80960JA/JF/ID/ISIIC/IT 3.3V
Embedded 32-Bit Microprocessor

Product Features

= Code Compatible with all 80960Jx
Processors

= High-Performance Embedded Architecture
—One Instruction/Clock Execution

—Core Clock Rateis:
1x the Bus Clock for 80960JA/JF/JS
2x the Bus Clock for 80960JD/JC
3x the Bus Clock for 80960JT

— L oad/Store Programming Model

— Sixteen 32-Bit Global Registers

— Sixteen 32-Bit Local Registers (8 sets)
—Nine Addressing Modes

— User/Supervisor Protection Model

= Two-Way Set Associative Instruction
Cache

—80960JA - 2 Kbyte
—80960JF/JD - 4 Kbyte
—80960J5/JC/JT - 16 Kbyte

—Programmable Cache-Locking
Mechanism

= Direct Mapped Data Cache
—80960JA - 1 Kbyte
—80960JF/JD - 2 Kbyte
—80960JS/JC/JT - 4 Kbyte
—Write Through Operation

= On-Chip Stack Frame Cache
— Seven Register Sets May Be Saved
—Automatic Allocation on Call/Return

—0-7 Frames Reserved for High-Priority
Interrupts
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On-Chip Data RAM

—1 Kbyte Critical Variable Storage

—Single-Cycle Access

3.3V Supply Voltage

—5V Tolerant Inputs

—TTL Compatible Outputs

High Bandwidth Burst Bus

— 32-Bit Multiplexed Address/Data

— Programmable Memory Configuration

— Selectable 8-, 16-, 32-Bit Bus Widths

— Supports Unaligned Accesses

—Big or Little Endian Byte Ordering

High-Speed Interrupt Controller

— 31 Programmable Priorities

—Eight Maskable Pins plus NM I#

—Up to 240 Vectorsin Expanded Mode

Two On-Chip Timers

— Independent 32-Bit Counting

—Clock Prescalingby 1, 2,4 0r 8

—Internal Interrupt Sources

Halt Mode for Low Power

|EEE 1149.1 (JTAG) Boundary Scan

Compatibility

Packages

—132-Lead Pin Grid Array (PGA)

—132-Lead Plastic Quad Flat Pack
(PQFP)

—196-Badll Mini Plastic Ball Grid Array
(MPBGA)
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Date Revision Description

To address the fact that many of the package prefix variables have
August 2004 006 changed, all package prefix variables in this document are now
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Removed reference to NG80960JC-40, NG80960JC-33, NG80960JS-16,
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See Table 22 on page 42.
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(previously named 80960JA/JF/JD/JT 3.3 V Embedded 32-Bit
Microprocessor datasheet).

June 1999 003 Updated Icc values for the 80960JS/JC/JT processors.
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Updated MPBGA thermal specifications.

Corrected orientation of MPBGA package diagrams (Figure 6 on page 30
and Figure 7 on page 31).

December 1998 002 Added Figure 11 on page 46, Figure 12 on page 46, Figure 14 on page 47,
and Figure 15 on page 48 to distinguish 80960JT 3.3-V and 5-V signal
derating curves from the 80960JA/JF/JD derating curves.

This datasheet supersedes revisions to the following 80960Jx datasheets:
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80960JA/JF/JD/JS/JC/JT 3.3 V Embedded 32-Bit Microprocessor

Introduction

This document contains information for the 80960Jx microprocessors, including electrical
characteristics and package pinout information. Detailed functional descriptions, other than
parametric performance, are published in the 1960 Jx Microprocessor Developer s Manual
(272483) and may be viewed online at http://developer.intel.com/design/i960/Techinfo/80960JX/.

Figure 1. 80960Jx Microprocessor Package Options
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Throughout this datasheet, references to ‘80960Jx’ indicate features that apply to the 3.3-V Jx
processors only:

NOTE: To address the fact that many of the package prefix variables have changed, all package prefix

Table 1.

Datasheet

variables in this document are now indicated with an "x".

80960Jx 3.3-V Microprocessor Family

Processor Voltage Inséral::(;.t(i;on C?aactlfe Core Clock
80960JA 3.3V (5V Tolerant) 2 Kbyte 1 Kbyte 1x
80960JF 3.3V (5V Tolerant) 4 Kbyte 2 Kbyte 1x
80960JD 3.3V (5V Tolerant) 4 Kbyte 2 Kbyte 2x
80960JS 3.3V (5V Tolerant) 16 Kbyte 4 Kbyte 1x
80960JC 3.3V (5V Tolerant) 16 Kbyte 4 Kbyte 2x
80960JT 3.3V (5V Tolerant) 16 Kbyte 4 Kbyte 3x
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80960JA/JF/ID/ISIIC/IT 3.3 V Embedded 32-Bit Microprocessor

80960Jx Overview

Datasheet

The 80960Jx processor offers high performance to cost-sensitive 32-bit embedded applications.
The 80960Jx is object code compatible with the 80960 core architecture and is capabl e of sustained
execution at the rate of one instruction per clock. This processor’s features include generous
instruction cache, data cache, and data RAM. It aso boasts afast interrupt mechanism and
dual-programmable timer units.

The 80960Jx processor’s clock multiplication operates the processor core at two or three times the
bus clock rate to improve execution performance without increasing the complexity of board
designs.

Memory subsystems for cost-sensitive embedded applications often impose substantial wait state
penalties. The 80960Jx integrates considerable storage resources on-chip to decouple CPU
execution from the external bus.

The 80960Jx rapidly allocates and de-allocates local register sets during context switches. The
processor must flush aregister set to the stack only when it saves more than seven setsto itslocal
register cache.

A 32-bit multiplexed burst bus provides a high-speed interface to system memory and 1/O. A full
complement of control signals simplifies the connection of the 80960Jx to external components.
The user programs physical and logical memory attributes through memory-mapped control
registers (MMRs), an extension not found on the i960% Kx, Sx or Cx processors. Physical and
logical configuration registers enable the processor to operate with all combinations of bus width
and data object alignment. The processor supports a homogeneous byte ordering model.

This processor integrates two important peripherals: atimer unit and an interrupt controller. These
and other hardware resources are programmed through memory-mapped control registers, an
extension to the familiar i960 processor architecture.

The timer unit (TU) offers two independent 32-bit timers for use as real-time system clocks and
general-purpose system timing. These operate in either single-shot or auto-reload mode and may
generate interrupts.

Theinterrupt controller unit (ICU) provides aflexible, low-latency means for requesting interrupts.
The ICU provides full programmability of up to 240 interrupt sourcesinto 31 priority levels. The
ICU takes advantage of a cached priority table and optional routine caching to minimize interrupt
latency. Clock doubling on the 80960JD/JC processors reduces interrupt latency by 40% compared
to the 80960JA/JF, and clock tripling on the 80960JT reduces interrupt latency by 20% compared
to the 80960JD/JC. Local registers may be dedicated to high-priority interrupts to further reduce
latency. Acting independently from the core, the ICU compares the priorities of posted interrupts
with the current process priority, off-loading this task from the core. The ICU a so supports the
integrated timer interrupts.

The 80960Jx features a Halt mode designed to support applications where low power consumption
iscritical. The halt instruction shuts down instruction execution, resulting in a power savings of up
to 90 percent.

The 80960Jx’s testahility features, including ONCE (On-Circuit Emulation) mode and Boundary
Scan (JTAG), provide a powerful environment for design debug and fault diagnosis.
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intel.

The Solutions960® program features awide variety of development tools which support the i960

processor family. Many of these tools are devel oped by partner companies, some are devel oped by
Intel, such as profile-driven optimizing compilers. For more information on these products, contact
your local Intel representative.

Figure 2. 80960Jx Block Diagram
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80960 Processor Core

The 80960Jx family is ascalar implementation of the 80960 core architecture. Intel designed this
processor core as avery high performance device that is a so cost-effective. Factors that contribute
to the core’s performance include:

¢ Core operates at the bus speed with the 80960JA/JF/JS
¢ Core operates at two or three times the bus speed with the 80960JD/JC and 80960JT,

respectively

¢ Single-clock execution of most instructions

* Independent Multiply/Divide Unit

¢ Efficient instruction pipeline minimizes pipeline break latency

¢ Register and resource scoreboarding alow overlapped instruction execution

¢ 128-hit register bus speeds local register caching

¢ Two-way set associative, integrated instruction cache
¢ Direct-mapped, integrated data cache
¢ 1-Kbyteintegrated data RAM delivers zero wait state program data

Datasheet
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Burst Bus

A 32-bit high-performance Bus Controller Unit (BCU) interfaces the 80960Jx to external memory
and peripherals. The BCU fetches instructions and transfers data at the rate of up to four 32-bit
words per six clock cycles. The external address/data bus is multiplexed.

Users may configure the 80960Jx’s bus controller to match an application’s fundamental memory
organization. Physical buswidth is register-programmed for up to eight regions. Byte ordering and
data caching are programmed through a group of logical memory templates and a defaults register.
The BCU'sfeatures include:

¢ Multiplexed external busto minimize pin count

* 32-, 16-, and 8-hit bus widths to simplify 1/0 interfaces

¢ External ready control for address-to-data, data-to-data and data-to-next-address wait state
types

* Support for big or little endian byte ordering to facilitate the porting of existing program code

* Unaligned bus accesses performed transparently

¢ Three-deep load/store queue to decoupl e the bus from the core

Upon reset, the 80960Jx conducts an internal self-test. Then, before executing itsfirst instruction, it
performs an external bus confidence test by performing a checksum on the first words of the
initialization boot record (IBR).

Timer Unit

Thetimer unit (TU) contains two independent 32-bit timers that are capable of counting at several
clock rates and generating interrupts. Each is programmed by use of the TU registers. These
memory-mapped registers are addressable on 32-bit boundaries. The timers have a single-shot
mode and auto-reload capabilities for continuous operation. Each timer has an independent
interrupt request to the 80960Jx’s interrupt controller. The TU may generate afault when
unauthorized writes from user mode are detected. Clock prescaling is supported.

Priority Interrupt Controller

A programmable interrupt controller manages up to 240 external sources through an 8-bit external
interrupt port. Alternatively, the interrupt inputs may be configured for individual edge- or level-
triggered inputs. The interrupt unit (1U) also accepts interrupts from the two on-chip timer channels
and asingle Non-Maskable Interrupt (NM1#) pin. Interrupts are serviced according to their priority
levels relative to the current process priority.

Low interrupt latency is critical to many embedded applications. As part of its highly flexible
interrupt mechanism, the 80960Jx exploits several techniques to minimize latency:

* Interrupt vectors and interrupt handler routines may be reserved on-chip.
* Register frames for high-priority interrupt handlers may be cached on-chip.
¢ Theinterrupt stack may be placed in cacheable memory space.

* Interrupt microcode executes at two or three times the bus frequency for the 80960JD/JC and
80960JT, respectively.

11
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Instruction Set Summary

The 80960Jx adds several new instructions to the 1960 processor core architecture. The new
instructions are:

¢ Conditional Move
¢ Conditional Add

¢ Conditional Subtract
* Byte Swap

* Halt

¢ Cache Control

¢ Interrupt Control

Table 2 identifies the instructions that the 80960Jx supports. Refer to thei960® Jx Microprocessor
Developer’s Manual (272483) for a detailed description of each instruction.

Faults and Debugging

The 80960Jx employs a comprehensive fault model. The processor responds to faults by making
implicit callsto afault handling routine. Specific information collected for each fault allows the
fault handler to diagnose exceptions and recover appropriately.

The processor also has built-in debug capabilities. In software, the 80960J3x may be configured to
detect as many as seven different trace event types. Alternatively, mark and fmark instructions
may generate trace events explicitly in the instruction stream. Hardware breakpoint registers are
also available to trap on execution and data addresses.

Low Power Operation

Intel fabricates the 80960Jx using an advanced sub-micron manufacturing process. The processor’s
sub-micron topology provides the circuit density for optimal cache size and high operating speeds
while dissipating modest power. The processor also uses dynamic power management to turn off
clocksto unused circuits.

Users may program the 80960Jx to enter Halt mode for maximum power savings. In Halt mode,
the processor core stops completely while the integrated peripheral s continue to function, reducing
overall power requirements up to 90 percent. Processor execution resumes from internally or
externally generated interrupts.

Test Features

The 80960Jx incorporates numerous features that enhance the user’s ability to test both the
processor and the system to which it is attached. These features include ONCE (On-Circuit
Emulation) mode and Boundary Scan (JTAG).

Datasheet
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The 80960Jx provides testability features compatible with |EEE Standard Test Access Port and
Boundary Scan Architecture (IEEE Std. 1149.1).

One of the boundary scan instructions, HIGHZ, forces the processor to float all its output pins
(ONCE mode). ONCE mode may also beinitiated at reset without using the boundary scan
mechanism.

ONCE mode is useful for board-level testing. This feature allows a mounted 80960Jx to
electrically “remove” itsalf from acircuit board. This alows for system-level testing in which a
remote tester, such as an in-circuit emulator, may exercise the processor system.

The provided test logic does not interfere with component or circuit board behavior and ensures
that components function correctly, connections between various components are correct, and
various components interact correctly on the printed circuit board.

The JTAG Boundary Scan feature is an attractive alternative to conventiona “bed-of-nails’ testing.
It may examine connections that might otherwise be inaccessible to atest system.

Memory-Mapped Control Registers

The 80960Jx, although compliant with the i960 processor core, has the added advantage of
memory-mapped, internal control registers not found on the 1960 Kx, Sx or Cx processors. These
registers give software the interface to easily read and modify internal control registers.

Each of these registers is accessed as a memory-mapped, 32-bit register. Access is accomplished
through regular memory-format instructions. The processor ensures that these accesses do not
generate external bus cycles.

Data Types and Memory Addressing Modes

Aswith all 1960 processors, the 80960Jx instruction set supports several data types and formats:
* Bit
* Bitfields
* Integer (8-, 16-, 32-, 64-hit)
¢ Ordina (8-, 16-, 32-, 64-hit unsigned integers)
* Tripleword (96 hits)
* Quad word (128 hits)

The 80960Jx provides afull set of addressing modes for C and assembly programming:
* Two Absolute modes
* F