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= High Speed DMA Capabilities Including = Memory Based Communication with

1/O to Memory, Memory to /0, Memory CPU
to Memory, and 1/O to 1/O * Supports LOCAL or REMOTE I/0
Processing
P :
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Peripherals, to 8- & 16-Bit Processor Iinterface _
Busses = Available in EXPRESS
= 1 Mbyte Addressability - Standard Temperature Range

The Intel® 8089 is a revolutionary concept in microprocessor input/output processing. Packaged in a 40-pin DIP package,
the B0BY is a high performance processor implemented in N-channel, depletion load silicon gate technology (HMOS). The
8089's instruction set and capabilities are optimized for high speed, flexible and efficient I/O handling. It allows easy
interface of Intel's 16-bit iAPX 86 and 8-bit iAPX 88 microprocessors with 8- and 16-bit peripherals. in the REMOTE
configuration, the 8089 bus is user definable allowing it to be compatible with any 8/16-bit Intel microprocessor, interfacing
easily to the Intel multiprocessor system bus standard MULTIBUS

The 8089 performs the function of an intelligent DMA controller for the Intel iAPX 86, 88 family and with its processing
power, can remove I/O overhead from the iAPX 86 or iAPX 88. It may operate completely in parallel with a CPU, giving
dramatically improved performance in I/O intensive applications. The 8089 provides two /O channels, each supporting a
transfer rate up to 1.25 mbyte/sec at the standard clock frequency of 5 MHz. Memory based communication between the
IOP and CPU enhances system flexibility and encourages software modularity, yielding more reliable, easier to develop
systems.
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Figure 1. 8089 1/O Processor Block Diagram 8089 Pin Configuration
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8089

Table 1. Pin Description

Symbol |Type Name and Function Symbol | Type Name and Function

AO-A15/ /O | Multiplexed Address and Data Bus: The 5CK O | Lock: The lock output signal indicates to the

DO-D15 function of these lines are defined by the bus controller that the bus is needed for more
state of 80, 51 and 52 lines. The pins are than one contiguous cycle. It is set via the
floated after reset and when the bus is not channel control register, and during the TSL
acquired. AB-A15 are stable on transfers to a instruction. The pin floats after reset and
physical 8-bit data bus (same bus as 8088), when the bus is not acquired. This output is
and are multiplexed with data on transfers to active low.

a 16-bit physical bus. RESET | Reset: The receipt of a reset signal causes

A16-A19/ | O | Address and Status: Muitiplexed most the IOP to suspend all its activities and enter

S3-S6 significant address lines and status in- an idle state until a channel attention is
formation. The address lines are active only received. The signal must be active for at
when addressing memory. Otherwise, the least four clock cycles.
status lines are active and are encoded as . . ol
shown below. The pins are fioated after reset CLk : i(il:::.a'(':cl)o:l;p;?;/::;s all timing needed for
and when the bus is not acquired. Ld .
$6 S5 5S4 83 CA 1 Channel Attention: Gets the attention of the

1 1 0 0 DMAcycle on CH1 10P. Upon the falling edge of this signal, the
1 1 0 1 DMA cycle on CH2 SEL input pin is examined to determine
1 1 1 0 Non-DMA cycle on CH1 Master/Slave or CH1/CH2 information. This
1 1 1 1 Non-DMA cycle on CH2 input is active high.

BHE O | Bus High Enable: The Bus High Enable is SEL | | Select: The first CA received after system
used to enable data operations on the most reset informs the 10P via the SEL line, whe-
significant half of the data bus (D8-D15). The ther it is a Master or Slave (0/1 for Mas-
signal is active low when a byte is to be ter/Slave respectively) and starts the in-
transferred on the upper half of the data bus. itialization sequence. During any other CA
The pin is floated after reset and when the the SEL line signifies the selection of
bus is not acquired. BHE does not have to be CH1/CH2. (0/1 respectively.)
latched. DRQ1-2 | | Data Request: DMA request inputs which

S0,51,52| O | Status: These are the status pins that define signal the IOP that a peripheral is ready to
the IOP activity during any given cycle. They transfer/receive data using channels 1 or 2
are encoded as shown below: respectively. The signals must be held active
828150 high until the appropriate fetch/stroke is

0 0 0 Instruction fetch; /O space initiated.

0 0 1 Datafetch; /O space RQ/GT /0 | Request Grant: Request Grant implements
0 1 0 Datastore; /O space the communication dialogue required to ar-
0 1 1 Notused bitrate the use of the system bus (between
1 0 0 Instruction fetch; System Memory I0P and CPU, LOCAL mode) or I/O bus when
1 0 1 Datafetch; System Memory two I0Ps share the same bus (REMOTE
1 1 0 Data store; System Memroy mode). The RQ/GT signal is active low. An
1 1 1 Passive internal pull-up permits RQ/GT to be left
The status lines are utilized by the bus floating if not used.

controller and arbiter to gener all

memory and I/Ob::ntrol signa!s.gThe saitginals SINTR1-2{ O | Signal interrupt: Signal Interrugt outputs
change during T4 it a new cycle is to be from channels 1 and 2 respectively. The
entered while the return to passive state in T3 interrupts may be sent directly to the CPU or
or Ty indicates the end of a cycle. The pins through the 82_95/_\ interrupt controller. They
are floated after system reset and when the are used to indicate to the system the
bus is not acquired. occurrence of user defined events.

READY ) Ready: The ready signal received from the EXT1-2 | Fx!emal Terminate: External tgrminate
addressed device indicates that the device is inputs for channels 1 and 2 respectively. The
ready for data transfer. The signal is active EXTsignals will cause the termination of the
high and is synchronized by the 8284 clock current DMA transfer operation if the chan-
generator. nel is so programmed by the channel control

register. The signal must be held active high
until termination is complete.
Vee Voltage: +5 volt power input.
’ Vss Ground.
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FUNCTIONAL DESCRIPTION

The 8089 I0P has been designed to remove 1O proces-
sing, control and high speed transfers from the centrai
processing unit. Its major capabilities include that of in-
itializing and maintaining peripheral components and
supporting versatile DMA. This DMA function boasts
flexible termination conditions (such as external termi-
nate, mask compare, single transfer and byte count ex-
pired). The DMA function of the 8089 IOP uses a two cy-
cle approach where the information actually flows
through the 8089 IOP. This approach to DMA vastly sim-
plities the bus timings and enhances compatibility with
memory and peripherals, in addition to allowing opera-
tions to be performed on the data as it is transferred.
Operations can include such constructs as translate,
where the 8089 automatically vectors through a lookup
table and mask compare, both on the “fly”.

The 8089 is functionally compatibie with Intel’s iAPX 86,88
tamily. It supports any combination of 8/16-bit busses. In
the REMOTE mode it can be used to complement other
Intel processor families. Hardware and communication
architecture are desigried to provide simple mechanisms
for system upgrade.

The only direct communication between the IOP and
CPU is handled by the Channel Attention and Interrupt
lines. Status information, parameters and task pro-
grams are passed via blocks of shared memory, simpli-
fying hardware interface and encouraging structured
programming.

The 8089 can be used in applications such as file and
buffer management in hard disk or floppy disk control. It
can also provide for soft error recovery routines and scan

control. CRT control, such as cursor control and auto
scrolling, is simplified with the 8089. Keyboard control,
communication control and general I/0 are just a few of
the typical applications for the 8089.

Remote and Local Modes

Shown in Figure 3 is the 8089 in a LOCAL configuration.
The iAPX 86 (or iAPX 88) is used in its maximum mode. The
8089 and iAPX 86 reside on the same local bus, sharing the
same set of system buffers. Peripherals located on the
system bus can be addressed by either the iAPX 86 or the
8089. The 8089 requests the use of the LOCAL bus by
means of the RQ/GT line. This performs a similar function
to that of HOLD and HLDA on the Intel 8085A, 8080A and
IAPX 86 minimum mode, but is implemented on one
physical line. When the iAPX 86 relinquishes the system
bus, the 8089 uses the same bus control, latches and
transceiver components to generate the system address,
control and data lines. This mode allows a more
economical system configuration at the expense of
reduced CPU thruput due to IOP bus utilization.

A typical REMOTE configuration is shown in Figure 4. In
this mode, the IOP’s bus is physically separated from
the system bus by means of system buffers/latches. The
IOP maintains its own local bus and can operate out of
local or system memory. The system bus interface con-
tains the following components:

* Up to three 8282 buftfer/latches to latch the address to
the system bus.

¢ Up to two 8286 devices bidirectionally buffer the
system data bus.
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Figure 3. Typical IAPX 86/11, 88/11 Configuration with 8089 in LOCAL Mode, 8088, 8086 in MAX Mode
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* An 8288 bus controlier supplies the control signals
necessary for buffer operation as well as MRDC
(Memory Read) and MWTC (Memory Write) signals.

* An 8289 bus arbiter performs all the functions
necessary to arbitrate the use of the system bus. This
is used in place of the RQ/GT logic in the LOCAL
mode. This arbiter decodes type of cycle information
from the 8089 status lines to determine if the IOP
desires to perform a transfer over the “common’ or
system bus.

The peripheral devices PER1 and PER2 are supported on
their own data and address bus. the 8089 communicates
with the peripherals without affecting system bus opera-
tion. Optional buffers may be used on the local bus when
capacitive loading conditions so dictate. /O programs and
RAM butffers may also reside on the local bus to further
reduce system bus utilization.

COMMUNICATION MECHANISM

Fundamentaily, communication between the CPU and
I0OP is pertormed through messages prepared in shared
memory. The CPU can cause the 8089 to execute a pro-
gram by placing it in the 8089's memory space and/or
directing the 8089’s attention to it by asserting a hard-
ware Channel Attention (CA) signal to the IOP, ac-
tivating the proper I/O channel. The SEL Pin indicates to

the IOP which channel is being addressed. Communica-
tion from the IOP to the processor can be performed in a
similar manner via a system interrupt (SINTR 1,2), if the
CPU has enabled interrupts for this purpose. Addition-
aily, the 8089 can store messages in memory regarding
its status and the status of any peripherals. This com-
munication mechanism is supported by a hierarchial
data structure to provide a maximum amount of flexi-
bility of memory use with the added capability of handl-
ing muitiple IOP’s.

lltustrated in Figure 5 is an overview of the communica-
tion data structure hierarchy that exists for the 8089 /O
processor. Upon the first CA from RESET, if the IOP is
initialized as the BUS MASTER, 5 bytes of information are
read into the 8089 starting at location FFFF6 (FFFF6,
FFFF8-FFFFB) where the type of system bus (16-bit or 8-
bit) and pointers to the system configuration block are
obtained. This is the only fixed location the 8089 accesses.
The remaining addresses are obtained via the data struc-
ture hierarchy. The 8089 determines addresses in the
same manner as does the iAPX 86; i.e., a 16-bit relocation
pointer is offset left 4 bits and added to the 16-bit address
offset, obtaining a 20-bit address. Once these 20-bit ad-
dresses are formed, they are stored as such, as all the 8089
address registers are 20 bits long. After the system con-
figuration pointer address is formed, the 8089 IOP ac-
cesses the system configuration block.
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Figure 5. Communication Data Structure Hierarchy

The System Configuration Block (SCB), used only dur-
ing startup, points to the Control Block (CB) and provides
0P system configuration data via the SOC byte. The
SOC byte initiatizes IOP 1O bus width to 8/16, and
defines one of two IOP RQIGT operating modes. For
BQ/GT mode 0, the IOP is typically initialized as SLAVE
and has its RQ/GT line tied to a MASTER CPU (typical
LOCAL configuration). In this mode, the CPU normally
has contro! of the bus, grants controi to the IOP as need-
ed, and has the bus restored to it upon {OP task comple-
tion (IOP request—CPU grant—IOP done). For RQ/GT
mode 1, useful only in remote mode between two I0Ps,
MASTER/SLAVE designation is used only to initialize
bus control: from then on, each |IOP requests and grants
as the bus is needed (IOP1 request—IOP2 grant—I0P2
request~IOP1 grant). Thus, each IOP retains bus con-
trol until the other requests it. The completion of in-
itialization is signalled by the IOP clearing the BUSY
flag in the CB. This type of startup allows the user to
have the startup pointers in ROM with the SCB in RAM.
Aitowing the SCB to be in RAM gives the user the flex-
ibility of being able to initialize muitiple 10Ps.

The Control Block turnishes bus control Initialization for
the I1OP operation (CCW or Channei Control Word) and
provides pointers to the Parameter Block or “data”
memory for both channels 1 and 2. The CCW is retrieved
and analyzed upon all CA's other than the first after a
reset. The CCW byte is decoded to determine channel
operation.

The Parameter Block contains the address of the Task
Block and acts as a messge center between the IOP and
CPU. Parameters or variable information is passed from
the CPU to its IOP in this block to customize the soft-
ware interface to the peripheral device. It is also used
for transferring data and status information between the
10P and CPU. ‘

The Task Block contains the instructions for the respec-
tive channel. This biock can reside on the focal bus of

the IOP, allowing the IOP to operate concurrently with
the CPU, or reside in system memory.

The advantage of this type of communication between
the processor, IOP and peripheral, is that it aliows for a
very clean method for the operating system to handle
I/0 routines. Canned programs or “Task Blocks™ allow
for execution of general purpose /O routines with the
status and peripheral command information being
passed via the Parameter Block (“‘data” memory). Task
Blocks (or “program” memory) can be terminated or
restarted by the CPU, if need be. Clearly, the flexibility
of this communication lends itself to modularity and ap-
plicability to a large number of peripheral devices and
upward compatibility to future end user systems and
microprocessor families.

Register Set

The 8089 maintains separate registers for its two I/O channels
as well as some common registers (see Figure 6). There are
sufficient registers for each channel to sustain its own DMA
transfers, and process its own instruction stream. The basic
DMA pointer registers (GA, GB—20 bits each), can point to either
the system bus or local bus, DMA source or destination, and
can be autoincremented. A third register set (GC) can be used
to allow translation during the DMA process through a lookup
table it points to. The channel control register, which may be
accessed only by a MOV, or MOVI instruction, determines the
mode of the channel operation. Additionally, registers are pro-
vided for a masked compare during the data transfer and can
be set up to act as one of the termination conditions. Other
registers are also provided. Many of these registers can be used
as general purpose registers during program execution, when
the IOP is not performing DMA cycles.

USER PROGRAMMABLE

TAG 19 o
G.P. ADDRESS A (GA)
G.P. ADDRESS B (GB)
G.P. ADDRESS C (GC) |
TASK POINTER (TP
- 1:BIT POINTER TO EITHER /O OR SYSTEM MEMORY SPACE
15 [
INDEX (1X)
BYTE COUNT (BC)
MASK [ comeare mc)
CHANNEL CONTROL (CGY -
NON USER PROGRAMMABLE
(ALWAYS POINTS TO SYSTEM MEMORY)
19 ] 0
[ PARAMETER POINTER (PF) ?

CHANNEL CONTROL POINTER (CF) ]

Figure 6. Register Model

Bus Operation

The 8089 utilizes the same bus structure as the
iAPX 86, 88 in their maximum mode configurations (see
Figure 7). The address is time multiplexed with the data
on the first 16/8 lines. A16 through A19 are time multi-
plexed with four status lines $3-S6. For 8089 cycles, S4
and S3 determine what type of cycle (DMA versus non-
DMA) is being performed on channels 1 or 2. §5 and S6
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are a unique code assigned to the 8089 IOP, enabling
the user to detect which processor is performing a bus
cycie in a multiprocessing environment.

The first three status lines, S0-S2, are used with an 8288
bus controller to determine if an instruction fetch or
data transfer is being performed in IO or system
memory space.

DMA transfers require at least two bus cycles with each
bus cycle requiring a minimum of four clock cycles. Ad-
ditional clock cycles are added if wait states are re-
quired. This two cycle approach simplifies considerably
the bus timings in burst DMA. The 8089 optimizes the
transfer between two different bus widths by using
three bus cycles versus four to transfer 1 word. More
than one read (write) is performed when mapping an
8-bit bus onto a 16-bit bus (vice versa). For example, a
data transfer from an 8-bit peripheral to a 16-bit physical
location in memory is performed by first doing two
reads, with word assembly within the IOP assembly
register file and then one write.

As can be expected, the data bandwidth of the IOP is a

16-bits wide with either an 8-bit peripheral (under byte
column) or 16-bit peripheral (word column) being shown.

The latency refers to the worst case response time by
the I0P to a OMA request, without the bus arbitration
times. Notice that the word transfer allows 50% more
bandwidth. This occurs since three bus cycles are re-
quired to map 8-bit data into a 16-bit location, versus two
for a 16-bit to 16-bit transfer. Note that it is possible to
fully saturate the system bus in the LOCAL mode
whereas in the REMOTE mode this is reduced to a max-
imum of 560%.

Table 2. Achievable 5 MHz 8089 Operations with
a 16-Bit System Bus

function of the physical bus width of the system and /O
busses. Table 2 gives the bandwidth, latency and bus
utilization of the 8089. The system bus is assumed to be

Local Remote
Byte Word Byte Word
Bandwidth | 830 KB/S | 1250 K/S | 830 KBS | 1250 KBS
tatency 1.0/2.4 usec*®| 1.0/2.4 usec® [ 1.0/2.4 usec” | 1.0/2.4 usec®
2.4 usec 1.6 usec 0.8 usec 0.8 usec
System Bus | peg PER PER PER
Utifization | roansFER | TRANSFER | TRANSFER | TRANSFER

*2.4 usec if interleaving with other channel and no wait states. 1xsec if
channe! is waiting for request.
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ABSOLUTE MAXIMUM RATINGS*

Amblent Temperature Under Bias......... 0°Cto70°C
Storage Temperature............. ~65°C to +150°C
Voltage on Any Pin with
RespecttoGround................. -10to+7V
Power Dissipation ........................ 2.5 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
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

D.C. CHARACTERISTICS (74 = 0°C to 70°C, Ve = 5V =10%)

Symbol Parameter Min. Max. Units Test Conditions
Vi Input Low Voltage -05. +0.8 v
ViH Input High Voltage 2.0 Vec+1.0 \
Vou Output Low Volitage 0.45 V' loL=2.0 mA
Vou Output High Voltage 2.4 v lon = —400 uA
lce Power Supply Current 350 mA Ta=25°C
W . Input Leakage Current!” +10 pA OV < VIN < Vg¢
Lo Output Leakage Current +10 uA 0.45V < Voy1 =< Vo
veL Clock Input Low Voltage ~-05, +0.6 )
VeH Clock Input High Voltage 39 Vee+ 1.0 v
Capacitance of Input Buffer
Cin (All input except 15 pF fc = 1 MH2z
ADg - AD,5, RQ/IGT)
Cio &%’:f';agf:%yc%)e“"e' 15 pF fc = 1 MHz

A.C. CHARACTERISTICS (14 = 0°C to 70°C. Ve = 5V =10%)
8089/8086 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS

_Symbol Parameter Min. Max. Units Test Conditions

TCLCL CLK Cycle Period 200 500 ns

TCLCH CLK Low Time (ATCLCL) - 15 ns

TCHCL CLK High Time (‘/1TCLCL)f 2 ns

TCH1CH2 CLK Rise Time ’ 10 ns From 1.0Vto 3.5V
TCL2CLY CLK Fail Time 10 ns From 3.5V to 1.0v
TOVCL Data In Setup Time 30 ns

TCLOX Data In Hold Time 10 ns

TRIVCL ROY Setup Time into 8284 (See Notes 1, 2) 35 ns

TCLR1X RDY Hold Time into 8284 (See Notes 1, 2) 0 ) ns

TRYHCH READY Setup Time into 8089 2ATCLCL) - 15 ns

TCHRYX READY Hold Time into 8089 30 ns

TRYLCL READY inactive to CLK (See Note 4} -8 ns

TINVCH Setup Time Recogmition (DRQ 1.2 RESET, Ext 1.2) (See Nole 2) 30 T ns

TGVCH RG/GT Setup Time 30 ns

TCAHCAL CA Wiath 95 ns

TSLVCAL | SEL Setup Tvme T 75 ns

TCALSLX | SEL Hold Time 0 T ns

TCHGX GT Hoid Time into 8089 40 ns

TILIH Input Rise Time (Except CLK) 20 ns From 0.8V to 2.0V
TIHIL Input Fall Time (Except CLK) 12 ns From 2.0V to 0.8V
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A.C. CHARACTERISTICS (Continued)

TIMING RESPONSES

Symbol Parameter Min Max. Units Test Conditions
TCLML Command Active Delay (See Note 1} 10 35 ns C|_ =80pF
TCLMH Command Inactive Delaﬁgé;];te 1) 10 35 ns
TRYHSH - READY Active to Status Passive (See Note 3} 110 ns
TCHSV Status Active Delay 10 110 ns

Vi-ﬂ:L—S;r Status Inactive Delay 10 130 ns

—_?C.LAV Address Valid Delay 10 110 ns
TCLAX Address Hoid Time 10 ns
TCLAZ " Address Float Defay TCLAX 80 ns
TSVLH Status Valid to ALE ng;;r(-s_ee Note 1) 15 ns
TCLLH CLK Low to ALE Vahd 1Séé Note 1) - 15 ns Ci = 150 pF
TCHLL ALE Inactive Detay (See Note 1) 15 ns
TCLDV Data Vaid Delay 10 10 ns
TCHDX Data Hold Time 10 ns
TCVYNV Control Active Delay (See Note 1} 5 a5 ns
TCVNX Controi tnactive Delay {See Note 1) 10 tas ns
TCHDTL Direction Control Active Delay (See Note 1) 50 ns
TCHOTH Direction Control Inactive Delay (See Note 1} 30 ns
TCLGL | RQ Active Delay 0 85 ns CL=100pF
TCLGH T} RQ Inactive Delay 85 ns Note 5: CL = 30 pF
TCLSRV i SINTR Valid Delay 150 ns Cy =100 pF
TOLOH | OutputRise Time . 20 ns | From0.8Vto20V
TOHOL | Output Fall Time f 12 JI ns ] From 2.0V to 0.8V

NOTES: 1. Signai at 8284 or 8288 shown tor reference only

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK

3. Aplies onty to T3 and TW states

A.C. TESTING INPUT, OUTPUT WAVEFORM

4. Apphes only to T2 state

A.C. TESTING LOAD CIRCUIT

5. Applies only it RQ/GT Mode 1 C.=30pt. 2.7 K{) pull up to Vce

INPUT/QUTPUT

24

1.5 w——- TEST POINTS ———» 1.5

045

AC TESTING INPUTS ARE DRIVEN AT 24V FORALOGIC ' AND UG4SV FOR
ALOGIC 0 THE CLOCK IS DRIVEN AT 4 3V AND 0 25V TIMING MEASURE -
MENTS ARE MADE AT 1 5V FOR BOTH A LOGIC 1 AND 0

DEVICE
UNDER
TEST

(o

1

00 pf
Cy INCLUDES JIG CAPACITANCE

€. = 100 pF
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WAVEFORMS

8089 BUS TIMING USING 8288

T £} Ty Ta
TCHICHZ offe— <]« TCL2CLI Tw | TCLel —
veH | |
R B U SN W A W A W
4 ve - -— TCHDX
TCLAV —| TCHCL - TCLCH —
Ag-A,c ON TRANSFERS
SEE NOTE7 | TO AN 8-BIT PHYSICAL BUS ’
AND BHE FLOAT
(SEE NOTE 3)
e— — <] TCHSV - -+ TCLSH
§ N
$2.51.55 (EXCEPT HALT) L /]
- - TCLAV TCLDV TCHOX —=]
TCLAX ~*
A19/S6-A16/S3 LIPS 56.'53
TSVLH o] fee ] ToHLL (SEE NOTE 3)
TCLLH=] |- .
1 . r
ALE (8288 QUTPUT) //
SEE NOTE 4 N - YTWCL
RDY (8284 INPUT) i \\: \igz N N \ \\ \\S
- - TCLR1X
i TRYLCL. - -
|
| [
READY (8089 INPUT) [ ) e 4— TCHRYX
, | TRYHSH - -—
{TeLAX R -
READ — (MWTC AMWC.JOWC.AIOWC = Vou) TCLAY = roveL— . rcLox
SEE NOTE 7
AND ABOVE | 40580 ! < DATA IN AT FloaT N\
(BHE) t |
| TCHDTL —= : | TCHOTH
OT/R ‘
TCLML = —
| TCLMH —e|
8288 OUTPUTS | o e i )L
SEE NOTES 4, 5
TCYNY —|  pee-
DEN
! TCVNX —» —
—=TCLAX
WRITE — (AD,MRDC,IORC.DT/A = Vo) TCLAV— —~{TCLD TCHOX -+
SEE NOTE 7 7
AND ABOVE { ADy5-ADg Ars-Ao DATA OUT
(BHE)
TCYNV + TCYNX —|
DEN
s
—_—
cel e—TCLML TCLMH |
8288 OUTPUTS
SEE NOTES 45 | AMWC OR AIOWC
—| TCIML | e TCLMH
MWTC OR iOWC
ores

1 ALL SIGHAUS SWITCH BETWEEM Vo, AND Yo, UNLESS OTHERWISE SPECIF(ED

2 DY 15 SAMPLED NEAR TME END OF T, T, 1,, TO DETERMINE If T,, MACHINE STATES ARE 10 BE INSERTED

7 ETCLOWING A WINTE CYCLE DATA BEMAINS VALID ON THE 8008 LOCAL BUS UNTIL A LOCAL BUS MASTER DECIOES 10 AUN ANOTHER BuS
CYGLE THE LOGAL BUS 1S FLOATED BY T 8089 WiEN TE 80N ENTERS A REQUEST BUS ACKNOWLEDGE STaTE

SIGNALS AT K264 OR 4208 ARE SHOWN FOR REFERENCE ONLY _—

1€ ISUANCE OF THE 8208 COMMAND AND CONTROL SIGNALS MAGC WWFC AMWG TORC TOWE NIGWC TR AND OEM LaGS T

ACTIVE WiGw 8208 CEN

ALL TIMING MEASUREMENTS ARE MADE AT 1 5y UNLESS OTHERWISE NOTED

Ay-Aiy ARE STABLE ON TRANSFERS 10 4k A B11 PH1SICAL OATABUS . ¢ &

DON T FLOAT ON & READ FROM AN 8 811 PRYSILAL BYS OR MUy TIBLEL Wil

DATA ON A WRITE TO AN BT PrrSicaL BuS BRE 15 STABLE NON

MULTIPLERED) FOR ALL TRANSFERS
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intel 8089

WAVEFORMS (Continued)

ASYNCHRONOUS SIGNAL RECOGNITION

CLK
4
TINVCH (SEE NOTE 1)
DRQ 1.2 [a— '
signat
RESET .
y ;
NOTES:
1. SETUP TS FOR SIGNALS ONLY TO GUARANTEE NEGATIVE EDGE TRIGGERED.
RECOGNITION AT NEXT CLK. 3. DAQ BECOMING ACTIVE GREATER THAN 30 ns AFTER THE RISING EDGE OF CLK
2. ALL INPUTS EXCEPT CA ARE LATCHED ON A CLK EDGE. THE CA INPUT IS WILL GUARANTEE NON-RECOGNITION UNTIL THE REXT RISING CLOCK EDGE.

BUS LOCK SIGNAL TIMING AND SINTR TIMING

pe-- - Any CLK Cycle = jo - Any CLK Cycle -«
. —_— - i
cLx } u cLx
. TCLSAY
- TCLAV |= —=~ TCLAV~

. SINTR 12
tock
- 4

REQUEST/GRANT SEQUENCE TIMINGS

U

8089 FLOAT 8089 FLOATS A/D BUS—

bl

[e—— MASTER FLOATS A'D BUS

8089 AS SLAVE (MODE 0)

TCLGL —a»| —TCLGH'

a—TGVCH e

1089 AG OUTPUT 2089 8T INpUT 8089 RELEASE OUTPUT
(TO MASTER} (FROM MASTER) (TO MASTER)
t
5089 REQUESTS BUS 8089 WAITS FOR BUS 3089 USES BUS 2089 RELEASES BUS

8089 AS MASTER (MODE 1)

TCHGX — - -— 8089 FLOATS STATUS 8US

TCLGL —-l [—TCLGH

8089 FLOATS
A/D BUS

]
-

8089 AQ INPUT 2089 &7 outPUT
(FROM CURRENT SLAVE) (OLD MASYER BECOMES NEW SLAVE)

{~— 808% FLOATS A/D BUS

2089 AS MASTER (MOODE 0) ‘—1 ~— TCLGH
TCHOX —| e — le—TCcLaL " TCHGX —e .
—»1 |+ raven
o o
2
FLOATS
STATUS BUS

8009 AG INPUT s009 8T outeut 0009 RELEASE INPUT
(FROM CURRENT SLAVE) (OLD MASTER BECOMES NEW SLA ) (TO MASTER)

*CPU provides active pull-up.
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intel 8089

WAVEFORMS (Continued)

EXTERNAL TERMINATE SETUP TIMING

CLK

TINVCH =

EXT 1,2

SEL SETUP AND TIMING

CA

=~ TSLYCAL -—=f= TCALSLX -~
7
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8089 INSTRUCTION SET SUMMARY

Data Transfers

" POINTER INSTRUCTIONS OPCODE
7 07 1]
LPD PM Load Pointer PPP from Addressed Location PPPO OAA1{1000 1O0OMM
LPDI PI Load Pointer PPP Immediate 4 Bytes PPP1 0001|0000 1000
MOVP M,P  Store Contents of Pointer PPP in Addressed Location| [PPP O OAA1|/1001 10MM
MOVP P,M  Restore Pointer PPPO 0OAA11000 11MM
MOVE DATA OPCODE
. ) Source— 0000 OAAW|1 001 OO0OMM
MOV MM Move from Source to Destination Destination—| [0 000 0OAAW|T 100 11MM
MOV R,M Load Register RRR from Addressed Location RRRO OAAW[1000 OOMM
MOV M,R Store Contents of Register RRR in Addressed Location[ [ RRR O 0A AWI|1 0 00 01MM
MOVI R Load Register RRR Immediate (Byte) Sign Extend RRR wb 0OOWI0011 0000
MOVI M Move Immediate to Addressed Location 000 wb AAWI[0100 1 1MM
Control Transfer
CALLS OPCODE
7 07 0
*CALL Call Unconditional [To00 dd AAW[1 001 1 1MM]
0 JUMP OPCODE
JMP Unconditional 100 dd 0OOW|0 010 0000
Jz M Jump on Zero Memory 000 dd AAW|1 110 01MM
JZ R Jump on Zero Register RRR dd 000[(0100 0100
JNZ M Jump on Non-Zero Memory 000 dd AAW|1 110 00MM
JNZ R Jump on Non-Zero Register RRR dd 0000100 0000
JBT Test Bit and Jump if True BBB dd AAQ|1t 011 1 1MM
JNBT Test Bit and Jump if Not True BBB dd AAOQ|1 011 10MM
JMCE Mask/Compare and Jump on Equal 000 dd AAQ0|1 011 0O0OMM
JMCNE Mask/Compare and Jump on Non-Equal 000 dd AAOf(1 011 01MM
Arithmetic and Logic Instructions
INCREMENT, DECREMENT OPCODE
7 07 0
INC M Increment Addressed Location 0000 ODAAW|1 110 10MM
INC R Increment Register RRRO 0000|0011 1000
DEC M Decrement Addressed Location 0000 OAAW[1 110 11MM
DEC R Decrement Register RRRO 0000[0011 1100
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' Arithmetic and Logic Instructions

ADD OPCODE
7 07 0
ADDI M,I  ADD immediate to Memory 000 wbo AAW[ 100 0OO0OMM
ADDI R,I  ADD Immediate to Register RRR wb OOWIOO0O10 0000
ADD M,R ADD Register to Memory RRRO OAAWI1 101 0O0OMM
ADD R,M ADD Memory to Register RRRO OAAW[1 010 0OO0OMM
AND OPCODE
ANDI M,I  AND Memory with Immediate 000 wb AAWI1T 100 10MM
ANDI R,I AND Register with Immediate RRR wb 0OOWI|0010 1000
AND M,R AND Memory with Register RRRO OAAW(1 101 10MM
AND RM AND Register with Memory RRRO OAAW|[1 010 10MM
OR OPCODE
ORI M,I OR Memory with Immediate 000 wb AAW[1 100 0 1MM
ORI R, OR Register with Immediate RRR wb AAWI0O010 0100
OR M,R  OR Memory with Register RRRO OAAW[1 101 01 MM
OR R,M  OR Register with Memory RRRO 0OAAW|[1 010 01MM
NOT OPCODE
NOT R Complement Register RRRO 0000/0010 1100
NOT M Complement Memory 0000 DAAW|[1101 11MM
NOT RM Complement Memory, Place in Register RRRO OAAW[1 010 1t 1MM
Bit Manipulation and Test Instructions
BIT MANIPULATION OPCODE
7 07 0
SET Set the Selected Bit BBBO 0OAAO0{1111 01MM
CLR Clear the Selected Bit BBBO 0OAAO0}1111 10MM
TEST OPCODE
TSL Test and Set Lock IQOO1 1AAOI1001 O1Mm
Control
Control OPCODE
7 i 07 0
HLT Halt Channel Execution 0010 0000/0700 1000
SINTR Set interrupt Service Flip Flop 0100 00000000 0000
NOP No Operation 0000 00000000 0000
XFER Enter DMA Transfer 0110 00000000 0000
WID Set Source, Destination Bus Width; S,0 0=8, 1= 16 1SDO 0000|0000 0000
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"AAField in call instruction can be 00, 01, 10 only.
**OPCODE is second byte fetched.

All instructions consist of at least 2 bytes, while some
instructions may use up to 3 additional bytes to specify
literals and displacement data. The definition of the
various fields within each instruction is given below:

7 0 7 ¢

[+ L[] 2]

PPP BBB

OPCODE

MM Base Pointer Select

RRR Register Field

The RRR field specifies a 16-bit register to be used in
the instruction. If GA, GB, GC or TP, are referenced by
the RRR field, the upper 4 bits of the registers are load-
ed with the sign bit (Bit 15). PPP registers are used as
20-bit address pointers.

RRR
000 0 GA
001 r1 GB
010 2 GC
011 3 BC ; byte count
100 r4 TP ; task block
101 5 IX ; index register
110 6 CC ; channel control (mode)
111 7 MC ; mask/compare
See Notes 1,2
PPP
000 p0 GA ;
001 pt GB ;
010 p2 GC :
100 p4 TP ;task block pointer

Note 1. Logical and arithmetic instructions should not be used to update the
CC register (i.e.—only MOV and MOVI instructions should be used.)
2. A 20-bit register (GA, GB, GC or TP} that is initialized as a 16-bit /O
space pointer must be saved at even addresses when using MOVP or
CALL instructions.
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NOTES:

BBB Bit Select Field

The bit select field replaces the RRR field in bit manipu-
lation instructions and is used to select a bit to be oper-
ated on by those instructions. Bit 0 is the least signifi-
cant bit.

wb

01 1 byte literal
10 2 byte (word) literal
dd

01 1 byte displacement
10 2 byte (word) displacement.
AA Field

00 The selected pointer contains the operand address.

01 The operand address is formed by adding an 8-bit,
unsigned, offset contained in the instruction to the
selected pointer. The contents of the pointer are un-
changed.

10 The operand address is formed by adding the con-
tents of the Index register to the selected pointer.
Both registers remain unchanged.

11 Same as 10 except the Index register is post auto-
incremented (by 1 for 8-bit transfer, by 2 for 16-bit
transfer).

W Width Field

0 The selected operand is 1 byte long.
1 The selected operand is 2 bytes long.

Additional Bytes

OFFSET : 8-bit unsigned offset.

SDISP : 8/16-bit signed displacement.
LITERAL : 8/16-bit literal. (32 bits for LDPI).

The order in which the above optional bytes appear in IOP
instructions is given below:

T T
[ OFFSET I LIITERAL SDIISP

Oftsets are treated as unsigned numbers. Literals and
displacements are sign extended (2's complement).
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