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"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
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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3V ~ 5.5V
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Package pinouts and signal descriptions
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PCl9] |2 156 | PA[11]
pciia] |3 155 | PA[10]
PC[15] |4 154 | PA[9]
Pil |5 153 | PA[8]
VDD_HV_A |6 152 | PA[7]
vas Av |7 151 | PE[13]
PH[15] | 8 1501 PF[14]
PH[13] |9 149 | PF[15]
pH{L] | 10 148 | VDD_HV_B
piis] | 11 147 | VSS_HV
pi7] |12 146 | PG[O]
pals] |13 145 PG[1]
PG |14 144 | PH[3]
P[] |15 143 | PH[2]
PG[2] | 16 142 | PH[1]
Pal2] |17 141 | PH[O
PE[0] | 18 140 | PG[12]
PAf1] |19 139 | PG[13]
138 | Pajg]
PE[1] | 20 137 Plil?»]
ree |2 35| P2
PI[11]
PE[10] | 23 208 LQFP = Pl{lo%
PA[0] |24 . 33| vob_ v
PE[11] |25 Top view 13| vssv
‘S bt 131 | PIlS]
VDD_HV_A |27 30| Pitsl
VSs_Hv |28 129 | PB[15]
RESET |29 158 | PD[15]
VSS_LV |30 157 | Pe1d]
VDD_LV |31 126 | PD[14]
VRC_CTRL |32 52 | PB(13]
PG[9] | 33 154 | POI13]
PGg] | 34 123 | PB[12]
PC[11] |35 125 | vDb Hv A
PC[10] | 36 157 | vss v
PG[7] | 37 120 | PD[12
PG[6] | 38 119 | vbb Hv_ADCL
PBlo] |39 118 | vSs“Hv ADC1
PB[1] |40 117 | PB[11]
PK[1] | 41 116 | PD[11]
PK[2] |42 115 | PD[10]
PK(3] | 43 114| PDo
PK[4] |44 113 | PI[5]
PK[5] |45 112 | PJ[6]
PK[6] | 46 111 | PJ[7]
PK[7] |47 110 PJ[8]
PK(8] | 48 100 | PEI7I
PF[9] |49 108 | PBI6]
PF(8] |50 107 | PB[5]
PF[12] |51 o waimg 106 | VDD_HV_ADCO
PCl6] | 52 NI ONDDOANNINONVDOANNINONVDOANNINONVDOHANDIMONONO0O0OO 105 | VSS_HV_ADCO
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NOTE

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],
PHI[2], PH[1], PH[O], PG[12], PG[13], and PA[3].

2) Availability of port pin alternate functions depends on product selection.

Figure 3. 208-pin LQFP configuration
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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) =
= Q ©
Q
PA[13] | PCR[13] AFO GPIO[13] SIUL /O |M/S| Tristate 52 66 R5
AF1 SOUT_0 DSPI_0 0
AF2 EOUC[29] eMIOS 0 | 1/0
AF3 — — —
PA[14] | PCR[14] AFO GPIO[14] SIUL /O |M/S| Tristate 50 58 P4
AF1 SCK_0 DSPI_0 110
AF2 CS0 0 DSPI_0 11O
AF3 EOUCI0] eMIOS 0 | 1/0
— EIRQ[4] SIUL [
PA[15] | PCR[15] AFO GPIO[15] SIUL /O |M/S| Tristate 48 56 R2
AF1 CS0 0 DSPI_0 11O
AF2 SCK_0 DSPI_0 110
AF3 EOUC[1] eMIOS 0 | 1/0
— WKPU[10] WKPU I
PB[0] | PCR[16] AFO GPIO[16] SIUL /O |M/S| Tristate 39 39 L3
AF1 CANOTX FlexCAN_ O | O
AF2 EOUC[30] eMIOS 0 | I/0
AF3 LINOTX LINFlexD_0 I
PB[1] | PCR[17] AFO0 GPIO[17] SIUL /O | S | Tristate 40 40 M2
AF1 — — —
AF2 EOUC[31] eMIOS 0 | 1/0
— LINORX LINFlexD_0 I
— WKPU[4] WKPU I
— CANORX FlexCAN_0 I
PB[2] | PCR[18] AFO0 GPIO[18] SIUL /O |M/S| Tristate | 176 | 208 | A2
AF1 LINOTX LINFlexD 0 | O
AF2 SDA 12c 110
AF3 EOUC[30] eMIOS 0 | 1/0
PB[3] | PCR[19] AFO GPIO[19] SIUL /O | S | Tristate 1 1 D4
AF1 EOUC[31] eMIOS 0 | 1/0
AF2 SCL 12C 110
AF3 — — —
— WKPU[11] WKPU I
— LINORX LINFlexD_0 I
PB[4] | PCR[20] AFO GPI[20] SIUL I | | Tristate 88 104 | T16
AF1 — — —
AF2 — — —
AF3 — — —
— ADCO_PI0] ADC_0 [
— ADC1_PI[0] ADC 1 I
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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) =
S & ©
&
PD[15] | PCR[63] AFO GPIO[63] SIUL /O | S | Tristate 106 128 | Ji3
AF1 Cs2_ 1 DSPI_1 o
AF2 EOQUCI[27] eMIOS_0 110
AF3 — — —
ALT4 FR_DBGI1] Flexray (0]
— ADCO_SJ[7] ADC_0 |
PE[O] | PCR[64] AFO GPIO[64] SIUL /O | S | Tristate 18 18 G2
AF1 EOUC[16] eMIOS_0 /10
AF2 — — —
AF3 — — —
— CAN5RX FlexCAN_5 |
— WKPUI6] WKPU |
PE[1] | PCR[65] AFO GPIO[65] SIUL /O | MIS| Tristate 20 20 F4
AF1 EOUC[17] eMIOS_0 /10
AF2 CAN5TX FlexCAN_5 o
AF3 — — —
PE[2] | PCR[66] AFO GPIO[66] SIUL /O | MIS| Tristate 156 180 A7
AF1 EOUC[18] eMIOS_0 /0
AF2 — — —
AF3 — — —
ALT4 FR_A_TX_EN Flexray (0]
— SIN_1 DSPI_1 |
— EIRQ[21] SIUL |
PE[3] | PCR[67] AFO GPIO[67] SIUL /O | MIS| Tristate 157 181 | A10
AF1 EOUC[19] eMIOS_0 /0
AF2 SOUT_1 DSPI_1 o
AF3 — — —
— FR_A_RX Flexray |
— WKPU[29] WKPU |
PE[4] | PCR[68] AFO GPIO[68] SIUL /O | MIS| Tristate 160 184 A8
AF1 EOUC[20] eMIOS_0 /0
AF2 SCK_1 DSPI_1 /10
AF3 — — —
ALT4 FR_B_TX Flexray (0]
— EIRQI[9] SIUL |
PE[5] | PCR[69] AFO GPIO[69] SIUL /0 | MIS| Tristate 161 185 B8
AF1 EOUC[21] eMIOS_0 /0
AF2 Cs0_1 DSPI_1 /10
AF3 MA[2] ADC_0 o
— FR_B_RX Flexray |
— WKPU[30] WKPU |

MPC5646C Data Sheet, Rev.6
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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 £ Q% 2 %g i it @
pin g g s |3 |Es | 2|9 |¢%
<2 g T | e &© © o) =
5 & ©
Q
PE[6] PCR[70] AFO GPIO[70] SIUL /10 |MIS | Tristate 167 191 B6
AF1 EOUC[22] eMIOS_0 110
AF2 CS3.0 DSPI_O (0]
AF3 MA[1] ADC_O (@)
— EIRQ[22] SIUL |
PE[7] PCR[71] AFO0 GPIO[71] SIUL /10 |MIS | Tristate 168 192 A5
AF1 EOUCI23] eMIOS_0 110
AF2 CSs2 0 DSPI_0 (0]
AF3 MAJO] ADC_O (0]
— EIRQ[23] SIUL |
PE[8] PCR[72] AFO GPIO[72] SIUL /10 |M/S | Tristate 21 21 G1
AF1 CAN2TX FlexCAN_2 (0]
AF2 EOUCI[22] eMIOS_0 110
AF3 CAN3TX FlexCAN_3 (0]
PE[9] PCR[73] AFO GPIO[73] SIUL 110 S | Tristate 22 22 H1
AF1 — — —
AF2 EOUCI23] eMIOS_0 110
AF3 — — —
— WKPUI7] WKPU |
— CAN2RX FlexCAN_2 |
— CAN3RX FlexCAN_3 |
PE[10] | PCR[74] AFO GPIO[74] SIUL 110 S | Tristate 23 23 G3
AF1 LIN3TX LINFlexD_3 (0]
AF2 CS3 1 DSPI_1 (0]
AF3 E1UCI[30] eMIOS 1 110
— EIRQ[10] SIUL |
PE[11] | PCR[75] AFO GPIO[75] SIUL 110 S | Tristate 25 25 H3
AF1 EOUCI24] eMIOS_0 110
AF2 Cs4 1 DSPI_1 (0]
AF3 — — —
— LIN3RX LINFlexD_3 |
— WKPU[14] WKPU |
PE[12] | PCR[76] AFO GPIO[76] SIUL /10 |M/S | Tristate 133 157 | Cl14
AF1 — — —
AF2 E1UC[19] eMIOS_1 110
AF3 — — —
— CRS FEC |
— SIN_2 DSPI_2 |
— EIRQ[11] SIUL |
— ADC1_9J[7] ADC_1 |
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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
PF[13] | PCR[93] AFO GPIO[93] SIUL 110 S | Tristate 49 57 P3
AF1 E1UC[26] eMIOS_1 110
AF2 — — —
AF3 — — —
— LINSRX LINFlexD_5 |
— WKPUJ16] WKPU |
PF[14] | PCR[94] AFO0 GPIO[94] SIUL /10 |M/S | Tristate 126 150 | D14
AF1 CAN4TX FlexCAN_4 (0]
AF2 E1UC[27] eMIOS_1 110
AF3 CANI1TX FlexCAN_1 (0]
ALT4 MDIO FEC 110
PF[15] | PCR[95] AFO0 GPIO[95] SIUL /10 |MIS | Tristate 125 149 | D15
AF1 E1UC[4] eMIOS 1 110
AF2 — — —
AF3 — — —
— RX_DV FEC |
— CANI1RX FlexCAN_1 |
— CAN4RX FlexCAN_4 |
— EIRQ[13] SIUL |
PG[O0] PCR[96] AFO GPIO[96] SIUL 110 F | Tristate 122 146 E13
AF1 CANS5TX FlexCAN_5 (@)
AF2 E1UC[23] eMIOS_1 110
AF3 — — —
ALT4 MDC FEC (0]
PG[1] PCR[97] AFO GPIO[97] SIUL 110 M | Tristate 121 145 E14
AF1 — — —
AF2 E1UC[24] eMIOS_1 110
AF3 — — —
— TX_CLK FEC |
— CAN5RX FlexCAN_5 |
— EIRQ[14] SIUL |
PG[2] PCR[98] AFO GPI0O[98] SIUL /10 |MIS | Tristate 16 16 E4
AF1 E1UC[11] eMIOS_1 110
AF2 SOUT_3 DSPI_3 (0]
AF3 — — —
PG[3] PCR[99] AFO GPIO[99] SIUL 110 S | Tristate 15 15 E1l
AF1 E1UC[12] eMIOS 1 110
AF2 CSs0_3 DSPI_3 110
AF3 — — —
— WKPUJ[17] WKPU |
PG[4] | PCR[100] AFO GPIO[100] SIUL /10 |M/S | Tristate 14 14 F2
AF1 E1UC[13] eMIOS_1 110
AF2 SCK_3 DSPI_3 110
AF3 — — —

MPC5646C Data Sheet, Rev.6

28 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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Package pinouts and signal descriptions

Table 4. Functional port pin descriptions (continued)

Port
pin

PCR

Alternate
function?

Function

Peripheral

110

direction?

Pad type

RESET
config

Pin number

176 LQFP

208 LQFP

PL[10]

PCR[186]

AFO
AF1
AF2
AF3

GPIO[186]

MCKO

SIUL

Nexus

FIS

Tristate

< |256 MAPBGA

1

PL[11]

PCR[187]

AFO
AF1
AF2
AF3

GPIO[187]

SIUL

M/S

Tristate

M12

PL[12]

PCR[188]

AFO
AF1
AF2
AF3

GPIO[188]

EVTO

SIUL

Nexus

M/S

Tristate

F11

PL[13]

PCR[189]

AFO
AF1
AF2
AF3

GPIO[189]

MDOG6

SIUL

Nexus

M/S

Tristate

F10

PL[14]

PCR[190]

AFO
AF1
AF2
AF3

GPIO[190]

MDO7

SIUL

Nexus

M/S

Tristate

E12

PL[15]

PCR[191]

AFO
AF1
AF2
AF3

GPIO[191]

MDO8

SIUL

Nexus

M/S

Tristate

Ell

PM[0]

PCR[192]

AFO
AF1
AF2
AF3

GPIO[192]

MDO9

SIUL

Nexus

M/S

Tristate

E10

PM[1]

PCR[193]

AFO
AF1
AF2
AF3

GPIO[193]

MDO10

SIUL

Nexus

M/S

Tristate

E9

PM[2]

PCR[194]

AFO
AF1
AF2
AF3

GPIO[194]

MDO11

SIUL

Nexus

M/S

Tristate

F12

PM[3]

PCR[195]

AFO
AF1
AF2
AF3

GPIO[195]

SIUL

M/S

Tristate

K12
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Package pinouts and signal descriptions

Table 4. Functional port pin descriptions (continued)

Pin number

Port

pin PCR Function

Alternate
function?
Peripheral
110
direction?
Pad type
RESET
config
176 LQFP
208 LQFP

= |256 MAPBGA

PM[4] | PCR[196] | AFO GPIO[196] SIUL /O |M/S| Tristate 2
AF1 — —
AF2 — — —

AF3 — — —

PM[5] | PCR[197] | AFO GPIO[197] SIUL /O |M/S| Tristate | — — | Fo
AF1 — — —
AF2 - _ _
AF3 — — —

PM[6] | PCR[198] | AFO GPIO[198] SIUL /0 |M/S| Tristate | — — | Fe
AF1 — — —
AF2 — — —
AF3 — _ _

N
1

OTES:
Alternate functions are chosen by setting the values of the PCR.PA bhitfields inside the SIUL module. PCR.PA =
000 —» AFO; PCR.PA =001 — AF1; PCR.PA = 010 —» AF2; PCR.PA =011 — AF3; PCR.PA = 100 — ALT4. This is
intended to select the output functions; to use one of the input functions, the PCR.IBE bit must be written to ‘1’,
regardless of the values selected in the PCR.PA bitfields. For this reason, the value corresponding to an input only
function is reported as “—".
Multiple inputs are routed to all respective modules internally. The input of some modules must be configured by
setting the values of the PSMIO.PADSELX bitfields inside the SIUL module.
NMI[0] and NMI[1] have a higher priority than alternate functions. When NMI is selected, the PCR.PA field is
ignored.
SXOSC’'s OSC32k_XTAL and OSC32k_EXTAL pins are shared with GPIO functionality. When used as crystal pins,
other functionality of the pin cannot be used and it should be ensured that application never programs OBE and
PUE bit of the corresponding PCR to "1".
If you want to use OSC32K functionality through PB[8] and PB[9], you must ensure that PB[10] is static in nature
as PBJ[10] can induce coupling on PB[9] and disturb oscillator frequency.
Out of reset all the functional pins except PC[0:1] and PH[9:10] are available to the user as GPIO.
PC[0:1] are available as JTAG pins (TDI and TDO respectively).
PH[9:10] are available as JTAG pins (TCK and TMS respectively).
It is up to the user to configure these pins as GPIO when needed.
When MBIST is enabled to run ( STCU Enable = 1), the application must not drive or tie PAD[178) (MDOJ[0]) to 0 V
before the device exits reset (external reset is removed) as the pad is internally driven to 1 to indicate MBIST
operation. When MBIST is not enabled (STCU Enable = 0), there are no restriction as the device does not internally
drive the pad.
These pins can be configured as Nexus pins during reset by the debugger writing to the Nexus Development
Interface "Port Control Register" rather than the SIUL. Specifically, the debugger can enable the MDO[7:0], MSEO,
and MCKO ports by programming NDI (PCR[MCKO_EN] or PCR[PSTAT_EN]). MDO[8:11] ports can be enabled by
programming NDI ((PCR[MCKO_EN] and PCR[FPM]) or PCR[PSTAT_EN]).
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Electrical Characteristics

2 Vpp as mentioned in the table is Vop_Hv_AVbp_Hv_p- All values need to be confirmed during device validation.
3 Analog filters are available on all wakeup lines.

4 The width of input pulse in between 40 ns to 1000 ns is indeterminate. It may pass the noise or may not depending
on silicon sample to sample variation.

4.6.3 I/O output DC characteristics

The following tables provide DC characteristics for bidirectional pads:
» Table 14 provides weak pull figures. Both pull-up and pull-down resistances are supported.
» Table 15 provides output driver characteristics for I/0 pads when in SLOW configuration.
» Table 16 provides output driver characteristics for I/0 pads when in MEDIUM configuration.
» Table 17 provides output driver characteristics for I/O pads when in FAST configuration.

Table 14. 1/O pull-up/pull-down DC electrical characteristics

Value
Symbol C Parameter Conditions2 Unit
Min Typ Max
||WPU| CcC P Weak pU”-Up V|N = V||_, VDD = |PAD3V5V =0 10 — 150 IJ.A
+ 0,
current absolute |5.0 V + 10% PAD3VEY = 13 10 — 250
value
P V|N = V”_, VDD = |[PAD3V5V =1 10 — 150
3.3V +10%
|IWPD| CcC P Weak pu”-dOWn V|N = V|Hl VDD = |PAD3V5V =0 10 — 150 HA
+ 109
current absolute |5.0 V + 10% PAD3VEY = 1 10 — 250
value
P ViN = Vv, Vpp = |PAD3V5V =1 10 — 150
3.3V +10%

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 Vpp v Voo Hy B

8 The configuration PAD3V5 = 1 when Vpp =5 Vis 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 15. SLOW configuration output buffer electrical characteristics

Value
Symbol | C Parameter Conditions12 Unit
Min Typ Max
Von|CC| P |Output high level  |Push Pull{lgy = -3 mA, 0.8Vpp — — \Y
SLOW Vpp =5.0 V = 10%, PAD3V5V =0
| configuration lop = -3 MA, 0.8Vop — —
Vpp =5.0 V + 10%, PAD3V5V = 13
P IOH =-1.5mA, VDD -0.8 —_— —_—
Vpp = 3.3V £ 10%, PAD3V5V = 1
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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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Electrical Characteristics

10 uF capacitors should be connected to the 4 pins closest to the outside of the package and should
be evenly distributed around the package. For BGA packages, the balls should be used are D8,
H14, R9, J3—one cap on each side of package.

— There should be a track direct from the capacitor to this pin (pin also connects to Vpp v
plane). The tracks ESR should be less than 100 mQ. -

— The remaining Vpp v pPins (exact number will vary with package) should be decoupled with
0.1 uF caps, connected to the pin as per 10 pF.

(see Section 4.4, "Recommended operating conditions™).

4.8.2

Vpp By Options
Option 1: VDD_BV shared with VDD_HV_A

Vpp gy Must be star routed from Vpp Hy a from the common source. This is to eliminate ballast
noise injection on the MCU. o

Option 2: Vpp gy independent of the MCU supply

Vpp By > 2.6 V for correct functionality. The device is not monitoring this supply hence the
external component must meet the 2.6 V criteria through external monitoring if required.

Table 22. Voltage regulator electrical characteristics

Value?
Symbol C Parameter Conditions?® Unit
Min Typ Max

CrEGn SR |—|External ballast stability capacitance — 40 — 60 uF
RreG SR |—|Stability capacitor equivalent serial — — — 0.2 Q
resistance
Crecp SR |—|Decoupling capacitance (Close to  |Vpp nv amv B/Vss Hv 100 — nF
the pin) pair
VDD_LV/VSS_LV pair 100 — nF
Cpbec2 SR |—|Stability capacitance regulator Vop_Bv/Vss_Hv 10 — 40 uF
supply (Close to the ballast collector)
VMREG CC| P |Main regulator output voltage Before trimming — 1.32 — \Y
After trimming 1.20 1.28 —
Tp=25°C
IMREG SR |—|Main regulator current provided to — — — 350 | mA
Vpp v domain
Ivrecint  |CC| D |Main regulator module current IvreG = 200 mA — — 2 mA
consumption luree = 0 MA — — 1
Vipreg |CC| P |Low power regulator output voltage |After trimming 1.21 1.27 — \%
Tp=25°C
lLPREG SR |—|Low power regulator current — — 50 |mA

provided to Vpp 1y domain
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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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In fact a current sink contributor is represented by the charge sharing effects with the sampling
capacitance: being CS and Cp, substantially two switched capacitances, with a frequency equal to the
conversion rate of the ADC, it can be seen as a resistive path to ground. For instance, assuming a
conversion rate of 1MHz, with CS+Cp, equal to 3pF, a resistance of 330KQ is obtained (Reqiv =1/
(fc*(CS+Cp,)), where fc represents the conversion rate at the considered channel). To minimize the error
induced by the voltage partitioning between this resistance (sampled voltage on CS+Cp,) and the sum of
Rg + R, the external circuit must be designed to respect the following relation

V,e
A REQ

RS+RF

1

< =LSB
2

Eqn. 4

The formula above provides a constraint for external network design, in particular on resistive path.

EXTERNAL CIRCUIT

Source Filter Current Limiter
1 1 1 1
1 Rs 1 Re 1 R 1
| 1 | | ’ T :|_I—[
1 1 11 1
1 I 11 1
1 Va T Cr I
I I
I I
1 1

L
T

INTERNAL CIRCUIT SCHEME

=

<
o)
o)

Channel
Selection

Jo——/o—

Rsw Rap

Sampling

|

Cp1 _I

Rg Source Impedance

Rg  Filter Resistance

Ce Filter Capacitance

RL Current Limiter Resistance

Rsw Channel Selection Switch Impedance

Rap Sampling Switch Impedance

Cp Pin Capacitance (two contributions, Cp, and Cpy)
Csg Sampling Capacitance

L e e o

| SS— |

Cp2 Cs

1.1
1 1

Figure 16. Input equivalent circuit (precise channels)
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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
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MDC (output)

MDIO (output)

MDIO (input)

- -——
——

-

0 s

Figure 24. Mll serial management channel timing diagram
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Table 49. DSPI timing (continued)

Spec Characteristic Symbol Unit
Min Max

9 Data Setup Time for Inputs tsul
Master (MTFE = 0) 36 — ns
Slave 5 — ns
Master (MTFE = 1, CPHA = 0)° 36 — ns
Master (MTFE = 1, CPHA = 1) 36 — ns

10 Data Hold Time for Inputs th
Master (MTFE = 0) 0 — ns
Slave 4 — ns
Master (MTFE = 1, CPHA = 0)° 0 — ns
Master (MTFE =1, CPHA = 1) 0 — ns

11 Data Valid (after SCK edge) tsuo
Master (MTFE = 0) — 12 ns
Slave — 37 ns
Master (MTFE =1, CPHA =0) — 12 ns
Master (MTFE =1, CPHA =1) — 12 ns

12 Data Hold Time for Outputs tho
Master (MTFE = 0) 08 — ns
Slave 9.5 — ns
Master (MTFE = 1, CPHA = 0) o’ — ns
Master (MTFE = 1, CPHA = 1) 08 — ns

NOTES:
1 This value of this parameter is dependent upon the external device delays and the other parameters mentioned in
this table.

2 The maximum value is programmable in DSPI_CTARN [PSSCK] and DSPI_CTARN [CSSCK]. For MPC5646C, the
spec value of tcge will be attained only if Tpgp; X PSSCK x CSSCK > Atege.

3 The maximum value is programmable in DSPI_CTARN [PASC] and DSPI_CTARN [ASC]. For MPC5646C, the spec

value of tagc il be attained only if Tpgp; X PASC x ASC > Atage,

The parameter value is obtained from tgygg and tgyo for slave.

This number is calculated assuming the SMPL_PT bitfield in DSPI_MCR is set to 0b00.

For DSPI1, the Data Hold Time for Outputs in Master (MTFE = 0) is -2 ns.

For DSPI1, the Data Hold Time for Outputs in Master (MTFE =1, CPHA =0) is -2 n.

For DSPI1, the Data Hold Time for Outputs in Master (MTFE =1, CPHA = 1) is -2 ns.

o N o g b
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-

CSx >< \ ><
e NN SN

SCK Output \ / 3
(CPOL=1)

SN —— FirstData

SouT X First Data

Note: Numbers shown reference Table 49.

Figure 30. DSPI modified transfer format timing—master, CPHA =1
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TCK

TMS, TDI

TDO

?

?

N

—

\

XX
-

Figure 35. Nexus TDI, TMS, TDO timing

4.19.4 JTAG characteristics
Table 51. JTAG characteristics
Value
No. Symbol C Parameter Unit
Min Typ Max
1 tjcyc | CC | D |TCK cycle time 64 — — ns
2 trois CC | D |TDI setup time 10 — — ns
3 troiH CC | D |TDI hold time 5 — — ns
4 trmss | CC | D |TMS setup time 10 — — ns
5 trmsy | CC | D |TMS hold time 5 — — ns
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Table 51. JTAG characteristics (continued)

Value
No. Symbol C Parameter Unit
Min Typ Max
6 tropov | CC | D |TCK low to TDO valid — — 33 ns
7 trool CC | D |TCK low to TDO invalid 6 — — ns
— troc CC | D |TCK Duty Cycle 40 — 60 %
— | trekrise | CC | D |TCK Rise and Fall Times — — 3 ns

TCK A
B,
DATA INPUTS '\ XINPUT DATA VALID
DATA OUTPUTS >< OUTPUT DATA VALID
DATA OUTPUTS >

Note: Numbers shown reference Table 51.

Figure 36. Timing diagram - JTAG boundary scan
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Revision history

7 Revision history

Table 52 summarizes revisions to this document.
Table 52. Revision history

Revision Date Changes
1 15 April 2010  |Initial Release
2 17 August 2010 | < Editing and formatting updates throughout the document.

« Updated Voltage regulator capacitance connection figure.

» Added a new sub-section “Vpp gy Options”

 Program and erase specifications:

-Updated Tdwprogram TYP to 22 us
-Updated T128Kpperase Max to 5000 ms
-Added tggyg parameter

¢ Added 208 MAPBGA thermal characteristics

< Added recommendation in the Voltage regulator electrical characteristics section.

< Added Crystal description table in Fast external crystal oscillator (4 to 140 MHz)
electrical characteristics section and corrected the cross-reference to the same.

* Added new sections - Pad types, System pins and functional ports

» Updated TYP numbers in the Flash program and erase specifications table

« Added a new table: Program and erase specifications (Data Flash)

¢ Flash read access timing table: Added Data flash memory numbers

 Flash power supply DC electrical characteristics table: Updated IDFREAD and
IDFMOD values for Data flash, Removed IDFLPW parameter

« Updated feature list.

*« MPC5646C 3M family comparison table: Updated ADC channels and added ADC
footnotes.

« MPC5646C 3M block diagram: Updated ADC channels and added legends.

« MPC5646C 3M series block summary: Added new blocks.

* Functional Port Pin Descriptions table: Added OSC32k_XTAL and
OSC32k_EXTAL function at PB8 and PB9 port pins.

 Electrical Characteristics: Replaced VSS with VSS_HYV throughout the section.

« Absolute maximum ratings, Recommended operating conditions (3.3 V) and
Recommended operating conditions (5.0 V) tables: VRC_CTRL min is updated to
"0".

« Recommended operating conditions (3.3 V) and Recommended operating
conditions (5.0 V) tables: Clarified VIN parameter, clarified footnote 2 in both
tables.

« LQFP thermal characteristics section: Updated numbers for LQFP packages.

« Low voltage power domain electrical characteristics table: Clarified footnotes
based upon review comments.

« Code flash memory—Program and erase specifications: Updated tESRT to 20 ms.

« ADC electrical characteristics section: Replace ADCO with ADC_0 and ADC1 with
ADC_1 throughout the document.

« DSPI characteristics section: Replaced PCSx with CSx in all figures and tables.
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