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INTRODUCTION

GENERAL DESCRIPTION

The TMS9650 Multiprocessor Interface device (MPIF) provides a bit-parallel, asynchronous communications in-
terface for passing messages and data between two processors or processor systems. It represents a standard
peripheral interface consisting of eight programmable registers at each of its two ports and furnishes access to 256
bytes of random-access memory (RAM) used to buffer data transmitted between ports. The MPIF supplies arbitra-
tion logic to resolve RAM-access conflicts between the two processor systems. The MPIF can be used to connect
virtually any 8-bit or 16-bit microprocessor to any other 8-bit or 16-bit microprocessor having the capability of in-
terfacing to standard memory or peripheral devices.

KEY FEATURES

Two fully independent, asynchronous processor interfaces or ports

Eight programmable 8-bit registers at each port

Status and control registers

Interrupt request control at each port

Pointer registers that can be incremented following a RAM access

Message registers to pass data between ports independent of RAM arbitration logic

256 bytes of RAM addressed indirectly using pointer registers

Hardware support for utilization of RAM as first-in first-out (FIFO) buffer between ports

Width of data path expandable in 8-bit increments

Internal arbitration of asynchronous RAM-access conflicts

Optional READY signal for concurrent use of the memory by both ports

READY synchronized on chip; CLKIN required only if READY is used

Hardware lockout capability provided to support test-and-set, test-and-clear operations

Software lockout facility with interrupt for confirmation

Single 5-V supply

40-pin DIP package

® O © ¢ 0 © 60 O & o0 e 0 o o o o o

N-channel silicon-gate technology
FUNCTIONAL DESCRIPTION

ARCHITECTURE

The Multiprocessor Interface (MPIF), shown in Figure 1-1 as a block diagram, is built around a 256 x 8-bit static
random-access memory and includes two complete microprocessor interfaces and two complete data paths. Each
data path connects the microprocessor interface to the appropriate on-chip registers under the control of the exter-
nal interface control signals, register select lines, and the arbitration latch.

Both interfaces have access to the RAM via data registers, which are simple bidirectional buffers between the RAM
and the data paths and involve no storage.

Each data register has associated with it an address pointer register that supplies the address to the RAM when the
corresponding data register is used. The address registers can be written to and read from both microprocessor in-
terfaces.

Two message registers are provided, one assigned to each port. Each interface can read and write its own message
register but only read that of the other interface.

The control register provides for the configuration and control of the MPIF. It includes the enable bits for the various
sources of interrupt request on-chip.
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The status register shows the condition of the various interrupt sources.

The RAM can only be used by one host microprocessor, via its data register, at one time. The two outputs of the ar-
bitration latch, ACTA and ACTB, control access to the RAM. These outputs select the RAM data and address buses
from either the DATA A and ADDR A registers or the DATA B and ADDR B registers respectively. ACTA becomes
true when the data register of port A is addressed, but only if ACTB is not already true and port B has not asserted a
lockout. A corresponding definition applies for ACTB. Hence, the two signals are mutually exclusive, which ensures
that both interfaces cannot use the RAM at once. The MPIF provides its host microprocessors with continuous ac-
cess to all the other registers.

If both interfaces try to gain access to the RAM concurrently, the first to address its data register will exclude the
other. The RAM is assigned on a first-come, first-serve basis unless a lockout is in effect (see Section 2.5).

Occasionally, both ports may address their data registers at exactly the same time. This can put the arbitration latch
into an indeterminate state for some time. Due to the cross-coupled nature of ACTA and ACTB, the indeterminate
state will be unstable. Eventually the conflict will resolve itself, the outcome being essentially random. ACTA and
ACTB pass through threshold circuits to ensure that the unstable state is interpreted as an inactive state for both
bits.

Each interface can request exclusive use of the RAM using the lockout feature. This is asserted by means of a
software-accessible bit or with a dedicated input pin. In situations where both ports assert a lockout, the RAM is
assigned on a first-come, first-serve basis.

A memory cycle cannot be allowed to proceed if the port concerned does not succeed in getting access to the RAM
or there is uncertainty in the arbitration latch. The problem of sharing the RAM between two ports may be approach-
ed in three ways:

1. Ensure in software that both host ports do not try to use the RAM at the same time. Thus any attempt to gain
access to the RAM is guaranteed to be successful. This involves the two systems passing messages between
themselves regarding their status and intentions, for which the message registers may be used.

2. Usethe READY signal provided by the MPIF to put the system into a wait state if it is not successful in gaining
access to the RAM or if uncertainty exists in the arbitration latch.

3.  Use the software-accessible lockout bit to request exclusive use of the RAM. Wait until this is acknowledged
before attempting access to the RAM.

It is possible to use method 2 on one port and 3 on the other port.

REGISTER DESCRIPTION

The MPIF occupies eight locations in the memory map of each host system. It is so arranged that the registers ac-
cessible at the same location of each port serve the same function. The ports of the MPIF are therefore completely
identical and can be reversed without software or hardware changes. For the purpose of naming the locations in the
memory map, the port under consideration is referred to as the local port and the other is referred to as the remote
port. The location and function of each register is shown in Table 2-1.

Data Registers

Each port can read and write its own data register at the two memory locations designated as Data and Data/Incre-
ment. If a memory operation is performed to the RAM via the data/increment location, the corresponding address
pointer register will be incremented on completion of the memory cycle. This will not happen if the Data location is
used.

Address Pointer Registers

Each port can read and write its own address pointer register at the location designated as the Local Address Pointer
and can read and write the other port’s pointer at the Remote Address Pointer location. This enables each port to
determine where in the RAM it will operate by setting up its own address pointer register. Alternatively, the
management of the RAM can be under the control of only one port, which sets up both address pointers. Each
pointer register will cycle through the value FF1g (1.e. increments to 001 g). The following limitations apply to the
use of these locations:
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1. If either address pointer is read while its value is being changed by a write operation from the other port, an er-
roneous value may be read.

2. A port should not write to its remote address pointer location while there is a possibility that the other port
could perform a memory operation to the RAM. This can result in the address pointer being changed during a
memory operation and data in the RAM being corrupted.

TABLE 2-1 - MPIF REGISTER MAP

R:S:;ER REGISTER SELECTED
NES REGISTER FUNCTION READ/WRITE
5051 52 PORT A PORT B
000 DATA/INCREMENT DATA A DATA B AW
001 DATA DATA A DATA B RIW
010 MESSAGE IN MESSAGE B MESSAGE A R
011 MESSAGE OUT MESSAGE A MESSAGE B RIW
100 CONTROL CONTROL A CONTROL B RIW
101 LOCAL ADDRESS ADDRESS A ADDRESS B RIW
POINTER
110 STATUS STATUS A STATUS B R
111 REMOTE ADDRESS ADDRESS B ADDRESS A RIW
POINTER

Message Registers

Each port can read and write its own message register at the location designated as Message Out. In addition, it on-
ly reads that of the other port at the Message In location. The message registers are implemented as two 8-bit
registers, which can be written to at any time from their corresponding interface. During a write operation, the
previous value of the register is held in a latch so that if a read operation occurs concurrently with the write, the
previous value of the status register will be read. This means that the hosts may poll their remote status registers at
any time without fear of reading an invalid code.

Interrupts are provided to support passing messages (see Section 2.2.5).

Control Registers

Control registers can be written to and read by their respective hosts at any time. The bit assignment is shown in

Figure 2-1.

IEN1-IEN5 Interrupt Enable Bits: When set to 1, these allow their respective interrupt status bits to set the INT
status bit and pull low the INT line.

LEA Lockout On Equal Addresses Pointer: If this feature is set from either port, it is active for the entire
device. When this feature is enabled and the address pointer registers become equal, the port cor-
responding to the last address pointer register to be loaded from either port or incremented will be lock-
ed out of the RAM. The lockout will persist as long as the above condition remains true.

SLOC Software Lockout Bit: This provides a software-accessible means of requesting that the remote port be
locked out of the RAM.

All bits of the control register are cleared by the reset function of the mode pins, M1 and M2.

584
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Do D1 D2 D3 Dg Ds D6 D7

LEA | IEN1 | IEN2 | IEN3 | IENg] IENg | sLoc] X

L J 1 ]
|

1
INTERRUPT MASK BITS NoT
USED

LEA — Lockout on equal address pointers
IEN1-IENs — Enable bits for MI, MO, LPE, RPE, LAK interrupt bits respectively
SLOC — Software lockout bit

FIGURE 2-1 — MPIF CONTROL REGISTER BIT ASSIGNMENT

Status Registers

Each status register is read only and allows its corresponding host to inspect the status of various parameters on-
chip. All may cause an interrupt if the appropriate interrupt enable bit is set to a 1. The bit assignment is shown in
Figure 2-2.

INT
Mi

MO

LPE

RPE

LAK

Interrupt Asserted: An interrupt status bit has been set, and the INT line 1s pulled low.

Message In Interrupt: A byte should be read from the Message In register. It is set when the remote port
loads its Message Out register and is cleared when the local port reads its Message In register. It is
cleared by the reset function.

Message Out Interrupt: The local message register is available for use. It is cleared when a byte is writ-
ten to the local Message Out register and set when the remote Message In register is read. It is set by
the reset function.

Local Pointer Equal to Remote Pointer: The address pointer registers are equal, and the local pointer was
the last one to be loaded from either port or incremented. It remains true as long as the condition per-
sists.

Remote Pointer Equal to Local Pointer: The address pointer registers are equal, and the remote address
pointer was the last one to be loaded from either port or incremented. It remains true as long as the con-
dition persists.

Lockout Acknowledge: This is set following the assertion of SLOC by the local port when the lockout of
the remote port from the RAM becomes effective. It is cleared when SLOC is cleared.

Do D1 D2 D3 D4 Ds De D7

INT mi MO LPE RPE | LAK X X

| 1
INTERRUPT STATUS BITS NOT USED

INT - Interrupt occurred

MI - Message in

MO - Message out

LPE - Local address pointer equal to remote address pointer
RPE — Remote address pointer equal to local address pointer
LAK - Lockout acknowledge

FIGURE 2-2 — MPIF STATUS REGISTER BIT ASSIGNMENT
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Do-D7

Do-D7

HOST INTERFACES

The simplest read and write operations for the MPIF are shown in Figure 2-3. READY and CLKIN are not shown
since the memory cycles here apply to all registers except the data register. They will apply to the data register only
if READY is not used. As with the register map, the host interfaces are identical, both electrically and functionally.

The desired register is selected by putting the appropriate code (see Table 2-1) on the register select lines (Sg-S2)
and by putting chip select (CS) low. If a write operation is desired, a negative-going pulse is applied to the write
enable pin (WE), and valid data is set up on the data lines (DQ-D7) sooner than the required setup time before the
rising edge of the write enable. If a read operation is desired, the output enable (OE) signal is set low, which brings
the MPIF data lines out of a high impedance state. The data that they display will only be valid after the appropriate
access time has elapsed from the register being selected. The required setup times, access times, etc. are given in
Section 4.4,

READ OPERATION

WRITE OPERATION

X VALID
DATA

FIGURE 2-3 — MPIF READ AND WRITE OPERATIONS
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READY AND CLKIN

Although the MPIF host interfaces can function without the READY and CLKIN signals, both signals are required if
concurrent access to the RAM is desired by both host systems. Under these conditions, the selection of one inter-
face or the other on to the RAM is done by the arbitration latch. The host interface logic is responsible for putting in-
to a wait state the host which is unsuccessful in gaining access.

When a host system addresses the data register of the MPIF (chip select low and the appropriate code on the
register select lines), READY is immediately set low regardless of whether or not access is actually gained to the
RAM. READY will then stay low, and the interface will remain in a wait state until any uncertainty in the arbitration
latch has resolved itself and access has been clearly gained.

Since the majority of systems will not accept an asynchronous READY signal, synchronization is provided on the
MPIF. The falling edge of READY is generated by the CPU addressing its data register, so it is already synchronous.
The rising edge, however, is not and must be synchronized to the system clock. CLKIN is provided for this purpose
alone.

Each output of the arbitration latch is monitored by a threshold detector, which tests for a level in excess of the
metastable level. ACTA or ACTB reaching this level indicates any conflict has resolved itself, and the corresponding
port has gained access to the RAM. During the CLKIN high period, the output of the threshold detector is sampled as
shown in Figure 2-4. When CLKIN is low, the feedback is applied to consolidate the sampled value so that any in-
determinate sample will go to a valid 1 or O level. If a 1 is detected indicating that the memory cycle can proceed,
then READY is set high on the next rising edge of CLKIN.

AN /S

so-s2 X DATA REGISTER X
WE \ /
OE

Do-D7 X VALDDATA X

READY \ /

“ACT"" / \

FIGURE 2-4 — OPERATION OF READY AND CLKIN

Figure 2-5 shows the result of two read cycles beginning at the same time. When the data registers are addressed,
the ACTA and ACTB bits both begin to rise. As they are both mutually exclusive, a metastable condition is reached.
It is significantly later that a result is seen from this conflict when, in this case, port A gains access and port B does
not. READY is taken low on both ports as soon as the data registers are addressed. At port A during the first subse-
quent CLKIN high period (1), ACTA is not seen as having a VALID high level. Therefore, it is the value sampled in the
second CLKIN high period (2) that results in READY being set high on the next rising edge of CLKIN. Note that ACTA
selects the data and local address pointer registers of port A on to the data and address lines of the RAM. It is not
until after ACTA reaches a good 1 level that valid data is seen on the port A data lines. Port A then completes its
memory cycle and ceases to address its data register. ACTA, therefore, goes low again, which allows ACTB to rise
to a 1 level. This fact is detected in the CLKIN high period of port B (3), and READY goes high on the next rising
edge. Up to this point, the data lines of port B have been displaying invalid data. This becomes valid after ACTB
reaches a good 1 level. The memory cycle at port B can then be completed.



PORT B

PORT A

S0-S2 X S0=S1=0 X_

CLKIN (1) (2)

( S0-S2 X S0=51=0

Do-D7

READY \

CLKIN (3)

“ACTB" — /
~

NOTE: ACTA and ACTB are internal signals.
FIGURE 2-5 — SIMULTANEOUS READ CYCLES FROM BOTH PORTS




2.5

2.6

LOCKOUT CAPABILITY

Both ports have a lockout feature that can be asserted by either one of two means: (1) by putting a low level on the
LOCKIN input of the host interface, or (2) by writing a 1 to the SLOC bit of the control register. If a lockout is
asserted by the local port, then the ACT bit of the remote port is held low. Thus if the remote port addresses its data
register, it will not get access to the RAM. If CLKIN and READY are used on the remote port, it will enter a wait state
until the lockout is removed.

The assertion of a lockout will not guarantee immediate exclusive use of the RAM. A lockout asserted by the local
port will only become effective after any memory operation to the RAM by the remote port has been completed. It
will also not be effective until any lockout asserted by the remote port has been cleared. Lockouts, therefore, are
mutually exclusive in a similar way to ACTA and ACTB, and concurrent lockout requests from both ports are assign-
ed on a first-come, first-serve basis.

Figure 2-6 shows an example of the lockout facility being used to implement an indivisible read-modify-write opera-
tion. Port A performs the read and write operations with a lockout asserted between them by means of the LOCKIN
input. At the time when port A tries to do a read from the RAM (1), there is already a read cycle in progress on port
B. Port A, therefore, enters a wait state until this operation is complete even though the LOCKIN input is asserted.
When the read cycle at port B is complete, the memory operation at port A can proceed and, in addition, the lockout
of port B becomes effective. Consequently, when the next memory operation is initiated to port B (2), it enters a
wait state even though there is no activity on port A. Port A then enters a write cycle (3), during which the LOCKIN
is removed. When the write cycle ends and ACTA goes low (4), ACTB can rise in the absence of the lockout and the
memory operation can also be completed here. Therefore, the read and write operations at port A cannot be in-
terfered with from port B. LOCKIN would be derived from a multiprocessor interlock-type signal in host system A.
The LOCKIN signal has no effect unless CS is active low and SO=S,=0 (i.e., RAM access).

In a system where the user does not wish to use the READY and CLKIN signals on a particular port, the SLOC bit can
be used to guarantee that access is gained to the RAM. The LAK interrupt status bit will be set in response to SLOC
as soon as the lockout becomes effective. Thus LAK will not be set until any current memory cycle to the RAM from
the remote port has been completed and any lockout that the remote port may have asserted has been cleared.
After this, the local port has exclusive use of the RAM until it clears SLOC.

ADDRESS POINTER EQUAL INTERRUPTS AND LOCKOUT

If it is desired to move data blocks of greater than 256 bytes between systems, the MPIF can be used to implement
a circular buffer to absorb any data transfer rate mismatch between systems. Consider the case of system A (con-
nected to port A) sending a block of data to system B. Both systems implement the MPIF READY signal.

To begin the transfer, the address pointer registers of both ports are set the same. This is done by either host
system if the address pointer of port B is set up last. This generates an RPE interrupt to system A and an LPE inter-
rupt to system B, these serving as buffer empty interrupts. Normally, system B should then avoid reading the RAM
until the LPE interrupt has gone. However, if the LEA feature is enabled, system B can begin its first read. It will
enter a wait state until the first byte is written into the buffer. When system A starts loading data via its data/incre-
ment register, the equality of pointers is removed, and the receiving system can sequentially read the data via its
data/increment register. |f'the reading pointer succeeds in catching up with the writing pointer, then system A will
again receive an RPE and system B an LPE and a lockout (assuming LEA is set) indicating that the buffer is empty.

If the sending system succeeds in getting 256 bytes ahead of the receiving system, then the address pointers again
become equal. This time, system A gets the lockout and an LPE interrupt, and system B gets an RPE interrupt. This
corresponds to a buffer full interrupt, and the sending system will be prevented from writing more data until there is
room for it.

Another possible method of buffering large data streams is as follows: If the sending interface in the above example
fills the buffer and receives an LPE interrupt, then it may subtract a certain number from that in its local address
pointer and reload it with the result. It will be interrupted when there is this certain number of bytes left in the buffer
and may return the original value to the address pointer and refill the buffer. However, the sending system should
return the original value to its local address pointer if it enters a condition where it is unable to respond to an inter-
rupt before the remaining bytes in the buffer are read.

An equivalent procedure can be undertaken by the receiving host system. This time, a certain number is added to
the pointer register and an RPE interrupt received when there is that number of bytes in the buffer.
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NOTE: ACTA and ACTB are internal signals.

FIGURE 2-6 — TYPICAL READ-MODIFY-WRITE OPERATION USING LOCKIN
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2.7.2

2.7.3

MODE PINS

The mode pins, M1 and M2, are used to reset the MPIF and to enable several MPIFs to be used in parallel on memory
buses of greater than 8 bits. There are four modes encoded on these pins: reset (M1 = M2 = 0), standalone
(M{=M2=1), master (M1 =0, M2 =1), and slave (M1 =1, M2 =0). Schmitt triggers are provided on both inputs
to permit the use of a resistor and capacitor arrangement to implement reset. .

Reset (M1 =M2=0)

The reset function establishes the following conditions on-chip:

1. All bits of the control register cleared
The Ml interrupt status bit cleared
The MO interrupt status bit set

The data lines (Dp-D7) of the host interfaces held in a high impedance state

CIE IS

The READY output of each port held in a high impedance state.
The other three combinations of the mode pins are operating modes.

Standalone Mode (M1=M2=1)

The standalone mode is the operating mode of a single MPIF. To implement reset with this mode of operation, both
M1 and M2 should be connected to an active-low system RESET signal.

Master (M1 =0, M2 =1) and Slave (M1 =1, M2=0) Modes

The master and slave modes are included to avoid the possibility of problems occurring in multiple MPIF ar-
rangements. During simultaneous attempts at getting access to the RAM by both ports, it is possible for the arbitra-
tion latches of different devices in standalone mode to fall in opposite directions with consequent system malfunc-
tion. Master and slave modes allow the arbitration latch in only one MPIF to decide which port should have access.
This decision is then passed on to the remainder. Figure 2-7 shows an example of a multiple MPIF system.

To implement the reset function on the master device, M2 should be connected to the system RESET signal, and
M1 should be grounded. In master mode operation, the timing of the READY line of each port is changed to provide
an unclocked, active-high indication of when that port has gained access to the RAM. A CLKIN input is, therefore,
not required by the master device.

On the slave devices, M1 is connected to the system RESET line, and M2 is grounded. In this mode, the LOCKIN
signals of each port become enable inputs, which are connected directly to the modified READY outputs of the cor-
responding port of the master device. The slave has no arbitration and responds to a high level on the READY output
of the master by granting access to the appropriate port immediately. At this time, it also begins the procedure of
releasing its own READY line which is synchronized in the same way as on the standalone device. Hence, a CLKIN
must be supplied to the slave devices. In dual MPIF arrangements, the READY outputs of the slave may be taken
directly to the READY input of the host systems. With more than one slave, the READY outputs of each port should
be ANDed together to ensure that all MPIFs give access to the port before READY is released.
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2.8 PIN DESCRIPTION

Table 2-2 defines the TMS9650 pin assignments and describes the function of each pin.

TABLE 2-2 - PIN ASSIGNMENT AND FUNCTION

PIN NUMBER
SYMBOL TYPE I/O DESCRIPTION
PORT A | PORT B

Do (MSB) 12 29 /0 DATA BUS: Provides for bidirectional data
transfer between the MPIF port and the host
system.

D1 13 28 110

Do 14 27 110

D3 15 26 110

Dg 16 25 110

Dsg 17 24 110

Dg 18 23 110

D7 (LSB) 19 22 110

So 6 35 | REGISTER SELECT LINES: Indicate to the MPIF
which internal register is accessed by the host
system.

S1 7 34 |

S2 8 33 |

cs 4 37 [ CHIP SELECT: Indicates that the host system re-
quires access to one of the MPIF internal
registers.

WE 10 31 1 WRITE ENABLE: Indicates that the host is perfor-
ming a write operation.

OE 9 32 | OUT ENABLE: Indicates that the host system Is
performing a read operation.

READY 5 36 [0} READY: Indicates to the host system that the
memory operation in progress may be completed.

CLKIN 2 39 | CLOCK-IN: Allows READY to be presented syn-
chronously to the host system.

LOCKIN 3 38 | LOCKOUT IN: Indicates to the MPIF that the op-
posite port should be denied access to the RAM.

INT 20 21 Olo/d)* | INTERRUPT: Indicates to the host system that it
should branch to a service routine.

M1 1 MODE PINS: Reset the MPIF and establish
whether it is to work in master, slave, or stan-
dalone mode.

M2 40

Vee 30 POWER SUPPLY

Vss 1 GROUND REFERENCE

* o/d = open drain output all others are push/pull outputs
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3.1

3.2

14

APPLICATIONS

Examples of TMS9650 applications are discussed in the following paragraphs.

PARTITIONING OF SYSTEM FUNCTIONS

Using the TMS9650, functions can be partitioned among as many processors as required to achieve a desired level
of performance. Figure 3-1 shows a system with three processors and two MPIFs.

MICRO- MICRO- MICRO-
PROCESSOR MEMORY PROCESSOR MEMORY PROCESSOR MEMORY
| | . | l . | |
T &
| : | : l
INPUT/ INPUT/ INPUT/
OUTPUT ouTPUT ouTPUT
A - AN J \ -/
v Vv vV
SECTION 1 SECTION 2 SECTION 3

FIGURE 3-1 — PARTITIONING OF SYSTEM FUNCTIONS AMONG THREE MICROPROCESSORS

The flow of data between sections 1 and 2, and sections 2 and 3 is high enough to warrant linking them together
with MPIFs. A third MPIF is not required if little or no data is exchanged between sections 1 and 3.

If the multiprocessor system shown in Figure 3-1 resides on a controller board for an intelligent terminal, section 1 is
the communications front-end processor, section 2 the keyboard monitor and high-level user interface, and section
3 the CRT controller and graphics processor.

MODULAR-BUS CONFIGURATION

The TMS9650 can serve as the slave interface through which an intelligent peripheral controller connects to a
system bus controlled by a host processor. In Figure 3-2, the host processor controls the system bus, which is also
connected to a main memory and two intelligent function modules.

HOST MAIN

PROCESSOR MEMORY
SYSTEM BUS

TMS9650 TMS9650

MPIF MPIF

uP H uP
110 1/0
MEM MEM|

FIGURE 3-2 — FUNCTION MODULES CONNECTED TO SYSTEM BUS
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Each function module contains an MPIF, processor, memory, and I/O capability. These and other similar modules
are easily connected to or removed from the bus to configure the system as required. The host presents a master in-
terface capable of actively initiating bus transfers. The other modules, memory and MPIF, present passive or slave
interfaces to the bus. These modules can transmit or receive data only under the direct influence of the master.
Whereas a master interface tends to be relatively complex to provide these capabilities, the MPIF interfaces to the
bus as easily as a memory or any other device with a slave interface.

A direct memory access (DMA) controller could be added to the system bus to help the host processor transfer
blocks of data between the main memory and the function modules. Each word transferred via DMA consumes two
bus cycles. For example, in moving data from a function module to the main memory, the DMA controller first reads
each word from the module, and then it writes the word to memory.

INTERFACING AN 8-BIT TO A 16-BIT MICROPROCESSOR SYSTEM

In the example shown in Figure 3-3, an interface is constructed of two TMS9650 MPIFs configured in standalone
mode. The two READY signals at ports A and B are gated together to form composite READY signals to the 8- and
16-bit systems. Clocks synchronize the READY signals.

The 16-bit system on the right side of Figure 3-3 accesses the two MPIFs in parallel; the upper MPIF inputs or out-
puts data on lines DO-D7, and the lower MPIF inputs or outputs data on lines D8-D15 of the 16-bit system. On the
left side, the 8-bit system accesses each MPIF separately; both MPIFs input or output data on the same eight data
lines, DO-D7, of the 8-bit system.

8-BIT MICROPROCESSOR 16-BIT MICROPROCESSOR
SYSTEM (8088) PORT A PORT B (TM$99000) SYSTEM
1 A N M
L/ . N/ A\ |
focK I MPILCK
LOCKIN | LOCKIN |
| w
| me [
>‘ DoD7 | DoD7 <: ) Po07
CLUN | CLN
+—o
READY | READY RESET

l CLKIN CLKIN L

READY | READY

CLOCK

N
S
g
8
5

AN

I
|
|
|
|
I
l
> Dg-D1s5
|
1
I

)

READY }—C[? READY

—_ ) | I

FIGURE 3-3 — INTERFACING AN 8-BIT TO A 16-BIT MICROPROCESSOR SYSTEM

To avoid bus deadlock when asserting LOCKIN, the 8-bit system should attempt to lock out the 16-bit system from
either one MPIF or the other, but never both simultaneously. In applications where a configuration is needed in
which either system can safely obtain exclusive access to both MPIFs simultaneously, one MPIF must be configured
in master mode and the other in slave mode, as described earlier.
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3.4 ARBITRATION AND SYNCHRONIZATION

The arbitration and synchronization mechanisms, shown in Figure 3-4, correspond to the standalone mode. In the
master and slave modes, the operation of these mechanisms is modified.

TA TB
READY ¢—— SYNC AC IA—C—-’ SYNC ———= READY

CLKIN 4 ARBITRATION L______ CLKIN

LATCH
REQUEST J T REQUEST
TO ACCESS TO ACCESS
\ RAM , \ RAM ,
PORT A PORT B

FIGURE 3-4 — ARBITRATION AND SYNCHRONIZATION

The MPIF contains all arbitration and synchronization logic needed to maintain the integrity of the interface between
two independent and asynchronous processors. As indicated in Figure 3-4, the arbitration latch is responsible for
granting RAM access to one port or the other. The arbitration latch receives requests for RAM access from either
port and generates two internal signals, ACTA and ACTB. (See Figure 1-1). When active high, ACTA connects
DATA A and ADDR A to the RAM by switching the two internal multiplexers (MUX).

Similarly, when ACTB is active, it connects DATA B and ADDR B to the RAM. The arbitration latch has been careful-
ly designed so that ACTA and ACTB will never be active simultaneously.

4. ELECTRICAL SPECIFICATIONS

4.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)t

Supply voltage, VCC (see NOte 1) . . . o . oo e 7V

INPULVOIAgE . o . . oo e e e e e e e -0.3Vto20V

Off-state outpuUt VOItage . . . . . . . ottt e e e -03Vto7V

Continuous POWEr diSSIPAtION . . . . . ot ottt et e e e e e e 0.8 W

Operating free-air temperature range . . . . . . . oottt et e e e 0°Cto70°C

Storage temMpPeratur@ FANGE . . .« o v v v vt e e e it e e e e e e —-55°Cto +150°C

' Stresses beyond those listed under ‘’Absolute Maximum Ratings’’ may cause permanent damage to the device This Is a stress rating only and functional

operation of the device at these or any other conditions beyond those in the ‘R ded Op g Conditions’” section of this specification 1s
not implied. E to absolut ated conditions for extended periods may affect device reliability.

NOTE 1- Voltage values are with respect to network ground terminal, Vgg.

4.2 RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX | UNIT

Supply voltage, Ve 4.5 5 5.5 \'
Supply voltage, Vgg (0] \Y
High-level input voltage (All inputs), V4 2 \"
Low-level input voltage (All inputs), V| 0.8 \
High-level output current, gy (All outputs except INT) 100 pA
Low-level output current, lg All except INT 2 mA
TNT output only 2.5
Operating free-air temperature, Ta (o] 70 °C
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4.3 ELECTRICAL CHARACTERISTICS OVER RECOMMENDED FREE-AIR TEMPERATURE RANGE
PARAMETER TEST CONDITIONS MIN TYP¥ MAX | UNIT
VOH High-level output voltage Vcc = NOM loH = MAX 24 \
VoL Low-level output voltage Vce = NOM loL = MAX 0.6 \
Off-state (high-impedance Vo = 2.4V +20
o gnmp Vee = MAX Q WA
state) output current Vo =06V +20
] Input current V| = Vgg to Vcc +10 | pA
Icc Supply current Vee = MAX 145 [ mA
Input capacitance
Ci . 15 pF
(except data bus)
Cps Data bus capacitance f = 1 MHz, all other pins at 0 V 25 pF
Output capacitance
Co pur cap 10 pF
(except data bus)
1 For conditions shown as MIN or MAX, use the pprop value fied under ded operating
Al typical values are at Voo = 5V, Tp = 25°C.
4.4 TIMING REQUIREMENTS AND CHARACTERISTICS
SEE SEE
PARAMETER CONDITION MIN TYP MAX [ UNIT
NOTE FIGURE
Data register
Register select setup 9 4-1 205
tsul time for write S0=51-0 ns
Otherwise 4-1 150
. Data register
Chip select setup 9 4-1 195
tsu2 time for write S0=51=0 ns
Otherwise 4-1 140
Data register
) ) 9 41 150
tsu3 Data setup time for write S0=S51=0 ns
Otherwise 4-1 50
Data register
) ) o 441 200
twl2 Write enable low pulse width Sp=S1=0 ns
Otherwise 4-1 70
th1 Data hold time for write 4-1 0 ns
th2 Chip select hold time for write 4-1 0 ns
th3 Register select hold time for write 4-1 [*] ns
Hold time of write enable
tha after CLKIN falling edge during Data register 7 4-4 140 ns
concurrent RAM accesses
NOTES: . Figure 4-6 shows the load circuit used to measure the timing charactenistics of output and 1/0 pins. A value of C|_ = 100 pF 1s used except
where otherwise stated.

. These times only apply when the port in question gets immediate access to the RAM. Otherwise, the access time I1s determined by taoc4-

. Only one of the times thg or thg need be satisfied. These specify the maximum length of a RAM read operation after access has been gained.

. These setup times need to be met if READY 1s to be set high on the next nising edge of CLKIN. If these setup times are not met, then READY will
not be released until one CLKIN cycle later (provided a memory access or lockout 1s not in effect at the remote port).

. This setup time 1s required if LOCKIN is to be effective immediately after the termination of the memory access to the RAM. The memory access
may be terminated either by CS. going high or the address lines changing.

. This 1s the delay of the interrupt line from the termination of the memory cycle that causes it The cycle I1s terminated when CS goes high or
when either OE or WE goes high.

. These parameters describe the access tme and required WE hold times when access to the RAM 1s not immediately achieved and the host
system enters one wait state or more. The parameters are measured from the falling edge of CLKIN on which the corresponding ACT bit 1s
first sampled as being high. This sampled value indicates that access to the RAM has started and results in READY are being released on the next
nsing edge of CLKIN.
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4.4 TIMING REQUIREMENTS AND CHARACTERISTICS (Concluded)
SEE SEE
PARAMETER CONDITION NOTE FIGURE MIN TYP MAX | UNIT
Access time from register Data rogister 1,2 42 150 195
ta1 S0=S1=0 ns
select for read -
Otherwise 1 4-2 70 85
Access time from chip Data register 1,2 4-2 140 185
ta2 select for read Otherwise 1 4-2 60 75 ns
Access time from output Data register 1,2 42 80 100
ta3 enable for read S0=51=0 ns
Otherwise 1 4-2 30 40
tp1 Cﬁip select to data bus Hi-Z 1 4-2 45 55 ns
tp2 Output enable to data bus Hi-Z 1 4-2 45 50 ns
Access time from
tag CLKIN low during Data register 1,7 4-4 120 ns
concurrent RAM accesses
ths :f::’r i:?:'d:zd time Data register 3 4.2 2| s
the :f:;‘:l:;:za:;;ho'd time Data register 3 4-2 2 us
tp3 Chip select to ready low 1 4-3 35 45 ns
_tpha Register select to ready low 1 4-3 50 60 ns
tp5 CLKIN high to ready high Data register 1 4-3 30 40 ns
tsud Chip select setup time to CLKIN falling 1 4-3 75 ns
tsub Register select setup to CLKIN falling 1 4-3 85 ns
tsub TOCKIN setup to end of access Data register 5 4-3 100 ns
twlL1 CLKIN low pulse width 4-3 60 ns
twH1 CLKIN high pulse width 4-3 45 ns
tp6: tp7 End of memory cycle to interrupt 4-5 1,6 4-5 200 ns
tr CLKIN rise time 5 15 ns
tf CLKIN fall time 5 15 ns
NOTES: 1. Figure 4-6 shows the load circuit used to measure the timing characteristics of output and I/O pins. A value of C| = 100 pF is used except
where otherwise stated.

2. These times only apply when the port in question gets immediate access to the RAM. Otherwise, the access time is determined by ta4.

3. Only one of the times ty5 or thg need be satisfied. These specify the maximum length of a RAM read operation after access has been gained.

4. These setup times need to be met if READY is to be set high on the next rising edge of CLKIN. If these setup times are not met, then READY
will not be released until one CLKIN cycle later (provided a memory access or lockout is not in effect at the remote port).

5. This setup time is required if LCEKIN is to be effective i diately after the i of the memory access to the RAM. The memory access
may be terminated either by CS going high or the address lines changing. _

6. This 1s the delay_oi thﬂnerrupt line from the termination of the memory cycle that causes it. The cycle is terminated when CS goes high
or when either OE or WE goes high. _

7. These parameters describe the access time and required WE hold times when access to the RAM is not immediately achieved and the host
system enters more than one wait state. The parameters are measured from the falling edge of CLKIN on which the corresponding ACT bit
is first sampled as being high. This sampled value indicates that access to the RAM has started and results in READY are being released on
the next nsing edge of CLKIN.
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5. MECHANICAL DATA

5.1 TMS9650 — 40-PIN PLASTIC PACKAGE

53,09 (2.090) MAX
@
o I o 1 o oo o Y Y o s o e Y e o Y M o v o |

EITHER
INDEX :

LIS GRS A S D N N [ OO O O S N O Y A N S D |

@

)

G 1
15,24+0,254
(0.600+0 010)
0,508 (0.020)
MIN
|
E — SEATING PLANE-—r—
90°

0,457£0,076
10.018:0.003) 11

PIN SPACING 2,54 (0.100) T.P.
(See Note a)

5,08 (0.200) MAX

3,17 (0.125) MIN

Y

0,838 (0.033) MIN

| 2:41 0.095)
1,52 (0.060) NOM

1,40(0.055)

NOTE: a. Each pin centerline is located within 0,254 (0.010) of its true longitudinal position.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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T1 Sales Offices

ALABAMA: Huntsville (205) 837-7530
ARIZONA: Phoenix (602) 995 1007

CALIFORNIA: Irvme (714) 660-1200,
Sacramento (916) 929-1521,

San DIGFO (619) 278 9601,

Santa Clara (408) 980 9000
Torrance (213) 217-7010,

Woodland Hills 1213) 704-7759

COLORADO: Aurora (303) 368 8000
CONNECTICUT. Wallingford (203) 269 0074

FLORIDA: Ft. Lauderdale (305) 973 8502,
Maitland (305) 660-4600, Tampa (813) 870-6420

GEORGIA: Atlanta (404) 452-4600
ILLINOIS Arlington Heights (312) 640 2925

INDIANA Ft. Wayne (219) 424-5174,
Indianapolis (317) 248-8555

IOWA: Cedar Rapids (319) 395 9550
MARYLAND: Baltimore (301) 944-8600
MASSACHUSETTS: Waltham (617) 895 9100
MICHIGAN: Farmington Hills (313) 553-1500
MINNESOTA- Eden Praine (612) 828 9300

MISSOURL: Kansas City (816) 523-2500,
St Louis (314) 569-7601

NEW JERSEY lIselin (201) 750-1050
NEW MEXICO Albuquerque (505) 345-2555

NEW YORK: East Syracuse (315) 463 9291,
Endicott (607) 754 3900 Melville (516) 454-6600,
Pattstord (716) 385-6770,

Poughkeepsie (9!4) 473-2900

NORTH CAROLINA. Charlotte (704) 527-0930,
Raleigh (919) 876-2725

OHIO. Beachwood (216) 464 6100,
Dayton (513) 258-3877

OKLAHOMA-" Tulsa (918) 250 0633
OREGON. Beaverton (503) 643-6758

PENNSYLVANIA: Ft Washington (215) 643-6450,
Coraopolis (412) 771-8550

PUERTO RICO. Hato Rey (809) 753-8700

TEXAS. Austin 1512) 250-7655,
Houston (713) 778-6592, Richardson (214) 680-5082,
San Antonio (512) 496-1779

UTAH Murray (801) 266-8972

VIRGINIA. Fairfax (703) 849-1400
WASHINGTON: Redmond (206) 881-3080
WISCONSIN: Brookfield (414) 785-7140

CANADA: Nepean, Ontario (613) 726 1970
Richmond Hill, Ontario (416) 884-9
St Laurent, Quebec (514) 334- 3635

TI Regional
Technology Centers

CALIFORNIA: Irvme (714) 660 8
Hotline (714) 66! 8164 Santa Clara (408) 748-2220,
Hothne (408) 980-030:

GEORGIA: Atlanta 1404) 452-4682,
Hotline (404) 452-4686

ILLINOIS: Arllnglnn Heights (312) 640-2909,
Hothine (312) 228-6008

MASSACHUSETTS. Waltham (617) 890-6671,
Hotline (617) 890-4271

TEXAS. Richardson (214) 680-5066,
Hotline (214) 680-5096

TI Distributors

TI AUTHORIZED DISTRIBUTORS IN
USA

Arrow Electronics
Diplomat Electronics
ESCO Electronics
General Radio Supply Company
Graham Electronics
Harrison Equipment Co.
International Electronics
JACO Electronics
Kierulff Electronics
LCOMP, Incorporated
Marshall Industries
Milgray Electronics
Newark Electronics
Rochester Radio Supply
Time Electronics

R.V. Weatherford Co.
Wyle Laboratories

Tl AUTHORIZED DISTRIBUTORS IN
ANADA

CESCO Electronics, Inc.
Future Electronics

ITT Components

L.A. Varah, Ltd.

ILLINOIS: Arrow (312) 397-3440,
Diplomat (312) 595-1000, Kierulft (312) 640-0200,
Marshall (312) 490-0155, Newark (312) 638-4411

INDIANA: Indlanapolls Arrow (317) 243 9353,
Graham (317) 634 820:
Ft Wayne Graham (219) 423.3422

IOWA: Arrow (319) 385-7230

KANSAS. Kansas City: Marshall (913) 492 3121,
Wichita: LCOMP (316) 265 9507

MARYLAND: Arrow (301) 247-520
Diplomat (301) 995-1226, Kierulft (301) 636 5800,
Milgray (301) 793 3993

MASSACHUSETTS. Arrow (617) 933 8130,
Diplomat (617) 935 6611, Kierulff (617) 667 8331,
Marshall (617) 272 8200, Time (617) 935 8080

MICHIGAN. Detroit: Arrow (313) 971 8220,
Marshall (313) 525-5850, Newark (313) 967 0600,
Grand Rapids: Arrow (616) 243091

MINNESOTA: Arrow (612) 830-1800,
Kierulff (612) 941-7500, Marshall (612) 559 2211

MISSOURI: Kansas Clly LCOMP (816) 221 2400,
St Louis: Arrow (314) 56
Kierulff (314) 739 0855

NEW HAMPSHIRE. Arrow (603) 668 6968

NEW JERSEY. A"ow (201) 575-5300, (609) 596 8000,
anloma( (201) 785-1830,

eneral Radio (6 9) 964-8560, Kierulff (201) 575-6750,
(609) 235-1444, Marshall (201 )852 -0320,
(609) 234 9100 Miigray (609) 983-5010

NEW MEXICO: Arrow (505) 243 4566,
International Electronics (505) 345 8127

NEW YORK. Long Island: Arrow (516) 231-1000,
Diplomat (516) 454 6400, JACO (516) 273 5500,
Marshall (516) 273 2053 M|Igray (516) 420 9800,
Rochester: Arrow (71 0300,

Marshall (716) 235- 6

ALABAMA: Arrow (205) 882 2730,
Kierutff (205) 883-6070, Marshall (205) 881-9235

ARIZONA: Arrow (602) 968 480
Kierulff (602) 243-4101, Marshall (602) 968-6181,
Wyle (602) 249 2232

CALIFORNIA: Los Angeleleranga County.
Arrow (213) 701-7500, (714) 838-

Kierulff (213) 725- 0325 714) 73| 5711

Marshall (213) 939-5001, (818) 442- 7204

(714) 660 0951, RV Weatherford (714) 634-9600,

4)
(213) 849 3451, (714) 623-1261, Wyle (213) 322 8100,

(714) 863- 9953 Sacramento: Arrow (916) 925-7456,
Wyle (916) 6365282, San Diego:

Arrow (619) 565- 4800 Klerul" (619) 2782112,
Marshall (619) 578- 9800 Wyle 619 565 9171

San Francisco Bay Area. "ow (408) 6600,
(415) 487-4600, Kierulff (408) 971

Marshall (408) 732-1100, Wyle (408) 727 2500,
Santa Barbara RV Weatherford (805) 965- 8551

COLORADO: Arrow (303) 696-1111,
Kierulff (303) 790-4444, Wyle (303) 457 9953

CONNECTICUT: Arrow (203) 265-7741,
Diplomat (203) 797-9674, Kierulff (203) 265-1115,
Marshall (203) 265 3822, Milgray (203) 795-0714

FLORIDA. Ft. Lauderdale. Arrow (305) 776-7790,
Diplomat (305) 974-8700, Kierulff (305) 486 4004,
Orlando: Arrow (305) 725- 1480,

Mllgray 1305) 647-5747, Tam

Arrow (813) 576 8995, Dlplomat (813) 443-4514,
Kierulff (813) 576-19 66

GEORGIA. Arrow (404) 449-8252,
Kierulff (404) 447-5252, Marshall (404) 923-5750

TeEXas

INSTRUMENTS

Creating useful products
and services for you.

Radio Suoply (716) 454-7800,
Syracuse: Arrow (315) 652-1000,
Dlplomat (315) 652 5000, Mavsha!l (607) 754 1570

NORTH CAROLINA. Arrow (919) 876 3132,
(919) 725 8711, Kierulff (919) 872-8410

OHIO: Cincinnati Gvaham (513) 772-1661,
Cleveland: Arrow (216) 248-.
Krerulff (216) 587-¢ 6558 Marshall (216) 248 1788
Columbus Graham (614) 895 1590,

Dayton® Arrow (513) 435 5563,
ESCO (513) 226-1133, Kierulff (513) 439 0045,
Marshall (513) 236-8088

OKLAHOMA- Arrow (918) 665 7700,
Kierulff (918) 252 7537

OREGON-" Arrow (503) 684-1690,
Wyle (503) 640-6000

PENNSYLVANIA. Arrow (412) 856-7000,
(215) 928 1800, General Radio (215) 9227037

TEXAS: Austin® Arrow (512) 835 4180,

Kierulff (512) 835 2090, Marshall 15!2) 458 5654,
Wyle (512) 834-9957, Dallas: Arrow (214) 380 6464,
International Electronics. (214) 233-9323,

Kierulff (214) 343-2400, Marshall (214) 2335200,
Wyle (214) 235-9953,

El Paso: International Electromcs (915) 598-3406,
Houston. Arrow (713) 530 470

Marshall (713) 789 6600

Harnson Equipment (713) 879 2600,

Kierulff (713) 530-7030

UTAH. Diplomat (801) 486-4134,
Kierultf (801) 973-6913, Wyle (801) 974 9953

VIRGINIA" Arrow (804) 282 0413

WASHINGTON: Arrow (206) 643 4i
Kierultf (206) 575-4420, Wyle (206) 453 8300

WISCONSIN: Arrow (414) 764-6600,
Kierulff (414) 784-8160

CANADA: CalqarJ: Future (403) 259 6408, Varah
(403) 230 1235, Edmonton. Future 1403) 486 0974,
Montreal. CESCO (514) 735 5511,

(514) 694-7710, ITT Components 15”) 735 1177,
Ottawa: CESCO (613) 226-6903, Fut,

(613) 820 8313 ITT Componems (613) 226-7406,

-4 TT
(416) 630-7971, Varah (416) 516 9311,
Vancouver: Future (604) 438-5545, Varah
(604) 873 3211, ITT Components (604) 270-7805.
Winnipeg: Varah (204) 633 6190 BJ




TI Worldwide
Sales Offices

ALABAMA: Huntsville. 500 Wynn Drive, Surte 514,
Huntsville, AL 35805, (205) 837-7530

ARIZONA: Phoenix: 8102 N 23rd Ave, Suite B,
Phoenix, AZ 85021, (602) 995-1007

CALIFORNIA: Irvine. 17891 Cartwright Rd , lrvine,
CA 92714, (714) 660-1200, Sacramento. 1900 Point
West Way, Suite 171, Sacramento, CA 95815,
(916) 929-1521, San Diego* 4333 View Rid e Ave .
Suite B, San Diego, CA 92123, (619) 278-

Santa Clara: 5353 Betsy Ross Dr, Santa Clara, CA
95054, (408) 980-9000, Torrance. 19505 Hamilton St ,
Bldg A. Suite 1, Torrance, CA 90502, (213) 217-701 0
Woodland Hills. 21220 Erwin St, Woodland Hills,

CA 91367, (213) 704-7759

COLORADO: Aurora. 1400 S Potomac Ave ,
Sutte 101, Aurora, CO 80012, (303) 368 8000

CONNECTICUT. Wallingford: 9 Barnes Industnal
Park Rd , Barnes Industnal Park, Wallingford,
CT 06492, (203) 269-0074

FLORIDA: Ft Lauderdale: 2765 N W 62nd St

Ft Lauderdale, FL 33309, (305) 973-8502, Maitiand
2601 Maitland Center Pavkway, Mallland FL 32751,
(305) 660-4600, Tanpa: 1 Kennedy Bivd ,
Suite 101, Tampa. FL 33609, (813) 870-6420

GEORGIA: Atlanta: 3300 Northeast Expy , Building 9,
Atlanta, GA 30341, (404) 452-4600

ILLINOIS: Arlington He O%hts: 515 W Algonqum
Arlington Heights, IL 60005, (312) 640-292!

INDIANA: Ft. Wayne 2020 Inwood Dr, Ft Wayne,
IN 46815, (219) 424.5174, Indianapolis: 2346 S
Lynhurst, Suite J-400, Indianapolis, IN 46241,
(317) 248-8555

IOWA. Cedar Rapids. 373 Collins Rd NE, Suite 200.
Cedar Rapids, 1A 52402, (319) 395-9550

MARYLAND. Baltimore: 1 Rutherford PI,
7133 Rutherlord Rd . Baltimore, MD 21207,
(301) 944-8600

MASSACHUSETTS: Waltham: 504 Totten Pond Rd ,
Waltham, MA 02154, (617) 895-9100

MICHIGAN: Farmington Hills: 33737 W 12 Mile Rd ,
Farmington Hills, M1 48018, (313) 553-1500

MINNESOTA: Eden Prairie: 11000 W 78th St ,
Eden Praine, MN 55344 (612) 828-9300

MISSOURI Kansas City: 8080 Ward Pkwy , Kansas
City, MO 64114, (816) 523 2500, St Louis:
11861 Westline Indusmal Dnive, St Lours,
MO 63141, (314) 569-7¢

NEW JERSEY. Iselin: 485E U S Route 1 South,
Isehin, NJ 08830 (201) 750-1050

NEW MEXICO. Albuqusu}ue: 2820-D Broadbent Pkwy
NE, Albuquerque, NM 87107, (505) 345-2555

NEW YORK: East Syracuse' 6365 Old Collamer Dr,
East Syracuse, NY |3057 (315) 463-9291, Endicott:
112 Nanticoke Ave , PO ‘Box 618, Endicott,

NY 13760, (607) 754 3900 Melvllle 1 Huntmgmn
Quadrangle, Suite 3 P O Box 2936, Melville,
NY 11747, (516) 454-6600 Pittsford: 2851 Clover St,
Pittsford, NY 14534, (716) 385-6770, Poughkeepsie
385 South Rd, Foughkeepme, NY |2601,

(914) 473-2900

NORTH CAROLINA: Charlotte: 8 Woodlawn Green,
Woodlawn Rd, Charlotte, NC 28210, (704) 527-0930,
Ralel h. 2809 ng woods Blvd , Suite 100, Raleigh,
NC 2 625, (919) 876-2725

OHIO" Beachwood 23408 Commerce Park Rd,
Beachwood, OH 44122, (216) 464-6100, Daylon
Kingsley Bldg 4124 Linden Ave , Daylon OH 45432,
(513) 258-3877

OKLAHOMA. Tulsa: 7615 East 63rd Place,
3 Memonal Place. Tulsa, OK 74133, (918) 250-0633

OREGON: Beaverton: 6700 SW 105th St, Suite 110
Beaverton OR 97005 (503) 643-6758

PENNSYLVANIA: Ft. Washlng!on 250 New York Dr,
Ft Washington, PA 19034, (215) 6

Coraopolis* 420 Rouser Rd 3 A;rporl Omce Park,
Coraopolis, PA 15108, (412) 771-8550

PUERTO RICO. Hato Rey. Mercantil Plaza Bldg ,
Suite 505, Hato Rey, PR 00919, (809) 753-8700

TEXAS. Austin 12501 Research Blvd

Box 2909, Austin, TX 78723, (512) 250-7655,
Richardson: 1001 E Campbell Rd
Ricl hardson TX 75080,
(214) 6 05082 Houston: 9100 Southwest Frwy ,
Suite 237, Houston TX 77036, (713) 7786592,
San Antonio. 1000 Central Parkway South,
San Antonio, TX 78232, (512) 496-1779

UTAH. Murray: 5201 South Green SE Suite 200,
Murray, UT 84107, (801) 266-8972

VIRGINIA. Fairfax: 3001 Prospenty, Fairfax, VA
22031, (703) 849-1400

WASHINGTON: Redmond- 2723 152nd Ave, N E
Bldg 6, Redmond, WA 98052, (206) 881-3080

WISCONSIN: Brookfield. 450 N Sunny Slope,
Suite 150, Brookfield, WI 53005, (414) 785-7140

CANADA Nepean. 301 Moodie Dnve. Mallorn

enter, Nepean, Ontario, Canada, K2H9C4,
(613) 7261970 Richmond Hill. 280 Cenlre st E,
Richmond Hill L4C1B1, Ontario, Canada
(416) 884-9181, St Laurent Ville St Laurent Ouebec,
9460 Trans Canada Hw wy , St Laurent, Quebe:
Canada H4S1R7, (514) 3343635

ARGENTINA. Texas Instruments Argentina
SAICF Esmeralda 130, 15th Floor, 1035 Buenos
Aires, Argentina, 1+ 394. -3008

AUSTRALIA (& NEW ZEALAND) Texas Instruments
Australia Ltd  6-10 Talavera Rd , North Ryde
(Sydney), New South Wales, Australia 2113,

2 + 887-1122, 5th Floor, 418 St Kilda Road,
Melbourne, Victona, Austraha 3004, 3 + 267-4677,
171 Philip Highway, Elizabeth, South Australia 5112,
8 + 255-2066

AUSTRIA: Texas Instruments Ges m b H
Industriestrabe B/16, A-2345 Brunn/Gebirge,
2236-846210

BELGIUM. Texas Instruments N V_Belgium S A
Mercure Centre, Raketstraat 100, Rue de la Fusee,
1130 Brussels, Belgium, 2/720 80 00

BRAZIL: Texas Instruments Electronicos do Brasil
Ltda Rua Paes Leme, 524-7 Andar Pinheiros, 05424
Sao Paulo, Brazil, 0815-6166

DENMARK Texas Instruments A/S, Marrelundvej
46E, DK-2730 Herlev, Denmark, 2 - 91 74 00

FINLAND-" Texas Instruments Finland OY
Teollns;;skatu 19D 00511 Helsinki 51, Finland, (90)
01-31

FRANCE: Texas | France

and Prod Plant, BP 05, 06270 Villeneuve- Loubel
(93) 20 01-01, Pans Office, BP 67 810 A
Morane-! Saulmer 78141 Vellzy -Villacoublay,

(3) 946-97-12, Lyon Sales Office, L'Oree D’Ecully,
Batiment B, Chemin de la Forestiere, 69130 Ecully,
(7) 833-04- 40 Strasbourg Sales O"lce Le Sebastopol
3, Oua| Kleber, 67055 Strasbourg Cedex,

188) -12-66, Rennes, 23-25 Rue du Puits Mauger,
35\00 Rennes (99) 31-54-86, Toulouse Sales Office,
Le Penpole—z, Chemin du Pigeonnier de la Cepiere,
31100 Toulouse, (61) 44-18-19, Marseille Sales Office,
Noilly Paradis— 146 Rue Paradis, 13006 Marseille,
(91) 37-25-30
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GERMANY (Fed Repnblchol Germany) Texas
bH
D 8050 Frelsln

8161 + 80-4591, Kur!uevs(endamm
195/196, D-1000 Berlin 15, 30 + 882- 7365, Ill, Hagen
43/Kibbelstrasse, 19, D-4300 Essen, 201-24250,
Frankfurter Allee 6-8, D-6236 Eschborm 1,
06196 + 8070, Hamburgerstrasse 11, D-2000 Hamburg
76, 040 +220-1154, Kirchhorsterstrasse 2, D 3000
Hannover 51, 511 + 648021, Maybachstrabe 11,

D 7302 Ostfildern 2-Nelingen, 711 + 547001,
Mixikoring 19, D-2000 Hamburg 60, 40 + 637 + 0061,
Postfach 1309, Roonstrasse 16, D-5400 Koblenz,
261+35044

HONG KONG (+ PEOPLES REPUBLIC OF CHINA)
Texas Instruments Asia Ltd, 8th Floor, World
Shipping Ctr, Harbour City, 7 Canton Rd, Kowloon,
Hong Kong, 3 + 722-1223

IRELAND. Texas Instruments (Ireland) Limited
Brewery Rd, Stillorgan, County Dubln, Ere,
1831311

ITALY: Texas Instruments Semiconduttori Italha Spa
Viale Delle Scienze, 1, 02015 Cittaducale (Riety),
Italy, 746 694 1, Via Salana KM 24 (Palazzo Cosma),
Monterotondo Scalo (Rome), Italy, 6 + 9003241, Viale
Europa, 38-44, 20093 Cologno Monzese (Mllano),

2 2532541, Corso Svizzera, 185, 10100 Tonno, Italy,
;;578754545 Via J Barozzi 6, 40100 Bologna, Italy, 51

1

JAPAN. Texas Instruments Asia Ltd 4F Aoyama
Fup Bldg, 6-12, Kita Aoyama 3-Chome, Minato-ku,
Tokyo, Japan 107, 3-498-2111, Osaka Branch 5F,
Nissho Iwar Bldg , 30 Imabashi 3- Cho

Higashi-ku, Osaka Japan 541, 06-204- 188l Nagoya
Branch, 7F Daini Toyota West Bldg, 10-27, Meieki
4»Chome, Nakamura-ku Nagoya, Japan

450, 52-583-8691

KOREA. Texas Instruments Supply Co 3rd Floor,
Samon Bldg, Yuksam-Dong, Gangnam ku,
135 Seoul, Korea, 2 +462-8001

MEXICO. Texas Instruments de Mexico SA Mexico
City, AV Reforma No 450 — 10th Floor, Mexico,
D F, 06600, 5+514-3003

MIDDLE EAST. Texas Instruments No 13, 1st Floor
Mannai Bldg , Diplomatic Area, PO Box 26335
Manama Bahrain, Arabian Gulf, 973 + 274681

NETHERLANDS. Texas Instruments Holland BV ,
P O Box 12995, (Bullewijk) 1100 CB Amsterdam,
Zuid-Oost, Holland 20 + 5602911

NORWAY. Texas Instruments Norway A/S PB106,
Refstad 131, Oslo 1, Norway, (2) 155090

PHILIPPINES: Texas Instruments Asia Ltd 14th
Floor, Ba- Lepanto Bldg 8747 Paseo de Roxas,
Makati, Metro Manila, Philippines, 2 + 8188987

PORTUGAL: Texas Inslvuments Equipamento
Electronico (Portugal), Lda Rua Eng Frederico
Ulrich, 2650 Moreira Da Maia, 4470 Mara, Portugal,
2-948-1003

SINGAPORE (+ INDIA, INDONESIA, MALAYSIA,
THAILAND) Texas Instruments Asia Ltd 12 Lorong
Bakar Batu, Unit 01-02, Kolam Ayer Industnial Estate,
Republic of Singapore, 747-2255

SPAIN. Texas Instruments Espana, SA ClJose
Lazaro Galdiano No 6, Madrid 16, 1/458 14 58

SWEDEN Texas Instruments Imemanonal Trade
Corporation (Svengeﬁllalen) Box 39103, 10054
Stockholm, Sweden, 8 -

SWITZERLAND: Texas Instruments, Inc , Reidstrasse
6, 05128295:3 Dietikon (Zuerich) Switzerland,
4

TAIWAN- Texas Instruments Supply Co Room 903,
205 Tun Hwan Rd, 71 Sung Kiang Road, Taipet,
Taiwan, Republic of China, 2 + 521-9321

UNITED KINGDOM. Texas Instruments Limited
Manton Lane, Bedford, MK41 7PA, England, 0234
67466, St James House, Wellington Road North,
Stockport, SK4 2RT, England, 61+ 442.7162
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