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Overview

The MPC5500 family of parts contains many rfeatures coupled withigh performance CMOS
technology to provide significant permance improvement over the MPC565.

The MPC5553 has two levels of memory hierardihe fastest accesses arette 8-kilobytes (KB)
unified cache. The next level in the hierarcloytains the 64-KB on-chip internal SRAM and
1.5-megabytes (MB) internal flashemory. The internal SRAM anda8h memory hold instructions and
data. The external bus interfacalesigned to support most of tharslard memories used with the
MPC5xx family.

The complex input/output timer futiens of the MPC5553 are performleg an enhanced time processor
unit (eTPU) engine. The eTPU engitantrols 32 hardware channéelfie eTPU has been enhanced over
the TPU by providing: 24-bit timerdpuble-action hardware channels, ahte number of parameters per
channel, angle clock hardwar@dsadditional control and arithmeinstructions. The eTPU is
programmed using a highvel programming language.

The less complex timer functions of the MPC5553 @arformed by the enhasat modular input/output
system (eMIOS). The eMIOS’ 24 hardwarenhels are capable sihgle-action, double-action,
pulse-width modulation (PWM),nal modulus-counter operations. Motmntrol capabilities include
edge-aligned and center-aligned PWM.

Off-chip communication is performed by a suite afaerotocols including controller area networks
(FlexCANS), enhanced deserial/séparipheral interfaces BPIs), and enhanced serial communications
interfaces (eSCIs).

The MCU has an on-chip enhanced queued dwbgrto-digital convertefeQADC). The 324 and 416
packages have 40-channels.

The system integration unit (SIU) performs sevehgb-wide configurationdnctions. Pad configuration
and general-purpose input and outpuP(G) are controlled from the 8l External interrupts and reset
control are also determined the SIU. The internal multipier submodule (SIU_DISR)provides
multiplexing of eQADC trigger sourcesi@ external interrupt signal multiplexing.

The Fast Ethernet (FEC) module is a RISC-basedroller that supports both 10 and 100 Mbps
Ethernet/IEEE® 802.3 networks ancc@mpatible with three different standard MAC (media access
controller) PHY (physical) iterfaces to connect to an exterk#thernet bus. The FEC supports the 10 or
100 Mbps Ml (media independent inteéce), and the 10 Mbps-only withseven-wire interface, which
uses a subset of the Miignals. The upper 16-bits of the 32-biterral bus interfacéEBI) are used to
connect to an external Ethernevide. The FEC contains built-in tramit and receive message FIFOs and
DMA support.
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Ordering Information

2 Ordering Information

M PC5553 M ZP 80R
Qualification status J—-I
Core code
Device number »
Temperature range
Package identifier
Operating frequency (MHz)
Tape and reel status
Temperature Range Package Identifier Operating Frequency Tape and Reel Status
M = —40° C to 125° C ZP = 416PBGA SnPb 80 = 80 MHz R = Tape and reel
VR = 416PBGA Pb-free 112 =112 MHz (blank) = Trays
VF = 208MAPBGA SnPb 132 =132 MHz o
VM = 208MAPBGA Pb-free Qualification Status
ZQ = 324PBGA SnPb P = Pre qualification
VZ = 324PBGA Pb-free M = Fully spec. qualified, general market flow
Note: Not all options are available on all devices. Refer to Table 1. S = Fully spec. qualified, automotive flow

Figure 1. MPC5500 Family Part Number Example

Unless noted in this data sheadt,specifications apply from Tto Ty.
Table 1. Orderable Part Numbers

Speed (MHz) Operating Temperature 2
Freescale Part Number ! Package Description
Nominal |Max. 2 (fyax) | Min. (T)) Max. (Ty)
MPC5553MVR132 132 132
MPC5553MVR112 MPC5553 416 package 112 114 —40° C 125°C
Lead-free (Pb-free)
MPC5553MVR80 80 82
MPC5553MVZ132 132 132
MPC5553MVZ112 MPC5553 324 package 112 114 —40° C 125°C
Lead-free (Pb-free)
MPC5553MVZ80 80 82
MPC5553MVM132 132 132
MPC5553MVM112 MPC5553 208 package 112 114 —40° C 125°C
Lead-free (Pb-free)
MPC5553MVM80 80 82
MPC5553MZP132 132 132
MPC5553 416 package o o
MPC5553MZP112 Leaded (SnPb) 112 114 —40°C 125°C
MPC5553MZP80 80 82
MPC5553MZQ132 132 132
MPC5553 324 package o o
MPC5553MZQ112 Leaded (SnPb) 112 114 —-40° C 125°C
MPC5553MZQ80 80 82
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Electrical Characteristics

Table 1. Orderable Part Numbers (continued)

2

Speed (MHz) Operating Temperature
Freescale Part Number 1 Package Description
Nominal |Max. 3 (fyax) | Min. (T)) Max. (Ty)
MPC5553MVF132 132 132

MPC5553 208 package o o
MPC5553MVF112 Leaded (SnPb) 112 114 —40° C 125° C

MPC5553MVF80 80 82
1 All devices are PPC5553, rather than MPC5553 or SPC5553, until product qualifications are complete. Not all configurations are
available in the PPC parts.

The lowest ambient operating temperature is referenced by T ; the highest ambient operating temperature is referenced by Tp.

Speed is the nominal maximum frequency. Max. speed is the maximum speed allowed including frequency modulation (FM).
82 MHz parts allow for 80 MHz system clock + 2% FM; 114 MHz parts allow for 112 MHz system clock + 2% FM; and132 MHz
parts allow for 128 MHz system clock + 2% FM.

3 Electrical Characteristics

This section contains detailed information on poveersiderations, DC/AC electatcharacteristics, and
AC timing specifications for the MCU.

3.1 Maximum Ratings

Table 2. Absolute Maximum Ratings !

Spec Characteristic Symbol Min. Max. Unit
1 |1.5V core supply voltage ? Vbb -0.3 1.7 v
2 |Flash program/erase voltage Vpp -0.3 6.5 \Y
4  |Flash read voltage VELASH -0.3 4.6 \%
5 |SRAM standby voltage VsTRY -0.3 17 \Y
6 |Clock synthesizer voltage Vbpsyn -0.3 4.6 \
7 |3.3 V 1/O buffer voltage Vpp33 -0.3 4.6 \Y
8 |Voltage regulator control input voltage VRkeas -0.3 4.6 \Y
9 |Analog supply voltage (reference to Vgga) Vppa -0.3 5.5 Y,
10 |I/O supply voltage (fast I/O pads) 8 VppE -0.3 4.6 \%
11 |I/O supply voltage (slow and medium I/O pads) 3 VDDEH -0.3 6.5 \%
12 |DC input voltage * ViN

Vppen Powered 1/0 pads -1.0° 6.5 %

Vppe powered I/O pads -1.0° 46"
13 |Analog reference high voltage (reference to Vg|) VRH -0.3 5.5 \
14 |Vgg to Vggp differential voltage Vgs — Vssa -0.1 0.1 \
15 |Vpp to Vppp differential voltage Voo — Vppa —Vppa Vpp \%
16 |VRgg differential voltage VRH — VRL -0.3 5.5 \%
17 |Vgp to Vppp differential voltage VrH = VDDA -55 55 \
18 |VR_ to Vggp differential voltage VRrL — Vssa -0.3 0.3 \%
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Electrical Characteristics

Table 2. Absolute Maximum Ratings 1 (continued)

Spec Characteristic Symbol Min. Max. Unit
19 |Vppen to Vppa differential voltage Vboben — Vopa —Vopa VDDEH \Y
20 |VppEr to Vpp differential voltage Vopoe — Vbbb -0.3 0.3 \%
21 | VRreas to Vppsyy differential voltage spec has been moved to Table 9 DC Electrical Specifications, Spec 43a.

22 |Vgssyn to Vgg differential voltage Vsssyn — Vss -0.1 0.1 \
23  |Vgcevss to Vgg differential voltage Vgrevss — Vss -0.1 0.1 \Y
24 |Maximum DC digital input current & IMAXD -2 2 mA
(per pin, applies to all digital pins) 4
25 |Maximum DC analog input current ° IMAXA -3 3 mA
(per pin, applies to all analog pins)
26 |Maximum operating temperature range 19 T, T 150.0 °c
Die junction temperature
27 |Storage temperature range Tstg -55.0 150.0 °c
28 |Maximum solder temperature 11
Lead free (Pb-free) Tspr — 260.0 °c
Leaded (SnPb) — 245.0
29 |Moisture sensitivity level 12 MSL — 3

Functional operating conditions are given in the DC electrical specifications. Absolute maximum ratings are stress ratings only,
and functional operation at the maxima is not guaranteed. Stress beyond any of the listed maxima can affect device reliability
or cause permanent damage to the device.

2 1.5V + 10% for proper operation. This parameter is specified at a maximum junction temperature of 150 °C.
8 All functional non-supply 1/0 pins are clamped to Vg and Vppe, of Vppes-
4 AC signal overshoot and undershoot of up to + 2.0 V of the input voltages is permitted for an accumulative duration of

8
9

60 hours over the complete lifetime of the device (injection current not limited for this duration).
Internal structures hold the voltage greater than —1.0 V if the injection current limit of 2 mA is met. Keep the negative DC
voltage greater than —0.6 V on SINB during the internal power-on reset (POR) state.

Internal structures hold the input voltage less than the maximum voltage on all pads powered by Vppgy supplies, if the
maximum injection current specification is met (2 mA for all pins) and Vppgy is within the operating voltage specifications.

Internal structures hold the input voltage less than the maximum voltage on all pads powered by Vppe supplies, if the maximum
injection current specification is met (2 mA for all pins) and Vppg is within the operating voltage specifications.

Total injection current for all pins (including both digital and analog) must not exceed 25 mA.
Total injection current for all analog input pins must not exceed 15 mA.

10 | ifetime operation at these specification limits is not guaranteed.

1

1 Moisture sensitivity profile per IPC/JEDEC J-STD-020D.

12 pmoisture sensitivity per JEDEC test method A112.
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Electrical Characteristics

3.2 Thermal Characteristics

The shaded rows in the following table indeatformation specific to a four-layer board.
Table 3. MPC5553 Thermal Characteristics

Packages
Spec MPC5553 Thermal Characteristic Symbol 208 324 416 Unit
MAPBGA PBGA PBGA
1 Junction to ambient, natural convection (one-layer board) *: 2 Rga 41 30 29 °C/IW
2 |Junction to ambient, natural convection 1 3 R 1A 25 21 21 °C/W
(four-layer board 2s2p)
3 |Junction to ambient (@200 ft./min., one-layer board) R oma 33 24 23 °C/Iw
4 Junction to ambient (@200 ft./min., four-layer board 2s2p) R gva 22 17 18 °C/W
5 Junction to board (four-layer board 2s2p) © R 0B 15 12 13 °C/W
6  |Junction to case ° R 1 7 8 9 °C/W
7 Junction to package top, natural convection 6 <7 2 2 2 °C/W

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

2 Per SEMI G38-87 and JEDEC JESD51-2 with the single-layer board horizontal.
3 Per JEDEC JESD51-6 with the board horizontal.

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.

Indicates the average 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 cold plate temperature used for the case temperature.

Thermal characterization parameter indicating the temperature difference between package top and the junction temperature
per JEDEC JESD51-2.

3.2.1 General Notes for Specifications  at Maximum Junction Temperature

An estimation of the devigenction temperature, ;Tcan be obtained from the equation:

Ty=Ta *+ (Rpa UPp)

where:

Ta = ambient temperature for the packafe)(

R pa = junction to ambient thermal resistan€€/{\V)

Pp = power dissipation in the package (W)
The thermal resistance values used are bas#dtealEDEC JESD51 series of standards to provide
consistent values for estimatiomsd comparisons. The difference beén the values determined for the
single-layer (1s) board compared to a four-layerddaat has two signal layers, a power and a ground

plane (2s2p), demonstrate that the effective therrsatesce is not a constaithe thermal resistance
depends on the:

» Construction of the applicath board (number of planes)
» Effective size of the board which cools the component
* Quality of the thermal and elegical connections to the planes
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Electrical Characteristics

» Power dissipated by adjacent components

Connect all the ground and pawaalls to the reggrtive planes with one via pbkall. Using fewer vias to
connect the package to the planes reduces the theenfi@mance. Thinner planes also reduce the thermal
performance. When the clearance between the \aas ke planes virtuallgisconnected, the thermal
performance is also greatly reduced.

As a general rule, the value obtadren a single-layer board is withihe normal range for the tightly
packed printed circuit board. The valabtained on a board with the intefrplanes is usually within the
normal range if the application board has:

* One oz. (35 micron nominal thickness) internal planes

* Components are well separated

» Overall power dissipation on the board is less than 0.02 /cm
The thermal performance of any component ddpen the power dissipation of the surrounding
components. In addition, éhambient temperature varies widelyhin the application. For many natural
convection and especially closed kapplications, the board tempera&tat the perimeter (edge) of the
package is approximately the same as the locétmperature near the device. Specifying the local

ambient conditions explicitly as the board tempermfupvides a more precise description of the local
ambient conditions that determitiee temperature of the device.
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Electrical Characteristics

At a known board temperaturegtfunction temperature is estitad using the following equation:
Ty;=Tg + (Rpg uPp)
where:
T; = junction temperaturé€C)
Tg = board temperature at the package perim8&\)
R g = junction-to-board thermal resistanf€W) per JESD51-8
Pp = power dissipation in the package (W)
When the heat loss from the package case to the andbéactor into the calttion, an acceptable value

for the junction temperature is predictable. Ensueeagbplication board is similar to the thermal test
condition, with the component solderteda board with internal planes.

The thermal resistance is expressed as theo$anjunction-to-case thermal resistance plus a
case-to-ambient #rmal resistance:

Rpa=Rypc+ Rra
where:
R pa = junction-to-ambient thermal resistan8€/WV)
R ¢ = junction-to-case thermal resistan8e/(V)
R A = case-to-ambient thermal resistarf@/{V)

Rucis device related and is not affected by otherwfactThe thermal environment can be controlled to
change the case-to-ambient thermal resistanﬁ.HFor example, change the flow around the device,
add a heat sink, change the mongtarrangement on the printed citdoard, or change the thermal
dissipation on the printed circuit board surroundirggdbvice. This descriftn is most useful for
packages with heat sinks where 96%&he heat flow is through ¢hcase to heat sink to ambient.

For most packages, a better model is required.

A more accurate two-resistoraihmal model can be constructedrfr the junction-to-board thermal
resistance and the junction-to-case thermal resistdhegunction-to-case thmal resistance describes
when using a heat sink or wheraubstantial amount of heat is dissg@from the top of the package. The
junction-to-board thermal resist@ndescribes the thermal performamndhen most of the heat is
conducted to the printed circuit board. This modellmansed to generatargle estimations and for
computational fluid dynamic&CFD) thermal models.

To determine the junction temperature of the cdewn the application on a prototype board, use the
thermal characterization parametet;{) to determine the juncticlemperature by measuring the
temperature at the top center of tlaelage case using the following equation:

Ty=Tr + (<y7 UPp)
where:
Tt = thermocouple temperature on top of the pack2@p (
<;71 = thermal characterization paramef&/{V)
Pp = power dissipation in the package (W)
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Electrical Characteristics

The thermal characterization parameter is measaraampliance with the JED51-2 specification using

a 40-gauge type T thermmaple epoxied to the top center of ffackage case. Position the thermocouple
so that the thermocouple junctiaests on the package. Place a $arabunt of epoxy othe thermocouple
junction and approximately 1 mm wire extending from the junctioRlace the thermocouple wire flat
against the package case to avoghsurement errors caused by theliog effects of the thermocouple
wire.

References:

Semiconductor Equipment and Materials tntgional
3081 Zanker Rd.

San Jose, CA., 95134

(408) 943-6900

MIL-SPEC and EIA/JESD (JEDEC) spkcations are available fro@lobal Engineering Documents at
800-854-7179 or 303-397-7956.

JEDEC specifications are available on the welttiat//www.jedec.org

1. C.E. Triplett and B. Joiner, “ABxperimental Charactesation of a 272 PBGA Within an Automotive
Engine Controller Module,” Proceetjs of SemiTherm, San Diego, 1998, pp. 47-54.

2. G. Kromann, S. Shidore, and S. Addison, “ThalrModeling of a PBGA for Air-Cooled Applica-
tions,” Electronic Packagingnd Production, pp. 53-58, March 1998.

3. B. Joiner and V. Adams, “Measment and Simulation of JunctiomBoard Thermal Resistance and
Its Application in Thermal Modeling,” Poeedings of SemiTherm, San Diego, 1999, pp. 212-220.

3.3 Package
The MPC5553 is available in packaged form. Read the package opt®astion 2, “Ordering

Information.” Refer toSection 4, “Mechanicals for pinouts and package drawings.

3.4  EMI (Electromagnetic Interference) Characteristics

Table 4. EMI Testing Specifications 1

Spec Characteristic Minimum Typical Maximum Unit
1 |Scanrange 0.15 — 1000 MHz
2 |Operating frequency — — fumax MHz
3 |Vpp operating voltages — 15 — \%
4 |VopsyN: Vress: Vbpss: VFLash: Vppe operating voltages — 33 — \
5 |Vpp Vbpens Vppa Operating voltages — 5.0 — \Y,
6 |Maximum amplitude — — 142 dBuv
323
7 |Operating temperature — — 25 °c

1 EMI testing and 1/O port waveforms per SAE J1752/3 issued 1995-03. Qualification testing was performed on the MPC5554
and applied to the MPC5500 family as generic EMI performance data.

Measured with the single-chip EMI program.
Measured with the expanded EMI program.
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Electrical Characteristics

3.5 ESD (Electromagnetic Stat ic Discharge) Characteristics
Table 5. ESD Ratings 1 2

Characteristic Symbol Value Unit
ESD for human body model (HBM) 2000 \%
R1 1500
HBM circuit description
C 100 pF
o 500 (all pins)
ESD for field induced charge model (FDCM) v

750 (corner pins)

Number of pulses per pin:

Positive pulses (HBM) — 1 —
Negative pulses (HBM) — 1 —
Interval of pulses — 1 second

1 AIESD testing conforms to CDF-AEC-Q100 Stress Test Qualification for Automotive Grade Integrated Circuits.

2 Device failure is defined as: ‘If after exposure to ESD pulses, the device does not meet the device specification requirements,
which includes the complete DC parametric and functional testing at room temperature and hot temperature.

3.6  Voltage Regulator Controller (V gc) and
Power-On Reset (POR) Electrical Specifications

The following table lists the ¥ and POR electrical specifications:
Table 6. V¢ and POR Electrical Specifications

Spec Characteristic Symbol Min. Max.  Units
1 Negated (ramp up) 1.1 1.35
1|15V (Vpp) POR Asserted (ramp down) VPoRr1s 1.1 1.35 v
Asserted (ramp up) 0.0 0.30
1 Negated (ramp up) 2.0 2.85
2 |33V (Vopsyn) POR Asserted (ramp down) VPoRs3 2.0 2.85 v
Negated (ramp down) 0.0 0.30
3 RESET pin supply Negated (ramp up) Y 2.0 2.85 Vv
(Vppene) POR 12 Asserted (ramp down) PORS 2.0 2.85
Before Vi¢ allows the pass
4 transistor to start turning on Vrrans_sTarT | 1.0 2.0 v
When Vi allows the pass
5 VRcas Voltage transistor to completely turn on 34| VTRANS_ON 2.0 2.85 v
When the voltage is greater than
6 the voltage at which the Vyc keeps | Vyrcasreg 3.0 — \Y
the 1.5 V supply in regulation > ©
Current can be sourced —-40°C 11.0 — mA
7 |by VreerL at Tj: 25°C lvreeT 9.0 — mA
150° C 7.5 — mA

Voltage differential during power up such that:
8 VDD33 can Iag VDDSYN or VDDEH6 before VDDSYN and VDDEH6 reach the VDD33_LAG — 1.0 \
VpoRraz and Vpors minimums respectively.
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Table 6. V¢ and POR Electrical Specifications (continued)

Spec Characteristic Symbol Min. Max. Units
9 |Absolute value of slew rate on power supply pins — — 50 V/ms
Required gain at Tj: —40°C 40 — —
10 |lpp YlvreetL (@ fsys = fmax) 250 ¢ BETALO 45 _ _
6.7.8,9 150°C 55 500 —

The internal POR signals are Vpor1s, Vporaz: and Vppors. On power up, assert RESET before the internal POR negates.
RESET must remain asserted until the power supplies are within the operating conditions as specified in Table 9 DC Electrical
Specifications. On power down, assert RESET before any power supplies fall outside the operating conditions and until the
internal POR asserts.

V|_ s (Table 9, Spec15) is guaranteed to scale with Vppgng down to Vpogs.

Suﬁply full operating current for the 1.5 V supply when the 3.3 V supply reaches this range.

It is possible to reach the current limit during ramp up—do not treat this event as short circuit current.
At peak current for device.

Requires compliance with Freescale’'s recommended board requirements and transistor recommendations. Board signal
traces/routing from the Vycct package signal to the base of the external pass transistor and between the emitter of the pass
transistor to the Vpp package signals must have a maximum of 100 nH inductance and minimal resistance

(lessthan 1 :).Vrcer Must have anominal 1 HF phase compensation capacitor to ground. Vpp must have a 20 AF (nominal)
bulk capacitor (greater than 4 FF over all conditions, including lifetime). Place high-frequency bypass capacitors consisting of
eight 0.01 F, two 0.1 HF and one 1 HF capacitors around the package on the Vpp supply signals.

lyrcceTL is measured at the following conditions: Vpp = 1.35V, Vrczz = 3.1V, VyrceL = 2.2 V.

Refer to Table 1 for the maximum operating frequency.

Values are based on Ipp from high-use applications as explained in the Ipp Electrical Specification.

10 BETA is the worst-case external transistor BETA. It is measured on a per-part basis and calculated as (Ipp YlvreeTl)-

o g~ W N

7
8
9

3.7  Power-Up/Down Sequencing

Power sequencing betweewth.5 V power supply andpsyy or the RESEower supplies is required
if using an external 1.5 V power supply witik¥s3tied to ground (GND). To avoid power-sequencing,
VrczzMust be powered up within the specified opegatange, even if the on-chip voltage regulator
controller is not used. Refer &ection 3.7.2, “Power-Up Sequence (VRC33 Grounteuahd

Section 3.7.3, “Power-Down Sequence (VRC33 Grountled)

Power sequencing requires thagipss must reach a certauoltage where the values are read as ones
before the POR signal negates. Refegégtion 3.7.1, “Input Value of Pins During POR Dependent on
VDD33.”

Although power sequencing it required betweenpézzand Vppsyn during power up, ¥czzmust

not lead \bpsyn Dy more than 600 mV or lag Inyore than 100 mV for thepé stage turn-on to operate
within specification. Higher spikes in the emitteirrent of the padsansistor occur if Y§c33leads or lags
Vppsyn by more than these amounts. The value oftiggiter spike in curremtepends on the board power
supply circuitry and the amouat board level capacitance.

Furthermore, when all of the PORs negate, the sysitmrk starts to toggle, adding another large increase
of the current consumed byr¥33 If Vreszlags Vopsyn by more than 100 mV, the increase in current
consumed can droppp low enough to assert the 1.5 V POR again. Oscillations are possible when the
1.5V POR asserts and stops theeaystlock, causing the voltage op,yto rise until the 1.5V POR
negates again. All odtations stop when ¥c33is powered sufficiently.

MPC5553 Microcontroller Data Sheet, Rev. 4
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When powering down, ¥c3z3and Vppsyn have no delta requirementeach other, because the bypass
capacitors internal and extermakhe device are already charged.ainot powering upr down, no delta
between Wkc3z3and Vppsyy is required for the e to operate within specification.

There are no power up/down sequencetuirements to prevent issuesisas latch-up, excessive current
spikes, and so on. Therefore, the state of theili® during power up arngbwer down varies depending
on which supplies are powered.

Table 7gives the pin state for the sequence cageallifpins with pad type pad_fc (fast type).

Table 7. Pin Status for Fast Pads During the Power Sequence

Pin Status for Fast Pad Output Driver

Vppe Vpp3s Vpp POR pad_fc (fast)

Low — — Asserted Low

VbpE Low Low | Asserted High

Vppe Low Vpp Asserted High

Vppe Vpp33 Low Asserted High impedance (Hi-Z)
Vobe | Vbpsas Vpp Asserted Hi-Z

Vppe Vpp33 Vpp Negated Functional

Table 8gives the pin state for the sequence casedlfpina with pad typgad_mh (medium type) and
pad_sh (slow type).

Table 8. Pin Status for Medium and Slow Pads During the Power Sequence

Pin Status for Medium and Slow Pad Output Driver
VDDEH Vop POR pad_mh (medium) pad_sh (slow)
Low — Asserted Low
VDDEH Low Asserted High impedance (Hi-Z)
VDDEH Vbp Asserted Hi-Z
VDDEH Vop Negated Functional

The values irTable 7andTable 8do not include the effect of tveeak-pull devices on the output pins
during power up.

Before exiting the internal POR state, the voltagehe pins go to a high-pedance state until POR
negates. When the internal POR negates, the nattstate of the signal during reset applies and the
weak-pull devices

(up or down) are enabled as defimedhe device reference manual. IfYis too low to correctly
propagate the logic signakhe weak-pull devices camull the signals to Mpg and \ppgp-

To avoid this condition, minimize the ramp time of thgp\Vsupply to a time period less than the time
required to enable the external ciitcy connected to the device outputs.

During initial power ramp-up, wheévistby is 0.6v or above. a typicalrcent of 1-3mA and maximum of
4mA may be seen untilpf is applied. This curremill not reoccur until \y,y is lowered below
min. specification.

MPC5553 Microcontroller Data Sheet, Rev. 4

12 Freescale Semiconductor



Electrical Characteristics

Figure 2shows an approximate interpolation of tgegy worst-case specification to estimate values at
different voltages and temperatur@se vertical lnes shown at 28, 60 €, and 150 in Figure 2are
the actualgp sty specifications (27d) listed ifable 9

Figure 2. fISTBY Worst-case Specifications

MPC5553 Microcontroller Data Sheet, Rev. 4
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Electrical Characteristics

3.7.1 Input Value of Pins During POR DependentonV  pps3

When powering up the devicepMzz must not lag the latestph gy or RESETpower pin (\Mspene) by
more than the Mp33 lag specification listed ifiable § spec 8. This avoids accidentally selecting the
bypass clock mode because the inteveasions of PLLCFG[0:1] and RSTCF&e not powered and
therefore cannot read the defasthte when POR negates;phs can lag \hpsyn Or the RESETpower
pin (Vppene), but cannot lag both by more than thepds lag specification. This Mp33lag specification
applies during power up only.p$33 has no lead or lag requirements when powering down.

3.7.2 Power-Up Sequence (V rc33 Grounded)

The 1.5 V \pp power supply must rise to 1.35 V before the 3.3)H¥y N power supply and the RESET
power supply rises above 2.0 V. This ensures tlggtidliogic in the PLL fothe 1.5 V power supply does
not begin to operate below the siiied operation range lower limit df.35 V. Because the internal 1.5 V
POR is disabled, the internal 3.3 V POR or the RES&ier POR must hold ¢hdevice in reset. Since
they can negate dsw as 2.0 V, \bp must be within specification bwe the 3.3 V POR and the RESET
POR negate.

Vppsyn and RESET Power
’ -

20V 1

-----‘

Vpp must reach 1.35 V before Vppgyy and the RESET power reach 2.0 V

Figure 3. Power-Up Sequence (V rc33 Grounded)

3.7.3 Power-Down Sequence (V rc33 Grounded)

The only requirement for thiower-down sequence withR¢zzgrounded is if Yy decreases to less than
its operating range, phsyn O the RESETower must decrease to less than 2.0 V before gaegpdwer
increases to its operating range. This ensures thdtghal 1.5 V logic, which is reset only by an ORed
POR and can cause the 1.5V supply to decreasthbas#ts specification vagy resets correctly. See
Table 6 footnote 1.
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Electrical Characteristics

3.8 DC Electrical Specifications
Table 9. DC Electrical Specifications (T 5 =T to Tp)
Spec Characteristic Symbol Min Max. nit
1 |Core supply voltage (average DC RMS voltage) Vb 1.35 1.65 \%
2 |Input/output supply voltage (fast input/output) VppE 1.62 3.6 \%
3 |Input/output supply voltage (slow and medium input/output) VDDEH 3.0 5.25 \%
4 3.3 V input/output buffer voltage Vpp33 3.0 3.6 \Y
5 |Voltage regulator control input voltage VRe3s 3.0 3.6 \Y
6 |Analog supply voltage 2 Vbpa 45 5.25 Y
8 |Flash programming voltage 3 Vpp 45 5.25 \%
9 |Flash read voltage VELASH 3.0 3.6 \Y
10 |SRAM standby voltage * Vstey 0.8 1.2 v
11 |Clock synthesizer operating voltage VppsyN 3.0 3.6 \Y
12 |Fast I/O input high voltage V|H_F 0.65 uVppe Vppe + 0.3 \
13 |Fast I/O input low voltage ViLF Vgg—0.3 0.35 uVppg \Y
14 |Medium and slow I/O input high voltage Vi s 0.65 uVppen | Vopen + 0.3 \Y
15 |Medium and slow I/O input low voltage ViLs Vgg—0.3 0.35 uVppgH \Y
16 |Fast input hysteresis Vhys F 0.1 uVppe \Y
17 |Medium and slow I/O input hysteresis Vhys s 0.1 uVppeH \Y
18 |Analog input voltage VINDC Vgsa — 0.3 Vppa + 0.3 \
19 |Fast output high voltage (Ioy_r =-2.0 mA) Vo F 0.8 uVppe — \Y
20 |Slow and medium output high voltage
lOH_S =-2.0mA VOH_S 0.80 UVDDEH —_— \V
lon_s =-1.0 mA 0.85 UVppen
21 |Fast output low voltage (Io._r = 2.0 mA) VoL F — 0.2 uVppg
22 |Slow and medium output low voltage —
lOL S =2.0mA VOL S 0.20 UVDDEH
loL_s=1.0mA B 0.15 uVppey
23 |Load capacitance (fast I/O) 5
DSC (SIU_PCR[8:9]) = 0b00 — 10 pF
= 0b01 C. — 20 pF
=0bl0 — 30 pF
=0bl1 — 50 pF
24 |Input capacitance (digital pins) Cin — 7 pF
25 |Input capacitance (analog pins) CinA — 10 pF
26 |Input capacitance:
(Shared digital and analog pins AN[12]_MA[0]_SDS, Cin M — 12 pF
AN[13]_MA[1]_SDO, AN[14]_MA[2]_SDI, and AN[15]_FCK) -
MPC5553 Microcontroller Data Sheet, Rev. 4
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Electrical Characteristics

Table 9. DC Electrical Specifications (T 5 = T to Ty) (continued)

Spec Characteristic Symbol Min Max. Wnit
27a |Operating current 1.5 V supplies @ 132 MHz: ©
Vpp (including Vppe max current) @1.65 V typical use 7+ 8 Ibp — 460 mA
Vpp (including Vppg max current) @1.35 V typical use 78 Ibb — 360 mA
Vpp (including Vppr max current) @1.65 V high use & ° Iob — 510 mA
Vpp (including Vppr max current) @1.35 V high use & ° Iob — 410 mA
27b |Operating current 1.5 V supplies @ 114 MHz: 6
Vpp (including Vppr max current) @1.65 V typical use /& Iob — 410 mA
Vpp (including Vppe max current) @1.35 V typical use 7 8 Ibp — 310 mA
Vpp (including Vppe max current) @1.65 V high use & ° Iob — 460 mA
Vpp (including Vppr max current) @1.35 V high use & 9 Iob — 370 mA
27c |Operating current 1.5 V supplies @ 82 MHz: 6
Vpp (including Vppr max current) @1.65 V typical use 78 Iob — 330 mA
Vpp (including Vppr max current) @1.35 V typical use " 8 Iob — 225 mA
Vpp (including Vppe max current) @1.65 V high use & ° Iob — 385 mA
Vpp (including Vppge max current) @1.35 V high use & ° Iob — 290 mA
27d |RAM standby current.10
Ibp_say @ 25°C
Vstgy @ 0.8V lop_sTBY — 20 A
Vstey @ 1.0V Ipp_sTBY — 30 A
Vstey @ 1.2V Ibp_sTBY — 50 A
Ipp_sTay @ 60°C
Vsey @ 0.8V Ibp_sTBY — 70 A
Vstgy @ 1.0V lop_sTBY — 100 A
Vstey @ 1.2V Ipp_sTBY — 200 A
lop_stey @ 150° C (Tj)
Vstey @ 0.8V Ibp_sTBY — 1200 A
Vstey @ 1.0V Ibp_sTBY — 1500 A
Vstey @ 1.2V lop_sTBY — 2000 A
28 |Operating current 3.3 V supplies @ fyyax MHz
Vppas 1t Ibb_33 — 2+ (values | mA
derived from
procedure of
footnote 1)
VELASH lVFLASH — 10 mA
VbDpsyN IbpsyN — 15 mA
29 |Operating current 5.0 V supplies (12 MHz ADCLK):
Vopa (Vbpoao + Vbpai) Ibp_a — 20.0 mA
Analog reference supply current (Vgy, Vi) IREF — 1.0 mA
Vpp lop — 25.0 mA

MPC5553 Microcontroller Data Sheet, Rev. 4
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Electrical Characteristics

Table 9. DC Electrical Specifications (T 5 = T to Ty) (continued)

Spec Characteristic Symbol Min Max. nit
30 |Operating current Vppg supplies: 12
VDDEHl lDDl — Refer to mA
VbpE2 Ibb2 — footnote > | mA
VbDE3 Ibps — mA
VDDEH4 IbDa — mA
VbpEs Ipps — mA
VDDEHs6 Ippe — mA
VbpE? Ipp7 — mA
VDDEH8 Ibps — mA
VDDEH9 Ibpg — mA
31 |Fast I/O weak pullup current 13
1.62-1.98V 10 110 A
2.25-2.75V 20 130 A
3.00-3.60 V 20 170 A
e lacT_F
Fast I/O weak pulldown current
1.62-1.98V 10 100 A
2.25-2.75V 20 130 A
3.00-3.60 V 20 170 R
32 |Slow and medium I/O weak pullup/down current 13
3.0-36V lacT s 10 150 A
4555V 20 170 A
33 |I/O input leakage current 14 lINACT D 25 25 A
34 |DC injection current (per pin) lic -2.0 2.0 mA
35 |Analog input current, channel off 15 lINACT A -150 150 nA
35a |Analog input current, shared analog / digital pins | o5 25 =
(AN[12], AN[13], AN[14], AN[15]) INACT_AD : :
36 |Vgg to Vggp differential voltage 18 Vss — Vssa -100 100 mv
37 |Analog reference low voltage VgL Vgga— 0.1 Vgga + 0.1 \Y
38 |VR differential voltage VRrL — Vssa -100 100 mV
39 [Analog reference high voltage VRH Vppa — 0.1 Vppa + 0.1
40 |VgeE differential voltage VRH — VRL 4.5 5.25
41 VSSSYN to VSS differential voltage VSSSYN - VSS -50 50 mV
42 VRCVSS to VSS differential voltage VRCVSS — VSS -50 50 mV
43 |Vppg to Vpp differential voltage Vopor - Vob -100 100 mVv
43a VRC33 to VDDSYN differential Voltage VRC33 - VDDSYN -0.1 0.1 17 \Y
44 | Analog input differential signal range (with common mode 2.5 V) V\bIEe -2.5 25 \%
45 |Operating temperature range, ambient (packaged) Tao= (T t0 TR) T TH T
46 |Slew rate on power-supply pins — — 50 V/ms
1 Vppez and Vppgs are limited to 2.25-3.6 V only if SIU_ECCR[EBTS] = 0; Vppe, and Vppes have a range of 1.6-3.6 V if
SIU_ECCR[EBTS] = 1.
MPC5553 Microcontroller Data Sheet, Rev. 4
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Electrical Characteristics

| Vbbao — Vopa1 | must be < 0.1 V.

Vpp can drop to 3.0 V during read operations.

If standby operation is not required, connect Vgrgy to ground.
Applies to CLKOUT, external bus pins, and Nexus pins.
Maximum average RMS DC current.

Average current measured on Automotive benchmark.

Peak currents can be higher on specialized code.

High use current measured while running optimized SPE assembly code with all code and data 100% locked in cache

(0% miss rate) with all channels of the eMIOS and eTPU running autonomously, plus the eDMA transferring data continuously from

SRAM to SRAM. Higher currents are possible if an idle loop that crosses cache lines is run from cache. Design and write code to

avoid this condition.

10 The current specification relates to average standby operation after SRAM has been loaded with data. For power up current see
Section 3.7, “Power-Up/Down Sequencing”, Figure 2.

1 power requirements for the Vpps3 supply depend on the frequency of operation, load of all I/O pins, and the voltages on the /O

segments. Refer to Table 11 for values to calculate the power dissipation for a specific operation.

12 power requirements for each 1/0 segment are dependent on the frequency of operation and load of the 1/0 pins on a particular I/O
segment, and the voltage of the I/O segment. Refer to Table 10 for values to calculate power dissipation for specific operation. The
total power consumption of an I/O segment is the sum of the individual power consumptions for each pin on the segment.

13 Absolute value of current, measured at V. and V.
14 Weak pullup/down inactive. Measured at Vppe = 3.6 V and Vppgy = 5.25 V. Applies to pad types: pad_fc, pad_sh, and pad_mh.

15 Maximum leakage occurs at maximum operating temperature. Leakage current decreases by approximately one-half for each 8 °C
to 12 °C, in the ambient temperature range of 50 °C to 125 °C. Applies to pad types: pad_a and pad_ae.

16 VSSA refers to both VSSAO and VSSAl' I VSSAO - VSSAl I must be < 0.1 V.
17 Up to 0.6 V during power up and power down.

© 00 N O O~ W N

MPC5553 Microcontroller Data Sheet, Rev. 4

18 Freescale Semiconductor



Electrical Characteristics

3.8.1 I/O Pad Current Specifications

The power consumption of an 1/Ogseent depends on the usage of tiesin a particular segment. The
power consumption is the sum of alitput pin currents for a segnteihe output pin current can be
calculated fromTable 10based on the voltage, frequency, aratllon the pin. Use linear scaling to
calculate pin currents faoltage, frequency, and load parametbet fall outside the values given in
Table 10

Table 10. I/O Pad Average DC Current (T 5 =T, to Tyt

Frequency ) Drive Select /
Spec Pad Type Symbol (MH2) Load“ (pF) Voltage (V) Slew Ratg Current (mA)
Control Setting
1 25 50 5.25 11 8.0
2 Siow lory < 10 50 5.25 01 3.2
3 - 2 50 5.25 00 0.7
4 200 5.25 00 2.4
5 50 50 5.25 11 17.3
6 Medium - 20 50 5.25 01 6.5
7 - 3.33 50 5.25 00 1.1
8 3.33 200 5.25 00 3.9
9 66 10 3.6 00 2.8
10 66 20 3.6 01 5.2
11 66 30 3.6 10 8.5
12 66 50 3.6 11 11.0
13 66 10 1.98 00 1.6
14 66 20 1.98 01 2.9
15 66 30 1.98 10 4.2
16 66 50 1.98 11 6.7
17 56 10 3.6 00 2.4
18 56 20 3.6 01 4.4
19 56 30 3.6 10 7.2
20 Fast - 56 50 3.6 11 9.3
21 - 56 10 1.98 00 1.3
22 56 20 1.98 01 2.5
23 56 30 1.98 10 35
24 56 50 1.98 11 5.7
25 40 10 3.6 00 1.7
26 40 20 3.6 01 3.1
27 40 30 3.6 10 5.1
28 40 50 3.6 11 6.6
29 40 10 1.98 00 1.0
30 40 20 1.98 01 1.8
31 40 30 1.98 10 2.5
32 40 50 1.98 11 4.0

1 These values are estimates from simulation and are not tested. Currents apply to output pins only.
2 All loads are lumped.
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Electrical Characteristics

3.8.2

The power consumption of thg)¥33 supply dependents on the usagthefpins on all I/O segments. The
power consumption is the suvhall input and output pin Mp33 currents for all ID segments. The output
pin Vppss current can be calculated frofable 11based on the voltage, frequency, and load on all fast
(pad_fc) pins. The input pinpgf33 current can be calculated frofable 11based on the voltage,
frequency, and load on all pad_sh and pad_mh pins. iss caling to calculapen currents for voltage,
frequency, and load parameters taditoutside the values givenirable 11

I/O Pad Vpp33 Current Specifications

Table 11. Vpp33 Pad Average DC Current (T o =T to Ty) !

Spec | Pad Type | Symbol Frjﬁﬂ”:;‘)cy L‘(’sg) ’ V'(D\%% V(QBE SD;';‘; Cz*nf;;“
Inputs
Slow 133 sH 66 0.5 3.6 5.5 NA 0.003
2 Medium 133 MH 66 0.5 3.6 55 NA 0.003
Outputs
3 66 10 3.6 3.6 00 0.35
4 66 20 3.6 3.6 01 0.53
5 66 30 3.6 3.6 10 0.62
6 66 50 3.6 3.6 11 0.79
7 66 10 3.6 1.98 00 0.35
8 66 20 3.6 1.98 01 0.44
9 66 30 3.6 1.98 10 0.53
10 66 50 3.6 1.98 11 0.70
11 56 10 3.6 3.6 00 0.30
12 56 20 3.6 3.6 01 0.45
13 56 30 3.6 3.6 10 0.52
14 56 50 3.6 3.6 11 0.67
Fast I33 FC

15 - 56 10 3.6 1.98 00 0.30
16 56 20 3.6 1.98 01 0.37
17 56 30 3.6 1.98 10 0.45
18 56 50 3.6 1.98 11 0.60
19 40 10 3.6 3.6 00 0.21
20 40 20 3.6 3.6 01 0.31
21 40 30 3.6 3.6 10 0.37
22 40 50 3.6 3.6 11 0.48
23 40 10 3.6 1.98 00 0.21
24 40 20 3.6 1.98 01 0.27
25 40 30 3.6 1.98 10 0.32
26 40 50 3.6 1.98 11 0.42

1 These values are estimated from simulation and not tested. Currents apply to output pins for the fast pads only and to input
pins for the slow and medium pads only.

2 All loads are lumped.
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3.9

Oscillator and FMPLL Electrical Characteristics

Table 12. FMPLL Electrical Specifications
(VDDSYN =3.0-3.6V,; VSS = VSSSYN =0.0V; TA = TL to TH)

Electrical Characteristics

Spec Characteristic Symb ol Minimum Maximum Unit
PLL reference frequency range: 1
1 Crystal reference fret crystal 8 20 MHz
External reference fret_ext 8 20
Dual controller (1:1 mode) fret 11 24 fsys ¥2
2 | System frequency ? fsys ficoun) ¥2RP fuax MHz
3 System clock period teye — 1 yfsys ns
4 Loss of reference frequency 4 flor 100 1000 kHz
5 Self-clocked mode (SCM) frequency ° fsem 7.4 17.5 MHz
EXTAL input high voltage crystal mode © VIHEXT VytaL + 0.4V — \%
6 All other modes
[dual controller (1:1), bypass, external reference] Viext | (Vppes Y2) + 0.4V — \%
EXTAL input low voltage crystal mode ’ VILEXT — VyaL — 0.4V \%
! All other modes
[dual controller (1:1), bypass, external reference] ViLEXT — (Vpbpes ¥2) - 0.4V \
8 | XTAL current® IycTAL 0.8 3 mA
9 | Total on-chip stray capacitance on XTAL Cs_xTaL — 15 pF
10 | Total on-chip stray capacitance on EXTAL Cs ExTAL — 15 pF
11 Crystal manufacturer’'s recommended capacitive CL Refer to crystal Refer to crystal pF
load specification specification
12 Discrete load capacitance to connect to EXTAL CL_ExTAL L 2 UCL)_CS_EX'@L pF
— CpcB_EXTAL
13 Discrete load capacitance to connect to XTAL CL xTAL . (2 uC) —Cs xyaL pF
— CpcB_XTAL °
14 |PLL lock time 10 ol — 750 £
15 Dual controller (1:1) clock skew tskew -2 2 ns
(between CLKOUT and EXTAL) 11,12
16 | Duty cycle of reference tbc 40 60 %
17 | Frequency unLOCK range fuL -4.0 4.0 % fsvs
18 |Frequency LOCK range fLek -2.0 2.0 % fsys
MPC5553 Microcontroller Data Sheet, Rev. 4
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