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* Rdiability and serviceability

— Parity checking on system bus

Comparison with the MPC7447A, MPC7447, MPC7445, and MPC7441

— Parity checking on the L1 caches and L2 data tags

— ECC or parity checking on L2 data

3 Comparison with the MPC7447A, MPC7447, MPC7445,

and MPC7441

Table 1 compares the key features of the MPC7448 with the key features of the earlier MPC7447A,
MPC7447, MPC7445, and MPC7441. All are based on the MPC7450 RISC microprocessor and are
architecturally very similar. The MPC7448 isidentical to the MPC7447A, but the MPC7448 supports 1
Mbyte of L2 cache with ECC and the use of dynamic frequency switching (DFS) with more bus-to-core

ratios.

Table 1. Microarchitecture Comparison

Microarchitectural Specs

MPC7448 | 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

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

Table 1. Microarchitecture Comparison (continued)

Microarchitectural Specs MPC7448 | MPC7447A | MPC7447 | MPC7445 | MPC7441
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 with ECC (data/instruction) 12/16 —
L1 miss, L2 hit latency without ECC (data/instruction) 11/15 9/13
SFX (add, sub, shift, rot, cmp, logicals) 1-1
Integer multiply (32 x 8, 32 x 16, 32 x 32) 4-1,4-1,5-2
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 8/8 4/4
L1 1 Cache/D Cache Features
Size 32K/32K
Associativity 8-way
Locking granularity Way
Parity on | cache Word
Parity on D cache Byte
Number of D cache misses (load/store) 5/2 51
Data stream touch engines 4 streams
On-Chip Cache Features
Cache level L2
Size/associativity 1-Mbyte/ 512-Kbyte/8-way 256-Kbyte/8-way
8-way
Access width 256 bits
Number of 32-byte sectors/line 2 2
Parity tag Byte Byte
Parity data Byte Byte
Data ECC 64-bit —
Thermal Control
Dynamic frequency switching divide-by-two mode Yes Yes No No No
Dynamic frequency switching divide-by-four mode Yes No No No No
Thermal diode Yes Yes No No No
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4 General Parameters
The following list summarizes the general parameters of the M PC7448:

Technology 90 nm CMOS SO, nine-layer metal

Diesize 8.0 mm x 7.3 mm

Transistor count 90 million

Logic design Mixed static and dynamic

Packages Surface mount 360 ceramic ball grid array (HCTE)

Surface mount 360 ceramic land grid array (HCTE)
Surface mount 360 ceramic ball grid array with |lead-free spheres (HCTE)

Core power supply 130V (1700 MHz device)
125V (1600 MHz device)
120V (1420 MHz device)
115V (1000 MHz device)

1/O power supply 15V,1.8V,or25V

5 Electrical and Thermal Characteristics

This section provides the AC and DC electrical specifications and thermal characteristics for the
MPC7448.

5.1 DC Electrical Characteristics

The tables in this section describe the MPC7448 DC electrical characteristics. Table 2 provides the
absolute maximum ratings. See Section 9.2, “Power Supply Design and Sequencing,” for power
seguencing requirements.

Table 2. Absolute Maximum Ratings 1

Characteristic Symbol Maximum Value Unit Notes
Core supply voltage Vpp -0.3t0 1.4 \Y 2
PLL supply voltage AVpp -0.3to 1.4 \% 2
Processor bus supply voltage I/0 Voltage Mode =15V OVpp -0.3t01.8 \Y 3
I/0 Voltage Mode = 1.8V -0.3t02.2 3
I/O Voltage Mode = 2.5V -0.3t0 3.0 3
Input voltage Processor bus Vin -0.3to OVpp + 0.3 \ 4
JTAG signals Vin -0.3to OVpp + 0.3 \
Storage temperature range Tstg - 5510150 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. See Section 9.2, “Power Supply Design and Sequencing” for power sequencing requirements.
. Bus must be configured in the corresponding 1/O voltage mode; see Table 3.

4. Caution: Vjj must not exceed OVpp by more than 0.3 V at any time including during power-on reset except as allowed by
the overshoot specifications. V;,, may overshoot/undershoot to a voltage and for a maximum duration as shown in Figure 2.

w
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Electrical and Thermal Characteristics

5.2 AC Electrical Characteristics

Thissection providesthe AC electrical characteristicsfor the MPC7448. After fabrication, functional parts
are sorted by maximum processor core frequency as shown in Section 5.2.1, “Clock AC Specifications,”
and tested for conformance to the AC specifications for that frequency. The processor core frequency,
determined by the bus (SY SCLK) frequency and the settings of the PLL_CFG[0:5] signals, can be
dynamically modified using dynamic frequency switching (DFS). Parts are sold by maximum processor
corefrequency; see Section 11, “Part Numbering and Marking,” for information on ordering parts. DFSis
described in Section 9.7.5, “ Dynamic Frequency Switching (DFS).”

5.2.1 Clock AC Specifications

Table 8 provides the clock AC timing specifications as defined in Figure 3 and represents the tested
operating frequencies of the devices. The maximum system bus frequency, fsy g k. givenin Table 8, is
considered a practical maximum in atypical single-processor system. This does not exclude
multi-processor systems, but these typically require considerably more design effort to achieve the
maximum rated bus frequency. The actual maximum SY SCLK frequency for any application of the
MPC7448 will be afunction of the AC timings of the microprocessor(s), the AC timings for the system
controller, busloading, circuit board topology, trace lengths, and so forth, and may be less than the value
givenin Table 8.
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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 output high impedance (all except TS, ARTRY, tkHOZ — 1.8 ns 5
SHDO, SHD1)
SYSCLK to TS high impedance after precharge tkHTSPZ — 1 tsyscik | 3,4,5
Maximum delay to ARTRY/SHDO/SHD1 precharge tkHARP — 1 tsysck | 3,5,6,7
SYSCLK to ARTRY/SHDO0/SHD1 high impedance after tkHARPZ — 2 tsysck | 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(signa(state)(reference)(state) for inputs and

treference)(state)(signal)(state) fOr outputs. For example, tjykH symbolizes the time input signals () reach the valid state (V)
relative to the SYSCLK reference (K) going to the high (H) state or input setup time. And txoy 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 (1) 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 tsyscLk, that is, one clock
period. Since no master can assert TS on the following clock edge, there is no concern regarding contention 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 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 ARTRY is 1.0 tgysciLk;
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 two cycles after 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 tgyscLk- The edges of the precharge vary depending on the programmed ratio of core to bus (PLL configurations).

. BMODEJ0:1] and BVSEL[0:1] are mode select inputs. BMODE[0:1] are sampled before and after HRESET negation.

BVSEL[0:1] are sampled before HRESET negation. These parameters represent the input setup and hold times for each
sample. These values are guaranteed by design and not tested. BMODE[0:1] must remain stable after the second sample;
BVSEL[0:1] must remain stable after the first (and only) sample. See Figure 5 for sample timing.

MPC7448 RISC Microprocessor Hardware Specifications, Rev. 4

18

Freescale Semiconductor



Electrical and Thermal Characteristics

Figure 6 provides the input/output timing diagram for the MPC7448.
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Figure 6. Input/Output Timing Diagram
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Electrical and Thermal Characteristics

5.2.3 IEEE Std. 1149.1 AC Timing Specifications

Table 10 provides the |EEE Std. 1149.1 (JTAG) AC timing specifications as defined in Figure 8 through
Figure 11.

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

Parameter Symbol Min Max Unit Notes
TCK frequency of operation frolk 0 33.3 MHz
TCK cycle time trolk 30 — ns
TCK clock pulse width measured at 1.4 V tyngL 15 — ns
TCK rise and fall times tyg and typ — 2 ns
TRST assert time ttRsT 25 — ns 2
Input setup times: ns 3
Boundary-scan data tovuH 4 —
TMS, TDI tivaH 0 —
Input hold times: ns 3
Boundary-scan data toxuH 20 —
TMS, TDI tixdH 25 —
Valid times: ns 4
Boundary-scan data tyLov 4 20
TDO tLov 4 25
Output hold times: ns 4
Boundary-scan data tLox 30 —
TDO tyLox 30 —
TCK to output high impedance: ns 4,5
Boundary-scan data tLpz 3 19
TDO Loz 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.

a b~ WD
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Electrical and Thermal Characteristics

Figure 7 provides the AC test load for TDO and the boundary-scan outputs of the MPC7448.

Output{} Zo=50Q W OVpp/2
RL =50 Q

Figure 7. Alternate AC Test Load for the JTAG Interface

Figure 8 provides the JTAG clock input timing diagram.

V1 = Midpoint Voltage (OVpp/2)

Figure 8. JTAG Clock Input Timing Diagram

Figure 9 provides the TRST timing diagram.

TRST VMT 7‘Z Vim
<« tReT——>

Vp = Midpoint Voltage (OVpp/2)

Figure 9. TRST Timing Diagram
Figure 10 provides the boundary-scan timing diagram.
TCK Vi

N ~N K
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Boundary —N .
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Data Outputs Output Data Valid = N\

V1 = Midpoint Voltage (OVpp/2)

Figure 10. Boundary-Scan Timing Diagram
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Package Description

8.5 Package Parameters for the MPC7448, 360 HCTE
RoHS-Compliant BGA
The package parameters are as provided in the following list. The package typeis 25 x 25 mm, 360-lead

high coefficient of thermal expansion ceramic ball grid array (HCTE) with RoHS-compliant lead-free
spheres.

Package outline 25 x 25 mm
Interconnects 360 (19 x 19 ball array — 1)
Pitch 1.27 mm (50 mil)

Minimum module height  1.92 mm
Maximum module height  2.40 mm
Ball diameter 0.75 mm (30 mil)
Coefficient of thermal expansion12.3 ppm/°C
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System Design Information

9.1.2 System Bus Clock (SYSCLK) and Spread Spectrum Sources

Spread spectrum clock sources are an increasingly popular way to control electromagnetic interference
emissions (EMI) by spreading the emitted noise to awider spectrum and reducing the peak noise
magnitude in order to meet industry and government requirements. These clock sourcesintentionally add
long-term jitter in order to diffuse the EMI spectral content. The jitter specification givenin Table 8
considers short-term (cycle-to-cycle) jitter only and the clock generator’s cycle-to-cycle output jitter
should meet the MPC7448 input cycle-to-cycle jitter requirement. Frequency modulation and spread are
separate concerns, and the MPC7448 is compatible with spread spectrum sourcesif the recommendations
listed in Table 13 are observed.

Table 13. Spread Spectrum 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 isimperativeto note that the processor’s minimum and maximum SY SCLK, core, and VVCO frequencies
must not be exceeded regardless of the type of clock source. Therefore, systems in which the processor is
operated at its maximum rated core or bus frequency should avoid violating the stated limits by using
down-spreading only.

9.2 Power Supply Design and Sequencing
The following sections provide detailed information regarding power supply design for the MPC7448.

9.2.1 Power Supply Sequencing

The MPC7448 requires its power rails and clock to be applied in a specific sequence to ensure proper
device operation and to prevent device damage. The power sequencing requirements are as follows:

* AVpp must be delayed with respect to Vpp by the RC time constant of the PLL filter circuit
described in Section 9.2.2, “PLL Power Supply Filtering”. Thistime constant isnominally 100 ps.

*  OVpp may ramp anytime before or after Vpp and AVpp.
Additionally, the following requirements exist regarding the application of SY SCLK:
» Thevoltage at the SY SCLK input must not exceed V pp until Vpp hasrampedto 0.9 V.

» Thevoltage at the SY SCLK input must not exceed OV pp by more 20% during transients (see
overshoot/undershoot specificationsin Figure 2) or 0.3V DC (see Table 2) at any time.
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These requirements are shown graphically in Figure 16.

no restrictions between OVpp and Vpp

e - - - — -

—»| |<-—100 +s (nominal) delay from Vpp to AVpp

|
l limit imposed by OVpp if Vpp ramps up first

limit imposed by Vpp if OVpp ramps up first /a
09v s by
SYSCLK ﬂ Hﬂ ;

Figure 16. MPC7448 Power Up Sequencing Requirements

-

Certain stipulations also apply to the manner in which the power rails of the MPC7448 power down, as
follows:

*  OVpp may ramp down any time before or after Vpp.
* Thevoltage at the SY SCLK input must not exceed V pp once Vpp has ramped down below 0.9 V.

* Thevoltage at the SY SCLK input must not exceed OV pp by more 20% during transients (see
overshoot/undershoot specificationsin Figure 2) or 0.3V DC (see Table 2) at any time.
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no restrictions between Vpp and OVpp
OVDD ____________________________ ~

AVDD | > ~

no restrictions between Vpp and AVpp

|

|

|

|
limit imposed by OVpp if OVpp ramps down first

| limit imposed by Vpp if Vpp ramps down first

|

|

- T 0.9V
SYSCLK I

note also restrictions between SYSCLK and OVpp

Figure 17. MPC7448 Power Down Sequencing Requirements

Thereisno requirement regarding AV pp during power down, but it isrecommended that AV pp track V pp
within the RC time constant of the PLL filter circuit described in Section 9.2.2, “PLL Power Supply
Filtering” (nominally 100 ps).

9.2.2 PLL Power Supply Filtering

The AV pp power signa is provided on the MPC7448 to provide power to the clock generation PLL. To
ensure stability of theinternal clock, the power supplied to the AV pp input signal should befiltered of any
noise in the 500-KHz to 10-MHz resonant frequency range of the PLL. The circuit shown in Figure 18
using surface mount capacitorswith minimum effective seriesinductance (ESL) is strongly recommended.
In addition to filtering noise from the AV pp input, it also provides the required delay between Vpp and
AV pp as described in Section 9.2.1, “Power Supply Sequencing.”

The circuit should be placed as close as possible to the AV pp pin to minimize noise coupled from nearby
circuits. It isoften possible to route directly from the capacitorsto the AV pp pin, which is on the periphery
of the device footprint.

10Q
Vpp© VWA l i 0 AVpp

2.2 uF 2.2 uF

Low ESL Surface Mount Capacitors
GND

Figure 18. PLL Power Supply Filter Circuit
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9.2.3 Transient Specifications

The ensure thelong-term reliability of the device, the MPC7448 requires that trans ents on the core power
rail (Vpp) be constrained. The recommended operating voltage specifications provided in Table 4 are DC
specifications. That is, the device may be operated continuously with V pp within the specified range
without adversely affecting the device's reliability. Excursions above the stated recommended operation
range, including overshoot during power-up, can impact thelong-term reliability of the device. Excursions
aredescribed by their amplitude and duration. Duration isdefined asthetime period during which theVpp
power plane, as measured at the VDD_SENSE pins, will be within a specific voltage range, expressed as
percentage of the total timethe device will be powered up over the devicelifetime. In practice, the period
over which transients are measured can be any arbitrary period of time that accurately represents the
expected range of processor and system activity. The voltage ranges and durations for normal operation
and transients are described in Table 14.

Table 14. VDD Power Supply Transient Specifications
At recommended operating temperatures. See Table 4.

_ Voltage Range (V) Permitted
Voltage Region L1 Notes
: Duration
Min Max
Normal Vpp minimum Vpp maximum 100% 2
Low Transient Vpp maximum 1.35V 10% 2,3
High Transient 1.35V 140V 0.2% 4

Notes:

1. Permitted duration is defined as the percentage of the total time the device is powered on that the Vpp
power supply voltage may exist within the specified voltage range.

2. See Table 4 for nominal Vpp specifications.

3. To simplify measurement, excursions into the High Transient region are included in this duration.

4. Excursions above the absolute maximum rating of 1.4 V are not permitted; see Table 2.

Notethat, to smplify transient measurements, the duration of the excursion into the High Transient region
isasoincluded in the Low Transient duration, so that only the time the voltage is above each threshold
must be considered. Figure 19 shows an example of measuring voltage transients.

140V N
High Transient

1.35V

Low Transient
Vbp (maximum)

VDD (nominal) Normal

Vbp (minimum)

A+B<Te*10%
C<T*0.2%

Figure 19. Voltage Transient Example
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9.24 Decoupling Recommendations

Due to the MPC7448 dynamic power management feature, large address and data buses, and high
operating frequencies, the MPC7448 can generate transient power surges and high frequency noise in its
power supply, especially while driving large capacitive loads. This noise must be prevented from reaching
other components in the MPC7448 system, and the MPC7448 itself requires a clean, tightly regulated
source of power. Therefore, it is recommended that the system designer use sufficient decoupling
capacitors, typically one capacitor for every Vpp pin, and asimilar amount for the OV pp pins, placed as
close as possible to the power pins of the MPC7448. It is also recommended that these decoupling
capacitorsreceive their power from separate Vpp, OV pp, and GND power planesin the PCB, using short
traces to minimize inductance.

These capacitors should have avalue of 0.01 or 0.1 pF. Only ceramic surface mount technology (SMT)
capacitors should be used to minimize lead inductance. Orientations where connections are made aong
the length of the part, such as 0204, are preferable but not mandatory. Consistent with the
recommendations of Dr. Howard Johnson in High Speed Digital Design: A Handbook of Black Magic
(Prentice Hall, 1993) and contrary to previous recommendations for decoupling Freescale
microprocessors, multiple small capacitors of equal value are recommended over using multiple values of
capacitance.

In addition, it is recommended that there be several bulk storage capacitors distributed around the PCB,
feeding the V5 and OV pp planes, to enable quick recharging of the smaller chip capacitors. These bulk
capacitors should have alow equivalent series resistance (ESR) rating to ensure the quick response time
necessary. They should also be connected to the power and ground planes through two vias to minimize
inductance. Suggested bulk capacitors are 100-330 uF (AV X TPS tantalum or Sanyo OSCON).

9.3 Connection Recommendations

To ensurereliable operation, it is highly recommended to connect unused inputs to an appropriate signal
level. Unless otherwise noted, unused active low inputs should be tied to OV pp and unused active high
inputs should be connected to GND. All NC (no connect) signals must remain unconnected.

Power and ground connections must be madeto all external V pp, OV pp, and GND pinsinthe MPC7448.
For backward compatibility with the MPC7447, MPC7445, and MP7441, or for migrating a system
originally designed for one of these devicesto the MPC7448, the new power and ground signals (formerly
NC, see Table 11) may be left unconnected if the core frequency is1 GHz or less. Operation above 1 GHz
requires that these additional power and ground signals be connected, and it is strongly recommended that
all new designsinclude the additional connections. See also Section 7, “Pinout Listings,” for additional
information.

The MPC7448 provides VDD_SENSE, OVDD_SENSE, and GND_SENSE pins. These pins connect
directly to the power/ground planes in the device package and are intended to allow an external deviceto
measure the voltage present on theV pp, OV pp and GND planesin the device package. The most common
usefor these signalsisas afeedback signal to apower supply regulator to allow it to compensate for board
losses and supply the correct voltage at the device. (Note that all voltage parameters are specified at the
pins of the device.) If not used for this purpose, it is recommended that these signals be connected to test
points that can be used in the event that an accurate measurement of the voltage at the device is needed
during system debug. Otherwise, these signals should be connected to the appropriate power/ground
planes on the circuit board or left unconnected.
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Heat Sink HCTE LGA Package

s (] [1 [ [
OO

Thermal
Interface Material

T ~
Printed-Circuit Board
Figure 23. LGA Package Exploded Cross-Sectional View with Several Heat Sink Options

There are several commercially-available heat sinks for the MPC7448 provided by the following vendors:

Aavid Thermalloy 603-224-9988
80 Commercial St.

Concord, NH 03301

Internet: www.aavidthermalloy.com

Alpha Novatech 408-567-8082
473 Sapena Ct. #12

Santa Clara, CA 95054

Internet: www.al phanovatech.com

Calgreg Thermal Solutions 888-732-6100
60 Alhambra Road, Suite 1

Warwick, RI 02886

Internet: www.calgregthermal solutions.com

International Electronic Research Corporation (IERC)  818-842-7277
413 North Moss S.

Burbank, CA 91502

Internet: www.ctscorp.com

Tyco Electronics 800-522-6752
Chip Coolers™

P.O. Box 3668

Harrisburg, PA 17105-3668

Internet: www.tycoel ectronics.com

Wakefield Engineering 603-635-2800
33 Bridge St

Pelham, NH 03076

Internet: www.wakefield.com

Ultimately, the final selection of an appropriate heat sink depends on many factors, such as thermal
performance at a given air velocity, spatial volume, mass, attachment method, assembly, and cost.
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System Design Information

Solving for T, the equation becomes:

V-V,
nf=  ————
1.986 x 10~

9.7.5 Dynamic Frequency Switching (DFS)

The DFS feature in the MPC7448 adds the ability to divide the processor-to-system bus ratio by two or
four during normal functional operation. Divide-by-two mode is enabled by setting the HID1[DFS2] bit
in software or by asserting the DFS2 pin via hardware. The MPC7448 can be returned for full speed by
clearing HID1[DFS2] or negating DFS2. Similarly, divide-by-four mode is enabled by setting
HID1[DF4] in software or by asserting the DFS4 pin. In al cases, the frequency change occursin 1 clock
cycle and no idle waiting period is required to switch between modes. Note that asserting either DFS2 or
DF$4 overrides software control of DFS, and that asserting both DFS2 and DF$4 disables DFS
completely, including software control. Additional information regarding DFS can be found in the
MPC7450 RISC Microprocessor Family Reference Manual. Note that minimum core frequency
requirements must be observed when enabling DFS, and the resulting core frequency must meet the
requirements for foe pps givenin Table 8.

9.7.5.1 Power Consumption with DFS Enabled
Power consumption with DFS enabled can be approximated using the following formula:

fors
Pprs = [f— (P- PDS] + Pps

Where:
Ppes = Power consumption with DFS enabled
foes = Core frequency with DFS enabled
f = Core frequency prior to enabling DFS
P = Power consumption prior to enabling DFS (see Table 7)
Pps = Deep sleep mode power consumption (see Table 7)
The above is an approximation only. Power consumption with DFS enabled is not tested or guaranteed.

9.7.5.2 Bus-to-Core Multiplier Constraints with DFS

DFSisnot availablefor all bus-to-core multipliers asconfigured by PLL_CFG[0:5] during hard reset. The
completelisting is shown in Table 16. Shaded cells represent DFS modes that are not available for a
particular PLL_CFG[0:5] setting. Should software or hardware attempt to transition to amultiplier that is
not supported, the device will remain at its current multiplier. For example, if atrangition from
DFS-disabled to an unsupported divide-by-2 or divide-by-4 setting is attempted, the bus-to-core multiplier
will remain at the setting configured by the PLL_ CFG[0:5] pins. Inthe case of an attempted transition from
asupported divide-by-2 mode to an unsupported divide-by-4 mode, the device will remain in divide-by-2
mode. In all cases, the HID1[PCO-5] bitswill correctly reflect the current bus-to-core frequency multiplier.
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Document Revision History

Table 17. Document Revision History (continued)

Revision

Date

Substantive Change(s)

2

Table 6: Added separate input leakage specification for BVSELO, LSSD_MODE, TCK, TDI, TMS, TRST
signals to correctly indicate leakage current for signals with internal pull-up resistors.

Section 5.1: Added paragraph preceding Table 7 and edited notes in Table 7 to clarify core frequencies at
which power consumption is measured.

Section 5.3: Removed voltage derating specifications; this feature has been made redundant by new
device offerings and is no longer supported.

Changed names of “Typical-Nominal” and “Typical-Thermal” power consumption parameters to “Typical”
and “Thermal”, respectively. (Name change only—no specifications were changed.)

Table 11: Revised Notes 16, 18, and 19 to reflect current recommendations for connection of SENSE pins.
Section 9.3: Added paragraph explaining connection recommendations for SENSE pins. (See also Table
11 entry above.)

Table 19: Updated table to reflect changes in specifications for MC7448xxnnnnNC devices.

Table 9: Changed all instances of TT[0:3] to TT[0:4]

Removed mention of these input signals from output valid times and output hold times:

e AACK, CKSTP_IN, DT[0:3]

Figure 17: Modified diagram slightly to correctly show constraint on SYSCLK ramping is related to Vpp
voltage, not AVpp voltage. (Diagram clarification only; no change in power sequencing requirements.)

Added Table 20 to reflect introduction of extended temperature devices and associated hardware
specification addendum.

Added 1600 MHz, 1420 MHz, and 1000 MHz devices

Section 4: corrected die size

Table 2: Revised Note 4 to consider overshoot/undershoot and combined with Note 5.
Table 4: Revised operating voltage for 1700 MHz device from + 50 mV to +20 mV /-50 mV.
Table 7: Updated and expanded table to include Typical — Nominal power consumption.

Table 11: Added voltage derating information for 1700 MHz devices; this feature is not supported at this
time for other speed grades.

Added transient specifications for VDD power supply in Section 9.2.3, added Table 15 and Figure 19 and
renumbered subsequent tables and figures.

Moved Decoupling Recommendations from Section 9.4 to Section 9.2.4 and renumbered subsequent
sections.

Section 9.2.1: Revised power sequencing requirements.

Section 9.7.4: Added thermal diode ideality factor information (previously TBD).

Table 17: Expanded table to show HID1 register values when DFS modes are enabled.
Section 11.2: updated to include additional N-spec device speed grades

Tables 18 and 19: corrected PVR values and added “MC” product code prefix

Initial public release.
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Part Numbering and Marking

11.2 Part Numbers Not Fully Addressed by This Document

Parts with application modifiers or revision levels not fully addressed in this specification document are
described in separate hardware specification addenda which supplement and supersede thisdocument. As
such parts are released, these specifications will be listed in this section.

Table 19. Part Numbers Addressed by MC7448xxnnnnNx Series Hardware Specification Addendum
(Document Order No. MPC7448ECS01AD)

XX 7448 XX nnnn N X
Product Part Processor . . ..
Code Identifier Package Frequency Application Modifier Revision Level
MC 7448 HX = HCTE BGA 1400 N: 1.15V 50 mV C: 2.1; PVR = 0x8004_0201
VS = RoHS LGA 0to 105 °C D: 2.2; PVR = 0x8004_0202
VU = RoHS BGA (date code 0613 and later) 2
MC 1400 N: 1.1V +50mV
ppC! 0to 105 °C
(date code 0612 and prior) 2
MC 1267 N: 1.1V +50mV
ppC! Revision C only 0to 105 °C
MC 1267 N: 1.05V =50 mV
ppC! Revision D only 0to 105 °C
MC 1250 N: 1.1V +50mV
ppC! 0to 105 °C
MC 1000 N: 1.0V +50 mV
ppC! 867 0to 105 °C
800
667
600

Notes:

1. The P prefix in a Freescale part number designates a “Pilot Production Prototype” as defined by Freescale SOP 3-13. These
parts have only preliminary reliability and characterization data. Before pilot production prototypes can be shipped, written
authorization from the customer must be on file in the applicable sales office acknowledging the qualification status and the
fact that product changes may still occur as pilot production prototypes are shipped.

2. Core voltage for 1400 MHz devices currently in production (date code of 0613 and later) is 1.15 V + 50 mV; all such devices
have the MC product code. The 1400 MHz devices with date code of 0612 and prior specified core voltage of 1.1 V + 50 mV;

this includes all 1400 MHz devices with the PPC product code. See Section 11.3, “Part Marking,” for information on part
marking.
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Table 20. Part Numbers Addressed by MC7448TxxnnnnNx Series Hardware Specification Addendum

(Document Order No. MPC7448ECS02AD)

Part Numbering and Marking

Xx 7448 T XX nnnn N X
Product Part Specificatio Package Processor Application Revision Level
Code |Identifier| n Modifier 9 Frequency Modifier
MC 7448 | T = Extended | HX = HCTE BGA 1400 N: 1.15V £50mV |C:2.1; PVR = 0x8004_0201
ppC! Temperature —40to 105 °C D: 2.2; PVR = 0x8004_0202
Device
1267 N: 1.1 V£50mV
Revision C only —40to 105°C
1267 N: 1.05V +£50 mV
Revision D only —40to 105 °C
1000 N: 1.0V £50mV
—401to 105 °C
Notes:

1. The P prefix in a Freescale part number designates a “Pilot Production Prototype” as defined by Freescale SOP 3-13.
These parts have only preliminary reliability and characterization data. Before pilot production prototypes can be shipped,
written authorization from the customer must be on file in the applicable sales office acknowledging the qualification status
and the fact that product changes may still occur as pilot production prototypes are shipped.

11.3 Part Marking

Parts are marked as the example shown in Figure 27.

XX7448
xxnnnnNx

AWLYYWW
MMMMMM
YWWLAZ

7448
BGA/LGA

Notes:
AWLYYWW is the test code, where YYWW is the date code (YY = year, WW = work week)
MMMMMM is the MOO (mask) number.
YWWLAZ is the assembly traceability code.

Figure 27. Part Marking for BGA and LGA Device
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