idle

Halt or shutdown
Memory read

Memory write

None; idle

-a200+=200|9
so-oc-o-o|g

s~aas000O0

M0 | Memory or I/O Select determines whether the current bus cycle is in the memory space or I1/0
space. When LOW, the current bus cycle is in the I/O space. Setup and hold times must be met
for proper operation.

MB | MULTIBUS Mode Select determines timing of the command and control outputs. When
HIGH, the bus controller operates with MULTIBUS compatible timings. When LOW, the
bus controller optimizes the command and control output timing for short bus cycles. The
function of the CEN/AEN input pin is selected by this signal. This input is typically a
strapping option and not dynamically changed.

CENL | Command Enable Latched is a bus controller 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 end of each Tg 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 Vg to select this 82288 for all transfers. No control inputs affect CENL. Setup and hold times
must be met for proper operation.

CMDLY | Command Delay allows delaying the start of a command. CMDLY is an active HIGH input. If sampled
HIGH, the command output is not activiated 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 82288 will terminate the bus cycle, even if no command was
issued. Setup and hold times must be satisfied for proper operation. This input may be connected
to GND if no delays are required before starting a command. This input has no effect on 82288
control outputs.

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 82288 into the idle state. Setup and
hold times must be met for proper operation. The 82284 drives READY LOW during RESET.
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Table 2. Command and Control Outputs for Each Type of Bus Cycle

Type of Mo S$1 S0 | Command DT/R | ALE, DEN MCE
Bus Cycle Activated State Issued? Issued?

Interrupt Acknowledge 0 0 0 INTA LOW ' YES YES
110 Read 0 0 1 1ORC Low YES NO
110 Write 0 1 0 iOWC HIGH YES NO
None; idie 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

Operating Modes

Two types of buses are supported by the 82288:
MULTIBUS and non-MULTIBUS. When the MB in-
put is strapped HIGH, MULTIBUS timing is used.
In MULTIBUS mode, the 82288 delays command
and data activation to meet IEEE-796 requirements
on address to command active and write data to
command active setup timing. MULTIBUS mode
requires at least one wait state in the bus cycle since
the command outputs are delayed. The non-MULTI-
BUS 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, §1, and S0 inputs.
Different command and control outputs are ac-
tivated depending on the type of bus cycle. Table 2
indicates the cycle decode done by the 82288 and
the effect on command, DT/R, ALE, DEN, and MCE
outputs. .

4-150

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
cycies differ only in which command output is ac-
tivated. 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 /O 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. All control inputs are
ignored until the next bus cycle is started via S1
and S0.
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Table 1. Pin Description (Cont.)

Symbol

Type

Name and Function

CEN/AEN

Command Enable/Address Enable controls 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 con-
nected to Vo or GND.

When MB is HIGH this pin has the AEN function. AEN is an active LOW input which in-
dicates that the CPU has been granted use of a shared bus and the bus controller com-
mand outputs may exit 3-state 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 3-state OFF and DEN inactive (LOW). AEN would normally be controlled by an
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 to activate its command and DEN outputs. With MB LOW,
CEN LOW forces the command and DEN outputs inactive but does not tristate them.

ALE

Address Latch Enable controls the address latches used to hold an address stable dur-
ing a bus cycle. This control output is active HIGH. ALE wiil not be issued for the halt
bus cycle and is not affected by any of the control inputs.

MCE

Master Cascade Enable signals that a cascade address from a master 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 inter-
rupt acknowledge cycles and is not affected by any control input. Using MCE to enable
cascade address drivers requires latches which save the cascade address on the falling
edge of ALE.

DEN

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 cycles in the
MULTIBUS mode.

DT/R

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 con-
trol inputs.

/O Write Command instructs an /O device to read the data on the data bus. This com-
mand output is active LOW. The MB and CMDLY inputs control when this output
becomes active. READY controls when it becomes inactive.

IORC

/O Read Command instructs an i/O device to place data onto the data bus. This com-
mand output is active LOW. The MB and CMDLY inputs control when this output
becomes active. READY controls when it becomes inactive.

MWTC

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 out-
put becomes active. READY controls when it becomes inactive.

MRDC

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 out-
put becomes active. READY controls when it becomes inactive.

Interrupt Acknowledge tells an interrupting device that its interrupt request is being
acknowledged. This command output is active LOW. The MB and CMDLY inputs con-
trol when this output becomes active. READY controls when it becomes inactive.

vVce

System Power: + 5V power supply

GND

System Ground: 0 volts
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FUNCTIONAL DESCRIPTION

Introduction

The 82288 bus controller is used in iAPX 286
systems to provide address latch control, data
transceiver control, and standard level-type com-
mand outputs. The command outputs are timed
and have sufficient drive capabilities for large TTL
buses and meet all [EEE-796 requirements for MUL-
TIBUS. A special MULTIBUS mode is provided to
statisfy all address/data setup and hold time re-
quirements. 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 are supported with
a latched enable input (CENL). An address
decoder can determine which, if any, bus con-
troller 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
iAPX 286 local bus.

Buses shared by several bus controllers are sup-
ported. 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 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 3-state OFF before
enabling other drivers onto the same bus.

The term CPU refers to any iAPX 286 processor or
iAPX 286 support component which may become
an iAPX 286 local bus master and thereby drive the
82288 status inputs.

Processor Cycle Definition

Any CPU which drives the local bus uses an internal
clock which is one half the frequency of the system
clock (CLK) (see Figure 3). Knowledge of the phase
of the local bus master internal clock is required for
proper operation of the iAPX 286 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 beginning in Phase 1 of
the local bus master’s internal clock.

Ven

|———ONE PROCESSOR CLOCK CYCLE ——-—-J

[ ————————ONE BUS T STATE——— >

PHASE 1
l+— OF PROCESSOR ~#1@— OF PROCESSOR —»
CLOCK CYCLE

Veu '

PHASE 2
CLOCK CYCLE

PCLK f

82284
(FOR REFERENCE)

\_-
|/

Figure 3. CLK Relationship to the Processor Clock and Bus T-States
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Bus State Definition

The 82288 bus controller has thiee bus states (see
Figure 4): Idle (T) Status (Ts) and Command (T¢).
Each bus state is two CLK cycles long. Bus state
phases correspond to the internal CPU processor
clock phases.

The T, bus state occurs when no bus cycle is cur-
rently active on the iAPX 286 local bus. This state
may be repeated indefinitely. When control of the
local bus is being passed between masters, the
bus remains in the T, state.

NEW CYCLE

READY
.
NEW CYCLE

READY

.
NEW CYCLE

Figure 4. 82288 Bus States

Bus Cycle Definition

The 51 and S0 inputs signal the start of a bus cy-
cle. When either input becomes LOW, a bus cycle
is started. The T bus state is defined to be the two
CLK cycles during which either S1 or S0 are active
(see Figure 5). These inputs are sampled by the
82288 at every falling edge of CLK. When either 51
or SO are sampled LOW, the next CLK cycle is con-
sidered the second phase of the internal CPU clock
cycle.

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

The READY input determines whether the current
T 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 T; bus state
to see if it is active. If sampled HIGH, the T; bus
state is repeated. This is called inserting a wait
state. The control and command outputs do not
change during wait states.

When READY is sampled LOW, the current bus cy-
cle is terminated. Note that the bus controtler may
enter the Tg bus state directly from T if the status
lines are sampled active at the next falling edge of
CLK.

Vee

Vi

.

Figure 5. Bus Cycle Definition
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Figures 6-10 show the basic command and control

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 CLK
represents the appropriate command output for
the bus cycle. For Figures 6-10, the CMDLY input is §ie50
connected to GND and CENL to V.. The effects of
CENL and CMDLY are described later in the sec-
tion on control inputs.

output timing for read and write bus cycles. Halt r___nmauscvq_g._._._,
T Ts

| Tc

T

Figures 6, 7 and 8 show non-MULTIBUS cycles. MB
is connected to GND while CEN is connected to Vgc.
Figure 6 shows a read cycle with no wait states while
Figure 7 shows a write cycle with one wait state. The
READY input is shown to illustrate how wait states
are added.

Figure 6. Idle-Read-Idle Bus Cycles with MB =0

WRITE BUS CYCLE
WAIT STATE
T Ts | Te Te T

CLK

§1.50

[\

e

Figure 7. Idle-Write-ldle Bus Cycles with MB =0
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Bus cycles can occur back to back with no T, bus
states between T, 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 Tg, T, 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
Figure 8). The command and ALE output timing
does not change.

Figures 9 and 10 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. Figure 9 shows a
read cycle with one wait state and Figure 10 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.

1ST WRITE CYCLE

Te
CLK

2ND WRITE CYCLE

Ts

Te

T | Ts | Te

CLK

a
.
g

ALE

— 1

DEN \ d

S—

",

Figure 9.
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CLK

§i.%

Figure 10. Idle-Write-Idie Bus Cycles with MB =1

The MB control input affects the timing of the com-
mand and DEN outputs. These outputs are auto-
matically delayed in MULTIBUS 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 ac-
tive.

3) 65 ns maximum time from when any read com-
mand becomes inactive until the slave’s read
data drivers reach 3-state OFF.

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

1) The HIGH to LOW transition of the read com-
mand outputs (TORC, MRDC, and INTA) are
delayed one CLK cycle.

2) The HIGH to LOW transition of the write com-
mand outputs (IOWC and MWTC) are delayed
two CLK cycles.

3) The LOW to HIGH transition of DEN for write
cycles is delayed one CLK cycle.
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Back to back bus cycles with MB=1 do not
change the timing of any of the command or con-
trol outputs. DEN always becomes inactive be-
tween 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 Tg
to aliow latching the address to keep it stable dur-
ing the entire bus cycle. The address outputs may
change during Phase 2 of any T bus state. ALE is
not affected by any control input.

Figure 11 shows how MCE is timed during inter-
rupt acknowledge (INTA) bus cycles. MCE is one
CLK cycle longer than ALE to hold the cascade
address from a master 8259A valid after the falling
edge of ALE. With the exception of the MCE con-
trol output, an INTA bus cycle is identical in tim-
ing to a read bus cycle. MCE is not affected by any
control input.
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Figure 11. MCE Operation for an INTA Bus Cycle

Control Inputs

The control inputs can alter the basic timing of
command outputs, allow interfacing to multiple
buses, and share a bus between different
masters. For many iAPX 286 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 82288 bus controller,
CENL and AEN (see Figure 12). CENL enables the
bus controller to control the current bus cycle.
The AEN input prevents a bus controller from driv-
ing its command outputs. AEN HIGH means that
another bus controller may be driving the shared
bus.

In Figure 12, 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 controller
select which bus controller is to perform the bus
cycle. An address decoder determines which bus
to use for each bus cycle. The 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.
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CENL must be sampled HIGH at the end of the Tg
bus state (see waveforms) to enable the bus con-
troller to activate its command and control out-
puts. If sampled LOW the commands and DEN
will not go active and DT/R will remain HIGH. The
bus controiler will ignore the CMDLY, CEN, and
REA_QY inputs until another bus cycle is started
via §1 and 50. Since an address decoder is com-
monly 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 affect the DEN control out-
put. When MB =0, DEN normally becomes active
during Phase 2 of Tg in write bus cycles. This tran-
sition occurs before CENL is sampled. If CENL is
sampled LOW, the DEN output will be forced LOW
during T¢ as shown in the timing waveforms.

When MB =1, CEN/AEN becomes AEN. AEN con-
trols when the bus controller command outputs
enter and exit 3-state OFF. AEN is intended to be
driven by a bus arbiter, like the 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 im-
mediately enter 3-state OFF and DEN is forced in-
active. An inactive DEN should force the local
data transceivers connected to the shared data
bus into 3-state OFF (see Figure 12). The LOW to
HIGH transition of AEN should only occur during
T, or T¢ 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 ac-
tive or be in the process of starting, AEN can
become active during any T-state. AEN LOW im-
mediately allows DEN to go to the appropriate
state. Three CLK edges later, the command out-
puts will go active (see timing waveforms). The
MULTIBUS requires this delay for the address and
data to be valid on the bus before the command
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
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and DEN are immediately forced inactive. When
CEN makes a LOW to HIGH transition, the com-
mands 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/O systems may require more
address or write data setup time to command ac-
tive than provided by the basic command output
timing. To provide flexible command timing, the
CMDLY input can delay the activation of com-
mand 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.

XI:-‘ D ’-]2

T —_—
READY ARGV XACK
82284 FmEv=m
—— ARDYEN
I SRDYEN 9100 5%
= CLK READY _§1,50
READY READY COMMANDS
-\
cmp cMD cMD N
| 82288 CLK CLK g9288 v
i |4 N DEN Jl>o—-
51,50 [\ V|81 50 _
DT/R
CENL |=— —» CENL ALE
" MB___ CEN MB AEN
H 1l g
4 = +5V +5V 2
: A :
- — =
READY AEN
CONTROL
CLK g2289 N or
ADDRESS NI ONTL K )
DECODER §1,50
.I SYS/RESB
mio
ERy ] S0 20K T
F——0
+5V
F———AAA——0 ADDRESS
N A
ADDRESS v
DATA L I [ 1 8283
Azo CLK READY MG
§1,50
80286 DATA
4 N
D'W(,—-—--————) 8287
Figure 12. System Use of AEN and CENL
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CMDLY is first sampled on the falling edge of the
CLK ending Ts. If sampled 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 Figures 9 and 10.

READY can terminate a bus cycle before CMDLY
allows a command to be issued. 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 Discussion

The waveforms show the timing relationships of in-
puts and outputs and do not show all possible tran-
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sitions 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 82288; however, most func-
tional descriptions are provided in Figures 5
through 11.

To find the timing specification for a signal transi-
tion 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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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias....0°C to 70°C
Storage Temperature......... —-65°C to +150°C
Voltage on Any Pin with

Respect to GND
Power Dissipation......................

*NOTICE: Stresses above those listed under “Ab-
solute 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 im-
plied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (V¢ =5V £5%, Ta = 0°C to 70°C, or Tgage = 0°C to 85°C)

6 MHz 8 MHz
-6 -6 -8 -8

Symbol Parameter Min. Max. Min. Max. Units Test Conditions
ViL Input LOW Voltage -5 8 -5 8
Vi Input HIGH Voltage 20 Vee + .5 20 Voo +-5 \
Vie CLK Input LOW Voitage -5 6 -5 .6 \Y
Vine CLK Input HIGH Voltage 38 Vee +.5 3.8 Vee +.5 \
VoL Output LOW Voltage

Command Outputs .45 .45 loL = 32mA Note 1

Control Outputs .45 .45 Y loL = 16mA Note 2
Vor Output HIGH Voltage

Command Outputs 2.4 2.4 % loy = —5mA Note 1

Control Outputs 24 24 v loy = — 1TmMA Note 2
[ Input Current (S0 and ST inputs) -5 -5 mA Vf = .45V
he Input Leakage current (all

other inputs) +10 +10 uA OV =Vl = Ve
o Output Leakage Current +10 +10 uA 45V = Vour = Vee
lec Power Supply Current 120 120 mA
Ceik CLK Input Capacitance 12 12 pF Fc = 1MHz
C Input Capacitance 10 10 pF Fc=1MHz
Co Input/Output Capacitance 20 20 pF Fc = 1 MHz

NOTE: 1. Command Outputs are INTA, IORC, IOWC, MRDC, MWRC.
2. Control Outputs are DT/R, DEN, ALE and MCE.
210471-005
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A.C. CHARACTERISTICS
(Tp =0°Cto 70°C, Vg = 5V, £5%)
AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in data sheet waveforms, unless otherwise noted.

10 MHz
6 MHz 8 MHz (Preliminary)
-6 -6 -8 -8 -10 -10
Sym Parameter Min. Max. Min. Max. Min. Max. Unit Test Condition

1 CLK Period 83 250 62 250 50 250 ns

2 CLK HIGH Time 25 230 20 235 16 238 ns at 3.6V

3 CLK LOW Time 20 225 15 230 12 234 ns at 1.0V

4 CLK Rise Time 10 10 8 ns 1.0V to 3.6V

5 CLK Fall Time 10 10 8 ns 3.6V to 1.0V

6 | M/IO and Status Setup Time 28 22 18 ns

7 | M/IO and Status Hold Time 1 1 1 ns

8 CENL Setup Time 30 20 15 ns

9 CENL Hold time 1 1 1 ns
10 | READY Setup Time 50 38 26 ns
11 | READY Hold Time 35 25 25 ns
12 CMDLY Setup Time 25 20 15 ns
13 | CMDLY Hold Time 1 1 1 ns
14 | AEN Setup Time 25 20 15 . ns Note 3
15 | AEN Hold Time 0 0 0 ns Note 3
16 ALE, MCE Active Delay from CLK 3 25 3 20 3 16 ns Note 4
17 ALE, MCE Inactive Delay from CLK 35 25 19 ns Note 4
18 DEN (Write) Inactive from CENL 35 35 23 ns Note 4
19 DT/R LOW from CLK 40 25 23 ns Note 4
20 DEN (Read) Active from DT/R 5 50 5 35 5 21 ns | Note4
21 DEN (Read) Inactive Dly from CLK 3 40 3 35 3 21 ns Note 4
22 DT/R HIGH from DEN Inactive 5 45 5 35 5 20 ns Note 4
23 DEN (Write) Active Delay from CLK 35 30 23 ns Note 4
24 DEN (Write) Inactive Dly from CLK 3 35 3 30 3 19 ns Note 4
25 DEN Inactive from CEN 40 30 25 ns Note 4
26 DEN Active from CEN 35 30 24 ns Note 4
27 | DT/R HIGH from CLK

{(when CEN = LOW) 50 35 25 ns Note 4
28 | DEN Active from AEN 35 30 26 ns Note 4
29 | CMD Active Delay from CLK 3 40 3 25 3 21 ns Note 5
30 CMD Inactive Delay from CLK 5 30 5 25 5 20 ns Note 5
31 | CMD Inactive from CEN 35 25 25 ns Note 5
32 | CMD Inactive from CEN 45 25 25 ns Note 5
33 | CMD Inactive Enable from AEN 40 40 40 ns Note 5
34 | CMD Float Delay from AEN 40 40 40 ns Note 6
35 MB Setup Time 25 20 20 ns
36 MB Hoid Time 0 0 0 ns
37 Command Inactive Enable
from MBI 40 40 40 ns Note 5

38 Command Float Time from MBt 40 40 40 ns Note 6
39 DEN Inactive from MB! 40 30 26 ns Note 4
40 DEN Active from MBI 35 30 30 ns Note 4

NOTE: 3. AEN is an asynchronous input. This specification is for testing 5. Command output load: CI = 300pF.
purposes only, to assure recognition at a specific CLK edge. 6. Float condition occurs when output current is less
4. Control output load: Cl = 150pF.
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4.0v

0.45v

NOTE 7: AC Drive and Measurement Points — CLK Input

4.0v

3.6V 3.6V
CLK INPUT ’

\ 1.0v 1.0V
0.45V
l"snup —»te— tHOLD ~—’
24V ;

OTHER 20v
DEVICE
INPUT
0.8V
0.45v
e— tDELAY
DEVICE
OUTPUT

NOTE 8: AC Setup, Hold and Delay Time Measurement — General

DEVICE
OUTPUT

Co

NOTE 9: AC Test Loading on Outputs
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WAVEFORMS

CLK CHARACTERISTICS

® ® ®

STATUS, ALE, MCE, CHARACTERISTICS

WiB 1,50 —— *®F——

- »@%u-
= -

CENL, CMDLY, DEN CHARACTERISTICS WITH MB=0 AND CEN =1 DURING WRITE CYCLE
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MCE

| T

w

>
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\}

CMDLY WWW
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WAVEFORMS (Continued)

READ CYCLE CHARACTERISTICS WITH MB=0 AND CEN=1
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WAVEFORMS (Continued)

CEN CHARACTERISTICS WITH MB=0

NOTE 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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WAVEFORMS (Continued)

MB CHARACTERISTICS WITH AEN/CEN = HIGH

| Ts | Te | Tc | Te | Ts I
ws . N\ | / x> \|
-—-«0 *—@
MB L
FLOATING —»| —(30) —» ® i @
o mmm i =om N I —
- <—C@ :’f —»@h— R @

DEN # i * IF wm'r;l
(0)-—» | “®

READY =z

§0-81 \ / o \
@ ——ﬁ-»n—»@
mB )F e

READY

S0eST

i

RN FLOATING@ F—@:—E FLOATING
MWTC ——————=—=—==-T7 = Rl LIVt

®

R ©
E;\iﬁ
®

READY

NOTE 1: MB is an asynchronous input. MB setup and hold times specified to guarantee the response shown in

the waveforms.

NOTE 2: If the setup time, 135, is met two clock cycles will occur before CMD becomes active after the falling edge of

MB.
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ADVANGCE INEORMATION

BUS ARBITER
FOR iAPX 286 PROCESSOR FAMILY

= Supports Multi-master System Bus = Supports Parallel, Serial, and Rotating
Arbitration Protocol Priority Resolving Schemes

®  Synchronizes 80286 Processor with Multi- = Available in EXPRESS - Standard
master Bus Temperature Range

®  Compatible With Intel Bus Standard n Available in 20 Pin Plastic Dip and Cerdip
MULTIBUS® (IEEE 796 Standard) Packages (See Packaging Spec Order

»  Three Modes of Bus Release Operation for #231369)

Flexible System Configuration

The Intel 82289 Bus Arbiter is a 5-Volt, 20-pin HMOS Il component for use in multiple bus master iAPX 286
systems. The 82289 provides a compact solution to system bus arbitration for the 80286 CPU.

The complete IEEE 796 Standard bus arbitration protocol is supported. Three modes of bus release operation
support a number of bus usage models.

LLoCKs|
MULTIBUS
_ INTERFACE
® B
STATUS | 504#/HOLD —— PROCESSOR IhNa.lrJé';IFBAchE REQ# SIGNALS
INPUTS s1#—|»]| INTERFACE l<—— BPRN#
M/10# BPRO#
] STATE [« T— BCLK#
Ok STaTe MACHINE CBRQ#
READY# ——> > K
LOCAL BUS REQUEST BUSY#
AND
SYSTEM RELEASE INIT#
CONTROL LOCK# LOGIC B
ALWAYS #/CBQLCK #
SYSB/RESB #
RESET
AEN#
82289
mro#1 T 203 Vec
ReaDY#[]2 19[St
SYSB/RESB#[]3 18 [JS0#/HOLD
RESETC]4 17[cLK
BCLK#[Q S 16 J LOCK#
INIT#[]6 15 [J ALWAYS#/CBQLCK#

14 LLOCK#
13[JAEN#
12 CBRQ#
11 BUSY#

BREQ#[Q 7
BPRO#[] 8
BPRN#[] 9

GND[] 10

# INDICATES FUNCTION IS ACTIVE LOW
Figure 1. 82289 Block Diagram Figure 2. 82289 Pin Diagram

Intel Corporation Assumes No Responsiblity for the Use of Any Circuitry Other Than Circuitry Embodied inan Intel Product. No Other Circuit
Patent Licenses are Implied Information Contained Herein Supercedes Previously Published Specifications of These Devices from Intel.
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Table 1. 82289 Pin Definition

Symbol Pin(s) | Type Name and Function

CLK 17 | SYSTEM CLOCK accepts the CLK signal from the 82284 Clock
Generator chip as the timing reference for the bus arbiter and
processor interface signals.

SO#/HOLD 18 | STATUS INPUT SO0# or HOLD is either the SO# status signal from
80286 or the HOLD signal from some other bus master. The function of
this input is established during the processor reset of the 82289 Bus
Arbiter. The 80286 SO# pin meets the setup and hold time requirements
of this pin.

The S0# pin function is selected by forcing this input high during the
falling edge of processor reset. If the 82289 is used to support an 80286
processor, the SO# output of the processor will be high during reset.

In supporting the 80286 processor, the 82289 decodes the SO# pin
together with the other status input pins, S1# and M/IO#, to determine
the beginning of a processor bus cycle and initiate bus request and
surrender actions.

The HOLD function of the SO#/HOLD pin is selected by holding this
input low during the falling edge of processor reset. When supporting
a bus master other than 80286, the 82289 monitors the HOLD signal to
initiate bus request and surrender actions.

Si#t, M/I0# 19,1 STATUS INPUTS are the status input signal pins from the 80286
processor. The arbiter decodes these inputs together with SO#/HOLD
input to initiate bus request and surrender actions. A bus cycle is
started when either S1# or SO# is sampled LOW at the falling edge of
CLK. The 80286 S1# and M/IO# pins meet the setup and hold time
requirements of these pins.

80286 Bus Cycle Status Encoding

M/10# S1# S0#/HOLD Type of Bus Cycle
Interrupt acknowledge
1/0 Read

1/0 Write

None; bus idle

Halt or shutdown
Memory read

Memory write

None; bus idle

44 aa000O0
—_ - OO0 =400
2“0 —4020=0

When supporting the HOLD output of another bus master, the S1# and
M/10# pins must be held HIGH during Tg, the Status Cycle, for proper
operation.

SYSB/RESB# 3 SYSTEM BUS/RESIDENT BUS# is an input signal which determines
when the multi-master system bus is required for the currentbus cycle.
The signal can originate from address mapping circuitry such as a
decoder or PROM attached to the processor address and status pins.
The arbiter will request or retain control of the multi-master system bus
when the SYSB/RESB# pin is sampled HIGH at the end of the Tg bus
state.

During aninterruptacknowledge cycle, thisinputis sampled on every
falling edge of CLK starting at the end of the Tg state-until either
SYSB/RESB# is sampled HIGH or the bus cycle is terminated by the
READY# signal. Setup and hold times for this pin must be met for
proper operation.
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Table 1. 82289 Pin Definition (continued)

Symbol Pin(s) | Type Name and Function

READY# 2 | READY}# is an active-LOW signal which indicates the end of the bus
cycle. The 80286 halt or shutdown cycle does not require READY# to
terminate the bus cycle. Setup and hold times for this pin must be met
for proper operation.

LOCK# 16 1 LOCK # is a processor-generated signal which when asserted (LOW)
prevents the arbiter from surrendering the multi-master system bus to
any other bus arbiter, regardless of its priority. LOCK# is sampled by
the arbiter at the end of the Tg (status) bus state. Setup and hold times -
for this pin must be met for proper operation.

ALWAYS#/ 15 | ALWAYS RELEASE# or COMMON BUS REQUEST LOCK# can be
CBQLCK# programmed at processor reset to be either the ALWAYS RELEASE
(ALWAYS#) strapping option or the COMMON BUS REQUEST LOCK
(CBQLCK#) control input. Setup and hold times for this pin must be
met for proper programming.

When this pin is LOW during the falling edge of processor reset
(ALWAYS# option) the arbiter is programmed to surrender the multi-
master system bus after each bus transfer cycle. The 82289 will remain
in the ALWAYS RELEASE mode until it is reprogrammed during the
next processor reset.

The bus arbiter is programmed to support the COMMON BUS
REQUEST LOCK function by forcing this input pin HIGH during the
falling edge of the processor reset.

CBQLCK# itself is an active-LOW signal which when active prevents
the arbiter from surrendering the multi-master system bus to a
common bus request through the CBRQ# input pin.

RESET 4 | PROCESSOR RESET is an active-HIGH input synchronous to the
system clock (CLK). RESET is the processor initialization of the arbiter
to release the multi-master bus and clear any pending request.

INIT# 6 | INITIALIZE# is an active-low MULTIBUS® signal used to reset all
arbiters on the MULTIBUS system. It will cause the release of the
multi-master bus, but will not clear the pending bus master request
so that the arbiter can again request the multi-master bus. No arbiters.
have the use of the multi-master bus immediately after initialization.
INIT# is an asynchronous signal to CLK.

BCLK# 5 | BUS CLOCK# is the multi-master system bus clock to which the
multi-master bus interface signals are synchronized. BCLK# can be
asynchronous to CLK.

BREQ# 7 (6] BUS REQUEST# is an active-LOW output signal used in the parallel
and rotating priority resolving schemes. The arbiter activates BREQ#
to request the use of the multi-master system bus. The arbiter holds
BREQ# active as long as it is requesting or has possession of the
multi-master system bus.

CBRQ# 12 170 COMMON BUS REQUEST# is a MULTIBUS signal that indicates
(Op?n- when an arbiter is requesting the MULTIBUS. This pin is an open-
drain) | drain input/output requiring an external pullup resistor.

As an input CBRQ# indicates that another arbiter is requesting the
multi-master system bus. The input function of this pin is enabled by
the CBQLCK# signal. Setup and hold times for this pin must be met for
proper operation.

As an output CBRQ# is asserted to indicate that this arbiter is re-

questing the MULTIBUS. The arbiter pulls CBRQ# low when it issues
a BREQ#. The arbiter release CBRQ# when it obtains the MULTIBUS.
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Table 1. 82289 Pin Definition (continued)

Symbol

Pin(s)

Type

Name and Function

BPRN#

BUS PRIORITY IN# is an active-low input indicating that this arbiter
has the highest priority of any arbiter requesting the system bus.
BPRN# HIGH signals the arbiter that a higher priority arbiter is
requesting or has possession of the system bus. Setup and hold times
for this pin must be met for proper operation.

BPRO#

BUS PRIDRITY OUT# is an active-low output signal used in the serial
priority resolving scheme. BRPO# is connected to BPRN# of the next
lower priority to grant or revoke priority from that arbiter.

BUSY#

11

1/0
(open-
drain)

BUSY# is a MULTIBUS signal which is asserted when the system bus
is in use.

BUSY# is an open drain input/output requiring an external pullup
resistor. '

As an input BUSY# asserted indicates when the MULTIBUS is in use.
Setup and hold times must be met for proper operation.

As an output BUSY# is asserted to signal when this arbiter has taken
control of the MULTIBUS.

AEN#

13

ADDRESS ENABLE# is the output of the arbiter which goes directly to
the processor’s address latches, the 82288 Bus Controller and the
82284 Clock Generator. AEN# asserted causes the bus controller and
address latches to enable their output drivers. AEN# also drives the
clock generator ARDYEN# input to enable its asynchronous ready
input (ARDY#).

AEN# can also be used as an active-LOW Hold Acknowledge to a bus
master other than 80286. It signals to the bus master that control of the
system bus has been relinquished when AEN# is inactive (HIGH).

Note that AEN# goes active relative to BCLK# and goes inactive
relative to CLK. .

LLOCK#

LEVEL LOCK# is an active-low output signal decoded from processor
LOCK# signal. LLOCK# can be used as MULTIBUS LOCK# when
buffered with a tri-state buffer enabled by the AEN# signal. LLOCK1#
will be cleared by RESET but not by INIT#.

Vec

20

+5 volts supply voltage

GND

10

Ground

FUNCTIONAL DESCRIPTION

The 82289 Bus Arbiter in conjunction with the 82288
Bus Controller and the 82284 Clock Generator
interfaces the 80286 processor or some other bus
master to a multi-master system bus. The arbiter
multiplexes a processor onto a multi-master system
bus. It avoids contention with other bus masters.

The 82289 has two separate state machines which
communicate through bus request and release
logic. The processor interface state machine is
synchronous with the local system clock (CLK) and
the multi-master system bus interface state machine
is synchronous with the bus clock (BCLK#).

The 82289 performs all signalling to request, obtain,
and release the system bus. External logic is used to

determine which bus cycles require the system bus
and to resolve priorities of simultaneous requests
for control of the system bus.

82289 with 80286

In an iAPX 286 system using an 82289 Bus Arbiter,
the 80286 processor is unaware of the arbiter's
existence and issues cammands as though it had
exclusive use of the multi-master system bus such
as MULTIBUS. If the processor cycle requires MUL-
TIBUS access, the arbiter requests control of the
MULTIBUS. Until the request is granted the 82289
keeps AEN# disabled to prevent the 82288 Bus
Controller and the address latches from accessing
the MULTIBUS. AEN# inactive also disasserts the
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asynchronous ready enable (ARDYEN#) input of
the 82284 clock chip so that the system bus will
appear as “NOT READY"” to the 80286 processor.

Once the 82289 Bus Arbiter has acquired the bus,
it will assert AEN# allowing the 82288 Bus
Controller and the address latches to access the
system bus and asserting the ARDYEN# Input of
the 82284 Clock chip.

Typically, once the data transfer command has
been issued by the 82288 and the data transfer
has taken place, a transfer acknowledge (XACK#)
signal is returned to the processor onth multi-
master system bus to indicate “Ready” from the
accessed slave device. The processor remains in a
series of “Wait States” (Repeated Tc states) until
the addressed device reponds with XACK#
asserted signal to the 82284 ARDY# input and the
82284 asserts READY# to the processor. The
processor then completes its bus cycle.

82289 with other Bus Masters

When supporting other bus masters, the SO#/HOLD
and READY# pins of the bus arbiter can be connected
to the ‘Hold’ pin of that master. The inverted AEN#
signal from the 82289 can be used as the hold
acknowledge (HLDA) input for the other bus master.

The bus master sends a HOLD signal to the bus
arbiter when it needs the system bus for a memory
access. If the arbiter currently controls the system
bus, AEN# will be active. Otherwise, AEN# will be
inactive and the arbiter will request control of the
system bus. The bus master will have to wait until
the 82289 has asserted AEN# (LOW), before it starts
its bus cycle.

When the bus master no longer requests the MUL-
TIBUS it will have to inactivate the HOLD signal.
The arbiter interprets the MULTIBUS access as a
single bus cycle which is terminated by HOLD
going inactive (LOW). Thus the arbiter will not
release the MULTIBUS to any other bus master
during a bus access cycle.

Processor Cycle Definition

Any iAPX 286 system which gains access to the
MULTIBUS through the 82289 Bus Arbiter uses an
internal clock which is one half the frequency of
the system clock (CLK) (see figure 3). Knowledge
of the phase of the local bus master internal clock
is required for proper 82289 control of the iAPX 286
interface to MULTIBUS. The iocal bus master in-
forms the bus arbiter of its internal clock phase
when it asserts the status signals. The 80286 SO#
and S1# status signals are always first asserted in
phase 1 of the local bus master’s internal clock.

4-171

ONEPROCESSORCLOCK CYCLE
ONE BUS T-STATE
PHASE 1 PHASE 2
= oy e iy

ak N/ N/ N\
}‘ONE SYSTEM l

CLK CYCLE
PCLK

Figure 3: CLK Relationship to Internal Processor
Phase, and Bus T-States

Bus State Definition

The 82289 Bus Arbiter has three processor bus
states (see figure 4): Idle (T,), Status (Tg), Command
(Te). Each bus state is two CLK cycles long. Bus
state phases correspond to the internai CPU pro-
cessor clock phases.

NEW CYCLE

READY
°

NEW CYCLE

Figure 4: 82289 Processor Bus States
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Bus Cycle Definition

The S1# and SO# status inputs are sampled by the
82289 on the falling edge of CLK and signal the start
of a bus cycle by going active (LOW). The Tg bus
state is defined to be the two CLK cycles during
which either S1# or SO# is active (see figure 5).
When either S1# or SO# is sampled LOW, the next
CLK cycle is considered the second phase of the
associated processor clock cycle.

The arbiterenters the T bus state after the Tg state.
The shortest bus cycle may have one Tg state and
one T state. Longer bus cycles are formed by
repeating T states. A repeated Tg bus state is
called a wait state.

The READY# input determines whether the current
T¢ 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 T bus state
to see if it is active. If sampled HIGH, the T bus
state is repeated. Thisis called inserting a wait state.

When READY# is sampled LOW, the current bus
cycle is terminated. Note that the bus arbiter may
enter the Tg bus state directly from T if the status
lines are sampled active (LOW) at the next falling
edge of CLK (see Figure 5). If neither of the status
lines are sampled active at that time the 82289 will
enter the T, bus state. The T, bus state will be
repeated until the status inputs are sampled active.

VcH
CLK
Veu

S¢S0 ViH
FROM
CPU vy,

PHASE 1

Sample
READY

Figure 5: 80286 Bus Cycle Definition (without wait states)

Arbitration Between Bus Masters

The MULTIBUS protocol allows multiple processing
elements to compete with each other to access
common system resources. Since the local 80286
processor does not have exclusive use of the
system bus, if the MULTIBUS is “BUSY” the 80286
processor will have to wait before it can access the
system bus.

The 82289 Bus Arbiter provides an integrated
solution for controlling access to a multi-master
system bus. The bus arbiter allows both higher and
lower priority bus masters to acquire the system bus
depending on which release mode is used. In
general, higher priority masters obtain the bus
immediately after any lower priority master com-
pletes its present transfer cycle. Lower priority bus
masters obtain the bus when a higher priority
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master is not accessing the system bus or the
proper surrender conditions exist. The 82289 handles
this arbitration in a manner completely transparent
to the bus master (e.g. 80286 processor).

At the end of each transfer, the arbiter may retain or
release the system bus. This decision is controlled
by the processor state, but arbitration inputs and
arbiter strapping options. (See Releasing The MUL-
TIBUS, ahead).

Priority Resolving Techniques

Some means of resolving priority between bus
masters requesting the multi-master bus simulta-
neously must be provided. The 82289 Bus Arbiter
supports parallel, serial, and rotating system bus
priority resolving techniques. All of these techniques
are based on the concept that at a given time, one
bus master will have priority above all the others.
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@ HIGHER PRIORITY BUS ARBITER REQUESTS THE MULTI-MASTERSYSTEM BUS.
@ ATTAINS PRIORITY. (DOES NOT YET OWN BUS)

@ LOWER PRIORITY BUS ARBITER RELEASES BUSY.

@ HIGHER PRIORITY BUS ARBITER THEN ACQUIRES THE BUS ANDPULLS BUSY LOW.

®

Figure 6: Bus Exchange Timing For The MULTIBUS®

An individual arbiter is the highest priority arbiter
requesting the MULTIBUS when its BPRN# input is
asserted (LOW). The highest priority requesting
arbiter cannot immediately seize the system bus. It
must wait until the present bus transaction is
completed. Upon completing its current transaction
the present bus owner surrenders the bus by releas-
ing BUSY#.

BUSY# is an active-low ‘Wired-OR’ MULTIBUS sig-
nal which goes to every bus arbiter on the system
bus. When BUSY# goes inactive, the arbiter which
has requested the system bus, and presently has
bus priority (BPRN# LOW), seize the bus by pulling
BUSY# LOW (See waveform in Figure 6).

The generation of a multi-master bus request
(BREQ#) is controlled by the type of bus cycle and
the SYSB/RESB# input. Whenever the processor
signals the status for memory read, memory write,
1/0 read, I/0 write or interrupt acknowledge cycle,
and SYSB/RESB# is HIGH at the end of Tg, a bus
request is generated.

When the status inputs indicate an interrupt acknow-
ledge bus cycle, the arbiter allows external logic to
decide (through the SYSB/RESB# input) whether
the interrupt acknowledge cycle should use the
MULTIBUS

Figure 7 shows how SYSB/RESB# is repeatedly
sampled until it is sampled HIGH or the bus cycle is
terminated. If the bus cycle is completed (READY#
is sampled LOW) before SYSB/RESB# is sampled
HIGH, the arbiter will not request the MULTIBUS.
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The 82289 bus Arbiter does not generate a separate
BREQ# for each bus cycle. Instead the 82289
generates BREQ# when it requests the bus and
holds BREQ# active during the time that it has
possession of the bus. Note that all multi-master
system bus requests (via BREQ#) are synchronized
to the system bus clock (BCLK#).

Paralle! Priority Resolving Technique

The parallel priority resolving technique requires a
separate bus request line (BREQ#) for each arbiter
on the multi-master system bus (see Figure 8). Each
BREQ# line enters a priority encoder which gener-
ates the binary address of the highest priority
BREQ# line currently active. The binary address is
decoded to select the BPRN# line corresponding to
the highest priority arbiter requesting the bus. In a
parallel scheme, the BPRO# output is not used.

The arbiter receiving priority (BPRN# LOW) then
allows its associated bus master onto the multi-
master system bus as soon as the bus becomes
available (i.e., the bus is no longer busy). Any
number of bus masters may be acomodated in this
way, limited only by the complexity of the external
priority resolving circuitry. Such circuitry must
resolve the priority within one BCLK# period.

Serial Priority Resolving Technique

The serial priority resolving technique eliminates
the need for the pricrity circuitry of the parallel
technique by daisy-chaining the bus arbiters to-
gether, that is, connecting the higher priority
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arbiter's BPRO# output to the BPRN# of the next
lower priority arbiter (see Figure 9). The highest
priority bus arbiter would have its BPRN# tied LOW
in this configuration, signifying to the arbiter that it
always has the highest priority when requesting the
system bus. In a serial scheme, the BREQ# outputis
not used.

Since arbitration must be resolved within one
BCLK# period the number of arbiters connected

together in the serial priority is limited by arbiter
BPRN# to BPRO# propagation delay (18 ns). For a
10 MHz MULTIBUS BCLK#, five 82289 Bus Arbiters
may be connected together in serial configuration.

Maximum number of chained-priority devices =

BCLK# period
BPRN# to BPRO# delay

>1 P2 1 $2 ®1 P2

I O N Gy SN -

Tc Tc T

S0#/HOLDeS1# [ ™\ /

mios [ 77X )

SYSB/RESB# [ |

READY# [

BeLks [~

BREQ# [

BPRO# [

Figure 7: Bus Request Timing During an Interrupt Acknowledge Cycle

: BUSY
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BUS BREQ
ARBITER BPRN
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_ 1 1
('] — BREG 2 )
74148 ’ 74138
Y al ARBITER | BPRN 3 PRIORITY 3tos 3
/ 4 ENCODER DECODER 4|—
1 ———BREq| | | ]
/ BUS
(—l ARBITER |;W
3
S—|
ul / | BREQ
J | andires
E'} H BPRN
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Figure 8: Parallel Priority Resolving Technique
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Figure 9: Connections for Serial Priority Resolving Technique
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BREQ# [

THE LOCAL THE LOCAL
80286 REQUESTS 80286 NO LONGER
THE MULTIBUS INEEDS THE MULTIBUS]

Note: Events A through F described above.

Figure 10: Serial Priority Bus Behavior

When using the serial priority resolving scheme, a
higher priority arbiter (forexample, arbiter 2, Figure
9) passes priority to the next lower priority arbiter
(arbiter 3) by asserting its BPRO# signal (LOW).
This asserts BPRN# of next arbiter (arbiter 3) as
shown in Figure 10-a & 10-b. An arbiter's BPRO# is
asserted if the arbiter has priority (BPRN# is
asserted) but is not accessing or requesting the
system bus (as indicated by BREQ# inactive as
shown in Figure 10-c and 10-e for arbiter 3).
Whenever a higher priority arbiter (arbiter 3) issues
a bus request its BPRO# goes inactive causing the
next lower priority arbiter (arbiter 4) to lose its bus
priority (Figure 10-f). Any arbiter (arbiter 3) will also
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bring its BPRO# inactive if its BPRN# goes inactive
(from arbiter 2), thereby passing the loss of bus
priority on to the lower priority arbiters (e.g. arbiter
4) as shown in Figure 10-d.

Rotating Priority Resolving Technique

The rotating priority resolving technique is similar
to the parallel priority resolving technique except
that priority isdynamically re-assigned. The priority
encoder is replaced by a more complex circuit
which rotates priority between requesting arbiters,
thus allowing each arbiter an equal chance to use
the multi-master system bus over a given period of
time.
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Selecting the Appropriate Priority
Resolving Technique

The choice of a priority resolving technique involves
a tradeoff between external logic complexity and
ease of the MULTIBUS access for the different bus
masters in the system. The rotating priority resolving
technique requires a substantial amount of external
logic, but guarantees all the bus masters an equal
opportunity to access the system bus. The serial
priority resolving technique uses no external logic
but has fixed bus master priority levels and can
accommodate only a limited number of bus arbiters.
The parallel priority resolving technique isin general
a compromise between the other two techniques.
(Forexample parallel priority configurationin Fig. 8
allows up to eight arbiters to be present on the
MULTIBUS, with fixed priority levels, while not
requiring a large amount of complex, external logic
to implement.)

Releasing the MULTIBUS®

Following a data transfer cycle on the MULTIBUS,
the 82289 Bus Arbiter can either retain control of
the system bus or release the bus for use by some
other bus master. The 82289 can operate in one of
three modes, defining different conditions under
which the arbiter relinquishes control of the multi-
master system bus. These release modes are de-
scribed in Table 2. -

Conditions under which the Bus
Arbiter releases the system bus
(unless cycles are LOCKed)

The Bus Arbiter always releases the
bus at the end of each transfer cycle

Release
Mode

Mode 1

Mode 2 The Bus Arbiter retains the bus until:

® a higher-priority bus master re-
quests the bus, driving BPRN#
HIGH

e alower-priority bus master requests|
the bus by pulling CBRQ# LOW

Mode 3 The Bus Arbiter retains the bus until:

® a higher-priority bus master re-
quests the bus, driving BPRN#
HIGH. (CBRQ# LOW ignored)

Table 2: 82289 Release Modes

If the arbiter was programmed to operate in the
Always Release mode (Mode 1) during the previous
reset, it will surrender the MULTIBUS after each
complete transfer cycle. If the arbiter is not in the
Always Release mode, it will not surrender the bus
until the local 80286 processor enters a halt state,

the arbiter is forced off of the bus by the loss of
BPRN# (Mode 2 or 3), or by a common bus request
when the CBRQ# input is enabled by the CBAQLCK#
input (Mode 2).

CBRQ# can save the bus exchange overhead in
many cases. If CBRQ#is high, itindicates tothe bus
master that no other master is requesting the bus
and therefore the present bus master can retain the
bus. Without CBRQ#, only BPRN# indicates whether
or notanother master is requesting the bus and, that
only if the other master is of higher priority. Between
the master's bus transfer cycles, in order to allow
lower priority masters to take the bus if they need it,
the master must give up the bus. At the start of the
master's next transfer cycle, the bus must be
regained. If no other master has the bus, this can
take approximately two BCLK# periods. To avoid
this overhead of unnecessarily giving up and regain-
ing the bus when no other masters need it, CBRQ#
is extremely useful. Any master that wants but does
not have the bus, must assert CBRQ# (LOW). If
CBRQ# line is not asserted the bus does not have to
be released, thereby eliminating the delay of
regaining the bus at the start of the next cycle.

The LOCK# input to the arbiter can be used to over-
ride any of the conditions shown in Table 2. While
LOCK# is asserted, the arbiter will not surrender
control of the MULTIBUS to any other requesting
arbiter. Note that the arbiter will surrender the
MULTIBUS (synchronous to BCLK#) either in re-
sponse to RESET or INIT# signals independent of
the current release mode or the state of the arbiter
inputs.

The three bus release modes have the same opera-
tion when supporting either the 80286 processor or
some other bus master.

Selecting the Appropriate Release Mode

The choice of which release mode to use may affect
the bus utilization of the individual subsystems, and
the system as a whole. Mode dependent perfor-
mance variations are due to the bus acquisition/
release overhead. The effect of these acquire and
release times on system bus efficiency is illustrated
in Figure 11.

An isolated transfer on the multi-master system bus
is depicted in Figure 11-a. Figure 11-b shows utiliza-
tion for the bus arbiter operating in Mode 1. The
arbiter must request and release the system bus for
each transfer cycle. Lower priority arbiters have
easy access to the system bus, but overall bus effi-
ciency is low. Bus utilization for a bus arbiter operat-
ing in Mode 2 or 3 is shown in Figure 11-c. In this
situation the arbiter acquires the bus once for a
sequence of transfers. The arbiter retains the bus
until forced off by another bus master’s request as
defined in Table 2.
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Figure 11: Effects of Bus Release Mode on Bus Efficiency

The three release modes of the 82289 allow the
designer to optimize the system use of the MUL-
TIBUS.

Configuring the 82289 Release Mode

The 82289 Bus Arbiter can be configured in any of
its three bus release modes without additional

hardware. the 82289 can also be configured to
switch between Mode 2 and Mode 3 under software
control of the 80286 processor, requiring that a
parallel port or addressable latch be used to drive
the ALWAYS#/CBQLCK# input pin of the 82289 (see
Figure 12).

822889

RESET —————RESET

_L__ ALWAYS/CBQLCK

MODE 1

822889

RESET —{: |JRESET
ALWAYS/CBQLCK

RESET ————{RESET

822889

MODE 3

ENABLE—

PARALLEL
1/0 OR

DAT"> ADDRESSABLE
LATCH

Vec ——=§ ALWAYS/CBALTK
MODE 2
822889
RESET JRESET
Q JALWAYS/CBQLCK
*
—{ o
C
JaN

———-oQ-————MUL'nsus BCLK

SELECTABLE BETWEEN MODES 2 AND 3

* WHEN HIGH THE 82289 IS IN MODE 2;
WHEN LOW THE 82289 IS IN MODE 3.

Figure 12: 82289 Release Mode Configurations
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Asserting the LOCK# Signal

Independent of the particular release mode of the
82289 Bus Arbiter, the 80286 processor can assert a
LOCKH# signal synchronously to CLK to prevent the
arbiter from releasing the Multibus. This software-
controlled LOCK# signal prevents the 82289 from
surrendering the system bus to any other bus mas-
ter, whether that bus master is of higher or lower
priority. The LOCK# signal is typically used for
implementing software semaphores for shared re-
sources or for critical processes that must run in
real-time.

The 82289 LLOCK# output is the Multibus signal
asserted during all bus cycles which are locked
together. The LLOCK# is set or reset depending on
processor LOCK# at the end of the Tg cycle. The
LLOCK# will delay going inactive until the termina-
tion of the current transfer cycle.

The 82289 will continue to assert the LLOCK# sig-
nal, retaining control of the MULTIBUS, until the
end of the first ‘unLOCKed’ 80286 bus cycle (80286
disables its LOCK# output on the last bus cycle
indicating that no future locked cycles are needed).
While the LOCK# signal will force the arbiter pres-
ently in control to hold the system bus, it cannot
force another arbiter to surrender the bus any ear-
lier than it normally would.

The LLOCK# signal from the 82289 must be con-
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nected to a tri-state buffer in order to drive the MUL-
TIBUS LOCK# signal. This tri-state buffer should
be enabled by the AEN# signal from the arbiter
going active.

82289 Reset and Initialization

The 82289 Bus Arbiter provides the RESET and
INIT# pins for initialization. RESET is a CLK syn-
chronous signal from the 80286 processor and
INIT# is an asynchronous signal on the multi-
master system bus. By having RESET pin high or
INIT# pin low, the BREQ#, BUSY#,and AEN# output
pins will all be cleared and become inactive. RESET
will also clear the LLOCK# signal. Unlike RESET,
INIT# will not clear any pending bus request; the
bus request would be asserted after the INIT# signal
goes inactive.

Note that when the 82289 is initialized by the RESET
inputit does not wait until the end of the currentbus
cycle to reset. Any bus cycle in process when
RESET goes active will be aborted by the arbiter.
Although the INIT# signal will also interrupt an
active bus cycle, the arbiter can request the MUL-
TIBUS and complete the bus cycle when INIT#
goes inactive.

As mentioned in the Table 1 Pin Description and
Figure 12, the functions of the SO#/HOLD pin and
the release mode (ALWAYS#/CBQLCK# pin) are
programmed at the falling edge of RESET.
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Schematic 1: Typical IAPX 286 Subsystem MULTIBUS® Interface
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature *Notice: Stresses above those listed under "Absolute

UnderBias ...........ccovvinnnn. 0°Cto 70°C Maximum Ratings” may cause permanent damage
Storage Temperature ........... -65°C to +150°C to the device. This is a stress rating only and
Case Temperature ................. 0°C to 85°C functional operation of the device at these or any
Voltage on Any Pin With other conditions above those indicated in the opera-

RespecttoGND ................. -0.5V to +7V tional sections of this specification is not implied.
Power Dissipation ...................... 1 Watt Exposure to absolute maximum rating conditions

for extended periods may affect device reliability.

Electrical Characteristics and Waveforms

D.C. Characteristics (T, =0° to 70°C, Tcage = 0°C to 85°C, Vs =5V =+ 5%)

Preliminary
Symbol Parameter Min. Max. Units Test Conditions
Vi Input Low Voltage -0.5 .8 \
I ViH Input High Voltage 2.0 Vet 0.5 v
ViLe CLK Input Low Voltage -0.5 .6 Vv
Vike CLK Input High Voltage 3.8 Vec + 1.0 v
Output Low Voltage:
VoL BUSY#, CBRQ# 45 " loL = 32mA
BPRO#, BREQ#, AEN# 45 v loL = 16MA
LLOCK# 45 v loL = 5mA
Vo Output High Voltage 24 \ low = 400 uA
I Input Leakage Current j;110 rl:}\ 8GSSVVS,N\2NO§4§$/C
Lo Output Leakage Current £10 HA 0.45V < Vour = Ve
lce Power Supply Current 120 mA
CcLk CLK, BCLK# Input Capacitance 12 pF Fc=1MHz
Cin Input Capacitance 10 pF Fc=1MHz
Co Input/Output Capacitance 20 pF Fc=1MHz
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A.C. Chal’acteristics (TA =0° to 70° C, TCASE =0° to 85°C, VCC =5V + 50/0)
AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless
otherwise noted.

Preliminary | Preliminary Shown
6MHz 8MHz Test in

Sym Parameter Min. |Max.| Min. | Max.| Unit | Conditions| Figure
1 CLK Cycle Period 83 t;; 62 1555 ns 13
2 CLK Low Time 20 225 15 230 | ns at10Vv 13
3 | CLK High Time 25 | 230 | 20 | 235| ns | at3evV 13
4 CLK Rise/Fall Time 10 10 ns {1.0to3.6V 13
5 BCLK# Cycle Time 100 % 100 © ns 13
6 BCLK# High/Low Time 30 30 ns 13
7 SO0#/HOLD, S1#, M/I0# Setup 28 22 ns 13
8 S0#/HOLD, S1#, M/10# Hold 1 1 ns 13
9 READY# Setup 50 38 ns 13
10 READY# Hold Time 35 25 ns 13

" LOCK#, SYSB/RESB# Setup Time 28 20 ns 13, 18

12 LOCK#, SYSB/RESB# Hold Time 1 1 ns 13, 18
13 | RESET Setup Time 28 20 ns T e
14 RESET Hold Time 1 1 ns 19
15 RESET ACTIVE Pulse Width 16 16 CLKs 19
16 INIT# Setup Time 45 45 ns Note 9 20
17 INIT# Hold Time 1 1 ns Note 9 20
18 | INIT# Active Pulse Width *gm‘)‘) f;ﬁm) . 20

BUSY#, BPRN#, CBRQ#,
19 CBQLCK#/ALWAYS# Setup 20 20 ns 13,15, 21
to BCLK# (or to RESET)

BUSY#, BPRN#, CBRQ#,

20 CBQLCK#/ALWAYS# Hold 1 1 ns 13,15, 21
to BCLK# (or to RESET)

21 BCLK# to BREQ# Delay 30 30 ns Note 1 13, 14
22 BCLK# to BPRO# Delay 35 35 ns Note 2 17
23 BPRN# to BPRO# Delay 25 25 | ns Note 2 17

24 BCLK# to BUSY# Active Delay 1 60 1 60 ns Note 3 13

25 BCLK# to BUSY# Float Delay 35 35 | ns Note 4 13,14
26 BCLK# to CBRQ# Active Delay 55 55 | ns Note 5 13

27 BCLK# to CBRQ# Float Delay 35 35 ns Note 4 13, 20
28 BCLK to AEN# Active Delay 1 25 1 25 ns Note 6 13
29 CLK to AEN# Inactive Delay 3 25 3 25 ns Note 6 13, 14
30 CLK to LLOCK# Delay 20 20 ns Note 7 18

31 RESET to LLOCK# Delay 35 35 ns Note 7 19
32 CLK to BCLK# Setup Time 38 38 ns Note 8 (13, 16, 20

NOTES:

NOTE 1:  BREQ# load: C_ = 60pF.

NOTE2: BPRO# load: C_ = 60pF.

NOTE 3: BUSY# load: C|_= 300pF.

NOTE 4:  Float condition occurs when output current is less that | 5 in magnitude.

NOTE 5. CBRQ# load: C_ = 300pF.

NOTE 6: AEN# load: C|_ = 150pF.

NOTE 7. LLOCK# load: C|_ = 60pF.

NOTE 8. In actual use, CLK and BCLK# are usually asynchronous to each other. However, for component testing
purposes, this specification is required to assure signal recognition at specific CLK and BCLK# edges.

NOTE 9: INIT# is asynchronous to CLK and to BCLK#. However for component testing purposes, this specification is
required to assure signal recognition at specific CLK and BCLK# edges.
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4.0V
(2.4V)

CLK INPUT
(BCLK # INPUT)

1.0V
(0:8V)

1.0V
0.45v o8
(0.45V)

NOTE 10: AC Drive'and Measurement Points — CLK Input (BCLK# Input)

4.0V
(2.4v) 3.6V
CLK INPUT (2.0v)
(BCLK# INPUT) 1.0V
(0.8V)
0.45V
(0.45V)
‘0 tSETUP —»t— tHOLD —>|
24V e
- 2.0v N

0.8V Z

le— tDELAY

DEVICE
OUTPUT

NOTE 11:  AC Setup, Hold and Delay Time Measurement — General

DEVICE
OuTPUT

CL

NOTE 12: AC Test Loading on Outputs
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Waveforms

The waveforms (Figure 13-21) show the timing
relationships of the inputs and the 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.

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, thenuse a
timing specification for the same or related function
in another mode.

The 82289 Bus Arbiter serves as an interface
between the iAPX 286 subsystem which operates
synchronous to the CLK signal and MULTIBUS
which operates synchronous to BCLK# signal. CLK
and BCLK# generally operate asynchronously to
each other and at different frequencies. Thus, the

exact clock period in which an input synchronous
to one clock will cause a response synchronous to
the other clock depends on the relative phase and
frequency of CLK and BCLK# at the time the input
is sensed.

One strict relation between CLK and BCLK# must
be maintained for proper MULTIBUS arbitration. If
the CLK period is too long relative to BCLK# period
(t1 greater than t5 + 50ns), another arbiter could
gain control of the system bus before this arbiter
has released AEN# synchronous to its CLK. This
situation arises since the release of AEN# is syn-
chronous to the next falling CLK edge after the
processor cycle ends but the release of BREQ# and
BUSY# is synchronous to the next falling BCLK#
edge after the processor cycle ends. In practice,
any CLK frequency greater than 6.66 MHz (ie.
80286 processor speeds greater than 3.33 MHz)
will avoid conflict with a 10 MHz BCLK#. Therefore
all 80286 speed selections are MULTIBUS
compatible.

Ts Tc Tc Tc T T
*1 ®2 o1 ®2 2 o1 ®2 o1 ®2 *1
ek [ _/—\ﬂﬂ_/—\ ' JﬁN
® Nl ® ® @ OF
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- @ - (B
mios [ LU L L T Y L,
OF—® Q@ @@
READY# [ 7777777777777 Ly Nk KL UL
O, ®
SYSB/RESB C
# «
® @ ® ®@
BCLK#. [ L /Y N /T \_/
- ® ~® (o=
BREQ# [
®
BPAN# [ \ LU L,
@) ~®
susvs [ 777777 ZF T J[';
~ " @
cBRa# [ L £
@ —ier
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*ONLY FOR 82289 TEST PURPOSES

Figure 13: MULTIBUS® Acquisition and Always-Release Operation
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Figure 14: MULTIBUS® Release due to BPRN# Inactive
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Figure 15: MULTIBUS® Release due to CBRQ# Active
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Figure 16: MULTIBUS® Acquisition During 80286 INTA Cycles
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Figure 17: BPRN# to BPRO# Timing Relationship

4-186 231095-003



intgl’ 82289 ADVANGE INFORMATION
Ts Te Ts Tc Tior Tg
®1 2 1 2 1 2 1 2 P1 2
CUNI SV WA SV AANIVA UV W WiV NV e W an W e L_
) ®@ (Dp—rr—ei(®
(FROMIE%%;; C R L7 K 2L

READY# [ YT LN LI AL, 708 V/ 7
® 2

emo it B B

Figure 18: 80286 LOCK# and 82289 LLOCK# Relationship
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Figure 19: RESET Active Pulse
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Figure 20: INIT# Active Pulse
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Figure 21: Programming the Always-Release/Common-Bus-Request-Release Option

4-188 231095-003



80386 Microprocessors







ADVANCE INFORMATION

80386
HIGH PERFORMANCE MICROPROCESSOR
WITH INTEGRATED MEMORY MANAGEMENT

m Flexible 32-Bit Microprocessor
— 8, 16, 32-Bit Data Types
— 8 General Purpose 32-Bit Registers

m Very Large Address Space
— 4 Gigabyte Physical
— 64 Terabyte Virtual
— 4 Gigabyte Maximum Segment Size

m Integrated Memory Management Unit
— Virtual Memory Support
— Optional On-Chip Paging
— 4 Levels of Protection

m Hardware Debugging Support
m Optimized for System Performance

— Pipelined Instruction Execution

— On-Chip Address Translation Caches
—12.5 and 16 MHz Clock

— 32 Megabytes/Sec Bus Bandwidth

m High Speed Numerics Support via

80287 and 80387 Coprocessors

m Complete System Development

Support

— Software: C, PL/M, Assembler
System Generation Tools
— Debuggers: PSCOPE, ICET™-386
m High Speed CHMOS lil Technology

m 132 Pin Grid Array Package
(See Packaging Specification, Order #231369)

— Fully Compatible with 80286

B Object Code Compatible with All 8086
Family Microprocessors

m Virtual 8086 Mode Allows Running of
8086 Software in a Protected and
Paged System

The 80386 is an advanced 32-bit microprocessor designed for applications needing very high performance
and optimized for multitasking operating systems. The 32-bit registers and data paths support 32-bit addresses
and data types. The processor addresses up to four gigabytes of physical memory and 64 terabytes (2**46) of
virtual memory. The integrated memory management and protection architecture includes address translation
registers, advanced multitasking hardware and a protection mechanism to support operating systems. In
addition, the 80386 allows the simultaneous running of multiple operating systems.

Instruction pipelining, on-chip address translation, a a high bus bandwidth ensure short average instruction
execution times and high system throughput. The 80386 processor is capable of execution at sustained rates
of between 3 and 4 million instructions per second.

The 80386 offers new testability and debugging features. Testability features include a self-test and direct
access to the page translation cache. Four new breakpoint registers aliow conditionai or unconditional break-
point traps on code execution or data accesses, for powerful debugging of even ROM-based systems.

Object-code compatibility with all iAPX 86 family members (8086, 8088, 80186, 80188, 80286) means the
80386 offers immediate access to the world’s largest microprocesor software base.

SEGMENTATION UNIT PAGING UNIT BUS CONTROL

*__——:i:> 3=INPUT
EFFECTIVE ADDRESS BUS . ADOER
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T HOLD, INTR, NMI
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v:sv UNIT ADDRESS BEO# - BE3#,
DRIVER A2=A31

PIPELINE/ M/i0,D/C4.
PREFETCHER/
LM

ADDER

PAGE
CACHE

LIMIT AND
ATIRIBUTE

CONTROL AND
ATTRIBUTE

W/R#,LOCK#,
onTaar | AV
BSIGH, READY#
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TRANS= 00~ D31
CEIVERS

BARREL
SHIFTER,
ADDER  [STATUS DECODE AND

wuLTipLY /| FLACS
DIVIDE

CODE
conRoL 2-DECODED | , STREAM
REQSTER C_—___' INSTRUCTION ‘oot

L_QUEVE | NS
ALU conioL comm INSTRUCTION INSTRUCTION

Pacn[coo: PREFETCH 32
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Figure 1-1. 80386 Pipelined 32-Bit Microarchitecture

Unix™ is a Trademark of AT&T Bell Labs.
MS-DOS is a Trademark of MicroSoft Corporation.

DECODER

CHECKER

80386

231630-49

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. October 1985
© Intel Corporation, 1985 5-1 Order Number: 231630-001
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82384
CLOCK GENERATOR AND RESET INTERFACE
FOR 80386 PROCESSORS

m Generates All Clock Signals for 80386 m Uses Crystal or TTL Signal for
Processors Frequency Source
—32 Mtiz CLK2 and 16 Mz CLK for m CHMOS Iil Technology
— 25 MHz CLK2 and 12.5 MHz CLK for m Available in Two Speed Selections

80386-12 — 82384-16, Supporting Any 80386
G h R P Speed up to 16 MHz

u se:el::ttgrs_Synclromt:us eset from — 82384-12, Supporting Any 80386

chmitt-Trigger Inpu Speed up to 12.5 MHz

m Generates Address Status Signal

Synchronous to CLK m 18-Pin Package

(See Packaging Specification, Order #231369)

iINTRODUCTION

The 82384 combines a third-overtone crystal oscillator, reset synchronizing circuitry, and address status
circuitry onto a single chip for easy timing and control of 80386-based systems.

The 82384 contains a clock generator/driver that provides two clock signals for the 80386-based systems.
The CLK2 signal generated by the 82384 meets the 80386 CLK2 requirements, and the CLK signal indicates
the 80386 processor phase. The 82384 also generates a synchronous reset signal from a schmitt-trigger reset
input, and provides an Address Status signal that has guaranteed setup and hold timing with respect to the
CLK output.
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ADS# =] SYNCHRONIZATION > ADSO# Figure 2. Pin Configuration
70 CLK

231659~1
Figure 1. Block Diagram
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80386
HIGH PERFORMANCE MICROPROCESSOR
ADDITIONAL INFORMATION

You can obtain a free copy of the most recent 80386 data sheet and related
technical information by:

e Calling your local Intel sales office

e Calling toll-free (800) 538-1876

e Filling out this literature request form

Indicate areas of interest:
G2z OO Components: 80386 microprocessor, 82384 clock generator
G2s [J 386 Languages and development tools
G29 [J 386 single board computers

Name Title

Company Mailstop

Phone | )

Address

City State_______ ZIP

HPMO-308C CARD EXPIRES 12/31/86



U.S. and Canada

Mail to: Intel Corporation
Mailstop: SC6-58
PO. Box 58065
Santa Clara, CA 95052-8065

Customers outside the U.S. and Canada should contact the local Intel
Sales Office or Distributor listed in the back of this book.
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80386
HIGH PERFORMANCE MICROPROCESSOR
ADDITIONAL INFORMATION

You can obtain a free copy of the most recent 80386 data sheet and related
technical information by:

e Calling your local Intel sales office

¢ Calling toll-free (800) 538-1876

e Filling out this literature request form

Indicate areas of interest:
G27 O Components: 80386 microprocessor, 82384-clock generator
G2s [J 386 Languages and development tools
G29 [ 386 single board computers

Name Title

Company Mailstop

Phone | )

Address
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U.S. and Canada

Mail to: Intel Corporation
Mailstop: SC6-58
PO. Box 58065
Santa Clara, CA 95052-8065

Customers outside the U.S. and Canada should contact the local Intel
Sales Office or Distributor listed in the back of this book.
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