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Hardware design considerations
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Figure 1. Oscillator/PLL/DAC power filter

Figure 2 shows an example for isolating the ADC power supply from the I/O supply (EVDD) and ground. Note that in this
power supply the 10 Q resistor is replaced by a 0 Q resistor. This will reduce the IR drop into the ADC, limiting additional gain
error.
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Figure 2. ADC power filter

0.1 pF

Figure 3 shows an example for bypassing the internal core digital power supply for the MPU. This bypass should be applied to
as many IVDD signals as routing allows. Each one should be placed as close to the ball as possible.
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Figure 3. IVDD power filter

Figure 4 shows an example for bypassing the external pad ring digital power supply for the MPU. This bypass should be applied
to as many EVDD signals as routing allows. Each one should be placed as close to the ball as possible.
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Figure 4. EVDD power filter
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Hardware design considerations

Figure 5 shows an example for bypassing the FlexBus power supply for the MPU. This bypass should be applied to as many
FB_VDD signals as routing allows. Each one should be placed as close to the ball as possible.
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Figure 5. FB_VDD power filter

2.2 Supply voltage sequencing

Figure 6 shows requirements in the sequencing of the /O Vpp (EVpp), FlexBus Vpp (FBVpp), SDRAM Vp, (SDVpp), PLL
Vpp (VDD _OSC_A PLL), and internal logic/core Vpp (IVpp).
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Time
Notes:

1 Input voltage must not be greater than the supply voltage (EVpp, FBVpp, SDVpp, IVpp, or PVpp) by more
than 0.5V at any time, including during power-up.
2 Use 25 V/millisecond or slower rise time for all supplies.

Figure 6. Supply voltage sequencing and separation cautions

The relationships between FBVpp, SDVp and EVpp are non-critical during power-up and power-down sequences. FBVpp
(1.8-3.3V), SDVpp (2.5V or 1.8V) and EVp are specified relative to IVpp,.

NOTE

All I/O VDD pins must be powered on when the device is functioning, except when in
standby mode.

In standby mode, all I/O VDD pins, except VSTBY RTC (battery), can be switched off.

MCF5441x ColdFire Microprocessor Data Sheet, Rev. 8
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Pin assignments and reset states

Table 3. Estimated power consumption specifications (continued)

Characteristic Symbol Typical | Unit
External I/0 pad operating supply current (nominal 3.3 V) EVDD
—3 mA
USB operating supply current (nominal 3.3 V) VDD_USBO,
VDD_USBH 30 mA
ADC operating supply current (nominal 3.3 V) VDDA_ADC
Speed mode 00 14 mA
Speed mode 01 22
DAC operating supply current (nominal 3.3 V) VDDA_DAC_ADC
11 mA
RTC standby supply current VSTBY_RTC
ISTBY 17 pA

1 Current measured at maximum system clock frequency, all modules active, and default drive
strength with matching load.

2 DDR2 interface power is estimated from the Micron DDR2 data sheet. The numbers given in this
table do not include the actual power consumption of the memory itself. The current drawn by the
memory needs to be added to the values in this table and may be several hundred mA.

3 EVDD values depend on the application, with the restrictions that any single pin cannot exceed
25 mA and that the total power does not exceed the thermal characteristics.

3 Pin assighments and reset states

3.1 Signal multiplexing

The following table lists all the MCF5441x pins grouped by function. The Dir column is the direction for the primary function
of the pin only. Refer to the following sections for package diagrams. For a more detailed discussion of the MCF544 1x signals,
consult the MCF5441x Reference Manual (MCF54418RM).

NOTE

In this table and throughout this document a single signal within a group is designated
without square brackets (i.e., FB_AD23), while designations for multiple signals within a
group use brackets (i.e., FB_AD[23:21]) and is meant to include all signals within the two
bracketed numbers when these numbers are separated by a colon.

NOTE

The primary functionality of a pin is not necessarily its default functionality. Most pins that
are muxed with GPIO default to their GPIO functionality. See the following table for a list
of the exceptions.

MCF5441x ColdFire Microprocessor Data Sheet, Rev. 8
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Pin assignments and reset states

Table 5. MCF5441x Signal information and muxing (continued)
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Signal name GPIO Alternate 1 Alternate 2 a2 |5 | © 2 % %
=35 | @ 5 | T = s
g3 |8 | £ |¢a g Q
g - N
External interrupts port
IRQ7 PC6 — — — | EVDD ssr G10 F12
IRQ6 PC5 — USB_CLKIN™ — | | EvDD | ssr — N1
IRQ4 PC4 DREQO — — I EVDD | ssr E11 Fi4
IRQ3 PC3 DSPIO_PCS3 USBH_VBUS_EN — I EVDD ssr — M
IRQ2 PC2 DSPIO_PCS2 | USBH_VBUS_OC 21 | EvDD | ssr — M2
IRQ1 PC1 — — — I EVDD ssr E13 F13
USB On-the-Go
USBO_DM — — — — /0 | VvDD_ ae B13 Al4
USBO
USBO_DP — — — — /0 | VvDD_ ae A13 B14
USBO
USB host
USBH_DM — — — — /0 | VDD_ ae — A15
USBH
USBH_DP — — — — /0 | VDD_ ae — B15
USBH
ADC
ADC_IN7/ — — — — | VDDA_ | ae — K3
DAC1_OUT DAC_
ADC
ADC_IN[6:4] — — — — | | VDDA_ | ae — H2, J3, G4
ADC
ADC_IN3/ — — — — | | VDDA_ | ae — K4
DACO_OuUT DAC_
ADC
ADC_IN[2:0] — — — — | | VDDA_| ae — J2, J1, H1
ADC
Real time clock
RTC_EXTAL — — — — * | vSTBY | ae B14 B16
RTC_XTAL — — — — O | VSTBY | ae Cc14 C16
DSPI0/SBF'3
DSPIO_PCS1/ PCO — — — /O | EVDD | msr K3 L1
SBF_CS
MCF5441x ColdFire Microprocessor Data Sheet, Rev. 8
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Table 5. MCF5441x Signal information and muxing (continued)

Pin assignments and reset states

=
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Signal name GPIO Alternate 1 Alternate 2 23 |5 | 9 2 % %
25 | © > o = =
HAE I EE
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Enhanced secure digital host controller
SDHC_DAT3 PF2 PWM_A1 DSPI1_PCS0 — | 1/O | EvDD | msr — B13
SDHC_DAT2 PF1 PWM_B1 DSPI1_PCS2 — | 1/O | EvDD | msr — E14
SDHC_DATT PFO PWM_A2 DSPI1_PCS1 — | 1/O | EvDD | msr — D12
SDHC_DATO PG7 PWM_B2 DSPI1_SOUT — | /O | EvDD | msr — B12
SDHC_CMD PG6 PWM_BO DSPI1_SIN — | /O | EvDD | msr — c11
SDHC_CLK PG5 PWM_AO DSPI1_SCK — | O | EvDD | msr — A10
Smart card interface 0
SIMO_DATA RGPIO13/PG4 PWM_FAULT2 SDHC_DAT7 — | /O | EvDD | msr — E12
SIMO_VEN RGPIO12/PG3 PWM_FAULTO — — | O | EvDD | msr — D13
SIMO_RST RGPIO11/PG2 PWM_FORCE SDHC_DAT6 — | O | EvDD | msr — cis
SIMO_PD RGPIO10/PGH1 PWM_SYNC SDHC_DAT5 — | | EVDD | msr — c14
SIM0_CLK RGPIO9/PGO PWM_FAULT1 SDHC_DAT4 — | O | EvDD | msr — A1
Synchronous serial interface 0'°
SSI0_RXD PH7 I2C2_SDA SIM1_VEN — | | EVDD | msr B12 c12
SSI0_TXD PH6 12C2_SCL SIM1_DATA — | o | EvDD | msr A1 c13
SSI0_FS PH5 UART7_TXD SIM1_RST — /0 | EVDD | msr c13 E15
SSI0_MCLK PH4 SSI_CLKIN SIM1_CLK — O | EVDD | msr A12 Al2
SSI0_BCLK PH3 UART7_RXD SIM1_PD — /0 | EVDD | msr D13 A13
Ethernet subsystem
MII0_MDC P RMII0_MDC?° — — | O | evDD | fer N14 P16
MII0_MDIO PIO RMII0_MDIO?® — — | /O | EvDD | fer M14 N16
MII0_RXDV PJ7 RMII0_CRS_DV?° — — | | EvDD | fr M13 P14
MII0_RXD[1:0] PJ[6:5] RMII0_RXD[1:0]2° — — | | EvDOD | fsr | P13,N13 | R15 T15
MIIO_RXER PJ4 RMII0_RXER?® — — | | EvDD | fsr M12 N14
MIIO_TXD[1:0] PJ[3:2] RMIIO_TXD[1:0]%° — — | O | EvDD | fsr | L12,L11 | R13,P13
MIIO_TXEN PJ1 RMIIO_TXEN?? — D?' | O | EvDD | fsr N12 P12
MII0_COL PJO RMII1_MDC ULPI_STP — | | EvbD | fer — R12
MIIO_TXER PK7 RMII1_MDIO ULPI_DATA4 — | O | evbp | fsr — R14
MIIO_CRS PK6 RMII1_CRS_DV ULPI_DATA5 — | | EvbD | fsr — P11
MII0_RXD[3:2] PK[5:4] RMII1_RXD[1:0] | ULPI_DATA[1:0] — | | EvDD | fsr — P15, N13
MCF5441x ColdFire Microprocessor Data Sheet, Rev. 8
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Pin assignments and reset states

Table 5. MCF5441x Signal information and muxing (continued)
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MII0_RXCLK PK3 RMII1_RXER ULPI_DATA6 — I EVDD fsr — M1i4
MIIO_TXD[3:2] PK[2:1] RMII1_TXDI[1:0] ULPI_DATA[3:2] — O | EvDD fsr — T13,N12
MIIO_TXCLK PKO RMII1_TXEN ULPI_DATA7 D21 | EVDD fsr — T14
BDM/JTAG
ALLPSTZ2 PH2 — — — o | EVDD | fer K12 —
DDATA[3:2] PH[1:0] — — — O | EVDD | fsr — L15, M13
DDATA[1:0] PI[7:6] — — — O | EVDD | fsr — M15, L14
PST[3:0] PI[5:2] — — — O | EVDD fsr — J183, J16,
J15, J14
JTAG_EN — — — D I EVDD | msr N11 N15
PSTCLK — TCLK23 — — | | EVDD | fer L14 M16
DSI — TDI%3 — u I | EVDD | mer L10 L13
DSO — TDO?3 — — o | EvDD | msr L13 K14
BKPT — T™MS?23 — | | EVDD | msr K13 K16
DSCLK — TRST23 — | | EVDD | msr L9 K13
Test
(this signal must be grounded)
TEST — — — ‘ D ‘ I ‘ EVDD | ssr K10 R16
Power supplies
IVDD — — — — — — — D9, D10, E9-E11,
E9,E10,F9, | F9-F11
F10, F12
EVDD — — — — — — — | F4-F7,G8, |H8,J7-J10,
G7,H6, H7, | K6—K11, L6
Js, J6
FB_VDD — — — — — — — D5-D7, | E5-E7,FS5,
E4-E7 F6, G5
SD_VDD — — — — — — — K7-K9, M7-M12
L5-L7
VDD_OSC_A_PLL — — — — — — vddint F14 F15
VSS_OSC_A_PLL — — — — — — | vddint F13 F16
VDD_USBO — — — — — — vdde F11 G12
VDD_USBH — — — — — — vdde — H12
VDDA_ADC — — — — — — — — H4
MCF5441x ColdFire Microprocessor Data Sheet, Rev. 8
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Pin assignments and reset states

21 Configurable pull that is enabled and pulled down after reset.

22 The ALLPST signal is available only on the 196 MAPBGA package and allows limited debug trace functionality compared to the 256
MAPBGA package.

23 |f JTAG_EN is asserted, these pins default to Alternate 1 (JTAG) functionality. The GPIO module is not responsible for assigning these
pins.
24 VSTBY is for optional standby lithium battery. If not used, connect to EVDD.

MCF5441x ColdFire Microprocessor Data Sheet, Rev. 8
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Pin assignments and reset states

3.2 Pinout—196 MAPBGA

The pinout for the MCF54410 package is shown below.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Al ano | FB FB_ FB_ FB_ FB_ FB_ FB_ FB_ FB_ | ssio_ | Sslo_ | USB_ | oo |
AD10 | AD14 | AD16 | AD18 | AD19 | AD24 | AD27 | AD30 | AD31 | TXD | MCLK | DPLS
sl B FB_ FB_ FB_ FB_ FB_ FB_ FB_ FB_ Ut Uo_ | ssio_ | usB_ | RTC_ |g
AD6 | AD9 | AD11 | ADi3 | AD17 | AD20 | AD23 | AD26 | AD29 | RXD | TXD | RXD | DMNS | EXTAL
cl B FB_ FB_ FB_ FB_ FB_ FB_ FB_ FB_ Ut Uo_ |UORTS_| sSlo_ | RTC_ |,
AD3 | AD5 | AD8 | ADi2 | AD15 | AD21 | AD22 | AD25 | AD28 | TXD | RXD B FS XTAL
FB_ FB_ FB_ Ssio_
Dl aDo AD2 AD4 BcLk | GND |D
FB_BE2 FB_
E| P57 | FeLALE | RE: IRQ1_B | VSTBY |E
VSS_OS |VDD_0S
¢ | FB_BEO | FB_BE1 | FB_BES Ao e |
B B B
L L
G| FB_CLK FB—gSO FB—gS1 T3IN | EXTAL |G
4| FBLOE_ [FB_.RW_| FB_TA_ TIN | XTAL |H
B B B
DSPI0_ | DSPI0_ | DSPIO_
J| ‘pcso | souT | sck TOIN RGO
DSPIO_ | DSPI0_ RSTIN_
K| sp_ar | PEFO- | BSCO ALLPST | TMS B K

RM110_ | RM110_

L| SD_A9 | SD_A10| SD_AS | SD_A4 oI | AMIT0 I RMITO | Do | Towk L

M| SD_A12 | SD_A7 | sD_At1 | SP-5AS | SD-CS-|sp a2 | sp D0 | SD_D2 | SD_D4 | SD_DE | Owio | R | FIOL | FMIO

N| sD_A3 | sp_A2 | sD Ao | sp_as | SO WE-Isp cke|sppam| sp b1 [SPYAE| sp ps | TAGE | MO | RO, | RINO |y

P| GND | SD_A6 | SD_A13 | SD_BAO |SD_0DT | sp_cLK [SP-CHK-|sp_pas so:gos SD_D3 | sD_D7 RSTgUT A0~ anp [P
1 2 3 4 5 6 7 8 9 10 1 12 13 14

Figure 7. MCF54410 Pinout (196 MAPBGA)
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Electrical characteristics

Electrical characteristics

This document contains electrical specification tables and reference timing diagrams for the MCF544 1x microprocessor. This
section contains detailed information on AC/DC electrical characteristics and AC timing specifications.

4.1

NOTE

The specifications for this device in any other document are superseded by the
specifications in this document.

Absolute maximum ratings

Table 6. Absolute maximum ratings’> 2

Rating Symbol Pin name Value Units
External I/O pad supply voltage EVpp EVDD -0.3to +4.0 Vv
Internal logic supply voltage IVpp IVDD -0.5t0 +2.0
FlexBus 1/O pad supply voltage FBVpp FB_VDD -0.31t0 +4.0 \Y
SDRAM 1/O pad supply voltage SDVpp SD_VDD -0.3to +4.0 \"
PLL supply voltage PVpp VDD_OSC_A_PLL -0.3t0 +4.0 \Yj
USB OTG supply voltage USBVpp VDD_USBO -0.3t0 +4.0 \'
USB host supply voltage USBVpp VDD_USBH -0.3to +4.0 Vv
ADC supply voltage AVpp VDDA_ADC -0.3to +4.0 Vv
DAC and ADC supply voltage — VDDA_DAC_ADC —0.31t0 +4.0 Vv
RTC standby supply voltage RTCVgtRy VSTBY_RTC -0.3t0 +4.0 \
Digital input voltage® ViN — -0.3t0+3.6 %
Instantaneous maximum current Ibp — 25 mA
Single pin limit (applies to all pins) 345
Operating temperature range (packaged) Ta — —40 to +85 °C

(TL=Th)

Storage temperature range Tstg — -55to +150 °C

1

Functional operating conditions are given in Table 11. Absolute maximum ratings are stress ratings only, and
functional operation at the maximum is not guaranteed. Continued operation at these levels may affect device
reliability or cause permanent damage to the device.

This device contains circuitry protecting against damage due to high static voltage or electrical fields. However, it
is advised that normal precautions be taken to avoid application of any voltages higher than maximum-rated
voltages to this high-impedance circuit. Immunity to static and electrical fields is enhanced if unused inputs are tied
to an appropriate logic voltage level (e.g., Vgg or EVpp).

Input must be current limited to the value specified. To determine the value of the required current-limiting resistor,
calculate resistance values for positive and negative clamp voltages, and then use the larger of the two values.
All functional non-supply pins are internally clamped to Vgg and EVpp .

Power supply must maintain regulation within operating EVpp, FBVpp, and SDVpp range during instantaneous and
operating maximum current conditions. If positive injection current (V;, > EVpp, FBVpp, or SDVpp) is greater than
Ipp, the injection current may flow out of EVpp, FBVpp, or SDVpp and could result in external power supply going
out of regulation. Ensure the external EVpp, FBVpp, or SDVpp load shunts current greater than maximum injection
current. This is the greatest risk when the MPU is not consuming power (for example, no clock).

MCF5441x ColdFire Microprocessor Data Sheet, Rev. 8
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Electrical characteristics

Solving equations 1 and 2 for K gives:

K = Ppx (T, x273°C)+ Q. % Ph, Eqn. 3
where K is a constant pertaining to the particular part. K can be determined from Equation 3 by measuring Ppy (at equilibrium)

for a known T,. Using this value of K, the values of Py and T; can be obtained by solving Equation 1 and Equation 2 iteratively

for any value of T,.

4.3 ESD protection

Table 8. ESD protection characteristics'’ 2
Characteristics Symbol Value Units
ESD Target for Human Body Model HBM 2000 \Y

T All ESD testing is in conformity with JESD22 Stress Test Qualification.

2 Adevice is defined as a failure if after exposure to ESD pulses the device no longer meets
the device specification requirements. Complete DC parametric and functional testing is
performed per applicable specification at room temperature followed by hot temperature,
unless specified otherwise in the device specifications provided in this document.

4.4  Static latch-up (LU)

Two complementary static tests are required on six parts to assess the latch-up performance:
* A supply over voltage is applied to each power supply pin.
e A current injection is applied to each input, output, and configurable I/O pin.

These tests are compliant with the EIA/JESD 78 IC latch-up standard.
Table 9. Latch-up results

No. Symbol Parameter Conditions Class
1 LU CcC Static latch-up class Tp = 125 °C conforming to JESD 78 Il level A
4.5 DC electrical specifications
Table 10. Power supply specifications
Characteristic Symbol |Pin Name Min Max Units
Internal logic supply voltage, nominal 1.2 V IVpp IVDD 1.14 1.32 \
FlexBus supply voltage FBVpp FB_VDD \Y
Nominal 1.8-3.3 V 1.71 3.63
SDRAM supply voltage SDVpp SD_VDD \Y;
DDR2 @ 1.8V 1.71 1.98
SDRAM input reference voltage SDVReg | SD_VREF | 0.49x SDVpp | 0.51 x SDVpp
SDRAM termination supply voltage SDV+r SD_VIT | SDVRgg —0.04 | SDVRgg + 0.04
PLL analog operation voltage range, nominal 3.3 V PVpp VDE}?L?_C, 3.135 3.63

MCF5441x ColdFire Microprocessor Data Sheet, Rev. 8
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Electrical characteristics

Table 10. Power supply specifications (continued)

Characteristic Symbol |Pin Name Min Max Units
External I/0 pad supply voltage, nominal 3.3 V EVpp EVDD 3.135 3.63 Vv
USB supply voltage, nominal 3.3 V uUsBv VDD_USBO 3.135 3.63 \
PPY g DD | vbp_usBH
ADC supply voltage AVpp VDDA_ADC 3.135 3.63 Vv
DAC supply voltage — VDDAAagAC_ 3.135 3.63
RTC standby supply voltage RTCVgrgy | VSTBY_RTC 1.6 EVpp - 0.2V \

Table 11. I/O electrical specifications

Characteristic Symbol Min Max Units
CMOS input high voltage EVi4 0.65 x EVpp EVpp + 0.3 \
CMOS input low voltage EV, Vgs—0.3 0.35 x EVpp \
CMOS output high voltage EVonx 0.8 x EVpp — \
lOH =-2.0mA
CMOS output low voltage EVoL — 0.2 x EVpp \Y
|o|_ =2.0mA
SDRAM input high voltage SDViy \
DDR2 @ 1.8V SDVRgg+ 0.125| SDVpp + 0.3
SDRAM input low voltage SDvV Vv
DDR2 @ 1.8V -0.3 SDVRgg - 0.125
SDRAM output high voltage SDVon \
DDR2@ 1.8V Igy=—-13.4 mA SDVpp x 0.9 —
SDRAM output low voltage SDVpo, \
DDR2@ 1.8V Igy=13.4 mA — SDVpp x 0.1
FlexBus input high voltage FBV|H 0.51 x FBVpp FBVpp + 0.3 \
@ 1.8V-3.3V
FlexBus input low voltage FBV) Vgs—0.3 0.42 x FBVpp \
@ 1.8V-3.3V
FlexBus output high voltage FBVoy 0.8 x FBVpp — Vv
@ 1.8V-3.3V
loy = —5.0 mA for all modes
FlexBus output low voltage FBVoL — 0.2 x FBVpp \
@ 1.8V-3.3V
loL = 5.0 mA for all modes
Input Leakage Current lin -2.5 25 pA
Vin = Vpp or Vgg, Input-only pins

MCF5441x ColdFire Microprocessor Data Sheet, Rev. 8
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Table 12. Output pad slew rates (continued)

Pad type! Slew rate select Drive load Rise/fall time
yp field value (pF) (ns)
msr 50 1.2
11
200 6
50 9
10
200 14
50 17
01
200 23
50 110
00
200 120
fsr 50 1.1
11
200 2.6
50 2.4
10
200 5
50 5
01
200 8
50 16
00
200 21

' The ae pads are used for USB communication and are governed by usb.org
specifications. They are not included in this table.

4.7 DDR pad drive strengths

The DDR pins on the MCF5441x devices have programmable drive strengths. Table 13 lists the drive strengths for pins based
on the value programmed into the appropriate field of the drive strength control register. Refer to Table 5 for a list of the external

signals to pad connections.

NOTE

For a single device drive, this setting should be 00 to enable Half Strength mode. High
strength is intended for multiple device drives (DIMM).

Table 13. DDR pad drive strengths

Pad type Drivef?;:'gr‘!gtI::elect Drive strength
st 00 Half strength 1.8V DDR2
01 Full strength 1.8V DDR2
10 Reserved
11 Reserved

MCF5441x ColdFire Microprocessor Data Sheet, Rev. 8
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4.8 Oscillator and PLL electrical characteristics

Reference Figure 9 for crystal circuits.

Table 14. PLL electrical characteristics

Num Characteristic Symbol Min Max Unit
1 |PLL Reference Frequency Range’
Crystal reference fref_crystal 141 50" MHz
External reference fref ext 141 50" MHz
2 Core frequency fsys 120 250 MHz
FB_CLK frequency? (MISCCR2[FBHALF] = 0) fsys/2 60 100 MHz
3 |VCO frequency fyco 240 500 MHz
4  |DCC frequency® focc 300 500 MHz
5 |Crystal start-up time* ® tost — 10 ms
6 EXTAL input high voltage
External and limp modes VIHEXT EViH EVDD \
7 EXTAL input low voltage
External and limp modes ViLExT 0 EV Vv
8 |PLL lock time 4 © ol — 50 ms
9 Duty cycle of reference tae -45% +45% %
10 |Crystal capacitive load CL — From crystal pF
spec
11 |Feedback resistor Re 10 — MQ
12  |Series resistor Rg 0 200 Q
13 |Discrete load capacitance for XTAL CL xTaL — 2xCp - pF
Cs xmaL—
Cpce_xTAL
14  |Discrete load capacitance for EXTAL CL ExTaL — 2xCL— pF
Cs_extaL—
Cpce_ExTAL
15 |FB_CLK period jitter, # 5 7> & Measured at fgyg Max Ciitter
Peak-to-peak jitter (clock edge to clock edge) — 10 % fsysia
Long term jitter — 0.1 % feysia

0 N O O WD

These reference value ranges are for after a PLL predivider (PREDIV), which can be programmed to 1, 2, 4, 8, or 16.
The PREDIV value can be set while booting from serial flash. In parallel reset configuration, the PREDIV value is set to
one. In this mode, if the input frequency results in an out of range reference frequency, boot the processor in limp
mode, set the proper PREDIV and multiplier settings, and switch to PLL mode.

All internal registers retain data at 0 Hz.

Required only for DDR2 memory.

This parameter is guaranteed by characterization before qualification rather than 100% tested.

Proper PC board layout procedures must be followed to achieve specifications.

This specification is the PLL lock time only and does not include oscillator start-up time.

Cpci extaL and Cpcp xTaL are the measured PCB stray capacitances on EXTAL and XTAL, respectively.

Jitter is the average deviation from the programmed frequency measured over the specified interval at maximum fsys-
Measurements are made with the device powered by filtered supplies and clocked by a stable external clock signal.
Noise injected into the PLL circuitry via PLL Vpp, EVpp, and Vgg and variation in crystal oscillator frequency increase
the Cijitter percentage for a given interval.
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Figure 10. RESET and configuration override timing

4.10 FlexBus timing specifications

All processor bus timings are synchronous; input setup/hold and output delay are given in respect to the rising edge of a
reference clock, FB_CLK. The FB_CLK frequency may be the same as the internal system bus frequency or an integer divider
of that frequency.

The following timing numbers indicate when data is latched or driven onto the external bus, relative to the FlexBus output clock
(FB_CLK). All other timing relationships can be derived from these values.

All FlexBus signals use pad type pad_fsr. The following timing specifications assume a pad slew rate setting of 11 and a load
of 50 pF.l

Table 16. FlexBus timing specifications

Num Characteristic Min Max Unit Notes
Frequency of operation — 62.5 MHz

FB1 |Clock period 16 — ns

FB2 |Output valid — 6.0 ns 1

FB3 |Output hold 0.5 — ns 1

FB4 |Input setup 5.5 — ns 2

FB5 |Input hold 0 — ns 2

1 Specification is valid for all FB_AD[31:0], FB_R/W, FB_ALE, FB_TS, FB_CSn, FB_OE, FB_BE/BWER,
and FB_TSIZ[1:0].

2 Specification is valid for all FB_AD[31:0] and FB_TA.

1.These timing parameters are specified assuming maximum operating frequency and the fastest pad slew rate setting
(11). When operating this interface at lower frequencies, increase the slew rate by using the 10, 01, or 00 setting to
increase edge rise and fall times, thus reducing EMI.
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Figure 18. DDR read timing

4.13 USB transceiver timing specifications
The MCF5441x device is compliant with industry standard USB 2.0 specification.

4.14 ULPI timing specifications

The ULPI interface is fully compliant with the industry standard UTMI+ Low Pin Interface. Control and data timing
requirements for the ULPI pins are given in Table 19. These timings apply to synchronous mode only. All timings are measured
with respect to the clock as seen at the USB_CLKIN pin on the MCF5441x. The ULPI PHY is the source of the 60MHz clock.

NOTE

The USB controller requires a 60-MHz clock, even if using the on-chip FS/LS transceiver
instead of the ULPI interface. In this case, the 60-MHz clock can be generated by the PLL
or input on the USB_CLKIN pin.

MCF5441x ColdFire Microprocessor Data Sheet, Rev. 8

36 Freescale Semiconductor



Electrical characteristics

4.15.1 eSDHC timing specifications

Figure 20 depicts the timing of eSDHC, and Table 20 lists the eSDHC timing characteristics.
Table 20. eSDHC interface timing specifications

ID Parameter Symbols Min Max Unit

Card Input Clock

SD1 | Clock frequency (low speed) fpp1 0 400 kHz
Clock frequency (SD/SDIO full speed) fPP2 0 40 MHz
Clock frequency (MMC full speed) fpp3 0 20 MHz
Clock frequency (identification mode) f0D4 100 400 kHz
SD2 | Clock low time twi 7 — ns
SD3 | Clock high time twH 7 — ns
SD4 | Clock rise time trin — 3 ns
SD5 | Clock fall time trye — 3 ns

eSDHC Output / card inputs SDHC_CMD, SDHC_DAT (reference to SDHC_CLK)

SD6 | eSDHC output delay (output valid) top -5 5 ns
eSDHC Input/ card outputs SDHC_CMD, SDHC_DAT (reference to SDHC_CLK)

SD7 | eSDHC input setup time tisu 5 — ns

SD8 | eSDHC input hold time tiy 0 — ns

In low speed mode, card clock must be lower than 400 kHz, voltage ranges from 2.7 to 3.6 V.

In normal data transfer mode for SD/SDIO card, clock frequency can be any value from 0 to 25 MHz.
In normal data transfer mode for MMC card, clock frequency can be any value from 0 to 20 MHz.

In card identification mode, card clock must be 100 kHz— 400 kHz, voltage ranges from 2.7 to 3.6 V.

A 0N =

SD2
65 ol |<. S0 SD1
SDHC_CLK f%
|<SD3:

SD6 —>| ‘(—

2200 G

Sb7 SD8

Input from card to eSDHC - g
SDHC_CMD

SDHC_DAT[3:0] W % %

Figure 20. eSDHC timing

Output from eSDHC to card
SDHC_CMD
SDHC_DAT[3:0]
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4.16.2.2 Cards with active-low reset

The sequence of reset for this kind of card is as follows (see Figure 23):
1. After powerup, the clock signal is enabled on SIM_CLK (time T0)
2. After 200 clock cycles, RX must be high.

3. SIM_RST must remain low for at least 40,000 clock cycles after TO (no response is to be received on RX during those
40,000 clock cycles)

SIM_RST is set high (time T1)

5. SIM_RST must remain high for at least 40,000 clock cycles after T1 and a response must be received on RX between
400 and 40,000 clock cycles after T1.

SIM_VEN

SIM_RST

SIM_CLK

SIM_RX Response

®©

< (3) > < G\ >
&/ &/
T0 T1

< 200 clock cycles
400 clock cycles < < 40,000 clock cycles

400,000 clock cycles <

OO

Figure 23. Active-low-reset card reset sequence

4.16.3 Power-down sequence

Power down sequence for SIM interface is as follows:
1. SIM_PD port detects the removal of the SIM card
2. SIM_RST goes low
3. SIM_CLK goes low
4. SIM _TX goes low
5. SIM_VEN goes low
Each of these steps is completed in one CKIL period (usually 32 kHz). Power-down may be started in response to a

card-removal detection or launched by the processor. Figure 24 and Table 23 show the usual timing requirements for this
sequence, with Fckil = CKIL frequency value.
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4.25 SBF timing specifications

The Serial boot facility (SBF) provides a means to read configuration information and system boot code from a broad array of

SPI-compatible EEPROMs, flashes, FRAMs, nVSRAMs, etc. Table 37 provides the AC timing specifications for the SBF.

Electrical characteristics

All SBF signals use pad type pad_msr. The following timing specifications assume a pad slew rate setting of 11 and a load of

50 pF.!
Table 37. SBF AC timing specifications
Name Characteristic Symbol Min Max Unit | Notes
— SBF_CK frequency fsBrcK — 62.5 MHz
SB1 |SBF_CK cycle time tseEcK 16.67 — ns 1
SB2  [SBF_CK high/low time — 30% — tsBFCK
SB3 |SBF_CS to SBF_CK delay — tserck — 2.0 — ns
SB4 |SBF_CK to SBF_CS delay — tsprck — 2.0 — ns
SB5 |SBF_CK to SBF_DO valid — — 5 ns
SB6 |SBF_CK to SBF_DO invalid — -5 — ns
SB7 |SBF_DI to SBF_SCK input setup — 10 — ns
SB8 |SBF_CK to SBF_DI input hold — 0 — ns

T Atreset, the SBF_CK cycle time is tger x 60. The first byte of data read from the serial memory contains a divider value
that is used to set the SBF_CK cycle time for the duration of the serial boot process.

SBF_CS
SB3 SB1 v
-
SBF_CK
SB7
SBF_D' —-L First Data Data
I<—SBS —>| SB6
s W
SBF_DO First Data >< Data Last Data >/

Figure 34. SBF timing

1.These timing parameters are specified assuming maximum operating frequency and the fastest pad slew rate setting
(11). When operating this interface at lower frequencies, increase the slew rate by using the 10, 01, or 00 setting to

increase edge rise and fall times, thus reducing EMI.
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Table 43. Revision history (continued)

Rev. No.

Date

Summary of changes

31 July 2009

Changed 169MAPBGA package to 196MAPBGA throughout.

MCF54410 device now supports a single SSI module and one Ethernet controller with IEEE 1588
support

17 Aug 2009

Updated MCF5441x Signal Information and Muxing table with 196MAPBGA pin locations
Changed SD_Dn pin locations on 256 MAPBGA package
Added note to Section 4.6, “Output pad loading and slew rate”

29 Jan 2010

Added orderable part numbers

Swapped locations of RTC_EXTAL and RTC_XTAL pins in Table 5, Figure 7, and Figure 8
Corrected instances of MCF5445x to MCF5441x

Added thermal characteristic s to Table 7

Added case outline numbers to Table 42

Changed PLL supply voltage from “-0.5 to +2.0” to “—0.3 to +4.0” in Table 6

Miscellaneous corrections based on information from shared review comments by team members

October 2011

* Updated the pinouts in Table 5, “MCF5441x Signal information and muxing”.
» Updated the Figure 7, “MCF54410 Pinout (196 MAPBGA)”.

* Removed the symbol ADC_IN7/DAC1_OUT from Table 9, “Latch-up results”.
» Updated Table 11, “I/O electrical specifications”.

* Updated Table 13, “DDR pad drive strengths”.

June 2012

* In Table 7, added the thermal characteristics for the 196 MAPBGA package.

* In Table 42, updated the case outline number for the 196 MAPBGA package from “98ARH98217”
to “98ASA00321D".
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