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1. General Description

VVF3000 is a 16-bit general-purpose
Digital Signal Processor (DSP) core
designed for telecommunications and
consumer electronics applications, and
for low-power portable applications.
Among the applications supported by
VVF3000 are cellular telephones, digital
cordless telephones, facsimile machines,
and modems.

The VVS3001 development chip is based
on the VVF3000 DSP core. It can be
used for VVF3000-based hardware and
software system development, and PINE
In-Circuit-Emulator (PICE) operation.

VVEF3000 is designed to be an engine for
DSP-based application-specific ICs. It
enables low-cost, low-power DSP pro-
cessing with several levels of modularity
in the RAM, ROM and I/O, permitting
efficient DSP-based ASIC development.
The core consists of the main blocks of a
Central Processing Unit (CPU), includ-
ing the ALU, multiplier, accumulators,
RAM and ROM addressing units, and
the program control logic. All other pe-
ripheral blocks, which are application-
specific, are defined as part of the user-
specific logic, implemented around the
VVE3000 core on the same silicon die.

The VVF3000 has a balanced set of DSP
and general microprocessor instruc-
tions to meet these requirements. The
VVF3000 also features a wide range of
operating voltages and user-defined
amounts of RAM, ROM and registers.

The VVS$3001 development chip in-
cludes the VVF3000 core, with maximal
amount of internal RAM (2Kwords),
and is operated with external ROM. It
includes an on-chip wait state generator,
clock generator and oscillator, and ROM
protection logic. It also includes special
program memory for test and evaluation
(4 Kwords).
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2. Features
2.1 Technology
» 0.6p double metal CMOS technology

A wide range of operating voltages:
2.7-55V

*+ 40ns cycle time @ 5V
180-pin Pin Grid Array (PGA)
package

2.2 Architecture

= VVF3000 core

+ 64 Kword Data memory space (RAM)
- includes on-chip 2 Kwords of inter-
nal RAM
64 Kword Program memory space
{ROM) - off-chip (4 Kwords of inter-
nal Devram)

+ Programmable wait state generator

« Clock generator and oscillator
+ ROM protection logic

+ STOP and SLOW modes of operation
for stopping the core or reducing
clock speed respectively

+ 17 stack levels

+ Interrupts and exceptions
— Reset
— BPI (Break-Point Interrupt)

- Two maskable interrupts
- TRAP (software interrupt)

2.3 VVF3000 Core Features
+ 16 x 16 bit 2's complement parallel
multiplier with 32-bit product

Single cycle multiply/accumulate
instructions

* 36-bit ALU

Two 36-bit accumulators
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Six general-purpose, 16-bit pointer-
registers with two dedicated address
arithmetic units for data memory
indirect addressing, circular buffer-
ing, loop counters, and program
memory indirect addressing

Option for up to eight user-defined,
16-bit registers

Zero Qverhead Looping, REPEAT
and BLOCK-REPEAT instructions
with one nesting level

Shifting capability
Automatic saturation mode on

overflow while reading content of
accumulators

Divide step support

Normalize step support

= CONTROL

Figure 2: VVS3001 Development Chip Functional Block Diagram
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3. General Description
The development chip includes the fol-
lowing modules: VVF3000 core, PBI

(PINE Bus Interface), clock generator
and 1/O buffers.

3.1 VVF3000 Core

VVE3000 consists of three main
execution units operating in parallel:
the Computation Unit (CU), the Data
Addressing Arithmetic Unit (DAAU)
and the Program Control Unit (PCU). It
has two banks of data RAM for parallel
feeding of two inputs to the multiplier.
The CU has a 16x16 multiplier, a 36-bit
ALU, and two 36-bit accumulators. The
VVEF3000 programming model and in-
struction set are aimed at straightfor-
ward generation of efficient and
compact code.

The pipeline method implements a
three-level pipeline architecture, allow-
ing instruction execution to overlap.
Thus, the effective execution time for
most instructions is one cycle. Each
pipeline stage is completed before its re-
sult is needed by the next instruction.
(*) See detailed description in the VVF3000
data sheet.

3.2 Instruction Set

The following is a summary of the
VVE3000 instruction set organized by
instruction group. Most instructions
are one-word instructions executed in a
single cycle, except any instructions us-
ing a long immediate operand, which
are two-word instructions and require
two cycles.

3.2.1 Arithmetic and Logical
Instructions

All arithmetic and logical instructions
are single-cycle instructions except
DIVS, NORM and any instruction using
a long immediate operand.

ADD Add

ADDH Add to High Accumulator

ADDL Add to Low Accumulator

AND AND

CMP  Compare

DIVS  Division Step

MODA Modify Accumulator
Conditionally

CLR Clear

CLRR  Clear and Round

COPY  Copy Other Accumulator

NEG  2’s Complement

NOT  Logical Not

PACR  Product Move and Round

RND Round

ROL Rotate Left Through Carry

ROR  Rotate Right Through Carry

SHL Shift Left

SHL4  Shift Left by 4

SHR  Shift Right

SHR4  Shift Right by 4

NORM Normalize

OR OR

SUB Subtract

SUBH Subtract from High
Accumulator

SUBL  Subtract from Low
Accumulator

XOR  Exclusive - OR

3.2.2 Multiply Instructions

All multiply instructions are single-cycle
instructions except any instruction us-
ing a long immediate operand, which re-
quires two cycles.

MPY  Multiply

MAC  Multiply and Accumulate
Previous Product

MSU  Multiply and Subtract Previous
Product

MPYS  Multiply Signed Short
Immediate

SQR Square

SQRA  Square and Accumulate
Previous Product

SQRS  Square and Subtract Previous

Product

3.2.3 Move Instructions
MOV is a single-cycle instruction.
MOVP execution requires 3 cycles.

MOV Move Date
MOVP Move Program Memory

3.2.4 Loop Instructions
REP is a single-cycle instruction.
BKREP execution requires 2 cycles.

BKREP Block Repeat
REP Repeat Next Instruction

3.2.5 Branch/Call Instructions
All branch/call instructions are 2-cycle
instructions.

BR Conditional Branch

BRR Relative Conditional Branch

CALL  Conditional Call Subroutine

CALLR Relative Conditional Call
Subroutine

CALLA Call Subroutine at Location
Specified by the Accumulator

RET Return Conditionally

RETI  Return from Interrupt

3.2.6 Control & Miscellaneous
Instructions

All control instructions are single-cycle
instructions, except TRAP, which is
executed in 2 cycles.

DINT  Disable Interrupt
EINT  Enable Interrupt
LPG Load the Page Bits
MODR Modify Rn

NOP  No Operation
TRAP  Software Interrupt

3.3 PBI - PINE Bus Interface

This module includes the wait state gen-
erator, the bus interface unit which mul-
tiplexes the data and program buses, and
bus transaction control. It consists of
the external registers decoder and emu-
lates the ROM protection of the internal
PROM.

[n addition, this unit includes memory-
mapped registers for programming the
system configuration (e.g. the wait states
for each memory block).
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3.3.1 Programmable Registers

Several addresses of the data memory
space are reserved for system configura-
tion and act like internal registers of the
VVE3000 development chip. These ad-
dresses are memory mapped 1/O.

This unit includes all the PBI program-
mable registers and associated logic to
generate general signals needed by the
PBI derived from the register contents
(for details refer to the section on the
PBI programming model).

3.3.2 Wait State Generator

VVF3000 is designed to interface with
external memories and peripherals hav-
ing different speeds, using a wait state
mechanism. The wait state generator
asserts wait states whenever needed, i.e.
when the core issues requests for pro-
gram or data transactions to/from slow
devices, and whenever contention has
occurred.

Program Fetch Accessed Bus Wait States
On-chip P-bus 0 (no wait states for internal PROM)
Off-chip C-bus Programmable
Data Transfer Accessed Bus Wait States
On-chip On-chip or D-bus 0 (no wait states for internal PROM)
OH-chip read C-bus Programmable
Off-chip write C-bus Programmable +1
Notes:  Program on-chip means Program accessed through the P-bus

Program off-chip means Program accessed through the C-bus
Data on-chip means on-core / Data accessed through the D-bus
Data off-chip means Data accessed through the C-bus

The following tables define the number
of wait states asserted for each case when
program fetches and data transactions
are needed.
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3.3.3 Bus Interface Unit

The Bus Interface Unit (BIU) handles
program and data transactions over the
C-Bus. The unit supports:

+ Control of off-chip program and data
transactions

+ Multiplexing of data/program
address and data buses

« Contention resolution between
concurrent off-chip data and
program transactions

The first bus transaction over the C-bus
is always determined according to the
prioritized transaction type (data/pro-
gram). Sometimes this transaction is

a real transaction used by the core.
Sometimes it is a dummy transaction
(e.g. when external memory is not used,
or when a non-prioritized memory type
is used). The following table describes
the transaction type performed in each
cycle (data or program) and whether it is
a dummy or a real cycle.

Ext. Prog. Ext. Data First Transaction Second Transaction
Priority Fetch Trans. Type Real/Dummy Type Real/Dummy
data no no data dummy b e
data no yes data real e e
data yes no data dummy prog real
data yes yes data real prog real
prog no no prog dummy bl e
prog no yes prog dummy data real
prog yes no prog real bl bl
prog yes yes prog real data real

(***) - The cycle is not performed.

Notes:

1. The PBI will generate a dummy cycle even if the prioritized transaction type is for a Program address accessed through the P-bus or Data address

accessed through the D-bus.

2. Dummy cycles with wait states (according to the PBI programming registers) are aborted after one cycle.
B1U operation examples are described in the following timing diagrams. For further information see the section on AC/DC characteristics.
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3.3.4 Off-Chip Program Fetch

When the core tries to fetch a program
from off-chip memory via the C-bus,
the BIU connects the internal program

address and data buses to the C-Bus

while issuing a PR\ signal. The following
figure describes off-chip program fetch,

where the program has priority over
the data.
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3.3.5 Off-Chip Data Transactions
When the core begins a data transaction,
the BIU connects the internal data
address and data buses to CA and CD,
respectively. The BIU also issues a RD\
or WR\ (depending on the transaction
direction). Note that the write cycle is
one clock cycle longer than the read
cycle. The following figure describes
off-chip data read and write transac-
tions, where data has priority over the
program.
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3.3.6 Contention Resolution
Contention occurs when both program
and data are assigned access over the
C-bus. When the BIU detects a conten-
tion, it performs the prioritized transac-
tion first (dummy or real), and then
starts the second transaction. The
following diagram describes the signal
timing, where data has priority over the
program, the data has one wait state and
the program has no wait state.

o 1st Transaction ptall— 2nd Trans. —]
Phil Phi2 Phil Phi2 Phil Phi2 Phil Phi2

ca [X X X
CD >—TK X
PF\ i
PR\ \ Ve
RDA
WR\ \\ /

Data Write

4— Prog Fetch —#=
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3.3.7 External Register Decoder

This unit generates individual read and
write signals for each of the user-defined
registers (External registers EXTO -
EXT7). These signals are multiplied

by 2 at the 1/0 buffers module.

3.3.8 ROM Protection

The ROM protection mechanism is
designed to protect the Program ROM
(PROM) from being read without au-
thorization. The VVF3000 development
chip does not include any on-chip
PROM. However, it emulates on-chip
ROM of an application-specific
VVFE3000-based chip (COMBO).

The first 28 Kwords of this ROM address
space (0000-06FFFH) are protected
from being read by an external program,
connected to the multiplexed C-Bus.

3.3.9 Clock Generator

This module includes an internal oscilla-
tor, which generates the internal phases

and CLKOUT signal. It has a program-

mable frequency divider for dividing the
clock rate by 1 to 16 (SLOW mode), and
for stopping the clock operation under a

program control (STOP mode). It also
generates reset signals for the chip and
the RESOUTN signal.

3.3.10 1/O Buffers
The [/O drivers are TTL compatible.

3.4 Memory Organization

The memory configuration of the
VVF3000 development chip is based on
the VVF3000 core memory organiza-
tion. The VVF3000 core supports two
independent 64 Kword memory spaces:
the program space (PROM) and the data
space (XRAM and YRAM).

3.4.1 Program Memory

The VVF3000 core program memory
space is 64 Kwords. The VVF3000 de-
velopment chip uses external ROMs. Its
program memory space can be config-
ured in two ways, according to the PEXT
input signal.

PEXT signal is low - Up to 32 Kword
ROM (addresses 0000-07FFFH), zero
wait-state access, on the P-Bus. This
Program ROM emulates the on-chip
ROM of an application-specific

FI'FEH

8000t

* 7FFFH

hd 00101

INTerrupt 1

OUEH

[NTerrupt 0

Q00CH

TRAP

O00AT

| BPI

Reserved

0008H

0002H

Reset

WOOH

Figure 4: Program Memory Map

VVF3000-based chip (COMBO). Up to
32 Kword ROM (addresses 08000H-
OFFFFH) with a programmable number
of wait states (0 to 15). This ROM is ac-
cessed through the C-Bus (multiplexed
program and data address space).

PEXT signal is high - Up to 64 Kword
ROM with programmable number of
wait-states (0 to 15). This ROM is ac-
cessed through the C-Bus (multiplexed
program and data address space).

The program space starts at address
00010H. Addresses 0000H-0001H are
used for Reset. Addresses 0008H-000FH
are used for TRAP, BPI (breakpoint in-
terrupt for debugging) and two
maskable interrupts, respectively. Each
interrupt address has been spaced apart
by two locations so that branch instruc-
tions can be accommodated in those lo-
cations if desired. Addresses 0002H-
0007H are rescrved.

External
Program
Memory

Internal/
External

Program
Memory

(*)The boundary between the internal/external program memory space is user definable, up to the limit of 32K words for the internal program

memory space.
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3.4.2 Data Memory

The VVF3000 core data memory space is
64 Kwords. The VVF3000 development
chip includes 2 Kwords of on-chip RAM
and supports up to 62 Kwords of exter-
nal RAM,

The data space is divided into an X data
space for the XRAM (from zero to 64511
[63K-1] 0000-0FBFFH) and a Y data
space for the YRAM (from -1 to -1024).
The data space range can also be consid-
ered as unsigned, in which case the
YRAM space (OFCOOH-0FFFFH) will be
from 65,535 (64K) to 64512 (63K). The

XRAM space has an internal space (on-
chip data RAM/ROM) of 1K (0 to 1023)
and an external space of 62K (1024 to
64,511 [63K-1]). The YRAM space is in-
ternal only.

The data memory space is divided into 8
blocks. Fach block has 8 Kwords. The
user must define for cach block through
which bus (D-bus or C-bus) the block
will be accessed. Blocks accessed
through the D-bus have zero wait-state
access. Blocks accessed through the C-
bus have a programmable number of
wait-states (0 to 15).

The data RAM at addresses 0000H-
03FFH and addresses 0OFCOOH-0FFFFH
is implemented on-chip, as are the
memory-mapped registers at addresses
OFBFOH-OFBFFH. These addresses are
always zero wait-state access, regardless
of the wait-states defined at the PBI reg-
isters. If the user needs more data space,
external SRAM chips may be used.

- — (FFFFH
YRAM Internal ,
— ORCOOH
Memory-mapped reg.
— OFBFOH
BLK7 — — OBOOH
BLKH — - — 0CO00H
[ ]
L ]
[ ]
BLK2 — — 4000H
BLK1 — % — 2(00H
- — (400H
XRAM Internal
BLKQ —

t — O000H

XRAM External.

Figure 5: Data Memory Map

10
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3.4.3 Program Devram Memory
3.4.3.1 VVF3000 Development Chip
Special Devram Mode

Three pins are used as inputs to enable
the Devram and control the on-chip
memory. One output of the VVS3001 is
used to switch the Devram from the data
space after the program is loaded on-
chip to the space in order to execute on-
chip applications.

The pins are:

INVIN (G14)

INVOUTI (F14)

INVOUT2 (E14)

USROUTO (F13)

In this mode, the VVS3001 is pin com-
patible with the devchip from DSP
Group and can be used on the Pice
Board or on the Pdkit. In this case, the
DEVRAM is not visible.

INVOUT! 0=> Normal Mode.

1 => Stop the clock on the

chip.
INVOUT2 0=> After the reset, this pin
has to be 0. The Devram is seen as data
memory on the pdp bus and can receive
a program. The chip is on slow mode. It
means that the on-chip clock is divided
by 16.

On our examples, we are using
USROUTO to control INVOUT?2. After

Devram. When the download phase is
completed, the program has to change
the polarity of USROUTO by writing the
correct value in the ST2 register. The
clock division is bypass and the
VVEFE3000 is fetching code from the
Devram. External logic can be used to
switch the Devram block from the pdp
bus {data space) to the idp bus (program
space).

3.4.3.2 Pice Board Modifications

On the Pice Board, we have connected
the USROUTO and INVOUT?2 pins

3.5 PBI Programming Model
The PBI programming model consists of
memory-mapped registers. These regis-

INVIN 0 => Enables Devram Mode reset. USROUTO is set to 0 and the ters are used for setting the system con-
(static signal). VVF3000 can download code on the figuration. The following figure
e . ) describes the PBI registers, addresses
1 => Standard Devchip.
and contents.
15 14 13 12 1 9 8 7 6 5 4 3 2 1 0
| | | [ I I I | | | I !
W3 w2 WA1 WO OFBFOH
—+— —+— —+— —+—
W7 W6 W5 w4 OFBF1H
—t —t— —t— —t—
RESERVED | P RAM MAP WP OFBF2H
—it —— — — —t—
o YRR P | orsreH
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3.5.1 Field Descriptions

The following describes the different
fields in the PBI registers. All bits are
cleared at Reset except the reserved bits,
which are undefined.

WO0-W7  These 4-bit fields define the
number of wait states the PBI will auto-
matically generate when a data transac-
tion is performed over the C-bus to the
corresponding memory block, if as-
signed for access over C-bus by RAM
MAP (See Figure 5).

RAM MAP Each bit in this 8-bit field
defines the bus through which the block
is accessed. ’0’ means access via the D-
bus. ’1” means access via the C-bus. LSB
corresponds to block 0.

WP This 4-bit field defines the number
of wait states the PBI generates when the
core accesses off-chip PROM, (**)

P This bit defines the external C-bus
transaction priority.

‘0" means data priority. '1' means
program priority.
CLKD This 4-bit field sets the division
factor of the Clock Generator

0000 - 1

1111 -16

RESERVED Write as don'’t care. Read
as undefined.

(*) Data memory blocks mapping:
Block0 0000H - 1FFFH

Block 1 2000H - 3FFFH
Block2  4000H - 5FFFH
Block 3 6000H - 7FFFH
Block 4 8000H - 9FFFH

Block 5 0A000H - 0OBFFFH
Block 6 0C000H - O0DFFFH
Block 7 0OEO00H - OFFFFH

(**)  Off-chip program ROM is defined
as the ROM accessed through the multi-
plexed C-bus (address 08000H - 0OFFFFH
or address 0000H - 0FFFFH depending

on the PEXT input pin value). Note that
if the system configuration is defined as
the first option, addresses 0000H-7FFFH
have zero wait-state access).

3.6 Exceptions

3.6.1 Reset

Reset is a non-maskable interrupt that
can be used at any time to put the
VVE3000 into a known state. Reset is
typically applied after power up when
the machine is in a non-deterministic
state. It is also used to exit STOP mode.

Memory * Location Interrupt Name & Function Priority
0000H RESET 1 highest
0008H BPI External breakpoint interrupt 2
000AH TRAP Software interrupt 3
000CH INTO External user interrupt0 4
000EH INT1 External user interrupit 5 lowest

* Start address for the interrupt/reset routine.

When RESN signal is asserted, it initial-
izes the clock generator. The signal ris-
ing edge initializes the PBI and the core
(activating RESET signal to the core).
This signal must be active low for at least
200ms. Areset out signal, RESOUTN, is
generates by the RESN and internal reset
signals. When the RESOUTN signal is
de-asserted, the core reset is completed.
When the core input RESET signal is de-
activated, the core starts program execu-
tion from location 0000H. Reset affects
various registers and status bits. How-
ever, when RESET is applied during
STOP mode operation, the contents of
the RAM and other registers are unaf-
fected.

3.6.2 Interrupts

The VVF3000 core has three interrupts:
two maskable interrupts (INTO and
INT1) and one non-maskable break-
point interrupt (BP1). It also has one
software interrupt (TRAP). The syn-
chronized hardware interrupts are low
level sensitive, and should be stable dur-
ing CLKOUT high level.

12
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~— 4. Pin Description

Signal Name ! Pin Number ] Type l Description

MEMORY BUSES AND CONTROL SIGNALS

PAD L8 0 Program address bus. PA15 (msh), PAO (Ish). Reflects all program address transac-

PA1 M12 0 tions. Can be used for emulating on-chip pragram ROM of an application-specific
VVF3000-based chip (COMBQ).

PA2 N8 0

PA3 N10 0

PA4 N11 0

PAS N12 0

PAG N13 0

PA7 P9 0

PA8 P11 0

PAS P12 0

PA10 P14 0

PAU1 R8 0

PA12 R9 0

PA13 R10 0

PAY4 R12 0

PA15 R13 0

~—~— PBO c9 | Program data bus. PB15 (msb), PBO (Isb). This bus can be used for emulating on-

PB1 c10 I chip program ROM of an application specific VVF3000-based chip (COMBO).

PB2 c11 |

PB3 C12 |

PB4 B10 |

PBS B11 |

PB6 B13 |

PB7 AS |

PB8 A1l |

PB9 A12 |

PB10 A13 |

PB11 A4 |

PB12 D10 |

PB13 A15 |

PB14 B15 |

PB15 C15 l

PFN P10 0 Program fetch. This signal is active when performing program read, over P-bus or C-
bus, at the end of the bus cycle.
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Signal Name Pin Number Type Description e

DAO c1 0 Data address bus. DA15 (msh), DAO (Ish). Reflects all data address transactions. Can

DA1 N7 0 be used for emulating on-chip data address access of an application-specific
VVF3000-based chip (COMBO).

DA2 NS 0

DA3 P6 0

DA4 P4 0

DA5 R6 0

DA6 R4 0

DA7 m7 0

DA8 R1 0

DA9 M1 0

DA10 K1 o

DA11 N2 0

DA12 L2 0

DA13 N3 0

DA14 L3 0

DA15 M4 0

DBO K4 110 Data bus. DB15 (msh), DBO (Ish). Valid during read/write from/o the off-core data

DB1 H4 1/0 memory addresses or during read/write from/to external registers. This bus is always
output, except for read cycles from external registers or read memory over the D-bus.

DB2 F4 1/0

DB3 G3 1/0

DB4 E3 1/0

DB5 E2 110

DB6 H1 1/0

DB7 F1 /0

DB8 A2 /0

DB9 A4 1/0

DB10 A7 1/0

DB11 B2 110

DB12 B5 170

DB13 B7 110

DB14 C4 110

DB15 C6 i/0

DRN D3 0 Data read. When low, this signal indicates that the processor is expecting data over
the DB.

DWN G2 0 Data write. When low, this signal indicates that the processor is writing data over the

DB.
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Signal Name Pin Number Type Description

CAD M9 0 Combo address. A multiplexed bus for data address and program address, where
CA1 N6 0 both memaries emulate off-chip (external) memories.

CA2 N4 0

CA3 P5 0

CAd P3 0

CAS R5 0

CA6 R3 0

CA7 M6 0

CA8 P1 0

CA9 L1 0

CA10 J1 1}

CA11 M2 0

CA12 K2 0

CA13 M3 0

CA14 K3 0

CA15 L4 0

CDO Ja 110 Combo data. A multipiexed bus for data read/write and program read, where both
CD1 G4 T memories emulate off-chip (external) memories.

(H17] E4,ES /0

cD3 F3 i/0

CD4 F2 I/0

CD5 D2 I/0

CD6 G1 170

CcD7 E1 /0

cD8 A3 i/0

CD9 A6 /0

CcD10 A8 110

con B4 110

CcD12 B6 /0

cD13 c3 /0

CD14 C5 I/0

cD15 c8 1/0

PRN D6 0 Program read. Active low output indicating program feich through the C-bus.
RDN D4 0 Data space. Active low output indicating data read from C-bus.

WRN D5 0 Data write. Active low output indicating data write 10 C-bus.

PEXT J12 | External program. This input signal defines the program space mapping of the lower

32 kwords. When low, the lower 32 kwords are accessible using the P-bus. When
high, all the 64 kwords are accessible using the C-bus. This signal should be stable
during CLKOUT fow level.
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Signal Name I Pin Number ] Type | Description

EXPANSION SUPPORT SIGNALS

ERDNO H13 0 External registers read. These signals indicate a read from the corresponding exter-

ERDN1 J13 0 nal register.

ERDN2 L13 0

ERDN3 M13 0

ERDN4 H14 0

ERDN5 J14 0

ERDN6 L14 0

ERDN7 Mi4 0

EWRNO N14 0 External registers write. These signals indicate a write to the corresponding external

EWRN1 H15 0 register.

EWRN2 K15 0

EWRN3 L15 0

EWRN4 M15 0

EWRNS N15 0

EWRNG R15 0

EWRN? R14 0

USROUTO F13 0 User output pins. Discrete control signals that can be sei/reset under software control

USROUT1 D12 0 (Bits 9,8 of ST2 register - 0U1,0U0).

USRIND D13 | User input signals. Discrete control signals that can be tested by the software (Bits

USRIN1 E13 | 11,10 of ST2 register - 1U1,1U0). These signals should be stable during CLKOUT low
level.

EXCEPTION SIGNALS

RESN H12 1 Reset. When asserted, this signal initializes the clock generator. The signal rising
edge initializes the core and the PBI. This signal must be active low for at least
200ms.

RESQUTN G15 0 A reset out signal generated by the RESN and internal reset signals. When this sig-
nal is deactivated, the core reset is completed.

BPIN H11 | Break point interrupt. A synchronized, active low external interrupt request. This
interrupt can not be masked. This signal should be stable during CLKOUT high level.

INTON INT1N F12 | interrupt request. These signals are synchronized, active low external interrupt

G12 requesis and can be internally masked. These signals should be stable during CLK-

OUT high.

IACKN L12 0 Interrupt acknowledge. When low, this signal indicales the core is beginning to serve
an interrupt request. The interrupt being serviced can be determined from the P-bus.

Signal Name Pin Number Type Description
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SUPPLY/ CLOCKS/ TESTING SIGNALS
VCC €2
H3
J3
P2
M5
R2
P7
M10
N9
P13
P15
K14
K12
B12
G13
D9
89
E8
B8
A5

Power supply pins

“ v v v 9 YV 9 Yv Vv U VO U ULV U UV OO
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GND

Bt
D1
H2
HS
J2
N1
R7
M8
M11
P8
R11
415
K13
E12
c13
F15
DM
A10
D8
D7
c7
B3
At

Ground pins

CLKOUTO
CLKOuT1

E15
D15

©O|™ v Y v ¥ Y v v 9 VUV vV U9V vV UV U UV VUV UV UV 9O

Clock out. These two pins should be shorted together externally.

X0

D14

Crystal out. Pin is used to connect crystal osc.

X1

c14

Crystal in. This pin is used to connect crystal osc. It can be used as an external clock
input.

BYPASS

B14

Bypass mode. When this input is high, the clock division is bypassed. This signal
should not be changed during operation.

INVIN
INVOUT1
INVOUT2

G14
Fi4
E14

These signals are used for testing.

18
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9. Electrical Specifications

5.1 Absolute Maximum Ratings

Characteristic Min. | Typ. | Max. Unit
Operating free air temperature range ] 70 c
Storage temperature -85 150 c
Vih high level input voltage Vee0.5 |V
Vil low level input voltage -0.3 v
5.2 Recommended Operating Conditions
(Vee =5V +/- 10%)
Characteristic Min. |Typ. |Max. | Unit
Vcc supply voltage 4.5 5 5.5 v
GND supply veoltage 0 vV
Vih high level input voltage 2.0 vV
Vil low level input voltage 0 0.8 v
(Vee =3V +/- 10%)
Characteristic Min. |Typ. |Max. | Unit
Vee supply voltage 2.7 3.0 33 v
GND supply voltage 0 )
Vih high level input voitage 2.0 v
Vil low level input voltage 0 0.8 v

19



VLS|

VLSI Technology, Inc.

Data Sheet
VVS3001 Development Chip

5.3 DC Characteristics
(Vee =5V +/- 10%)

Symhol | Parameter Conditions Min. | Typ. | Max. | Units
VIH High level input voilage 2.0 v
X! input 3.0 v
VIL Low level input voltage 0.8 v
Xl input 0.3 v
VOH High level output voltage I0H = -400uA 2.4 v
VoL Low level output voltage 0.5 v
clkout (*) I0H = 6mA 0.5 v
all other outputs 10H = 16mA
IL Input load current 0 =<VIN =< VCC -20 20 uA
Leakage current (output and
1/0 pins in hi-Z or input state)
CIN Input capacitance 6 pF
ICC Active supply current Ta=25deg C 100 mA
VCC =5V
f =25MHz

(*) clkout means that pins CLKOUTO0, CLKOUT! should be shorted together externally.
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(Vee =3V +/- 10%)
Symbol | Parameter Conditions Min. Typ. | Max. | Units
VIH High level input voltage 2025 v
Xl input v
VIL Low level input voltage 055 |V
X! input 0.3 v
VOH High level output voltage IOH = -400uA 2.0 v
VoL Low level output voltage 0.5 v
clkout (*) I0H = 6mA 05 |V
all other outputs I0H = 16mA
IL Input load current 0=<VIN=<VCC -20 20 uA
Leakage current (output and
1/0 pins in hi-Z ar input state)
CIN Input capacitance 6 pF
ICC Active supply current Ta=25deg C 30 mA
VCC =5V
f =25MHz

(*) clkout means that pins CLKOUT0, CLKOUT] should be shorted together externally.

Notes:
All timing specifications given in this section refer to 1.5V on all the signals unless stated otherwise.
All timing parameters are given assuming a 100pF load on the CLKOUT signal.

Abbreviations:
LE Leading Edge
TE Trailing Edge.
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vos v\

signali -— T 1.5V -t T2/ {5V

signal2 -d— 73—/ 15V -4-T4 1.5V

T1 - signall valid time; T2 - signall hold time
T3 - signal2 valid time; T4 - signal2 hold time

Figure 6: Output Signals Specifications Standard
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clkout 1.5V
signal1 15v - T — T2 = 15V
signal2 1.5v —- T3 L T4 > {15V

T1 - signall set-up time; T2 - signall hold time
T3 - signal2 set-up time; T4 - signal2 hold time

Figure 7: Input Signals Specification Standard
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6. Timing Tables

6.1 Clocking and Reset

6.1.1 Oscillator

There are two basic clock oscillator
configurations available as shown in
Figure 8.

X1

a. Crystal Controlled Oscillator XI and
XO are connected to an external crys-

tal. The instruction cycle time equals

the crystal frequency divided by 2N (N =

1 to 16, controlled by software).

Freq. Range | Note
50-80 MHz

Internal memory
access only.

b. External Oscillator X1 is an external

Freq. Range Rf Rl | C1 C2

clock input signal. The external fre-
quency is divided by 2N to give the in-

10-40MHz | 10M |0 |10pt | 10pf

struction cycle time. XO is not used in

X0 ‘ X1

this configuration and should not be
loaded by any external load.

R1

C1

Figure 8: Clock Interface

External Clock
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6.1.2 Clock Out Timing Specifications

(Vece =5V +/- 10%)

Name | Diag. | Description Reference/Conditions Min. | Typ. | Max. | Units
Teltkoh | 12 Clock out high time From 1.5V LE CLKOUT101.5Vof TE | 1.7 ns
CLKOUT
Telkol | 12 Clock out low time From 1.5V TE CLKOUT to 1.5V of LE | 2.9 ns
CLKOUT
Telkor | 12 Clock out rise time From 0.8V to 2.0V on ns
LE CLKOUT
Telkof | 12 Clock out fall time From 2.0Vto 0.8V on ns
TE CLKOUT
Tskr 12 Clock in to clock out rising skew From VCC/2 LE Xl to 1.5V LE of CLK- ns
our
Tskf 12 Clock in to clock out falting skew From VCC/2 LE XI to 1.5V TE of CLK- ns
ouT
6.1.3 Clock Input Requirements
(Vee =5V +/- 10%)
Name Diag. Description Reference/Conditions Min. | Max. Units
T 12 Clock in period VCC/2 LE of Xl to VCC/2 next LE 12.5 ns
tr 12 Clock in rise time From 0.3V to 3.0V on LE XI 1.5 ns
tf 12 Clock in fall time From 3.0V to 0.3V on TE XI 15 ns
th 12 Clock in high time At 3.0V XI (both edges) 5.70 ns
tl 12 Clock in low time At 0.3V XI (both edges) 5 ns
6.1.4 Reset (In and Out) Specifications
(Vee =5V +/- 10%)
Name Diag. Description Reference/Conditions Min. | Max. | Units
Tpwr 13 Power stable to TE of RESN After VCC reaches 4.5V 150 ms
Trss 13,14 RESN setup time Before LE of clkout ns
Trsw 14 RESN pulse width At 1.5V both edges ms
Trsov 14 RESOUTN valid time After LE of resn 9.1 ns
Trsoh 13,14 RESOUTN hold time After LE of clkout 0 ns
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6.1.5 Output Signals
(Vec =5V +/- 10%)

Name | Diag. | Description Min. | Max. Units
Tpav 1 Program address valid 7.5 ns
Tpah 1 Program address hold 0 ns
Tpfv 1 Program fetch valid 2.1 ns
Tpth 1 Program fetch hold 0 ns
Tdav 2 Data address valid 1.9 ns
Tdah 2 Data address hold 0 ns
Tdrv 2 Data read valid 23 ns
Tdrh 2 Data read hold 0 ns
Tdwv 3 Data write valid 3.1 ns
Tdwh 3 Data write hold 0 ns
Terdv 10 External register read valid 21 ns
Terdh 10 External register read hold 0 ns
Tewrv 1 External register write valid 2.5 ns
Tewrh |11 External register write hold 0 ns
Tusrov Usrout valid 4.5 ns
Tusroh Usrout hold ] ns
Tiackv Interrupt acknowledge valid 2.7 ns
Tiackh Interrupt acknowledge hold 0 ns
Teav 4-9 | Com. address valid 1.7 ns
Tcah 4-9 | Com. address hold 0 ns
Tprv 4,5 Program read valid 2.7 ns
Tprh 4,5 Program read hold 0 ns
Trdv 6,7 Read valid 2.3 ns
Trdh 6,7 Read hold 0 ns
Twry 8,9 Write valid 3.1 ns
Twrh 8,9 Write hold 0 ns
Tdbv 3 Data valid 14.3 ns
Tdbh 3,11 | Data hold 0 ns
Tdbexv | 11 Data valid for external registers 14.7 ns
Tdbf 2,10 | Data floating ns
Tdbnt 2,10 | Data not floating ns
Tedv 8,9 Com. data valid 6.1 ns
Tedh 8,9 Com. data hold 0 ns
Tedf 4-9 Com. data floating ns
Tednf 8,9 Com. data not floating ns
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6.1.6 Input Signal Requirements
(Vce =5V +/- 10%)

Name | Diag. | Description Min. | Max Units
Tpbs 1 Program bus setup 9 ns
Tpbh 1 Program bus hold 0 ns
Tdbis | 2,10 | Datain setup 13.55 ns
Tdbih [ 2,10 | Datain hold 0 ns
Tusris USRING,1 setup 9.3 ns
Tustih USRINO,1 hold 0 ns
Thpis BPI setup 9 ns
Thpih BPI hold 0 ns
Tints INTO,1 setup 9 ns
Tinth INTG,1 hold 0 ns
Tedis | 4-7 Com. datainsetup |8 ns
Tedih | 4-7 Com. data in hold 0 ns
Tpexts PEXT setup 9 ns
Tpexth PEXT hold D ns

6.2 Timing Diagrams

I e Y A Y e W

> <+10.03ns
»19.92 ns >18.46 ns » <0ns
clkout / \ / I
»23.62 ns »23.62 ns
PATSO) R
>20.65 ns »18.6 ns
Pin \ /
iy &

Diagram 1. Program Read pb Bus
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s S N

» «+11.81ns
»19.92 ns » 18.46 ns » «0ns
clkout / A\ s o
»23.45 ns »23.45 ns
DAITS:O] —
»17.75ns »15.32 ns
DRN \ /

R ————,—,——————

Diagram 2. Data Read db Bus

SR A U A WD A WD A

——19.92 ns »18.46 ns
clkout o/ \ / \
»23.45 ns »23.45ns
OALTSO! o -
1525 ns »
= 17.69 ns
DWN 9 /
»32.21 ns »32.21 ns
DBI1S0] -

Diagram 3: Data Write db BUS
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S A U A U A VY A

+» «11.62ns
»19.92 ns »18.46 ns » «0ns
clkout / \ / L
»35.54 ns »35.54 ns
CANSO) N
»21.69 ns »22.27 ns
PRN \ /

e ———————————————

Diagram 4. Program Read cd Bus (No Wait States)
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Y A U W [ A
N Cyc|es > <+11.62 ns

»19.92 ns » 18.46 ns » «0ns

clkout _j \ A / L
»35.54 ns »35.54 ns

CAUSO) o * N

»21.69 ns »22.27 NS

PRN

) ; S

R ——————————————

Diagram 5. Program Read cd Bus (N Wait States)

——
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S e N S WY e W A

» «11.62ns
»19.92 ns »18.46 ns » «0ns
clkout r \ / L
»35.54 ns »35.54 ns
CA[15:0] ]
»21.39 ns »21.78 ns
RDN — /

e ————————————

Diagram 6. Data Read cd Bus (No Wait States)

4 o A Y A

N Cyc]es > <11.62ns
»19.92 ns 518.46 ns » «0ns

clkout S A / \
»35.54 ns »35.54 ns
CAI15:0] y
»21.39 ns »21.78 ns
RDN ™\ /

R e ———,—,———

Diagram 7. Data Read cd Bus (N Wait States)
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X -/ / _/
—19.92 ns »18.46 ns
clkout / \ / \
»35.54 ns »35.54 ns
CALISO) — —
»21.51ns »22.12 ns
WRN \ /
»25.45 ns »25.45ns
COUSO) a
Diagram 8. Data Write cd Bus (No Wait States)
S S A A
———19.92 ns »18.46 ns_ N Cycles
ckout o T g T ST
»35.54 »35.54
CAISO p— E—
»21.51 »22.12
WRN ——— e \ ns /A ns
=254 »25.45ns
CO[15:0] >4518 R |
Diagram 9. Data Write cd Bus (N Wait States)
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A e L T e W

» <«1181ns
»19.92 ns »18.46 ns » <0ns
clkout / \ / L
»20.56 ns »20.56 ns
ERDN]J7:0] \ /

DBI15:0)

Diagram 10. External Register Read

S A U S WY S U A
—19.92 ns »18.46 ns

clkout / \ / \
»20.89 ns »20.89 ns
EWRN]I[7:0] T /
»32.21 ns »32.21 ns
PEI1S:0] ]

Diagram 11. External Register Write
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X / \ / \
=25ns »3.0ns
X0 — / \
) »12.26 ns »10.98 ns
phi1 / \
_ »10.78 ns »13.01 ns
phi2 \ /
»19.92 ns »18.46 ns
clkout / \

Diagram 12. Clock Waveforms
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7. Package and Pinout

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R |DA8 |VDD | CA6 DA6 | CAS DAS VSS | PA11 | PA12 | PA13 | VSS | PA14 PA15 EWRN? EWRNG
P | CA8 VDD | CAd DA4 | CA3 DA3 VDD | VSS PA7 |PFN | PA8 | PAS VDD PA10 vDD
N |VSS |DA11 | DA13 | CA2 DA2 CA1 DA1 PA2 vDD | PA3 PA4 | PAS PAG EWRND EWRNS
M [ DA9 | CA11 | CA13 | DA15 | VDD |CA7 DA7 | VSS CA0 (VDD |VSS |PA1 ERDN3 ERDN7 EWRN4
L | CA9 DA12 | DA14 | CA15 PAQ IACKN ERDN2 ERDNG EWRN3
K | DA10 | CA12 [ CA14 | DBO VoD VS§s VoD EWRN2
J |CA1D [VvSS VDD cDo PEXT ERDN1 ERDN5 VSS
H (DB6 |VSS |[VDD DBA1 VSS BPIN | RESN ERDNO ERDN4 EWRN1
G |CD6 | DWN |DB3 CD1 INTIN VDD INVIN RESOUT
F (DB7 |CD4 |CD3 DB2 INTON USROUTO | INVOUTY | VSS
E |CD7 |DBS |DB4 CD2 | cCD2 VDD VSS USRIN1 INVOUT2 | CLKOUTO
D (vSS |CD5 |(DRN |RDN |WRN |PRN [VSS |VSS VDD | PB12 | VSS | USROUT1 USRINO X0 CLKOUT1
C (DADO | VDD |CD13 |DB14 |CD14 |DB15 |VSS (CD15 |PBO |PB1 PB2 | PB3 VSS XI PB15
B |VSS | DB11 | VSS cb11 (pB12 (CD12 | DB13 |VvDD (VDD |PB4 PB5 | VDD PB6 BYPASS PB14
A |VSS |(DB8 |CD8 DB9 | VDD cD9 DB10 |(CD10 (PB7 |VSS |PB8 |PB9 PB10 PB11 PB13
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dsp dsp dsp dsp

bottom signal bottom signal bettom signal bottom signal
Xy name xy name xy name Xy name
Al VSS E1 co7 i) CA10 N1 VSS
A2 0838 E2 DB5 J2 Vss N2 DA
A3 cD8 E3 DB4 J3 vbD N3 DA13
Ad DBg E4 cD2 J4 CDo N4 CA2
AS VDD ES NC J5 N5 DA2
A6 co9 E6 J6 N6 CA1
A7 DB10 E7 J7 N7 DA1
A8 cD10 E8 VDD J8 N8 PA2
A9 PB? E9 Jg N9 VDD
A10 VSS E10 J10 N1D PA3
Al PB8 E11 J1 N1 PA4
A12 PB9 E12 VsS J12 PEXT N12 PAS
A13 PB10 E13 USRIN1 3 ERDN1 N13 PAG
A4 PB11 E14 INVOUT2 J14 ERDN5 N14 EWRNO
A15 PB13 E15 CLKOUTO J15 Vss N15 EWRN5
B1 VSS F1 D87 K1 DA10 P1 CA8
B2 DB11 F2 CD4 K2 CA12 P2 VDD
B3 VSS F3 cb3 K3 CA14 P3 CA4
B4 co11 F4 DB2 K4 DBO P4 DA4
BS DB12 F5 KS P5 CA3
B6 cD12 F6 K6 P6 DA3
B7 DB13 F7 K7 P7 vDD
B8 voo F8 K8 P8 VSS
89 VDD F9 K9 ] PA7
B10 PB4 F10 K10 P10 PFN
B11 PB5 F11 K11 P11 PA8
B12 VDD F12 INTON K12 VDD P12 PA9
B13 PB6 F13 USROUTO K13 VSS P13 VDD
B14 BYPASS F14 INVOUT1 K14 VDD P14 PA10
B15 PB14 F15 VsS K15 EWRN2 P15 VDD
Ct DAD G1 CD6 L1 CA9 R1 DA8
C2 VDD G2 DWN L2 DA12 R2 VDD
C3 co13 G3 DB3 L3 DA14 R3 CA6
C4 DB14 G4 co1 L4 CA15 R4 DA6
5 CD14 G5 L5 R5 CAS
6 DB15 G6 L6 R6 DAS
c7 VSS G7 L7 R7 VSS
cs8 cD15 G8 L8 PAD RS PA11
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dsp dsp dsp dsp
bottom signal bottom signal bottom signal bottom signal
c9 PBO G9 L9 R9 PA12
C10 PB1 G10 L10 R10 PA13
ctn PB2 G11 L1 R11 VS§S
Cc12 PB3 G12 INTIN L12 IACKN R12 PA14
c13 VSS G13 vDD L13 ERDN2 R13 PA15
C14 Xi G14 INVIN L14 ERDNG R14 EWRN?7
C15 PB15 G15 RESOUT L15 EWRN3 R15 EWRNG
D1 VSS H1 DB6 M1 DA9
D2 CD5 H2 VSS M2 CA11
D3 DRN H3 VDD M3 CA13
D4 RDN H4 D81 M4 DA15
D5 WRN H5 VsS M5 voD
D6 PRN H6 M6 CA7
D7 VSS H7 M7 DA7
D8 VsS H8 M8 VSS
D9 vDD H9 M9 CAO
D10 P812 H10 M10 VDD
D1 VSS H11 BPIN M1 VssS
D12 USROUT1 H12 RESN M12 PA1
D13 USRING H13 ERDNO M13 ERDN3
D14 X0 H14 ERDN4 Mi4 ERDN7?
D15 CLKouUT1 H15 EWRN1 M15 EWRN4

Figure 9: Pin Assignment
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-« 1591[4041] gl
1.559 [39.60]

PIN #1 INDEX

/— MARK LOCATION

/' h

— | |l 0127[323]
0.102 [2.59]

— 0.050 [1.27] TYP
0.020 [0.51]

I 0.016 [0.41]

T

—
n——

0.840 [21.34]
0.750 [19.05]

R 0.005 [0.13] TYP

FIJHIHHH/U

— 0.130 [3.30] REF

SEATING PLANE —
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1.412(35.86
- 1.388 {35.26} —

— |<» 0.100 [2.54] TYP
@é@@@@@@@@@@@@@A
OJOXOXOJOXOJOXOIOIOIOI0OIOION B::
OJOJOXOIOXOIOJOXOIOIOIOJOIOIOl K&
OIOXOIOIOIOIOIOIOIOIOIOIOIOION B,
OJIOXOIO] ® OIOIOIOIO) BE:
OJOXOIO] _j @®@@®@®@®|F
@@® ®® EXTRAPIN 'OIOIOIOI K&
OIOXOJOXO] @@@e@|H
OJOXOJIO] @@®®|]
OJOXOJIO] @@®®| K
@0@@®® ® @@@@| L
(OJOJOJOJOXOIOJOIOIOIOIOIOJOIO] 4!
OJOXOIOIOXOIOXOJOIOIOJOXOIOIO] B\
OJOXOIOIOXOIOXOIOIOIOIOXOIOIO] By
@@@@@@@@@@@@@@@R
1514131211109 8 76 5 4 3 2 1

NOTES:
1. Dimensions are in inches [millimeters].
2. Tolerances to be +/- 0.005 [+/- 0.13].

3. Lead Finish: Gold Plating 60 microinches minimum thickness over 100 microinches nominal thickness of Nickel

4. Material: AL203

5. Lead Material: Kovar.

6. 180 Ceramic pin grid array.
Cavity up - 15 x 15 matrix
DWG No: 25-70014REV: .D

Figure 10: Mechanical Data
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Longmonl. 303-682-4900 FAX 03-5454-3601 G NG NORTH AMERICA Pittsburgh, 412-856-9490
FAX 303-662-2387 gINGAPUF;E N Mississauga. 416-623-0082 {Represented by E?E%TA?; lgEcE?ECTRO s
ingapore, 65-356-
FAX 653561103 COLORADD ARROW/SCHWEBER ) Guayiabo, 809-720-4430
FLORIDA .USCOMBE ENGINEERING ALABAMA EXA
Pompano Beach, 305-971-0404 ¥AIWAN ; Longment, 303-772-3342 Huntsville, 205-837-6955 TEXAS
FAX 305-971-2086 aiper, BB6-2-719-5466 OWA Austin, 512-835-4180
FAX 886-2-718-3204 ARIZONA Dallas, 214-380-6464
Clearwater, 813-538-0681 SELTEC SALES Phoenix, 602-431-0030 Houston, 713-647-6868
FAX 813-538-0583 Cedar Rapids, 319-364-7660 CALIFGRNIA UTAH
GEORGIA KANSAS Fremont, 510-490-9480 Salt Lake Cily, 801-973-6913
Duluth, 770-476-8574 ‘I;IESI AUEHORIZED ELECTRI-REP Los Angeles, 818-880-0686 WASHINGTON
FAX 770-476-3790 SIGN CENTERS Overland Park, 913-64-2168 Orange County, 714-587-0404
San Diego, 619-565-4800 ALMAG/ARROW
ILLINOIS MISSOURI oy 0700 Seallle, 206-643-9992
Hoftman Estates, 708-884-0500 NORTH AMERICA ELECTRI-REP : WISCONSIN —
FAX 708-884-0394 St Louis, 314-993-4421 CANADA Wi 114.792-01
MARYLAND COLORADO NEW YORK Montreal, 514-421-7411 Hiwaukee. 414-792-0150

Millersvilie, 410-987-8777
FAX 410-987-4489

MASSACHUSETTS
Burlington, 617-270-4111
FAX 617-273-7604

MINNESOTA
St. Louis Park, 612-545-1490
FAX 612-545-3489

NEW JERSEY
Plainsboro, 609-799-5700
FAX 609-799-5720

NORTH CAROLINA
Cary 919-677-7900
FAX 919-677-1896

OHID
Cleveland, 216-248-9880
FAX 216-248-9885

OREGON
Portland, 503-244-9882
FAX 503-245-0375

TEXAS
Austin, 512-349-5613
FAX 512-349-2519

Houston, 713-251-0473
FAX 713-251-7456

Richardson, 214-705-2400
FAX 214-669-1413

WASHINGTON
Bellevue, 206-453-5414
FAX 206-462-7324

SIS MICROELECTRONICS, INC
Longmonl, 303-776-1667

MAINE
QUADIC SYSTEMS, INC
Gorham, 207-856-6960

EUROPE
EIRE AND U K.
PA TECHNOLOGY
Herts, 763-261222

SYMBIONICS
Cambridge, 223-421025

FRANCE
CETIA
Touion Cedex. 94-212005

SOREP
Chateaubourg, 99-623955

NORWAY
NORKRETS AS
Oslo, 47-2360677/8

ASIA

INDIA
ARCUS TECHNOLOGY LTD
Bangalore, 91-812-217307

JAPAN
ADC CORPORATION
Tokyo, 03-3492-1251

ADVANTAGE MKTG ASSOC
Harth Syracuse, 315-458-5722

UTAH
LUSCOMBE ENGINEERING
Salt Lake City. 801-268-3434

EUROPE
AUSTRIA

THOMAS NEUROTH
Wien. 43-1-8775645

SOUTH AMERICA
BRAZIL

UNIAD DIGITAL COMERCIAL
$ao Paulo, 55-11 533-0967

HONG KONG

LESTINA INTERNATIONAL, LTD
Tsimshatsui, 852-7351736

ASIA

ISRAEL
ROT ELECTRONICS ENG. LTD
Tel-Aviv. 972-3-5483737

SINGAPORE
DYNAMIC DISTRIBUTION PTE, LTD
Singapore, 65-742-1986

TAIWAN

WEIKENG INDUSTRIAL CO
Taipei, 886-2-659-0202

Ottawa, 613-226-6903
Toronto, 416-670-7769
Vancouver, 604-421-2333

COLORADO
Denver. 303-799-0258

CONNECTICUT
Wallingford, 203-265-7741

FLORIDA

Deertield Beach, 305-429-8200
Lake Mary, 407-333-9300
GEORGIA

Allanta, 770-497-1300
ILLINGIS

Chicago, 708-250-0500
INDIANA

Indiarapolis, 317-299-2071

10WA

Cedar Rapids, 319-395-7230
KANSAS

Kansas City, 913-541-9542
MARYLAND

Balimore, 301-596-7800
MASSACHUSETTS
Boston, 508-658-0900

MICHIGAN
Detroit, 313-462-2290

MINNESOTA
Eden Prairie 612-941-5280

All brands, product names, and company names are trademarks or registered trademarks of their respective owners.

INTERNATIONAL

BELGIUMAUXEMBURG
MICROTRON

Mechelen. 215-212223
DENMARK

Ditz Schweitzer

Lynge, 45 42 42453044
ENGLAND

HAWKE COMPONENTS
Bramiey, NR Basingsloke
256-880800

FRANCE

ASAP s.a
Montigny-le-Brelonneux,
1-30-122020

GERMANY
ELECTRONIC 2000 AG
Miinchen, 89-451100

ZENTRUM MIKROELEKTRONIK
Dresden, 351-8822306

NETHERLANDS
TME

sHertogenbosch
31-73281111

01/96

With respect to the information in this document, VLS| Tech-

nalogy, inc. (VLSI) makes no guarantee or warranty of its
accuracy or that the use of such information will not infringe
upon tha inteltectual rights of third parties. VLSI shalt not be

responsible for any loss or damage of whatever nature result-

ing from the use of, or reliance upon it and no patent or other
license is implied hereby. This document does not in any way
extend or modify VLS!'s warranty on any product beyond that
set forth in its standard terms and conditions of sale. VLS|
reserves the right to make changes in its products and speci-
fications at any time and without notice.

LIFE SUPPORT APPLICATIONS: VLSI's products are not
intended for use as critical components in life support appli-
_ ances, devices, or systems, in which the failure of a VLSI -
product to perform could be expected to result in personal
injury.
© 1995 VLSI Technology, Inc. Printed in U.S.A.
8515-012696-001
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