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This doaument is primarily conaerned with the PowePC™
MPC7447A; however unles othemwise noted,all
informationhere al appliesto the MPC7447.The
MPC7447A isanimplementation othePowePC
microproesor family of reduced ingruction st compute
(RISC) microprocessors. This document desibes pettinent
electical andohyscal charaderisticsof theMPC7447A.For
fundiond chalcteristics of the processr, refer to the
MPC7450 RSCMicroprocesor Family ReferenceManual

To locae anypublishedupdatedor this documentyefer to
the Freegale websdie locaed at
http://mww.freegale.com

1 Overview

The MPC7447Ais the fifth implementation othe
fourth-geneaton(G4) microprocessrsfromFreegale. The
MPC7447Aimplementsthe full PowePC 32-bit
architectue and istaigetedat netwoking and compirig
systemsapplications The MPC7447A onsstsof a
processor coreand a 51XKbyte L2.

Figure 1 showsa block diagam of the MPC7447A.The coe
is a highperformancesupeiscdar desgn sippoting a
doubleprecison floating-point unit and &IMD multimedia
unit. The memoy storagesubsy/stem supports the MPX bus
protocol anda subset of the60x busprotocol tomain
memok andothe system resources
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Figure 1. MPC7447A Block Diagram
MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Features

NOTE
The MPC7447A is a footprint-compatble, drop4n replacenentin an
MPC7447application ifthecore powe supplyis 1.3 V.

2 Features

This section simmarizesfeatuesof the MPC7447Aimplementation othe PowePC architectue.

Major featuesof theMPC7447Aare & follows:

» High-performance,supeiscalarmicroprocessor
— Up tofouringtructionscan befetched fom the indruction cacheata time.
— Upto 12instructionscan ban theinstruction queudl Q).
— Up to 16 ingructionscan be asome stage of execution smultaneouly.
— Single-cycde exeaition for mog instructions
— One nstruction perclock cycle thoughput ér mog instructions
— Sevenstage pipelineontrol

* Elevenindependent execution wsend threeregister files
— Branch pocessng unit(BPU)featuesstatic anddynamic branchprediction

128-entry (32-set, four-way st-associative) brandh target ingruction cacheBTIC), acache
of branchinstructionsthat have baeencoungred in banch/loop codeesjuenceslf a taget
instruction isin theBTIC, it is fetched into theingruction queaie acycle soorer than it can

be madeavaiable from the instruction cache Typically, afetch that hits the BTIC provides
thefirst four ingructionsin thetarget stream.

2048entry brand higory table(BHT) with 2 bits perentiy for four levds of
prediction—not takengrongly not t&ken,taken,and $rongly taken

Up tothree outgandingspeaulative branches

Branch nstructionsthat donot updatehe countegister (CTR) or link register (LR) are
often removedfrom the nstruction gream.

Eight-entry link register sack topredictthe tagetaddess of Branch @nditionalto Link
Register (bclr) ingructions

— Fourintegerunits(IUs) that share 32GPRs for integeropeands

Three denicallUs (IU1a IUlb,and U1c) can execwall integer instructions except
multiply, divide, and noveto/from gecialpurpose register indructions

U2 exewtes miscellaneousnstructionsincludingthe (R logical opeations, integer
multiplication anddivision ingructions and moveo/from geaal-purpos register
instructions

— Five-stageFPU anda 32enty FPR file

Fully IEEE 75441985—complianEPU for both sngle-and doublepredsion opeitions
Suppots non{EEEmode or time-<critical opeations

Hardware suppot for denommalizednumbes

Thirty-two 64-bit FPRs for single- or doublepredsion opelands

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Features

— Four vectorunitsand32-entty vedor register file (VRS)

Vedor pemute unit(VPU)

Vedor integer unit1 (VIU1) handles short-latency AltiVec™ integer instructions such as
vectoradd insgructions(for exampleyaddsbs, vaddshs, andvaddsws).

Vedor integerunit2 (V1U2) handles longerlatencyAltiVecintegeringructions such &
vector multiply add instructions (for example, vmhaddshs, vmhraddshs, and
vmladduhm).

Vedor floatingpoint unit Y FPU)

— Threestageloadktore unit (LSU)

Suppots integer floatingpoint, andvedor ingruction load/sore traffic

Four-entry vectortouchqueue(VTQ) suppots all four architectal AltiVecdatastream
opeitions

3-cycle GPRandAlti Vecload latecy (byte, half word, word, vector) with 1cycle
throughput

4-cycle FPRload lateng (single, double)with 1-cyde thioughput

No addtional delay br misaligned acess within doubleword bounday

Dedicaied addercal culateseffective addeses(EAS)

Suppots sore gatheing

Performs aignment,nomalization,andpreasion convesion for floating-point data
Exeautes cache condl and TLB instructions

Performs alignment,zero padding,andsign extengon for integerdaa

Suppots hits undermisses (multiple outgandingmisses)

Suppots bothbig- and littl e-endian modesincluding misligned ittle-endian access

* Three siequeus, FIQ, VIQ, and G, can accepas nany as ore, two, andthree nstructions
respectvely, in acycle. Instruction dspatch requires the foll owing:

— Indructionscan only bedispatched fom thethreelowed 1Q enties—IQO, 1Q1, and Q2.
— A maximum ofthreeinstructions can bedispatched b theissue queueper clock cydle.

— Space nustbeavalable inthe CQ br an nstruction © dispatch. (This includesinstructionsthat
are assigned a pacein the Q butnot inan isue queue)

* Rename buffers

— 16 GPRrename bufers

— 16 FPRrename bufers

— 16 VRrenamebuffers
» Dispatch unit

— Decodedispath stage tilly decodes eacmstruction
» Completion unit

— The completiorunit retiresan ingruction from te 16-entry completionqueue(CQ) when all
instructionsaheal of it have been completed, theinstruction hasfinishedexecution, andno
exceptionsare pending.

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Features

Guaranteessequential pogramming model frecise exceptionmodel)

Monitors all digpatdhedinstructionsand etiresthemin order

Tradks unreolved banchesand flushesingructionsafter a mispredicted bianch
Retiresasmanyas threeinstructionsperclock cycle

» Sepaate onchip L1 instruction and dda caches(Harvard architecture)

32Kbyte, eightway setasocatve instructionand daa caches

Pseudo leasrecentlyused (PLRU) replacement algarhm

32-yte (eight-word) L1 cate block

Physcally indexed/physcal tags

Cachewrite-badk or write-throughopestion programmableon aperpageor perblock bass

Ingruction cachecanprovide fourinstructionsperclock cycle; daa cache @n provide four
words pe clock gy/cle

Caches can bedisabled in software.

Caches can belockedin software.

MESI data @achecoheency mantained in hadware
Sepaate opy of datacachetagsfor efficient snooping
Parity suppot on cache anthgs

No snooping ofinstruction cacheexceptfor icbi instruction
Data cacheuppots AltiVec LRU and transent nstructions

Criticd double-and/or quadword forwardingis peformed asneededCritical quadword
forwarding isused for AltiV ecloadsandinstruction fetches Otheraccessesuse critical
doubleword forwarding.

* Levd 2 (L2) cachenterface

On-chip, 512-Kbyte, eightway st-associative unfied irstruction and dataache

Fully pipelinedto provide 32bytesperclock g/cle o the L1 caches

A total 9-cycle loadlatency for an L1 datacachemissthat hitsin L2

Cachewrite-badk or write-throughopeition programmableon aperpageor perblock bass
64-byte, two-sectored line sze

Parity suppot on cache

* Separate memory management units(MMUSs) for instructionsand dda

52-it virtual addess 32- or36-bit physcal addess
Addresstrandationfor 4-Kbyte pagesvariablesized blocks and 256Mbyte segments

Memory programmable awrite-back/wite-through,cachingmnhibited/cachingallowed,and
memok coheency enbrced/memaoy coheency notenforcedon apageor block bass

Sepaate IBATs and CBATSs (eight each)also definedasSPRs
Sepaateinstruction anddatatrandation bokaside bufers (TLBS)
— Both TLBsare 128-ently, two-way st-asociative,and ug an LRU replacement algathm.

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Features

— TLBsare hadware- or software-reload#le (tha is, apagetable ach ispeformedin
hardware or by system ftware on aTLB misg.

» Efficient daaflow
— Althoughthe VR/LSU interffaceis 128bits, the L1/L2 businterface allowsupto 256bits.
— The L1 data cache itully pipelinedto provide 128bits/cycle to orfromthe VRs
— The L2 cadeis fully pipelinedto provide 256bits perprocesor clock cyde tothe L1 cade.

— As many as eightoutstanding outof-order cache msses aeallowed betveenthe L1 daicache
and theL 2 bus

— As manyas 16 outof-order transactionscan bepresenton theMPX bus

— Store meging for multiple gore misses to thesameline. Only coheency action taken
(address-only) for sore mises meigedto all 2 bytesof acache blockno data ten@needed)

— Threeently finished store queueandfive-entry completed gore queue bveenthe LSU and
the L1 data cathe

— Sepaateaddtional queuedor efficient bufering of outbound dataguchas castoutsand
write-through goreg from theL 1 datacacheandL?2 cache

* Multiprocessng support feaures includethe following:
— Hardware-enforced,MESI cathe mherency protocolsfor daa cache

— Load/dore with reservation instruction pairfor atomic memaoy references, ssmaphoes and
othe multiprocesor operations

* Powerand hermal management

— A new dynamic fequeng switching OFS) featue dlows procesor core frequeancy tobe
halved though sftware to reducepowerconsumption.

— Thefollowing three powersavingmodesare avalable to thesystem:

— Nap—Indruction fetching ishalted.Only the clocks for the time bas, decementr, and
JTAG logic remainrunning.The pat goesinto thedoze $ate tosnoop memaoy opegtions
onthe busandthen back tmap usthg aQREQ/QACK procesor-systemhandsake
protocol.

— Sleep—Poweiconsimption isfurther reduced by disabling bussnooping,leaving only the
PLL in alockedandrunningstate.All internal functionalunits are disabled.

— Deep segp—When he pat isin the ske state, the sysemcan disable the ALL . The g/stem
can therdisablethe SY&LK source for greaer systempowersavings Poweron reset
procedues for restarting and elocking thePLL mug befollowed upon exitingthe deg
sleep sate.

— Ingruction cadethrotting provides control of instruction fetching to limit device tempeature.
— A new temperature diode can detmine the emperature of the microprocessr.
— Suppot for core voltagederating tofurther reduce powerconaimption
» Performance nonitor can be ugd tohep debug gstem deggnsand impove ®ftware efficiency
* In-system tesability anddebugging éatuesthroughJTAG bounday-scan capaility
o Testability
— LSSD sandesgn

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Comparison with the MPC7447, MPC7445, and MPC7441

— |IEEE 11491 JTAG interface

— Array built-in If teg (ABIST)—factory teg only
* Rdiability and serviceability

— Parity checkng onsygembus

— Painty checkng onthe L1 andL2 caches

3 Comparison with the MPC7447, MPC7445, and
MPC7441
Table 1 compaesthe keyfeatuesof the MPC7447A withthe keyfeatuesof the ealier MPC7447,

MPC7445,andMPC7441.All are bagd on theMPC7450 RSC microprocessor andare vey similar
architectuelly. The MPC7447A isidentical to theMPC7447 but includethe DFSand tempeature diode

features
Table 1. Microarchitecture Comparison
Microarchitectural Specs MPC7447A MPC7447 MPC7445 MPC7441
Basic Pipeline Functions
Logic inversions per cycle 18
Pipeline stages up to execute 5
Total pipeline stages (minimum) 7
Pipeline maximum instruction throughput 3 + branch
Pipeline Resources
Instruction buffer size 12
Completion buffer size 16
Renames (integer, float, vector) 16, 16, 16
Maximum Execution Throughput
SFX 3
Vector 2 (any 2 of 4 units)
Scalar floating-point 1
Out-of-Order Window Size in Execution Queues
SFX integer units 1 entry x 3 queues
Vector units In order, 4 queues
Scalar floating-point unit In order
Branch Processing Resources

Prediction structures BTIC, BHT, link stack
BTIC size, associativity 128-entry, 4-way

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Comparison with the MPC7447, MPC7445, and MPC7441

Table 1. Microarchitecture Comparison (continued)

Microarchitectural Specs MPC7447A MPC7447 MPC7445 MPC7441
BHT size 2K-entry
Link stack depth 8
Unresolved branches supported 3
Branch taken penalty (BTIC hit) 1
Minimum misprediction penalty 6

Execution Unit Timings (Latency-Throughput)

Aligned load (integer, float, vector) 3-1, 4-1, 3-1
Misaligned load (integer, float, vector) 4-2,5-2,4-2
L1 miss, L2 hit latency 9 data/13 instruction
SFX (aDd Sub, Shift, Rot, Cmp, logicals) 1-1
Integer multiply (32 x 8, 32 x 16, 32 x 32) 3-1,3-1,4-2
Scalar float 5-1
VSFX (vector simple) 1-1
VCFX (vector complex) 4-1
VFPU (vector float) 4-1
VPER (vector permute) 2-1

MMUs
TLBs (instruction and data) 128-entry, 2-way
Tablewalk mechanism Hardware + software
Instruction BATs/data BATs 8/8 8/8 8/8 4/4

L1 | Cache/D Cache Features

Size 32K/32K
Associativity 8-way
Locking granularity Way
Parity on Instruction cache Word
Parity on data cache Byte
Number of data cache misses (load/store) 5/1
Data stream touch engines 4 streams

On-Chip Cache Features

Cache level L2
Size/associativity 512-Kbyte/8-way 256-Kbyte/8-way
Access width 256 bits

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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General Parameters

Table 1. Microarchitecture Comparison (continued)

Microarchitectural Specs

MPC7447A

MPC7447 MPC7445 MPC7441

Number of 32-byte sectors/line

2

Parity

Byte

Thermal Control

Dynamic frequency switching (DFS)

Yes

No

No

No

Thermal diode

Yes

No

No

No

4 General Parameters

The following lis is a simmary of the geneal paametes of the MPC7447A:

Tedhnology 0.13um CMOS, nine-layer metal

Die sze 8.51mmx 9.86mm

Transisor count 48.6milli on

Logic design Fully-static

Paclages Suface mant 360ceranic bal grid array(HCTE)

Suface maint RoHS-compliant 360 ceranic ball grid array(HCTE)
Suface maint 360 ceranic land gid array(HCTE)

Core powe suply

1.3V =50 nV DC (nominal), or

1.2V +50mV DC (deraed

1/O power supply 1.8V 5% DC, or
25V 5% DC

5 Electrical and Thermal Characteristics

This secton provides he AC and DC edctical specificaions andhermal chaacternstics for the

MPC7447A.

5.1 DC Electrical Characteristics

The tablesin this section desribe theMPC7447ADC electical charaderistics. Table 2 providesthe

absolute maximumratings

Table 2. Absolute Maximum Ratings1

Characteristic Symbol | Maximum Value |Unit|Notes
Core supply voltage Vpp -0.31t0 1.60 \Y 2
PLL supply voltage AVpp -0.3t0 1.60 \% 2
Processor bus supply voltage BVSEL =0 OVpp -0.3t01.95 \% 3,4
BVSEL = HRESET or OVpp OVpp -0.3t02.7 V | 35
Input voltage Processor bus Vin -0.3t0OVpp+0.3| V | 6,7
JTAG signals Vin |-0.3toOVpp+0.3| V —
MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
Freescale Semiconductor 9
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Electrical and Thermal Characteristics

Table 2. Absolute Maximum Ratings' (continued)

Characteristic Symbol | Maximum Value |Unit|Notes

Storage temperature range Tstg -551t0 150 °C —

Notes:

1. Functional and tested operating conditions are given in Table 4. Absolute maximum ratings are stress ratings only, and
functional operation at the maximums is not guaranteed. Stresses beyond those listed may affect device reliability or cause
permanent damage to the device.

2. Caution: Vpp/AVpp must not exceed OVpp by more than 1.0 V during normal operation; this limit may be exceeded for a
maximum of 20 ms during the power-on reset and power-down sequences.

. Caution: OVpp must not exceed Vpp/AVpp by more than 2.0 V during normal operation; this limit may be exceeded for a
maximum of 20 ms during the power-on reset and power-down sequences.

. BVSEL must be set to 0, such that the bus is in 1.8-V mode.

. BVSEL must be set to HRESET or 1, such that the bus is in 2.5-V mode.

. Caution: Vi must not exceed OVpp by more than 0.3 V at any time including during power-on reset.
. Vin may overshoot/undershoot to a voltage and for a maximum duration as shown in Figure 2.

w

N o o~

Figure 2 showsthe undeshootand oveshoot voltageon theMPC7447A.

OVpp +20% — — — —— — — —
OVDD+5%—
OVDD"

ViH

Vi
GND - - - oo
GND—O3V——|'|— ———————————
||
GND—O.7V——||———_______
< Not to Exceed 10%

of tsyscLk
Figure 2. Overshoot/Undershoot Voltage

The MPC7447A providessevera 1/0 voltagedo suppot both compatibility with eisting systemsand
migration to future systems The MPC7447Acore voltagemud alwaysbe povided at th@ominal voltage
(seeTable 4) or atthe sippoted deated voltagegeeSection 5.3,“Voltageand FequencyDerating”). The
inputvoltage tieshold for each buss selected by sampling thestate of thevoltage €lect pinsat the
negation othe sgnd HRESET. The outputvoltage willsving from GND to the maximum voltagepplied
to the OVpp power pins Table 3 providesthe input theshold voltage ttings Becaise these sttingsmay
change irfuture products it is recommendedthat BV SH. be conigured usng resistor options jumpesrs,
or some othe flexible means, with thecapability to remnfiguretheterminaion of thissignd in the future
if necesay.

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Electrical and Thermal Characteristics

Table 3. Input Threshold Voltage Settings

BVSEL Signal Processor Bus Input Threshold is Relative to: Notes
0 1.8V 1,2
-HRESET Not available 1
HRESET 25V 1
1 25V 1

Notes:

1. Caution: The input threshold selection must agree with the OV voltages supplied. See notes in Table 2.
2. If used, pull-down resistors should be less than 250 Q.

Table 4 providestherecommended opating conditionsfor the MPC7447A.

NOTE
Table 4 de<ribes thenominal opeating conditionsof thedevice.For
information regarding the opeation of the deviceat sippoted deatedcore
voltage ondiions seeSection5.3,“Voltageand FequencyDerating.”

Table 4. Recommended Operating Conditions’

Recommended Value
Characteristic Symbol Unit | Notes
Minimum | Maximum
Core supply voltage Vop 1.3V +50mV \Y 3
PLL supply voltage AVpp 1.3V +50 mV \% 2,3
Processor bus supply voltage |BVSEL =0 OVpp 1.8V +5% \%
BVSEL = HRESET or OVpp | OVpp 25V £5%
Input voltage Processor bus Vin GND OVpp \
JTAG signals Vin GND OVpp
Die-junction temperature T 0 105 °C

Notes:

1. These are the recommended and tested operating conditions. In addition, these devices also support voltage
derating; see Section 5.3, “Voltage and Frequency Derating.” Proper device operation outside of these conditions
and those specified in Section 5.3 is not guaranteed.

2. This voltage is the input to the filter discussed in Section 9.2, “PLL Power Supply Filtering,” and not necessarily the
voltage at the AVpp pin, which may be reduced from Vpp by the filter.

3. Vpp and AVpp may be reduced in order to reduce power consumption if further maximum core frequency
constraints are observed. See Section 5.3, “Voltage and Frequency Derating,” for specific information.

Table 5 providesthe padkagethemal chaacterstics for theMPC7447A.

Table 5. Package Thermal Characteristics’

Characteristic Symbol | Value Unit Notes
Junction-to-ambient thermal resistance, natural convection, single-layer (1s) board Resa 26 °C/W 2,3
Junction-to-ambient thermal resistance, natural convection, four-layer (2s2p) board Rouma 19 °C/W 2,4
Junction-to-ambient thermal resistance, 200 ft/min airflow, single-layer (1s) board Rgouma 20 °C/W 2,4

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Electrical and Thermal Characteristics

Table 5. Package Thermal Characteristics' (continued)

Characteristic Symbol | Value Unit Notes
Junction-to-ambient thermal resistance, 200 ft/min airflow, four-layer (2s2p) board Rouma 16 °C/W 2,4
Junction-to-board thermal resistance Ros 10 °C/W 5
Junction-to-case thermal resistance Reuc <01 °C/W 6

Notes:
1. Refer to Section 9.8, “Thermal Management Information,” for details about thermal management.

2. Junction temperature is a function of on-chip power dissipation, package thermal resistance, mounting site (board)
temperature, ambient temperature, airflow, power dissipation of other components on the board, and board thermal resistance.

3. Per SEMI G38-87 and JEDEC JESD51-2 with the single-layer board horizontal.

. Per JEDEC JESD51-6 with the board horizontal.

5. Thermal resistance between the die and the printed-circuit board per JEDEC JESD51-8. Board temperature is measured on
the top surface of the board near the package.

6. This is the thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883
Method 1012.1) with the calculated case temperature. The actual value of Ry for the part is less than 0.1°C/W.

N

Table 6 providesthe DCeledrical chamacterstics for the MPC7447A.
Table 6. DC Electrical Specifications

At recommended operating conditions. See Table 4.

Nominal
Characteristic Bus Symbol Min Max Unit | Notes
Voltage '

Input high voltage 1.8 Viy OVpp x0.65 | OVpp + 0.3 \ 2
all inputs
Input low voltage 1.8 ViL -0.3 OVppx035| V 2,6
(all inputs)

25 -0.3 0.7
Input leakage current, — lin — HA 2,3
Vi, =0Vpp 30
Vin =GND -30
High-impedance (off-state) leakage current, — Irs| — PA | 2,3,4
Vin = OVDD 30
Vi, = GND -30
Output high voltage @ gy =-5 mA 1.8 Von | OVpp—0.45 — \

25 1.8 —
Output low voltage @ I =5 mA 1.8 VoL — 0.45 \%

25 — 0.6

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Electrical and Thermal Characteristics

Table 6. DC Electrical Specifications (continued)

At recommended operating conditions. See Table 4.

Nominal
Characteristic Bus Symbol Min Max Unit | Notes
Voltage '
Capacitance, All other inputs Cin — 8.0 pF 5
Vip=0V, f=1MHz

Notes:

1. Nominal voltages; see Table 4 for recommended operating conditions.
2. For processor bus signals, the reference is OVpp

3. Excludes test signals and IEEE 1149.1 boundary scan (JTAG) signals
4

. The leakage is measured for nominal OVpp and Vpp, or both OVpp and Vpp must vary in the same direction (for
example, both OVpp and Vpp vary by either +5% or —5%).

. Capacitance is periodically sampled rather than 100% tested.
. Excludes signals with internal pullups: BVSEL, LSSD_MODE, TDI, TMS, and TRST.

o O

Table 7 providesthe powerconsimption br theMPC7447A. For informationregarding power
consimption when dynamidrequeny switching isenabledseeSedion 9.8.5,"Dynamic Fequecy
Switching (DFS).”
NOTE

The power consumption inbrmation in tis table appliesvhen the device is

opeltedat thenominal coe voltage indicatedn Table 4. For power

conumption d derated core voltage conditionssee Section 5.3, “Voltage

and FequencyDerating.”

Table 7. Power Consumption for MPC7447A

Processor (CPU) Frequency
Unit Notes
1000 1267 1333° 1420 MHz
Full-Power Mode

Typical 16.0 18.3 18.0 21.0 w 1,2

Maximum 23.0 26.0 25.0 30.0 w 1,3
Nap Mode

Typical 4.1 4.1 3.3 4.1 w 1,2
Sleep Mode

Typical 4.1 4.1 3.3 4.1 w 1,2

Deep Sleep Mode (PLL Disabled)
MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
Freescale Semiconductor 13
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Electrical and Thermal Characteristics

Table 7. Power Consumption for MPC7447A (continued)

Processor (CPU) Frequency
Unit Notes
1000 1267 13335 1420 MHz
Typical 4.1 4.0 3.2 4.0 W 1,2

Notes:

1. These values specify the power consumption for the core power supply (Vpp) at nominal voltage and apply
to all valid processor bus frequencies and configurations. The values do not include 1/O supply power (OVpp)
or PLL supply power (AVpp). OVpp power is system dependent but is typically < 5% of Vpp power. Worst
case power consumption for AVpp < 3 mW.

2. Typical power is an average value measured at the nominal recommended Vpp (see Table 4) and 65°C while
running the Dhrystone 2.1 benchmark and achieving 2.3 Dhrystone MIPs/MHz.

3. Maximum power is the average measured at nominal Vpp and maximum operating junction temperature (see
Table 4) while running an entirely cache-resident, contrived sequence of instructions which keep all the
execution units maximally busy.

4. Doze mode is not a user-definable state; itis an intermediate state between full-power and either nap or sleep
mode. As a result, power consumption for this mode is not tested.

5. Power consumption for these devices is artificially constrained during screening to assure lower power
consumption than other speed grades.

5.2 AC Electrical Characteristics

This section ppvidesthe ACelectrical chamcterstics for the MPC7447A. After fabrication,functional
parts are sorted by maximum pocesor core frequenyg asshown inSedion 5.2.1 “Clock AC
Specfificaions” andtested for conformance tothe AC specificationsfor that requency The piocesor core
frequeng is detemined bythe bus(SYSCLK) frequency and thesettings of thePLL_CFGJ0:4] signals
andcanbe dynanicadly modified usng dynamidrequency switching DFS) Partsare ©ld by maximum
processor core frequency; seSection 11, " Ordering Informétion,” for information on odeiing pats. DFS
is degribed n Section 9.8.5,“Dynamic Frequency @vitching OFS).”

5.2.1 Clock AC Specifications

Table 8 provides theclodk AC timing gedficationsas defined in Figure 3 and represens the tested
opetting frequenciesof the devicesThe maximum systembusfrequency, fsysc k., gvenin Table§, is
consdered apracicd maximum in atypical singlefproces®r sysem The actial maximum SY SCLK
frequeng for anyapplicationof the MPC7447Awill be a function ofthe ACtimingsof the MPC7447A,
the ACtimingsfor thesystem contoller, bus loading,printed-circuit boad topology trace lengthsand ®
forth, and nay be les than thevalue given inTable 8.

NOTE
The core frequency information in this table applies when operating the
deviceatthe romina care voltage indicaed in Table 4. Far core frequency
specfificaions a derated care voltage cadtions, seeSedion 5.3 “Voltage
and Frequeng Derating”

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Electrical and Thermal Characteristics

Table 8. Clock AC Timing Specifications

At recommended operating conditions. See Table 4.

Maximum Processor Core Frequency

Characteristic Symbol | 1000 MHz | 1267 MHz | 1333 MHz | 1420 MHz | Unit | Notes

Min | Max | Min | Max | Min | Max | Min | Max

Processor core frequency foore 600 | 1000 | 600 | 1267 | 600 | 1333 | 600 | 1420 | MHz |1, 8,9
VCO frequency fyco | 1200 | 2000 | 1200 | 2533 | 1200 | 2667 | 1200 | 2840 | MHz| 1,9
SYSCLK frequency fsyscik | 33 | 167 | 33 | 167 | 33 | 167 | 33 | 167 |[MHz|1,2,8
SYSCLK cycle time tsyscik | 60 | 30 | 60 | 30 | 6.0 | 30 | 6.0 | 30 ns 2
SYSCLK rise and fall time tkpy tke | — 1.0 — 1.0 — 10 | — 1.0 | ns 3
SYSCLK duty cycle measured at tkuk/ | 40 60 40 60 40 60 40 60 % 4
OVpp/2 tsyscik

SYSCLK cycle-to-cycle jitter — 150 — 150 — 150 — 150 ps 5,6
Internal PLL relock time — 100 | — 100 | — 100 | — 100 | us 7
Notes:

1.

N o ok WD

Caution: The SYSCLK frequency and PLL_CFG[0:4] settings must be chosen such that the resulting SYSCLK (bus)
frequency, processor core frequency, and PLL (VCO) frequency do not exceed their respective maximum or minimum
operating frequencies. Refer to the PLL_CFG[0:4] signal description in Section 9.1.1, “PLL Configuration,” for valid
PLL_CFG[0:4] settings.

. Assumes a lightly-loaded, single-processor system.

. Rise and fall times for the SYSCLK input measured from 0.4 to 1.4 V.

. Timing is guaranteed by design and characterization.

. Guaranteed by design.

. The SYSCLK driver’s closed loop jitter bandwidth should be less than 1.5 MHz at -3 dB.

. Relock timing is guaranteed by design and characterization. PLL relock time is the maximum amount of time required

for PLL lock after a stable Vpp and SYSCLK are reached during the power-on reset sequence. This specification also
applies when the PLL has been disabled and subsequently re-enabled during sleep mode. Also note that HRESET

must be held asserted for a minimum of 255 bus clocks after the PLL relock time during the power-on reset sequence.
. Caution: If DFS is enabled, the SYSCLK frequency and PLL_CFG[0:4] settings must be chosen such that the

resulting processor frequency is greater than or equal to the minimum core frequency.

. Caution: These values specify the maximum processor core and VCO frequencies when the device is operated at

the nominal core voltage. If operating the device at the derated core voltage, the processor core and VCO frequencies
must be reduced. See Section 5.3, “Voltage and Frequency Derating,” for more information.

Figure 3 providesthe SYSQK inputtiming diagam.

SYSCLK

tsyscLk——>
Vp = Midpoint Voltage (OVpp/2)

Figure 3. SYSCLK Input Timing Diagram

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Electrical and Thermal Characteristics

5.2.2 Processor Bus AC Specifications

Table 9 providesthe pocesor busAC timing Pecificaionsfor theMPC7447Aasdefined inFigure 4 and
Figure 5.

Table 9. Processor Bus AC Timing Specifications1
At recommended operating conditions. See Table 4.

All Speed Grades

Parameter Symbol 2 Unit Notes
Min Max
Input setup times: ns
A[035], AP[O4] tAVKH 1.8 — —
D[063], DP[07] tDVKH 1.8 — —
AACK, ARTRY, BG, CKSTP_IN, DBG, DTI[0:3], GBL, tivkH 1.8 — —

TT[0:3], QACK, TA, TBEN, TEA, TS, EXT_QUAL,
PMON_IN, SHDJ[0:1]

BMODE[0:1], BVSEL tMVKH 1.8 — 8
Input hold times: ns

A[0:35], AP[0:4] tAXKH 0 — —

D[0:63], DP[0:7] toxKH 0 — —

AACK, ARTRY, BG, CKSTP_IN, DBG, DTI[0:3], GBL, tixKH 0 — —

TT[0:3], QACK, TA, TBEN, TEA, TS, EXT_QUAL, —
PMON_IN, SHD[0:1]

BMODE[0:1], BVSEL tMXKH 0 — 8
Output valid times: ns

A[035], AP[O4] tKHAV — 2.0

AACK, BR, CI, CKSTP_IN, DRDY, DTI[0:3], GBL, HIT, tkHov — 2.0

_ PMON_OUT, QREQ, TBST, TSIZ[0:2], TT[0:3], WT

ARTRY, SHD[01] tKHARV — 2.0
Output hold times: ns
A[035], AP[04] tKHAX 0.5 —

AACK, BR, CI, CKSTP_IN, DRDY, DTI[0:3], GBL, HIT, tkHOX 0.5 —

_ PMON_OUT, QREQ, TBST, TSIZ[0:2], TT[0:3], WT

ARTRY, SHDJ[0:1] tKHARX 0.5 —
SYSCLK to output enable tkHoOE 0.5 — ns 5
SYSCLK to output high impedance (all except TS, ARTRY, |  tyxnoz — 3.5 ns 5
SHDO, SHD1)
SYSCLK to TS high impedance after precharge tkHTSPZ — 1 tsyscik | 34,5
Maximum delay to ARTRY/SHDO/SHD1 precharge tKHARP — 1 tsyscik | 3,5, 6,7

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Electrical and Thermal Characteristics

Table 9. Processor Bus AC Timing Specifications' (continued)

At recommended operating conditions. See Table 4.

All Speed Grades

Parameter Symbol 2 Unit Notes
Min Max
SYSCLK to ARTRY/SHDO/SHD1 high impedance after tKHARPZ — 2 tsyscik | 3,5, 6,7
precharge
Notes:

1.

All input specifications are measured from the midpoint of the signal in question to the midpoint of the rising edge
of the input SYSCLK. All output specifications are measured from the midpoint of the rising edge of SYSCLK to
the midpoint of the signal in question. All output timings assume a purely resistive 50-Q load (see Figure 4). Input
and output timings are measured at the pin; time-of-flight delays must be added for trace lengths, vias, and
connectors in the system.

- The symbology used for timing specifications herein follows the pattern of t(igna(state)(reference)(state) for inputs

and Y(reference)(state)(signal)(state) for outputs. For example, tjyky symbolizes the time input signals (I) reach the valid
state (V) relative to the SYSCLK reference (K) going to the high (H) state or input setup time. And txov
symbolizes the time from SYSCLK(K) going high (H) until outputs (O) are valid (V) or output valid time. Input hold
time can be read as the time that the input signal (I) went invalid (X) with respect to the rising clock edge (KH)
(note the position of the reference and its state for inputs) and output hold time can be read as the time from the
rising edge (KH) until the output went invalid (OX).

- tsyscik is the period of the external clock (SYSCLK) in ns. The numbers given in the table must be multiplied by

the period of SYSCLK to compute the actual time duration (in ns) of the parameter in question.

. According to the bus protocol, TS is driven only by the currently active bus master. It is asserted low and

precharged high before returning to high impedance, as shown in Figure 6. The nominal precharge width for TS
is 0.5 x tgyscLk, that is, less than the minimum tgysck period, to ensure that another master asserting TS on
the following clock will not contend with the precharge. Output valid and output hold timing is tested for the signal
asserted. Output valid time is tested for precharge.The high-impedance behavior is guaranteed by design.

. Guaranteed by design and not tested.
. According to the bus protocol, ARTRY can be driven by multiple bus masters through the clock period immediately

following AACK. Bus contention is not an issue because any master asserting ARTRY will be driving it low. Any
master asserting it low in the first clock following AACK will then go to high impedance for 1 clock before
precharging it high during the second cycle after the assertion of AACK. The nominal precharge width for ARTRY
is 1.0 tgygcLk; that is, it should be high impedance as shown in Figure 6 before the first opportunity for another
master to assert ARTRY. Output valid and output hold timing is tested for the signal asserted.The high-impedance
behavior is guaranteed by design.

. According to the MPX bus protocol, SHDO and SHD1 can be driven by multiple bus masters beginning the cycle

of TS. Timing is the same as ARTRY, that is, the signal is high impedance for a fraction of a cycle, then negated
for up to an entire cycle (crossing a bus cycle boundary) before being three-stated again. The nominal precharge
width for SHDO and SHD1 is 1.0 tgygcLk- The edges of the precharge vary depending on the programmed ratio
of core to bus (PLL configurations).

. BMODE[0:1] and BVSEL are mode select inputs and are sampled before and after HRESET negation. These

parameters represent the input setup and hold times for each sample. These values are guaranteed by design
and not tested. These inputs must remain stable after the second sample. See Figure 5 for sample timing.

Figure 4 providesthe ACteg loadfor the MPC7447A.

Output {) Zp=50Q WOVDD/Z
R =500

Figure 4. AC Test Load

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Electrical and Thermal Characteristics

Figure 5 providesthe modeselect input timing digram for the MPC7447A.The modeselect inpus are
sanpled twice,once befre and once @ HRESET negation.

SYSCLK FN Fw\ SN\ S\ A\
/

HRESET

Mode Signals

| I I
| I I
| I I
| I I
| I I
| X
I I !
1st Sample 2nd Sample
V1 = Midpoint Voltage (OVpp/2)

Figure 5. Mode Input Sample Timing Diagram

Figure 6 providesthe input/output timing diagm for theMPC7447A.

ssox N\ K\ Fem
tavki—>| e <—IAXKH
k| Tle |<lixKH
; ~<tvxkH
MVKH —» l«—
All Inputs
—>> (_tKHAV —> (_tKHAX
—> <—tkHDv —> <—tkHDX
—> <—tkHov
All Outputs > ~<—tkHox
(Except TS, i
ARTRY, SHDO, SHD1)
tKHOE_> [€— ¢
-
All Outputs el I KHoz
(Except TS, I
ARTRY, SHDO, SHD1) I |
<«—tkHTSP—>
—>| <—tkHTSV
—> tkHTSX
L —> <tKHTSV
TS *
I
< tkHARPZ——— ]
—> <—tkHARV < tkHARP >
ARTRY, —» l«——tKHARX 7
SHDO, 7
SHD1

V1 = Midpoint Voltage (OVpp/2)

Figure 6. Input/Output Timing Diagram
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Electrical and Thermal Characteristics

5.2.3 IEEE 1149.1 AC Timing Specifications

Table 10 provides the|EEE 1149.1(JTAG) AC timing gedficationsasdefined inFigure 16 through
Figure 19.

Table 10. JTAG AC Timing Specifications (Independent of SYSCLK)1
At recommended operating conditions. See Table 4.

Parameter Symbol Min Max Unit Notes
TCK frequency of operation frok 0 33.3 MHz
TCK cycle time trolk 30 — ns
TCK clock pulse width measured at 1.4 V tynuL 15 — ns
TCK rise and fall times tyr and typ — 2 ns
TRST assert time trrsT 25 — ns 2
Input setup times: ns 3
Boundary-scan data tovuH 4 —
TMS, TDI tivyH 0 —
Input hold times: ns 3
Boundary-scan data toxJH 20 —
TMS, TDI tixuH 25 —
Valid times: ns 4
Boundary-scan data tyLov 4 20
TDO tyLov 4 25
Output hold times: ns 4
Boundary-scan data tyLDx 30 —
TDO tyLox 30 —
TCK to output high impedance: ns 4,5
Boundary-scan data LDz 3 19
TDO toz 3 9

Notes:

1. All outputs are measured from the midpoint voltage of the falling/rising edge of TCLK to the midpoint of the signal
in question. The output timings are measured at the pins. All output timings assume a purely resistive 50-Q load
(see Figure 7). Time-of-flight delays must be added for trace lengths, vias, and connectors in the system.

. TRST is an asynchronous level sensitive signal. The time is for test purposes only.
. Non-JTAG signal input timing with respect to TCK.

. Non-JTAG signal output timing with respect to TCK.

. Guaranteed by design and characterization.

g~ WD

Figure 7 providesthe ACted loadfor TDO and thebounday-scan output®f theMPC7447A.

ompu@@ Zy=50 Q W OVpp/2
R .=50Q

Figure 7. Alternate AC Test Load for the JTAG Interface

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Figure 8 providesthe JAG clockinput timing diagam.

V1 = Midpoint Voltage (OVpp/2)
Figure 8. JTAG Clock Input Timing Diagram

Figure 9 providesthe TRST timing diagram.

TRST VMT 7‘Z Vim
<«——— btReT——>

V1 = Midpoint Voltage (OVpp/2)

Figure 9. TRST Timing Diagram

Figure 10 providesthe boundar-scan timing diagam.

TCK Vi Vi
N N
tovgH
toxJH
Boundary —rout -
Data Inputs N— DatapVaIid
<«— LLov—>
— tpox |e—71
Boundary —N .
Data Outputs Output Data Valid
<tz >
Boundary -
Data Outputs Output Data Valid = N

Vp = Midpoint Voltage (OVpp/2)
Figure 10. Boundary-Scan Timing Diagram
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Figure 11 providesthe est acces pott timing diagram.

TCK Vi Vi

N ~

t —>
IVJIH <—tixuH
~Input _
TDI, TMS N Data Valid
< tiLov
—> tox
\ -
TDO Output Data Valid
N

<—tJLoz+‘
TDO  Output Data Valid | N
Vp = Midpoint Voltage (OVpp/2)
Figure 11. Test Access Port Timing Diagram

5.3 Voltage and Frequency Derating

To reduce the paver consimption ofthedevice, these devicesuppot voltageand fequency derating
whereby he core voltage (Vpp) may be educedif the reduced maximunprocesor core frequency
requirementsare obsrved. The suppotedderated core voltage,resulting maximum pocessor core
frequeny (f.e), andpowe consimption ae provided in Table 11. Only those paametersin Table 11 are
affected; all otherparameter specificaions are unafected.

Table 11. Supported Voltage, Core Frequency, and Power Consumption Derating

. Full-Power Mode Power
Maximum Rated Supported . -
Maximum Derated Core Consumption
Core Frequency Derated Core Frequency (f.ore)
. . core.
(Device Marking) Voltage (Vpp) Maximum Typical
1000 1.20 V £50mV 867 MHz 15.5 W 105 W
1267 1065 MHz 18.2 W 12.3W
1333 1167 MHz 18.1 W 12.3W
1420 1267 MHz 21.0W 142 W

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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6 Pin Assignments

Figure 12 (in Pat A) showsthe pinoutof the MPC7447A,360 highcoeficient of themal expasion
ceramic bdl grid aray (HCTE) packaye asviewed from the top surface Part B showsthe sde profile of
the HCTE padkageto indicat the direcion ofthe top surfaceview.

Part A
1 2 3 4 5 6 7 8 9 10 1112 13 14 1516 17 18 19

O000O00OO0O0OO0OOOOOOOO
OOO0O0O0O0OOOOOOOOOOOOO
OO0O0O0O0O0OOOOOOO0OOOOOO
OO0O0O0O0O0O0OOOOOOOOOOOO
QOO000O0O0OOOOOOOOOOOO
OO0O0O0O0O0OOO0OOOOOOOOOO
OOO0O0OO0OOO0OOOOOOOOO0O
OO00O00O0O0OOOOOOOOOOOO
olojojololololololololololelolo]e)ele)
OO0O0O0O0O0OOOOOOOOOOOOO
QOO0O000O0OOOOOOOOOOOO
OO0O00O0O0OO0O0OOOOOOOOOO0O
OO0O0OO0O0OOO0OOOOOOOOOO
OOO0O0O0O0OOO0OOOOOOOO0O
olojololololololclololo]olololololele
olojololololololclololo]olololololele
QOO0000O0O0OOOOOOOOOOO
OO0O0O0O0O0OOOOOOOOOOOOO
w OO0OO0O0O0O000OO0OOOOOOOO0

Not to Scale

< CcCc-Hd4 »m®WUVTZ2ZIr X IT @gmTMm Mmoo >

Part B
Substrate Assembly View

Encapsulant

Figure 12. Pinout of the MPC7447A, 360 HCTE Package as Viewed from the Top Surface
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7 Pinout Listings

Table 12 provides the pinout lising for the MPC7447A,360 HCTE padage.The pinoutsof the
MPC7447Aand MPC7447 ae pin compatible, butthere havebeensome changesAn MPC7447A my
be populatd on aboad designedfor a MPC7447 povidedall pinsdefined asnoconnet for the
MPC7447 ae unteminated as required by theMPC7457 RSCMicroprocessor Hardware Specifications
The MPC7447A uses pinsprevioudy marked‘noconred’ for thetempeature diode pinsandfor
additional poweand gound connetions Becaise thes ‘no connet’ pinsin the MPC7447 36Q(in
package anot divenin functional node anMPC7447 ca bepopulated iran MPC7447A boad. See
Section9.4,“Connection Rcommend&ons” for additiond information.

NOTE
Caution mus be exercised when performing bounday scan tesopestions
on aboad desgned br anMPC7447Abut populatedvith anMPC7447.
This isbecausein theMPC7447it is posible to drivethelatches associated
with theformer ‘no connet’ pinsin the MPC7447,potentially @using
contention orthoe pins To prevent this, ensure that thee pinsare not
conneced onthe boad or, if they are connead, ensure that the states of
intemal MPC7447latchesdo not caise these pinsto bedriven during boad
testing.

NOTE

This pinout isnotcompatibé with the MPC750,MPC7400,or MPC7410
360 BGA andLGA packae.

Table 12. Pinout Listing for the MPC7447A, 360 HCTE Package

Signal Name Pin Number Active 1/0 IFF Select' | Notes
A[0:35] E11, H1, C11, G3, F10, L2, D11, D1, C10, G2, D12, High I/0 BVSEL 2
L3, G4, T2, F4, V1, J4, R2, K5, W2, J2, K4, N4, J3, M5,
P5, N3, T1, V2, U1, N5, W1, B12, C4, G10, B11
AACK R1 Low Input BVSEL
AP[0:4] C1, E3, H6, F5, G7 High I/0 BVSEL 2
ARTRY N2 Low I/0 BVSEL 3
AVpp A8 — Input N/A
BG M1 Low Input BVSEL
BMODEO G9 Low Input BVSEL 4
BMODE1 F8 Low Input BVSEL 5
BR D2 Low Output BVSEL
BVSEL B7 High Input BVSEL 1,6
Cl J1 Low Output BVSEL
CKSTP_IN A3 Low Input BVSEL
CKSTP_OUT B1 Low Output BVSEL
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Table 12. Pinout Listing for the MPC7447A, 360 HCTE Package (continued)

Signal Name Pin Number Active 1/0 IFF Select' | Notes
CLK_OUT H2 High Qutput BVSEL
D[0:63] R15, W15, T14, V16, W16, T15, U15, P14, V13, W13, High 1/0 BVSEL
T13, P13, U14, W14, R12, T12, W12, V12, N11, N10,
R11, U11, W11, T11, R10, N9, P10, U10, R9, W10,
U9, V9, W5, U6, T5, U5, W7, R6, P7, V6, P17, R19,
V18, R18,V19,T19,U19, W19, U18, W17, W18, T16,
T18, T17, W3, V17, U4, U8, U7, R7, P6, R8, W8, T8
DBG M2 Low Input BVSEL
DP[0:7] T3, W4, T4, W9, M6, V3, N8, W6 High 1/0 BVSEL
DRDY R3 Low Output BVSEL 7
DTI[0:3] G1, K1, P1, N1 High Input BVSEL 8
EXT_QUAL A1 High Input BVSEL 9
GBL E2 Low 1/0 BVSEL
GND B5, C3,D6,D13,E17,F3,G17,H4, H7, H9, H11, H13, — — N/A
J6, J8, J10, J12, K7, K3, K9, K11, K13, L6, L8, L10,
L12, M4, M7, M9, M11, M13, N7, P3, P9, P12, R5,
R14, R17, T7, T10, U3, U13, U17, V5, V8, V11, V15
GND A17,A19, B13,B16, B18, E12, E19, F13, F16, F18, — — N/A 15
G19, H18, J14, L14, M15, M17, M19, N14, N16, P15,
P19
GND_SENSE G12, N13 — — N/A 19
HIT B2 Low Output BVSEL 7
HRESET D8 Low Input BVSEL
INT D4 Low Input BVSEL
L1_TSTCLK G8 High Input BVSEL 9
L2_TSTCLK B3 High Input BVSEL 10
NC (no connect) A6, A14, A15, B14, B15, C14, C15, C16, C17, C18, — — — 11
C19, D14, D15, D16, D17, D18, D19, E14, E15, F14,
F15, G14, G15, H15, H16, J15, J16, J17, J18, J19,
K15, K16, K17, K18, K19, L15, L16, L17, L18, L19
LSSD_MODE E8 Low Input BVSEL 6,12
MCP C9 Low Input BVSEL
OVpp B4, C2, C12, D5, F2, H3, J5, K2, L5, M3, N6, P2, P8, — — N/A
P11, R4, R13, R16, T6, T9, U2, U12, U16, V4, V7,
V10, V14
OVDD_SENSE E18,G18 — — N/A 16
PLL_CFG[0:4] B8, C8, C7, D7, A7 High Input BVSEL
PMON_IN D9 Low Input BVSEL 13
PMON_OUT A9 Low Output BVSEL
MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Table 12. Pinout Listing for the MPC7447A, 360 HCTE Package (continued)

Signal Name Pin Number Active 1/0 IFF Select' | Notes

QACK G5 Low Input BVSEL
QREQ P4 Low Output BVSEL
SHD[0:1] E4, H5 Low I/0 BVSEL 3
SMI F9 Low Input BVSEL
SRESET A2 Low Input BVSEL
SYSCLK A10 — Input BVSEL
TA Ké Low Input BVSEL
TBEN E1 High Input BVSEL
TBST Fi1 Low Output BVSEL
TCK c6 High Input BVSEL
TDI B9 High Input BVSEL 6
TDO A4 High Output BVSEL
TEA L1 Low Input BVSEL
TEMP_ANODE N18 17
TEMP_CATHODE |N19 17
TEST[0:3] A12,B6, B10, E10 — Input BVSEL 12
TEST[4] D10 — Input BVSEL 9
T™S F1 High Input BVSEL 6
TRST A5 Low Input BVSEL 6, 14
TS L4 Low I/0 BVSEL 3
TSI1Z[0:2] G6, F7,E7 High Output BVSEL
TT[0:4] E5, ES6, F6, E9, C5 High I/0 BVSEL
WT D3 Low Output BVSEL
Voo H8, H10, H12,J7,J9, J11, J13, K8, K10, K12, K14, L7, — — N/A

L9, L11, L13, M8, M10, M12
Voo A13, A16, A18,B17, B19, C13, E13, E16, F12, F17, — — N/A 15

F19, G11, G16, H14, H17, H19, M14, M16, M18, N15,

N17, P16, P18
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Table 12. Pinout Listing for the MPC7447A, 360 HCTE Package (continued)

Signal Name Pin Number Active 1/0 IF Select' | Notes
VDD_SENSE G13, N12 — — N/A 18
Notes:

1. OVpp supplies power to the processor bus, JTAG, and all control signals; Vpp supplies power to the processor core and the
PLL (after filtering to become AVpp). To program the 1/O voltage, connect BVSEL to either GND (selects 1.8 V), or to
HRESET or OVpp (selects 2.5 V); see Table 3. If used, the pull-down resistor should be less than 250 Q.Because these
settings may change in future products, it is recommended BVSEL be configured using resistor options, jumpers, or some
other flexible means, with the capability to reconfigure the termination of this signal in the future if necessary. For actual
recommended value of Vj, or supply voltages see Table 4.

2. Unused address pins must be pulled down to GND and corresponding address parity pins pulled up to OVpp.

3. These pins require weak pull-up resistors (for example, 4.7 KQ) to maintain the control signals in the negated state after they
have been actively negated and released by the MPC7447A and other bus masters.

4. This signal selects between MPX bus mode (asserted) and 60x bus mode (negated) and will be sampled at HRESET going

high.

. This signal must be negated during reset, by pull-up resistor to OVpp or negation by ~-HRESET (inverse of HRESET), to

ensure proper operation.

. Internal pull up on die.

. Ignored in 60x bus mode.

. These signals must be pulled down to GND if unused, or if the MPC7447A is in 60x bus mode.

9. These input signals are for factory use only and must be pulled down to GND for normal machine operation.

10.This test signal is recommended to be tied to HRESET; however, other configurations will not adversely affect performance.

11.These signals are for factory use only and must be left unconnected for normal machine operation. Some pins that were
NCs on the MPC7447, MPC7445, and MPC7441 have now been defined for other purposes.

12.These input signals are for factory use only and must be pulled up to OVpp for normal machine operation.

13.This pin can externally cause a performance monitor event. Counting of the event is enabled through software.

14.This signal must be asserted during reset, by pull down to GND or assertion by HRESET, to ensure proper operation.

15.These pins were NCs on the MPC7447, MPC7445, and MPC7441. They may be left unconnected for backward compatibility

with these devices, but it is recommended they be connected in new designs to facilitate future products. See Section 9.4,
“Connection Recommendations,” for more information.

16.These pins were OVpp pins on the MPC7447, MPC7445, and MPC7441. These pins are internally connected to OVpp and
are intended to allow an external device to detect the I/O voltage level present inside the device package. If unused, they
must be connected directly to OV or left unconnected.

17.These pins provide connectivity to the on-chip temperature diode that can be used to determine the die junction temperature
of the processor. These pins may be left unterminated if unused.

18.These pins are internally connected to Vpp and are intended to allow an external device to detect the processor core voltage
level present inside the device package. If unused, they must be connected directly to Vpp or left unconnected.

19.These pins are internally connected to GND and are intended to allow an external device to detect the processor ground
voltage level present inside the device package. If unused, they must be connected directly to GND or left unconnected.

)]

o N o
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8 Package Description

The following sedionsprovide thepackae paemeers and nechancal dimensions or the HCTE
package.

8.1 Package Parameters for the MPC7447A, 360 HCTE BGA

The packageparametes are & providedin the following list. The packagetype is25x 25 mm,3&0-lead
high coeficientof thermal expan®n ceamicbal grid aray (HCTE).

Paclage autline 25x 25mm

Interconnecs 360(19 x 19bdl array —1)
Pitch 1.27mm (5 mil)
Minimum malue height 2.72mm

Maximum modue height 3.24mm

Ball diameter 0.89mm (35 mil)

Coefficient ofthemal expanson 12.3ppm/FC

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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8.2

Mechanical Dimensions for the MPC7447A, 360 HCTE BGA

Figure 13 providesthe mechanical dimemsandbottom sirface nomenclater for the MPC7447A, 360

HCTE BGA package.
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@ (20.15|A

Capacitor Region

NOTES:

1. Dimensioning and
tolerancing per ASME
Y14.5M, 1994

2. Dimensions in millimeters.
3. Top side A1 cornerindex is a

metalized feature with

various shapes. Bottom side
A1 corner is designated with
a ball missing from the array.

Millimeters
Dim Min Max
A 2.72 3.24
Al 0.80 1.00
A2 1.10 1.30
A3 — 0.6
b 0.82 0.93

D 25.00 BSC
D1 — 11.3
D2 8.0 —
D3 — 6.5
D4 9.76 9.96

1.27 BSC

25.00 BSC
E1 — 11.3
E2 8.0 —
E3 — 6.5
E4 8.41 8.61

Figure 13. Mechanical Dimensions and Bottom Surface Nomenclature for the MPC7447A,

360 HCTE BGA Package
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8.3 Package Parameters for the MPC7447A, 360 HCTE LGA

The packag@arameters are asprovidedin the following list. The packageypeis 25x 25mm, 360high
coefficient of thema expangon ceramic land grid array (HCTE).

Paclage autline 25x 25mm

Interconnect 360(19 x 19bdl array —1)
Pitch 1.27mm (50 mil)
Minimum malule height 1.92mm

Maximum modue height 2.20mm

Coefficiert of thermalexpansion 12.3 ppn/°C

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5

Freescale Semiconductor 29

Downloaded fronDatasheet.su



Package Description

8.4

HCTE LGA package
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Mechanical Dimensions for the MPC7447A, 360 HCTE LGA

Figure 14 providesthe mechanical dimemsandbottom sirface nomenclater for the MPC7447A, 360

NOTES:

1.

Dimensioning and
tolerancing per ASME
Y14.5M, 1994

Dimensions in millimeters.
Top side A1 corner index is a
metalized feature with
various shapes. Bottom side
A1 corner is designated with
a pad missing from the array.
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@ (20.15|A

Millimeters
Dim Min Max
A 1.92 2.20
A1 1.10 1.30
A2 — 0.6
b 0.82 0.93
D 25.00 BSC
D1 — 11.3
D2 8.0 —
D3 — 6.5
D4 9.76 9.96
1.27 BSC
25.00 BSC
E1 — 11.3
E2 8.0 —
E3 — 6.5
E4 8.41 8.61

Figure 14. Mechanical Dimensions and Bottom Surface Nomenclature for the MPC7447A,
360 HCTE LGA Package
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8.5 Package Parameters for the MPC7447A, 360 HCTE
RoHS-Compliant BGA

The packae parametes are as provided inthe ollowing list. The packageype 525x 25mm, 360
leadfree highcodficientof thermal expan®n ceamic ballgrid aray (HCTE).

Paclage autline 25x 25mm

Interconnect 360(19 x 19bdl array —1)
Pitch 1.27mm (5 mil)
Minimum malue height 2.32mm

Maximum modue height 2.80mm

Ball diameter 0.75mm (30 mil)

Coefficiert of thermalexpansion 12.3 ppn/°C
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8.6

RoHS-Compliant BGA

Figure 15 providesthe mechanical dimemsandbottom sirface nomenclater for the MPC7447A, 360

HCTE BGA
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Mechanical Dimensions for the MPC7447A, 360 HCTE

NOTES:

1. Dimensioning and
tolerancing per ASME
Y14.5M, 1994

Dimensions in millimeters.
Top side A1 corner index is a
metalized feature with
various shapes. Bottom side
A1 corner is designated with
a ball missing from the array.
Dimension A1 represents the
collapsed sphere diameter.

Millimeters
Dim Min Max
A 2.32 2.80
A1% | 040 | 0.60
A2 1.10 1.30
A3 — 0.6
b 0.60 0.90
D 25.00 BSC
D1 — 11.3
D2 8.0 —
D3 — 6.5
D4 9.76 9.96
1.27 BSC
25.00 BSC
E1 — 11.3
E2 8.0 —
E3 — 6.5
E4 8.41 8.61

Figure 15. Mechanical Dimensions and Bottom Surface Nomenclature for the MPC7447A,
360 HCTE RoHS-Compliant BGA Package
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8.7  Substrate Capacitors for the MPC7447A, 360 HCTE

Figure 16 showsthe connetivity of the sibgratecapacitorpadsfor theMPC7447A,360HCTE. All

capadors ae 100nF

Pad Number
A1 CORNER Capacitor
-1 )
Ct GND Vpp
[ C1-1 C21 C3-1 C4-1 C5-1 C6-1 ) C2 GND Voo
— [ I ] [ ] ] [ ] ] C3 GND OVDD
[ 1 ] 1 [ I I ]
Cl2 C22 C3-2 C42 C52 C6-2 C4 GND Vop
-mE A A - C5 GND Vbp
< <t ) '
Suly S5UL S C6 GND Vbp
‘I___(\Il o — Cc7 GND VDD
[e2] (o) ' '
Sul 8 SUL S of:] GND Vpp
<[] & ~ [ - C9 GND Vpb
8 N & &
oubd gy ol o C10 GND Voo
“HOf SAM = C11 GND Voo
Suby ol o c12 GND Vpp
TR Nmm
2 ) - - C13 GND Vpp
ORRoO Ul Cl4 GND | Vpp
TR S
@ o S N C15 GND Vbb
,_ 5 5
oulb o c182 c17-2C16-2 C152 C14-2 C13-2 - UL c16 GND Vop
[ 1 ] 1 [ I I ]
| 1 [ | 1 [ ] [ ] | | C17 GND Vbp
C18-1 C17-1C16-1 C15-1 C14-1 C13-1 ci18 GND OVpp
/
> c19 GND OVpp
C20 GND Vbp
c21 GND OVpp
C22 GND s
c23 GND OVpp
C24 GND Vbp

Figure 16. Substrate Bypass Capacitors for the MPC7447A, 360 HCTE
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9 System Design Information

This secion provides sytemand hemal desgn reconmendatons br succesful applicaton ofthe
MPC7447A.

9.1 Clocks

9.1.1 PLL Configuration

The MPC7447A PLL is configured by the PL_CFG[0:4] signals For a given SYSCK (bug frequeng,
thePLL configuraion signds et theinternd CPU andVCO frequeng of opegtion. The PLL
configuration for the MPC7447A isshownin Table 13 for a setof exanple frequences. In this exanple,
shadel cel srepreentsettings hat, for a gvenSY SCLK frequencyresult in caeand/orVCO frequences
that donot comply wth the 1400MHz column inTable 8. Whenenabled,dynamicfrequency witching
(DFS)al= affectsthe core frequency by halving théusto-core muttiplier; see Sedion 9.8.5 “Dynamic
Frequency Switching DFS),” for more information. Note that when DFS is endled the resulting coe
frequency mud meet the minimum core frequencyrequirementsde<ribed in Table 8.

Table 13. MPC7447A Microprocessor PLL Configuration Example for 1420-MHz Parts

Example Bus-to-Core Frequency in MHz (VCO Frequency in MHz)
PLL_ Bus-to- Core-to- Bus (SYSCLK) Frequency
CFG[0:4] Core VCO
Multiplier | Multiplier 33 50 67 75 83 100 133 167
P P MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz
01000 2x ! 2x
10000 3x ! 2x
10100 4x 1 2x 668
(1333)
10110 5x 2x 665 835
(1333) | (1670)
10010 5.5x 2x 732 919
(1466) | (1837)
11010 6x 2x 600 798 1002
(1200) | (1600) | (2004)
01010 6.5x 2x 650 865 1086
(1300) | (1730) | (2171)
00100 7x 2x 700 931 1169
(1400) | (1862) | (2338)
00010 7.5x 2x 623 750 998 1253
(1245) | (1500) | (2000) | (2505)
11000 8x 2x 600 664 800 1064 1336
(1200) | (1328) | (1600) | (2128) | (2672)
MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Table 13. MPC7447A Microprocessor PLL Configuration Example for 1420-MHz Parts (continued)

Example Bus-to-Core Frequency in MHz (VCO Frequency in MHz)
PLL_ Bus-to- Core-to- Bus (SYSCLK) Frequency
CFG[0:4] Core vCO
Multiolier | Multiolier 33 50 67 75 83 100 133 167
ultip P MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz
01100 8.5x 2x 638 706 850 1131 1420
(1276) | (1412) | (1700) | (2261) | (2833)
01111 9x 2x 603 675 747 900 1197
(1200) | (1350) | (1494) | (1800) | (2394)
01110 9.5x 2x 637 713 789 950 1264
(1266) | (1524) | (1578) | (1900) | (2528)
10101 10x 2x 670 750 830 1000 1330
(1333) | (1500) | (1660) | (2000) | (2667)
10001 10.5x 2x 704 788 872 1050 1397
(1400) | (1876) | (1744) | (2100) | (2793)
10011 11x 2x 737 825 913 1100
(1466) | (1650) | (1826) | (2200)
00000 11.5x 2x 771 863 955 1150
(532) | (1726) | (1910) | (2300)
10111 12x 2x 600 804 900 996 1200
(1200) | (1600) | (1800) | (1992) | (2400)
11111 12.5x 2x 625 838 938 1038 1250
(1200) | (1666) | (1876) | (2076) | (2500)
01011 13x 2x 650 871 975 1079 1300
(1300) | (1730) | (1950) | (2158) | (2600)
11100 13.5x 2x 675 905 1013 1121 1350
(1350) | (1800) | (2026) | (2242) | (2700)
11001 14x 2x 700 938 1050 1162 1400
(1400) | (1866) | (2100) | (2324) | (2800)
00011 15x 2x 750 1005 1125 1245
(1500) | (2000) | (2250) | (2490)
11011 16x 2x 800 1072 1200 1328
(1600) | (2132) | (2400) | (2656)
00001 17x 2x 850 1139 1275 1411
(1900) | (2264) | (2550) | (2822)
00101 18x 2x 900 1206 1350
(1800) | (2400) | (2700)
00111 20x 2x 660 1000 1340
(1334) | (2000) | (2664)
01001 21x 2x 693 1050 1407
(1400) | (2100) | (2797)

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Table 13. MPC7447A Microprocessor PLL Configuration Example for 1420-MHz Parts (continued)

Example Bus-to-Core Frequency in MHz (VCO Frequency in MHz)
PLL_ Bus-to- Core-to- Bus (SYSCLK) Frequency
CFal0:4] Core vCoO
Multiolier | Multiolier 33 50 67 75 83 100 133 167
P P MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz
01101 24x 2x 792 1200
(1600) | (2400)
11101 28x 2x 924 1400
(1866) | (2800)
00110 PLL bypass PLL off, SYSCLK clocks core circuitry directly
11110 PLL off PLL off, no core clocking occurs
Notes:

1. Ratios below 5:1 require an AACK delay See MPC7450 RISC Microprocessor Family Reference Manual, Section
9.3.3, “MPX Bus Address Tenure Termination.”
2. The sample bus-to-core frequencies shown are for reference only. Some PLL configurations may select bus, core,
or VCO frequencies that are not useful, not supported, or not tested for by the MPC7455; see Section 5.2.1, “Clock

AC Specifications,” for valid SYSCLK, core, and VCO frequencies.

3. In PLL-bypass mode, the SYSCLK input signal clocks the internal processor directly and the PLL is disabled.
However, the bus interface unit requires a 2x clock to function. Therefore, an additional signal, EXT_QUAL, must be
driven at one-half the frequency of SYSCLK and offset in phase to meet the required input setup tjyky and hold time
tixky (see Table 9). The result will be that the processor bus frequency will be one-half SYSCLK while the internal
processor is clocked at SYSCLK frequency. This mode is intended for factory use and emulator tool use only.
Note: The AC timing specifications given in this document do not apply in PLL-bypass mode.

4. In PLL-off mode, no clocking occurs inside the MPC7447A regardless of the SYSCLK input.

9.1.2 System Bus Clock (SYSCLK) and Spread Spectrum Sources
Spread spedrum clock ourcesare an increasngly popularway tocontrol eledromagnetic intderence

emissions(EMI) by sreading theemited noise to awider spectum andreducing thepeak nois

magnitude in aterto meeindudry and govenment equirements The< clock urcesintentionally ald

long+em jitter in orderto diffuse the BMI spedral content.The jitter specificaion given inTable 8
congders short-term (cycle-to-cycle) jitter only andthe clock generator’s cycle-to-cycle outputjitter

should meetthe MPC7457 inputcycleto-cycle jitter requirement.Frequency modulation ad gread are
separate mncens andtheMPC7457 iscompatible with gread gpectium sourcesif the ecommendatians

listed in Table 14 are obsrved.
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Table 14. Spread Specturm Clock Source Recommendations
At recommended operating conditions. See Table 4.

Parameter Min Max Unit Notes
Frequency modulation — 50 kHz 1
Frequency spread — 1.0 % 1,2

Notes:

1. Guaranteed by design.

2. SYSCLK frequencies resulting from frequency spreading, and the resulting core and VCO
frequencies, must meet the minimum and maximum specifications given in Table 8.

It isimperative to notetha the proesr’'s minimum aadmaximum SY LK, core, and VCO frequencies
mustnot be exceedecdegardlessof the typeof clock source. Therebre, sysemsin which the piocessr is
opeltedat its maximum rated core or busfrequency shouldavoid violatingthe stated limitsby usng
down-spreading only

9.2 PLL Power Supply Filtering

The AV pp powe signal isprovidedon the MPC7447A to povide powerto the ¢ock genestion PLL. To
ensure stability of theinternal dock, thepowersupplied to the Xpp input sgnal $iould be fitered of any
noise in the500KHz to 10-MHz resonant fequency angeof the PLL. A circuit Smilar to the onelsown
in Figure 17 usng surfacemount capacit@with minimum efective series indudance ESL) is
recommended.

The circuit should beplaced asclose asposible to theAV pp pin to mnimizenoise coupled from neaby
circuits. It is often possible to outedirectly from the capatorsto the A/pp pin, which is on te periphery
of the360 HCTE foatprint.

10 Q
Vpp© VWA T T 0 AVpp

2.2 uF 2.2 uF

Low ESL Surface Mount Capacitors
GND

Figure 17. PLL Power Supply Filter Circuit

9.3 Decoupling Recommendations

Due b theMPC7447A dyamic powermanagementeatue, large addessanddata buss and high
opeiting frequenciestheMPC7447A can genegte transent powersurges and high fequency noisinits
powersupply, epedally while driving large capacitive loadsThis noise mug be peventedifom reating
othercomponent#n the MPC7447A ystem,andthe MPC7447A itelf requires a clean, tightly regulated
source ofpower Therefore, it is recommended thahe ystem desgnea use sufficientdemupling
capadors, typically one @pacitorfor evey 1-2Vpp pins and asimilar or lesser numbe for theOVpp
pins placel asclose asposible to thepowerpinsof the MPC7447A.1t is alo recommendedtt these
decouping cgactors receve their powerfrom separte Vpp, OVpp, and GNDpowerplanesn thePCB,
utilizing short tracesto minimize inductance
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These capacites shouldhave a value 0f0.01 or0.1 pF. Only celamic sirface mount echnology(SMT)
capadors should beusedto minimizelead inductaoe. Orientationswhere amnnectionsare madealong
the lengthof the pat, such as0204,are preferablebut notmandatoy. Congstentwith the
recommendationsf Dr. Howard John®nin High Sped Digital Desgn: A Handbookof Black Magic
(Prentice Hall, 1993)and ontrary to previousrecommend@onsfor decouplingrreesale
microproesors, multiple small capecitors of equd value are recommended ove usng multiplevalues of
capadance.

In addition,it is recommendedhat thee be ®veral bulk storagecapaitors distributedaround thePCB,

feeding theVpp and O\f planesto enable quick rechaging ofthe smaller chip capacitors. These buk
capadors should havealow equivalenteries resistance(ESR) rating toensure the qiick response time
necesary. They iould al® beconnectedo thepowea andground panesthrough twoviasto minimize
inductanceSuggeted bulkcapacitos are: 100—330 [r (AVX TPS tantalum oBanyo OSCGON).

9.4 Connection Recommendations

To engire reliable opemtion, it is highly recommended to connect unsed inputsto anappropriatesignal
level. Unless othewise noted,unu®d activelow inputsshouldbe tiedto OVpp, and unusd activehigh
inputsshouldbe connected t&ND. All NC (no connectignalsmug remain unconnected.

Powerand gound connectionsmug be madeo dl extenal Vpp, OVpp, andGND pinsin the
MPC7447A.Forbackwad compatibility with the MPC7447, MPC7445,and MP7441,or for migrating a
system oiginally desgned br oneof thee devcesto the MPC7447A,thenew powerand gound sgnals
(formerly NC, seeTable 12) may be ¢ft unconnectedrl here is no peformance degdationassociated
with leaving thes pinsunconnecteddowever, future devices may require thes alditional powerand
ground sgnalsto beconneded to achievemaximumperformanceandit is recommended that nedesgns
include the additional connectiottsfacilitate Uture upgiades. See al® Section7, “Pinout Listings” for
additiond information.

9.5 Output Buffer DC Impedance

The MPC7447A procesor busdrivers are chaacteized overmprocess, voltage,and emperature. To
measue Z,, an exérnal resistor is conneogd from the chip padto OVpp or GND. The value ofeach
resistor is varied unil the pad voltages OVpp/2. Figure 18 showsthe driver impedance nmeasurement

The output impedances theavelage oftwo components-the resistancesof the pull-up and pulldown
devices Whendatais heldlow, SW2is closed W1 isopen) and R, is trimmed until thevoltage 4 the
pad @ualsOVpp/2. Ry then becomethe esistanceof the pulldown devicesWhendaais held hgh,
SW1 isclosed SW2 isopen) andRp is trimmed until thevoltage at the pad equds OVpp/2. Rp then
becones the resistanceof the pul-up devtes. Rp andRy are desgned tobe clo® to each otheiin value.
Then, Zo= (Rp+ Ry)/2.
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OVDD

Sw2

Pad
Data

Swi1

OGND
Figure 18. Driver Impedance Measurement

Table 15 summaizes thesignd impedane results. The impedance increases with jundion tempeature
and isrelatively undfectedby busvoltage.

Table 15. Impedance Characteristics
Vpp=1.5V,0Vpp=1.8V 5%, T;=5-85°C

Impedance Processor Bus Unit
Zy Typical 33-42 Q
Maximum 31-51 Q

9.6 Pull-Up/Pull-Down Resistor Requirements

The MPC7447Arequires hightesistive (weak:4.7 KQ) pull-upresistors onseveral control pinsof the bus
interfaceto mantain the control signds in thenegded state after they have been actively negded and
released by theMPC7447A or otherbusmaders. These pinsare: TS, ARTRY, SHDO, and SHD1

Sone pinsdesgnaed asbeing Bctory teg pinsmust be pulledup toOVpp or downto GNDto ensire
prope device opeation. The pinsthat musbepulled up taOVpp are:LSID_MODE and TEST[0:3]; the
pinsthat mud bepulled downto GNDare: L1_TSTCLK andTEST[4]. The CKSTP_IN sgnal $ould
likewise be pulledup thiough apull-up resistor (wegk or stronger 4.7 KQ-1 KQ) to prevent eroneous
assertionsof thissignal.

In addition,the MPC7447A hasoneopendrain dyle output thatrequires a pull-up resistor (weakor
stronger 4.7KQ-1KQ) if it is used bythe system. This pinis CKSTP_OUT

If pull-down esistorsareused b configure BVSH, the lesistorsshould be lesthan 2502 (seeTable 12).
Becaie PLL_CFG[0:4] mug remain $ableduring nomal opeation, strong pultup andpull-down
resisors (1 KQ orless) are recommended to confgure these sgnalsin orderto proted againg elroneous
switching due togroundbounce powersupply noi€ or noise coupling.
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During inactive pdaondson the bughe addess and tansferattributesmay not be dven by any masrand
may; therefore, float in the highimpedance state br relatively long perodsof time.Becaug the
MPC7447A mus continually mortior the® sgnalsfor snooping, thisfloat condition may asse exessve
powerdraw bythe nput eceivess onthe MPC7447A orby otherrecaversin thesystem.These sgnals
can be pulled up tbugh wek (10-KQ) pull-up resistors by the system, addess busdriven modeenabled
(see he MPC7450 RSCMicroprocesor Family Users' Manualfor more informationon thismode), or
theymay be dterwise driven by the ystem duimng inactive perodsof the busto avoid ths additional
powerdraw. Preliminary studieshaveshown theadditionalpowerdraw by theMPC7447A inputreceivers
to be negligible andn any eventhoneof thee measires are neessary for prope deviae opesgtion. The
snoopedaddess andtransfer attiibuteinputsare: A[0:35], AP[0:4], TT[0:4], ClI, WT, and GBL.

If addess ordata paity is not ugd by the gstem,and respective paity checking isdisabled though HD1,
the inputrecevers for thos pinsare disabledand donot require pull-up resistors, and maybe let
unconnected by theystem. If extended addessing isnot ugd (HIDO[XAEN] = 0), A[0:3] are unugsd and
mug be pulledlow to GND through we# pull-downresistors; additionally if address paiity checking is
enabledlID1[EBA] = 1) andextendedaddressingis notused, AP[0] mug be pulledup toOVpp through
aweakpull-upresistor. If the MPC7447Ais in 60x busmode DTI[0:3] must be pulledow to GND
through weak puldown esistors.

The data busputreceives are nomally tumed of when naread opeation isin progress and,therefore,
do not require pul-upresistors onthe bus.Otherdata bus eceversin the sysem, haovever, may require
pull-ups or that thog signds be othewise driven by the system duimg inadive peiods The dda bus
signalsare: D[0:63] andDP[0:7].

9.7 JTAG Configuration Signals

Bounday-scanteding is enablel throughthe JAG interfacesgnals The TRST signd is optiond in the
IEEE 11491 gecificationbut isprovided onall processors that mplement thePowePC architectue.
While it is possibleto forcethe TAP wntroller to thereset state usng only theTCK and TM Ssignds, more
reli able powe-on reset paformance will be obtaned if the TRSTsignd is aserted durng powe-on reset.
Becausethe JTAG interface is also used for acaessng the common on-chip procesor (COP) funcion,
smply tying TRST to HRESET is notpractical.

The QOP function ofthe® procesors all ows a remotecomputea system (typically a FC with dedicated
hardware and debugginga$tware) to accessand contol theinternal opestionsof the pocesor. The COP
interfaceconnets primairily throughthe JJAG pott of the pocessor, with some additond satus
monitoring 9gnds. The COP port requires the ability to independently assert HRESET or TRST in order
to fully control theproces=or. If the target system hasindependenteset sources, such & voltagemonitors,
watchdogimers, power supply failures, or pus-button switches, then he COP reset Sgnalsmug be
merged into these signds with logic.

The arrangement Bown inFigure 19 dlows the COP port toindependently assert HRESET or TRST,
while ensuring thatthe target can dive HRESET as wel. If the JTAG interface andCOP headewill not
be ugd, TRST shouldbetied o HRESET through a0-Q isolation resistor so that it is asserted when the
systemrese signal (HRESET) is asserted, ensuring that the JTAG scan chain isinitialized during
poweron. AlthoughFreegalerecommendshat theCOP headerbedesgnead into thesystem asshown in
Figure 19, if this is notpossble, theisolation resistor will allow future accessto TRST in the case where
a JJAG interface mayneedto bewired onto thesystem indebug guations
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The COPheadeshownin Figure 19 addsmany benefs—breakpointswatchpoints registerand memaoy
examination/modication,and othe sandad debugge featuesare posible through thisinteface—and
can beasinexpensve asanunpopulate footgint for a headeto be addedvhen needél.

The COPinterface has ¢andad headerfor connetion tothe tagetsystem,basd on the0.025"
squae-pog, 0.100" centered heder assembly (oftencadled aBerg heade)). The connectortypically has
pin 14 removed as connectokey.

There isno gandadized wayto nunber theCOP headeshownin Figure 19; conequently, many diferent
pin numbes havebeen oberved from emulatorvendos. Some ae numbeed top-to-botom then
left-to-right, while othes use lett-to-right then topto-bottom,while still others numberthe pinscounte
clockwise from pin 1 (as with an IC). Regadlessof the numbeling, the sgnalplacenentrecommendedin
Figure 19is common taall knownemulatos.

The QACKsignd shown inFigure 19 is usualy conneced b the PCI bridge chp in asystemandisan
input to theMPC7447Ainforming itthat it an gointo thequiescentstate.Unde nomal opesation this
occussduring alow-powermode sglection.In orderfor COP towork, theMPC7447Amust see thissgnd
aserted (ulled down)While shown onthe GOP headernot dl emulatorproducts drive this signal.If the
produd doesnot,a pull-down resistor can be populated tosest this Sgnal. Additionally, some emulator
produds implement operrain typeoutputs and ca only dive QACK assetted;for these ools, a pul-up
resistor can beimplemented to ensure this signd is negate when itis notbeing diven bythe tool.Note
that thepull-up and pulldown resistors onthe QACK signd are mutually exclusve andit is never
necesary to populateboth ina g/stem. To presrve cored powerdownopeition, QACK shoud be
meiged thiough logicso that it also can bedriven by thePQ bridge.
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SRESET seEaEs
From Target _Z))O— SRESET
Board Sg?;?? HRESET ¢ HRESET®
V' gAck ——
HRESET 10 KQ
13 -3 J%\/— OVpp
SRESET 10 KO
11 +—/\\—OVpp
10 KQ
vVVN—OVop
10 KQ
— V
T —; vVVN—OVpp
|
> TRST TRST®
(1] a Ly ! 5 />\: ]|
VDD_SENSE L—, — 4
6 VVV/ OVop
5] ; 2 KQ 10 KQ
5 vV\\—OVip
7 CHKSTP_OUT AOReTD AT
15 = CHKSTP_OUT
@ 10 KQ
Key 10 KQ
142
KEY ~HKSTP IN OVDD
E No Pin CHKSTP_|N e —
5 8 CHKSTP_IN
o TMS
S 9l T™S
T
COP_Conr)ector a 1 _<TDO TDO
Physical Pin Out 8 DI
3 TDI
TCK
7 > TCK
QACK _
2 QACK
10 — NC r OVpp
I
12 I— NC | <
16 1 NS OVoo
L =1 ke

Notes:

1. RUN/STOP, normally found on pin 5 of the COP header, is not implemented on the MPC7447A. Connect
pin 5 of the COP header to OVpp with a 10-KQ pull-up resistor.

. Key location; pin 14 is not physically present on the COP header.

. Component not populated. Populate only if debug tool does not drive QACK.

. Populate only if debug tool uses an open-drain type output and does not actively negate QACK.

. If the JTAG interface is implemented, connect HRESET from the target source to TRST from the COP

header though an AND gate to TRST of the part. If the JTAG interface is not implemented, connect
HRESET from the target source to TRST of the part through a 0-Q isolation resistor.

6. The COP port and target board should be able to independently assert HRESET and TRST to the
processor in order to fully control the processor as shown above.

a b~ WON

Figure 19. JTAG Interface Connection
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9.8 Thermal Management Information

This section ppvidesthema manaement inbrmationfor the hgh ceefficient ofthemal expangon
(HCTE) padkage br air-cooled applicéons. Prope themmal contol desgn isprimarily dependat on the
systemievel dasign—the heatisk, airflow, and tlermal inteface materal. The MPC7447Aimplements
several features designed o asist with themal managyementjncluding DFSand theempeature diode
DFSreducesthe powerconsimption ofthedeviceby reducingthe coe frequency;seeSedion 9.8.5.1,
“Power Consumptionwith DFS Ehabled; for specific informationregarding powerreduction andDFS.
Thetempeaaturediodedlows an external devicetomonitor thedietempeaaturein orde to deect excessve
tempeature conditionsand alert thesystem; seeSection 9.8.4,“Temperature Diode; for more
information.

To reduce the di-junction emperature, hed snksmay beattachedto thepackage byseveral
methods—spring clip to holesin theprinted-circuit boad or packaye, andmounting clipand srew
asembly (seFigure 20 andFigure 21); however, dueto thepotential lage mas of theheatsink,
attachmenthirough te printed-circuit boad is suggesed. In anyimplementation o heatsink solution,
the force onthe dieshouldnot exeed terpounds

Heat Sink HCTE BGA Package

s (| [1 [1 []
> 00U

Thermal
Interface Material

il [l
: L

Printed-Circuit Board

Figure 20. BGA Package Exploded Cross-Sectional View with Several Heat Sink Options

NOTE

A clip on heat Bk isnot recomnended br LGA becaise thee may not be
adequatelearancebetwesn thedevice and theircuit boad. A throughhole
solution isrecommendedasshown inFigure 21 below
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Heat Sink HCTE LGA Package

s (] [ [1[]
IR

Thermal
Interface Material

T ~
Printed-Circuit Board
Figure 21. LGA Package Exploded Cross-Sectional View with Several Heat Sink Options

The boad desgnercan choog betwea sveral typesof heat snksto placeon the MPC7447A.There are
several commecially-avail able heat snksfor theMPC7447A povided bythe llowing vendos:

Aavid Themalloy 603224-9988
80 Commercial S.

Conaord, NH 03301

Internet: www.aavidthermalloy.com

Alpha Novaech 408567-8082
473 SapenaCt. #12

Santa Clara, CA 95054

Internet: www.alphanovaech.com

Calgreg Themal Solutions 401-732-8100
60 Alhambra Road

Warwick, RI 02886

Internet: www.cagregthermalsolutionscom

Internationd Electronic Reseach Corporation (IERC) 8188427277
413 North MossSt

Burbank, CA 91502

Internet: www.ctsoorp.com

Tyco Electronics 717-564-0100
Chip Coolers™

P.O. Box 3608

Harrisburg, PA 171(-3608

Internet: www.chipcooles.com

Wakefield Enginering 603-635-2800
33 Bridge St

Pelham, NH 03076

Internet: www.wakefield.com

Ultimately, thefind seledion of an gppropirate heat Snk dgpendson many fadors, such as themd
performance aagiven airvelodty, spatial vdume, mass attachment methodasembly, and ©st.
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9.8.1 Internal Package Conduction Resistance

Forthe exposd-die packaging technology de&ed inTable 5, theintrinsic conduction thenal resistance
paths are asfoll ows:

* Thediejunctionto-cae themal resistanc (the ca® isactually the top ofthe expoed slicon die)
* Thediejunctionto-boad thermal resistance
Figure 22 depictstheprimary heat tanger pah for a pakage wih an attachetieat snk mountedo a
printed-circuit boad.

ExternaI‘Resistance Radiation Convection
\

Heat Sink——
<«——— Thermal Interface Material

<— Die/Package
<— Die Junction
<«—— Package/Leads

Internal|Resistance

-

Printed-Circuit Board— =

VH VV

Externaﬂrﬂesistance Radiation Convection

(Note the internal versus external package resistance.)
Figure 22. C4 Package with Heat Sink Mounted to a Printed-Circuit Board

Heat genated on the atve sde ofthe chip ionducted thsugh the #icon, through the heatisk attach
material (or themd interfacemaerial), andfinally to theheat Snk wheeit is removel byforced-air
convection.

Because thesdli conthermd resistanceis quitesmall, thetempeaturedrop in theslicon mg benegleded
for a first-orderandyss. Thusthe themal inteface matesal and theheda snk conduction/convective
themal resistances ae the domnantterms.

9.8.2 Thermal Interface Materials

A themal interface naterial is reconmendedat the packageidl-to-heatsink interface © minimizethe
themal contctresistance. For those apptaions wheethe heatsink is atachedby sprngclip
mechansm, Figure 23 showsthe thermal performanceof threethin-sheet thermal interfacematerials
(silicone graphiteoil, fluorogher oil), abarejoint, and ajoint with themd grease as afundion of contact
presaure. As shown,thepeaformanceof these thermal interfacemaerialsimproveswith increasing contact
pressure. The use of themd grease significantly reduces theinterfacetherma resistance That is, the bare
joint results in athe'md resistance gpproximaely seven times greater than thethermad grease joint.

Often, heatsinks ae attachedto the package bymeans d aspring clp to holes nthe piinted-circuit board
(seeFigure 20). Therebre, synthetic gea® ofers the bes themal peformanae, consdering thelow
interfacepressure, and isrecommendedue tothehigh powerdissipationof the MPC7447A.0f course,
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the slecion ofany hemal interfacematerial dependson many faciors—themmal paformance
requirements, manufadurability, service tempeature, dieledric propeties, cost, and © on.

—e— Silicone Sheet (0.006 in.)

2 | | | | ' .
' ' ' ' - --+- - Bare Joint
L ! ! ! : — O = Fluoroether Oil Sheet (0.007 in.)
' ' ' ' — O — Graphite/Oil Sheet (0.005 in.)
= X . ! ! —— Synthetic Grease
S 154 R R ot R R L
N . 1 1 1 1 ~ | 1
£ - : : : : . : -
< . l l l l l . i
o . . . . . . .
(&) [ ' ' ' ' ' ' |
% ' ' ' ' ' ' g
® T3 - | | : : 7
g 1 t------ EERE T g e R CEEREE -
o . . . = — .
© i l l l l l T —O—
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o =~ —~ '
" - l l l l ' DT —=o— ]
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Contact Pressure (psi)

Figure 23. Thermal Performance of Select Thermal Interface Material

The boad desgnercanchoo® betwen sverd typesof themal inteface.Heat snk adhesve materals
should be slected baed on high conductivitgand medancal grength tomee equipmentisock/vibration
requirements There are sveral commercially avaiable thermal interfacesand adhes/e neterials

provided bythe following vendos:

The Bergquist Company

1880 West 78" st

Chanhassen, MN 55317

Internet: www.bergquistompany.com

Chomerics, Inc.

77 Dragon Ct.

Wobum, MA 01801

Internet: www.chomerics.com

Dow-Corning Corporation
Dow-Corning Hedronic Materials
2200 W. Sazburg Rd.

Midland, M| 486860997
Internet www.dowcorning.com

800347-4572

781-935-4850

800-248-2481
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Shin-Etsu MicroS, Inc. 8886427674
1028 S 51stSt

Phoeix, AZ 85044

Internet www.microsi.com

Thermagon Inc. 888246-9050
4707 Deroit Ave.

Cleveland, OH 44102

Internet: www.thermagoncom

The following section povides a heat sk slectionexanple usng one othe conmercially avalable heat
sinks

9.8.3 Heat Sink Selection Example
For preliminary heat sink szing, the die-jundion tenpeaature can be expressd as follows:
Ti=Ti+T+ (React Raint + Resd X Py

where:

Tjis the diejundion tempeature

T; istheinlet cabinet ambient tempeaature

T, isthe air temperature risewithin the computer cabinet

Rgjcis thejundion-to-ase thermd resistance

Rgint Is the adhesive or interfacematerial thermad resistance

Rgsais the heatsink baseto-ambientthemmal resistance

Pyis thepowerdissipatedby thedevice
During opeation, the de-junctiontempeatures(T;) shouldbe maintained ksthan the vhue spedfiedin
Table 4. Thetempeature ofair cooling tle componengreatly dependsenthe ambient inlet alempeature
and he air temperature risewithin the electronic cabinet An eledronic cabnetinlet-air temperature (T;)
mayrange fom 30° to40°C. The airtempeature rise within a cabinetT,) maybe inthe angeof 5°to
10°C. The themal resistanceof thethemal interffacemateral (Rgj) is typicdly aboutl.5°C/W. For

exanple, asuning aT; of 30°C a T, of 5°C, an HCTE packageRg;c = 0.1,and atypical power
consimption @) of 18.7W, the following expression for T; is obtained:

Diejundion tempeature: Tj = 30°C+5°C+ (0.1°C/W + 1.5°C/W + Rgsg) x 187 W

For thisexanple, aRggyvalue of 2.1°C/W or lessis required to mantain thediejundion tempeature bedow
the maimum value of Table 4.

Thoughthe diejunctionto-ambient and theheatsink-to-ambient hermal resistances area common
figure-of-merit used for compaing the themal peformance ofvaiousmicroeledronic packaging
technologiesone fiould execise cauton when only ugsg thismetic in determining themal management
becaus no shgle paameter can adequaty desribe tree-dimensonalhea flow. The final diejuncion
opelting tempeature is not onlya function ofthe componentevel hermal resistanc, butthe
systemievel degyn and tis opewting conditons In addition tothe component'powerconuumption,a
numberof factoss affect thefinal ogerating diejundion tempeature—arflow, baard populationlocal
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heat fux of adjacent componenideat snk efficiency heat gk attach heat sk placement,nextievel
interconnecttechnology, systemair tempeature fise, altitude,and ® on.

Due b thecomplexity andvariety of system{evd bounday conditionsfor today'smicroelectronic
equipment, the comihed effectsof the heat singer mechaisms(radiation,convection,and ®nduction)
may vay widely. Forthe® rea®ns we recommendisingconjugate heatander modelsfor the boad, as
well assystem-leveldesgns.

For system themal modeling,the MPC7447A termal models shown inFigure 24. Fourvolumes
repreent thisdevice Two of thevolumes solder bdl-air and sibdrate,are modeld usng the pakage
outline size of the package. The othertwo, die and bumpandefill, havethe @ame szeasthe die.The
silicon die sould be modeled Bx 9.9x 0.7 mm? with the het source appiled asa uniform source atthe
bottomof the volumeThe bump and und&H layer is modeled a8.5x 9.9x 0.07mm? (or as a cdbpsed
volume) with orthotropic materal propeties 0.6 W/(m « K) in the xyplaneand 19 W/(m « K) in the
diredion ofthe zaxis. The subgratevolume is25x 25x 1.2mn?, and has3.1W/(m « K) isotropic
conductivity in thexy-plane ad 4W/(m ¢ K) in thedirection ofthe zaxis. The solder ball and airlayer
aremodeled withthesame hoizontal dinensonsasthe sibstate and ae 06 mmthick. They can aso be
modeled aacollapgd volumeusingorthotropic mderial propeties 0.034W/(m « K) in the xyplane
diredion and 3 W/(m « K) in the diedion ofthe zaxis.

Conductivity Value Unit

Die
Bump and Underfill (8.5 x 9.9 x 0.07 mm°)
z Bump and Underfill
Ky 0.6 W/(m « K)
Substrate
ky 0.6
Solder and Air

K, 1.9

Side View of Model (Not to Scale)

Substrate (25 x 25 x 1.2 mm°)

X

K, 8.1 B
ky 8.1

K, 40 Substrate
Solder Ball and Air (25 x 25 x 0.6 mm°)

K, 0.034 Die

ky 0.034

K, 3.8

Top View of Model (Not to Scale)

Figure 24. Recommended Thermal Model of MPC7447A
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9.8.4 Temperature Diode

The MPC7447A ha atempeature diodeon the micoprocesor that can beisedin conjunction with other
system tempeature monitorng devices(such asAnalog DevicesADT7461™) These devicesisethe
negaive temperature coeficientof adiodeopeiated atacongant currentto deermine the temperature of
themicroprocesor and ts environment.For prope opegtion, the monitoing device usd $iould
auto-cdibrate the device by cancding outthe Vgg varation ofeach MPC7447As intemal diode.

The following aethe geadficationsof the MPC7447A onboad tempeature diode:
0.40V <V; <0.90V
Opeating ange2—300uA
Diode leakage: 10nA @ 125C
Idesdlity factor (n) ove 5—-150uA @ 60C: 1.0275+ 0.9%
Idedity factoris defined asthe deviationfrom the ded diode equation:

Ve
e nKT — 1

Ifw = Is

Whete:
I+ = Forward currert
| = Saturation aurrent
V4 = Voltage at diodeBM: this does notshow up in any equéions.
V; = Voltage forward biased
q = Chargeof eledron (1.6 x 10%° C)
n = Idedity fador (normally 1.0)
K = Boltzman's mnstant (1.38 x 10?3 Jouks/K)
T = Temperature (Kelvins)

Anotheruseful equation is:
KT
Vy-V, =n—| InJH
q I

Whete:
V4 = Diodevoltage while 1 is flowing
V_ = Diodevoltagewhile I is flowing
Iy = Larger diodebias current
I, = Smaller diodebias current
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Theratio of Iy to | isusudly selected tobe 10:1.The aove smplifiesto thefollowing:
V-V, = 1.986 x 104 x nT

Soling for T, the equation becomes

Vy -V
nT = __H__L
1.986 x 107

9.8.5 Dynamic Frequency Switching (DFS)

The new DFSeatue intheMPC7447Aaddsthe abilty to divide the pocesor-to-system busratio by two
during nomal functional opeation bysetting the HD1[DFSZ bit. The frequeng change occisin 1 clock
cycle,andno idlewaiting perod isrequired to switch between mdes. Additionalinformation regading
DFScan beound n theMPC7450 RSCMicroprocessor Family ReferenceManual

9.8.5.1 Power Consumption with DFS Enabled
Powerconsimption with DFS endled canbe appoximated usg thefollowing formula:

fors
Pprs = [f— (P- Pns] + Pps

Whete:
Ppes = Power consunption with DFS enabled
foes = Core frequency with DFS enabled
f = Core frequency prior to enabling DFS
P = Power consunption prior to enabling DFS (seeTable 7)
Pps = Deep sleep modepowe consunption (seeTable 7)

The above imnappioximationonly. Powerconsimpion with DFS endled isnot tesed orguaanted.

9.8.5.2 Bus-to-Core Multiplier Constraints with DFS

DFSis notavailable for al busto-core multipliers as configured by PLL _CFG[0:4] duiing had reset.
Specifcdly, because theMPC7447A des not suppot quater clock ratios or the1x multiplier, the DFS
feaureis limited to integer PLL multipliers of 4x and highe. The complete listing is shown inTable 16.

Table 16. Valid Divide Ratio Configurations

Bus-to-Core Multiplier Configured Bus-to-Core Multiplier with
by PLL_CFG[0:4] HID1[DFS1] = 1
(see Table 13) (+2)
2x N/A
3x N/A

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Table 16. Valid Divide Ratio Configurations (continued)

System Design Information

Bus-to-Core Multiplier Configured Bus-to-Core Multiplier with
by PLL_CFG[0:4] HID1[DFS1] =1
(see Table 13) (+2)
4x 2x
5x 2.5x
5.5x N/A
6x 3x
6.5x N/A
7x 3.5x
7.5x N/A
8x 4x
8.5x N/A
9x 4.5x
9.5x N/A
10x 5x
10.5x N/A
11x 5.5x
11.5x N/A
12x 6x
12.5x N/A
13x 6.5x
13.5x N/A
14x 7x
15x 7.5x
16x 8x
17x 8.5x
18x 9x
20x 10x
21x 10.5x
24x 12x
28x 14x

9.8.5.3 Minimum Core Frequency Requirements with DFS

In many systems, enabling DFS can result in very low processor core frequenciesHowever, cae mus be
taken to ensure tha theresulting processor core frequency is within thelimits spedfied in Table 8. Proper
opeition of the device isiot guaanteed atore frequendes below the spedfied minimumf .
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Document Revision History

10 Document Revision History

Table 17 provides arevision higory for this hadware spedfication.

Table 17. Document Revision History

Revision Date Substantive Changes
Number
5 01/30/2005 | Corrected RoHS BGA sphere diameter dimensions
4 09/23/2005 | Added RoHS BGA case outlines and part numbers.
Removed note references for Cl and WT in Table 12
3 08/23/2005 | Added “Section 9.1.2, “System Bus Clock (SYSCLK) and Spread Spectrum Sources”
Section 9.8, “Thermal Management Information”: Added vendor to list
Section 9.8.3, “Heat Sink Selection Example”: Correct silicon die and underfil/lbump model dimensions

2 02/16/2005 | Changed die size
Table 8: Modified jitter specifications to conform to JEDEC standards, changed jitter specification to
cycle-to-cycle jitter (instead of long- and short-term jitter); changed jitter bandwidth recommendations.
Added information for LGA package.

1 — Added txpyTsv tkHARW tkHTsX @nd tkparx to Table 9; these were previously grouped with tyyoy and
tkrox- NOTE: Documentation change only; the values for the output valid and output hold AC timing
specifications remain unchanged for TS, ARTRY, and SHD[0:1].

Added derating section with table; added 1000 MHz speed bin
0.1 — Retitled Table 19 to include document order information for MC7447AnnnnNx series hardware
specification addendum.

0 — Initial revision.

11 Ordering Information

Ordering information for the pats fully covered by thisspedficationdocument igprovided in

Section 11.1,"Part Numbes Fully Addressed by This Document.” Notethat the individual pamumbers
comregpondto amaximum pocesr core frequency. For available fequenciescontact a localFreescale
salesoffice Inaddition to thgrocesor frequencythe pat numbemg schemealso includesanapplication
modifier that mayspecify specialapplication ondtions. Each pat numberalso containsa revision level
code thatefersto the die mdsrevision numberSedion 11.2,“Part Numbes Not Fully Addiessed by This
Documen{’ liststhe pat numbes thatdo notfully conform tothe pedficationsof thisdocumentThese
spedal part numbes require an additond doaumentcalled ahadware specification addedum
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Ordering Information

Part Numbers Fully Addressed by This Document

Table 18 provides the Feesde pat nunbering nomenclature for the MPC7447A.

Table 18. Part Numbering Nomenclature

MC 7447A XX nnnn L X
Product Part Processor Application .
Code Identifier Package Frequency Modifier Revision Level
MC 7447A HX = HCTE BGA 1000 L: 1.3V+50mV B: 1.1:PVR = 8003 0101
VS = RoHS LGA 1267 0to 105°C
VU = RoHS BGA 1333
1420

11.2 Part Numbers Not Fully Addressed by This Document

Pats with application modifers or revision levelsnotfully addessed in this spedfication documenare
de<ribed in gparate hadware specification addenda whiclupplementindsupersede thisdocumet. As
such pats are released, these spedficationswill be listed in this sedion.

Table 19. Part Numbers Addressed by MC7447AxxnnnnNx Series Hardware Specification Addendum
(Document Order No. MPC7447AECS01AD)

MC 7447A XX nnnn N X
Product Part Processor . - -
Code Identifier Package Frequency Application Modifier Revision Level
MC 7447A |HX =HCTE BGA 600 N:1.1V+50 mV B:1.1: PVR = 8003 0101
VS = RoHS LGA 733 0to 105°C
VU = RoHS BGA 867
1000
1167

MPC7447A RISC Microprocessor Hardware Specifications, Rev. 5
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Ordering Information

Table 20. Part Numbers Addressed by MC7447AT xxnnnnNx Series Hardware Specification Addendum
(Document Order No. MPC7447AECS02AD)

MC 7447A T XX nnnn N X
Product Part Specification Package Processor Application Revision Level
Code Identifier Modifier 9 Frequency Modifier
MC 7447A T = Extended | HX = HCTE BGA 867 N: 1.1V +£50mV B:1.1: PVR = 8003 0101
Temperature 1000 —40to 105°C
Device 1167
11.3 Part Marking
Parts are marked asthe exanple shownm Figure 25.
MC7447A
xxnnnnlx
AWLYYWW
MMMMMM
YWWLAZ
7447A
BGA/LGA

Notes:

AWLYYWW is the test code.
MMMMMM is the MOO (mask) number.
YWWLAZ is the assembly traceability code.

Figure 25. Part Marking for BGA and LGA Device
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KMC7447AVS1167NB Information

General information

Package information

Environmental and Compliance information
Manufacturing and Qualification information
Ordering information

Operating Characteristics

General Information
Parameter
Part Number
Description
Material Type
Life Cycle Description (code)

Status

Package Information
Parameter
Package Description
JEDEC Pkg Description
Pin/Lead/Ball Count
Package Material
Mounting Style
Tape & Reel

Environmental and Compliance Information

Parameter

Pb-Free

RoHS Compliant

Halogen Free

Product Content Report

2nd Level Interconnect

Moisture Sensitivity Level (MSL)

Floor Life

Package Peak Temperature (°C )

Manufacturing and Qualification information
Parameter

Micron Size (um)
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Value
KMC7447AVS1167NB
A7 PM LEAD FREE
Tested Packaged Device
PRODUCT RAPID GROWTH(2)

Active

Value
FCCLGA 360 25SQ*2.2P1.27
CBGA-N360
360
Ceramic
Surface Mount

No

Value
No
RoHis
Yes
Product Content Report
Contact Us
1
UNLIMITED
260

Value

13
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Application/Qualification Tier COMMERCIAL, INDUSTRIAL

Ordering Information

Parameter Value
Last Order Date
Last Ship Date
Minimum Package Quantity (MPQ) 2
MPQ Container EACH
Preferred Order Quantity (POQ) 220
POQ Container BOX
Leadtime (weeks)
Export Control Classification Number (US) 3A991
Harmonized Tariff (US) disclaimer 8542.31.0000

Budgetary Price QTY 1000+ ($US) -

Order

Operating Characteristics
Parameter Value

32-bit Product Family Power Architecture

Ambient Operating Temperature (Ta) (Min) (oC) 0

Bus Frequency (Max) (MHz) 167

Bus Interface ﬁ/IOF)’(X

Cache (kByte) 576

Core - Number of Cores (Spec) 1

Core - Operating Frequency (Max) (MHz) 1420

Core - Operating Voltage (Spec) (V) 1.1

Core - Performance MIPS 3266

Core - Type €600

I/O Operating Voltage (Max) (V) 25

Junction Operating Temperature (Max) (oC) (Tj) 105

Power Dissipation (Max) (W) 13

Power Dissipation (Typ) (W) 9.2
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