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—Load/Sore Archtectue
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(80 MH2)
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—809%0HD is 2x Bus dock
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= High-Perfamarce On-Qiip Storage

— 16 Kbyte FourWay Set-Asociative
Instruction Cacte

—8 Kbyte Fou-Way Set-Asociative Data
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—2 Kbyte GeneralPurpoe RAM

= Separate 128-Bit Intemal Paths For
Instructions/Data
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—JTAG Support - IEEE 11491 Compliant
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September 2002 008 device.

« Removed core speed of 60 MHz and bus speed of 20 MHz, and order
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+ Removed core speed of 32 MHz and bus speed of 16 MHz, and order
number FC80960HD32-S-L2GL from the 208L PQFP package,
80960HD device.

« Removed core speed of 60 MHz and bus speed of 20 MHz, and order
number FC80960HT60-S-L2G2 from the 208L PQFP package,
80960HT device.

In “32-Bit Parallel Architecture” on page 1:

¢ Revised 1.2 Gbyte Internal Bandwidth (75 MHz) to 1.28 Gbyte Internal
Bandwidth (80 MHz).
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« Added paragraph two and Table 5 “80960HA/HD/HT Package Types
and Speeds” on page 14.

In Table 7 “80960Hx Processor Family Pin Descriptions” on page 16:
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« BREQ); Revised description.

* ONCE; last sentence, changed ‘low’ to ‘high’.
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In Figure 2 “80960Hx 168-Pin PGA Pinout—View from Top (Pins Facing
Down)” on page 20:
July 1998 007 « Added insert package marking diagram.
In Figure 4 “80960Hx 208-Pin PQ4 Pinout” on page 26:
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80960HA/HD/HT

About This Document

Figure 1.

2.0

This document desciibes the parametric performanceof Intel's 80960Hx embedéd siperscalar
microprocessrs. Detail ed desciiptionsfor functionaltopics, otherthanparametic performarce,
are publishedin thei960° Hx Microprocesor User's Glide (272484).

In this document, ‘80960HX’ and‘i960 Hx processa’ refer to the praluct degribed in Table 1.
Throughou thisdocument, irformation tha is specific to each isclearly irdicated.

80960Hx Block Diagram

Instruction Prefetch Queue — | Guarded Memory Unit IControI
I JTAG Port | Instruction Cache i - i
16 Kbyte, Four-Way Set-Associative |Mem0ry Region Conflgurat|0n| Address
I Timers | | P —— | Bus Controller
I “Bit Cache Bus | Bus Request Queues I_H Data
Interrupt Programmable ]
_Port Interrupt Controller Parallel Instruction Scheduler — Data Cache
8 Kbyte, Four-Way Set-Associative
Multiply/Divide Unit o*— Dats RAM - 2 Kbyt
. ata - yte
—‘ Register-Side Memory-Side
Execution Unit
Machine Bus Machine Bus Register Cache - 5 to 15 sets
Six-Port Register File
— Address Generation Unit
64-bit SRC1 Bus  32-bit Base Bus

64-bit SRC2 Bus 128-bit Load Bus / JJ
64-bit DST Bus ~ 128-bit Store Bus

Intel 80960HX Process or

Table 1.

ThelIntel 80960Hx procesa providesnew pefformance kvels while maintaining backwerd
compatihili ty (pin® and scftware) with thei960 CA/CF processr. This newes member of the
family of i960 2-bit, RISC-style, emleddedprocessors allowscugsomasto create salable
designs that meetmultiple price ard performance pints. This is accomplished by providing
processrs that may unatthe bus speed or fager usng Intel’s clack multiplying tecmology
(seeTable 1). The 8096Hx core is capabe o issuing 150 million instructions per secad, using a
sophsticatedinstruction screduler that allowvs the processo to sustain athroughpu of two
instructiors every core clak, with apeak grformarce ofthree insructions perclock. The
80960Hx-seriescomprises three ppcesors, whichdifferin theratio d core clock speedto extenal
bus speed

80960Hx Produc t Description

Produ ct Core Voltage Operating Frequency (bus/core)
80960HA 1x 33 V' 25/25, 33/33, 40/40
80960HD 2x 33 V' 25/50, 33/66, 40/80
80960HT 3x 33v! 25/75

T Processor inputs are 5 V tolerant.

1. The80960HX is not“drop-in” compatible in an 80960Cxbased sysem. Customers may desgn sysems that accet either 80960Hx or Cx

processas.
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2.1

2.2

221

2.2.2

10

In additionto expandedclock frequencyoptions, the 80980Hx providesesertial erhancenentsfor
an emeging clas of high-performane embededapplications Featuesinclude alarger
instruction cache, data cache, affata RAM thananyother 8®60procesor to date. It also boads
a 32bit demultiplexedand ppelinedburst bus, fag interrupt mectanism, guardedmemay unit,
wait state generatae, dual pragranmmable timersONCE anl IEEE 1149.1-compiant boundaryscan
test and debugsupport, and new instructions.

The i960® Processor Family

The i980® procesor family is a 2-bit RISCarchitecturecreated i Intel to ®rve the need of
embedeéd aplications The embeded marketincludesapplicationsasdiverse asindustrial
automationavionics image pocesing, graghicsand conmunications

Becaus all memigrsof the i9& procesor family share acomma cae arclitectue, 9@
applicationsarecodecompetible. Eachnew piocesor in the family adisits own gecial €t of
functions to the coe tosatisfy the need of a pecific agplication a range d applicationsin the
embeded merket.

Key 80960Hx Features

Execution Architecture

Independert instruction paths inside the processr allow the execution of multi ple, ait-of-sequence
instructions per clock. Registerand resaurce soreboarding inted ocks maintainthe logical integrity
of sealertial instructions that ae being execuedin parallel. To sustain execuion of multiple
instructions in eachclock cycle, the procesa decades multiple instructionsin paralel ard
simultareousy issues heseinstructionsto parallel processng units. Thevarious processng units
are therable toindependertly acces ingruction operandin pail el froma comnon register set.

Locd Regster Cacheritegraied a-chip providesautomatic register management on cal/return
instructions Upon a cdlinstruction, he process allocaes a sebf local registersfor the caled
procedure, thertaresthe regstersfor the previougprocedure in the on-chip retgs cache. A
additional procedurearecalled, the cacheteresthe asociated regiterssuch that he mast recently
cdled proceduredthe firstavalable by he nextreturn (ret) instruction. The pocessa may sbre up
to fifteenregister sets, after which the ddest seis ae sbred (spilled) into exemal memory.

The 8960Hx supports the80960 architecturallydefined ranchpredction mectanism. This
allows mary branchesto exectie with no pipeline ieak.With the 980Hx's efficient pipdine, a
brarch maytakeasfew aszeroclocksto executeThemaximum peralty for anincarrect prediction
istwo cae clocls.

Pipelined, Burs t Bus

A 32-bit high performance hus contrdler interfacesthe 860HXx core to theexternal nemory and
peripterals The Bus Control Unit featuresa maximum tranger rate of 160Mbytesper £cond(at a
40MHz extemal bus clack frequency). A key advantage of this designisits versatility. The user
may indeperdenty programthe plysical and logical atributesof systemmemoy. Physical
atributes irclude wait state pofile, bus width, ard parity. Logical attritutesinclude cacteablity
and Big or Little Endianbyte ader. Internally programmable wait statesand 16 sefrately
configuralde physical memory regons allow the pocesor to interfacewith a varietyof memoy
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subsysterms with minimum systemcomplexity. To reduce tre efectof wait gates the bus design is
decaupledfrom the cae. This lets the rocesso execue instructions while the kus performs
memay accesesindepemlertly.

The Bus Contrdler's key featuesinclude:
* Demutiplexed, Burst Bus to suppat most efficient DRAM acces males
* Address Piflining to reduce nemory caost while maintaining performance
* 32-, 16- ard 8-bit modes tofacilitate YO interfacing
* Full intemal wait state gneration to reduce system cost
¢ Littleard Big Endian suppart
* Unalignal Acces support implementedn hardware
* Three-deepeqed quele to decaple the bis fromthe coe

* Indeperdent physcal andlogical adires space chareteristics

On-Chip Caches and Data RAM

As shown in Figure 1, the &960Hx providesgererous on-chip cacle andstorage auresto
decauple CPU executionfrom theexternal lnis. The pracessor includesa 16 Kbyte indruction
cachean 8Kbyte cita cache ath 2 Kbytesof Data FAM. The cachesire ogarizedas4-way set
associative. Storesthat hit the data cehe arewrittenthroughto menory. The data caah peforms
write allocationon catie mises A fifteen-gt dackframe cache allowshe pocessor to ragdly
allocate andleallocate loal regisers All of the onehip RAM sustains a4-word (128-bit) acces
evey clockcycle.

Priority Inter rupt Controlle r

Theintemrupt unit provides tle mechanism for the low latercy ard high throughpu interrupt
service essntia for embedded applications. A priority interrupt controller providesfull
programmability of 240 interupt sources wih a typical interrupt task switch (latercy) time o 17
core clocks The cantrdlersupparts 31 priority levels. Interrypts areprioritizedandsignaledwithin
10 coreclocks of the regied. When theinterrupt hasa higherpriority thanthe pocesor priority,
the context switch to the interrupt routine wauld typically complete in arother seven bus clocks.

Extemal agerts postinterrupts throughthe 8bit extemal interrupt port. The Interrupt unit also
handesthe twointemal saircesfrom the Timers. Interrupts may be level- or ede-triggered

Guarded Memory Unit

The Guarded Memory Unit (GMU) provides nemory protection without the adiresstrarslation
found in Memory Management Units. The GMU contains two memory protedion sthemes: one
preventsill egal memay acceses, the otter detectamemaoy aaes violatiorns. Both signal a fult
to theprocessor. The piogrammable ptectionmodes are: ugr read, wite a execute; and
supernvsor read write orexecte.

11
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Table 2.

Table 3.

Dual Programmable Timers

The pocesa providestwo indegendert 32-bit timers with four programmable clock rates. The
user corfiguresthe timersthroughthe TimerUnit regsters Thes registers are memaoy-mapped
within the 8960Hx, addessble m 32-bit bourdaries The imers havea sngle-shot mode and
auo-reload camhiliti es br continuous operation. Eachtimer has anindependert interrupt requed
to the pocesor’s interrupt controller.

Proce ssor Self Test

Whena gstemerra is detectedthe FAIL pin is aserted, a fail cod mesage isdrivenorto the
addess bus, and tle piocesor stops exection at thepoint of failure. The oy way toresime
nomal opesationis to perform a RESET operation.Because System Eror gereration nay occur
sometime after the bus confiderce testard even after initiali zation during normal processr
operation, the FAIL pinis HIGH (logic “1") before the detectiorof a SystemError.

The pocesor uses only onereadbustrarsaction tosignal thefail code mesage; theaddess of the
bus trarsaction is the fail code itself. The fail code is of the form: Oxfeffffnn; bits 6 to O cantain a
mask recading the posgble fail ures. Bt 7, whenset to 1, indicatesthat the mask contains failures
from the intemal Built-In SelfTest BIST); whenO, the mask indicatesother failures.

Ignare reserved bits 0 end 1. Alsoignare bits 5 and 6 when hit 7 is clea (=0).

The maskis shown in Table 2 ard Table 3.

Fail Code s For BIST (hit 7 = 1)

Bit When Set

On-chip Data-RAM failure detected by BIST.

Internal Microcode ROM failure detected by BIST.

Instruction cache failure detected by BIST.

Data cache failure detected by BIST.

Local-register cache or processor core failure detected by BIST.

Reserved. Always zero.

OR[N  W||lO| O

Reserved. Always zero.

Remaining Fa il Code s (bit 7 = 0)

Bit When Set

Reserved. Always one.

Reserved. Always one.

A data structure within the IMI is not aligned to a word boundary.

A System Error during normal operation has occurred.

The Bus Confidence test has failed.

Reserved. Always zero.

OflkrRr[(N|Ww| >~ O] O

Reserved. Always zero.

Datasheet



80960HA/HD/HT

2.3 Instruction Set Sum mary

Table 4 summarizesthe 80960HXx instruction st by logical groupings.

Table 4. 80960HXx Instructio n Set

Datasheet

Data Movement Arithmetic Logical Bit / Bit Field / Byte
Add
Subtract
Multipl And
L Py Set Bit
Divide Not And .
) Clear Bit
Remainder And Not .
Not Bit
Load Modulo Or )
) ) Alter Bit
Store Shift Exclusive Or .
. Scan For Bit
Move Extended Shift Not Or .
K Span Over Bit
Load Address Extended Multiply Or Not Extract
Conditional Select? Extended Divide Nor Modify
Add with Carry Exclusive Nor
) Scan Byte for Equal
Subtract with Carry Not 2
Byte Swap
Rotate Nand
Conditional Add?
Conditional Subtract?
Comparison Bran ch Call/Return Fault
Compare
Conditional Compare call
Compare and Increment .
Unconditional Branch Call Extended .
Compare and Decrement . Conditional Fault
2 Conditional Branch Call System )
Compare Byte Synchronize Faults
2 Compare and Branch Return
Compare Short )
. Branch and Link
Test Condition Code
Check Bit
Debug Processo r Mgmt Ato mic Cache Control
Flush Local Registers
Modify Trace Controls Modify Arithmetic Controls i
fy ‘fy Atomnic Add Instructllor21 Cache
Mark Modify Process Controls Atomic Modify Control™
Force Mark Interrupt Enable/ Disable!: 2 Data Cache Control* 2
System Control®
NOTES:

1. 80960Hx extensions to the 80960 core instruction set.

2. 80960HXx extensions to the 80960Cx instruction set.

13
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3.0 Package Information

This secion degribesthe pins pinous and hemal characeristicsfor the 860HXx in the 168-pin
ceramic Pin GridArray (PGA) packae, 28pin PowerQad2* (PQ4).For complete packge
spedfications ard information, see tte Intel Packaging Handbook (Order# 240800).

The80960HA/HD/HT is offered with eigh speedsandtwo paclage tyes(Table 5). Both the
168-pin ceramc Pin Grid Array (PGA) andthe 208-pin PowerQuad2* (PQ4) devices ae pecified
for opemtion atVec=3.3V £ 0.15V overa cas temperaure rarge d 0°C to85°C.

Table 5. 80960HA/HD/HT Package Types and Speeds

Package/Name Device Co r(i/lfig)e ed Bu (SMSHpsed Order #
25 AB0960HA25 S L2GX
80960HA 33 AB0960HA33 S L2GY
40 AB0960HA40 S L2GZ
168L PGA 50 25 AB0960HDS50 S L2GH
80960HD 66 33 AB0960HDE6 S L2GJ
80 40 AB0960HDS0 S L2GK
80960HT 75 25 AB0960HT75 S L2GP
25 FC80960HA25 S L2GU
80960HA 33 FC80960HA33 S L2GV
40 FC80960HA40 S L2GW
(alsozlfr?éw'?g:spr " 50 25 FC80960HD50 S L2GM
80960HD 66 33 FC80960HD66 S L2GN
80 40 FC80960HD80 S L2LZ
80960HT 75 25 FC80960HT75 S L2GT

14 Datasheet
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Pin Descriptions

This secion definesthe 80980HXx pins Table 6 presens the legend for interpreting the pin
desciiptions in Table 7. All pinsfloat while the piocesor isin theONCE mode, except TDO,
which may be driven active acaaling tonomal JTAG specifications

Pin Description Nome nclature

Symbol Descri ption
| Input only pin.
(0] Output only pin.
/0 Pin may be input or output.
- Pin must be connected as indicated for proper device functionality.
s Synchronous edge sensitive input. This input must meet the setup and hold times relative to
(E) i
CLKIN to ensure proper operation of the processor.
Synchronous level sensitive input. This input must meet the setup and hold times relative to
S(L) ;
CLKIN to ensure proper operation of the processor.
A(E) Asynchronous edge-sensitive input.
A(L) Asynchronous level-sensitive input.

H(...)

While the processor bus is in the HOLD state (HOLDA asserted), the pin:
H(1) is driven to V¢
H(O) is driven to Vgg
H(Z) floats
H(Q) continues to be a valid output

B(...)

While the processor is in the bus backoff state (BOFF asserted), the pin:
B(1) is driven to V¢
B(0) is driven to Vgg
B(Z) floats
B(Q) continues to be a valid output

R(...)

While the processor’s RESET pin is asserted, the pin:
R(1) is driven to Ve
R(0) is driven to Vgg
R(Z) floats
R(Q) continues to be a valid output

15
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Table 7. 80960Hx Processor Family Pin Descriptions (Sheet 1 of 4)

Name Type Descri ption
o ADDRESS BUS carries the upper 30 bits of the physical address. A31 is the most
significant address bit and A2 is the least significant. During a bus access, A31:2
A31:2 H(2) identify all external addresses to word (4-byte) boundaries. The byte enable
B(2) signals indicate the selected byte in each word. During burst accesses, A3 and
R(2) A2 increment to indicate successive addresses.
110 . . . . .
DATA BUS carries 32, 16, or 8-bit data quantities depending on bus width
D31:0 S(L) configuration. The least significant bit of the data is carried on DO and the most
’ H(2) significant on D31. The lower eight data lines (D7:0) are used when the bus is
ggg configured for 8-bit data. When configured for 16-bit data, D15:0 are used.
DATA PARITY carries parity information for the data bus. Each parity bit is
assigned a group of eight data bus pins as follows:
110 DP3 generates/checks parity for D31:24
S(L) DP2 generates/checks parity for D23:16
DP3:0 H(Z) DP1 generates/checks parity for D15:8
B(Z) DPO generates/checks parity for D7:0
R(Z) Parity information is generated for a processor write cycle and is checked for a
processor read cycle. Parity checking and polarity are programmable. Parity
generation/checking is only performed for the size of the data accessed.
(0]
PCHK H(Q) PARITY CHECK indicates the result of a parity check operation. An asserted
B(Q) PCHK indicates that the previous bus read access resulted in a parity check error.
R(1)
BYTE ENABLES select which of the four bytes addressed by A31:2 are active
during a bus access. Byte enable encoding is dependent on the bus width of the
memory region accessed:
32-bit bus:
BE3 enables D31:24
BE2 enables D23:16
BE1 enables D15:8
(0] BEO enables D7:0
BE3:0 H(Z) 16-bit bus:
B(2) BE3 becomes Byte High Enable (enables D15:8)
R(1) BE2 is not used (state is undefined)
BE1 becomes Address Bit 1 (Al)
BEO becomes Byte Low Enable (enables D7:0)
8-bit bus:
BE3 is not used (state is undefined)
BE2 is not used (state is undefined)
BE1 Address Bit 1 (A1)
BEO Address Bit 0 (AO)
WRITE/READ is low for read accesses and high for write accesses.
(0] W/R becomes valid during the address phase of a bus cycle and remains valid
— H(Z) until the end of the cycle for non-pipelined accesses. For pipelined accesses, W/
WIR B(2) R changes state when the next address is presented.
R(0) 0= Read
1= Write
(0] DATA/CODE indicates that a bus access is a data access or an instruction
b/ H(2) access. D/C has the same timing as W/R.
B(2) 0 = Code
R(0) 1 = Data

16
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80960Hx Processor Family Pin Descriptions (Sheet 2 of 4)

Name Type Descri ption
SUPERVISOR ACCESS indicates whether the current bus access originates
(0] from a request issued while in supervisor mode or user mode. SUP may be used
SUP H(2) by the memory subsystem to isolate supervisor code and data structures from
B(2) non-supervisor access.
R(1) 0 = Supervisor Mode
1 = User Mode
(0]
DS H(2) ADDRESS STROBE indicates a valid address and the start of a new bus access.
B(2) ADS is asserted for the first clock of a bus access.
R(1)
READY, when enabled for a memory region, is asserted_by the memory
subsystem to indicate the completion of a data transfer. READY is used to
indicate that read data on the bus is valid, or that a write transfer has completed.
- | READY works in conjunction with the internal wait state generator to
READY S(L accommodate various memory speeds. READY is sampled after any
Q) programmed wait states:
During each data cycle of a burst access
During the data cycle of a non-burst access
BURST TERMINATE, when enabled for a memory region, is asserted by the
BTERM I memory subsystem to terminate a burst access in progress. When BTERM is
S(L) asserted, the current burst access is terminated and another address cycle
occurs.
(0] —_— . . —_
WAIT indicates the status of the internal wait-state generator. WAIT is asserted
WAIT H(2) when the internal wait state generator generates Nywap, Nrap: Nwop and Nrpp
ggg wait states. WAIT may be used to derive a write data strobe.
o BURST LAST indicates the last transfer in a bus access. BLAST is asserted in
the last data transfer of burst and non-burst accesses after the internal wait-state
BLAST H(2) generator reaches zero. BLAST remains active as long as wait states are inserted
B(2) through the READY pin. BLAST becomes inactive after the final data transfer in a
R(1) bus cycle.
DATA TRANSMIT/RECEIVE indicates direction for data transceivers. DT/R is
o used with DEN to provide control for data transceivers connected to the data bus.
DT/R is driven low to indicate the processor expects data (a read cycle). DT/R is
DT/R H(2) driven high when the_processor is “transmitting” data (a store cycle). DT/R only
B(2) changes state when DEN is high.
R(O) 0 = Data Receive
1 = Data Transmit
DATA ENABLE indicates data transfer cycles during a bus access. DEN is
asserted at the start of the first data cycle in a bus access and de-asserted at the
1o end of the last data cycle. DEN remains asserted for an entire bus request, even
- when that request spans several bus accesses. For example, a Idqg instruction
DEN H(2) starting at an unaligned quad word boundary is one bus request spanning at least
B(2) two bus accesses. DEN remains asserted throughout all the accesses (including
R(1) ADS states) and de-asserts when the Iqd instruction request is satisfied. DEN is
used with DT/R to provide control for data transceivers connected to the data bus.
DEN remains asserted for sequential reads from pipelined memory regions.
Ie) BUS LOCK indicates that an atomic read-modify-write operation is in progress.
LOCK may be used by the memory subsystem to prevent external agents from
LOCK H(2) accessing memory that is currently involved in an atomic operation (e.g., a
B(2) semaphore). LOCK is asserted in the first clock of an atomic operation and de-
R(1) asserted when BLAST is deasserted in the last bus cycle.
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80960Hx Process or Family Pin Descriptions (Sheet 3 of 4)

Name Type Descri ption
HOLD REQUEST signals that an external agent requests access to the
processor’s address, data, and control buses. When HOLD is asserted, the
processor:
HOLD : Completes the current bus request.
S Asserts HOLDA and floats the address, data, and control buses.
When HOLD is deasserted, the HOLDA pin is deasserted and the processor
reassumes control of the address, data, and control pins.
(0] HOLD ACKN OWLEDGE indicates to an external master that the processor has
H(1) relinquished control of the bus. The processor grants HOLD requests and enters
HOLDA B(0) the HOLDA state while the RESET pin is asserted.
R(Q) HOLDA is never granted while LOCK is asserted.
BUS BACKOFF forces the processor to immediately relinquish control of the bus
on the next clock cycle. When READY/BTERM is enabled and:
| When BOFF is asserted, the address, data, and control buses are floated on the
BOFF next clock cycle and the current access is aborted.
S When BOFF is deasserted, the processor resumes by regenerating the aborted
bus access.
See Figure 16 on page 48 for BOFF timing requirements.
o BUS REQUEST indicates that a bus request is pending in the bus controller.
BREQ H(Q) BREQ does not indicate whether or not the processor is stalled. See BSTALL for
B(Q) processor stall status. BREQ may be used with BSTALL to indicate to an external
R(0) bus arbiter the processor’s bus ownership requirements.
o BUS STALL indicates that the processor has stalled pending the result of a
BSTALL H(Q) request in the bus controller. When BSTALL is asserted, the processor must
B(Q) regain bus ownership to continue processing (i.e., it may no longer execute
R(0) strictly out of on-chip cache memory).
CYCLE TYPE indicates the type of bus cycle currently being started or processor
state. CT3:0 encoding follows:
Cycle Type ADSCT3:0
o Program-initiated access using 8-bit bus 00000
Program-initiated access using 16-bit bus 00001
CT3:0 H(Z) Program-initiated access using 32-bit bus 00010
B(Z) Event-initiated access using 8-bit bus 00100
R(2) Event-initiated access using 16-bit bus 00101
Event-initiated access using 32-bit bus 00110
Reserved 00X11
Reserved for future products 01XXX
Reserved IXXXX
EXTERNAL INTERRUPT pins are used to request interrupt service. These pins
may be configured in three modes:
Dedicated Mode: Each pin is assigned a dedicated interrupt level. Dedicated
| inputs may be programmed to be level (low or high) or edge (rising or falling)
— sensitive.
XINT7:0 A(E) . . . .
AL Expanded Mode: All eight pins act as a vectored interrupt source. The interrupt
pins are level sensitive in this mode.
Mixed Mode: The XINT7:5 pins act as dedicated sources and the XINT4:0 pins
act as the five most significant bits of a vectored source. The least significant bits
of the vectored source are set to “010” internally.
NIV} | NON-MASKABLE INTERRUPT causes a non-maskable interrupt event to occur.
A(E) NMI is the highest priority interrupt source. NMl is falling edge triggered.
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80960Hx Processor Family Pin Descriptions (Sheet 4 of 4)

Name

Type

Descri ption

CLKIN

CLOCK INPUT provides the time base for the 80960HXx. All internal circuitry is
synchronized to CLKIN. All input and output timings are specified relative to
CLKIN.

For the 80960HD, the 2x internal clock is derived by multiplying the CLKIN
frequency by two. For the 80960HT, the 3x internal clock is derived by multiplying
the CLKIN frequency by three.

RESET

RESET forces the device into reset. RESET causes all external and internal
signals to return to their reset state (when defined). The rising edge of RESET
starts the processor boot sequence.

STEST

SELF TEST, when asserted during the rising edge of RESET, causes the
processor to execute its built in self-test.

FAIL

FAIL indicates a failure of the processor’s built-in self-test performed during
initialization. FAIL is asserted immediately out of reset and toggles during self-test
to indicate the status of individual tests. When self-test passes, FAIL is de-
asserted and the processor branches to the user’s initialization code. When self-
test fails, the FAIL pin asserts and the processor ceases execution.

ONCE

ON-CIRCUIT EMULATION control: the processor samples this pin during reset.

When it is asserted low at the end of reset, the processor enters ONCE mode. In
ONCE mode, the processor stops all clocks and floats all output pins except the

TDO pin. ONCE uses an internal pull-up resistor; see Rp definition in Table 22,

“80960Hx DC Characteristics” on page 40. Pull this pin high when not in use.

TCK

TEST CLOCK provides the clocking function for IEEE 1149.1 Boundary Scan
testing.

TDI

TEST DATA INPUT is the serial input pin for IEEE 1149.1 Boundary Scan testing.
TDI uses an internal pull-up resistor; see Rpy, definition in Table 22, “80960Hx DC
Characteristics” on page 40.

TDO

TEST DATA OUTPUT is the serial output pin for IEEE 1149.1 Boundary Scan
testing. ONCE does not disable this pin.

TRST

TEST RESET asynchronously resets the Test Access Port (TAP) controller. TRST
must be_held low at least 10,000 clock cycles after power-up. One method is to
provide TRST with a separate power-on-reset circuit. TRST includes an internal
pull-up resistor; see Rp, definition in Table 22, “80960Hx DC Characteristics” on
page 40. Pull this pin low when not in use.

T™S

TEST MODE SELECT is sampled at the rising edge of TCK. TCK controls the
sequence of TAP controller state changes for IEEE 1149.1 Boundary Scan
testing. TMS uses an internal pull-up resistor; see Rp definition in Table 22,
“80960Hx DC Characteristics” on page 40.

VCC5

5V REFERENCE VOLTAGE input is the reference voltage for the 5 V-tolerant I/O
buffers. Connect this signal to +5 V for use with inputs which exceed 3.3 V. When
all inputs are from 3.3 V components, connect this signal to 3.3 V.

VCCPLL

PLL VOLTAGE is the +3.3 VDC analog input for the PLL.

VOLDET

VOLTAGE DETECT signal allows external system logic to distinguish between a
5V 80960Cx processor and the 3.3 V 80960Hx processor. This signal is active
low for a 3.3 V 80960HXx (it is high impedance for 5 V 80960Cx). This pin is
available only on the PGA version.

0 = 80960HXx
1 =80960Cx
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(i.e., pnsfacingdown). Figure 3 shavs the compete 80%50Hx PGA pinou asviewed fom the
pin-gde d the packag (i.e.,pinsfacing up). Table 9 lists the 80960HX pin nameswith package

80960Hx Mechanic al Data
Figure 2 depcts the compete 80960Hx PGA pinout as vewedfrom the top side of he canporent
location. SeeSection 4.3, “Recanmerded Gnrection$ on page 38 for specificationsard
recomnendedcomections

Figure 2. 80960Hx 168-Pin PGA Pinout—View from Top (Pins Facing Down)

80960Hx PGA Pinout

80960HA/HD/HT

3.2
3.2.1

Datasheet
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Figur e 3. 80960Hx 168-Pin P GA Pinout —View from B ottom (P ins Facing Up)
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Table 8. 80960Hx 168-Pin PGA Pinout—Signal Name Order (Sheet 1 of 2)

In

Signal Name PP(iBr? Signal Name PP(i;rl:\ Signal Name PP(i;r’:\ Signal Name PP?:‘
A2 D16 ADS R6 D14 L2 LOCK S14
A3 D17 BEO R9 D15 L1 NC A9
A4 E16 BE1 S7 D16 M1 NC A10
A5 E17 BE2 S6 D17 N1 NC B13
A6 F17 BE3 S5 D18 N2 NC B14
A7 G16 BLAST S8 D19 P1 NC D3
A8 G17 BOFF B1 D20 P2 NMI D15
A9 H17 BREQ R13 D21 Q1 ONCE c3
A10 Ji7 BSTALL R12 D22 P3 PCHK B8
All K17 BTERM R4 D23 Q2 READY S3
Al2 L17 CLKIN c13 D24 R1 RESET Al6
A13 L16 CTO All D25 s1 STEST B2
Al4 M17 CT1 Al12 D26 Q3 suP Q12
Al5 N17 CT2 A13 D27 R2 TCK B5
Al6 N16 CT3 Al4 D28 Q4 TDI A7
Al7 P17 DIC S13 D29 S2 TDO A8
A18 Q17 DO E3 D30 Q5 T™MS B6
Al9 P16 D1 c2 D31 R3 TRST A6
A20 P15 D2 D2 DEN S9 Vee B7
A21 Q16 D3 c1 DPO A3 Vee B9
A22 R17 D4 E2 DP1 B3 Vee B11
A23 R16 D5 D1 DP2 A4 Vee B12
A24 Q15 D6 F2 DP3 B4 Vee C6
A25 S17 D7 E1 DTIR S11 Vee Cl4
A26 R15 D8 F1 FAIL A2 Vee E15
A27 S16 D9 G1 — — Vee F3
A28 Q14 D10 H2 — — Vee F16
A29 R14 D11 H1 — — Vee G2
A30 Q13 D12 Ji HOLD R5 Vee H16
A31 S15 D13 K1 HOLDA S4 Vee J2
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Table 8. 80960Hx 168-Pin P GA Pinout —Signal Name Order (Sheet 2 of 2)

Signal Name Pp?rf‘ Signal Name PP?;]A‘ Signal Name lzl‘:’(l;r? Signal Name PP(iBr;A
Vee J16 VCCPLL B10 Vss H3 Vss Q10
Vee K2 VOLDET A5 Vss H15 Vss Q11
Vee K16 Vss Al Vss J3 W/R S10
Vee M2 Vss ca Vss J15 WAIT S12
Vee M16 Vss c7 Vss K3 XINTO B15
Vee N3 Vss cs8 Vss K15 XINT1 Al5
Vee N15 Vss co Vss L3 XINT2 A7
Vee Q6 Vss c10 Vss L15 XINT3 B16
Vee R7 Vss c11 Vss M3 XINT4 C15
Vee R8 Vss C12 Vss M15 XINTS B17
Vee R10 Vss F15 Vss Q7 XINT6 C16
Vee R11 Vss G3 Vss Q8 XINT7 c17
VCC5 C5 Vss G15 Vss Q9 — —

23
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Table 9.

80960Hx 168-Pin PGA Pinout—Pin Numbe r Order (Sheet 1 of 2)

P;:?r'? Signal Name Pp?r? Signal Name PP?:‘ Signal Name PP?:‘ Signal Name
Al Vss B14 NC E15 Vee K15 Vss
A2 FAIL B15 XINTO E16 A4 K16 Vee
A3 DPO B16 XINT3 E17 A5 K17 All
A4 DP2 B17 XINT5 F1 D8 L1 D15
A5 VOLDET c1 D3 F2 D6 L2 D14
A6 TRST c2 D1 F3 Vee L3 Vss
A7 TDI c3 ONCE F15 Vss L15 Vss
A8 TDO c4 Vss F16 Vee L16 A13
A9 NC c5 VCC5 F17 A6 L17 A12
A10 NC c6 Vee G1 D9 M1 D16
All CTO c7 Vss G2 Vee M2 Vee
A12 CT1 c8 Vss G3 Vss M3 Vss
A13 CT2 co Vss G15 Vss M15 Vss
Al4 CT3 C10 Vss G16 A7 M16 Vee
A15 XINTL cu Vss G17 A8 M17 Al4
A16 RESET C12 Vss H1 D11 N1 D17
A17 XINT2 c13 CLKIN H2 D10 N2 D18
B1 BOFF ci4 Vee H3 Vss N3 Vee
B2 STEST C15 XINT4 H15 Vss N15 Vee
B3 DP1 C16 XINT6 H16 Vee N16 A16
B4 DP3 c17 XINT7 H17 A9 N17 A15
B5 TCK D1 D5 J1 D12 P1 D19
B6 T™S D2 D2 J2 Vee P2 D20
B7 Vee D3 NC J3 Vss P3 D22
B8 PCHK D15 NMI J15 Vss P15 A20
B9 Vee D16 A2 Ji6 Vee P16 A19
B10 VCCPLL D17 A3 J17 A10 P17 A17
B11 Vee El D7 K1 D13 Q1 D21
B12 Vee E2 D4 K2 Vee Q2 D23
B13 NC E3 DO K3 Vss Q3 D26
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Table 9. 80960Hx 168-Pin P GA Pinout —Pin Number Order (Sheet 2 of 2)

PPGinA Signal Name PPGinA Signal Name PPCi-}nA Signal Name PP?: Signal Name
Q4 D28 Q16 A21 R11 Vee S6 BE2
Q5 D30 Q17 A18 R12 BSTALL s7 BEL
Q6 Vee R1 D24 R13 BREQ S8 BLAST
Q7 Vss R2 D27 R14 A29 s9 DEN
Q8 Vss R3 D31 R15 A26 S10 W/R
Q9 Vss R4 BTERM R16 A23 s11 DT/R
Q10 Vss R5 HOLD R17 A22 s12 WAIT
Q11 Vss R6 ADS S1 D25 S13 DIC
Q12 SuP R7 Vee s2 D29 S14 LOCK
Q13 A30 R8 Vee s3 READY S15 A31
Q14 A28 R9 BEO s4 HOLDA S16 A27
Q15 A24 R10 Vee S5 BE3 s17 A25
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3.2.2 80960Hx PQ4 Pinout

Figure 4. 80960Hx 208-Pin PQ4 Pinout

PIN 105
PIN 156
an9 9w Q9w ) SqYuNmTn gy oo~ or Yueag
\>”'>'”>”>”>'“22‘>”>'”3{£‘<°’<‘(>”>‘”?{3(’22>”>‘”2222>”>”’>'”>”<?22 22>”>"’222’/ PIN 104
PIN 157 (NN E RN RREE IIIIIII/
Vgs —p — A31
Vee - — Vss
NMI = — Vec
XINT7 = — Vcc
XN — S
XINT5 =] — Lock
XINTG = — Vss
Vgs =i — SuP
T — DIiC
XINT3  — — Vcc
XiNT2 = — Vss
XINTL = — Vss
XINTO =] u — Vec
Vs —f — BSTALL
Vee =i — WAIT
Vss =i — DTR
Voo =i — WR
RESET = ® — Vec
CLKIN =] — Vss
Vee = — DEN
VCCPLL =] [ ] ® | &St
Vss =1 — BEO
v I o
cT3 =i — Ve
cr2 — b— Vss
cT1 —f — 5
cTo  —p | — 553
Vgs =i — ADS
Vee =1 — Vec
Vgg =it [ Vss
5 FCB80960H )
TDO = u X — sz
PCHK == — HOLDA
Vgs = [ Vec
™ — XXXXXXXX SS — Ve
™S — [— HoLD
TRST = — READY
TcK  — @@ 19xx — BTERM
Vgs =1 — Vec
Vee =1 [ Vss
vces = — p31
Vss =1 — D30
Vee = — D29
Vss = — D28
Ve =i [ Vec
op3 =l — Vec
op2  —f — Vss
Vee = — D27
Vs — — D26
opo = — D25
op1  —f . — D24
STEST = — Vs
N\ \
/ Frrrrrrrrrrrrrrrrrrrrrrrrrrrrry [Tl
QU VOZW Y VO VY A N®D POY T WO N VORDO o B QDY gg o PIN 53
PIN 208 /ﬁ;#;\a‘gw;gfﬂMw;;;ﬂ’mD#;Dﬂsa;w; ;sss\
3 @
PIN 1 PIN 52
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Table 10. 80960Hx PQ4 Pinout—Signal Name Order (Sheet 1 of 2)

Signal Name Fl;?r:l Signal Name Fl;?r:l Signal Name Fl;?r:l Signal Name F;?r?
A2 151 BEO 83 D16 39 PCHK 189
A3 150 BE1 82 D17 40 READY 68
A4 147 BE2 79 D18 41 RESET 174
A5 146 BE3 78 D19 42 STEST 208
A6 145 BLAST 84 D20 45 supP 97
A7 144 BOFF 10 D21 50 TCK 194
A8 141 BREQ 100 D22 51 DI 191
A9 140 BSTALL 91 D23 52 TDO 188

A0 139 BTERM 67 D24 54 ™S 192
All 138 CLKIN 175 D25 55 TRST 193
A12 135 CTo 183 D26 56 Vee 1

A13 134 cT1 182 D27 57 Vee 4

Al4 133 CT2 181 D28 61 Vee 9

A15 132 CT3 180 D29 62 Vee 11
A16 127 DIC 96 D30 63 Vee 17
AL7 126 DO 12 D31 64 Vee 19
A18 125 D1 13 DEN 85 Vee 25
A19 124 D2 14 DPO 206 Vee 31
A20 121 D3 15 DP1 207 Vee 33
A21 120 D4 20 DP2 203 Vee 38
A22 119 D5 21 DP3 202 Vee 44
A23 118 D6 22 DT/R 89 Vee 46
A24 113 D7 23 FAIL 5 Vee 49
A25 112 D8 26 — — Vee 59
A26 111 D9 27 — — Vee 60
A27 110 D10 28 — — Vee 66
A28 107 D11 29 HOLD 69 Vee 71
A29 106 D12 34 HOLDA 72 Vee 74
A30 105 D13 35 LOCK 99 Vee 76
A31 104 D14 36 NMI 159 Vee 81
ADS 77 D15 37 ONCE 6 Vee 87
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®
Table 10. 80960Hx PQ4 Pinout —Signal Name Order (Sheet 2 of 2)

Signal Name lT:’lQr? Signal Name r;?r? Signal Name r;iQn4 Signal Name I;iQn4
Vee 92 Vee 187 Vss 70 Vss 164
Vee 95 Vee 196 Vss 73 Vss 170
Vee 101 Vee 199 Vss 75 Vss 172
Vee 102 Vee 201 Vgs 80 Vgs 178
Vee 109 Vee 204 Vss 86 Vgss 184
Vee 115 VCC5 197 Vss 93 Vss 186
Vee 117 VCCPLL 177 Vss 94 Vss 190
Vee 123 Vgs 2 Vgs 98 Vgs 195
Vee 128 Vss 3 Vss 103 Vss 198
Vee 131 Vss 7 Vss 108 Vss 200
Vee 137 Vss 8 Vss 114 Vss 205
Vee 143 Vss 16 Vss 116 W/R 88
Vee 149 Vss 18 Vss 122 WAIT 90
Vee 153 Vss 24 Vss 129 XINTO 169
Vee 154 Vss 30 Vss 130 XINT1 168
Vee 158 Vgs 32 Vgs 136 XINT2 167
Vee 165 Vgs 43 Vgs 142 XINT3 166
Vee 171 Vss 47 Vss 148 XINT4 163
Vee 173 Vss 48 Vss 152 XINT5 162
Vee 176 Vss 53 Vss 155 XINT6 161
Vee 179 Vgs 58 Vgs 156 XINT? 160
Vee 185 Vss 65 Vss 157 — —
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Table 11. 80960Hx PQ4 Pinout—Pin Numbe r Order (Sheet 1 of 2)

l:’?r? Signal Name ':,?n‘l Signal Name ':,?n‘l Signal Name ';?: Signal Name
1 Vee 31 Vee 61 D28 91 BSTALL
2 Vss 32 Vss 62 D29 92 Vee
3 Vss 33 Vee 63 D30 93 Vss
4 Vee 34 D12 64 D31 94 Vss
5 FAIL 35 D13 65 Vss 95 Vee
6 ONCE 36 D14 66 Vee 96 D/C
7 Vss 37 D15 67 BTERM 97 SUP
8 Vss 38 Vee 68 READY 98 Vss
9 Vee 39 D16 69 HOLD 99 LOCK
10 BOFF 40 D17 70 Vss 100 BREQ
1 Vee 41 D18 71 Vee 101 Vee
12 DO 42 D19 72 HOLDA 102 Vee
13 D1 43 Vss 73 Vss 103 Vss
14 D2 44 Vee 74 Vee 104 A31
15 D3 45 D20 75 Vss 105 A30
16 Vss 46 Vee 76 Vee 106 A29
17 Vee 47 Vss 77 ADS 107 A28
18 Vss 48 Vss 78 BE3 108 Vss
19 Vee 49 Vee 79 BE2 109 Vee
20 D4 50 D21 80 Vss 110 A27
21 D5 51 D22 81 Vee 111 A26
22 D6 52 D23 82 BE1 112 A25
23 D7 53 Vss 83 BEO 113 A24
24 Vss 54 D24 84 BLAST 114 Vss
25 Vee 55 D25 85 DEN 115 Vee
26 D8 56 D26 86 Vss 116 Vss
27 D9 57 D27 87 Vee 117 Vee
28 D10 58 Vss 88 W/R 118 A23
29 D11 59 Vee 89 DT/R 119 A22
30 Vss 60 Vee 90 WAIT 120 A21

Datasheet
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Table 11. 80960Hx PQ4 Pinout —Pin Number Order (Sheet 2 of 2)

lIDDiQn4 Signal Name ';?r? Signal Name l:’?r? Signal Name r;iQn4 Signal Name
121 A20 143 Vee 165 Vee 187 Vee
122 Vss 144 A7 166 XINT3 188 TDO
123 Vee 145 A6 167 XINT2 189 PCHK
124 A19 146 A5 168 XINT1 190 Vss
125 A18 147 A4 169 XINTO 191 DI
126 AL7 148 Vss 170 Vss 192 ™S
127 A6 149 Vee 171 Vee 193 TRST
128 Vee 150 A3 172 Vss 194 TCK
129 Vss 151 A2 173 Vee 195 Vss
130 Vss 152 Vss 174 RESET 196 Vee
131 Vee 153 Vee 175 CLKIN 197 VCC5
132 A15 154 Vee 176 Vee 198 Vss
133 Al4 155 Vss 177 VCCPLL 199 Vee
134 A13 156 Vss 178 Vss 200 Vss
135 A12 157 Vss 179 Vee 201 Vee
136 Vss 158 Vee 180 CT3 202 DP3
137 Vee 159 NMI 181 CT2 203 DP2
138 All 160 XINT7 182 CT1 204 Vee
139 A10 161 XINT6 183 CTO 205 Vss
140 A9 162 XINT5 184 Vss 206 DPO
141 A8 163 XINT4 185 Vee 207 DP1
142 Vss 164 Vss 186 Vss 208 STEST
Datasheet
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80960HA/HD/HT

Package Thermal Specifications

The80%0HXx is specified for operation wien T (ca® temgrature)is within the rage d

0°C to85°C. Tc may bemeasrredin any enyronment to aétermine wiether tke 8M60HX is
within the pecified ogratingrange.Measire the cag temprature at the centef the topsurface,
oppasite the gns. Refer to Figure 5

T, (ambient tenperatue) iscalculated fom 8. (thermal resstance fom cas to ambiert) usng
Equation 1.

Equation 1. Calculation of Ambient Temperature (Tp)

Figure 5.

Datasheet

Ty = Tc=(PBcp)

Table 12 shows the meximum T, allowalle (without exceedig T) atvariousairflows ard
operatng frequencies (fo kn)-

Note that T, is greatly improved byattachng fins ora heasink to the packag. P(maximumpower
consumption) is calculatedby using the typical | astabulatedn Secion 4.6,“DC
Specification$ on page 40 andV ¢ of 3.3V.

Measuring 80960Hx PGA Case Temperature

Measure PGA/PQ4 temperature at
center of top surface

31
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Table 12. Maximum Tp at Various Airflows in °C (PGA Package Only)

Airflow-ft/min (m/sec)

feLkIN 0 200 400 600 800 1000
(MHz) (0) (1.01) (2.03) (3.04) (4.06) (5.07)

) 25 69 74 78 79 80 80

fawih 33 63 70 75 77 79 79

Core 40 59 67 73 75 77 77
1X Bus

Clock Ta 25 64 67 71 74 75 76

without 33 56 62 67 70 72 74

Heatsink 40 50 56 63 67 69 71

16 68 73 77 79 80 80

T with 25 58 66 73 75 77 77

Heatsink" 33 49 60 69 71 74 74

Core 40 41 55 65 68 72 72
2X Bus

Clock T 16 62 66 71 73 75 76

wAithout 25 49 56 62 66 68 71

Heatsink 33 38 46 55 60 63 66

40 27 38 48 55 58 62

T with 20 53 63 71 73 76 76

Core Heatsink 25 45 58 67 70 73 73

3X Bus T
Clock W?thout 20 43 51 58 63 66 68
Heatsink 25 33 42 51 58 61 64

Tt *0.285” high unidirectional heatsink (Al alloy 6061, 50 mil fin width, 150 mil center-to-center fin spacing).

Table 13. 80960Hx 168-Pin PGA Package Thermal Characteristics

Thermal Resistance — °C/Watt

Airfl ow — ft./min (m/sec)

eJAf

Bic

Parameter 0 200 | 400 | 600 | 800 | 1000
0) (1.01) | (2.03) | (3.07) | (4.06) | (5.07)
6 Junction-to-Case
(Case measured as 15 15 15 15 15 15
shown in Figure 5.)
0 Case-to-Ambient
(No Heatsink) w7 14 u 9 8 7
6 Case-to-Ambient
(With Heatsink)? 13 ° 6 5 4 4

i

— Uil

NOTES:

1. This table applies to 80960Hx PGA plugged into socket or soldered directly to board.
2. 831 =6;5c +Bcp
3. 0.285” high unidirectional heatsink (Al alloy 6061, 50 mil fin width, 150 mil center-to-center fin spacing).

32
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Table 14. Maximu m T, at Various Ai rflows in °C (PQ4 Package Only)

Airflow-ft/min (m/sec)
feLKIN 0 200 400 600 800 1000
(MHz) (0) (1.01) (2.03) (3.04) (4.06) (5.07)

i 25 71 76 79 79 80 80

fanih 33 67 74 77 77 79 79

Core 40 63 71 75 75 77 77
1X Bus

Clock Ta 25 70 73 75 75 76 76

without 33 65 68 72 72 74 74

Heatsink 40 61 65 69 69 71 71

16 71 76 79 79 80 80

Tp With 25 62 71 75 75 77 77

Heatsink " 33 55 66 71 71 74 74

Core 40 48 62 68 68 72 72
2X Bus

Clock T 16 69 72 75 75 76 76

w/?thout 25 60 64 68 68 71 71

Heatsink 33 52 57 63 63 66 66

40 42 51 58 58 62 62

Tp with 20 58 68 73 73 76 76

Core Heatsink" 25 51 64 70 70 73 73

3X Bus Ta
Clock without 20 56 61 66 66 68 68
Heatsink 25 48 55 61 61 64 64

T 0.285" high unidirectional heatsink (Al alloy 6061, 50 mil fin width, 150 mil center-to-center fin spacing).

Table 15. 80960Hx 208-Pin PQ4 Package Thermal Characteristics

Thermal Resistance — °C/Watt

Airflow — ft./min (m/sec)

Parameter 0 200 | 400 | 600 | 800 | 1000
0) (1.01) | (2.03) | (3.07) | (4.06) | (5.07)

0 Junction-to-Case 9 1
(Case measured as 1 1 1 1 1 1 A
shown in Figure 5.) 85c
6 Case-to-Ambient
(No Heatsink) 12 10 8 8 7 !
6 Case-to-Ambient 1 7 5 5 4 4 I_l |_| |_| |:| |:| D

(With Heatsink)®

NOTES:

1. This table applies to 80960Hx PQ4 plugged into socket or soldered directly to board.

2. 654 =6;5c +8cp

3. 0.285" high unidirectional heatsink (Al alloy 6061, 50 mil fin width, 150 mil center-to-center fin spacing).
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3.5

3.6
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Heat Sink Adhesives

Intel recanmends silicone-basedachesives to attachheat $nksto the PGA rackage. There is ro
particularrecomnendationcorcernirg the PQ4packag.

Power Quad4 Plastic Package

The 89680Hx family is avalable in an improved vession of the canmon208-leadSQFP pladic
packa@ calledthe PoweQuad4* (PQ4). The PQ4paclkage dmensonsandlead ptch are idenical
to the SQFRackag andthe faomerPQ2 packag, © the PQ4 fits into the ame toard footprint.
The adantag ofthe PQ! paclage isthe siperior thermal candictivity that allowsthe padic
verson of the 80%0HXx to operat with the sane 0 °C to 85 °C temperaturespecificaions asthe
more expesive ceramid®GA paclage.

The PQ4 packge integatesa cgper heat sk withinthe paclage to @sspate heat dectively. See
Table 14 andTable 15for more informaiton.

Steppi ng Register Infor mation

The memoy-mapped regster atFF008710H cortains the 8080Hx Device ID. The IDis idertical
to the D obtainedfrom a JTJAG Query Figure 6 definesthe currert 80960Hx Device IDs. The
value for deiceidertificationis conpliant with thelEEE 11491 specification and Itel stardards.
Table 16 de<ribesthe fields of the devcelD.

Figure 6. 80960Hx Device Identification Register

Part Number
‘ Product ‘
Version Vee Type Gen Model Manufacturer ID 1
| | | |
| ] H | I |
1|10|0f0|1|OfO|OfOf1]0 ofojofo|ojofo(1|O0fO]|1 |1
28 24 20 16 12 8 4 0
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Table 16. Fields of 80960Hx Device ID

80960HA/HD/HT

Field Value Definition
Version See Table 18. Indicates major stepping changes.
Vee 1=3.3V device Indicates that a device is 3.3 V.
Product Type 00 0100 Designates type of product.

(Indicates 1960 CPU)

Generation Type

0010 = H-series

Indicates the generation (or series) the product belongs to.

Model

See Table 17.

Indicates member within a series and specific model
information.

Manufacturer 1D

000 0000 1001
(Indicates Intel)

Manufacturer ID assigned by IEEE.

Table 17. 80960Hx Device ID Model Types

Table 18. Device ID Version Numbers for Different Steppings

Datasheet

Device Version Vee Produ ct Gen. Model Manufacturer ID ‘v
80960HA 1 000100 0010 00000 00000001001 1
80960HD See Table 18. 1 000100 0010 00001 00000001001 1
80960HT 1 000100 0010 00010 00000001001 1

Stepping Version
A0 0000
Al 0001
A2 0001
BO, B2 0010

NOTE: This data sheet applies to the B2 stepping.
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3.7 Sources for Acces sories

intel.

The fdlowing is a lig of suggeged ®urcesfor 809%60Hx accesories This is neither an
endaosementna a warranty of the perbrmance ofanyof the listed product andor canparnes.

Sockets

¢ 3M Textoaol Testand Interconnecton Products

6801 River Place Bvd. MS 130-3N-29
Austin, TX 78726-9000
(800) 328-0411 FAX: (800) 9329373

Concept Mfg Inc. (Decaupling Socket}

400Walnut &. Sute 609
Redwood Gty, CA 94063
(415) 365-1162FAX: (415) 3651164

Heatsinks/Fins

36

Thermallg, Inc.

2021 West Valley View Lane

Dallas, TX 75234-8993

(972) 2434321 FAX: (972) 241-4656

Wakefield Engineering, Inc.

60 Audubon Road

Woakefield, MA 01830

(617) 2455900 FAX: (617) 2460874

Aavid Thermal Techrologies Inc.
Ore Kod Pah

Lacona, NH 032470400

(603) 523-3400
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4.0 Electrical Specifi catio ns
4.1 Absolute Maximum Ratings
Table 19. Absolute Maximum Ratings
Parameter Maximu m Rating
Storage Temperature —65 °C to +150 °C
Case Temperature Under Bias —65°C to +110 °C
Supply Voltage with respect to Vgg -05Vto+4.6V
Voltage on VCCS5 with respect to Vgg -05Vto+6.5V
Voltage on Other Pins with respect to Vgg -0.5VtoVCC5+0.5V
Warning: Stressing the device keyond the “ Absdute Maxmum Ratings’ maycau® pernanent dmage.
The® arestress ratingsonly. Operatiorbeyondthe*“Operating Conditions’ is not ecommeded
andextended exoaire beymd the “Operatng Condtions’ may afectdevicereliahility.
4.2 Operatin g Conditions
Table 20. Operating Cond itions

Datasheet

Symbol Parameter Min Max Units
Vee Supply Voltage 3.15 3.45 \%
VCC5 Input Protection Bias 3.15 5.5 \%
feLkin Ixcore Input Clock Frequency - 1x Core (80960HA) 16 40 MHz
foLkin 2xcore Input Clock Frequency - 2x Core (80960HD) 16 40 MHz
feLkin 3xcore Input Clock Frequency - 3x Core (80960HT) 16 25 MHz
Tc Case Temp Under Bias (PGA and PQ4 Packages) 0 85 °c
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Figure 7.

Recommended Conn ections

Power and groundconredions must be made to multiple V¢ andV g5 (GND) pins. Every
809%60Hx-basd circuit boad shoud include power (V) and ground(V g9 planesfor power
distribution. Evely V¢ pin mug beconrected tathe paver plare; everyVggpin must be
conrected to the grtandplane. Pingdentified as'NC” —no conrectpins—must not be conrected
in the system.

Liberal decouping capacitarce soud beplaced rear theB0%0OHX. Theproecessor may case
transert powver surgeswhenits ouput kufferstrarsition, particulaty whenconrected tdarge
capacitive loads.

Low inductance cagcitorsandintercainectsare ecommeded for beg high-frequercy electrical
perfamarce. hductance nay be reducedby shorteningtheboad traceshetweerthe procesor and
decouwling capacitorasmuchasposible. Capacitorsspecifically designed for PGA paclages
offer the lowes posdble inductarce.

For reliable geration alwayscomect tnused irputsto anapgopriate sgnal level. h particular,
ary unusedinterrupt (XINT7:0, NMI) inpu should be coinecedto V¢ through apull-up resistor,
asshoud BTERM when rot used. Pul-up resstors shoud be in the range 0of20KQ for eachpin
tied high. WhenREADY or HOLD are nd usel, the unusedinpu should be canecedto ground.
N.C. pinsmust always remain unconnected.

VCCS5 Pin Requi rements (Vpep)

In mixed-voltage ystemsthat drive 8®60HX procesa inpusin exces of 3.3V, the VCC5 pin
mug be cainectedo thesystem's 5V syoply. To limit currert flow into the VCC5 pin, there isa
limit to the vdtage differentialbetween te VCCS5 pin andthe otter V¢ pins The voltage
differenial betweenthe 80980Hx VCCS5 pin ard its 3.3V V¢ pins shoud never exceed.25V.
Thislimit appliesto power-up, paver-down, andstad/-state opeation. Table 21 outlines ths
requrement.

Meeting thisrequiremert ensiresproper gperationandensiresthatthe curent daw intothe VQC5
pin doesnotexceed th Icc5 specification.

Whenthe wltage dfference equirements cannad be metdue b systemdesgn limitations an
altemate slution may e empoyed. As shown in Figure 7, a mnimum of 100 Q seiesresistor
may be usedto limit the currert into the VCCS5 pin. This resistor ersures that curert drawn by the
VCC5 pindoesna exceedhe maxmum ting for this pin.

VCCS5 Current-Limi ting Resistor

+5V (x0.25 V) VCC5 Pin
O VN >

100 Q
(5%, 0.5 W)

Thisregstor is not necesary in systemsthat nay ersure the Vg Specification.

In 3.3 V-only systemsandsystemsthat drive 80960Hx pinsfrom 33V logic, comectthe VCC5
pin drecty to the 3.3V V¢ plare.

Datasheet
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Table 21. Vp e Specification for Dual Power Supply Requirements (3.3 V, 5V)

4.5

Datasheet

Sym Parameter

Min

Max

Units

Notes

v VCC5-Vee
DIFF | Difference

2.25

\%

VCCS5 input should not exceed V¢ by more than 2.25 V during
power-up and power-down, or during steady-state operation.

VCCPLL Pin Requirements

When thevoltageon the VCCPLL powersupply pin exceedshe V¢ pin voltage by 05V atary
time, incluing the paver upandpower down sequerces excesive currentsmay grmarently
damag@ on-chip electrstatic dscharge (ESD) protection diodes Thedamag@ may accumulateover

multiple epsodes

Pragmatically, this problem only occurs whenthe VCCPLL and V¢ pinsare diven by separate
power supgiesor voltage reguiators. Applicaionsthat use one pwer siypply for VCCPLL and
V¢ are rot typically at rik. Verify thatyour application doesnot allowthe VCCPLL voltage to

exceedVcc by 0.5V.

The VCCPL low-passfilter recanmended in the Deeloper’'s Marual doesnot promae tis

problem.
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4.6 D.C.Specific ations

Table 22. 80960Hx D.C. Characteristics (Sheet 1 of 2)
Per the conditions described in Section 4.3, “Recommended Connections” on page 38.

Symbol Parameter Min Typ Max Units Notes
VL Input Low Voltage -03 +0.8 \
Vi Input High Voltage 2.0 VCC5 + 0.3 \%
v Output Low Voltage 0.4 v loL =3 MA
oL All outputs except FAIL 0.2 loL =100 pA
VoL Output Low Voltage FAIL pin 0.4 V.  |lgp=5mA
. 2.4 V. |lop=-3mA
VoH Output High Voltage Vee - 0.2 v lon = —100 pA
Input Leakage Current
||_| Non-Test |npUtS -1 1 |JA 0< V|N < VCC
TDI, TMS, TRST and ONCE -110 MA |Vy=0V
Output Leakage Current
Lo Non-Test Outputs 1 HA 0.45< Vout £ Vee
TDO pin 5 HA | 0.45 < Vot < Ve
80960HA 25 579
33 765
40 927
Icc Active 80960HD 32 631
(Power 50 985 mA (4,5
Supply) 66 1300
80 1578
80960HT 60 1165
75 1455
80960HA 25 392
33 518
40 628
I Active 80960HD 32 413
(%i]ermal) 50 645 mA (4,6
66 851
80 1034
80960HT 60 752
75 938
80960HA 25 330
33 436
40 528
lc Test 80960HD 32 382
(Reset 50 595 mA (7,8
Mode) 66 785
80 955
80960HT 60 702
75 878
Icc Test
(ONCE 25 mA |7
mode)
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80960HA/HD/HT
Table 22. 80960Hx D.C. Characteristics (Sheet 2 of 2)
Per the conditions described in Section 4.3, “Recommended Connections” on page 38.
Symbol Parameter Min Typ Max Units Notes
lccs
80960HA 200
t%‘ér:fgtc%” 80960HD 200 WA |9
pi 80960HT 200
in
Input Capacitance for:
Cin PQ4 12 pF  |Fc=1MHzY?
PGA 12 pF
Output Capacitance of each _ 3,10
Cour output pin 12 pF |Fc=1MHz
Cio I/O Pin Capacitance 12 pF |Fc=1MHz0
Internal Pull-Up Resistance
Rpy for ONCE, TMS, TDI and 30 65 100 kQ
TRST
NOTES:

Datasheet

1. Icc Maximum is measured at worst case frequency, V¢, and temperature, with device operating and
outputs loaded to the test conditions described in Section 4.7.1, “AC Test Conditions” on page 45.
. lcc Typical is not tested.

2

3. Output Capacitance is the capacitive load of a floating output.

4. Measured with device operating and outputs loaded to the test conditions in Figure 8, “AC Test Load” on
page 45. Input signals rise to V¢ and fall to Vgs.

5. Icc Active (Power Supply) value is provided for selecting your system’s power supply. It is measured using
one of the worst case instruction mixes with V¢ = 3.45 V. This parameter is characterized but not tested.
6. Icc Active (Thermal) value is provided for your system’s thermal management. Typical Ic¢ is measured with

Vce = 3.3 V and temperature = 25°C. This parameter is characterized but not tested.

7. Icc Test (Power modes) refers to the Ic¢ values that are tested when the 80960HA/HD/HT is in Reset mode
or ONCE mode with Ve =3.45 V.

8. Worst case is Voc = 3.45V, 0 °C.

9. Iggs is tested at Ve = 3.0 V, VCC5 = 5.25 V.

10.Pin capacitance is characterized, but not tested.
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4.7 A.C. Specifications

Table 23. 80960Hx A.C. Characteristics (Sheet 1 of 2)
Per conditions in Section 4.2, “Operating Conditions” on page 37 and Section 4.7.1, “AC Test Conditions” on page 45.

Symbol Parameter Min Max Units Notes
Input Clock® ”
CLKIN Frequency 80960HA 16 40 MHz
Tr 80960HD . o i
80960HT
CLKIN Period
80960HA 25 62.5 ns
T 25 62.5 ns
80960HD 40 62.5 ns
80960HT
Tcs CLKIN Period Stability -250 +250 ps 11
TcH CLKIN High Time 8 ns 11
CLKIN Low Time 80960HA 8 ns
Teu 80960HD : n =
80960HT
Tcr CLKIN Rise Time 0 4 ns 11
TcE CLKIN Fall Time 0 4 ns 11

Synchronous Outputs® 236

Output Valid Delay and Output Hold for all
Tovi: Ton1 | outputs except DT/R, BLAST and BREQ for 15 9.5 ns
3.3V and 5 V inputs and I/Os.

Output Valid Delay and Output Hold for DT/R

T T 80960HA | T/2+15 | T/2+95 ns
Ova: ToH2 80960HD | 3T/4+1.5 | 3T/4+95 | ns
80960HT | 5T/6+15 | 5T/6+9.5 | ns

Tovs Tonz | Output Valid Delay and Output Hold for BLAST 15 9 ns

Tova Tons | Output Valid Delay and Output Hold for BREQ 0.5 9 ns

Tovs: Tons | Output Valid Delay and Output Hold for A3:2 1.5 8.5

Tor Output Float for all outputs 1.5 9 ns 11

Synchronous Inputs® 789

Input Setup for all inputs except READY, BTERM,

Tis1 HOLD, and BOFF 25 ns
T Input Hold for all inputs except READY, BTERM, 25 ns
IH1 HOLD, and BOFF '

NOTE: See Table 24, “AC Characteristics Notes” on page 44 for all notes related to AC specifications.
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Table 23. 80960Hx A.C. Characteristics (Sheet 2 of 2)

80960HA/HD/HT

Per conditions in Section 4.2, “Operating Conditions” on page 37 and Section 4.7.1, “AC Test Conditions” on page 45.

Symbol Parameter Min Max Units | Notes
T Input Setup for READY, BTERM, HOLD, and 6
Is2 BOFF ns
T Input Hold for READY, BTERM, HOLD, and 25
IH2 BOFF : ns
Relative Output Timings® 2 3 6 10
TAVSH1 A31:2 Valid to ADS Rising T-5 T+5 ns 10
TAVSH2 BE3:0, W/R, SUP, D/C Valid to ADS Rising T-5 T+5 ns 10
TAVELL A31:2 Valid to DEN Falling T-5 T+5 ns 10
TAVEL2 BE3:0, W/R, SUP Valid to DEN Falling T-5 T+5 ns 10
TNLQV WAIT Falling to Output Data Valid -5 5 ns 10
TOVNH Output Data Valid to WAIT Rising -5+ N*T 5+ N*T ns 4,10
TNLNH WAIT Falling to WAIT Rising -4+ N*T 4+ N*T ns 4,10
TNHQX Output Data Hold after WAIT Rising (N_flJ)r*T 5+ (N+1)*T ns 5,10
TEHTV DT/R Hold after DEN High T/2-5 Infinite ns 10
DT/R Valid to DEN Falling
80960HA TI2-4 ns
TrveL 10
80960HD T/4-4 ns
80960HT TI6-4 ns
Relative Input Timings® 710
Tis7 XINT7:0, NMI Input Setup 6 ns 9
TiH7 XINT7:0, NMI Input Hold 25 ns 9
Tiss RESET Input Setup 3 ns 8
TiHg RESET Input Hold T4 +1 ns 8

NOTE: See Table 24, “AC Characteristics Notes” on page 44 for all notes related to AC specifications.

Datasheet
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Table 24. A.C. Characteristics Notes

NOTES:

1. See Section 4.8, “AC Timing Waveforms” on page 46 for waveforms and definitions.

2. See Figure 25, “Output Delay or Hold vs. Load Capacitance” on page 52 for capacitive derating information
for output delays and hold times.

3. See Figure 22, “Rise and Fall Time Derating at 85 °C and Minimum VCC” on page 51 for capacitive
derating information for rise and fall times.

4. Where N is the number of Ngap, Nrpp: Nwap OF Nywpp wait states that are programmed in the Bus
Controller Region Table. WAIT never goes active when there are no wait states in an access.

5. N = Number of wait states inserted with READY.

6. These specifications are ensured by the processor.

7. These specifications must be met by the system for proper operation of the processor.

8. RESET is an asynchronous input that has no required setup and hold time for proper operation. However,
to ensure the device exits the reset mode synchronized to a particular clock edge, the rising edge of
RESET must meet setup and hold times to the rising edge of the CLKIN.

9. The interrupt pins are synchronized internally by the 80960Hx. They have no required setup or hold times

for proper operation. These pins are sampled by the interrupt controller every clock and must be active for
at least two consecutive CLKIN rising edges when asserting them asynchronously. To ensure recognition at
a particular clock edge, the setup and hold times shown must be met.

10.Relative Output timings are not tested.
11. Not tested.
12.The processor minimizes changes to the bus signals when transitioning from a bus cycle to an idle bus for

the following signals: A31:4, SUP, CT3:0, D/C, LOCK, W/R, BE3:0.

Table 25. 80960Hx Boun dary Scan Test Signal Timings
Symbol Parameter Min Max Units Notes
Tese TCK Frequency 0 8 MHz
Tesc TCK Period 125 Infinite ns
TescH TCK High Time 40 ns Measured at 1.5 V'
TescL TCK Low Time 40 ns Measured at 1.5 V'
Tascr TCK Rise Time 8 ns |08Vto2.0V'
Tescr TCK Fall Time 8 ns [20Vto0.8V'
Tgsis1 Input Setup to TCK — 8 ns
TDI, TMS
TesiHL Input Hold from TCK —
DI, TMS 10 ns
TBSOVl TDO Valid Delay 3 30 ns
Tesor1 TDO Float Delay 36 ns t
Tgsov2 All Outputs (Non-Test) 3 30 ns Relative to TCK
Valid Delay
Tesor2 All Outputs (Non-Test) Relative to TCK'
36 ns
Float Delay
TBS|52 Input Setup to TCK - All 8 ns
Inputs (Non-Test)
TesIH2 Input Hold from TCK - All 10 ns
Inputs (Non-Test)
Tt Not tested.

44
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471 A.C. Test Conditions

A.C.vaues are deved wsingthe 50pFloadshown in Figure 8. Figure25,“Output Delayor Hold vs.
Load Capacitanc€’ on page 52, shovs howtimings \ary with load capadance. Inputvaveforms
(except for C°KIN) are ssaumed to have arise ard fall time of< 2 nsfrom 0.8 VV to 2.0 V.

Figure 8. A.C. Test Load

Output Pin

C_l

L

C, =50 pF for all signals
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4.8 A.C. Timing Wavefor ms

Figure 9. CLKIN Waveform

Tcr — <« —> -« Tcr
20V

TcH

Figur e 10. Output Delay Waveform

\ \
CLKIN [ 15V 15V

Outputs: T L} Tov1 }
A31:2, D31:0 write only, OHLy |Min Max ‘
DP3:0 write only
PCHK, BE3:0, W/R, D/C, [ 15V «l— — 15V
SUP, ADS, DEN,

LOCK, HOLDA, BREQ, BSTALL, \ \
CT3:0, FAIL, WAIT, BLAST \

Figur e 11. Output Delay Waveform

CLKIN |: ‘ 15V 15V ‘

‘TOHZ ——>|Min

|
y

DT/R [ 15 v>{— —< 15V
|
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Figure 12.

80960HA/HD/HT
Output Floa t Waveform
CLKIN [ 15V 15V
Outputs: ‘ ‘
A31:2, D31:0 write only, . R —— \
DP3:0 write only OF ——>Min Max ‘
PCHK, BE3:0, W/R, DIC, ‘
SUP, ADS, DEN, \
LOCK, HOLDA, ‘ ‘
CT3:0, WAIT, BLAST, DT/R
Figur e 13. Input S etup and Hold Waveform
| |
CLKIN 15V 15V 15V
[T
Ts "M
>
Min| Min
Inputs:

Datasheet

READY, HOLD, BTERM,
BOFF, D31:0 on reads,
DP3:0 on reads, RESET

NOTE:

NMI, XINT7:0

A and B edges are established by de-assertion of RESET. See Figure 29, “Cold Reset Waveform” on page 54.
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Figur e 15.

Figur e 16.

Hold Acknowle dge Timings

\ | \ \
CLKIN [ w
\ | \ \

T

| TiH Tis ]ﬁ’ Ts | \

‘ Min Min ‘ Min ‘ ‘

HOLD lisvA~ & 15y \ 15V \

| Tovi  Max Tovi  Max |

| Ton1 —|Min Tom1 —| Min

( \

HOLDA [ | 15V sy x— 15V
L] | AN

\ \ \ \
Tov Ton — OUTPUT DELAY - The maximum output delay is referred to as the Output Valid Delay (Tgy).
The minimum output delay is referred to as the Output Hold (Top).

Tis Tiy— INPUT SETUP AND HOLD - The input setup and hold requirements specify the sampling window
during which synchronous inputs must be stable for correct processor operation.

Bus Backoff (BOFF) Timings
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Figure 17. TCK Waveform

80960HA/HD/HT

TBSCrR — <Tgsck

[«—— TpscH —>

<«— TgscL —>|

Tsc

Figur e 18. Input S etup and Hold Waveforms for Tgg g1 and Tggy1

TCLK

Inputs:
T™MS

TDI

AN\

Valid 15V

‘ TBSISL e 5|
\

|: 15V
|

Datasheet
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50

Figur e 19. Output Delay and Outp ut Float for Tggoy1 and Tgsorr

ek [ i

TDO |: 15V

_/

Tesowv1

— 15V

Valid

_/

Tesor1

Figur e 20. Output Delay and Outp ut Float Waveform for Tggoy, and Tgsor2

15V 15V
| \ \
| \ \
| Tesovz | Tesor2 ‘
| \ \
\ | \
NSTJ};TE% [ 15V Valid :
|
Figur e 21. Input Setup and Hold W aveform for Tgg|go and Tggn2
| | |
TCK 15V 15V 15V

Non-Test

Inputs

15V

Datasheet



i ntel . 80960HA/HD/HT

Figur e 22. Rise and Fall Time Derating at 85 °C and Minimum V¢

3T —+— 201008V

—=— 08to2.0V

Time (ns)

50pF 100pF 150pF

CL (pF)

Figur e 23. Icc Active (Power Supply ) vs. Frequency

1800 —

1600 —

1400

1200

1000

800 HA

600

lcc Active (Power Supply) (mA)

400

200

0 ¥

CLKIN Frequency (MHz)
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Figure 24. Icc Active (Thermal) vs. Frequency

1400 ——

T 1000
5l
£ 800
Q
°
[
o 600-]
=
g
o 400 4
B¢
200 |

£

1200 —+

—— HA

CLKIN Frequency (MHz)

Figur e 25. Output Delay or Hold vs. Load Capacitance

Output Valid Delays (ns) @ 1.5V

nom + 10 — 5.5V Input Signals

4 3.3V Input Signals

nom+5 —

nom I |
50 100 150

CL (pF)
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Figure 26. Output Delay vs. Temperature

Processor Case Temperature (°C)
0°C 85°C

> nom-0.0 —

Te}

-

® nom-0.1 4+

m

(=

e nom-0.2 +—

g

a nom-0.3 1

=}

S

z nom - 0.4 +—

>

=

8 nom - 0.5

Figur e 27. Output Hold T imes vs. Temperature

Processor Case Temperature (°C)
0°C 85°C
nom+ 0.5 1
nom + 0.4 +—
nom + 0.3 +—

nom+ 0.2 —

nom+ 0.1 —

Output Hold Times (ns) @ 1.5V

nom+ 0

Figure 28. Output Delay vs. V¢

nom + 0.5

nom + 0.3 ++

nom + 0.1

-nom + 0.1 —

-nom + 0.3 1

-nom + 0.5 {
3.15 3.45
Ve (volts)

Output Valid or Hold Delays (ns) @ 1.5V
’
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CLKIN

Vg, VCCS5,
ONCE

CT3:0, ADS,
LOCK, WAIT,
DEN, BLAST

WIR, DT/R,
BREQ, FAIL,
BSTALL

A31:2, SUP
D/C, BE3:0

D31:0,
DP3:0

STEST

RESET

i
I I I I [ I I
[ i) g om
— I I 1 1 | 1 | I
I I I I | [ | I
I I I I I I I [ I I
I I I I I I I [ | I
I I I I | I I I | I
I I I I 1 1 1 I I I
L_TT} . CTTL L L gy . : !
|: o / I I I 1 1 1 i\
—aa T I I I I I I I T T
I I I I 1 1 1 [ | I
I I I I 1 1 1 | | I
H1 I I I 1 1 1 |
[ P 1l P R e
== ] T ] ] ] i ‘ | ]
I I I I l I I | I
I I I I I I I ‘ | I
| | | | I | I ! | |
I I I I | | | ! | I
Tl | | | | | [0 | | |
|
\ om0 :
|: gl [Tl I I I I ﬁﬁ“d ><
I I I I I I I | | I
T | I I I I I I | I
|: Inputs ﬁ \ L E\ | 1 1T t {
— T I I I 1 1 1 \
I
I I I I 1 1 1 | I
gy | ] | I i | ‘ | |
Valid
[ o oo :
‘ ‘ ‘ Tsefup Thold ‘ : | ‘
! ! " 1CLKIN__1CLKIN 177 | | !
1 1 1 1 / [ T = | | T
N gl L L 1 L | I I | | I
I I I I l I I | | I
CLKIN and V¢ Stable to RESET high, RESET high to First Bus Activity,

minimum 10,000 CLKIN periods
for PLL stabilization.

HA=67, HD=34, HT=23
CLKIN periods

NOTE: Vc( stable: As specified in Table 21, “VDIFF Specification for Dual Power Supply Requirements (3.3 V, 5 V)" on page 39

W Jojanep) 18S9y PoD "6 @ 1nbi4

0'S
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Figure 30. Warm Reset Waveform

80960HA/HD/HT

vity,

I
I
1
I
I
i
I
u
=23

34, HT:

CLKIN Periods

67, HD

HA=

Valid

Tsetup
1 CLKIN

B

CLKIN

0
RN
.

| — | E—
GEEldd e
DlsT x
gg2zz =

@~ @?

ko]

w

B

LDBy

1%
S

[

SUP,

_ A312,
DIC, BE3:0
D31:0,
DP3:0

16 CLKIN Periods

Maximum RESET Low to RESET State

STEST

Minimum RESET Low Time

16 CLKIN Periods
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CLKIN may neither float nor remain idle.
It must continue to run.

I I
CLKIN [ NN,
1 1 I I
[ s — lod g N
Vee, VCC5 Nigy ‘ ‘ ‘ ‘
I ] I I
1 1 I I
1 1 I I
I ] I I
1 1 I I
P | | | |
ADS, BE3:0, A31:2, 1 | | I
D31:0, LOCK, WAIT, ! ! l
BLASTWI/R, D/C, DEN, T ! ! j

DT/R, HOLDA,
BLAST, FAIL, SUP,BREQ,
CT3:0, BSTALL, DP3:0,

o
~

| | |
I I I
PCHK . o 1 1 I
ONCE mode _is entered within 1 CLKIN | | |
period after ONCE becomes low while , | |
RESET is low. . | |
1 1 [amnl |
Pro-T | I |
RESET |: T 1 TN I
| ==
1 1 I |
=g gy : 1 1 ‘
ONCE |: | \—H:d
| T T T T
1 I I | 1 | ! |
| | | | | | ! |
| | | | | | ! |
|
I I | | | | |
|
I | | | | | | | |
| R 1 1 1 . |
CLKIN and V¢ Stable and RESET low and ONCE low to! I I I | I
RESET high, minimum 10,000 CLKIN Periods.
NOTES:
1. ONCE mode may be entered prior to the rising edge of RESET: ONCE input is not latched until the rising
edge of RESET.

2. The ONCE input may be removed after the processor enters ONCE mode.

8PON IONO bBuusz "Tg 8 Inbi4
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Figur e 32.

Datasheet

Non-Bur st, Non-Pipeline d Requests without Wait States

80960HA/HD/HT

PMCON e N\
o [Remal Pipe- | Bus | odd | Parity N
Function CRea Y | Burst [ Lining | width | Parity | Enable | Nxoa | Nwoo | Nwap | Nroo RAD
ontrol
Bit | 29 28 24 2322 21 20 19-16 | 15-14 | 12-8 7-6 40
Disabled|Disabled| OFF X | Enabled 0 0
Value 0 JOSFN "o o X "N oobo ) 00_Aooooo \_ b koogoo/
NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.
A . D A, D A, D
M | | | ,
CLiN /—\_/_\_/_\_/—\_/—\_/—\_/
e —/ | | |
] | | | |
| | |
ADS | | |
] I I |
A31:2, SUP,
D/C, BE30, Valid Valid Valid
LOCK, CT3:0 T ‘ ‘ ‘
[ | | |
W/R I I |
L | | |
| | |
M | ] [
BLAST | I | f
L | | |
| | |
[ | ] |
DT/R : [ \ :
L ! [ |
| | |
M 1 0 1
DEN : ! ‘
L - [ | |
| | |
T ] T
WAIT [ ‘ ! :
| |
_ | I !
|
D31:0, [ : In \ ‘ / Out ———‘———< |rz>~
DP3:0 _ ; : 4/\ : ‘
T ] T
PCHK [ ! ;r—’ :
| I
I | I
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Figur e 33. Non-Bur st, Non-Pipelined Read Request with W ait States
PMCON . [External Pipe- | Bus | odd | Parity N
Function ggﬁ%’l Burst | Lining | width | Parity | Enable [ Nxoa | Nwoo | Nwap | Nroo RAD
Bit | 29 28 24 23-22 21 20 19-16 | 15-14 | 12-8 7-6 40
Disabled|pi OFF
Value IS% e Dlsaobled 3 ;; ;( Enalbled 00101 )2; xx);xx ;; 00811
NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.
A
CLKIN /_\\/
L |
|
_ |
ADS \ :
|
T |
A31:2, BE3:.0 |
— ]
|
_ |
W/R / :
L |
|
[ 1
BLAST |
- |
|
[ |
DTRR !
|
. B |
DEN |
— 1
- I
D/C, SUP, ‘
LOCK, CT3:0 I
T ] T T T |
— 4 | | | ; !
_ I | | | | !
WAIT | | ‘ ‘ ‘ |
T I ! I I I |
[ I I | | |
D31:0, - - - = |- - -+ = = == = = + = = In i e
DP3:0 - | | | | |
- ! ! | | ! :
| | | | |
PCHK | | | ‘ | \ /
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Figur e 34. Non-Bur st, Non-Pipeline d Write Request with W ait States
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PMCON

Function
Bit

Value

CLKIN

ADS

A31:2,
BE3:0

W/R

BLAST

DT/R

DEN

D/C, SUP,
LOCK, CT3:0

WAIT

D31.0,
DP3:0

PCHK

External
Ready

Bus

Odd

Parity
Enable | Nxoa

Nwpp

Nwap

Nroo | NraD

Control Width Parity

29 28 24 23-22 21 20 19-16 15-14 12-8 7-6 4-0
Disabled|Disabled| OFF X X Enabled 1 X 3 X X
\ 0o NA_0o NA_oO ) XX \ X / 1 0001 Xxxxx_/\ 00011 XX XXXXX

NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.

-

J
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Figure 35. Burst, Non-Pipelined Read Request without Wait States, 32-Bit Bus
PMCON
Function | Ready | surst | PP | Bus | oad | Parity | N N N N
unction | Teacy, ursf Lining | width | Parity | Enable XDA ) WAD RDD RAD
Bit 29 28 24 23-22 21 20 19-16 15-14 12-8 7-6 4-0
i OFF _Bi X X
value Dlsaobled Enalbled ) leoBlt ); Ena{)led 00000 X o o 00800
NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.
A D D D D A
CLKIN
ADS
A31:4, SUP,
CT3:0,D/C,
BE3:0, LOCK
W/R
BLAST
DTR
DEN
A3:2
T T T T T T
o | | | | | |
- | | | | | |
WAIT | | | | | |
: ] I I I I I I
. | | |
B:;jé% _—__\___< In0 >—~< Inl }»—< In2 >*—< In3 >’— e T
] | T T | |
B | R | |
I | | |
PCHK ‘ ‘ Q——?\ L>>< <—>>< <—>>< /
— I | I T ‘ T T
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Figur e 36.

Datasheet

80960HA/HD/HT

Bur st, Non-Pipelined Read Request with Wait States, 32-Bit Bus

PMCON

) EXte"(;‘a' Pipe- | Bus odd | Parity N
Function | Ready | Burst | |ining | widgth | Parity | Enable | Nxoa | Nwop | Nwap | Nroo RAD
Bit | 29 28 24 23-22 21 20 19-16 | 15-14 | 12-8 7-6 4-0
i Enabl OFF _Bi X | Enabled X X
value Dls%bled nalb ed 5 321 éan X nal e 0010 . x o 011 00%10
NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.
A 2 1 D 1 D 1 D 1 D 1 A
CLKIN
ADS
A31:4, SUP, —
CT3:0, D/C,
BE3:0, LOCK L —
WIR
BLAST
DT/R /_L
|
_ [
DEN I
— T
A3:2 X
o | ! | \ [ \ | [ [ I \
— 7 I | I | | T
L | | | | | |
— | | | | |
D310, _\ / \ / \ / — L
DP3:0 In0O In1 In2 In3
ol _J |y A el A |
I
|

PCHK |:
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Figure 37. Burst, Non-Pipelined Write Request without Wait States, 32-Bit Bus

PMCON

. (Etherélal Pipe- | Bus Odd | Parity
Function eady | Burst | [ining | width | Parity | Enable

ol
Nwop | Nwao

P4
Pl
o
o

=z
X
>
o

N
Control XDA
Bit 29 28 24 23-22 21 20 19-16 15-14 12-8 7-6 4-0
Disabled|| Enabled| OFF | 32-Bit X Enabled 0 0 0 X
Value \ AN 0 10 N\ X A 1 ) 0000 k 00 / 00000 xx XXXXX

NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.

L

I
— L

I I

ADS | |
I

w LA
-

A31:4, SUP,
CT3:0, DIC,

BE3:0, LOCK

BLAST

:
:

DT/R

DEN

WAIT

PCHK

L
e [ Lo fom Yo ) ow
L

Datasheet



Figur e 38.

Datasheet

80960HA/HD/HT

Burst, Non-Pipelined Write Request with Wait States, 32-Bit Bus

PMCON
. External Pipe- Bus Odd Parity N
Function ggﬁ% Burst | |ining | width | Parity | Enable | Nxoa | Nwop | Nwap | Nroo RAD
Bit 29 28 24 23-22 21 20 19-16 | 15-14 | 12-8 7-6 4-0
Disabled | Enabled OFF 32-bit X Enabled 1 1 2 X
value SR ENTTN o 10 X 1 0001 01 A 00010 /\ xx I\ oo
NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.
A 2 1 D 1 D 1 D 1 D 1 A
I I
CLKIN F\j
T I
— I
ADS \_L
. !
A31:4, SUP,
CT3:0, DIC,
BE3:0, LOCK ]
W/R \
I
— T
BLAST I
L— I
— I
DTR \
o |
— I
DEN I
- I
A3:2 X
— T T T T T
R I I I I I —
WAIT I I I I I I I I I I I
L I I I I I I I I I I I
I I I I I I I I I I I
= I I
D31:0 -
' —T Out3
DP3:0 } T < Out0 >< Outl >< Out2 X > ]
L — I - - - - - - - . I
. I I ! ! ! ! ! 1 L L L
PCHK I I I I I I I I I I I
I I I I I I I I I I I
T I I I I I I I | I I I
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Figure 39. Burst, Non-Pipelined Read Request with Wait States, 16-Bit Bus

PMCON . E’gtergal Pipe- Bus odd Parity N
Function Cogey | Burst | Lining | width | Parity | Enable [ Nxoa | Nwop | Nwao NroD RAD
Bit | 29 28 24 23-22 21 20 19-16 | 15-14 | 128 7-6 4-0
i Enabled| OFF -Bi X \Enabled X X
value Dns%bled na1 e 5 160?1 X nal e o 0101 = o 011 00%10
NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.
A 2 1 D 1 D 1 D 1 D 1 A
o I I I I I I I I I I |
| | | | | I I |
o I I I I I I I I I I I
] | ! ! ! | | | | | I |
ADS I I I I I I I I I I I
T T I I I I I I I I I
SUP,CT3.0, | ‘ ‘
DIC, LOCK, Valid
A31:4, BE3/BHE, | al
BEO/BLE o I I I I I I I I I I I
_ I I I I I I I I I I [
W/R
| I I I I I I I I I I
I I I I I I I I I I I
M I I I I I I I I I I I
BLAST I I I I I I I I I | I
— I I I I I I I I I I
— I I I I I I I I I I
DTR I I I I I I I I I I /
L I I I I I I I ! I I
o I I I I I I I I I I I
I I I I I I I I I I I
DEN I I I I I I I I I I I
T I I I I I I I I I I | [
A3:2 A3:2 =00 or 10 >< A3:2=01or1l ><
_ I I I I I I ! ! L
BEL/AL \ I I I I m I I \
L L L L L I I I ! I I
I I I I I I I I | | |
7 \ \ \ \ \ i \ i ! \ \
WAIT I I I I I I I I I I |
T I T T I I I I I
b310 [ \ I [b15:0\ | [p15:0\ | [p15:0 __[p1s0 1
0, A1=0 Al=1 A1=0 Al=1 ‘
DP3:0 __/ | | | | | | |
— I I I I I I I
o [ T Y
I I I I I I I
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Figur e 40.
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Bur st, Non-Pipelined Read Request with Wait States, 8-Bit Bus

80960HA/HD/HT

PMCON

) External Pipe- | Bus odd | Parity W
Function ggﬁ% Burst | ining | width | Parity | Enable [ Nxoa | Nwop | Nwap | Nroo NraAD
Bit 29 28 24 23-22 21 20 19-16 | 15-14 | 128 7-6 4-0
i OFF 8-Bit X Ei I X X
Value Dlsaobled Enalbled ) o X na{) ed 0010 . X oo 011 00210
NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.
CLKIN
ADS
SUP, CT3:0,
DIC, LOCK,
A31:4
W/R
BLAST
DTIR
DEN
A3:2 A3:2=00, 01, 10 or 11 ><
o T
- I I I I I I I I I |
BE1/A1,
BEO/AQ A1:0 = 00 A1:0 =01 AL:0 =10 AL:0 =11
] I I I I I I I I I I |
7 T I I T I T I T I 1
WAIT I I I I I I I I I I |
— I I I I I |
- I I I I I I
D31:0 |: :> ‘ ‘ ‘ /D7:O\ ‘ / D710\ ‘ /D7:o\ ‘ /D7:0 L ‘
o Byte 1 '
DP3:0 T eveef e evez) T eee 3/

PCHK |:
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Figure 41. Non-Burst, Pipelined Read Request without Wait States, 32-Bit Bus
PMCON ( \
. [External Pipe- | Bus | odd | Parity N
Function gfﬁ% Burst | (ining | width | Parity | Enable | Nxoa | Nwop | Nwap | Nrop RAD
Bit | 29 28 24 2322 21 20 19-16 | 15-14 | 12-8 7-6 40
i ON | 32-Bi
Value ;( \Dlse(x)bled/ 1 AN10 5 )\ ); / Enalbled x>§<x XX xx);xx ;; 00800
NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.
A A A" A" A D™
@ D D D" pr ! @
— ‘ A
AYAUAVAY
S |
_ | I
ADS b
|
- o |
A31:4, SUP,
CT3:0, D/IC, Valid Valid Valid Valid Valid Invalid
LOCK L— :
— \
WIR \ " [Invalid
|
L : |
_A3:2 Valid Valid Valid Valid valid ) Invalid
BE3O0 |
i
~ LIS TS |
D31:0, — IN \_/ IN \_/ IN \_ N\ _ IN \___
DP3:0 ‘ D D D" D" D™
- I T
- ! ;
WAIT : !
L |
|
|
[ B h | |
BLAST | |
— |
_ ‘ |
DTRR : |
L |
|
o \
N |
DEN ! ‘
I |
_ | f
PCHK ‘ \ >< ><
|
T ‘ I ‘ I
1. Non-pipelined request concludes, pipelined reads begin.
2. Pipelined reads conclude, non-pipelined requests begin.
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Figur e 42.

Datasheet

80960HA/HD/HT

Non-Bur st, Pipelined Read Request with Wait States, 32-Bit Bus

PMCON ( \ [ ‘\
. External Pipe- | Bus Odd Parity N
Function | Ready | Burst | |ining | width | Parity | Enable | Nxoa | Nwop | Nwap | Neoo RAD
Bit | 29 28 24 23-22 21 20 19-16 | 15-14 | 12-8 7-6 40
i ON | 32-Bit X |Enabled X X X
Value >>§ Dlsa()b|6d\ 1 A 10 N X nape oo N\ xx )\ oo N\ xx 00(1)01
NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.
1 A I 1 g I 1 I D’ @ |
' | | | 1
CLKIN _/ | /—\_/—\_/—\_//—\_/
: — | | | |
| | | |
ADS | | | I
— |
A31:4,SUP, [ ~ ‘ ‘ ' ‘
CT3:0, D/C, Valid Valid Invalid
LOCK '— — ‘ ‘ ‘ | ‘
— d | | | 1
WIR X : : -/ Invalid ><
— | | | | T
_A32 Valid >< Valid W
BE3:0 L __
| | 2 | | |
— | | | |
DDgég I I / IN | IN |
: I I \ D / I D |/ |
T I I ] I \— |
I = | | T
| | | I
| | | |
_ T T
BLAST : : \ / : \ /
o | | | |
_ | | |
DT/R ! ! ! /
L | | |
| | | |
[ | | | |
DEN I I I |
— | t t |
— 1 1 1 1
PCHK ! : ! o
1 | |
T | I | |
1. Non-pipelined request concludes, pipelined reads begin

2. Pipelined reads conclude, non-pipelined requests begin
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Figur e 43. Burst, Pipeline d Read Request without Wait States, 32-Bit Bus
PMCON  fExtieral Pipe- | Bus | odd | Parity
Function | Ready | Burst | ining | widin | Parity | Enable | Nxoa | Nwop | Nwap | Nroo NraD
Bit | 29 28 24 23-22 21 20 19-16 | 15-14 | 12-8 7-6 40
ON 32-Bi
Value é kEnalbIedA 1 ) 10|[ ;( Enalbled\ ><>2§<x )\ >z§< / xx>>§xx 000 00800
NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.
CLKIN
ADS
A31:4, SUP, —
CT3:0, D/C,
BE3:0, LOCK |
W/R
A3:2
D31:0,
DP3:0 | !
! I
| T T | T T
WAIT ! B | ‘
L I I | I I
— I ! ; I L
N I I | I I
BLAST | | ‘ | !
o I I | I I
—_ [ | | | |
DT/R | | ‘ | /
L L 1 I |
| | | | |
[ I I I I 0
DEN | | | | |
— | T T T |
| | | | |
S R
I | | i
I | I ! | I
1. Non-pipelined request concludes, pipelined reads begin
2. Pipelined reads conclude, non-pipelined requests begin
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Figure 44.

Datasheet

Burst, Pipelined Read Request with Wait States, 32-Bit Bus

80960HA/HD/HT

PMCON
Function

Bit

Value

External
Ready

Control

Burst

r Pipe-
Lining

Bus
Width

Odd
Parity

Parity
Enable

Nxpa

Nwpp

(o Y v |

29

28

24

23-22

21

20

19-16

15-14

12-8

X

Enabled
1

ON
1

32-Bit
10

X
X

Enabled
1

X
XXXX

X
XX

NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.

CLKIN

X
XXXXX

ADS

A31:4, SUP,

CT3:0, D/C,
BE3:0, LOCK

WR

A3:2

D310,

DP3:0

WAIT

BLAST

DT/R

DEN

PCHK

Reiiiae

I I I | I
. Non-pipelined request concludes, pipelined reads begin.

2. Pipelined reads conclude, non-pipelined requests begin.
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Figure 4 5. Burst, Pipeline d Read Request with Wait States, 8-Bit Bus

PMCON Tt I m m
. xternal Pipe- Bus Odd Parity m
Function | Ready | Burst | Lining | width | Parity | Enable | Nxoa | Nwoo | Nwap | Neoo Nrap

Bit 29 28 24 23-22 21 20 19-16 15-14 12-8 7-6 4-0

X Enabled ON 8-Bit X Enabled X X X 1 2
Value X 1 1 00 X 1 XXXX XX XXXXX 01 00010

NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.

CLKIN

ADS

A31:4,SUP, [
CT3:0, D/IC,
LOCK —

W/R

A3:2

BE1/A1,
BEO/AO

D31:0,
DP3:0

WAIT

il 1
BLAST : :
T | |
_ [ I I
DT/R ‘ ‘
T T
o 1
DEN [ \
|
— |
_ ‘ ,
|
|

PCHK

1. Non-pipelined request concludes, pipelined reads begin
2. Pipelined reads conclude, non-pipelined requests begin
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Figure 46. Burst, Pipelined Read Request with Wait States, 16-Bit Bus

PMCON
) External Pipe- Bus odd Parity N
Function gg&%’l Burst | |ining | width | Parity | Enable | Nxoa | Nwoo | Nwap | Nroo RAD
Bit 29 28 24 23-22 21 20 19-16 15-14 12-8 7-6 4-0
ON 16-Bit X Enabl X X 1 2
Value ); \ Ena]l?led ) 1 01 I X naj'? ed X)2§<>( XX XXXXX 01 \ 00010 /
NOTE: Bits 31-30, 27-25, 13, and 5 are reserved.
CLKIN
ADS
A31:4, SUE,
CT3:0, DIC,
BEO/BLC,
BE3/BHE,
LOCK
W/R
A3:2
| |
BEL/AL : :
[l [ [
| | |
D31:0, T T 1 T t
DP3:0 | | | | |
| | | | |
WAIT I I I I | I I | I |
| 1 | 1 | | | 1 | |
| | | | | | | | | | . |
BLAST | | | | | | | | | | | |
| | | | | | | | | | | |
| | | | | | | | | | | | |
_ _ | | | | | | | | | | | |
DT/R I | I I I | I I | I I | [
I T T T T T T T T T T T | T
— | | | | | | | | | | |
DEN I | I | | | | | | | | | /
L | + + t ! 1 : } ' L L .
| ! ! ' | 1 ! 1 } 1 }
PORK [ C |W | |
| | | | | | | |
1. Non-pipelined request concludes, pipelined reads begin
2. Pipelined reads conclude, non-pipelined requests begin
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Figur e 47. Using E xternal READY

CLKIN [

ADS [
A31:4, SUP,
CT3:0,DIC
BE3:0, LOCK

WR [

BLAST [

DT/R [

DEN [

READY [

BTERM [

Quad-Word Read Request
Nrap = 0, Nrpp = 0, Nxpa =0
Ready Enabled

Quad-Word Write Request

Nwap =1, Nwpp = 0, Nyypa =0
Ready Enabled

A1 D ,D D D

A1 2 D1 D

.

| I ] ] |
SN VT
I I

_JUUML__JUUUUUU

01 X 10 X 11

Iy S

)@

'| 5 (o0 o ) w

L

o3
\

|

NOTE: Pipelining must be disabled to use READY.

wwww T
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Figur e 48.

Datasheet

Terminating a Burst with BTERM

80960HA/HD/HT

/ Quad-Word Read Request
Nrap =0, Nrpp = 0, Nrpp = 0
k Ready Enabled
A ' D' 1 Al D! 1 Al D' 1" D! 1 |
[/ |/ [/ I, / |/ [} [} / [} I
CLKIN |: ’_\_/
: | | | | | | | [ 1 | [
| | 1 I I | 1 I I I 1
I L Il I Il 1 1 Il Il Il ]
ARG I I 1 1 1 I 1 1 I I 1
R W A W
I I 1 1 I I 1 1 I I 1
A31:4, ﬁ | 1 | 1 1 | 1 1 | | 1
CT3:0, DIC, [ :X Valid X
BE3:0, LOCK 7 T 7 T T i | [ i i i
I I 1 1 1 I 1 1 I I 1
I I 1 I I I 1 1 I I
W/ﬁ |: \ | | | | 1 1 | | | | / |
1 1 1 1 1 1 1 1 1 1 !
I I 1 1 I I 1 1 I I 1
I I 1 1 1 I 1 1 I I ]
| | 1 I I | 1 I 1 | 1
BLAST J | 1 1 | 1 1 I | 1\ 1 |
| | I 1 1 | 1 1 1 [] 1
I I 1 1 1 I 1 1 I I I
I I 1 1 1 I 1 1 I I
DT/ﬁ |: \ | 1 I 1 1 1 1 [ 1 1 /—\\
| | 1 I I | 1 I I I 1
I I 1 1 1 I 1 1 I I I
1 I 1 1 1 I 1 1 I I 1
DEN |: l 1\ I | I I I | [ ! ! /7\
I ] 1 1 [] [l 1 1 I I 1
| | 1 I I | 1 I I I 1
, L | | " , | " | .
READY|: /:\ /:\ /:\ \1/ /1\ \/
| seeNge—— |
I 1 1 | I I |
BTERM ARV AR Y AWAY
| | 1 I | | 1 I I I 1
I I 1 1 1 I 1 1 I I 1
A3:2 [ )( 00 X 01 X 10 X un f
I | 1 1 1 I 1 I I I 1
1 I 1 1 1 I 1 1 I I 1
T T 1 T T T 1 T [ [ 1
WAIT |: | 1 1 | 1 1 1 | | | |
| 1 1 1 1 1 1 1 I I 1
031 [ [)--- -+ - oo} -~ - -~ (@) -~ - -3 - - o3- -
DP3:0 | | 1 1 1 1 | l
I I 1 1 1 I 1 I I I |
PCHK | 1 1 1 1 1 1 1 I I 1
| | 1 I | | 1 I I I 1
Note: READY adds memory access time to data transfers, whether or not the
bus access is a burst access. BTERM interrupts a bus access, whether or not
the bus access has more data transfers pending. Either the READY signal or
the BTERM signal terminates a bus access when the signal is asserted during
the last (or only) data transfer of the bus access.
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Figur e 49. BREQ and B STALL Operation

— //
ADS \ /
- /-
BLAST \ /
BREQ J \
BSTALL / \

The pocesor maysall (BSTALL asserted) evenwith an enpty bus queue (BREQ deaserted).
Depending on theinstruction gream ad memory wait states the wo signals mey be segrated by
several CLKIN cycles

Bus aritration logic thatlogically ‘ANDs BSTALL ard BREQ will not correcty grant tie busto
the piocesor in all gall caes paentially degading procesor peformance.

Do not logically ‘AND’ BSTALL and BREQ tagetherin arbitration logic. Instead the sinplestbus
arbitration should logically “OR” BSTALL and BREQ todetemine the proces®r’s bis ownership
requrements

More phisticatedarbitrationshould recogize thepriority natue of the® two sgnals Using a

traffic light analoy, BREQ isa‘yellow light' warring of aposdble procesor stall andBSTALL is
a‘redlight indicating a dall in progress
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Figur e 50. BOFF Functional Timing. BOFF occurs during a burst or non-burst data cycle.

A D <«— BOFF Mode —> A

Regenerate ADS

[ e B

._._._.[
BLAST AL
— Non-Burst
.
T T
READY ’ \ May Change ,

_
| -
BOFF Suspend Request —~ Resume Request
o ~— 5
A31:2, SUP, — [._._._.[ T LT
CT3:0, DIC, x N .( X:
BE3:0, WAIT, — H
DEN, DT/R
DP3:0 & D31.:0,
(WRITES)
[._._._.[
PCHK
Begin Request End Request
<—| BOFF may be asserted to suspend request —>
BOFF may not BOFF may not
be asserted be asserted

Note: READY/BTERM must be enabled; Nrap, Nrpp. Nwap: Nwpp= 0
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Figure 51. HOLD Functional Timing

Word Read
Word Read Request Request
Nrap=1, Nxpa=1 Hold State NraD=0, Hold State

Nxpa=0

R A

A31:2, SUP,
E:OL/Q Valid = jmemme———— valid = Yeemmbee—olo
BE3:0, WA|T_,
DEN, DT/R
BLAST —\—/_\ ----------- /_\_[ ___________
LOCK

HOLD ’ \ ’
HOLDA ’ \ ’
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Figur e 52. LOCK Delays HOLDA Timing

o /_\_/_\_/_\_/_\_/_\_/_\_/—\
_ |
ADS : \ /
|
W/R \
[ T T
BLAST ! ! W _____
I | |
N |
LOCK S\
| |
|
|
|

HOLD

HOLDA I |

Figur e 53. FAIL Functional Timing

1) ))
( T(
RESET I:
(Internal Self-Test) (Bus Test)
Pass Pass
FAIL [ | )
tt - - Fail - - tH - - Fail - -
80960HA: 257,517 Cycles 30 Cycles 113 Cycles
80960HD: 128,761 Cycles 15 Cycles 94 Cycles
80960HT: 85,840 Cycles 10 Cycles 90 Cycles
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Figure 54. A Summary of Ali gned and Unaligned Transfers for 32-Bit Regions

Byte Offset 0 4 8 12 16 20 24
T I T T I T T I T T I T T I T T I T
Word Offset 0 1 2 3 4 5 6
B \ \ | \ \ \
Short Request (Aligned) | ‘ | ‘
\ ‘ ! \ \ \ \
Short Requests (Unaligned)
Short-Word ! ‘ : | ! | !
Load/Store [ X ‘ [ ‘ [
Short Request (Aligned)
\ \ \ \ \ \
‘ Byte, Byte Requests ‘ ‘ ‘ ‘
‘ \ \ \ \
Word Request (Aligned)
| \ \ \ \
‘ Trey, Byte, Requests ‘ ‘ ‘
Word
Load/Store ‘ ‘ \ | | |
| Short, Short Requests | | |
\ \ \ \ \ \
| Byte, Trey, Requests [ ‘ [
One Double-Word Burst (Aligned) \ \
\ \ \ \
[ Trey, Byte, Trey, Byte, Requests [
\ : : \ \
Short, Short, Short, Short Requests
| I I | |
Double-Word
Load/Store | Byte, Trey, Byte, Trey, Requests ‘
| | | |
| Word, Word Requests ‘ ‘
\ \ : \
One Double-Wort
‘ ‘ bl d |
Request (Aligned)
| \ \ | \
NOTES:
1. All requests that are less than a word in size and are cacheable will be promoted to a word to be cached. This causes
adjacent requests to occur for full words to the same address.
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Figur e 55. A Summary of Aligne d and Unaligne d Transfers for 32-Bit Re gions (Continued)

Datasheet

0
ByteOffset|||||||||||||||||

0
Word Offset

One Three-Word
Request (Aligned)

Trey, Byte, Trey, Byte,
Trey, Byte Requests

Short, Short, Short, Short

Triple-Word Short, Short, Short Requests
Load/Store

Word, Word,
Word Requests

Word, Word,
Word Requests

One Four-Word
Request (Aligned)

Trey, Byte Requests

Quad-Word 8 Short Requests
Load/Store

4 Word
Requests

NOTES:

Byte, Trey, Byte, Trey, Byte, Trey Requests

Word,
Word,
Word
Requests

Trey, Byte, Trey, Byte, Trey, Byte

Byte, Trey, Byte, Trey,
Byte, Trey, Byte, Trey, Requests

4 Word
Requests

1. All requests that are less than a word in size and are cacheable will be promoted to a word to be cached. This causes

adjacent requests to occur for full words to the same address.
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Figur e 56.

A Summary of Aligned and Unaligned Transfers for 16-Bit Bus

Byte Offset 0

Word Offset 0

Short
16-Bit Bus

Word
16-Bit Bus

Double Word
16-Bit Bus

Triple Word
16-Bit Bus

Quad Word
16-Bit Bus

4 8 2 16 20 24
T | T T T L | T |
1 2 3 4 5 6
| Short
E:l Byte, Byte
[ short
1] Byte Byte

:I Two Short Burst

T sye, short Byte

[

[T/ 8yte, Short, Byte
|:| Two Short Burst

Four Short Burst

(Byte, Short, Byte) *2

(Short) *4
(Byte, Short, Byte)*2

| (Two Short Bursty*2

| Four Short Burst

Four Short Burst, Two Short Burst

| (Byte, Short, Byte) *3

] (short)*6

] (Two Short Burst) *3

|
]
|
| | | (Byte, Short, Byte) *3
]
1

| | (Two Short Burst) *3

Ll | (Four Short Burst)*2

| (Byte, Short, Byte) *4

] (Short)*8

|  (Two Short Burst)*4

| ]
] |
| || | | (Byte, Short, Byte) *4
] ]
] |

| ] (Two Short Burst) *4
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Figur e 57. A Summa ry of Aligne d and Unaligne d Transfers for 8-Bit Bus
Byte Offset 0 4 8 16 20 24
T | L LI L | L |
Word Offset o 1 2 3 4 5 6
[ D Two Byte Burst
Short :l Two Byte Burst
8-Bit Bus [ TwoByteBurst
| [T sy sye
I:l Four Byte Burst
Three Byte Burst, Byte
Word [T/ (two Byte Bursty=2
8-Bit Bus E: Byte, Three Byte Burst
L : Four Byte Burst
[ | | (Four Byte Burst) *2
| | || (Three Byte Burst, Byte)*2
Double Word | | | ] ] (Two Byte Burst) *4
8-Bit Bus [1 1 ] (Byte, Three Byte Burst) *2
| | | (Four Byte Burst) *2
[ T ] (Four Byte Burst) *2
[ | | | (Four Byte Burst)*3
| | 1 | (Three Byte Burst, Byte)*3
Triple Word | | | | | | (Two Byte Burst) *6
8-Bit Bus
L1 11 I 1 (Byte, Three Byte Burst) *3
| | | | (Four Byte Burst)*3
| | | | (Four Byte Burst)*3
| | | | ] (Four Byte Burst)*4
| L 1 | 1 | [_1 (Three Byte Burst, Byte)*4
Quad Word | | 1 | | | | ] (Two Byte Burst) *8
16-Bit Bus L1 || |l | | (Byte, Three Byte Burst) *4
| | | | ] (Four Byte Burst)*4
| | | | ] (Four Byte Burst) *4

Datasheet
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Figure 58.

Idle Bus Operation

&

CLKIN

ADS

A31:4, SUP, DIC,
BE3:0, CT3:0

LOCK

W/R

BLAST

DT/R

DEN

A3:2

WAIT

D31:0

READY,
BTERM

PCHK

Write Request
Nwap=2, Nxpa =
Ready Disabled

-
o

Idle Bus
(not in Hold Acknowledge state)

Ready Disablel

\C?ead Request\o

) Nrap=2, Nxpa =
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Bus States

IRESET and
IHOLD and
REQUEST

IONCE
ONCE and

RESET

NOTES:
1.

AwN

. W,CNT is decremented during T,
. W4CNT is decremented during T,
. W,CNT is decremented during Ty,

WECNT > 1

IBOFF and READY and !BLAST or
IBOFF and BTERM and !BLAST or IBOFF and
IHOLD and BLAST and REQUEST and Nxpa =0

READ and Nqq > 0 or
WRITE and Ny,qq > 0

IBOFF and READ and N,gq = 0

and !BLAST or IBOFF and

WRITE and Nyq4q = 0 and !BLAST or
READY!

IBOFF and READ and N4 = 0 or
IBOFF and WRITE and N5q = 0

READ and N,q > 0 or
WRITE and Nyaq > 0

!BOFF and
BLAST and
Nyga >0

IBOFF and !HOLD and
BLAST andNyg, =0
and IREQUEST

!HOLD and W,CNT=1
and REQUEST

IBOFF and
HOLD and BLAST,
and Nyg,=0

RESET and

KEY:

To = ONCE

Ti =IDLE

Th =HOLD

Ta = ADDRESS

Td = DATA

Th =BOFFed

Taw= address to data wait
Tdw= data to data wait
Tdw= data to address wait
REQUEST= One or more
requests in the bus queue.
READ= The current
access is a read.

WRITE= The current
access is a write.

RESET

When the PMCON for the region has External Ready Control enabled, wait states are inserted as long
as READY and BTERM are de-asserted. When Read Pipelining is enabled, the Ta state of the
subsequent read access is concurrent with the last data cycle of the access. Because External Ready
Control is disabled for Read Pipelining, the address cycle occurs during BLAST.
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80960Hx Boundary S can Chain

Table 26. 80960Hx Bound ary Scan Chain (Sheet 1 of 4)

# Boundary Scan Cell Cell Type Comment
DP3 Bidirectional
DP2 Bidirectional
DPO Bidirectional
DP1 Bidirectional
STEST Input
FAILBAR Output
EgaEb(lge for FAILBAR, BSTALL and Control
ONCEBAR Input
BOFFBAR Input
DO Bidirectional
D1 Bidirectional
D2 Bidirectional
D3 Bidirectional
D4 Bidirectional
D5 Bidirectional
D6 Bidirectional
D7 Bidirectional
Enable for DP(3:0) and D(31:0) Control
D8 Bidirectional
D9 Bidirectional
D10 Bidirectional
D11 Bidirectional
D12 Bidirectional
D13 Bidirectional
D14 Bidirectional
D15 Bidirectional
D16 Bidirectional
D17 Bidirectional
D18 Bidirectional
D19 Bidirectional
D20 Bidirectional

NOTES:

1. Cell#1 connects to TDO and cell #112 connects to TDI.
2. All outputs are tri-state.
3. In output and bidirectional signals, a logical 1 on the enable signal enables the output. A logical 0

tri-states the output.
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Table 26. 80960Hx Bounda ry Scan Chain (Sheet 2 of 4)
# Boundary Scan Cell Cell Type Comment
D21 Bidirectional
D22 Bidirectional
D23 Bidirectional
D24 Bidirectional
D25 Bidirectional
D26 Bidirectional
D27 Bidirectional
D28 Bidirectional
D29 Bidirectional
D30 Bidirectional
D31 Bidirectional
BTERMBAR Input
RDYBAR Input ﬁg;.)ears as READYBAR in BSDL
HOLD Input
HOLDA Output
Enable for HOLDA control Control
ADSBAR Output
BE3BAR Output ﬁzr)ears as BEBAR(3:0) in BSDL
BE2BAR Output
BE1BAR Output
BEOBAR Output
BLASTBAR Output
DENBAR Output
WRRDBAR Output Appears as WRBAR in BSDL file.
DTRBAR Output
Enable for DTRBAR Control
WAITBAR Output
BSTALL Output
DATACODBAR Output Appears as DCBAR in BSDL file.
USERSUPBAR Output Appears as SUPBAR in BSDL file.
Enable for ADSBAR, BEBAR,
BLASTBAR, DENBAR, WRRDBAR, Control
WAITBAR, DCBAR, SUPBAR and
LOCKBAR,
NOTES:

Datasheet

1. Cell#1 connects to TDO and cell #112 connects to TDI.
2. All outputs are tri-state.
3. In output and bidirectional signals, a logical 1 on the enable signal enables the output. A logical 0

tri-states the output.
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Table 26. 80960Hx Bound ary Scan Chain (Sheet 3 of 4)

# Boundary Scan Cell Cell Type Comment
LOCKBAR Output
BREQ Output
A31 Output
A30 Output
A29 Output
A28 Output
A27 Output
A26 Output
A25 Output
A24 Output
A23 Output
A22 Output
A21 Output
A20 Output
A19 Output
A18 Output
Al7 Output
Al6 Output
Enable for A(31:0) and CT(3:0) Control
Al15 Output
Al4 Output
A13 Output
Al12 Output
All Output
A10 Output
A9 Output
A8 Output
A7 Output
A6 Output
A5 Output
A4 Output
A3 Output
A2 Output
NMIBAR Input

NOTES:

1. Cell#1 connects to TDO and cell #112 connects to TDI.
2. All outputs are tri-state.
3. In output and bidirectional signals, a logical 1 on the enable signal enables the output. A logical 0

tri-states the output.
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Table 26. 80960Hx Bounda ry Scan Chain (Sheet 4 of 4)
# Boundary Scan Cell Cell Type Comment
XINT7BAR Input ég%el_a;isle;.is XINTBAR(7:0) in
XINT6BAR Input
XINTSBAR Input
XINT4BAR Input
XINT3BAR Input
XINT2BAR Input
XINT1BAR Input
XINTOBAR Input
RESETBAR Input
CLKIN Input
CT3 Output Appears as CT(3:0) in BSDL file.
CT2 Output
CT1 Output
CTO Output
Appears as PCHKBAR in BSDL
PCHK Output file.
PCHK enable Control
NOTES:

1. Cell#1 connects to TDO and cell #112 connects to TDI.
2. All outputs are tri-state.
3. In output and bidirectional signals, a logical 1 on the enable signal enables the output. A logical 0

tri-states the output.

Datasheet
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5.2

Bound ary Scan Description Language Examp le

The Bourdary-Scan Desgription Language(BSDL) for PGA Packag&xampe, asshown in
Exampe 1, mees thede-faco sardardmeansof deribing esential featuresof ANSI/IEEE
11491-1993 canpliant devices

The Boundary-Scan Description Language(BSDL) for PQ2 Package Exampk is shownin
Example 2 on page 96.

Example 1. Bound ary-Scan Descr iption Langu age (BSDL) for PGA

88

Package Example (Sheet 1 of 8)

-- Copyright In tel Corp. 1995

Fkkkkkhkkkkkkhk

- -Intel Corporatio nmakesno warranty for the use of its products and assumes no
responsibility forany  errors which may appear in this do cument nor does it make

a commitment to update the information contained herein.

Fkkkkkkkkkkkkhk

- - Boundary-Scan Description Lan guage (BSDL Version 0.0) isa de-facto standard
means of descri bing essential features of ANSI/IEEE 1149.1-1990 compliant
devices. This | anguage is under consideration by the IEEE for fo rmal inclusion
within a supplement to the 1149.1-1990 stan dard. The generation of the supplement
entails an exte nsive IEEE review and a formal acceptance balloti ng procedure
which may chang e the resultant form of the language. Be aware th at this process
may extend well into 1993, and  at this time the IEEE doe s not endorse or hold an
opinion on the language.

Fkkkkkkkkkkkkkk

--1960(R) Proc essor BSDL Model
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Example 1. Boundary-Scan Description L anguage (BSDL) for PGA

Datasheet

Package Example (Sheet 2 of 8)

80960HA/HD/HT

-- Project code HA

-- File *NOT** verified electrically

--Rev 0.7 18 Dec 1995 Updated for A-1 stepping.

--Rev 0.6 08 Dec 1994
--Rev 0.5 21 Nov 1994
--Rev 0.4 31 O0ct 1994
--Rev 0.3 26 July 1994
--Rev 0.2 22 June 1994
--Rev 0.1 16 Mar 1994
--Rev0.0 30 Aug 1993
entity Ha_Processor is

generic(PHYSICAL_PIN_MAP : string:= “PGA”");

port (A rout  bit_vector(2 to 31)
ADSBAR :out bit;
BEBAR :out bit_vector(0 to 3);
BLASTBAR :out bit;
BOFFBAR :in bit;
BREQ sout  bit;
BSTALL :out bit;
BTERMBAR :in bit;
CT ;out  bit_vector(0 to 3);
CLKIN :in bit;

D rinout bit_vector(0 to 31)
DENBAR :out bit;
DP inout  bit_vector(0 to 3);

DTRBAR :out bit;
DCBAR :out bit;
FAILBAR :out bit;
HOLD 1in bit;
HOLDA :out bit;
LOCKBAR :out bit;
NMIBAR :in bit;
ONCEBAR :in  bit;
PCHKBAR :out bit;
READYBAR :in bit;
RESETBAR :in bit;
STEST :in bit;
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Example 1. Bound ary-Scan Descr iption Langu age (BSDL) for PGA
Package Example (Sheet 3 of 8)

SUPBAR
TCK

TDI

TDO
T™MS
TRST
WAITBA
WRBAR
XINTBA
FIVEVR
VCCPLL
VOLTDE
VCC1
VCC2
VSS1
VSS2
NC

attribute PIN_M

rout it
1in bit;
1in bit;
tout  bit;
1in bit;
1in bit;
R :out bit;
tout it
R :in  bit_vector(0 to 7);
EF : linkage bit;
. linkage bit;
T :out bit;
. linkage bit_vector(0 to 23);
: linkage bit_vector(0 to 20);
: linkage bit_vector(0 to 25);
. linkage bit_vector(0 to 22);
. linkage bit_vector(0 to 4)

use STD_1149_1_ 1990.all;

use i960ha_a.al l;

AP of Ha_Processor : entity is PHYSICAL_PIN_MAP;
constant PGA:PIN_MAP_STRING :=

“A : (D16, D17, E16, E17, F17, G16, G17, H17, J17, "&
“ K17, L17, L16, M17, N17, N16 ,P17,Q17,P16, "&
“ P15, Q16, R17, R16, Q15, S17 , R15, S16, Q14, "8&
“ R14, Q13, S15),
“ADSBAR :R06 ,"&
“BEBAR : (RO 9, S07, S06, S05), "&
“BLASTBAR :S08 ,"&
“BOFFBAR :B0l1 ,"&
“BREQ :R13 ,"&
“BSTALL :R12 ,"&
“BTERMBAR :R04 ,"&
“CT (A1 1, A12, Al13, Al4), "&
“CLKIN :C13 ,"&
Datasheet
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80960HA/HD/HT
Example 1. Boundary-Scan Description L anguage (BSDL) for PGA
Package Example (Sheet 4 of 8)
“D : (E03, C02, D02, CO1, E02, D01, FO2, E01, FO1, "&
“ GO01, H02, HO1, J01, K01, LO 2,101, MO1, NO1,  "&
“ NO02, P01, P02, Q01, P03, QO 2,R01, S01,Q03, "&
“ R02, Q04, S02, Q05, R03),
“DENBAR :S09, &
“DP : (A03, B03, A04, B04),
“DTRBAR :S11, "&
“DCBAR :S13, "&
“FAILBAR :A02, &
“HOLD  :RO5, "&
“HOLDA :S04, "&
“LOCKBAR :S14, "&
“NMIBAR :D15, &
“ONCEBAR :C03, "&
“PCHKBAR :B08, "&
“READYBAR :S03, "&
“RESETBAR :Al6, "&
“STEST :B02, "&
“SUPBAR :Q12, "&
“TCK  :BOS5, "&
“TDI  :A07, "&
“TDO  : A0S, "&
“TMS  :BOS, "&
“TRST  :AO06, "&
“WAITBAR :S12, "&
“WRBAR :S10, &
“ XINTBAR : (B15, A15, Al7, B16, C15, B17, C16, C17), "&
“FIVEVREF :C05, '&
“VOLTDET :A05, "&
“VCCPLL :B10, &
“VCC1 :(M02, K02, J02, GO2, NO3, FO3, CO06, BO7, B09, B11, "&
“ B12, C14, E15, F16, H16, J16, K16 , M16, N15, Q06,  "&
“ RO7, R08, R10, R11), "&
“VSS1  :(GO03, HO3, J03, K03, L03, M03, C07, Co08, C09, C10, "&
“ C11, C12, Q07, Q08, Q09, Q10, Q11 ,F15, G15, H15,  "&
“ J15, K15, L15, M15, A01, C04), &
“NC : (A09, A10, B13, B14, D03) "

Datasheet
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Example 1. Bound ary-Scan Descr iption Langu age (BSDL) for PGA
Package Example (Sheet 5 of 8)

attribute Tap_Scan_In of TDI : signal is
attribute Tap_Scan_Mode of TMS : signal is
attribute Tap_Scan_Out of TDO : signal is
attribute Tap_Scan_Reset of TRST : signal is
attribute Tap_Scan_Clock of TCK : signal is

true;
true;
true;
true;

(66.0e6, BOTH);

attribute Instruction_Length of Ha_Processor: entity is 4;
attribute Instruction_Opcode of Ha_Processor: entity is
“BYPASS (111 1), " &
“EXTEST (000 0), " &
“SAMPLE (000 1), " &
“IDCODE (001 0), " &
“RUBIST (011 1), " &
“CLAMP (010 0), " &
“HIGHZ (100 0), " &
“Reserved (101 1,1100) ™
attribute Instruction_Capture of Ha_Processor: entity is “00017;
attribute Instruction_Private of Ha_Processor: entity is “Reserved ” ;
attribute Idcode_Register of Ha_Processor: ent ity is
“0010" & --version,
“100010000100000 0" & --part number
“00000001001 ” & --manufacturers identity
“1" --require d by the standard
attribute Register_Access of Ha_Processor: ent ity is
“ Runbist[32] (RUBIST), " &
“ Bypass (CLAMP, HIGHZ)
{ ************}
{ The first ce II, cell 0, is closest to TDO }
{ BC_1:Control , Output3 CBSC_1:Bidir BC_4: Input, Clock }
{ ************}
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Example 1. Boundary-Scan Description L anguage (BSDL) for PGA
Package Example (Sheet 6 of 8)

Datasheet

80960HA/HD/HT

attribute Boundary_Cells of Ha_Processor: ent

attribute Boundary_Length of Ha_Processor: entity is 112;

attribute Boundary_Register of Ha_Processor:

“0 (CBSC_
“1 (CBSC_
“2 (CBSC_
“3 (CBSC_

“4 (BC_4,
“5 (BC_1,
“6 (BC_1,
“7 (BC_4,
“8 (BC_4,
“9 (CBSC

“13 (CBSC_1, D(4),
“14 (CBSC_1, D(5),
“15 (CBSC_1, D(6),
“16 (CBSC_1, D(7),

“17 (BC_1,

“18 (CBSC_1, D(8),
“19 (CBSC_1, D(9),
“20 (CBSC_1, D(10),
“21 (CBSC_1, D(11),
“22 (CBSC_1, D(12),
“23 (CBSC_1, D(13),
“24 (CBSC_1, D(14),
“25 (CBSC_1, D(15),
“26 (CBSC_1, D(16),
“27 (CBSC_1, D(17),
“28 (CBSC_1, D(18),
“29 (CBSC_1, D(19),
“30 (CBSC_1, D(20),
“31 (CBSC_1, D(21),
“32 (CBSC_1, D(22),
“33 (CBSC_1, D(23),
“ 34 (CBSC_1, D(24),

“10 (CBSC_1, D(1),
“11 (CBSC_1, D(2),
“12 (CBSC_1, D(3),

1, DP(3),
1, DP(2),
1, DP(0),
1, DP(1),
STEST,

bidir,
bidir,
bidir,
bidir,
input, X),

X X x X

[ S S

FAILBAR, output3, X, 6
* control, 1),

ONCEBAR, input, X),
BOFFBAR,

1, D(0),

input, X),
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,

X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
*, control, 1),

bidir,
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,
bidir,

X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
X, 17
X, 17

ity is

entity is

7,1, Z),
7,1, Z),
7,1, 2),
7,1, 2),

. 1, 2),

2),
2),
2),
2),
2),
2),
2),
2),

i i i i e i

N N N N N N N N
- T T T T T

i i e i T T e e e e U e e T e i
N N N N N N
- - - = =

e
N

“BC_4,BC_1,CBSC_1

R R R Ro

R R R R R R R R

R R0 RO RO R R R R RO R R R P P R R
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Example 1. Bound ary-Scan Descr iption Langu age (BSDL) for PGA

Package Example (Sheet 7 of 8)

“42 (BC_4
“43 (BC_4
“44 (BC_4
“45 (BC_1
“46 (BC_1
“47 (BC_1
“48 (BC_1
“49 (BC_1
“50 (BC_1
“51 (BC_1
“52 (BC_1
“53 (BC_1
“54 (BC_1
“55 (BC_1
“56 (BC_1
“57 (BC_1
“58 (BC_1
“59 (BC_1
“60 (BC_1
“61 (BC_1
“62 (BC_1
“63 (BC_1
“64 (BC_1
“65 (BC_1
“66 (BC_1
“67 (BC_1
“68 (BC_1
“69 (BC_1
“70 (BC_1
“71 (BC_1
“ 72 (BC_1
“73 (BC_1

“35 (CBSC_1, D(25),
“36 (CBSC _1, D(26),
“37 (CBSC _1, D(27),
“38 (CBSC _1, D(28),
“39 (CBSC _1, D(29),
“40 (CBSC _1, D(30),
“41 (CBSC _1, D(31),

bidir, X, 17,1, 2),

bidir, X, 17,1, 2),
bidir, X, 17,1, 2),
bidir, X, 17,1, 2),
bidir, X, 17,1, 2),
bidir, X, 17,1, 2),

bidir, X, 17,1, 2),

BTERMBAR, input, X),
READYBAR, input, X),

HOLD, input, X),

HOLDA,  output3, X, 46, 1, Z),
* control, 1),

ADSBAR, output3, X, 61,1, Z),
BEBAR(3), output3, X, 61,1, 2),
BEBAR(2), output3, X, 61,1, Z),
BEBAR(1), output3, X, 61,1, Z),
BEBAR(0), output3, X, 61, 1, Z),
BLASTBAR, output3, X, 61,1, Z),
DENBAR, output3, X, 61, 1, 2),
WRBAR,  output3, X, 61, 1, Z),
DTRBAR, output3, X, 56, 1, 2),
* control, 1),

WAITBAR, output3, X, 61, 1, Z),
BSTALL, output3, X, 6, 1, Z),
DCBAR, output3, X, 61,1, Z),
SUPBAR, output3, X, 61, 1, 2),
* control, 1),

LOCKBAR, output3, X, 61, 1,
output3, X, 6, 1, Z),

BREQ,
A(31),
A(30),
A(29),
A(28),
AQ7),
A(26),
A(25),
A24),

output3, X, 80, 1, 2),
output3, X, 80, 1, 2),
output3, X, 80, 1, Z),
output3, X, 80, 1, 2),
output3, X, 80, 1, 2),
output3, X, 80,1, Z),
output3, X, 80, 1, 2),
output3, X, 80, 1, 2),

A(23), output3, X, 80,1, Z),
A(22), output3, X, 80,1, 2),

2),

”

»

RO R R B R o

R R R R R R R R R R X R R

R R0 R0 R R R R R R0 o
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Example 1. Boundary-Scan Description L anguage (BSDL) for PGA
Package Example (Sheet 8 of 8)

Datasheet

80960HA/HD/HT

“ 74 (BC_1, A(21),
“75 (BC_1, A(20),
“76 (BC_1, A(19),
“77 (BC_1, A(18),
“78 (BC_1, A(17),
“79 (BC_1, A(16),
“80 (BC_1, *,

“81 (BC_1, A(15),
“82 (BC_1, A(14),
“83 (BC_1, A(13),
“84 (BC_1, A(12),
“85 (BC_1, A(11),
“86 (BC_1, A(10),
“87 (BC_1, A(9),
“88 (BC_1, A(8),
“89 (BC_1, A(7),
“90 (BC_1, A(6),
“91 (BC_1, A(5),
“92 (BC_1, A(4),
“93 (BC_1, A@3),
“94 (BC_1, A(2),

output3,
output3,

output3,

output3,

output3,

X X X X X X

output3,
control, 1),

output3,

output3,

output3,

output3,
output3,

X X X X X X

output3,
output3,
output3,

output3,

output3,
output3,

output3,

output3,

X X X X X X X X

output3,

80,
80,
80,
80,
80,
80,

80,
80,
80,
80,
80,
80,
80,
80,
80,
80,
80,
80,
80,
80,

“95 (BC_4, NMIBAR, input, X),
“96 (BC_4, XINTBAR(7), input,
“97 (BC_4, XINTBAR(S), input,
“98 (BC_4, XINTBAR(5), input,
“99 (BC_4, XINTBAR(4), input,
“100(BC_4, XINTBAR(3), input,
“101(BC_4, XINTBAR(2), input,
“102(BC_4, XINTBAR(1), input,
“103(BC_4, XINTBAR(0), input,
“104(BC_4, RESETBAR, input,

“105(BC_4, CLKIN,
“106(BC_1, CT(3),
“107(BC_1, CT(2),
“108(BC_1, CT(1),
“109(BC_1, CT(0),

“110(BC_1, PCHKBAR,

“111(BC_1, *,

end Ha_Processor;

X),
X),
X),
X),
X),
X),
X),
X),
X),

input, X),

output3, X, 80,

output3, X, 80

output3, X
output3, X

control, 1)

output3,

, 80
, 80

X, 111

2),
2),
2),
2),
2),
2),

2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),

R R R P R P PRPRR® L LR R R R R R R R R R B B R B p o p e e

R0

1 2),
.1,2),
1,2),
1,2),
1,2),

R R R0 R0 R0 R

R R R R0 RO X X R R R X P P KR

R R0 R0 R0 Ro
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Example 2. Bound ary-Scan Descr iption Langu age (BSDL) for PQ2
Package Example (Sheet 1 of 8)

-- Copyright In tel Corporation 1995, 1996

-- Intel Corpora tion makes no warranty for the use of its products an
responsibility forany  errors which may appear in this do

a commitment to update the information contained herein.

-- Boundary-Sca  n Description Language (BSDL Version 0.0) is a de

-- standard mea ns of describing essential features of ANSI/IEEE

compliant devic es. This language is under consideration by the |

process may extend well into 1993, and at this time the

hold an opinion on the language.

-- i960(R) Proc essor BSDL Model

-- Project code HA

-- File *NOT** verified electrically

--Rev 0.8 4 Apr 1996 Changed for PQ2 Package
-- Rev 0.7 18 Dec 1995 Updated for A-1 stepping.
--Rev 0.6 08 Dec 1994

--Rev 0.5 21 Nov 1994

--Rev 0.4 31 Oct 1994

--Rev 0.3 26 July 1994

-- Rev 0.2 22 June 1994

- Rev0.1 16 Mar 1994

-- Rev 0.0 30 Aug 1993

inclusion within a supplement to the 1149. 1-1990 standard.

Fkkkkkkkkkkkkkkk

d assumes no

cument nor does it make

Fkkkkkkkkkkkkkkk

-facto

1149.1-1990
EEE for formal

The generation of the

supplement enta  ils an extensive IEEE review and a formal acceptance balloting
procedure  which may change the resultant form of the language. Be aware that this

IEEE does not endorse or
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80960HA/HD/HT
Example 2. Boundary-Scan Description L anguage (BSDL) for PQ2
Package Example (Sheet 2 of 8)
entity Ha_Processor is
generic(PHYSICAL_PIN_MAP : string:= “PQZ);
port (A rout  bit_vector(2 to 31)

ADSBAR :out bit;

BEBAR :out bit_vector(0 to 3);

BLASTBAR :out bit;

BOFFBAR :in bit;

BREQ rout  bit;

BSTALL :out bit;

BTERMBAR :in bit;

CT ;out  bit_vector(0 to 3);

CLKIN :in bit;

D rinout  bit_vector(0 to 31)

DENBAR :out bit;

DP inout bit_vector(0 to 3);

DTRBAR :out bit;

DCBAR :out bit;

FAILBAR :out bit;

HOLD 1in bit;

HOLDA :out bit;

LOCKBAR :out bit;

NMIBAR :in bit;

ONCEBAR :in bit;

PCHKBAR :out bit;

READYBAR :in  bit;

RESETBAR :in bit;

STEST :in bit;

SUPBAR :out bit;

TCK 1in bit;

TDI tin o bit;

TDO rout it

T™MS tin bit;

TRST 1in bit;

WAITBAR :out bit;

WRBAR :out bit;

XINTBAR :in  bit_vector(0 to 7);

FIVEVREF : linkage bit;

VCCPLL :linkage bit;
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Example 2. Bound ary-Scan Descr iption Langu age (BSDL) for PQ2

Package Example (Sheet 3 of 8)

VCC1
VCC2
VSS1
VSS2

use STD_1149

use i960ha_a

attribute Pl

constant PQ

: linkage bit_vector(0 to 23);
: linkage bit_vector(0 to 23);
: linkage bit_vector(0 to 23);
: linkage bit_vector(0 to 23)

1 1990.all;

.all;

N_MAP of Ha_Processor : entity is PHYSICAL_PIN_MA
2:PIN_MAP_STRING :=

“ A ¢! 51, 150, 147, 146, 145, 144, 141, 140, 139, 138, "&
“ 135, 134, 133, 132, 127, 126, 125, 124, 121, 12 0, "&
“ 119, 118, 113, 112, 111, 110, 107, 106, 105, 10 4), "&
“ ADSBAR :77 ,"&
“ BEBAR :(8  3,82,79,78), "&
“ BLASTBAR :84 ,"&
“ BOFFBAR :10 ,"&
“BREQ :10 0,"&
“ BSTALL :91 ,"&
“ BTERMBAR :67 ,"&
“CcT (1 83, 182, 181, 180), "&
“ CLKIN  :17 5, "&
“D a1« 2,13, 14, 15, 20, 21, 22, 23, 26, 27, 28, 29, "&
“ 34, 35, 36, 37, 39, 40, 41, 42, 45, 50, 51, 52, "&
“ 54, 55, 56, 57, 61, 62, 63, 64), "&
“ DENBAR :85 ,"&
“ DP e 06, 207, 203, 202), "&
“ DTRBAR :89 ,"&
“ DCBAR :96 ,"&
“ FAILBAR :5,  "&
“ HOLD :69 &
“ HOLDA :72 ,"&
“ LOCKBAR :99 ,"&
“ NMIBAR :15 9,"&
Datasheet
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ONCEBAR :6, "&

PCHKBAR :189, "&

READYBAR :68, "&

RESETBAR :174, "&

STEST :208, "&

SUPBAR :97, "&

TCK 1194, "&

TDI 191, "&

TDO . 188, "&

T™MS 1192, "&

TRST  :193, "&

WAITBAR :90, "&

WRBAR : 88, "&

XINTBAR : (169, 168, 167, 166, 163, 162, 161,

FIVEVREF :197, "&

VCCPLL :177, "&

VCC1 :(1,4,9,11,17,19,25,31,33,3

49, 59, 60, 66, 71, 74, 76, 81, 87
(102, 109, 115, 117, 123, 128, 131,

153, 154, 158, 165, 171, 173, 176,

196, 199, 201, 204), "&
1(2,3,7,8,16, 18, 24, 30, 32, 43

53, 58, 65, 70, 73, 75, 80, 86, 93
: (108, 114, 116, 122, 129, 130, 136,

155, 156, 157, 164, 170, 172, 178,

VCC2

VSS1

VSS2

“ 195, 198, 200, 205)

attribute Tap_Scan_In of TDI :signali
attribute Tap_Scan_Mode of TMS : signali
attribute Tap_Scan_Out of TDO : signal i
attribute Tap_Scan_Reset of TRST : signal i

attribute Tap_Scan_Clock of TCK : signali

attribute Instruction_Length of Ha_Processor:

attribute Instruction_Opcode of Ha_Processor:

160), &

8, 44, 46,

"8

, 92, 95, 101),
137, 143, 149,
179, 185, 187,

, 47,48,

"&

, 94, 98, 103),
142, 148, 152,
184, 186, 190,

S true;
S true;
S true;
S true;

s (66.0e6, BOTH);

entity is 4;

entity is

"&
"&
"&

"&
"&
"8
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“ BYPASS (11 11), "

EXTEST (00 00), "
SAMPLE (00 01), *
IDCODE (00  10), "
RUBIST (01  11), "
CLAMP (01  00), "
HIGHZ (10  00), " &

Reserved (10 11,1100) 7

R R R0 R0 R R

attribute Instruction_Capture of Ha_Processor: entity is “0001";
attribute Instruction_Private of Ha_Processor: entity is “Reserved " ;
attribute Id code_Register of Ha_Processor: entity is

“ 0001” & version,

“ 10001000010000 00" & part number
“ 00000001001 " & manufacturers identity
1 required by the standard
attribute Re gister_Access of Ha_Processor: entity is
“ Runbist[32] (RUBIST), " &
“ Bypass (CLAMP, HIGHZ) ™,
————
{ The first ce II, cell 0, is closest to TDO }
{ BC_1:Control , Output3 CBSC_1:Bidir BC_4: Input, Clock }
————
attribute Bo undary_Cells of Ha_Processor: entity is “BC_4,BC _1,CBSC_1 7

attribute Boundary_Length of Ha_Processor: entity is 112;

attribute Bo undary_Register of Ha_Processor: entity is
“0 (CBSC_1, D P(3), bidir, X, 17,1, 2), " &
“1(CBSC_1, D P(2), bidir, X, 17,1, 2), " &
“2 (CBSC_1, D P(0), bidir, X, 17,1, 2), " &
“3(CBSC_1, D P(1), bidir, X, 17,1, 2), "&
“ 4 (BC_4, STE ST, input, X), "&
“5 (BC_1, FAl  LBAR, output3, X, 6, 1, Z), " &
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“6 (BC_1, * control, 1),

7 (BC_4, ONCEBAR, input, X),
“ 8 (BC_4, BOFFBAR, input, X),
“ 9 (CBSC_1, D(0), bidir, X, 17,
“ 10 (CBSC_1, D(1), bidir, X, 17,

11 (CBSC_1, D(2), bidir, X, 17,
“ 12 (CBSC_1, D(3), bidir, X, 17,
“ 13 (CBSC_1, D(4), bidir, X, 17,
“ 14 (CBSC_1, D(5), bidir, X, 17,

15 (CBSC_1, D(6), bidir, X, 17,
“ 16 (CBSC_1, D(7), bidir, X, 17,

17 (BC_1, *, control, 1),

“ 18 (CBSC_1, D(8), bidir, X, 17,
“ 19 (CBSC_1, D(9), bidir, X, 17,
“ 20 (CBSC_1, D(10), bidir, X, 17,

21 (CBSC_1, D(11), bidir, X, 17,

22 (CBSC_1, D(12), bidir, X, 17,
“ 23 (CBSC_1, D(13), bidir, X, 17,
“ 24 (CBSC_1, D(14), bidir, X, 17,
“ 25 (CBSC_1, D(15),  bidir, X, 17,
“ 26 (CBSC_1, D(16), bidir, X, 17,

27 (CBSC_1, D(17),  bidir, X, 17,

28 (CBSC_1, D(18), bidir, X, 17,
“ 29 (CBSC_1, D(19), bidir, X, 17,
“ 30 (CBSC_1, D(20), bidir, X, 17,
“ 31(CBSC_1, D(21),  bidir, X, 17,

32 (CBSC_1, D(22), bidir, X, 17,
“ 33 (CBSC_1, D(23), bidir, X, 17,

34 (CBSC_1, D(24), bidir, X, 17,
“ 35 (CBSC_1, D(25),  bidir, X, 17,
“ 36 (CBSC_1, D(26), bidir, X, 17,
“ 37 (CBSC_1, D(27), bidir, X, 17,

38 (CBSC_1, D(28), bidir, X, 17,

39 (CBSC_1, D(29), bidir, X, 17,
“ 40 (CBSC_1, D(30), bidir, X, 17,

2),
2),
2),
2),
2),
2),
2),
2),

2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),

R R R0 R R R R R

R R R R R R R RO R R R R R X W R R P X R R K
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41 (CBSC._

42 (BC_4,
43 (BC_4,
44 (BC_4,
45 (BC_1,
46 (BC_1,
47 (BC_1,
48 (BC_1,
49 (BC_1,
50 (BC_1,
51 (BC_1,
52 (BC_1,
53 (BC_1,
54 (BC_1,
55 (BC_1,
56 (BC_1,
57 (BC_1,
58 (BC_1,
59 (BC_1,
60 (BC_1,
61 (BC_1,
62 (BC_1,
63 (BC_1,
64 (BC_1,
65 (BC_1,
66 (BC_1,
67 (BC_1,
68 (BC_1,
69 (BC_1,
70 (BC_1,
71 (BC_1,
72 (BC_1,
73 (BC_1,
74 (BC_1,
75 (BC_1,

1, D(31),
BTE

REA DYBAR,

HOL D,
HOLDA,

*
’

ADSBAR,

BEBAR(3),
BEBAR(2),
BEBAR(1),
BEBAR(0),
BLASTBAR,

DENBAR,
WRBAR,
DTRBAR,

*
’

WAITBAR,

BSTALL,
DCBAR,
SUPBAR,

*
’

LOCKBAR,

BREQ,
A(31),
A(30),
A(29),
A(28),
AQ7),
A(26),
A(25),
A24),
A(23),
A(22),
A(21),
A(20),

RMBAR,

bidir, X, 17,1, 2),
X), " &

&

input,

input, X),
input, X), &
output3, X, 46, 1, 2),
control, 1),

output3, X, 61,1, 2),
output3, X, 61,1, 2),
output3, X, 61,1, 2),
output3, X, 61,1, 2),
output3, X, 61,1, Z),
output3, X, 61,1, 2),
output3, X, 61,1, 2),
output3, X, 61,1, Z),
output3, X, 56, 1, Z),
control, 1), T &
output3, X, 61,1, Z),
output3, X, 6, 1, Z),
output3, X, 61,1, Z),
output3, X, 61,1, Z),
control, 1), T &
output3, X, 61,1, Z),

output3, X, 6, 1, 2),

80, 1, 2),

80, 1, Z),

80,1, 2),

80,1, 2),

80, 1, Z),

80, 1, Z),

80, 1, Z),

80, 1, 2),

80, 1, Z),

80,1, 2),

80, 1, Z),

80, 1, 2),

output3,

output3,

output3,

output3,
output3,

output3,

output3,
output3,

output3,

output3,

output3,

X X X X X X X X X X X X

output3,

R R RO R R P P R R

R R R0 Ro

R R R0 RO RO X X R R R R X P R
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“ 76 (BC_1,
“ 77 (BC_1,
78 (BC_1,
79 (BC_1,
80 (BC_1,
81 (BC_1,
82 (BC_1,
83 (BC_1,
84 (BC_1,
85 (BC_1,
86 (BC_1,
87 (BC_1,
88 (BC_1,
89 (BC_1,
90 (BC_1,
91 (BC_1,
92 (BC_1,
93 (BC_1,
94 (BC_1,
95 (BC_4,
96 (BC_4,
97 (BC_4,
98 (BC_4,
99 (BC_4,
100(BC_4,
101(BC_4,
102(BC_4,
103(BC_4,
104(BC_4,
105(BC_4,
106(BC_1,
107(BC_1,
108(BC_1,
109(BC_1,
110(BC_1,
111(BC_1,

end Ha_Processor;

u

x

A(19), out
A(18), out
A(17), out
A(16), out
*, con
A(15), out
A(14), out
A(13), out
A(12), out
A(11), out
A(10), out
A(9), out
A(8), out
A(7), out
A(6), out
A(5), out
A(4), out
A(3), out
A(2), out
NMIBAR,
XINTBAR(?), inp

XINTBAR(6), inp
XINTBAR(5), inp
XINTBAR(4), inp
XINTBAR(3), inp
XINTBAR(2), inp
XINTBAR(L), inp
XINTBAR(0), inp

inp

RESETBAR,

CLKIN,
CT3),
CT(2),
CT(1),
CT(0),

inp
out
out
out

out

PCHKBAR,

* control, 1)

put3, X,
put3, X,
put3, X,
put3, X,
trol, 1),
put3, X,
put3, X,
put3,

put3,

put3,

put3,

put3,

put3,

put3,
put3,

put3,

put3,

put3,

X X X X X X X X X X X X

put3,

ut,

&

ut,

X

ut,

x
b

ut,

Rl

ut,

el

ut,

=

ut,

X
b

ut,

&

ut,

a3

ut,

ut, X),

=

put3, X
put3, X
put3, X,
put3, X
put3, X

80, 1,
80, 1,
80, 1,
80, 1,

80, 1,
80, 1,
80, 1,
80, 1,
80, 1,
80, 1,
80, 1,
80, 1,
80, 1,
80, 1,
80, 1,
80, 1,
80, 1,
80, 1,

80, 1,
80, 1,
80, 1,
80, 1,
111,1, 2),

1

»

2),
2),
2),
2),
&

2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),
2),

N o o o @ 0 o o R p & 2 N

N N
-

2),

R R R Ro

R R0 R0 RO R M R R R R X R R R

R R R0 R0 Ro
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