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memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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Package pinouts and signal descriptions

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A PC[15] | PB[2] | PC[13] | PI[1] PE[7] | PHIg] PE[2] PE[4] | PCl4] | PE[3] PH[9] PI[4] | PH11] | PE[14] | PA[10] | PG[11]
5 PH[13] | PC[14] | PC[8] | PC[12] | PI[3] PE[6] | PH[5] PE[5] PC5] | PCl0] | PC[2] | PH[12] | PG[10] | PA[11] | PA[9] PA[8]
. PH[14] VDDXHV PC[9] PL[O] PI[0] PH[7] | PH[6] | VSS_LV VDD;HV PA[5] PC[3] | PE[15] | PG[14] | PE[12] | PA[7] | PE[13]
R PG[5] PI[6] PJ[4] PB[3] | PK[15] | PI[2] PH4] | vDD_LV | PC[1] | PH[10] | PA[E] PI[5] | PG[L5] | PF[14] | PF[15] | PH[2]
e PG[3] PI7] | PHL5] | PG[2] PG[0] | PG[1] | PH[O] VD?KHV
. PA[2] PG[4] PA[1] PE[1] PH[1] | PH[3] | PG[12] | PG[13]
. PE[8] | PE[0] | PE[10] | PA[0] VSS_HV | VSS_HV | VSS_HV | VSS_HV VD?EHV PI[13] | PI[12] | PA[3]
" PE[9] VDISKHV PE[11] | PK[1] VSS_LV | VSS_HV | VSS_HV | VSS_HV VD?;HV VDD_LV | VSS_LV | PI[11]
5 |vsswv VR(R:ECT VDD_LV | PG[9] VSS_LV | VSS_LV | VSS_HV | VSS_HV PD[15] | PI[g] PI[9] PI[10]
K RESET | vss_Lv | PG[8] | PC[11] VSS_LV | VSS_LV | VSS_LV | vDD_LV PD[14] | PD[13] | PB[14] | PBI[15]
. PC[10] | PG[7] | PB[O] PK[2] PD[12] | PB[12] | PB[13] \/3;3D _CHlv
y PG[6] | PB[1] PK[4] PF[9] PB[11] | PD[10] | PD[11] v_sAsD_ glv
N PK[3] PF[8] PCl6] | PC[7] | PI[13] VDB:HV PB[10] | PF6] VD?KHV PJI[1] PD[2] PJ[s5] PB[s5] PB[6] PJ[6] PD[9]
b PF[12] | PF[10] | PF[13] | PA[14] | PJ[9] | PA[12] | PF[0] PF[5] PF[7] PJ[3] PI[15] | PD[4] | PD[7] | PD[8] PJ[8] PJ[7]
R PF[11] | PA[15] | PJ[11] | PI[15] | PA[3] | PF[2) PF[3] PF[4] | vDD_LV | PJ[2) PJ[0] PD[0] | PD[3] | PDI6] v_li% _CHOV PB[7]
. PJ[12] | PA[4] PK[O] | PJ[14] | PJ[10] | PF[] XTAL | EXTAL | VSS_LV | PB[9] PB[8] | PI[14] | PD[] | PD[5] v_sAsD_ g(;/ PB[4]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Notes:

1) VDD_HV_B supplies the 10 voltage domain for the pins PE[12], PA[11], PA[10], PA[9], PA[8], PA[7], PE[13], PF[14], PF[15], PG[0],

PG[1], PH[3], PH[2], PH[1], PHI[O0], PG[12], PG[13], and PA[3].
2) Availability of port pin alternate functions depends on product selection.
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Package pinouts and signal descriptions

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A PC[15] PB[2] PC[13] PI[1] PE[7] PHI8] PE[2] PE[4] PC[4] PE[3] PHI9] PI[4] PH[11] PE[14] PA[10] PG[11]
s PH[13] PC[14] PC[8] PC[12] PI[3] PE[6] PH[5] PE[5] PC[5] PC[0] PC[2] PH[12] PG[10] PA[11] PA[9] PA[8]
c PH[14] VDD;HV_ PC[9] PL[0] PI[O] PH[7] PH[6] VSS_LV VDD;HV_ PA[5] PC[3] PE[15] PG[14] PE[12] PA[7] PE[13]
b PG[5] PI[6] PJ[4] PB([3] PK[15] PI[2] PH[4] VDD_LV PC[1] PH[10] PA[6] PI[5] PG[15] PF[14] PF[15] PH[2]
e PG[3] PI[7] PH[15] PG[2] VDD_LV | VSS_LV PK[10] PKI[9] PM[1] PM[0] PL[15] PL[14] PGI[0] PG[1] PHIO0] VDD;HV_
E PA[2] PG[4] PA[1] PE[1] PL[2] PM[6] PL[1] PK[11] PM[5] PL[13] PL[12] PM[2] PH[1] PH[3] PG[12] PG[13]
G PE[8] PE[0] PE[10] PA[0] PL[3] VSS_HV | VSS_HV | VSS_HV | VSS_HV | VSS_HV | VSS_HV PK[12] VDDEHV_ PI[13] PI[12] PA[3]
" PE[9] VDD;HV_ PE[11] PK[1] PL[4] VSS_LV | VSS_LV | VSS_HV | VSS_HV | VSS_HV | VSS_HV PK[13] VDD;HV_ VDD_LV | VSS_LV PI[11]
; VSS_HV VRCECTR VDD_LV PG[9] PL[5] VSS_LV | VSS_LV | VSS_LV | VSS_HV | VSS_HV | VSS_HV PK[14] PD[15] PI[8] PI[9] PI[10]
K RESET VSS_LV PGI8] PC[11] PL[6] VSS_LV | VSS_LV | VSS_LV | VSS_LV | VDD_LV | VDD_LV PM[3] PD[14] PD[13] PB[14] PB[15]
. PC[10] PG[7] PB[0] PK[2] PL[7] VSS_LV | VSS_LV | VSS_LV | VSS_LV | VDD_LV | VDD_LV PM[4] PD[12] PB[12] PB[13] VE;EE) _é-ilv_
M PG[6] PB[1] PK[4] PF[9] PK[5] PK[6] PK[7] PK[8] PL[8] PL[9] PL[10] PL[11] PB[11] PDI[10] PD[11] Vi%_(l:-ll\/_
N PKI[3] PF[8] PC[6] PC[7] PJ[13] VDD;HV_ PB[10] PF[6] VDD;HV_ PJ[1] PD[2] PJ[5] PB[S] PB[6] PJ[6] PD[9]
b PF[12] PF[10] PF[13] PA[14] PJ[9] PA[12] PF[0] PF[5] PF[7] PJ[3] PI[15] PD[4] PD[7] PD[8] PJ[8] PJ[7]
R PF[11] PA[15] PJ[11] PJ[15] PA[13] PF[2] PF[3] PF[4] VDD_LV PJ[2] PJ[0] PD[0] PD[3] PD[6] VI?AEE)_(;-{(;/_ PB[7]
T PJ[12] PA[4] PK[0] PJ[14] PJ[10] PF[1] XTAL EXTAL VSS_LV PBI[9] PBI[8] PI[14] PD[1] PD[5] vi%_ (i:-g/_ PB[4]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Notes:

1) VDD_HV_B supplies the IO voltage domain for the pins PE[12], PA[11], PA[10], PA[9], PA[8], PA[7], PE[13], PF[14], PF[15], PGIO],
PG[1], PH[3], PH[2], PH[1], PH[0], PG[12], PG[13], PA[3], PM[3], and PM[4].
2)Availability of port pin alternate functions depends on product selection.

3.1 Padtypes

Figure 4. 256-pin BGA configuration

In the device the following types of pads are available for system pins and functional port pins:

S = Slow!
M = Medium? 2

1. See the I/O pad electrical characteristics in the device data sheet for details.

2. All medium and fast pads are in slow configuration by default at reset and can be configured as fast or medium. For example,
Fast/Medium pad will be Medium by default at reset. Similarly, Slow/Medium pad will be Slow by default. Only exception is PC[1]
which is in medium configuration by default (refer to PCR.SRC in the reference manual, Pad Configuration Registers
(PCRO—PCR198)).
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Package pinouts and signal descriptions

F = Fast® 2
| = Input only with analog feature?
A = Analog

3.2 System pins

The system pins are listed in Table 3.

Table 3. System pin descriptions

Pin number
1/0 Pad RESET o o 6
. . a
. . . LL L [ad]
Port pin Function direction | type config. o o o
- - <C
© © =
— Q res
9V}
RESET |Bidirectional reset with Schmitt-Trigger 1/0 M |Input, weak 29 29 K1
characteristics and noise filter. pull-up only
after
PHASE2
EXTAL |Analog input of the oscillator amplifier | Al — 58 74 T8
circuit. Needs to be grounded if oscillator
bypass mode is used.
XTAL |Analog output of the oscillator amplifier 1/0 Al — 56 72 T7
circuit, when the oscillator is not in bypass
mode.
Analog input for the clock generator when
the oscillator is in bypass mode.
NOTES:
1 For analog pads, it is not recommended to enable IBE if APC is enabled to avoid extra current in middle range
voltage.

3.3  Functional ports

The functional port pins are listed in Table 4.
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Package pinouts and signal descriptions

Table 4. Functional port pin descriptions (continued)

Pin number
BH: TE NC 8_ - <
Port PCR £ 9 Function £ 0|2 %g i it @
pin g g s [T2l3|Es |9 9%
<2 g T | e &© © o) =
5 & ©
Q
PDI8] PCR[56] AFO GPI[56] SIUL | I Tristate 87 103 P14
AF1 — — —
AF2 — — —
AF3 — — —
— ADCO_P[12] ADC 0 |
— ADC1_P[12] ADC 1 |
PDI[9] PCR[57] AFO GPI[57] SIUL | I Tristate 94 114 | N16
AF1 — — —
AF2 — — —
AF3 — — —
— ADCO_P[13] ADC 0 |
— ADC1_P[13] ADC 1 |
PD[10] | PCRI[58] AFO0 GPI[58] SIUL | I Tristate 95 115 | M14
AF1 — — —
AF2 — — —
AF3 — — —
— ADCO_P[14] ADC 0 |
— ADC1_P[14] ADC 1 |
PD[11] | PCRI[59] AFO0 GPI[59] SIUL | I Tristate 96 116 | M15
AF1 — — —
AF2 — — —
AF3 — — —
— ADCO_P[15] ADC 0 |
— ADC1_PJ[15] ADC 1 |
PD[12] | PCRI[60] AFO0 GPIO[60] SIUL 110 S | Tristate 100 120 L13
AF1 CS5 0 DSPI_O (0]
AF2 EOUCI24] eMIOS_0 110
AF3 — — —
— ADCO_S[4] ADC 0 |
PD[13] | PCR[61] AFO0 GPIO[61] SIUL 110 S | Tristate 102 124 | K14
AF1 CS0 1 DSPI_1 110
AF2 EOUC[25] eMIOS_0 110
AF3 — — —
— ADCO_S[5] ADC 0 |
PD[14] | PCR[62] AFO GPIO[62] SIUL 110 S | Tristate 104 126 K13
AF1 Csl i DSPI_1 (0]
AF2 EOUCI26] eMIOS_0 110
AF3 — — —
ALT4 FR_DBGI0] Flexray (@)
— ADCO_SJ[6] ADC 0 |
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Package pinouts and signal descriptions

Table 4. Functional port pin descriptions (continued)

Pin number
BH: TE NC 8_ - <
Port PCR £ 9 Function £ 0|2 %g i it @
pin g g s [T2l3|Es |9 9%
<2 g T | e &© © o) =
5 & ©
Q
PH[14] | PCR[126] AFO GPIO[126] SIUL /10 |MIS | Tristate 10 10 C1
AF1 SCK_4 DSPI_4 110
AF2 CsS1_3 DSPI_3 (@]
AF3 E1UC[27] eMIOS_1 110
PH[15] | PCR[127] AFO GPIO[127] SIUL /10 |M/S | Tristate 8 8 E3
AF1 SOUT 5 DSPI_5 (0]
AF2 — — —
AF3 E1UC[17] eMIOS_1 110
PI[0] | PCR[128] AFO GPIO[128] SIUL 110 S | Tristate 172 196 C5
AF1 EOUCI28] eMIOS_0 110
AF2 LIN8TX LINFlexD_8 (0]
AF3 — — _
PI[1] | PCR[129] AFO0 GPIO[129] SIUL 110 S | Tristate 171 195 A4
AF1 EOUC[29] eMIOS_0 110
AF2 — — —
AF3 — — —
— WKPUJ[24] WKPU |
— LINSRX LINFlexD_8 |
PI[2] | PCR[130] AFO GPIO[130] SIUL 110 S | Tristate 170 194 D6
AF1 EOUC[30] eMIOS_0 110
AF2 LIN9TX LINFlexD_9 (0]
AF3 — — —
PI[3] | PCR[131] AFO GPIO[131] SIUL 110 S | Tristate 169 193 B5
AF1 EOUCI31] eMIOS_0 110
AF2 — — —
AF3 — — —
— WKPUJ[23] WKPU |
— LIN9RX LINFlexD_9 |
PI[4] | PCR[132] AFO GPIO[132] SIUL /10 |M/S | Tristate 143 167 | A12
AF1 E1UC[28] eMIOS 1 110
AF2 SOUT 4 DSPI 4 (0]
AF3 — — —
PI[5] | PCR[133] AFO GPIO[133] SIUL /10 | M/S | Tristate 142 166 | D12
AF1 E1UC[29] eMIOS_1 110
AF2 SCK_4 DSPI_4 110
AF3 Cs2 5 DSPI_5 (0]
ALT4 CS2 6 DSPI_6 (0]
PI[6] | PCR[134] AFO GPIO[134] SIUL 110 S | Tristate 11 11 D2
AF1 E1UCI[30] eMIOS_1 110
AF2 CS0_4 DSPI_4 110
AF3 CS0 5 DSPI_5 110
ALT4 CS0_6 DSPI_6 110

MPC5646C Data Sheet, Rev.6

32

Freescale Semiconductor




Package pinouts and signal descriptions

Table 4. Functional port pin descriptions (continued)

Pin number
BH: TE NC 8_ - <
Port PCR £ 9 Function £ 0|2 %g i it @
pin g g s [T2l3|Es |9 9%
<2 g T | e &© © o) =
S 8 | g
N
PJ[7] | PCR[151] | AFO GPIO[151] SIUL /O | S | Tristate | — 111 | P16
AF1 — — —
AF2 — — —
AF3 — — —
— ADCO_S[30] ADC_0 |
PJ[8] | PCR[152] | AFO GPIO[152] SIUL /O | S | Tristate | — 110 | P15
AF1 — — —
AF2 — — —
AF3 — — —
— ADCO_SJ[31] ADC 0 |
PJ[9] | PCR[153] | AFO GPIO[153] SIUL /O | S | Tristate | — 68 P5
AF1 — — —
AF2 — — —
AF3 — — —
— ADC1_S[8] ADC 1 |
PJ[10] | PCR[154] | AFO GPIO[154] SIUL /O | S | Tristate | — 67 | T5
AF1 — — —
AF2 — — —
AF3 — — —
— ADC1_S[9] ADC 1 [
PJ[11] | PCR[155] AFO GPIO[155] SIUL 1/0 S | Tristate — 60 R3
AF1 — — —
AF2 — — —
AF3 — — —
— ADC1_S[10] ADC 1 [
PJ[12] | PCR[156] AFO GPIO[156] SIUL WO | S | Tristate | — 59 T1
AF1 — — —
AF2 — — —
AF3 — — —
— ADC1_S[11] ADC 1 [
PJ[13] | PCR[157] | AFO GPIO[157] SIUL /O | S | Tristate | — 65 | N5
AF1 — — —
AF2 CS1 7 DSPI_7 (0]
AF3 — — —
— CAN4RX FlexCAN_4 |
— ADC1_S[12] ADC 1 [
— CAN1RX FlexCAN_1 |
— WKPU[31] WKPU [
PJ[14] | PCR[158] | AFO GPIO[158] SIUL /O |M/S| Tristate | — 64 | T4
AF1 CANI1TX FlexCAN_1 (6]
AF2 CANATX FlexCAN_4 (@]
AF3 CS2_7 DSPI_7 (@]
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4.5

Electrical Characteristics

This voltage is internally generated by the device and no external voltage should be supplied.
100 nF capacitance needs to be provided between Vpp 1y (apco/apc1y/Vss_Hv (Abco/apci) Pair.

Both the relative and the fixed conditions must be met. For instance: If Vpp v A 1S 5.9V, Vpp Hy apco maximum
value is 6.0 V then, despite the relative condition, the max value is Vpp py o+ 0.3=6.2 V.

PA3, PA7, PA10, PA1l and PE12 ADC_1 channels are coming from Vpp v g domain hence VDD_HV_ADC1
should be within 100 mV of Vpp py g when these channels are used for ADC_1.

Guaranteed by device validation.

NOTE
SRAM retention guaranteed to LVD levels.

Thermal characteristics

45.1 Package thermal characteristics

Table 11. LQFP thermal characteristics®

value®
Symbol C Parameter Conditions? |Pin count Unit
Min Typ Max
Rgia cC D |Thermal resistance, |Single-layer 176 — — 385 °C/IW
Junctlon-to-amb_len: board—1s 208 — — 215 “CIW
natural convection
Rgia ccC D |Thermal resistance, |Four-layer 176 — — 31 °CIW
junction-to-ambient  |board—2s2p’ S
natural convection’ 208 o o 34 cw

ll\lOTES:

A W N

Thermal characteristics are targets based on simulation that are subject to change per device characterization.
Vpp =3.3V+10%/5.0V + 10%, Ty = -40 to 125 °C.

All values need to be confirmed during device validation.

Junction temperature is a function of die size, 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.

Junction-to-Ambient thermal resistance determined per JEDEC JESD51-3 and JESD51-6.

Junction-to-Ambient thermal resistance determined per JEDEC JESD51-2 and JESD51-6

Junction-to-Board thermal resistance determined per JEDEC JESD51-8.

Table 12. 256 MAPBGA thermal characteristics?

Symbol C Parameter Conditions Value Unit

Rgja | CC | — | Thermal resistance, junction-to-ambient Single-layer board—1s 43? °CIW
natural convection

Four-layer board—2s2p 26°

NOTES:
1 Thermal characteristics are targets based on simulation that are subject to change per device characterization.

2 Junction-to-ambient thermal resistance determined per JEDEC JESD51-2 with the single layer board horizontal.
Board meets JESD51-9 specification.
3 Junction-to-ambient thermal resistance determined per JEDEC JESD51-6 with the board horizontal.
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Electrical Characteristics

45.2 Power considerations

The average chip-junction temperature, T;, in degrees Celsius, may be calculated using Equation 1:
T3 =Ta+(PpxRgsa) Eqn. 1

Where:
T is the ambient temperature in °C.
Rgja is the package junction-to-ambient thermal resistance, in °C/W.
Pp is the sum of P,y and P, (Pp = PynT + Prio)-
PN IS the product of I5p and Vpp, expressed in watts. This is the chip internal power.
P/o represents the power dissipation on input and output pins; user determined.

Most of the time for the applications, P|,o< Pyt and may be neglected. On the other hand, P, may be
significant, if the device is configured to continuously drive external modules and/or memories.

An approximate relationship between Pp and T, (if Pyg is neglected) is given by:
Pp =K/ (Ty+273°C) Eqn. 2

Therefore, solving equations 1 and 2:

K = Pp x (Ta + 273 °C) + Ry x Pp? Eqgn. 3

Where:

K is a constant for the particular part, which may be determined from Equation 3 by measuring
Pp (at equilibrium) for a known T Using this value of K, the values of Pp and T; may be
obtained by solving equations 1 and 2 iteratively for any value of T.

4.6 1/O pad electrical characteristics

4.6.1 I/O pad types

The device provides four main 1/0 pad types depending on the associated alternate functions:

» Slow pads—These pads are the most common pads, providing a good compromise between
transition time and low electromagnetic emission.

* Medium pads—These pads provide transition fast enough for the serial communication channels
with controlled current to reduce electromagnetic emission.

» Fast pads—These pads provide maximum speed. These are used for improved Nexus debugging
capability.

* Input only pads—These pads are associated to ADC channels and 32 kHz low power external
crystal oscillator providing low input leakage.

* Low power pads—These pads are active in standby mode for wakeup source.

Also, medium/slow and fast/medium pads are available in design which can be configured to behave like
a slow/medium and medium/fast pads depending upon the slew-rate control.
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Electrical Characteristics

Table 15. SLOW configuration output buffer electrical characteristics (continued)

Value
Symbol | C Parameter Conditions12 Unit
Min Typ Max
VoL |CC Output low level Push Pull {Ig; = 3 mA, — — 0.1Vpp | V
SLOW Vpp =5.0V + 10%, PAD3V5V =0
| configuration loL= 3 MA, — — 0.1Vpp
ng =5.0V + 10%, PAD3V5V =
1
loL=1.5mA, — — 0.5
Vpp = 3.3V +10%, PAD3V5V =1
NOTES:

1 Vpp=3.3V+10%/5.0V + 10%, T = —40 to 125 °C, unless otherwise specified.
2 Vpp as mentioned in the table is Vop_Hv AVbD Hv B

3 The configuration PAD3V5 =1 when Vpp =5 V is only a transient configuration during power-up. All pads but
RESET and Nexus output (MDOx, EVTO, MCKO) are configured in input or in high impedance state.

Table 16. MEDIUM configuration output buffer electrical characteristics

Symbol

C Parameter

Conditions?,2

Value

Min

Typ

Max

Unit

C |Output high level
MEDIUM
configuration

Push Pull

lOH = -3 mA,
Vpp = 5.0 V £ 10%,
PAD3V5V =0

0.8Vpp

IOH =-15 mA,
Vpp = 5.0 V + 10%,
PAD3V5V = 13

0.8Vpp

lOH = -2 mA,
Vpp = 3.3V £ 10%,
PAD3V5V =1

VoL | CC

C |Output low level
MEDIUM
configuration

Push Pull

|o|_ =3 mA,
Vpp = 5.0V + 10%,
PAD3V5V =0

0.2Vpp

lOL =1.5mA,
Vpp = 5.0 V + 10%,
PAD3V5V = 16

0.1Vpp

|o|_ =2 mA,
Vpp = 3.3V + 10%,
PAD3V5V =1

0.5

NOTES:

1 Vpp=3.3V+10%/5.0V + 10%, T = —40 to 125 °C, unless otherwise specified.
2 Vpp as mentioned in the table is Vop_Hv A'VDD HY B

3 The configuration PAD3V5 = 1 when Vpp = 5 V is only a transient configuration during power-up. All pads but
RESET and Nexus output (MDOx, EVTO, MCKO) are configured in input or in high impedance state.
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Electrical Characteristics

Table 17. FAST configuration output buffer electrical characteristics

Symb

ol

C Parameter

Value
Conditions12 Unit
Min Typ Max

CcC

P |Output high level |Push Pull |lgy =-14 mA, 0.8Vpp — — \Y

FAST
configuration

Vpp = 5.0 V + 10%,
PAD3V5V =0

IOH =-7mA, 0'8VDD — —
VDD =50V+ 10%,
PAD3V5V = 13

IOH =-11 mA, VDD -0.8 — —
Vpp = 3.3V + 10%,
PAD3V5V =1

CC

P |Output low level

FAST
configuration

Push Pull IOL =14 mA, — — 0'1VDD \Y
VDD =50V + 10%,
PAD3V5V =0

IOL =7 mA, — — 0.1VDD
Vpp = 5.0 V + 10%,
PAD3V5V = 10

loL = 11 mA, — — 0.5
VDD =33V+ 10%,
PAD3V5V =1

NOTES:
1 Vpp=3.3V+10%/5.0V + 10%, Ty = —40 to 125 °C, unless otherwise specified.

2 Vpp as mentioned in the table is Vpp v a/Vpp_Hy B
3 The configuration PAD3V5 = 1 when Vpp = 5 V is only a transient configuration during power-up. All pads but

RESET and Nexus outputs (MDOx, EVTO, MCKO) are configured in input or in high impedance state.

4.6.4 Output pin transition times
Table 18. Output pin transition times
Value®
Symbol | C Parameter Conditions2 Unit
Min Typ Max
Ty | CC| D |Outputtransition time |C =25 pF  [Vpp=5.0V = 10%, — — 50 ns
output pin* — PAD3V5V = 0
T |sLow configuration |t =50 PF - - 100
D C_ =100 pF — — 125
D CL=25pF |[Vpp=3.3V*10%, — — 40
T C_ =50 pF PAD3V5V =1 — — 50
D C_ =100 pF — — 75
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Electrical Characteristics

— LV_CFLAO/CFLAL: Low voltage supply for the two code Flash modules. It is shorted with
LV_COR through double bonding.

— LV_DFLA: Low voltage supply for data Flash module. It is shorted with LV_COR through
double bonding.
— LV_PLL: Low voltage supply for FMPLL. It is shorted to LV_COR through double bonding.

100 nf 100 nf 100 nf

|VDD_LV|—| |-|VSS_L\/| |VDD7LV|_| |—|VSSiLV|| VDDiLV|—| HVSSﬂ

40 pf PDO (always on domain)
(4 x 10 pf)
L PD1 Switchable Domain
= (FMPLL, Flash) 32KB | 56KB 8 KB
(Crecn) % Split Split Split
(@]
—
o
o
o
CTRL | CTRL CTRL
VDD_LV
HPVDD
VSS_LV
off chip\ - O\ °\
BCP68 VRC_CTRL HPREG swl (<0.10) o .
NPN drive”fﬂ LPVDD
10 pf
— LPREG
= Chip B d
= i ndar
(Coeca) i b Soundary
‘ VDD_HV_A |-||.| VSS_HV |
1

HPVDD 100 nf —

LPVDD

1) All VSS_LV pins must be grounded, as shown for VSS_HV pin.
Figure 8. Voltage regulator capacitance connection
The internal voltage regulator requires external bulk capacitance (Crggp) t0 be connected to the device to
provide a stable low voltage digital supply to the device. Also required for stability is the Cpgco capacitor
at ballast collector. This is needed to minimize sharp injection current when ballast is turning ON. Apart

from the bulk capacitance, user should connect EMI/decoupling cap (Cregp) at each Vpp |/Vss v pin
pair.

48.1.1 Recommendations

» The external NPN driver must be BCP68 type.
*  Vpp pv should be implemented as a power plane from the emitter of the ballast transistor.
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NOTES:
1

All ESD testing is in conformity with CDF-AEC-Q100 Stress Test Qualification for Automotive Grade Integrated

Circuits.

A device will be 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 shall be performed per applicable
device specification at room temperature followed by hot temperature, unless specified otherwise in the device

specification.

4.11.3.2 Static latch-up (LU)

Two complementary static tests are required on six parts to assess the latch-up performance:
» Assupply over-voltage is applied to each power supply pin.

» Accurrent injection is applied to each input, output and configurable 1/0 pin.

Data based on characterization results, not tested in production.

These tests are compliant with the EIA/JESD 78 IC latch-up standard.
Table 33. Latch-up results

Symbol

Parameter

Conditions

Class

LU Static latch-up class

Tpo=125°C
conforming to JESD 78

Il level A

4.12 Fast external crystal oscillator (4—-40 MHz) electrical

characteristics

The device provides an oscillator/resonator driver. Figure 10 describes a simple model of the internal
oscillator driver and provides an example of a connection for an oscillator or a resonator.

Table 34 provides the parameter description of 4 MHz to 40 MHz crystals used for the design simulations.
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Table 43. Conversion characteristics (12-bit ADC_1)

Electrical Characteristics

Symbol

Parameter

Conditions?

Value

Min

Typ

Max

Unit

Vss apc1| SR

\oltage on
VSS_HV_ADC1
(ADC_1 reference)
pin with respect to

ground (Vss_py)?

-0.1

0.1

Vop apci®| SR

\oltage on
VDD_HV_ADC1
pin (ADC_1
reference) with
respect to ground

(Vss_nv)

Vop_nv A~ 0.1

Vbp_Hv_a* 0.1

Vamc? | SR

Analog input
voltage®

Vss apc1—0.1

Vpp_apct t+ 0.1

fabc1 SR

ADC_1 analog
frequency

8+2%

32+ 2%

MHz

tapci pu | SR

ADC_1 power up
delay

15

ps

tabcr s | CC

Sample time®
VDD=5.0 V

440

Sample time®
VDD=3.3V

530

ns

tapci c | CC

Conversion time”: 8

VDD=5.0 V

fADCl =32 MHz

Conversion time(":
(6)

VDD =5.0 V

fADC 1= 30 MHz

21

Conversion time(":
(6)

VDD=3.3 V

fADC 1= 20 MHz

Conversion time(":
(6)

VDD =3.3V

fADCl =15 MHz

3.01

us

ADC_1 input
sampling
capacitance

pF

Cpy cc

ADC_1 input pin
capacitance 1

pF

Cpy cc

ADC_1 input pin
capacitance 2

pF

Cps cc

ADC_1 input pin
capacitance 3

15

pF

RSWl CcC

Internal resistance
of analog source

kQ

MPC5646C Data Sheet, Rev.6

Freescale Semiconductor

85



Electrical Characteristics

CRS, COL

Figure 23. MIl async inputs timing diagram

4.18.4 MIl Serial Management Channel Timing (MDIO and MDC)
The FEC functions correctly with a maximum MDC frequency of 2.5 MHz.

Table 47. Mll serial management channel timing?

Spec Characteristic Min Max Unit
M10 MDC falling edge to 0 — ns
MDIO output invalid
(minimum
propagation delay)
M11 MDC falling edge to — 25 ns

MDIO output valid
(max prop delay)

M12 MDIO (input) to MDC 28 — ns
rising edge setup

M13 MDIO (input) to MDC 0 — ns
rising edge hold

M14 MDC pulse width 40% 60% MDC period
high

M15 MDC pulse width low 40% 60% MDC period

NOTES:
1 Output pads configured with SRE = 0b11.
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Electrical Characteristics

Table 48. On-chip peripherals current consumption1

Value?
Symbol C | Parameter Conditions Unit
Typ
IDD_HV_ADC1 | CC | D |ADC_1supply [Vpp= |Analog static 300 x fyeriph HA
current on 55V consumption (no
VDD_HV_ADCl conversion)
Vpp = |Analog dynamic 6 mA
55V consumption
(continuous
conversion)
IDD_HV(FLASH) CC | D |CFlash + VDD = —_ 13.25 mA
DFlash supply | 5.5V
current on
Vbp_Hv_ADC
lDD_HV(PLL) CC | D |PLL SUpp'y VDD = —_— 0.0031 x fperiph
current on 55V
Vbp_Hv
NOTES:

1 Operating conditions: T, = 25 °C, fperiph = 8 MHz to 120 MHz.
2 fperiph is in absolute value.
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SS
SCK Input —
SCK Input | M /
(CPOL=1) 7
GRyrs

_’
®) @
SOuT >< irst Data >< Datjl\ Last Data

$

SIN 4< First Data Datz:ll\ >< Last Data

n

1

Note: Numbers shown reference Table 49.

Figure 28. DSPI classic SPI timing—slave, CPHA =1
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5SS \[* @ N @ J;—
«—(D—
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® ©

W ®

& el
SouT _<L First Data >< Data\r Q Last Data }< )&7
5 N

< @ > >

»

¥

\I\
SIN —— First Data >< Data R Last Data
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Note: Numbers shown reference Table 49.

Figure 31. DSPI modified transfer format timing—slave, CPHA =0

e
s\ \
SCK Input —\
(CPOL = 0) </—\¢_7 \
(SCKInput) 7] M
CPOL=1 1
ONprs

n

$

First Data >< Data >< Last Data
Nk

©

y
Y

@ \ N @ »
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SIN —<

Note: Numbers shown reference Table 49.

Figure 32. DSPI modified transfer format timing—slave, CPHA =1
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4x [™>]0. 2] T[L-M[N] ax 52 T1Ps [D]0.2[T[L-M]N]
PIN 1 208 157
N HHHHHHHHHHHHHHHHHHHHHHHHHH!HHHHHHHHHHHHHHHHHHHHHHHHHH
K@ | = 156
ES 28.00 BSC
= - 3X
= / VIEW Y
H— — + - — = 30.00 BSC
= [14.00
= [BSC [[15.00
= BSC
| = 105
WLLLRELEGEEREREREELEREGSEELELEREELERELEGEERELLL
53 e 104
< 14.00 BSC =
Sooesc—~ A
28.00 BSC
50.00 BSC A
1.60 MAX. /WEW AA
g i LN
- He=F=———SEATING
- PLANE
4X (12° REF) [0 08[T] 208X
©FREESCALE SEMTCONDUCTOR, INC. MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE: DOCUMENT NO: 98ASS23458W REV: C
208 LD TQFP,
28 X 28 PKG, 0.50 PITCH, 1.4 THICK | CASE NUMBER: 998-01 20 MAY 2005
STANDARD: JEDEC MS-026 BJB

Figure 40. 208 LQFP mechanical drawing (Part 1 of 3)
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-
-, MECHANICAL OUTLINES DOCUMENT NO: 9BARHSS215A
- DICTIONARY PAGE: 12168
nSEERAL DORE B A4 BT s
it e DRl e} ot Hond soales | DO NOT SCALE THIS DRAWING | REV: A
//10.30]Z]
A A2 i
| t

o e S _‘C:?:*CJ':“‘:"‘——L

o & EE‘.IEI

256X
DETAIL K
ROTATED 20" CLOCKWSE
DM MIM MAX NOTES
A 1.25 1.60 1. DIMENSIONS ARE IN MILLIMETERS.
Al 0.27 0.47 2. INTERPRET DIMENSIONS AND TOLERANCES PER
A2 1.16 REF ASME Y14.5M-1994,
. 040 060 A DIMENSION b IS MEASURED AT THE MAXIMUM
' - SOLDER BALL DIAMETER, PARALLEL TO DATUM
5 - PLANE Z.
¢ 17.00 BSC & DATUM Z (SEATING PLANE) IS DEFINED BY THE
SPHERICAL CROWNS OF THE SOLDER BALLS.
o 1.00 BSC
& PARALLELISM MEASUREMENT SHALL EXCLUDE ANY
s 0.50 BSC EFFECT OF MARK ON TOP SURFACE OF PACKAGE.
TITLE: CASE NUMBER: 1216B-01

256 1/0 STD MAP BGA,
17 X 17 PKG, 1.00 PITCH | STANDARD: NON-JEDEC
PACKAGE CODE: SHEET: 2

Figure 44. 256 MAPBGA mechanical drawing (Part 2 of 2)
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6 Ordering information

Ordering information

Example code:

Qualification Status
M = MC status

S = Auto qualified

P = PC status

PC = Power Architecture

Automotive Platform
56 = Power Architecture in 90 nm

Core Version

of multiple cores)
Flash Memory Size
4=15MB

5=2MB
6=3MB

MPC564xx.

Core Version

Flash Size (core dependent)
Product

Optional fields

Fab and mask indicator
Temperature spec.

Package Code

CPU Frequency

M PC 56 4

Qualification Status Q
Power Architecture

Automotive Platform

R = Tape & Reel (blank if Tray)

Product Version
B = Body
C = Gateway

Optional fields
C = CSE module available

Blank = none of these options available

Fab and mask version indicator
F =ATMC
0 = First version of the mask

4 = e200z4d core version (highest core version in the case

Temperature spec.
C=-40°Cto85°C
V =-40°Cto 105 °C
M =-40°Cto 125 °C

Package Code
LU =176 LQFP
LT = 208 LQFP
MJ = 256 MAPBGA

CPU Frequency
1 =e200z4d operates up to 120 MHz
8 = €200z4d operates up to 80 MHz

Shipping Method
R = Tape and reel
Blank = Tray

Note: Not all options are available on all devices. Refer to Table 1, which shows the orderable part numbers for

Figure 45. Orderable parts
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