








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8282/8283

Table 1. Pin Description

Pin

Description

STB

STROBE (Input). STB is an input control
pulse used to strobe data at the data input
pins (Ag-A;) into the data latches. This
signal is active HIGH to admit input data.
The data is latched at the HIGH to LOW
transition of STB.

OE

OUTPUT ENABLE (Input). OE is an input

control signal which when active LOW-

enables the contents of the data latches
onto the data output pin (By-B;). OE being
inactive HIGH forces the output buffers to
their high impedance state.

Dly-Dl;

DATA INPUT PINS (input). Data presented
at these pins satistying setup time re-
quirements when STB is strobed and
fatched into the data input latches.

DO,-DO;
(8282)

D—oo' 667
(8283)

DATA OUTPUT PINS (Output). When OE is
true, the data in the data latches is pre-
sented as inverted (8283) or non-inverted
(8282) data onto the data output pins.

FUNCTIONAL DESCRIPTION

The 8282 and 8283 octal latches are 8-bit latches with
3-state output buffers. Data having satisfied the setup
time requirements is latched into the data latches by
strobing the STB line HIGH to LOW. Holding the STB
line in its active HIGH state makes the latches appear
transparent. Data is presented to the data output pins by
activating the OF input line. When OE is inactive HIGH
the output buffers are in their high impedance state.
Enabling or disabling the output buffers will not cause
negative-going transients to appear on the data output
bus.
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8282/8283

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias................. 0°Cto70°C
Storage Temperature............. -65°C to +150°C
All Output and Supply Voltages........ -05Vto +7v
All Input Voltages.................. -1.0Vto +5.5V
Power Dissipation.......................... 1 Watt

D.C. CHARACTERISTICS

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

(Veg = 5V =10%, Tp = 0°C to 70°C)

Symbol Parameter Min. Max. Units Test Conditions
Ve Input Clamp Voltage -1 v lc = -5mA
lce Power Supply Current 160 mA
Ig Forward Input Current -0.2 mA Vg = 0.45V
g Reverse Input Current 50 uA Vg = 5.25V
Voo Output Low Voltage .45 \' loL = 32 mA
Vo Output High Voltage 2.4 \ loy = —5mMA
lorr Output Off Current +50 uA Vorr = 0.45t05.25V
ViL Input Low Voltage 0.8 v Vcc=5.0V  See Note 1
Vi Input High Voltage 2.0 \ Vec=5.0V  seeNotet
F=1MHz
Cin Input Capacitance 12 pF Veias =25V, Vg =5V
Tao=25°C
NOTE:

1. Output Loading lg = 32 mA, Igy = -5 mA, C_ = 300 pF*

A.C. CHARACTERISTICS (Vg =5V £10%, Ty = 0°C to 70°C  (See Note 2)
Loading: Outputs—Ig = 32 mA, lopy = =5 mA, C_ = 300 pF*)

Symbol Parameter Min. Max. Units Test Conditions
TIVOV Input to Output Delay (See Note 1)
—Inverting 5 22 ns
—Non-Inverting 5 30 ns
TSHOV STB to Output Delay
—Inverting 10 40 ns
—Non-Inverting 10 45 ns
TEHOZ Output Disable Time 5 18 ns
TELOV Output Enable Time 10 30 ns
TIVSL Input to STB Setup Time 0 ns
TSLIX Input to STB Hold Time 25 ns
TSHSL STB High Time 15 ns
TOLOH Input, Output Rise Time 20 ns From 0.8V to 2.0V
TOHOL Input, Output Fall Time 12 ns From 2.0V to 0.8V
NOTE: *C = 200 pF for plastic 8282/8283.

1. See waveforms and test load circuit on following page.

2. For Extended Temperature EXPRESS the Preliminary Maximum Values are TIVOV = 25 vs 22, 35 vs 30;

TSHOV = 45, 55; TEHOZ = 25; TELOV = 50.

AFN-00727E
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8282/8283

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT QUTPUT

24

1.5 <—— TEST POINTS ——» 1.5

0.45

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1° AND 0.45V FOR
A LOGIC ~0.” TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A
LOGIC “1” AND 0." INPUT RISE AND FALL TIMES ARE MEASURED FROM
0.8V TO 2.0V AND ARE DRIVEN AT 5ns + 2ns.

OUTPUT TEST LOAD CIRCUITS

== 300 pF*

—

3-STATE TO VoL

1.5V

180Q
out

I 300 pF*

3.STATE TO Von

214V

300 pF*

52.7Q
out

SWITCHING

*200 pF for plastic 8282/8283.
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Intel 8282/8283

WAVEFORMS

X

pe——TIVSL———=1=TSLIX

sT8 2 \
TSHSL

t=TIVOV-= TEHOZ TELOV
VoHn-.1v

ourteputs X D e e o e e

N VoL+.1V
SEE NOTE 1 oL

TSHOV

NOTE: 1. OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION.
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.

50 r 50
8282 8283
40

o o
w w pSE
» ) L c
z z 30 vo“si
> >
2 5
w w
o a

20 2 PICAL

10 10

| 1 1 1 J 1 1 1 1 J
200 400 600 800 1000 200 400 800 800 1000
pF LOAD pF LOAD

Output Delay vs. Capacltance
AFN-00727E
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8286/8287
OCTAL BUS TRANSCEIVER

m Data Bus Buffer Driver for iAPX m 20-Pin Package with 0.3” Center
86,88,186,188, MCS-80™, MCS-85™™,
and MCS-48™™ Families
m No Output Low Noise when Entering
m High Output Drive Capability for or Leaving High Impedance State
Driving System Data Bus

m Fully Parallel 8-Bit Transceivers n Available in EXPRESS
- Standard Temperature Range
m 3-State Outputs - Extended Temperature Range

The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met.

6
(3

_lrJ ﬁ Ao [ 1 20;]VCC Ag[]1 201 vee
p A2 19 [ Bo A1z 191 Bo
: @ A3 18] By A2[]3 1808
1 @ Az[]a 17[]B2 A3[J4 17182
4: :4E5 s2as °1 53 Aalys 8287 1633_3
\ s(] 6 15|84 As[] 6 158
-{; As]7 14{]8s Ag[]7 14|85
M ) A7[]s 13[]86 Az[]8 13[]Bs
Q oeC]e  12[08;  oe[e w18
&) GND ] 10 nT GND[] 10 T

Figure 1. Logic Diagrams Figure 2. Pin Configurations
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Table 1. Pin Description

Symbol Type Name and Function
T 1 Transmit: T is an input control signal used to control the direction of the transceivers. When HIGH,
it configures the transceiver's Bo—B7 as outputs with Ag—Az as inputs. T LOW configures Ag—-A7 as
the outputs with Bp—-B7 serving as the inputs.
OE | Output Enable: OE is an input control signal used to enable the appropriate output driver (as
selected by T) onto its respective bus. This signal is active LOW.
Ag-Az /0 Local Bus Data Pins: These pins serve to either present data to or accept data from the processor's
local bus depending upon the state of the T pin. .
- Bg-B7(8286) /0 - ) . System Bus Data Pins: These pins serve to either present data to or accept data from the system
' Bo—-B7(8287) bus depending upon the state of the T pin.

FUNCTIONAL DESCRIPTION

The 8286 and 8287 transceivers are 8-bit transceivers with Bo-B; pins is driven onto the Ag—A; pins. No output low
high impedance outputs. With T active HIGH and OE ac- glitching will occur whenever the transceivers are enter-

tive LOW, data at the Ap—A; pins is driven onto the Bo-B; ing or leaving the high impedance state.
pins. With T inactive LOW and OE active LOW, data at the .

AFN-015060
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Intel 8286/8287
TEST LOAD CIRCUITS
1.5V 1.5V 2.14V
33Q 66Q 52,7Q
out ourt out
I.wu pF* Iwo oF I 300 pF*
3-STATE- TO VoL 3-STAT-E:TO VoL SWITEHING
B OUTPUT A OUTPUT B OUTPUT
1;5_V 1;5_\[ 2.28V
2 180Q g 9009 § 114Q
ouT 0——4 ouT O—-—9e OouT 0——4
=~ 300 pF* =~ 100 pF =100 pF
3-STATE TO VoH 3-STATE TO VoH SWlT:HINé
B OUTPUT A OUTPUT A OUTPUT

*200 pF for plastic 8286/8287
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8286/8287

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias................. 0°Cto70°C
Storage Temperature............. —-65°C to +150°C

All Output and Supply Voltages........ -05Vto +7V
All Input Voltages.................. -1.0Vto +5.5V
Power Dissipation................. ...t 1 Watt

*NOTICE: Stresses above those listed under "“Absolute
Maximum Ratings’ may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (vcc = +5V =10%, Ta= 0°C to 70°C)

Symbol Parameter Min Max Units Test Conditions
Ve Input Clamp Voltage -1 \ lc=-5mA
lce Power Supply Current—8287 130 mA
—8286 160 mA
Ig Forward Input Current -0.2 mA Vg=0.45V
™ Reverse Input Current 50 uA VRp=5.25V
Vou Output Low Voltage —B Outputs .45 v loL =32 mA
—A Outputs .45 v loL =16 mA
VoH Output High Voltage — B Outputs 2.4 v lon=-5mA
—A Outputs 2.4 \ lop=-1mA
lorr Output Off Current I3 Vorp =0.45V
lorr Output Off Current In Vorp=5.25V
Vi Input Low Voltage  —A Side 0.8 v Vee=15.0V, See Note 1
—B Side 0.9 v Vec=5.0V, See Note 1
Viy Input High Voltage 20 \% Vce=5.0V, See Note 1
F=1MHz
Cin Input Capacitance 12 pF Veias=2.5V, Vge=5V
Ta=25°C
NOTE:

1. B Outputs—Ig = 32 mA, loy = =5 mA, C_ = 300 pF*: A Outputs—Ig = 16 mA, loy = —1 mA, C_ = 100 pF.

A.C. CHARACTERISTICS (vcc = +5V +10%, Ta = 0°C to 70°C) (See Note 2)

Loading: B Outputs—Ig. = 32 mA, loy =
A Outputs—Ilg = 16 mA, loy =

-5mA, C_ = 300 pF
—-1mA, C_ = 100 pF

Symbol Parameter Min Max Units Test Conditions
TIVOV Input to Output Delay
Inverting 5 22 ns (See Note 1)
Non-Inverting 5 30 ns
TEHTV Transmit/Receive Hold Time 5 ns
TTVEL Transmit/Receive Setup 10 ns
TEHOZ Output Disable Time 5 18 ns
TELOV Output Enable Time 10 30 ns
TOLOH Input, Output Rise Time 20 ns From 0.8 Vto 2.0V
TOHOL Input, Output Fall Time 12 ns From 2.0V to 8.0V

*Cp = 200 pF for plastic 8286/8287
NOTE:
1. See waveforms and test load circuit on following page.

2. For Extended Temperature EXPRESS the Preliminary Maximum Values are TIVOV = 25 vs 22, 35 vs 30;

TEHOZ = 25; TELOV = 50.

AFN-01506D
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WAVEFORMS

INPUTS

OF /‘ 5;
~TIVOV—~| —=| TEHOZ = TELOV —| -
VoH - .1V
ourputs X e —
VoL + .1V
-~ TEHTV—-‘ }-—ITVEL

NOTE:
1. All timing measurements are made at 1.5V unless otherwise noted.

501
8287

40 —
%Y 3
w SE w
» - ch 7]
2 % worst z
> >
3 =
w w
o o

20 PICAL 20

10 10 —

1 It It 1 ) | | | | ]
200 400 600 800 1000 200 400 600 800 1000
pF LOAD PF LOAD

Output Delay versus Capacitance
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Intel ADVANGCE INFORMATION

8207
ADVANCED DYNAMIC RAM CONTROLLER |
» Provides All Signals Necessary to s Supports Intel iAPX 86, 88, 186, and 286

Control 16K (2118), 64K (2164A) and Microprocessors
256K Dynamic RAMs

= Directly Addresses and Drives up to 2 = Data Transfer Acknowledge Signals for

Megabytes without External Drivers Each Port
® Supports Single and Dual-Port » Provides Signals to Directly Control the
Configurations 8206 Error Detection and Correction Unit
= Automatic RAM Initialization in All ‘
Modes : = Supports Synchronous or

® Five Programmable Refresh Modes Asynchronous Operation on Either Port |
= Transparent Memory Scrubbing in = +5 Volt Only HMOSII Technology for
ECC Mode High Performance and Low Power

The Intel 8207 Advanced Dynamic RAM Controller (ADRC) is a high-performance, systems-oriented, Dynamic
RAM controller that is designed to easily interface 16K, 64K and 256K Dynamic RAMs to Intel and other
microprocessor Systems. A dual-port interface allows two different busses to independently access memory.
When configured with an 8206 Error Detection and Correction Unit the 8207 supplies the necessary logic for
designing large error-corrected memory arrays. This combination provides automatic memory initialization and
transparent memory error scrubbing.

ERROR
LocK FWR | CE

v ¥

PORT A REQUEST

PORT B REQUEST

P~ LEN

[~ XACKA/ACKA

l-» XACKB/ACKB
WZ

[ AACKB/RW

-
OUTPUT | ESTH
= MUX/PCLK
™ PSEL

REQUEST [QUEUED REQ
REGISTER| UEST BUS
™ WE

DIRECT REQUEST BUS
;'> RAS,,
CONFIGU- -
ION CONFIGURATION BUS CAS
DECODER } S0

INITIALI-
PROGRAM CZATION
Ol
SHIFT REG NTROL
1
Voo —— | ADDRESS PATH CONTROL k

Vss
l T
RESET ' BANK ADDRESS

REFRESHI COLUMN []
ADDRESS
COLUMN
ADDRESS :>
LATCH

SCRUB
ROW ADDRESS

[™ PSEN

32

!

i

1R

53 :
e —

REFRESH
RFRQ —{ INTER-

REFRESH
TIMER

COUNTER
P — '

Nla
AHos |__.—/ LATCH

BSgy

Figure 1. 8207 Block Diagram

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 Supercedes Previously Published Specifications On These Devices From intel.
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Table 1. Pin Description

Symbol Pin |Type I Name and Function

LEN 1 O | ADDRESS LATCH ENABLE: In two-port configurations, when port A is running with

: iAPX 286 Status interface mode, this output replaces the ALE signal from the system
bus controller and generates an address latch enable signal which provides op-
timum setup and hold timing for the 8207.

XACKA/ 2 O | TRANSFER ACKNOWLEDGE PORT A/ACKNOWLEDGE PORTA: In non-ECC mode,
ACKA this pin is XACKA and indicates that data on the bus is valid during a read cycle or

that data may be removed from the bus.during a write cycle for Port A. XACKA is a
Multibus-compatible signal. In ECC mode, this pin is ACKAwhich can be configured,
depending on the programming of the X program bit, as an XACK or AACK strobe.
The SA programming bit determines whether AACK will be early or late.

XACKB/ 3 O | TRANSFER ACKNOWLEDGE PORT B/ACKNOWLEDGE PORT B: In non-ECC mode,
ACKB this pin is XACKB and indicates that data on the bus is valid during a read cycle or
that data may be removed from the bus during a write cycle for Port B. XACKB is a
Multibus-compatible signal. In ECC mode, this pin is ACKB which can be configured,
depending on the programming of the X program bit, as an XACK or AACK strobe.
The SB programming bit determines whether AACK will be early or late.

AACKA/ .4 O | ADVANCED ACKNOWLEDGE PORT A/WRITE ZERO: In non-ECC mode, this pin is
w2z AACKA and indicates that the processor may continue processing and that data will
be available when required. This signal is optimized for the system by programming
the SA program bit for synchronous or asynchronous operation. After a RESET, this
signal will cause the 8206 to force the data to all zeros and generate the appropriate

check bits.
AACKB/ 5 O | ADVANCED ACKNOWLEDGE PORT B/READ/WRITE: in non- -ECC mode, this pin is
RIW : AACKB and indicates that the processor may continue processing and that data will

be available when required. This signal is optimized for the system by programming
the SB program bit for synchronous or asynchronous operation. This signal causes
the 8206 EDCU to latch the syndrome and error flags and generate check bits.

DBM 6 O | DISABLE BYTE MARKS: This is an ECC control output signal indicating that a read
or refresh cycle is occurring. This output forces the byte address decoding logic to
enable all 8206 data output buffers. In ECC mode, this output is also asserted during
memory initialization and the 8-cycle dynamic RAM wake-up exercise. In non-ECC
mode synchronous local bus systems this signal may be used as an early WE output.

m|
)
it
les)
~
o]

ERROR STROBE: In ECC mode, this strobe is activated when an error is detected
and allows a negative-edge triggered flip-flop to latch the status of the 8206 EDCU
CE for systems with error logging capabilities.

LOCK 8 | LOCK: This input instructs the 8207 to lock out the port not being serviced at the time
LOCK was issued.

Vee 9 | LOGIC POWER: +5 Volts = 10%. Supplies Vg ¢ for the internal logic circuits.
43 | DRIVER POWER: +5 Volts = 10%. Supplies Vgc for the output drivers.

CE 10 | CORRECTABLE ERROR: This is an ECC input from the 8206 EDCU which instructs
the 8207 whether a detected error is correctable or not. A high input indicates a
correctable error. A low input inhibits the 8207 from activating WE to write the data
back into RAM. This should be connected to the CE output of the 8206.

ERROR 1 I | ERROR: This is an ECC input from the 8206 EDCU and instructs the 8207 that an
error was detected. This pin should be connected to the ERROR output of the 8206.

MUX/ 12 O | MULTIPLEXER CONTROL/PROGRAMMING CLOCK: Immediately after a RESET
PCLK this pin is used to clock serial programming data into the PDI pin. In normal two-port
operation, this pin is used to select memory addresses from the appropriate port.
When this signal is high, port A is selected and when it is low, port B is selected. This
signal may change state before the completlon of aRAM cycle, butthe RAM address
hold time is satisfied.

PSEL 13 O | PORT SELECT: This signal is used to select the appropriate port for data transfer.

PSEN 14 O | PORT SELECT ENABLE: This signal used in conjunction with PSEL provides
contention-free port exchange. When PSEN is low, PSEL is allowed to change state.

WE 15 O | WRITE ENABLE: This signal provndes the dynamlc RAM array the write enable input
R for a write operation.

AFN-022188
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Table 1. Pin Description (Continued)

Symbol Pin |Type Name and Function

FWR 16 I | FULLWRITE: This is an ECC input signal that instructs the 8207, in an ECC configu-
ration, whether the present write cycle is normal RAM write (full write) or a RAM
partial write (read-modify-write) cycle.

RESET 17 | | RESET: This signal causes all internal counters and state flip-flops to be reset and
upon release of RESET, data appearing at the PDI pin is clocked in by the PCLK
output. The states of the PDI, PCTLA, PCTLB and RFRQ pins are sampled by RESET
going inactive and are used to program the 8207.

CASO 18 O | COLUMN ADDRESS STROBE: These outputs are used by the dynamic RAM array to

CAS1 19 O [latchthe column address, present on the AO0-8 pins. These outputs are selected by

CAS2 20 O |[theBS0andBS1 as programmed by program bits RB0O and RB1. These outputs drive

CAS3 21 O |the dynamic RAM array directly and need no external drivers.

RASO 22 O |ROWADDRESS STROBE: These outputs are used by the dynamic RAM array to latch

RAS1 23 O |the row address, present on the AO0-8 pins. These ouptuts are selected by the BSO

RAS2 24 O [and BS1 as programmed by program bits RBO and RB1. These outputs drive the

RAS3 25 O |dynamic RAM array directly and need no external drivers.

Vss 26 I | DRIVER GROUND: Provides a ground for the output drivers.

60 | | LOGIC GROUND: Provides a ground for the remainder of the device.

AOO0 35 O | ADDRESS OUTPUTS: These outputs are designed to provide the row and column

AO1 34 O |addresses of the selected port to the dynamic RAM array. These outputs drive the

AQ2 33 O |dynamic RAM array directly and need no externa! drivers.

AO3 32 0

AO4 31 [0}

AO5 30 o

AO6 29 0

AO7 28 o

AO8 27 (0]

BSO 36 | BANK SELECT: These inputs are used to select one of four banks of the dynamic

BS1 37 | RAM array as defined by the program bits RBO and RB1.

ALO 38 | | ADDRESS LOW: These lower-order address inputs are used to generate the row

AL1 39 | | address for the internal address multiplexer.

AL2 40 |

AL3 41 |

AL4 42 |

ALS 44 |

AL6 45 |

AL7 46 |

AL8 47 [

AHO 48 | | ADDRESS HIGH: These higher-order address inputs are used to generate the

AH1 49 I | column address for the internal address multiplexer.

AH2 . 50 |

AH3 51 |

AH4 52 |

AH5 53 |

AH6 54 |

AH7 55 |

AH8 56 |

PDI 57 I | PROGRAM DATA INPUT: This input programs the various user-selectable options in
the 8207. The PCLK pin shifts programming data into the PDI input from optional
external shift registers. This pin may be strapped high or low to a default ECC (PDI =
Vce) or non-ECC (PDI = Ground) mode configuration.

RFRQ 58 | REFRESH REQUEST: This input is sampled on the falling edge of RESET. If it is high
at RESET, then the 8207 is programmed for internal refresh request or external
refresh request with failsafe protection. If it is low at RESET, then the 8207 is
programmed for external refresh without faiisafe protection or burst refresh. Once
programmed the RFRQ pin accepts signals to start an external refresh with failsafe
protection or external refresh without failsafe protection or a burst refresh.
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8207 ADVANGCE INEORMATION

Table 1.  Pin Description (Continued)

Symbol Pin

Type

Name and Function

CLK "~ ‘ 59

CLOCK: This input provides the basic timing for sequencing the internal logic.

RDB ' 61

READ FOR PORT B: This pin is the read memory request command input for port B.
This input also directly accepts the S1 status line from Intel processors.

RB . 62

WRITE FOR PORT B: Thispinis tf\,e write memory request command input for port B.
This input also directly accepts the SO status line from Intel processors.

EB ) 63

PORT ENABLE FOR PORT B: This pin serves to enable a RAM cycle request for port
B. It is generally decoded from the port address.

PCTLB 64

PORT CONTROL FOR PORT B: This pin is sampled on the falling edge of RESET. It
configures port B to accept command inputs or processor status inputs. If low after
RESET, the 8207 is programmed to accept command or iAPX 286 status inputs or
Multibus commands. If high after RESET, the 8207 is programmed to accept status
inputs from iAPX 86 or iAPX 186 processors. The S2 status line should be connected
to. this input if programmed to accept iAPX 86 or iAPX 186 status inputs. When
programmed to accept commands or iAPX 286 status, it should be tied low or it may
be used as a Multibus-compatible inhibit signal.

DA 65

READ FOR PORT A: This pin is the read memory request command input for pori A.
This input also directly accepts the S1 status line from Intel processors.

RA | 6.

WRITE FOR PORTA: This pin is the write memory request command input for port A.
This input also directly accepts the SO status line from Intel processors.

PE 67

PORT ENABLE FOR PORTA: This pin serves to enable a RAM cycle request for port
A. It is generally decoded from the port address.

PCTLA 68

PORT CONTROL FOR PORT A: This pin is sampled on the falling edge of RESET. It
configures port A to accept command inputs or processor status inputs. If low after
RESET, the 8207 is programmed to accept command or iAPX 286 status inputs or
Multibus commands. If high after RESET, the 8207 is programmed to accept status
inputs from iAPX 86 or iAPX 186 processors. The S2 status line should be connected
to this input if programmed to accept iAPX 86 or iAPX 186 status inputs. When
programmed to accept commands or iAPX 286 status, it should be tied low or it may
be connected to INHIBIT when operating with Multibus.

GENERAL DESCRIPTION

The Intel 8207 Advanced Dynamic RAM Controller
(ADRC) is a microcomputer peripheral device which
provides the necessary signals to address, refresh
and directly drive 16K, 64K and 256K dynamic RAMs.
This controller also provides the necessary arbitra-
tion circuitry to support dual-port access of the
dynamic RAM array.

The ADRC supports several microprocessor inter-
face options including synchronous and asynchro-
nous connection to iAPX 86, iAPX 88, iAPX 186, iAPX
286 and Multibus.

This device may be used with the 8206 Error Detec-
tion and Correction Unit (EDCU). When used with the
8206, the 8207 is programmed in the Error Checking
and Correction (ECC) mode. In this mode, the 8207
provides. all the necessary contro! signals for the
8206 to perform memory initialization and transpar-
ent error scrubbing during refresh.

FUNCTIONAL DESCRIPTION

Processor Interface

The 8207 has contro! circuitry for two ports each
capable of supporting one of several possible bus
structures. The ports are independently configur-
able allowing the dynamic RAM to serve as an inter-
face between two different bus structures.

Each port of the 8207 may be programmed to run
synchronous or asynchronous to the processor
clock. (See Synchronous/Asynchronous Mode) The
8207 has been optimized to run synchronously with
Intel's iAPX 86, iAPX 88, iAPX 186 and iAPX 286.
When the 8207 is programmed to run in asynchro-
nous mode, the 8207 inserts the necessary synchro-

“nization circuitry for the RD, WR, PE, and PCTL

inputs.
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ADVANGE INFORMATION

The 8207 can also decode the status lines directly
fromthe iAPX 86, iAPX 88, iAPX 186 and the iAPX 286
or can be programmed to receive read or write Multi-
bus commands or commands from a bus controller.
(See Status/Command Mode)

The 8207 may be programmed to accept the clock of
the iAPX 86, 88, 186, or 286. The 8207 adjusts its

internal timing to allow for the different clock fre-
quencies of these microprocessors. (See Micropro-
cessor Clock Frequency Option)

Figure 2 shows the different processor interfaces to
the 8207 using the synchronous or asynchronous
mode and status or command interface.

| CLOCK |

CLK _ —_CLK
50 WR
8oss/ Si RD
80186 &3 PCTL
PE
ADDR/DATA 8207
ADDRESS
DECODE

ICLOCKI

CLK _
S0
8086/ &3
80186 i‘
S2

[ADDR/DATA

ALE

STB

LATCH,

Slow-Cycle Synchronous-Status Interface

Slow-Cycle Asynchronous-Status Interface

| CLOCK l

CLK
CLK §g 50 llclw'rc WR CLK
S1 §1 MRDC RD
8086/ &5 =5 8288
80186 S2 s2 228 PCTL
T 8207
ADDR/DATA PE
STB
ADDRESS
LATCH DECODE

lCLOCK I

TLK 50 5o CLK WR CLK
3] S1 82288 RD
80286 §2 '5. PCTL
ALl 8207
ADDR PE

sTB
LATCH|

ADDRESS|
DECODE

Slow-Cycle Synchronous-Command Interface

Slow-Cycle Asynchronous-Command Interface

Figure 2A. Slow-cycle Port Interfaces Supported by the 8207
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CLK _ __CLK
. ] WR
80286 S1 RD
mio LEN
ADDR PE . g207 |-
STB

ADDRESS
LATCHL_A'bEcoDE

CLOCK IN |

ADDRESS|
DECODE

Fast-Cycle Synchronous-Status Interface

Fast-Cycle Asynchronous-Status Interface

lCLOcKl

CLK 59 S0 CLK Wh CLK
5 §1_ 82288 D
Mo Mo ﬁ PCTL
80286 ALE 8207
ADDR PE
sTB
ADDRESS
H— VY17 W= [otr20.
SYNCHRONOUS 80286

|CLOCK | INHIBIT |CLOCK |

| S

CLK g — %,le(':\Anj‘gL'JE %%,CLK
s0286 mio MO oooes E;L
ALE I—> PE 8207
sia
: “SILATCH
NOTE:

1 LATCH NOT REQUIRED IN SINGLE-PORT MODE.

Fast-Cycle Synchronous-Command Interface

Fast-Cycle Asynchronous-Command Interface

Figure 2B. Fast-cycle Port Interfaces Supported by the 8207

Dual-Port Operation

The 8207 provides for two-port operation. Two inde-
pendent processors may access memory controlled
by the 8207. The 8207 arbitrates between each of the
processor requests and directs data to or from the
appropriate port. Selection is done on a priority con-
cept that reassigns priorities based upon past his-
tory. Processor requests are internally queued.

Figure 3 shows a dual-port configuration with two
iAPX 86 systems interfacing to dynamic RAM. One of
the processor systems is interfaced synchronously
using the status interface and the other is interfaced
asynchronously also using the status interface.

Dynamic RAM Interface

The 8207 is capable of addressing 16K, 64K and 256K
dynamic RAMs. Figure 4 shows the connection of the
processor address bus to the 8207 using the different
RAMs. The 8207 directly supports the 2118 RAM
family or any-RAM with similar timing requirements
and responses including the Intel 2164A RAM.

The 8207 divides memory into four banks, each bank
having its own Row (RAS) and Column (CAS) Ad-
dress Strobe pair. This organization permits RAM
cycle interleaving and permits error scrubbing dur-
ing ECC refresh cycles. RAM cycle interleaving over-
laps the start of the next RAM cycle with the RAM
Precharge period of the previous cycle. Hiding the
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(NOTE 1)—»| ALS

A3-A1T " > Ato-aLs ' Aé-Aio:I > ALO-AL7

A1, A2 >{ BSO, BS1 A1, A2 > BSO0, BS1

(NOTE 1)—> AH8

A12-A20 >| AHO-AH8 A11-A18 | AHO-AH7

8207

256K RAM INTERFACE
NOTES:

64K RAM INTERFACE

1 yNASSIGNED ADDRESS INPUT PINS SHOULD BE STRAPPED HIGH OR LOW.
AO ALONG WITH BHE ARE USED TO SELECT A BYTE WITHIN A PROCESSOR WORD.
3 LowORDER ADDRESS BITS ARE USED AS BANK SELECT INPUTS SO THAT CONSECUTIVE MEMORY ACCESS REQUESTS
ARETO ALTERNATE BANKS ALLOWING BANK INTERLEAVING OF MEMORY CYCLES.

(NOTE 1)—»] AH8

(NOTE 1)—»{ AH7

A10-A16 > AHO-AH6

(NOTE 1)—»{ AL8

(NOTE 1)—={ AL7

A3-A9 | ALO-ALE

A1, A2 "> BSO, BS1

8207

16K RAM INTERFACE

Figure 4. Processor Address Interface to the 8207 Using 16K, 64K, and 256K RAMS

precharge period of one RAM cycle behind the data
access period of the next RAM cycle optimizes

memory bandwidth and is effective as long as suc- |

cessive RAM cycles occur in alternate banks.

Successive data access to the same bank will cause
the 8207 to wait for the precharge time of the previ-
ous RAM cycle.

If not all RAM banks are occupied, the 8207 reassigns
the RAS and CAS strobes to allow using wider data
words without increasing the loading on the RAS
and CAS drivers. Table 2 shows the bank selection
decoding and the word expansion, including RAS
and CAS assignments. For example, if only two RAM
banks are occupied, then two RAS and two CAS
strobes are activated per bank.

The 8207 can interface to fast (e.g., 2118-10) or slow
(e.g., 2118-15) RAMs. The 8207 adjusts and optimizes
internal timings for either the fast or slow RAMs as
programmed. (See RAM Speed Option)

Memory Initialization

After programming, the 8207 performs eight RAM
“warm-up” cycles to prepare the dynamic RAM for
proper device operation and, if configured for opera-
tion with error correction, the 8207 and 8206 EDCU
will proceed to initialize all of memory (memory is
written with zeros with corresponding check bits).

Table 2.

Bank Selection Decoding and
Word Expansion

Program| Bank .

Bits Input )

RB1/RB0 |BS1| BS@8| RAS/CAS Pair Allocation
0 0 0 0 RASq.3, CASg.3 to Bank 0
0 0 0 1 Bank 1 unoccupied
0 0 1 0 Bank 2 unoccupied
0 0 1 1 Bank 3 unoccupied
0 1 0 0 RASp,1, CASp,1 to Bank 0
0 1 0 1 RASj 3, CAS, 3 to Bank 1
0 1 1 0 Bank 2 unoccupied
0 1 1 1 Bank 3 unoccupied
1 0 0 0 RASp, CASg to Bank 0
1 0 0 1 RAS4, CASq to Bank 1
1 0 1 0 RASj3, CAS3 to Bank 2
1 0 1 1 Bank 3 unoccupied
1 1]lo0o]o RASp, CASg to Bank 0
1 1 0 1 RASq, CASq to Bank 1
1 1 1 0 RASj;, CAS; to Bank 2
1101 |1 RAS3, CAS3 to Bank 3

A-118
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Because the time to initialize memory is fairly long,
the 8207 may be programmed to skip initialization in
ECC mode. The time required to initialize all of
memory is dependent on the clock cycle time to the
8207 and can be calculated by the following
equation:

eq.1 Tint = (&%) Tey
if Tcy = 125 ns then Ty = 1 sec.

8206 ECC Interface

For operation with Error Checking and Correction
(ECC), the 8207 adjusts its internal timing and
changes some pin functions to optimize perfor-
mance and provide a clean dual-port memory inter-
face between the 8206 EDCU and memory. The 8207
directly supports a master-only (16-bit word plus 6
check bits) system. Under extended operation and
reduced clock frequency, the 8207 will support any
ECC master-slave configuration up to 80 data bits,
which is the maximum set by the 8206 EDCU. (See
Extend Option)

Correctable errors detected during memory read
cycles are corrected immediately and then written
back into memory.

In a synchronous bus environment, ECC system per-
formance has been optimized to enhance processor
throughput, while in an asynchronous bus environ-
ment (the Multibus), ECC performance has been op-
timized to get valid data onto the bus as quickly as
possible. Performance optimization, processor
throughput or quick data access may be selected via
the Transfer Acknowledge Option.

The main difference between the two ECC im-
plementations is that, when optimized for processor
throughput, RAM data is always corrected and an
advanced transfer acknowledge is issued at a point
when, by knowing the processor characteristics,
data is guaranteed to be valid by the time the proces-
sor needs it.

When optimized for quick data access, (valid for Mul-
tibus) the 8206 is configured in the uncorrecting
mode where the delay associated with error correc-
tion circuitry is transparent, and a transfer acknowl-
edge is issued as soon as valid data is known to exist.
If the ERROR flag is activated, then the transfer ac-
knowledge is delayed until after the 8207 has instruc-
ted the 8206 to correct the data and the corrected
data becomes available on the bus. Figure 5 il-
lustrates a dual-port ECC system.

Figure 6 illustrates the interface required to drive the
CRCT pin of the 8206, in the case that one port (PORT
A) receives an advanced acknowledge (not Multibus-
compatible), while the other port (PORT B) receives
XACK (which is Multibus-compatible).

Error Scrubbing

The 8207/8206 performs error correction during
refresh cycles (error scrubbing). Since the 8207 must
refresh RAM, performing error scrubbing during
refresh allows it to be accomplished without addi-
tional performance penalties.

Upon detection of a correctable error during refresh,
the RAM refresh cycle is lengthened slightly to per-
mit the 8206 to correct the error and for the corrected
word to be rewritten into memory. Uncorrectable er-
rors detected during scrubbing are ignored.

Refresh

The 8207 provides an internal refresh interval coun-
ter and a refresh address counter to allow the 8207 to
refresh memory. The 8207 will refresh 128 rows every
2 milliseconds or 256 rows every 4 milliseconds,
which allows all RAM refresh options to be sup-
ported. In addition, there exists the ability to refresh
256 row address locations every 2 milliseconds via
thé Refresh Period programming option.

The 8207 may be programmed for any of five differ-
ent refresh options: Internal refresh only, External
refresh with failsafe protection, External refresh
without failsafe protection, Burst Refresh mode, or
no refresh. (See Refresh Options)

It is possible to decrease the refresh time interval by
10%, 20% or 30%. This option allows the 8207 to
compensate for reduced clock frequencies. Note
that an additional 5% interval shortening is built-in in
all refresh interval options to compensate for clock
variations and non-immediate response to the inter-
nally generated refresh request. (See Refresh Period
Options)

External Refresh Requests after RESET
External refresh requests are not recognized by the
8207 until after it is finished programming and pre-

paring memory for access. Memory preparation in-
cludes 8 RAM cycles to prepare and ensure proper

AFN-02218B
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Figure 6. Interface to 8206 CRCT Input When Port
A Receives AACK and Port B Receives
XACK

dynamic RAM operation, and memory initialization if
error correction is used. Many dynamic RAMs re-
quire this warm-up period for proper operation. The
time it takes for the 8207 to recognize a request is
shown below.

eq.2 Non-ECC Systems: Trgsp = Tprog +
TrreP

eq.3 where: Tprog = (66) (Tgy) which is pro-
gramming time

eq. 4 Terep = (8) (32) (Tcy) which is the
RAM warm-up time

if Tcy = 125 ns then Tresp = 41 us

eq.5 ECC Systems: Tresp = Tprog + TPRep +
TinT

if Tcy = 125 ns then Tresp =~ 1 sec

RESET

RESET is an asynchronous input, the falling edge of
whichis used by the 20 to directly sample the logic
levels of the PCTLA, PCTLB, RFRQ, and PDI inputs.
The internally synchronized falling edge of RESET is
used to begin programming operations (shifting in
the contents of the external shift register into the PDI
input).

Until programming is complete the 8207 registers
but does not respond to command or status inputs. A
simple means of preventing commands or status
from occurring during this period is to differentiate
the system reset pulse to obtain a smaller reset pulse
for the 8207. The total time of the reset pulse and the
8207 programming time must be less than the time
before the first command in systems that alter the
default port synchronization programming bits
(default is Port A synchronous, Port B asynchro-
nous). Differentiated reset is unnecessary when the
default port synchronization programming is used.

A-121

The differentiated reset pulse would be shorter than
the system reset pulse by at least the programming
period required by the 8207. The differentiated reset
pulse first resets the 8207, and system reset would
reset the rest of the system. While the rest of the
system is still in reset, the 8207 completes its pro-
gramming. Figure 7 illustrates a circuit to ac-
complish this task.

Within four clocks after RESET goes active, all the
8207 outputs will go high, except for PSEN, WE, and
AOO0-8, which will go low.

OPERATIONAL DESCRIPTION

Programming the 8207

The 8207 is programmed after reset. On the falling
edge of RESET, the logic states of several input pins
are latched internally. The falling edge of RESET
actually performs the latching, which means that the
logic levels on these inputs must be stable prior to
that time. The inputs whose logic levels are latched at
the end of reset are the PCTLA, PCTLB, REFRQ, and
PDI pins. Figure 8 shows the necessary timing for
programming the 8207.

SYSTEM

RESET t I
el
8207 : '

RESET |

t; PROGRAMMING TIME OF 8207

8207
SYSTEM RESET

DIFFERENTIATED RESET

NOTES:

"REQUIRED ONLY WHEN THE PORT SYNCHRONIZATION
OPTIONS (SA & SB) ARE ALTERED FROM THEIR INITIAL DEFAULT
VALUES.

2y MUST BE STABLE BEFORE SYSTEM RESET IS ACTIVATED
WHEN USING THIS CIRCUIT.

Figure 7. 8207 Differentiated Reset Circuit
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I { ‘ . PDI0 X PDI X PDI2 T

NOTES: .

t;—~RESET IS AN ASYNCHRONOUS INPUT. IF RESET OCCURS BEFORE t;, THEN IT IS GUARANTEED TO BE RECOGNIZED.
t,—MINIMUM PDI VALID TIME PRIOR TO CLOCK EDGE THAT RECOGNIZES END OF RESET.

t3~MUX/PCLK DELAY.

ty—ASYNCHRONOUS LOAD DATA PROPAGATION DELAY.

Figure 8. Timing lllustrating External Shift Register Requirements for Programming the 8207

Status/Command Mode Table 3A. Status Coding of 8086, 80186 and 80286
The two processor ports of the 8207 are configured F - -
by the states of the PCTLA and PCTLB pins. Which _Status Code unction

interface .is selected depends on the state of the S2 | S1 SO0 8086/80186 80286
lndIVIdUal port’s PCTL pin at the end of reset. If PCTL 0 0 0 [INTERRUPT INTERRUPT

is high at the end of the reset, the 8086 Status inter- b

face is selected; if it is low, then the Command inter- 0 0 1__|VO READ /O REA

face is selected. 0 1 0 |I/O WRITE /0 WRITE

The status lines of the 80286 are similar in code and 0o | 1 1 |HALT ‘ IDLE

timing to the Multibus command lines, while the 1 0 0 ' |INSTRUCTION

status code and timing of the 8086 and 8088 are . FETCH . HALT

identical to those of the 80186 (ignoring the differ- MEMORY-READ |MEMORY READ

(=)
-

ences in clock duty cycle). Thus there exists two
interface configurations, one for the 80286 status or

1 1 0 |MEMORY WRITE |MEMORY WRITE

Multibus memory commands, which is called the 1 1 1 |IDLE IDLE

Command interface, and one for 8086, 8088 or 80186
status, called the 8086 Status interface. The Com-
mand interface can also directly interface to the i

command linés of the bus controllers for the 8086, .o Table 3B. 8207 Response
8088, 80186 and the 80286. . i L

8207 .

The 8086 Status interface allows direct decoding of Command .o Function .
tThilsta:t!us:f theI:APX 86, iIAPX 88: and the Z\PX 182. 8086/80186 | 80286/Status or

able 3 shows how the status !mes are decoded. o Status Command
While in the Command mode the iAPX 286 status can PCTL | RD| WR Interface Interface
be directly decoded. Microprocessor bus controller i :
read or write commands or Multibus commands can 0 0 0 IGNORE IGNORE
also be directed to the 8207 when in Command 0 0 1 IGNORE ._READ
mode. 0 1| 0 | IGNORE . - WRITE
Refresh OPtions 0 1 1 IGNORE IGNORE
Immediately after system reset, the state of the 1 0 0 READ IGNORE
REFRQ input pin is examined. If REFRQ is high, the 1:1 0 1 READ : INHIBIT
8207 provides the user with the choice between self- 1 11 o WRITE INHIBIT
refresh or user-generated refresh with failsafe pro-
tection. Failsafe protection guarantees that if the 1 1 1 IGNORE__ IGNORE

AFN-022188
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user does not come back with another refresh re-
quest before the internal refresh interval counter
times out, a refresh request will be automatically
‘generated. If the REFRQ pin is low immediately after
a reset, then the user has the choice of a single
external refresh cycle without failsafe, burst refresh
or no refresh,

‘Internal Refresh Only

For the 8207 to generate internal refresh requests, it
is necessary only to strap the REFRQ input pin high.

External Refresh with Failsafe

To allow user-generated refresh requests with fail-
safe protection, it is necessary to hold the REFRQ
input high until after reset. Thereafter, a low-to-high
transition on this input causes a refresh request to be
generated and the internal refresh interval counter
to be reset. A high-to-low transition has no effect on
the 8207. A refresh request is not recognized until a
previous request has been serviced.

External Refresh without Failsafe

To generate single external refresh requests without
failsafe protection, it is necessary to hold REFRQ low
until after reset. Thereafter, bringing REFRQ high for
one clock period causes a refresh request to be
generated. A refresh request is not recognized until a
previous request has been serviced.

Burst Refresh

Burst refresh is implemented through the same pro-
‘cedure as a single external refresh without failsafe
(i.e,, REFRQ is kept low until after reset). Thereafter,
bringing REFRQ high for a least two clock periods
causes a burst of 128 row address locations to be
refreshed.

In ECC-configured systems, 128 locations are scrub-
bed. A burst refresh request is not recognized until a
previous request has been serviced.

No Refresh

It is necessary to hold REFRQ low until after reset.
This is the same as programming External Refresh
without Failsafe. No refresh is accomplished by
keeping REFRQ low. ' ‘

A-123

Option Program Data Word

The program data word consists of 16 program data
bits, PDO-PD15. If the first program data bit PDO is
set to logic 1, the 8207 is configured to support ECC.
If it is logic O, the 8207 is configured to support a
non-ECC system. The remaining bits, PD1-PD15,
may then be programmed to optimize a selected
configuration. Figures 9 and 10 show the Program
word for non-ECC and ECC operation.

Using an External Shift Register

The 8207 may be configured to use an external shift
register with asynchronous load capability such as a
74L.S165. The reset pulse serves to parallel load the
shift register and the 8207 supplies the clocking sig-
nal to shift the data in. Figure 11 shows a sample
circuit diagram of an external shift register circuit.
Serial data is shifted into the 8207 via the PDI pin (57),
and clock is provided by the MUX/PCLK pin (12),
which generates a total of 16 clock pulses. After
programming is complete, data appearing at the in-
put of the PDI pin is ignored. MUX/PCLK is a dual-
function pin. During programming, it serves to clock
the external shift register, and after programming is
completed, it reverts to a MUX control pin. As the pin
changes state to select.different port addresses, it
continues to clock the shift register. This does not
present a problem because data at the PDI pin is
ignored after programming. Figure 8 illustrates the
timing requirements of the shift register circuitry.

ECC Mode (ECC Program Bit)

The state of PDI (Program Data In) pin at reset deter-
mines whether the system is an ECC or non-ECC
configuration. It is used internally by the 8207 to
begin configuring timing circuits, even before pro-
gramming is completely finished. The 8207 then
begins programming the rest of the options.

Default Programming Options

After reset, the 8207 serially shifts in a program data
word via the PDI pin. This pin may be strapped either
high or low, or connected to an external shift register.
Strapping PDI high causes the 8207 to default to a
particular system configuration with error correc-
tion, and strapping it low causes the 8207 to default
to a particular system configuration without error
correction. Table 4 shows the default configurations.
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PD15

PD8 PD7

PDO

ITI 0 ITMIIW‘RIF_FS]EXTIP_LSICIOIClllﬁﬁlmlmm SBIST\I o|

PROGRAM
DATA BIT NAME POLARITY/FUNCTION
PDO ECC ECC=0 FOR NON-ECC MODE
PD1 SA SA=0 PORT A IS SYNCHRONOUS
SA=1 PORTA IS ASYNCHRONOUS
PD2 SB SB=0 PORT B IS ASYNCHRONOUS
SB=1 PORT B IS SYNCHRONOUS
PD3 CFS CFS=0 FAST-CYCLE iAPX 286 MODE
CFS=1 SLOW-CYCLE iAPX 86 MODE
PD4 RFS RFS=0 FAST RAM
RFS=1 SLOW RAM
PD5 RBO RAM BANK OCCUPANCY
PD6 RB1 SEE TABLE 2
PD7 cn COUNT INTERVAL BIT 1; SEE TABLE 6
PD8 clo COUNT INTERVAL BIT 0; SEE TABLE 6
PD9 PLS PLS=0 LONG REFRESH PERIOD
PLS=1 SHORT REFRESH PERIOD
PD10 EXT EXT=0 NOT EXTENDED
EXT EXT=1_ EXTENDED
PD11 FFS FFS=0 FAST CPU FREQUENCY
FFS=1_SLOW CPU FREQUENCY
PD12 PPR PPR=0 MOST RECENTLY USED PORT
___ PRIORITY
PPR=1 PORT A PREFERRED
PRIORITY
PD13 T™1 TM1=0 TEST MODE 1 OFF
TM1=1 TEST MODE 1 ENABLED
PD14 0 RESERVED MUST BE ZERO
PD15 0 RESERVED MUST BE ZERO

Figure 9. Non-ECC Mode Program Data Word

PDO

PD15
IT_M_ZI RB1|F|BD PPRI FFS EXT| PLS | cn l XB l |RFSICFS| SB | SA I |

PROGRAM
DATA BIT NAME POLARITY/FUNCTION
PDO ECC ECC=1 ECC MODE
PDt SA SA=0 PORTA ASYNCHRONOUS
SA=1 PORTA SYNCHRONOUS
PD2 SB PORT B SYNCHRONOUS
PORT B ASYNCHRONOUS
PD3 CFS CFS=0 SLOW-CYCLE IAPX 86 MODE
CFS=1 FAST-CYCLE IAPX 286 MODE
PD4 RFS RFS=0 SLOW RAM
RFS=1 FAST RAM
PD5 XA XA=0 MULTIBUS-COMPATIBLE
_ ACKA
XA=1 ADVANCED ACKA NOT
MULTIBUS-COMPATIBLE
PD6 XB XB=0 ADVANCED ACKB NOT
MULTIBUS COMPATIBLE
XB=1 MULTIBUS-COMPATIBLE
ACKB
PD7 cn COUNT INTERVAL BIT 1; SEE TABLE 6
PD8 €10 COUNT INTERVAL BIT 0; SEE TABLE 6
PD9 PLS PLS=0 SHORT REFRESH PERIOD
PLS=1 LONG REFRESH PERIOD
PD10 EXT EXT=0 MASTER AND SLAVE EDCU
EXT=1_MASTER EDCU ONLY
PD11 FFS FFS=0 SLOW CPU FREQUENCY
FFS=1_ FAST CPU FREQUENCY
. PD12 PPR PPR=0 PORT A PREFERRED
PRIORITY
PPR=1 MOST HECENTLY USED PORT
PRICRI
PD13 RBO RAM BANK occumncv
PD14 RB1 SEE TABLE 2
PD15 T™2 TM2=0 TEST MODE 2 ENABLED
TM2=1 TEST MODE 2 OFF

Figure 10. ECC Mode Program Data Word
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Figure 11. External Shift Register Interface

Table 4A.
Default Non-ECC Programming, PDI Pin (57)
Tied to Ground.

Port A is Synchronous

Port B is Asynchronous

Fast-cycle Processor Interface

Fast RAM

Refresh Interval uses 236 clocks

128 Row refresh in 2 ms; 256 Row refresh in 4 ms

Fast Processor Clock Frequency (16 MHz)

“Most Recently Used” Priority Scheme

4 RAM banks occupied

Table 4B.
Default ECC Programming, PDI Pin (57)
Tied to V-

Port A is Synchronous

Port B is Asynchronous

Fast-cycle Processor Interface

Fast RAM

Port A has Advanced ACKA strobe (non-multibus)

If further system flexibility is needed, one or two
external shift registers can be used to tailor the 8207
to its operating environment. .

Synchronous/Asynchronous Mode
(SA and SB Program Bits)

Each port of the 8207 may be independently config-
ured to accept synchronous or asynchronous port
commands (RD, WR, PCTL) and Port Enable (PE) via
the program bits SA and SB. The state of the SA and
SB programming bits determine whether their asso-
ciated ports are synchronous or asynchronous.

While a port may be configured with either the Status
or Command interface in the synchronous mode,
certain restrictions exist in the asynchronous mode.
An asynchronous Command interface using the con-
trol lines of the Multibus is supported, and an asyn-
chronous 8086 interface using the control lines of
the 8086 is supported, with the use of TTL gates as
illustrated in Figure 2. In the 8086 case, the TTL gates
are needed to guarantee that status does not appear
at the 8207 inputs too much before address, so that a
cycle would start before address was valid.

Mlcroprocessor Clock Frequency Option
(CFS and FFS Program Bits)

The 8207 can be programmed to interface with slow-
cycle microprocessors like the 8086, 8088, and 80186
or fast-cycle microprocessors like the 80286. The
CFS bit configures the microprocessor interface to
accept slow or fast cycle signals from either micro-
processor group.

This option is used to select the speed of the micro-
processor clock. Table 5 shows the various
microprocessor clock frequency options that can be
programmed.

Table 5. o
Microprocessor Clock Frequency Options

Port B has Non-advance ACKB strobe (muitibus) Program Bits Processor Clock
Refresh interval uses 236 clocks CFS FFS Frequency
128 Row refresh in 2 ms; 256 Row refresh in 4 ms 0 0 'Q:)agg' 5 MHz
Master EDCU only (16-bit system) 0 1 iAPX 86, 8 MHz
Fast Processor Clock Frequency (16 MHz) 88, 186

“Most Recently Used” Priority Scheme 1 0 iAPX 286 10 MHz

4 RAM banks occupied 1 1 iAPX 286 16 MHz

AFN-022188
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The external clock frequency must be programmed
so that the failsafe refresh repetition circuitry can
adjust its internal timing accordingly to produce a
refresh request as programmed.

RAM Speed Option (RFS Program Bit)

The RAM Speed programming option determines
whether RAM timing will be optimized for a fast or
slow RAM. Whether a RAM is fast or slow is mea-
sured relative to the 2118-10 (Fast) or the . 2118-15
(Slow) RAM specifications.

Refresh Period Options
(Cl0, CI1, and PLS Program Bits)

The 8207 refreshes with either 128 rows every 2 mil-
liseconds or 256 rows every 4 milliseconds. This
translates to one refresh cycle being executed ap-
proximately once every 15.6 microseconds. This rate
can be changed to 256 rows every 2 milliseconds or a
refresh approximately once every 7.8 microseconds
via the Period Long/Short, program bit PLS, pro-
gramming option. The 7.8 microsecond refresh re-
quest rate is intended for those RAMs, 64K and
above, which may require a faster refresh rate.

In addition to PLS program option, two other pro-
gramming bits for refresh exist: Count Interval 0 (C10)
and Count Interval 1 (Cl1). These two programming
bits allow the rate at which refresh  requests are
generated to be increased in order to permit refresh
requests to be generated close to the same 15.6 or
7.8 microsecond period when the 8207 is operating

at reduced frequencies. The interval between re-
freshes is decreased by 0%, 10%, 20%, or 30% as a
function of how the count interval bits are program-
med. A 5% guardband is built-in to allow for any
clock frequency variations. Table 6 shows the refresh
period options available.

The numbers tabulated under Count Interval repre-
sent the number of clock periods between internal
refresh requests. The percentages in parentheses
represent the decrease in interval between refresh
requests. Note that all intervals have a built-in 5%
(approximately) safety factor to compensate for
minor clock frequency deviations and non-
immediate response to internal refresh requests.

Extend Option (EXT Program Bit)

The Extend option lengthens the memory cycle to
allow longer access time which may be required by
the system. Extend alters the RAM timing to compen-
sate for increased loading on the Row and Column
Address Strobes, and in the multiplexed Address
Out lines.

Port Priority Option and Arbitration
(PPR Program Bit)

The 8207 has to internally arbitrate among three
ports: Port A, Port B and Port C—the refresh port.
Port C is an internal port dedicated to servicing
refresh requests, whether they are generated inter-
nally by the refresh inverval counter, or externally by
the user. Two arbitration approaches are available via

Table 6. Refresh Count Interval Table

Count Interva_l
Cl1, Clo
(8207 Clock Periods)
Ref.

Freq. Period 00 01 10 11
(MHz2) (1S) CFS PLS FFS -(0%) (10%) (20%) (30%)
16 15.6 1 1 1 236 212 188 164

7.8 1 0 1 118 106 94 82
10 15.6 1 1 0 148 132 116 100
7.8 1 0 0 74 66 58 50
8 15.6 0 1 1 118 106 94 82
7.8 0 0 1 59 53 47 41
5 15.6 0 1 0 74 66 58 50
7.8 0 0 0 37 33 29 25
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ADVANGE INFORMATION

the Port Priority programming option, program bit
PPR. PPR determines whether the most recently
used port will remain selected (PPR = 1) or whether
Port A will be favored or preferred over Port B
(PPR = 0).

A port is selected if the arbiter has given the selected
port direct access to the timing generators. The
front-end logic, which includes the arbiter, is de-
signed to operate in parallel with the selected port.
Thus a request on the selected port is serviced imme-
diately. In contrast, an unselected port only has ac-
cess to the timing generators through the front-end
logic. Before a RAM cycle can start for an unselected
port, that port must first become selected (i.e., the
MUX output now gates that port's address into the
8207 in the case of Port A or B). Also, in order to allow
its address to stabilize, a newly selected port’s first
RAM cycle is started by the front-end logic. There-
fore, the selected port has direct access to the timing
generators. What all this means is that a requeston a
selected port is started immediately, while a request
on an unselected port is started two to three clock
periods after the request, assuming that the other

two ports are idle. Under normal operating condi-
tions, this arbitration time is hidden behind the RAM
cycle of the selected port so that as soon as the
present cycle is over a new cycle is started. Table 7
lists the arbitration rules for both options.

Port LOCK Function

The LOCK function provides each port with the
ability to obtain uninterrupted access to a critical
region of memory and, thereby, to guarantee that the
opposite port cannot “sneak in” and read from or
write to the critical region prematurely.

Only one LOCK pin is present and is multiplexed
between the two ports as follows: when MUX is high,
the 8207 treats the LOCK input as originating at
PORT A, while when MUX is low, the 8207 treats
LOCK as originating at PORT B. When the 8207
recognizes a LOCK, the MUX output will remain
pointed to the locking port until LOCK is deactivated.
Refresh is not affected by LOCK and can occur dur-
ing a locked memory cycle.

Table 7.
The Arbitration Rules for the Most Recently Used Port Priority and for Port A Priority Options
Are As Follows:

1. If only one port requests service, then that port—if not already selected—becomes selected.

(Most Recently Used Port Priority Option)

2a. When no service requests are pending, the last selected processor port (Port A or B) will remain selected.

2b. When no service reqdests are pending, Port A is selected whether it requests service or not. (Port A Priority

Option)
3. During reset initialization only Port C, the refresh port, is selected.
4. If no processor requests are pending after reset initialization, Port A will be selected.
5a. If Ports A and B simultaneously(*) request service while Port C is being serviced, then the next port to be

selected is the one which was not selected prior to servicing Port C. (Most Recently Used Port Priority
Option)

5b. If Ports A and B simultaneously(*) request service while Port C is selected, then the next port to be selected
is Port A. (Port A Priority Option)

6. If a port simultaneously requests service with the currently selected port, service is granted to the selected
port.

7. The MUX output remains in its last state whenever Port C is selected.

8. If Port C and either Port A or Port B (or both) simultaneously request service, then service is granted to the
requester whose port is already selected. If the selected port is not requesting service, then service is
granted to Port C.

9. If during the servicing of one port, the other port requests service before or simultaneously with the refresh
port, the refresh port is selected. A new port is not selected before the presently selected port is
deactivated.

10. Activating LOCK will mask off service requests from Port B if the MUX output is high, or from Port A if the

MUX output is low.

* By “simultaneous” it is meant that two or more requests are valid at the clock edge at which the internal arbiter
samples them.
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PROGRAMMABLE INTERRUPT CONTROLLER

m iAPX 86, iAPX 88 Compatible

s MCS-80%®, MCS-85® Compatible

m Eight-Level Priority Controller

= Expandable to 64 Levels

= Programmable Interrupt Modes

The Intel® 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses
NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input.

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has
several modes, permitting optimization for a variety of system requirements.

The 8259A is fully upward compatible with the Intel® 8259. Software originally written for the 8259 will operate the

» Individual Request Mask Capability

m Single + 5V Supply (No Clocks)

m 28-Pin Dual-In-Line Package

m Available in EXPRESS
- Standard Temperature Range
- Extended Temperature Range

8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered).
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Figure 1. Block Diagram
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Figure 2. Pin Configuration

Intel Corporation Assumes No Responsibilty 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

Symbol Pin No. | Type Name and Function

Vce 28 | Supply: +5V Supply.

GND 14 | Ground.

Cs 1 || Chip Select: Alow on this pin enables RD and WR communication between the CPU and the 8259A.
INTA functions are independent of CS.

WR 2 (o] Write: Alow onthispinwhen CSislowenablesthe B259A to accept command words from the CPU.

RD 3 | Read: Alow on this pin when CSis low enables the 8259A to release status onto the data bus for the
CPU.

D7-Dg 4-11 I/0 | Bldirectional Data Bus: Control, status and interrupt-vector information is transferred via this bus.

CASo-CAS; | 12,13,15| /0 | Cascade Lines: The CAS lines form a private 8259A bus to control a multiple 8259A structure. These
pins are outputs for a master 8259A and inputs for a slave 8259A. l

SP/EN 16 /0 | Slave Program/Enable Bufter: Thisis adual function pin. When in the Buffered Mode it can be used
as an output to control buffer transceivers (EN). When not in the buffered mode itis used as an input
to designate a master (SP = 1) or slave (SP = 0).

INT 17 o Interrupt: This pin goes high whenever avalid interrupt request is asserted. Itis used tointerrupt the
CPU, thus it is connected to the CPU’s interrupt pin.

IRg-IR7 18-25 t Interrupt Requests: Asynchronous inputs. An interrupt request is executed by raising an IR input
(low to high), and holding it high until it is acknowledged (Edge Triggered Mode)‘ or just by a high
level on an IR input (Level Triggered Mode).

INTA 26 | Interrupt Acknowledge: This pinis used to enable 8259A interrupt-vector data onto the data bus by
a sequence of interrupt acknowledge pulses issued by the CPU.

Ag 27 | | AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 8259A

to deciphervarious Command Words the CPU writes and status the CPU wishes to read. It is typically
connected to the CPU AQ address line (A1 for iAPX 86, 88).

AFN-00221E
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FUNCTIONAL DESCRIPTION

Interrupts in Microcomputer Systems

Microcomputer system design requires that I/O devices
such as keyboards, displays, sensors and other com-
ponents receive servicing in an efficient manner so that
large amounts of the total system tasks can be assumed
by the microcomputer with little or no effect on through-
put.

The most common method of servicing such devices is
the Polled approach. This is where the processor must
test each device in sequence and in effect "'ask” each
one if it needs servicing. It is easy to see that a large por-
tion of the main program is looping through this con-
tinuous polling cycle and that such a method would
have a serious, detrimental effect on system through-
put, thus limiting the tasks that could be assumed by
the microcomputer and reducing the cost effectiveness
of using such devices.

A more desirable method would be one that would allow
the microprocessor to be executing its main program
and only stop to service peripheral devices when it is
told to do so by the device itself. in effect, the method
would provide an external asynchronous input that
would inform the processor that it should complete
whatever instruction that is currently being executed
and fetch a new routine that will service the requesting
device. Once this servicing is complete, however, the
processor would resume exactly where it left off.

This method is called Interrupt. It is easy to see that
system throughput would drastically increase, and thus
more tasks could be assumed by the microcomputer to
further enhance its cost effectiveness.

The Programmable Interrupt Controller (PIC) functions
as an overall manager in an Interrupt-Driven system
environment. It accepts requests from the peripheral
equipment, determines which of the incoming requests
is of the highest importance (priority), ascertains
whether the incoming request has a higher priority value
than the level currently being serviced, and issues an
interrupt to the CPU based on this determination.

Each peripheral device or structure usually has a special
program or “‘routine’ that is associated with its specific
functional or operational requirements; this is referred
to as a "'service routine”. The PIC, after issuing an Inter-
rupt to the CPU, must somehow input information into
the CPU that can “point” the Program Counter to the
service routine associated with the requesting device.
This "“pointer” is an address in a vectoring table and will
often be referred to, in this document, as vectoring data.

The 8259A

The 8259A is a device specifically designed for use in
real time, interrupt driven microcomputer systems. it
manages eight levels or requests and has built-in fea-
tures for expandability to other 8259A's (up to 64 levels).
It is programmed by the system’s software as an 1/O
peripheral. A selection of priority modes is available to
the programmer so that the manner in which the re-
quests are processed by the 8259A can be configured to

match his system requirements. The priority modes can
be changed or reconfigured dynamically at any time dur-
ing the main program. This means that the complete
interrupt structure can be defined as required, based on
the total system environment.
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INTERRUPT REQUEST REGISTER (IRR) AND
IN-SERVICE REGISTER (ISR)

The interrupts at the IR input lines are handled by two
registers in cascade, the Interrupt Request Register
(IRR) and the In-Service Register (ISR). The IRR is used
to store all the interrupt levels which are requesting ser-
vice; and the ISR is used to store all the interrupt levels
which are being serviced.

PRIORITY RESOLVER

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

INTERRUPT MASK REGISTER (IMR)

The IMR stores the bits which mask the interrupt lines
to be masked. The IMR operates on the IRR. Masking of
a higher priority input will not affect the interrupt
request lines of lower priority.

INT (INTERRUPT)

This output goes directly to the CPU interrupt input. The
Vo level on this line is designed to be fully compatible
with the B0BOA, 8085A and 8086 input levels.

INTA (INTERRUPT ACKNOWLEDGE)

INTA pulses will cause the 8259A to release vectoring
information onto the data bus. The format of this data
depends on the system mode (uPM) of the 8259A.

DATA BUS BUFFER

This 3-state, bidirectionai 8-bit buffer is used to inter-
face the 8259A to the system Data Bus. Control words
and status information are transferred through the Data
Bus Buffer.

READ/WRITE CONTROL LOGIC

The function of this block is to accept OUTput com-
mands from the CPU. It contains the Initialization Com-
mand Word (ICW) registers and Operation Command
Word (OCW) registers which store the various control

formats for device operation. This function block also

allows the status of the 8259A to be transferred onto the
Data Bus.

CS (CHIP SELECT)

A LOW on this input enables the 8259A. No reading or
writing of the chip will occur unless the device is
selected.

WR (WRITE)

A LOW on this input enables the CPU to write control
words (ICWs and OCWs) to the 8259A.

RD (READ)

A LOW on this input enables the 8259A to send the
status of the Interrupt Request Register (IRR), In Service
Register (ISR), the Interrupt Mask Register (IMR), or the
Interrupt level onto the Data Bus.
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Figure 4a. 8259A Block Diagram

CONTROL LOGIC

I
a1 10

0ATA
0,-09 8us
BUFFLR

= bo——1m0

7 —df fo— 11
wR ——ad REaD

R w PR

Louic SERVICE PRIORITY REQUEST |+ ~-IRI

ygu—— REG IRESOLVER REG | iRa

3R vart [L oo

? [+ —1Rs

(53 fo- -1R7

cascapt

BUFFER
compaRat1CR

~INTERNAL BUS

Figure 4b. 8259A Block Diagram

Ao

This input signal is used in conjunction with WR and RD
signals to write commands into the various command
registers, as well as reading the various status registers
of the chip. This line can be tied directly to one of the ad-
dress lines.
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THE CASCADE BUFFER/ICOMPARATOR

This function block stores and compares the IDs of all
8259A's used in the system. The associated three I/O
pins (CAS0-2) are outputs when the 8259A is used as a
master and are inputs when the 8259A is used as a
slave. As a master, the 8259A sends the ID of the inter-
rupting slave device onto the CAS0-2 lines. The slave
thus selected will send its preprogrammed subroutine
address onto the Data Bus during the next one or two
consecutive INTA pulses. (See section “Cascading the
8259A")

INTERRUPT SEQUENCE

The powerful features of the 8259A in a microcomputer
system are its programmability and the interrupt routine
addressing capability. The latter allows direct or indirect
jumping to the specific interrupt routine requested
without any polling of the interrupting devices. The nor-
mal sequence of events during an interrupt depends on
the type of CPU being used.

The events occur as follows in an MCS-80/85 system:

1.0ne or more of the INTERRUPT REQUEST lines
(IR7-0) are raised high, setting the corresponding IRR
bit(s).

2. The 8259A evaluates these requests, and sends an
INT to the CPU, if appropriate

3. The CPU acknowledges the INT and responds wnh an
INTA pulse.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set, and the corresponding
IRR bit is reset. The 8259A will also release a CALL in-
struction code'{11001101) onto the 8-bit Data Bus
through its D7-0 pins.

5.This CALL instruction will initiate two more INTA
pulses to be sent to the 8259A from the CPU group.

6. These two INTA pulses allow the 8259A to release its
preprogrammed subroutine address onto the Data
Bus. The lower 8-bit address is released at the first
iNTA pulse and and the the higher 8-bit address is re-
leased at the second INTA pulse. )

. This completes the 3-byte CALL instruction released
by the 8259A. In the AEOI mode the ISR bit is reset at
the end of the third INTA pulse. Otherwise, the ISR bit
remains set until an appropriate EQOl command is
issued at the end of the interrupt sequence.

~

The events occurring in an iAPX 86 system are the same
until step 4.

4. Upon receiving an INTA from the CPU group, the high-
est priority ISR bit is set and the corresponding IRR
bit is reset. The 8259A does not dnve the Data Bus
during this cycle. .

. The iAPX 86/10 will initiate a second INTA pulse.

During this pulse, the 8259A releases an 8-bit pointer
onto the Data Bus where it is read by the CPU

o

This completes the interrupt cycle. In the AEOI ' mode
the ISR bit'is reset at the end of the second INTA
pulse. Otherwise, the ISR bit remains set until an
appropriate EOl command is issued at the end of the
interrupt subroutine.

o

If no interrupt request is present at step 4 of éither
sequence (i.e., the request was too short in duration) the
8259A will issue an interrupt level 7. Both the vectoring
bytes and the CAS lines will look like an mterrupt level 7
was requested.
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INTERRUPT SEQUENCE OUTPUTS
MCS-80®, MCS-85°

This sequehce is timed by three INTA pulses. During the
first INTA pulse the CALL opcode is enabled onto the
data bus.

Content of First Interrupt
Vector Byte

D7 D6 DS D4 D3 D2 Dt Do

CALL CODE [ 1 1 0 0 1 1 0 1

During the second iNTA pulse the lower address of the
appropriate service routine is enabled onto the data bus.
When Interval = 4 bits As-A; are programmed, while Ap-
A4 are automatically inserted by the 8259A. When Inter-
val =8 only Ag and A; are programmed, while Ag-Ag are
automatically inserted.

- Content of Second Interrupt
Vector Byte

IR interval = 4
D7 D6 D5 D4 D3 D2 D1 DO
7 A7 A6 A5 1 1 1 0 0
6 A7 A6 A5 1 1 0 0 0
5 A7 A6 A5 " 0 1 0 0
4 A7 A6 A5 1 [} 0 0 0
3 A7 A6 A5 0 1 1 0 0
2 A7 A6 AS (1] 1 0 0 0
1 A7 A6 A5 0 0 1 0 0
0 A7 A6 AS [ [ /] [} 1]
IR Interval =8
D7 D8 D5 D4 03 02 D1 D0
7 A7 A6 1 1 1 0 0 0
6 A7 A6 1 1 ] 0 0 0
5 A7 A6 1 0 1 ) 0 0
4 A7 A6 1 0 ] 0 0 [
3 A7 - A8 ] 1 1 0 o 0
2 A7 A6 0 1 0 0 0 0
1 A7 A6 (4] 0 1 0 0 0
0 A7 A6 0 0 0 0 0 0

During the third INTA pulse the higher address of the
appropriate service routine, which was programmed as
byte 2 of the initialization sequence (Ag—A;s), is
enabled onto the bus.

Content of Third Interrupt
Vector Byte

D7 D6 D5 D4 DI D2 DI DO
(a5 [ ate J a3 ] a2 [ at.] a0 a0 [ s

iAPX 86, iIAPX 88

iAPX 86 mode is similar to MCS-80 mode except that only
two Interrupt Acknowledge cycles are issued by the pro-
cessor and no CALL opcode is sent to the processor. The
first interrupt acknowledge cycle is similar to that of
MCS-80, 85 systems in that the 8259A uses it to internally
freeze the state of the interrupts for priority resolution and
as a master it issues the interrupt code on the cascade
lines atthe end of the INTA pulse. On this first cycle it does

not issue any data to the processor and leaves its data bus
buffers disabled. On the second interrupt acknowledge
cycle in iAPX 86 mode the master (or slave if so pro-
grammed) will send a byte of data to the processor with
the acknowledged interrupt code composed as follows
(note the state of the ADI mode control is ignored and
As—A1q are unused in iAPX 86 mode):

Content of Interrupt Vector Byte
for IAPX 86 System Mode

D7 D6 DS D4 D3
IR7 T7 T6 5 T4 T3
IR6 17 T6 T5 T4 T3
IRS T7 T6 T5 T4 T3
IR4 T7 T6 5 T4 T3
IR3 T7 T6 T5 T4 T3
IR2 T7 T6 T5 T4 T3
IR1 T7 T6 5 T4 T3
IRO T7 T6 T5 T4 T3

o
N
o
-
[=]
[=]

O|0|=|=]OolO|~|~=
o|l=jol=]jo|l=]jol~

Olo|o|o|alal=s]|=

PROGRAMMING THE 8259A

The 8259A accepts two types of command words gener-
ated by the CPU:

1. Initialization Command Words (ICWs): Beéfore normal
operation can begin, each 8259A in the system must
be brought to a starting point — by a sequence of 2 to
4 bytes timed by WR pulses.

2. Operation Command Words (OCWs): These are.the
command words which command the 8259A to oper-
ate in various interrupt modes. These modes are:
a. Fully nested mode
b. Rotating priority mode
c. Special mask mode
d. Polied mode

The OCWs can be written into the 8259A anytime after
initialization.

INITIALIZATION COMMAND WORDS

(ICWS)

GENERAL

Whenever a command is issued with AO=0 and D4=1,

this is interpreted as Initialization Command Word 1

(ICWH1). ICW1 starts the initialization sequence during

which the following automatically occur.

a. The edge sense circuit is reset, which means that fol-
lowing initialization, an interrupt request (IR) input
must make a low-to-high transition to generate an
interrupt.

. The Interrupt Mask Register is cleared.

. IR7 input is assigned priority 7.

. The slave mode address is set {o 7.

. Special Mask Mode is cleared and Status Read is setto
IRR. :

. If IC4=0, then all functions selected in ICW4 are set to
zero. (Non-Buffered mode*, no Auto-EOI, MCS-80, 85
system).

© Qoo

—_

*Note: Master/Slave in ICW4 is only used in the buffered mode.
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INITIALIZATION COMMAND WORDS 1 AND 2
(ICW1, ICW2)

As-Aqs: Page starting address of service routines. In an
MCS 80/85 system, the 8 request levels will generate
CALLs to 8 locations equally spaced in memory. These
can be programmed to be spaced at intervals of 4 or 8
memory locations, thus the 8 routines will occupy a
page of 32 or 64 bytes, respectively.

The address format is 2 bytes long (Ag-Ays). When the
routine interval is 4, Ag-A,4 are automatically inserted by
the B259A, while Ag-A5 are programmed externally.
When the routine interval is 8, Ag-Ag are automatically
inserted by the 8259A, while Ag-A5 are programmed
externally.

The 8-byte interval will maintain compatibility with cur-
rent software, while the 4-byte interval is best tor acom-
pact jump table.

In an iAPX 86 system A{5-A14 are inserted in the five most
significant bits of the vectoring byte and the 8259A sets
the three least significant bits according to the interrupt
level. Ajp—Ag are ignored and ADI (Address interval) has
no effect.

LTIM: If LTIM=1, then the 8259A will operate in the
level interrupt mode. Edge detect logic on the
interrupt inputs will be disabled.

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

SNGL: Single. Means that this is the only 8259A in the
system. If SNGL = 1 no ICW3 will be issued.

IC4:  If this bit is set — ICW4 has to be read. If ICW4
is not needed, set IC4=0.

INITIALIZATION COMMAND WORD 3 (ICW3)

This word is read only when there is more than one
8259A in the system and cascading is used, in which
case SNGL=0. It will load the 8-bit slave register. The
functions of this register are:

a. Inthe master mode (either when SP =1, orin buffered
mode when M/S=1 in ICW4) a “1” is set for each
slave in the system. The master then will release byte
1 of the call sequence (for MCS-80/85 system) and
will enable the corresponding slave to release bytes 2
and 3 (for iAPX 86 only byte 2) through the cascade
lines.

b. In the slave mode (either when SP=0, or if BUF =1
and M/S=0 in ICW4) bits 2-0 identify the slave. The
slave compares its cascade input with these bits and,
if they are equal, bytes 2 and 3 of the call sequence (or
just byte 2 for iAPX 86 are released by it on the Data
Bus.

INITIALIZATION COMMAND WORD 4 (ICW4)

SFNM: If SFNM=1 the special fully nested mode is
programmaed.

BUF: If BUF =1 the buffered mode is programmed. In
butfered mode SP/EN becomes an enable outp
and the master/slave determination is by M/S.

M/S: If buffered mode is selected: M/S =1 means the
8259A is programmed to be a master, MIS=0
means the 8259A is programmed to be a slave. If
BUF =0, M/S has no function.

AEOQI: If AEOI=1 the automatic end of interrupt mode
is programmed.

uPM: Microprocessor mode: uPM = 0 sets the 8259A for
MCS-80, 85 system operation, uPM = 1 sets the
8259A for iAPX 86 system operation.

NO (SINGL 1)

YES {SNGL  0)

NO (IC4  0)

1S ICW4
NEEDED

YES (IC4 1)

READY TO ACCEPT
INTERRUPT REQUESTS

Figure 6. Initialization Sequence
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o O O, O

ow

_

g
7|
»

o, b, D, D D
] 1 LIIM[ ADITSNGL] ICTI

1 ICW4 NEEDED
0+ NO ICW4 NEEDED

1 = SINGLE
0 = CASCADE MODE

CALL ADDRESS INTERVAL
1+ INTERVAL OF 4
0= INTERVAL OF 8

1 = LEVEL TRIGGERED MODE

DGE TRIGGERED MODE

A;-Ag of INTERRUPT
VECTOR ADDRESS

A,

(MCS-80/85 MODE ONLY)

cw2
D, D,

K I“'%IA“[AJiié]ATJ%J s fn]

A,5-Ag OF INTERRUPT

VECTOR ADDRESS

{MCS80/85 MODE)
T,-T4 OF INTERRUPT

ICW3 (MASTER DEVICE) VEC?OR ADDRESS

(80868088 MODE)
o, 0 o

[LLLLLE LT

L[

l I ! 1+ IR INPUT HAS A SLAVE
L 0 - IR INPUT DOES NOT HAVE

A SLAVE
. ICW3 (SLAVE DEVICE)
% 0, D O O D0, b, D0 D,
lvlo—[olololom, D, uu‘,J
SLAVE ID1!
oO|v|2]|3|4|5|6]|7
ofv|ofr]ofjrfofr
ofoji1fr]ojofr]r
ofojofofr[r]1]

1Cwa
Ag D7 D¢ Dg

D; D1

0

EE

Ds D03
0 [SFN;[BUF

ol ]

NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING
MASTER IR INPUT.

Oo
PM
1 = 8086/8088 MODE

0 = MCS-80/85 MODE

1 AUTOEO!
0 = NORMAL £0I

0 X NON BUF FERED MODE
0 - BUFFERED MODE/SLAVE
- BUFFERED MODE/MASTER

1 = SPECIAL FULLY NESTED
MODE

0 = NOT SPECIAL FULLY
NESTED MODE

Figure 7.

Initialization Command Word Format
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OPERATION COMMAND WORDS (OCWs)

After the Initialization Command Words (ICWs) are pro-
grammed into the 8259A, the chip is ready to accept
Interrupt requests at its input lines. However, during the
8259A operation, a selection of algorithms can com-
mand the 8259A to operate in various modes through
the Operation Command Words (OCWs).

OPERATION CONTROL WORDS (OCWs)

ocwi
A0 o7 [+[] D5 D4 D3 D2 D1 Do

E [M M6 M5 M4 M3 M2 M1 MO

ocw2

(o] [R st el 0 0o 2 u w]

ocw3

[o] [oesmvsum o 1 P FRR_ R

OPERATION CONTROL WORD 1 (OCW1)

OCW?1 sets and clears the mask bits in the interrupt
Mask Register (IMR). M; - M represent the eight mask
bits. M=1 indicates the channel is masked
(inhibited), M = 0 indicates the channel is enabled.

OPERATION CONTROL WORD 2 (OCW2)

R, SL, EOl — These three bits control the Rotate and
End of Interrupt modes and combinations of the two. A
chart of these combinations can be found on the Opera-
tion Command Word Format.

Ly, Ly, Lyg—These bits determine the interrupt level acted
upon when the SL bit is active.

OPERATION CONTROL WORD 3 (OCW3)

ESMM — Enable Special Mask Mode. When this bit is
set to 1 it enables the SMM bit to set or reset the Special
Mask Mode. When ESMM =0 the SMM bit becomes a
“don't care”.

SMM — Special Mask Mode. If ESMM =1 and SMM =1
the 8259A will enter Special Mask Mode. If ESMM =1
and SMM =0 the 8259A will revert to normal mask mode.
When ESMM = 0, SMM has no effect.
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ocwt '
- A, 0 O, O D Dy D D D
I-||M7|wlw|mlmlnz m]qu : . . Sl
I l I } ] T ' | l NTERRUPT MASK
 MASK SET -
0 = MASK RESET
OCw2
4 D, D D, DO, Dy D, D, D FEETI . - :
T L
Io ® ulwllﬂloll,LL,lL,J
: -1 W LEVEL TO BE
. 'ACTED UPON
oj1{2|3la|5] 6|7
ojr|(ofrfo|rjo]
" 0)0o]) 1yo0jJo 1|1
ofofolofs]i]o]s
NON-SPECIFIC EOICOMMAND END OF INTERRUPT
LA R 1 SPECIFIC EOI COMMAND
1101 ROTATE ON NON-SPECIFIC EO1 COMMAND
1}(0]10 ; ROTATE IN AUTOMATIC &0 ..’nrw SET AUTOMATIC ROTATION
0] 0] 0] ROTATEWNaUTOMA': +. woin iran
TAT SPEC s
. 1{afry cRomreon s SPECIFIC ROTATION
T11) 01 sevemun  we
: o[ vio] . wooremation . . . - ,
*LO-L2 ARE USED
ocw3
A D O B D 0 0 D
loJ'oJemm SMM] n] |-l 3 Iu l'msl
oL . : READ REGISTER COMMAND
0 1 o 1
0 0 1 \
READ | READ
IRREG  [ISREG
NO ACTION ONNEXT | ON NEXT
AD PULSE | D PULSE
1=POLL COMMAND
0=NO POLL COMMAND
SPECIAL MASK MODE
° 1 ° 1
° ° 1 1
RESET SET
NO ACTION sPECIAL | spECIAL
MASK | MASK

Figure 8. Operation Command Word Format
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FULLY NESTED MODE

This mode is entered after initialization unless another
mode is programmed. The interrupt requests are
ordered in priority form 0 through 7 (0 highest). When an
interrupt is acknowledged the highest priority request is
determined and its vector placed on the bus. Additional-
ly, a bit of the Interrupt Service register (ISO-7) is set.

This bit remains set until the microprocessor issues an

End of Interrupt (EOI). command immediately. before
returning from the service routine, or if AEQI (Automatic
End of Interrupt) bit is set, until the trailing edge af the
last INTA. While the IS bit is set, all further interrupts of
the same or lower priority are:inhibited, while higher
levels will generate an interrupt (which will be
acknowledged only if the microprocessor internal Inter-
rupt enable flip-flop has been re-enabled through soft-
ware), .. . . .
After the Initialization sequence, IR0-has the highest
priority and IR7 the lowest. Priorities can be changed, as
will be explained, in the rotating priority mode.

END OF INTERRUPT (EOI)

The In Service (IS) bit can be reset either automatically
following the trailing edge of the last in sequence INTA
pulse (when AEOI bit in ICW1 is set) or by a command
word that must be issued to the 8259A before returning
from a service routine (EOl command). An EOl command
must be issued twice if in the Cascade mode, once for the
master and once for the corresponding slave.

There are two forms of EQl command: Specific and Non-
Specific. When the 8259A is operated in modes which
preserve the fully nested structure, it can determine
which IS bit to reset on EOl. When a Non-Specific EOI
command is issued the 8259A will automatically reset
the highest IS bit of those that are set, since in the
fully nested mode the highest IS level was necessarily the
last level acknowledged and serviced. A non-specific EOI
can be issued with OCW2 (EOl = 1, SL =0, R = 0).

When a mode is used which may disturb-the fully nested
structure, the 8259A may no longer be able to determine
the last level acknowledged. In this case a Specific End of
Interrupt must be issued which includes as part of the
command the IS level to be reset. A specific EOl can be is-
sued with OCW2 (EOI = 1,SL =1,R = 0, and LO-L2 is the
binary level of the IS bit to be reset).

It should be noted that an 1S bit that is' masked by an -

IMR bit will not be cleared by a non-specific EOI if the
8259A is in the Special Mask Mode.

AUTOMATIC END OF INTERRUPT (AEOI) MODE

If AEOI=1in ICW4, then the 8259A will operate in AEOI
mode continuously until reprogrammed by ICW4. In this
mode the 8259A will automatically perform a non-
specific EOI operation at the trailing edge of the last
interrupt acknowledge pulse (third pulse in MCS-80/85,

second in iAPX 86). Note that from a system standpoint, .

this mode should be used only when a nested multilevel
interrupt structure is not required within a single 8259A.

The AEOI mode can only be used in a master 8259A and
not a slave.

AUTOMATIC ROTATION
(Equal Priority Devices)

In some applications there are a number of interrupting
devices of equal priority. In this mode a device, after
being serviced, receives the lowest priority, so a device
requesting an interrupt will have to wait, in the worst
case until each of 7 other devices are serviced at most
once. For example, if the priority and *‘in service' status
is: :

Bofore Rotate (IR4 the highest priority requiring service)

IS7 IS8 IS5 IS4 1S3 1S2 iS1 IS0

"IS" Status

(o] rJo[+JoJofofo]
Lowaest Priority ‘ Highest Pr.iorlty
Pn‘only Status, 716 5] 4 3 2 1 1]

After Rotate (IR4 was serviced, all other priorities
rotated correspondingly)

©IST IS8 IS5 1S4 1S3 1S2 1S1 SO
Lof 1 JoJofoJoJofo]
Highest Priority

AN
EIEN N2 CAEERN BN

"IS" Status

Lowest Priority

Priority Status

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

SPECIFIC ROTATION

(Specific Priority)

The programmer can change priorities by programming
the bottom priority and thus fixing all other priorities;
i.e., if IR5 is programmed as the bottom priority device,

then IR6 will have the highest one.

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

Observe that in this mode internal status is updated by
software control during OCW2. However, itis independent
of the End of Interrupt (EOI) command (also executed by
OCW?2). Priority changes can be executed during an EOI
command by using the Rotate on Specific EOl command
inOCW2 (R =1,SL =1,EOl = 1 and LO-L2 = IR level to
receive bottom priority).

'INTERRUPT MASKS

Each Interrupt Request input can be masked individu-
ally by the Interrupt Mask Register (IMR) programmed’
through OCW1. Each bit in the IMR masks one interrupt
channel if it is set (1). Bit 0 masks IR0, Bit 1 masks IR1
and so forth. Masking an IR channel does not affect the:
other channels operation. )
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SPECIAL MASK MODE

Some applications may require an interrupt service
routine to dynamically alter the system priority struc-
ture during its execution under software control. For
example, the routine may wish to inhibit lower priority
requests for a portion of its execution but enable some
of them for another portion.

The difficulty here is that if an Interrupt Request is
acknowledged and an End of Interrupt command did not
reset its IS bit (i.e., while executing a service routine),
the 8259A would have inhibited all lower priority
requests with no easy way for the routine to enable
them

That is where the Special Mask Mode comes in. In the
special Mask Mode, when a mask bit is set in OCW1, it
inhibits further interrupts at that ievel and enables inter-
rupts from all other levels (lower as well as higher) that
are not masked.

Thus, any interrupts may be selectively enabled by
loading the mask register.

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

POLL COMMAND

In this mode the INT output is not used or the micropro-
cessor internal Interrupt Enable flip-flop is reset, disabling
its interrupt input. Service to devices is achieved by
software using a Poll command.

The Poll command is issued by setting P="1"in OCW3.
The 8259A treats the next RD pulse to the 8259A (i.e.,
RD =0, C5=0) as an interrupt acknowledge, sets the
appropriate IS bit if there is a reques_t._andjeads the
priority level. Interrupt is trozen from WR to RD.

The word enabled onto the data bus during RD is:

D7 D8 D5 D4 D3 D2 DI DO
[V - — = = w2 w_ w]

WO0-W2: Binary code of the highest priority level
requesting service.
I: Equal to a 1" if there is an interrupt.

This mode is useful if there is a routine command com-
mon to several levels so that the [NTA sequence is not
needed (saves ROM space). Another application is to
use the poll mode to expand the number of priority
levels to more than 64.

;"'E‘D%'I TOOTHER PRIOATY CELLS
= CLR 3R
1= LEVEL ( 1
Cihg B
EDGE ser
Saren i serin | RROMTY
[ \_{—4 IN-SERVICE
CLR LATEN
Q
CONTROL
10GIC
L
SET AEQUEST
LATCH .
= . | wom
L °oe MASK MASKED
LATCH aga
c o o o
s H
MCS-80, 85 c
MODE CLR ’_{
(111244 | INTERNAL
DATA BUS
- x cxx
— N a 4B
INTA - z 3 soao
IAPX 86 H e . uls
MODE w N (33
_ € f 3
FREEZE
nOTES
1 MASTER CLEAR ACTIVE ONLY DURING ICW)
2 FREEZE/ 1S ACTIVE DURING INTA/ AND POLL SEQUENCES ONLY
3 TAUTH TASLE FOR D.LATCH
€10 | |__OPERATION
[ ) { FOLLOW
o X HOLD
Figure 9. Priority Cell—Simplified Logic Diagram
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READING THE 8259A STATUS

Theinputstatus ofse\}eral internal registers can be read to
update the user information on the system. The following
registers can be read via OCW3 (IRR and ISR or OCW1
[IMR]).

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

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

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

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

The ISR can be read when, prior to the RD pulse, a Read
Register Command isissued with OCW3(RR = 1, RIS = 1).

There is no need to write an OCW3 before every status
read operation, as long as the status read corresponds
with the previous one; i.e., the 8259A “‘remembers”’
whether the IRR or ISR has been previously selected by
the OCW3. This is not true when poll is used.

After initialization the 8259A is set to IRR.

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

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

EDGE AND LEVEL TRIGGERED MODES:

This mode is programmed using bit 3 in ICW1.

If LTIM = "0’ an interrupt request will be reéognized bya
low to high transition on an IR input. The IR input can re-
main high without generating another interrupt.

If LTIM = ‘1", an interrupt request will be recognized by a
‘high’ level on IR Input, and there is no need for an edge
detection. The interrupt request must-be removed before
the EOlcommand isissued or the CPU interrupt is enabled
to prevent a second interrupt from occurring.

The priority cell diagram shows a conceptual circuit of the
level sensitive and edge sensitive input circuitry of the
8259A. Be sure to note that the request latch is a transpar-
ent D type latch. '

In both the edge and level triggered modes the IR inputs
must remain high until after the falling edge of the first
INTA. If the IR input goes low before this time a DEFAULT
IR7 will occur when the CPU acknowledges the interrupt.
This can be a useful safeguard for detecting interrupts
caused by spurious noise glitches on the IR inputs. To im-
plement this feature the IR7 routine is used for “'clean up”
simply executing a return instruction, thus ignoring the
interrupt. If IR7 is needed for other purposes a default IR7
can still be detected by reading the ISR. A normal IR7
interrupt will set the corresponding ISR bit, a default IR7
won't. If a default IR7 routine occurs during a normal IR7
routine, however, the ISR will remain set. In this case it is
necessary to keep track of whether or not the IR7 routine
was previously entered. If another IR7 occurs it is a
default.

N/

\\—’\ ‘r
8086/8088 8080/8085

NI Ve

8086/8088

EARLIEST IR
CAN BE REMOVED

LATCH®
ARMED

INTA V4 :
\ / \_/ \_/ésosomoss

LATCH*

‘EDGE TRIGGERED MODE ONLY _ ARMED

Figure 10. IR Triggéring Timing Requirements
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THE SPECIAL FULLY NESTED MODE

This mode will be used in the case ot a big system
where cascading is used, and the priority has ta be con-
served within each slave. In this case the fully nested
mode will be programmed to the master (using ICW4).
This mode is similar to the normal nested mode with the
following exceptions:

a. When an interrupt request from a certain slave is in
service this slave is not locked out from the master's
priority logic and further interrupt requests from
higher priority IR's within the slave will be recognized
by the master and will initiate interrupts to the proc-
essor. (In the normal nested mode a slave is masked
out when its request is in service and no. higher
requests from the same slave can be serviced.)

. When exiting the Interrupt Service routine the soft-
ware has to check whether the interrupt serviced was
the only one trom that slave. This is done by sending
a non-specific End of Interrupt (EOl) command to the
slave and then reading its In-Service register and
checking for zero. If it is empty, a non-specific EO}
can be sent to the master too. If not, no EOI should be
sent.

BUFFERED MODE

When the 8259A is used in a large system where bus
driving buffers are required on the data bus and the cas-
cading mode is used, there exists the problem of enabl-
ing buffers.

The buffered mode will structure the 8259A to send an
enable signal on SP/EN to enable the buffers. In this

mode, whenever the 8253A’s data bus outputs are ena-
bled, the SP/EN output becomes active.

This modification forces the use of software program-
ming to determine whether the B259A is a master or a
slave. Bit 3 in ICW4 programs the buffered mode, and bit
2 in ICW4 determines whether it is a master or a slave.

CASCADE MODE

The 8259A can be easily interconnected in a system of one
master with up to eight slaves to handle up to 64 priority
levels. '

The master controls the slaves through the 3 line cascade
bus. The cascade bus acts like chip selects to the slaves
during the INTA sequence.

In a cascade configuration, the slave interrupt outputs are
connected to the master interrupt request inputs. When a
slave request line is activated and afterwards acknowl-
edged, the master will enable the corresponding slave to
release the device routine address during bytes 2 and 3 of
INTA. (Byte 2 only for 8086/8088).

The cascade bus lines are normally low and will contain
the slave address code from the trailing edge of the first
INTA pulse to the trailing edge of the third pulse. Each
8259A in the system must follow a separate initialization
sequence and can be programmed to work in a different
mode. An EOl command must be issued twice: once for
the master and once for the corresponding slave. An
address decoder is required to activate the Chip Select
(CS) input of each 8259A.

The cascade lines of the Master 8259A are activated only
for slave inputs, non slave inputs leave the cascade line
inactive (low).

ADDRESS B8US (16} S

l

CONTROL BUS

|
L]

1
|

i

1 xmr:é
R i

DATA BUS (8)
AN
IO
[ (L ‘\} \} ] Q
INT [ D0-7  INTA INT CS A, DO7 INTA INT
caso CASO CASO
82594 82594
cash SLAVEB cast CAs 1 MASTER
CAS 2 |=—1- cas? cas?
SPIENT 6 10 SP.ENMI M6 M5 M4 M3 M2 M1 MO

Ll

1]

VCC
6 1 0 b
J
-
INTERRUPT REQUESTS
Figure 11. Cascading the 8259A
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ABSOLUTE MAXIMUM RATINGS*

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

with RespecttoGround ............. -05Vto+7V
Power Dissipation ....................a... 1 Watt

D.C. CHARACTERISTICS

*NOTICE: Stresses above those listed under "Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied.

[Ta = 0°C to 70°C, Vg = 5V 5% (8259A-8), Vo = 5V =10% (8259A, 8259A-2)]

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 0.8 \
VIH Input High Voltage 2.0* Vce +0.5V \
VoL Output High Voltage 0.45 \ loL = 2.2mA
VOH Output High Voltage 2.4 v loH = —400uA
Interrupt Output High 3.5 \ loq = —100uA
VOH(UNT
UNT) | Voltage 24 v loH = —400uA
L) Input Load Current -10 +10 uA oV =V|N sVce
lLoL Output Leakage Current -10 +10 nA 0.45V <VpyTt =<Vgcc
lcc Vce Supply Current 85 mA
ILIR IR Input Load Current —300 #A Vin =0
10 uA VIN = Vce
*Note: For Extended Temperature EXPRESS V|, = 2.3V.
CAPACITANCE (T, = 25°C; Ve = GND = 0V)
Symbol Parameter Min. Typ. Max. Unit Test Conditions
CiN Input Capacitance 10 pF fc = 1 MHZ
Ci/o 1/O Capacitance 20 pF Unmeasured pins returned to Vgg

A.C. CHARACTERISTICS [T, = 0°C to 70°C, V¢ = 5V 5% (8259A-8), Vo = 5V = 10% (8259A, aésgA-z)]

TIMING REQUIREMENTS

Symbol Parameter 8259A-8 8259A 8259A-2 Units | Test Conditions
Min. [ Max. | Min. | Max. | Min. | Max.
TAHRL | AO/CS Setup to RD/INTA| 50 0 0 ns
TRHAX | AO/CS Hold after RD/INTA} 5 0 0 ns
TRLRH | RD Pulse Width 420 235 160 ns
TAHWL | AO/CS Setup to WR| 50 0 0 ns
TWHAX | AO/CS-Hold after WR? 20 0 0 ns
TWLWH | WR Pulse Width 400 290 190 ns
TDVWH | Data Setup to WR?! 300 240 160 ns
TWHDX | Data Hold after WR{ 40 0 0 ns .
TJLJH Interrubt Request Width (Low) 100 100 100 ns See Note 1
TOVIAL f%i?glgf;‘g’nﬁ;sew”d orThird | g5 55 40 ns
End of RD to next RD___
TRHRL End_ogNTA to next INTA within 160 160 160 ns
an INTA sequence only
TWHWL | End of WR to next WR ) 190 190 190 ns
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A.C. CHARACTERISTICS (Continued)

Symbol ?arameter 8259A-8 82594 8259A-2 Uniis Test Conditions
Min. | Max. | Min. | Max. | Min. | Max.
“TCHCL End of Command to next Command 500 500 ns

(Not same command type)

End of INTA sequence to next
INTA sequence.

500

*Worst case timing for TCHCL in an actual micibprooessor system is typically'much greater than 500 ns (i.e. 8085A = 1.6us,

8085A-2 = 1us, 8086 = 1us, 8086-2 = 625 ns)

NOTE: This is the low time required to clear the input latch in the edge triggered mode.

TIMING RESPONSES

A.C. TESTING INPUT, OUTPUT WAVEFORM

Symbol’ Parameter - 8259A-8 82594 8259A-2 Units Test Conditions
s i Min. Max. Min.". Max. Min. Max. .
TRLDV | Data Valid from RD/INTA| 300 200 120 ns C of Data Bus=
. . 100 pF
TRHDZ Data Float after R_D/INTAI 10 200 10 100 10 85 ns. C of Data Bus
Max text C = 100 pF
TJHIH Interrupt Output Delay 400 350 300 ns Min. test C = 15 pF
TIALCY Cascade Valid from First INTA| 565 565 360 ns Cier = 100 pF
(Master Only) .
TRLEL Enable Active from RD| or INTA| 160 125 100 ns Ccascape = 100 pF
TRHEH Enable Inactive from RD] or INTA| 325 150 150 ns
TAHDV Data Valid from Stable Address 350 200 200 ns
TCVDV Cascade Valid to Valid Data 300 300 200 ns

A.C. TESTING LOAD CIRCUIT

2.4

INPUT/QUTPUT
2.0 ; 2.0
> TEST POINTS < :
0.8 0.8

A.C_TESTING: INPUTS ARE DRIVEN AT 24V FOR A LOGIC' 17 AND 0 45V FOR
A LOGIC 0. TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1
AND 08V FORA LOGIC 0" * .

0.45

DEVICE
UNDER
TEST

C, = 100 pF

Cy INCLUDES JIG CAPACITANCE

1

CL = 100 pF

WAVEFORMS -
* WRITE Wi e TWLWH —— o
WR \ " Z r
N Y,
TAHWL |- —4s] TWHAX
cs
ADDRESS BUS
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WAVEFORMS (Continued)
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WAVEFORMS (Continued)

INTA SEQUENCE
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NOTES: Interrupt output must remain HIGH at least until leading edge of first INTA.
1. Cycle 1in iAPX 86, iAPX 88 systems, the Data Bus is not active..

AFN 00221E

A-146




n

Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

Intel Corporation S.A.
Parc Seny

Rue du Moulin a Papier 51
Boite 1

B-1160 Brussels

Belgium

Intel Japan K.K.

5-6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26
Japan

Printed in U.S.A./C-270/35K/0683/RRD RM




