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Figure 4. 416-ball BGA emulation device pinout (top view)
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Table 4. LVDS pin descriptions (continued)

Package pinouts and signal descriptions

Functional block

Port pin

Signal

Signal description

BGA ball
(416 PD,
416 ED)

BGA ball
(512 PD,
512 ED)

DSPI 4
Microsecond Bus

PD[2]

SCK_P

DSPI 4 Microsecond Bus
Serial Clock, LVDS Positive
Terminal

o |Direction

C18

F17

PD[3]

SCK_N

DSPI 4 Microsecond Bus
Serial Clock, LVDS Negative
Terminal

C17

G17

PDIO0]

SOUT P

DSPI 4 Microsecond Bus
Serial Data, LVDS Positive
Terminal

Cl6

F16

PD[1]

SOUT_N

DSPI 4 Microsecond Bus
Serial Data, LVDS Negative
Terminal

D17

Gl6

DSPI 5
Microsecond Bus

PF[10]

SCK_P

DSPI 5 Microsecond Bus
Serial Clock, LVDS Positive
Terminal

J24

w24

PF[9]

SCK_N

DSPI 5 Microsecond Bus
Serial Clock, LVDS Negative
Terminal

K23

W25

PF[12]

SOUT P

DSPI 5 Microsecond Bus
Serial Data, LVDS Positive
Terminal

J26

Y24

PF[11]

SOUT_N

DSPI 5 Microsecond Bus
Serial Data, LVDS Negative
Terminal

J25

Y25

DSPI 6
Microsecond Bus

PQ[9]

SCK_P

DSPI 6Microsecond Bus
Serial Clock, LVDS Positive
Terminal

Al7

Al6

PQ[8]

SCK_N

DSPI 6 Microsecond Bus
Serial Clock, LVDS Negative
Terminal

B17

B16

PQ[11]

SOUT P

DSPI 6 Microsecond Bus
Serial Data, LVDS Positive
Terminal

B16

Al5

PQI[10]

SOUT_N

DSPI 6 Microsecond Bus
Serial Data, LVDS Negative
Terminal

Al6

B15
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Electrical characteristics

3 Electrical characteristics

3.1 Introduction

This section contains detailed information on power considerations, DC/AC electrical characteristics, and AC timing
specifications.

In the tables where the device logic provides signals with their respective timing characteristics, the symbol “CC” (Controller
Characteristics) is included in the “Symbol” column.

In the tables where the external system must provide signals with their respective timing characteristics to the device, the symbol
“SR” (System Requirement) is included in the “Symbol” column.

NOTE

Within this document, Vpp pyv 10 refers to supply pins Vpp nv 10 MAINS
Vop_Hv_I10_3TAG VDD_HV_I10_FLEX, VDD_HV_I0_FLEXE: VDD_HV_I0_EBI: @nd
Vop_Hv_FLA- VDD_Hv_apv éfers to ADC supply pins Vpp v _apv_s and
VDD HV ADV D- VDD HV ADR refers to ADC reference pins VDD HV ADR S and

VDD HV ADR D- VSS HV ADV refers to ADC ground pins VSS HV ADV S and
Vss Hv ADV D- Vss Hv aDRr refers to ADC reference pins Vss pyv apr s and

Vss Hv_ADR D-

3.2 Absolute maximum ratings

Table 6 describes the maximum ratings of the device.

Table 6. Absolute maximum ratings1

Value
Symbol Parameter Conditions Unit
Min Max
Cycle SR |Lifetime power cycles — — |1000k| —
Vb, Lv SR|1.2 V core supply voltage?>* — 03| 15 %
Vbp_Lv_BD SR |Emulation module voltage?3# — -03 | 15 Y%
Vbp_Hv 10 SR |I/0 supply voltage®® — -03 | 6.0 v
Vbb_Hv_PMC SR |Power Management Controller — -0.3 6.0 \%
supply voltage®
Vbp_HV FLA SR |Flash core voltage’ — -03 | 45 v
VbbsTBY SR |RAM standby supply voltage® — -0.3 6.0 \
VSS_HV_ADV8 SR|SAR and S/D ADC ground voltage |Reference to Vgg wy -0.3 | 03 \Y,
VDD_HV_,_\DV9 SR|SAR and S/D ADC supply voltage |Reference to corresponding | —0.3 6.0 \Y,
Vss Hv_ADV
Vss v apr™C | SR|SAR and S/D ADC low reference |Reference to Vss py -03 | 03 v
VDD_HV_ADRll SR|SAR and S/D ADC high reference |Reference to corresponding | —0.3 6.0 \Y,
Vss Hv_ADR
Vpp Hv 10_JTac | SR|Crystal oscillator, FEC MDIO/MDC, |Reference to Vgg v 0.3 | 6.0 \
LFAST, JTAG®
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Electrical characteristics

Table 8. Device operating conditions® (continued)

Value
Symbol Parameter Conditions Unit
Min Typ Max
VDD HV ADR D SR |SD ADC supply Reduced SNR 3.0 VDD HV ADV D 4.5 \Y
T reference voltage T
verag Full SNR 45 5,532
Vpp Hv ADR D— |SR|SD ADC reference — — — 25 mvV
VDD _Hv_ADV D differential voltage
Vss_nv_apbr.D  |SR|SD ADC ground — Vss_Hv_ADV_D v
reference voltage
Vss vv ADR D— |SR|Vss nHv_aDR D — -25 — 25 mv
Vss Hv_ADV D differential voltage
VDD_HV_ADR_SSS SR |SARADC reference — 2.0 VDD_HV_ADV_S 4.0 \Y
4.0 5.5%2
Vss Hv_ADR_S SR |SAR ADC ground — Vss Hv_ADV_S \
reference voltage
Vob Hv ADR s— | SR|SARADC reference — — — 25 mV
VDb _HV_ADV_S differential voltage
Vss Hv ADR s~ |SR|Vss Hv ADR s — -25 — 25 mv
Vss_Hv_ADV S differential voltage
voltage
VRAMP_LV SR |Slew rate on core — — — 100 V/ms
power supply pins
VRAMP_HV SR [Slew rate on HV power — — — 100 V/ms
supply pins
Vpor_rel CC|POR release trip point | -40 °C < Tj< 150 °C 3.10 — 4.26 \Y
Vpor_hys CC|POR hysteresis -40°C <Tj<150°C 150 — 300 mv
VN SR |1/O input voltage range — 0 — 5.5 \%
Injection current
Ic SR |DC injection current Digital pins and analog | -3.0 — 3.0 mA
(per pin)36-37:38 pins
IMAXSEG SR [Maximum current per — -80 — 80 mA
power segment3®

1 The ranges in this table are design targets and actual data may vary in the given range.

Maximum operating frequency is applicable to the computational cores and platform for the device. See the Clocking chapter
in the MPC5777M Microcontroller Reference Manual for more information on the clock limitations for the various IP blocks

N

3 Core voltage as measured on device pin to guarantee published silicon performance.

IN

on the device.

During power ramp, voltage measured on silicon might be lower. maximum performance is not guaranteed, but correct
silicon operation is guaranteed. Refer to the Power Management and Reset Generation Module chapters in the MPC5777M
Microcontroller Reference Manual for further information.
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Electrical characteristics

38 The 1/0 pins on the device are clamped to the 1/0 supply rails for ESD protection. When the voltage of the input pin is above
the supply rail, current is injected through the clamp diode to the supply rail. For external RC network calculation, assume
typical 0.3 V drop across the active diode. The diode voltage drop varies with temperature.

39 sum of all controller pins (including both digital and analog) must not exceed 200 mA. A Vpp_Hv_io Power segment is defined
as one or more GPIO pins located between two Vpp Hy o Supply pins.

Table 9. Emulation (buddy) device operating conditions?
Value
Symbol Parameter Conditions Unit
Min Typ Max
Frequency
— SR |Standard JTAG 1149.1/1149.7 frequency — — — 50 MHz
— SR |High-speed debug frequency — — — 320 |MHz
— SR |Data trace frequency — — — 1250 |MHz
Temperature
T3 8D SR |Device junction operating temperature — -40.0 — 150.0 | °C
range
Ta BD SR |Ambient operating temperature range — -40.0 — 125.0 | °C
Voltage

Vpp v Bp | SR|Buddy core supply voltage — 1.2 — 1365 | V

Vbp_Hv_io_sp | SR |Buddy I/O supply voltage — 3.0 — 5.5 \
Vrawvp_Lv_BD | SR|Buddy slew rate on core power supply pins — — — 100 |Vims
Vravp_Hv_BD | SR|Buddy slew rate on HV power supply pins — — — 100 |Vims

1 The ranges in this table are design targets and actual data may vary in the given range.

3.5 DC electrical specifications

The following table describes the DC electrical specifications.

Table 10. DC electrical specificationsl
Value
Symbol Parameter Conditions Unit
Min Typ Max
Ipb_Lv CcC Maximum operating T;=150°C — — 1140 mA
current on the Vpp v |Vpp 1v=1.325V
supply? fmax
IppAPP LV CcC Application use case T;=150°C — — 950 mA
operating currenton the |Vpp |y =1.325V
Vpp,_ v supply® fmax
Ipb_Lv_PE CcC Operating current on T;=150°C — — 40 mA
the Vpp v supply for
flash program/erase

MPC5777M Microcontroller Data Sheet, Rev. 6
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VINTERNAL
(SIUL register)

| tppso-50 |

tppso-50 !
<“—>
| |
Vout | tSKEW?20-80

50%

20% - - - - oo
10%

v

tR10-90
< > | 1090 4,
trr(max) = MAX(tr10-90itF10-90) trro20-80(Max) = MAX(tr20-80itF20-80)
trr(min) = MIN(tr10-90;tF10-90) trr20-80(Min) = MIN(tr20-0:tF20-80)
tskewz20-80 = [tr20-80-tF20-80l

Figure 9. 1/0 output DC electrical characteristics definition

The following tables provide DC characteristics for bidirectional pads:
» Table 14 provides output driver characteristics for 1/0 pads when in WEAK configuration.
»  Table 15 provides output driver characteristics for 1/O pads when in MEDIUM configuration.
e Table 16 provides output driver characteristics for 1/0 pads when in STRONG configuration.
e Table 17 provides output driver characteristics for 1/0 pads when in VERY STRONG configuration.
e Table 18 provides output driver characteristics for the EBI pads.

NOTE

Driver configuration is controlled by SIUL2_MSCRn registers. It is available within two
PBRIDGEA_CLK clock cycles after the associated SIUL2_MSCRn bits have been written.

Table 14 shows the WEAK configuration output buffer electrical characteristics.

Table 14. WEAK configuration output buffer electrical characteristics

Value
Symbol Parameter Conditions12 Unit
Min Typ Max
ROH_W CC |PMOS output impedance 45V < VDD_HV_lO <55V 520 800 1052 Q
weak configuration Push pull, oy < 0.5 mA
RoL w |CC|NMOS output impedance 45V <Vpp v 10<55V 520 800 1052 Q
weak configuration Push pull, I, < 0.5 mA

MPC5777M Microcontroller Data Sheet, Rev. 6
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Table 15. MEDIUM configuration output buffer electrical characteristics (continued)

Value
Symbol Parameter Conditions!? Unit
Min Typ Max
fuax_m |CC|Output frequency C_=25pF3 — — 12 MHz
MEDIUM configuration C_ =50 pF® — — 6
C_ =200 pF3 — — 15
tTPD50—504 CC|50-50 % Output pad VDD_HV_IO =5V +/-10 %, CL — — 21/17 ns
propagation delay time =25 pF
VDD_HV_|O =50V +/-10 %, — — 35/27 ns
C_=50pF
trr M |CC|Transition time output pin C_=25pF 10 — 30 ns
MEDIUM configuration® 45V <Vpp v |0<55V
C_=50pF 20 — 60
45V <Vpp pv 10<55V
C_ =200 pF 60 — 200
45V <Vpp pv 10<55V
C, =25 pF, 12 — 42
3.0V <Vpp hy 10<36V°
C_=50pF, 24 — 86
3.0V <Vpp py j0<3.6V°
C_ =200 pF, 70 — 300
3.0V <Vpp ny 10<36V°
ltskew_wml |CC | Difference between rise and fall — — — 25 %
time
Ipcmax_m | CC|Maximum DC current — — — 4 mA

1

AllVDD_HV_IO conditions for 4.5V to 5.5V are valid for VSIO[VSIO_xx] = 1, and all specifications for 3.0V to 3.6V
are valid for VSIO[VSIO_xx] =0

During power up operation, the minimum required voltage to come out of reset state is determined by the
Vporup Hv Monitor, which is defined in the voltage monitor electrical characteristics table. Note that the
Vporup_Hv Monitor is connected to the Vpp 1y 10 maino Physical I/O segment.

C, is the sum of external capacitance. Device and package capacitances (Cy, defined in Table 12) are to be added
to calculate total signal capacitance (Ctot = C_ + Cj).

If two values are given for propagation delay, the first value is for rising edge signals and the second for falling
edge signals.

Transition time maximum value is approximated by the following formula:

OpF<C_<50pF tygr m(ns)=5.6ns+ C (pF) X 1.11 ns/pF

50 pF < C < 200 pF tTR_M(ns) =13 ns + C (pF) X 0.96 ns/pF

Only for Vpp nv 10 JTAG gegment when VSIO[VSIO_IJ] =0 or Vpp wy 0 FLEX S€gment when VSIO[VSIO_IF] =0

Table 16 shows the STRONG configuration output buffer electrical characteristics.
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Table 19. /O consumption?

Value
Symbol Parameter Conditions? Unit
Min | Typ | Max
lrms_ w |CC|RMS I/O current for WEAK C_=25pF, 2 MHz — — 11 | mA
configuration Vpp=5.0V + 10%
C_ =50 pF, 1 MHz — — 11
Vpp=5.0V +10%
C, =25 pF, 2 MHz — — 0.6
VDD =3.3V+10%
C_=50pF, 1 MHz — — 0.6
Vpp =3.3V +10%
lrms M |CC|RMS I/O current for MEDIUM C_=25pF, 12 MHz — — 4.7 | mA
configuration Vpp=5.0V +10%
C, =50 pF, 6 MHz — — 4.8
VDD =50V +10%
C_=25pF, 12 MHz — — 2.6
Vpp =3.3V +10%
C_ =50 pF, 6 MHz — — 2.7
Vpp=3.3V +10%
lrms_s |CC|RMS I/O current for STRONG C_ = 25 pF, 50 MHz — — 19 | mA
configuration Vpp=5.0V +10%
C, =50 pF, 25 MHz — — 19
Vpp =5.0V +10%
C, = 25 pF, 50 MHz — — 10
Vpp=3.3V +10%
C, =50 pF, 25 MHz — — 10
VDD =3.3V+10%
lrms v |CC|RMS I/O current for VERY STRONG |C = 25 pF, 50 MHz, — — 22 | mA
configuration Vpp = 5.0V +/- 10%
C_ =50 pF, 25 MHz, — — 22
Vpp = 5.0V = 10%
C, = 25 pF, 50 MHz, — — 11
VDD =3.3V+10%
C_ =25 pF, 25 MHz, — — 11
Vpp = 3.3V + 10%
Irms_egi | CC|RMS /O current for External Bus Cpry = 6 pF, fgg = 66.7 MHz, — — 9 mA
OUtpUt pinS VDD_HV_|O_EB| =3.3V10%
CDRV =12 pF, fEB| =66.7 MHz, —_ —_ 15
Vop_Hv_io_gsi = 3-3V £ 10%
Cpry = 18 pF, fgg, = 66.7 MHz, — — 27
Vop_Hv_io_gsi = 3-3V £ 10%
CDRV =30 pF, fEB| =66.7 MHZ, — — 42

Vob_nv_io_esi = 3.3V £ 10%
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3.9 Oscillator and FMPLL
The Reference PLL (PLLO) and the System PLL (PLL1) generate the system and auxiliary clocks from the main oscillator
driver.
RCOSC PLLO_PHI
PLLO PLLO_PHI1
XOSC
PLL1_PHI
PLL1 -
Figure 12. PLL integration
Table 21. PLLO electrical characteristics
Value
Symbol Parameter Conditions Unit
Min Typ Max
foLLoIN SR |PLLO input clock®? — 8 — 44 MHz
ApLLOIN SR PLLO input clock duty cycle? — 40 — 60 %
fPLLOVCO CcC PLLO VCO frequency — 600 — 1250 MHz
fPLLOVCORER CcC PLLO VCO free running — 35 — 400 MHz
frequency
feLLOPHI CcC PLLO output frequency — 4762 | — 400 MHz
thLLoLOCK CcC PLLO lock time — — — 110 us
‘APLLOPH|SPJ| CcC PLLO_PHI Single period jitter3 fPLLOPHl =400 MHz, — — 200 ps
fPLLOIN = 20 MHz (resonator) ~ |&-sigma
|APLLOPH|1SPJ| CccC PLLO_PHll Single period jitter3 fPLLOPHll =40 MHz, — — 3004 O]
fPLLOIN = 20 MHz (resonator) | 6-Sigma
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Table 24. Selectable load capacitance

load_cap_sel[4:0] from DCF record Load capacitancel? (pF)
00000 1.032
00001 1.976
00010 2.898
00011 3.823
00100 4.751
00101 5.679
00110 6.605
00111 7.536
01000 8.460
01001 9.390
01010 10.317
01011 11.245
01100 12.173
01101 13.101
01110 14.029
01111 14.957

1 Values are determined from simulation across process corners and voltage and temperature
variation. Capacitance values vary £12% across process, 0.25% across voltage, and no variation

across temperature.

2 values in this table do not include the die and package capacitances given by Cs_xtal/Cs_extal in

Table 23 (External Oscillator electrical specifications).
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Table 27. SARn ADC electrical specification®

Symbol

Parameter

Conditions

Value

Min

Max

Unit

VALTREF

SR

ADC alternate
reference voltage

VaLTREF < VDD_HV_10_MAIN

2.0

Vbp_Hv_ADV_S

ViN

SR

ADC input signal

0 <V|N<Vbp_Hv_10_MAIN

Vss_Hv_ADR_S

VbD_HV_ADR_S

fabck

SR

Clock frequency

T;< 150 °C

7.5

14.6

MHz

tADCPRECH

SR

ADC precharge time

Fast SAR—fast precharge

135

Fast SAR—full precharge

270

Slow SAR (SARADC_B)—fast
precharge

270

Slow SAR (SARADC_B)—full
precharge

540

ns

AVpRECH

SR

Precharge voltage
precision

Full precharge

VprecH = Vbb_Hv_ADR_s/2
T,< 150 °C

-0.25

0.25

Fast precharge

VprecH = Vbb_Hv_ADR_s/2
T,< 150 °C

0.5

AV|NTREF

cC

Internal reference
voltage precision

Applies to all internal reference
points (Vss Hv ADR_s:
1/3*Vpp Hv_ADR_ s

2/3*Vpp Hv_ADR_S:
Vbb_Hv_ADR_S)

-0.20

0.20

tADCSAMPLE

SR

ADC sample time?

Fast SAR — 12-bit configuration

0.750

Slow SAR (SARADC_B) — 12-bit
configuration

1.500

us

tADCEVAL

SR

ADC evaluation time

12-bit configuration (25 clock
cycles)

1.712

us

|ADCREFH

CcC

ADC high reference
current

Run mode tgon, = 5 s
(average across all codes)

Run mode tegp, = 2.5 ys
(average across all codes)

Power Down mode

Bias Current®

+2

HA

| 4
ADCREFL

CcC

ADC low reference
current

Run mode tegn, =5 ps
Vbp_Hv_ADR_S <= 5.5V

15

Run mode tegp, = 2.5 ys
Vbp_Hv_ADR_s <= 5.5V

30

Power Down mode
Vpp_Hv_ADR s <= 9.5V

HA
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Table 27. SARn ADC electrical specification? (continued)

Value
Symbol Parameter Conditions Unit
Min Max
ATUE 5 CC|TUE degradation due |V|y< VDD HV_ADV_S 0 0 LSB
t0Vpp Hv apr_sOffset |Vpp v Abr s — VDD HV ADV S (12b)
with respect to € [0:25 mV]
Vbb_Hv_ADV_S
— AR ViN < VbD_Hv_ADV_S -2 2
Vpb_Hv_ADR_S — VDD_HV_ADV_S
€ [25:50 mV]
VIN< VDD Hv_ADV_S -4 4
Vbb_Hv_ADR s — VDD Hv_ADV_S
e [50:75 mV]
Vin< Vbp_Hv_ADV_S -6 6
Vpb_Hv_ADR_S — VDD_HV_ADV_S
€ [75:100 mV]
Vbb_Hv_apv_s < VIN< 2.5 2.5
VDD_HV_ADR_S
Vbp_Hv_ADR_S ~ VDD_HV_ADV_S
€ [0:25 mV]
Vpp_Hv_Apv_s< VN < -4 4
VDD_HV_ADR_S
Vbb_Hv_ADR_S ~ VDD_HV_ADV_S
€ [25:50 mV]
Vbp_Hv_ADv_s < VN < -7 7
VDD _HV_ADR_S
Vpb_Hv_ADR_S — VDD_HV_ADV_S
€ [50:75 mV]
Vbp_Hv_apv_s < VIN< -12 12
VDD_HV_ADR_S
Vbp_Hv_ADR_S ~ VDD_HV_ADV_S
e [75:100 mV]
DNL CC|Differential Vbp_Hv_ADvV_ s >4V -1 2 LSB
non-linearity Vbp_Hv ADR s >4V (12b)
INL CC| Integral non-linearity 4.0V <Vpp py apv s <55V -3 3 LSB
4.0V <Vpp v ADR s <55V (12b)
Vpb_Hv_ADV s =2V -5 5
Vbp Hv ADR s=2V

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 the listed maxima may affect
device reliability or cause permanent damage to the device.

Minimum ADC sample times are dependent on adequate charge transfer from the external driving circuit to the internal
sample capacitor. The time constant of the entire circuit must allow the sampling capacitor to charge within 1/2 LSB
within the sampling window. Please refer to Figure 14 and Figure 15 for models of the internal ADC circuit, and the
values to use in external RC sizing and calculating the sampling window duration.

IapcrerH and Iapcrer are independent from ADC clock frequency. It depends on conversion rate: consumption is
driven by the transfer of charge between internal capacitances during the conversion.

Current parameter values are for a single ADC.

Extra bias current is present only when BIAS is selected.
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Table 47. Nexus debug port timing* (continued)

Value
# Symbol Characteristic Unit
Min | Max

12 | tytoiw | CC|TDI/TDIC data hold time 5 — ns
13° | tytmss |CC|TMS/TMSC data setup time 5 — ns
14 | tyTmsh |CC|ITMS/TMSC data hold time 5 — ns
1510|  —  |CcC|TDO/TDOC propagation delay from falling edge of TCK — | 16 ns
16 — CC|TDO/TDOC hold time with respect to TCK falling edge (minimum 225 | — ns

TDO/TDOC propagation delay)

7
8
9

Nexus timing specified at Vpp ny 10 _jTac = 4.0 V t0 5.5 V, and maximum loading per pad type as specified in the
1/O section of the data sheet.

tcyc is system clock period.

Achieving the absolute minimum TCK cycle time may require a maximum clock speed (system frequency / 8) that is
less than the maximum functional capability of the design (system frequency / 4) depending on the actual peripheral
frequency being used. To ensure proper operation TCK frequency should be set to the peripheral frequency divided
by a number greater than or equal to that specified here.

This is a functionally allowable feature. However, it may be limited by the maximum frequency specified by the
Absolute minimum TCK period specification.

This value is TDO/TDOC propagation time 36ns + 4 ns setup time to sampling edge.

This may require a maximum clock speed (system frequency / 8) that is less than the maximum functional capability
of the design (system frequency / 4) depending on the actual system frequency being used.

This value is TDO/TDOC propagation time 16ns + 4 ns setup time to sampling edge.
TDIC represents the TDI bit frame of the scan packet in compact JTAG 2-wire mode.
TMSC represents the TMS bit frame of the scan packet in compact JTAG 2-wire mode.

10TDOC represents the TDO bit frame of the scan packet in compact JTAG 2-wire mode.
11 Timing includes TCK pad delay, clock tree delay, logic delay and TDO/TDOC output pad delay.

TCK.

EVTI

EVTO /é\
&)

Figure 26. Nexus event trigger and test clock timings

MPC5777M Microcontroller Data Sheet, Rev. 6

NXP Semiconductors 89



Electrical characteristics

Table 51. DSPI CMOS master classic timing (full duplex and output only) — MTFE = 0, CPHA =0 or 1}

Condition Value?
# Symbol Characteristic Unit
Pad drive® Load (C,) Min Max
10 tho CC|SOUT data hold SOUT and SCK drive strength
time after SCK10

Very strong 25 pF 7.7 — ns
Strong 50 pF -11.0 —
Medium 50 pF -15.0 —

All output timing is worst case and includes the mismatching of rise and fall times of the output pads.

2 All timing values for output signals in this table are measured to 50% of the output voltage.

3 Timing is guaranteed to same drive capabilities for all signals, mixing of pad drives may reduce operating speeds
and may cause incorrect operation.

4 N is the number of clock cycles added to time between PCS assertion and SCK assertion and is software
programmable using DSPI_CTARX[PSSCK] and DSPI_CTARX[CSSCK]. The minimum value is 2 cycles unless
TSB mode or Continuous SCK clock mode is selected, in which case, N is automatically set to O clock cycles (PCS
and SCK are driven by the same edge of DSPI_CLKn).

5 tgys is the period of DSPI_CLKn clock, the input clock to the DSPI module. Maximum frequency is 100 MHz (min
tSYS =10 nS).

6 M is the number of clock cycles added to time between SCK negation and PCS negation and is software
programmable using DSPI_CTARX[PASC] and DSPI_CTARX[ASC]. The minimum value is 2 cycles unless TSB
mode or Continuous SCK clock mode is selected, in which case, M is automatically set to O clock cycles (PCS and
SCK are driven by the same edge of DSPI_CLKn).

7

tspc is only valid for even divide ratios. For odd divide ratios the fundamental duty cycle is not 50:50. For these odd
divide ratios cases, the absolute spec number is applied as jitter/uncertainty to the nominal high time and low time.

PCSx and PCSS using same pad configuration.
Input timing assumes an input slew rate of 1 ns (10% — 90%) and uses TTL / Automotive voltage thresholds.

10 SOUT Data Valid and Data hold are independent of load capacitance if SCK and SOUT load capacitances are the
same value.

8
9
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Table 52. DSPI CMOS master modified timing (full duplex and output only) — MTFE = 1, CPHA =0 or 1!

Condition Value?
Symbol Characteristic Unit
Pad drive® Load (C,) Min Max
tpcsc |CC|PCSxto PCSS PCS and PCSS drive strength
a8
tme Strong ‘ 25 pF 16.0 — ns
tpasc |CC|PCSS to PCSx PCS and PCSS drive strength
a8
time Strong ‘ 25 pF 16.0 — ns
SIN setup time
tsur |CC|SIN setup time to |SCK drive strength
SCK
CPHA = 0° Very strong |25 pF 25 — (P10 x tgys”) — ns
Strong 50 pF 32.75 - (P10 x tgy —
s)
: 10 5
Medium 50 pF 52 — (P x tgyg) —
SIN setup timeto |SCK drive strength
SCK
CPHA = 1° Very strong 25 pF 25.0 — ns
Strong 50 pF 32.75 —
Medium 50 pF 52.0 —
SIN hold time
th) CC/|SIN hold time from |[SCK drive strength
SCK
CPHA = 0° Very strong |0 pF -1+ (P x tgyg?) — ns
Strong 0 pF -1+ (P9 x tgys?) -
Medium 0 pF -1+ (P x tgyg?) —
SIN hold time from |SCK drive strength
SCK
CPHA = 19 Very strong 0 pF -1.0 — ns
Strong 0 pF -1.0 —
Medium 0 pF -1.0 —
SOUT data valid time (after SCK edge)
tsuo |CC|SOUT data valid |SOUT and SCK drive strength
time from SCK
CPHA = 010 Very strong |25 pF — 7.0 + tgys® ns
Strong 50 pF — 8.0 + tgys®
Medium 50 pF — 16.0 + tgys®
SOUT data valid SOUT and SCK drive strength
time from SCK
CPHA = 110 Very strong 25 pF — 7.0 ns
Strong 50 pF — 8.0
Medium 50 pF — 16.0

SOUT data hold time (after SCK edge)
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3.16.4 FlexRay timing

This section provides the FlexRay Interface timing characteristics for the input and output signals.

These are recommended numbers as per the FlexRay EPL v3.0 specification.

3.16.4.1 TxEN

TXEN
T S T e T T
O I T I N T T T
dCCTXENga L dCCTXENRse
Figure 46. TXEN signal
Table 64. TXEN output characteristics®
Value
Symbol Characteristic Unit
Min Max
dCCTXENRse2s5 | CC|Rise time of TXEN signal at CC — 9 ns
dCCTXENgp 25 | CC|Fall time of TXEN signal at CC — 9 ns
dCCTXENg; |CC|Sum of delay between Clk to Q of the last FF and the final output buffer, — 25 ns
rising edge
dCCTxEN;g |CC|Sum of delay between Clk to Q of the last FF and the final output buffer, — 25 ns
falling edge

L TXEN pin load maximum 25 pF
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Table 76. Revision history (continued)

Revision

Date

Description of changes

2

4/2013

Package pinouts and signal descriptions (con’t)

Table 4 (LVDS pin descriptions):

 In SIPI/LFAST, Differential DSPI2, and Differential DSPI 5 groups, changed port pin
“PF[7]" to “PD[7]"

» Changed the polarity of the signal assigned to several port pins. For example, the
signal for port pin PD[7] has been changed to “SIPI_RXP” (was SIPI_RXN) and
“Interprocessor Bus LFAST, LVDS Receive Positive Terminal” (was “Interprocessor
Bus LFAST, LVDS Receive Negative Terminal”). This change affects port pins PD[7],
PF[13], PA[14], PD[6], PA[7], PA[8], PD[2], PD[3], PD[0], PD[1], PF[10], PF[9], PF[11],
PF[12], PQI[8], PQ[9], PQ[10], PQ[11], PI[14], and PI[15].

» Added package ball locations

Electrical characteristics—Miscellaneous

Section 3, Electrical characteristics:

» Thermal characteristics section has been moved to Package characteristics section.

» Following note removed: “All parameter values in this document are tested with
nominal supply voltage values (VDD_LV =1.25V, VDD_HV =5.0 V £+ 10%,
VDD_HV_I0=5.0V £ 10% or 3.3V £ 10%) and TA = —40 to 125 °C unless otherwise
specified.”. Operating conditions will appear elsewhere in the data sheet.

* Added VDD_HV_I0O_FLEX before VDD_HV_FLA in the second note on the page

Electrical characteristics—Absolute maximum ratings

Table 6 (Absolute maximum ratings):

* Iuyaxp Specification now given by pad type (Medium, Strong, and Very Strong)

* Iyaxa specification deleted.

» New specification: Iyjp (Maximum DC injection current for digital pad)

» New specification: Ijyja (Maximum DC injection current for analog pad)

» New specification: Iyaxseg (Maximum current per power segment)

* New specification: Vegrg (Flash erase acceleration supply)

* New specification: Vpp nv 10 g (External Bus Interface supply)

+ Changed “Emulation module supply” to “BD supply” in the VDD_LV_BD —BDD_LV row

» Maximum junction temperature changed from 125 °C to 165 °C in cumulative time
limits on voltage levels for Vpp v and Vpp v gp

» Footnote added t0 Vegrs: Viers iS @ factory test supply pin that is used to reduce the

erase time of the flash. It is only available in bare die devices. There is N0 Vegrg pinin

the packaged devices. The Vegrg supply pad can be bonded to ground (Vgg wy) to

disable, or connected to 5.0 V + 5% to use the flash erase acceleration feature. Pad

can be left at 5 V + 5% in normal operation.

Footnote added to V,y: “The maximum input voltage on an 1/O pin tracks with the

associated 1/0 supply maximum. For the injection current condition on a pin, the

voltage will be equal to the supply plus the voltage drop across the internal ESD diode

from I/O pin to supply. The diode voltage varies greatly across process and

temperature, but a value of 0.3V can be used for nominal calculations.”

Footnote Vpp v changed: “1.32 — 1.375 V range allowed periodically for supply with

sinusoidal shape and average supply value below 1.288 V at maximum TJ = 165 °C”

(was 1.275)
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Table 76. Revision history (continued)

Revision

Date

Description of changes

2

4/2013

Electrical characteristics—Oscillator and FMPLL (con’t)

Table 23 (External Oscillator electrical specifications):

* New specification: Viys (Comparator Hysteresis)

» New specification: VextaL (Oscillation Amplitude on the EXTAL pin after startup)

+ Specification change: fy1a,_ range values changed: fy1a, ranges are 4-8 MHz,
>8-20 MHz, and >20-40 MHz (previously stated as 4-8 MHz, 8-16 MHz, and
20-40 MHz

* Specification change t.g; (Crystal start-up time) is now specified by temperature range

» Specification change: V yexT specified at Vggr = 0.28 * Vpp pv 10 J1AG (Previously
specified at Vpposc = 3.0Vand Vpposc = 5.5 V) T

* Specification change: V| gxt specified at Vggg = 0.28 * Vpp nv 10 JTAG (Previously
specified at VDDOSC =3.0Vand VDDOSC =55V) T

+ Specification change: Cg gx1aL Values specified by package (was previously based on
selected load capacitance value)

» Specification change: Cg x1a. Values specified by package (was previously based on
selected load capacitance value)

* Specification change: g, (Oscillator Transconductance) is now specified by
temperature and frequency range conditions (was previously specified without
conditions)

» Footnote added: “All oscillator specifications are valid for
Vbp_Hv_lo_stag = 3.0 V-5.5V*

* Footnote added to Cg gxtaL: Cs xTaL to refer to crystal manufacturer's specifications
for load capacitance values.

» Footnote added: “Amplitude on the EXTAL pin after startup is determined by the ALC

block, i.e., the Automatic Level Control Circuit. The function of the ALC is to provide

high drive current during oscillator startup, but reduce current after oscillation in order
to reduce power, distortion, and RFI, and to avoid over-driving the crystal. The
operating point of the ALC is dependent on the crystal value and loading conditions.”

Footnote added: “IXTAL is the oscillator bias current out of the XTAL pin with both

EXTAL and XTAL pins grounded. This is the maximum current during startup of the

oscillator. The current after oscillation is typically in the 2-3 mA range and is dependent

on the load and series resistance of the crystal.”

* VILEXT parameter, changed “External Reference” to “External Clock Input”

 VILEXT parameter, added footnote: This parameter is guaranteed by design rather than
100% tested.

Table 24 (Selectable load capacitance):

» Changed footnote 2 from “Values in this table do not include 8 pF routing and ESD
structure on die and package trace capacitance.” to "Values in this table do not include
the die and package capacitances given by Cs_xtal/Cs_extal in Table 23 (External
Oscillator electrical specifications).”

Electrical characteristics—ADC specifications

Section 3.10.1, ADC input description

Table 26 (ADC pin specification)

* | k_n Specification change: removed T, = 125 °C row from (Tp = 125 °C)

* Ik inups Ik INnUsD: Lk INRer @Nd |k inouT SPecification changes to parameters,
conditions, and values. N

+ Specification change: I;y; min value is =3 mA (was —1)

* Specification change: Cg max value is 8.5 pF (was 7)

 Specification change: Rgy, max value for SARn channels is 1.1 kQ (was 0.6)
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Table 76. Revision history (continued)

Revision Date Description of changes

4 9/2014 Electrical characteristics—DC electrical specification

* In Section 3.1, Introduction, added the following to note text: "Vpp nv apy refers to
ADC supply pins Vpp_pv_apv_s @nd Vpp_py_apv_p- Vbp_Hv_apr refers to ADC
reference pins VDD HV ADR S and VDD Hv ADR D- VSS HV ADV refers to ADC ground
pins Vss v apv s @Nd Vss Hy apv D- Vss Hv ApR fefers to ADC reference pins
Vss_mv_apr_s @and Vss ny_apr_p-"

* In Table 10 (DC electrical specifications), changed Ipp {y pmc maximum for PMC only
condition (was 5 mA, is 25 mA). Added “This includes PMC consumption, LFAST PLL
regulator current, and Nwell bias regulator current” to footnote associated with this
value.

* In Table 10 (DC electrical specifications), changed Ipp [, maximum to 1140 mA (was
600 mA) and added “Vpp v = 1.325 V” to conditions.

+ In Table 10 (DC electrical specifications), added Ippapp v Specification.

+ In Table 10 (DC electrical specifications), changed the conditions for IppsTey raAM @Nd
IDDSTBY REG (Were “.to6 V.. are"“.t055 V..."). -

» In Table 10 (DC electrical specifications), Ippstay ram SPEcification: changed max
value for 40°C condition to 60 pA (was 40). Changed max value for 85°C condition to
100 pA (was 60).

* In Table 10 (DC electrical specifications), Vstgy o Specification: changed min value
to 0.9 V (was 0.8). -

Electrical characteristics—I/O pad current specification

Table 12 (1/O input DC electrical characteristics), Table 13 (I/O pull-up/pull-down DC
electrical characteristics), Table 14 (WEAK configuration output buffer electrical
characteristics), Table 15 (MEDIUM configuration output buffer electrical
characteristics), Table 16 (STRONG configuration output buffer electrical
characteristics), Table 17 (VERY STRONG configuration output buffer electrical
characteristics), Table 19 (I/O consumption) added the following footnote to Conditions
heading: “During power up operation, the minimum required voltage to come out of
reset state is determined by the Vporyp vy monitor, which is defined in the voltage
monitor electrical characterstics table. Note that the Vporyup 1y Monitor is connected
to the Vpp Hv 10 maino Physical /O segment.” -

Table 12 (IO input DC electrical characteristics): VyyystT. Specification: changed min
value to 0.275 (was 0.3). VyysauT Specification: changed min value to 0.4 (was 0.5).
Table 12 (1/O input DC electrical characteristics), changed V|ycmos 1 min value to
“0.70 * Vpp_py 10" (Was 0.65 * Vpp py 10)-

In Table 12 (I/O input DC electrical characteristics), changed Va1 min value to 3.9 V
(was 3.8).

Table 12 (1/O input DC electrical characteristics), revised I kg and | kg gg| rows.
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Table 76. Revision history (continued)

Revision

Date

Description of changes

4

9/2014

Electrical characteristics—I/O pad current specification

Table 14 (WEAK configuration output buffer electrical characteristics), Roy w and
RoL w: changed min value to 517 (was 560) and max value to 1052 (was 1040).
Table 15 (MEDIUM configuration output buffer electrical characteristics), Roy u and
RoL wm: changed min value to 135 (was 140). -
Table 16 (STRONG configuration output buffer electrical characteristics), Roy s and
RoL s: changed min value to 30 (was 35) and max value to 77 (was 65). -
Table 17 (VERY STRONG configuration output buffer electrical characteristics),
revised Roy v and R v conditions.

Table 17 (VERY STRONG configuration output buffer electrical characteristics), Roy v
and Rg| v: changed max values to 72 (was 60) and 90 (was 75). B
Table 18 (EBI pad output electrical specification), Roy ggi apio 21d RoL el cpio:
changed max value to 400 (was 260). T T

In Table 18 (EBI pad output electrical specification): Viycmos H g SPecification:
Changed max value to “VDD HV 10 EBI T 0.3” (WaS “VDD HV |6 ‘;03") ROH EBI GPIO
specification: changed condition to “4.5 V < Vpp nv 10 ga1 < 5.5 V" (was “3.0 V <
Vop Hy 10 < 36 V?). RoL Esl apio Specification: changed condition to “4.5 V <
Vbp_Hv_io_esi < 5.5 V" (was 3.0 V < Vpp_py 0 < 3.6 V).

Electrical characteristics—Oscillator and FMPLL

In Table 23 (External Oscillator electrical specifications), deleted the transconductance
specification (gyy,)-

Electrical characteristics—ADC specifications

Table 26 (ADC pin specification), I x yup SPecification: changed T; < 40 °C condition
max value to 50 nA (was 70). Changed T ;< 150 °C condition max value to 150 nA (was
220).

In Table 27 (SARn ADC electrical specification): added condition rows for full and fast
precharge to tapcprech: revised condition entries for AVprech.

In Table 28 (SDn ADC electrical specification), changed the max value for t_ xrency at
HPF = OFF (WaS Z*SGROUP” is BGROUP)'

In Table 28 (SDn ADC electrical specification), changed the max value for GAIN (was
15, is 16).

Table 28 (SDn ADC electrical specification), SNRgg150: changed GAIN=1 min value to
72 (was 74), GAIN=2 min value to 69 (was 71), GAIN=4 min value to 66 (was 68),
GAIN=8 min value to 63 (was 65), and GAIN=16 min value to 60 (was 62).

Table 28 (SDn ADC electrical specification), groyp Specification: changed OSR =75
max value to 696 Tclk (was 746), changed OSR = 96 max value to 946.5 Tclk (was
946.4).

In Table 28 (SDn ADC electrical specification), added footnote to parameter column for

t ATENCY:

Electrical characteristics—Power management: PMC, POR/LVD, sequencing

In Section 3.16, Power management: PMC, POR/LVD, sequencing, replaced PMC
operating conditions and external regulators supply voltage table with a cross
reference to Table 8 (Device operating conditions).

In Table 35 (Device power supply integration), changed minimum VDD_LV external
capacitance footnote to “variation over voltage, temperature, and aging” (was
“variation over process, voltage, temperature, and aging.”)

In Table 36 (Flash power supply), revised table footnotes and added new “After
trlmmlng, 25°C < TJ < 150°C” condition to VDD HV ELA-
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