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Introduction

1 Introduction

1.1 Features summary
On-chip modules available within the family include the following features:

* Three dual issue, 32-bit CPU core complexes (e200z7), two of which run in lockstep
* Power Architecture embedded specification compliance
* Instruction set enhancement allowing variable length encoding (VLE), optional
encoding of mixed 16-bit and 32-bit instructions, for code size footprint
reduction
* On the two computational cores: Signal processing extension (SPE1.1)
instruction support for digital signal processing (DSP)
* Single-precision floating point operations
* On the two computational cores: 16 KB I-Cache and 16 KB D-Cache
* Hardware cache coherency between cores
* 16 hardware semaphores
* 3-channel CRC module
* 8 MB on-chip flash memory
» Supports read during program and erase operations, and multiple blocks
allowing EEPROM emulation
* 512 KB on-chip general-purpose SRAM including 64 KB standby RAM
* Two multichannel direct memory access controllers (eDMA)
* 64 channels per eEDMA
* Dual core Interrupt Controller (INTC)
 Dual phase-locked loops (PLLs) with stable clock domain for peripherals and
frequency modulation (FM) domain for computational shell
* Crossbar Switch architecture for concurrent access to peripherals, flash memory, or
RAM from multiple bus masters with End-To-End ECC
» External Bus Interface (EBI) for calibration and application use
e System Integration Unit (SIU)
* Error Injection Module (EIM) and Error Reporting Module (ERM)
* Four protected port output (PPO) pins
* Boot Assist Module (BAM) supports serial bootload via CAN or SCI
* Three second-generation Enhanced Time Processor Units (eTPUs)
32 channels per eTPU
* Total of 36 KB code RAM
» Total of 9 KB parameter RAM
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Electrical characteristics

Table 1. Absolute maximum ratings

Symbol Parameter Conditions! Value Unit
Min | Max
Cycle Lifetime power cycles — — |1000k| —
Vb 1.2 V core supply voltage® 3 4 — -03 | 15 \%
VDDEHx I/0O supply voltage (medium I/O pads)® |— -0.3 | 6.0 \
VDDEx I/0 supply voltage (fast I/O pads)® — -0.3 | 6.0 \'%
Vpopmc Power Management Controller supply  |— -0.3 | 6.0 Vv
voltage®
VDDFLA Decoupling pin for flash regulator® — -03 | 45 \Y
VsrteyY RAM standby supply voltage® — -0.3 | 6.0 Vv
Vssa sp SDADC ground voltage Reference to Vgg -0.3 | 0.3 \Y
Vssa Eq eQADC ground voltage Reference to Vg -0.3 | 0.3 \Y
VbpA_EQA/B eQADC supply voltage Reference to Vsga Eq -0.3 | 6.0 \'%
Vbpa_sD SDADC supply voltage Reference to Vgsa sp -0.3 | 6.0 Vv
VgL sp SDADC ground reference Reference to Vss -03 | 03 \"
VRL EQ eQADC ground reference Reference to Vgg -0.3 | 0.3 Vv
VRH_EQ eQADC alternate reference Reference to Vg gq -0.3 | 6.0 \Y
VRH_sD SDADC alternate reference Reference to Vg_sp -0.3 | 6.0 \'
VREFBYPC eQADC reference decoupling capacitor |REFBYPCA25, REFBYPCA75, -0.3 | 6.0 \Y
pins REFBYPCB25, REFBYPC75
Vbpa_misc TRNG and IRC supply voltage — -0.3 | 6.0 \'
VpppwR SMPS driver supply pin — -0.3 | 6.0 \Y
VsspwR SMPS driver supply pin Reference to Vss -03 | 03 \
Vss—Vssa Eq | Vssa eq differential voltage — -0.3 | 0.3 \Y
Vss—Vssa sp | Vssa_sp differential voltage — -03 | 03 Vv
Vss — VRL_EQ VRL_eq differential voltage — -0.3 | 0.3 \'%
Vss = VRL_sp VRgL_sp differential voltage — -0.3 | 0.3 Vv
ViN I/O input voltage range’ — -0.3 | 6.0 \Y
Relative to Vppey/VDpEHX — 0.3 \Y
Relative to Vgg -03 | — \"
lingD Maximum DC injection current for digital |Per pin, applies to all digital pins -5 5 mA
pad
linua Maximum DC injection current for Per pin, applies to all analog pins -5 5 mA
analog pad
Imaxsec® ? Maximum current per 1/0O power — —-120 | 120 | mA
segment
Tsta Storage temperature range and non- — -55 | 175 °C
operating times
STORAGE Maximum storage time, assembled part |No supply; storage temperature in — 20 |years
programmed in ECU range —40 °C to 60 °C
Tspr Maximum solder temperature'© — — | 260 | °C
Pb-free package

Table continues on the next page...
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Electrical characteristics
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Figure 4. /0 input DC electrical characteristics definition

Table 6. 1/0 input DC electrical characteristics

Symbol | Parameter Conditions Value Unit
Min Typ Max
Viicmos_H | Input high level CMOS (with 3.0V < Vppex<3.6Vand 0.65 * Vppex — Vbpex +0.3| V
hysteresis) 45V < Vppg <55V
Vincmos | Input high level CMOS (without 3.0 V < Vppgx < 3.6 V and 0.55 * Vppex — Vopex +0.3| V
hysteresis) 45V < Vppey <55V
ViLemos_H | Input low level CMOS (with 3.0V < Vppex<3.6Vand -0.3 — |0.35* Vppex| V
hysteresis) 45V < Vppey <55V
Vitemos | Input low level CMOS (without  |3.0 V < Vppgx < 3.6 V and -0.3 — 0.4 * Vppex Vv
hysteresis) 45V < Vppey <55V
Vuvscmos | Input hysteresis CMOS 3.0V < Vppex < 3.6 Vand 0.1 * Vppex — — Vv
45V <Vppex<5.5V
Input Characteristics’
kg Digital input leakage Vss < ViN < Vopex’VDDEHX — — 25 A
l.ka_rast |Digital input leakage for EBI Vss < ViN < Vppex/VDDEHx — — 25 A
address/control signal pads
P Analog pin input leakage (5 V Vssa_sp < ViN < Vppa_sp, — — 220 nA
range) Vssa eaq < ViN < Vbpa_eqas
Cin Digital input capacitance GPIO and EBI input pins — — 7 pF

1. For LFAST, microsecond bus, and LVDS input characteristics, see dedicated communication module sections.

Table 7 provides current specifications for weak pullup and pulldown.
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Electrical characteristics

Table 13. PLLA1 electrical characteristics

Value
Symbol Parameter Conditions Unit
Min Typ Max

fRLL1IN PLL1 input clock® — 38 — 78 MHz
DpLL1IN PLL1 input clock duty cycle' — 35 — 65 %

feLL1VCO PLL1 VCO frequency — 600 — 1250 MHz

feLL1PHI PLL1 output clock PHI — 4.762 — 264 MHz
tPLL1LOCK PLL1 lock time — — — 100 ps
|ApLL1prispyl  |PLL1_PHI single period peak-to- |fp L 1px = 200 MHz, 6- — — 5002 ps

peak jitter sigma

fPLL1MOD PLL1 modulation frequency — — — 250 kHz
| SpLL1moD! PLL1 modulation depth (when Center spread 0.25 — %
enabled) Down spread 0.5 — %

IpLL1 PLL1 consumption FINE LOCK state — — mA

1. PLL1IN clock retrieved directly from either internal PLLO or external XOSC clock. Input characteristics are granted when
using internal PLLO or external oscillator in functional mode.

2. Noise on the Vpp supply with frequency content below 40 kHz and above 50 MHz is filtered by the PLL. Noise on the Vpp
supply with frequency content in the range of 40 kHz — 50 MHz must be filtered externally to the device.

3.7.2 Oscillator electrical specifications

NOTE
All oscillator specifications in Table 14 are valid for Vppgpe =
3.0Vto55V.
Table 14. External oscillator (XOSC) electrical specifications
Symbol Parameter Conditions Value Unit
Min Max
fxTAL Crystal frequency range — 8 40 MHz
tost Crystal start-up time': 2 T;=150°C — 5 ms
trec Crystal recovery time3 — — 0.5 ms
VIHEXT EXTAL input high voltage (external reference) |Vger = 0.28 * Vppens Vger + 0.6 — \Y
ViLExT EXTAL input low voltage (external reference) |Vgrer =0.28 * Vppens — Vger — 0.6 \
Cs_extaL |Total on-chip stray capacitance on EXTAL pin*|416-ball MAPBGA 2.3 3.0 pF
516-ball MAPBGA 2.1 2.8
Cs xaL |Total on-chip stray capacitance on XTAL pin* |416-ball MAPBGA 2.3 3.0 pF
516-ball MAPBGA 2.2 2.9
Om Oscillator transconductance® Low 3 10 mA/NV
Medium 10 27
High 12 35

Table continues on the next page...
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Table 14. External oscillator (XOSC) electrical specifications

(continued)
Value
Symbol Parameter Conditions Unit
Min Max
VextaL | Oscillation amplitude on the EXTAL pin after | — 0.5 1.6 \
startup®
Vhys Comparator hysteresis — 0.1 1.0 \Y
IxTAL XTAL current® 7 — — 14 mA

—

This value is determined by the crystal manufacturer and board design.

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

Crystal recovery time is the time for the oscillator to settle to the correct frequency after adjustment of the integrated load
capacitor value.

See crystal manufacturer's specification for recommended load capacitor (C() values.The external oscillator requires
external load capacitors when operating in a "low" transconductance range. Account for on-chip stray capacitance
(Cs_extal/Cs_x1aL) and PCB capacitance when selecting a load capacitor value. When operating in a "medium" or "high"
transconductance range, the integrated load capacitor value is selected via software to match the crystal manufacturer's
specification, while accounting for on-chip and PCB capacitance.

Select a "low," "medium," or "high" setting using the UTEST Miscellaneous DCF client's XOSC_LF_EN and
XOSC_EN_HIGH fields. "Low" is the setting commonly used for crystals at 8 MHz, "medium" is commonly used for
crystals greater than 8 MHz to 20 MHz, and "high" is commonly used for crystals greater than 20 MHz to 40 MHz.
However, the user must characterize carefully to determine the best g, setting for the intended application because crystal
load capacitance, board layout, and other factors affect the g, value that is needed. The user may need an additional
Rshunt to optimize gy, depending on the system environment. Use of overtone crystals is not recommended.

Amplitude on the EXTAL pin after startup is determined by the ALC block (that is, the Automatic Level Control Circuit). The
function of the ALC is to provide high drive current during oscillator startup, while reducing current after oscillation 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.

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. Test circuit is shown in Figure 7.

Table 15. Selectable load capacitance

load_cap_sel[4:0] from DCF record Load capacitance': 2 (pF)
00000 1.8
00001 2.8
00010 3.7
00011 4.6
00100 5.6
00101 6.5
00110 74
00111 8.4
01000 9.3
01001 10.2
01010 11.2
01011 12.1
01100 13.0
01101 13.9

Table continues on the next page...
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Electrical characteristics
Table 15. Selectable load capacitance (continued)
load_cap_sel[4:0] from DCF record

Load capacitance!: 2 (pF)
01110 14.9
01111 15.8

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 Cg x7a /Cs gxtaL in Table 14.

VDDEH6

D .

Bias
ALC Current
IXTAL XTAL
1
L l_T - ﬂ_
EXTAL
D J. + Comparator
VSSOSC T orr
l VSS Conditions
Z=R+jwL
: VEXTAL=0V
VXTAL=0V
Tester PCB ALC INACTIVE
GND

Figure 7. Test circuit

Table 16. Internal RC (IRC) oscillator electrical specifications

Value
Symbol Parameter Conditions Unit
Min | Typ | Max
frarget IRC target frequency — — 16 — | MHz
Ofvar T IRC frequency variation T <150 °C -8 — 8 %

3.8 Analog-to-Digital Converter (ADC) electrical specifications
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Table 20. LVDS pad startup and receiver electrical characteristics' (continued)

Value
Symbol Parameter Conditions Unit
Min Typ Max
teponm Tx | Transmitter startup time (power down to |— — 0.4 2.75 us
Normal mode)®
tsmenm_Tx | Transmitter startup time (Sleep mode to | Not applicable to the MSC/DSPI — 0.2 0.5 ys
Normal mode)® LVDS pad
tPD2NM_RX Receiver startup time (power down to — — 20 40 ns
Normal mode)”
teposm_px | Receiver startup time (power down to Not applicable to the MSC/DSPI — 20 50 ns
Sleep mode)8 LVDS pad
ILvps_Bias | LVDS bias current consumption Tx or Rx enabled — — 095 | mA
TRANSMISSION LINE CHARACTERISTICS (PCB Track)
Zy Transmission line characteristic — 47.5 50 52.5 Q
impedance
ZpiFF Transmission line differential impedance | — 95 100 105 Q
RECEIVER
Vicom Common mode voltage — 0.15° — 1610 | Vv
|AVII Differential input voltage — 100 — — mV
Vhvs Input hysteresis — 25 — — mV
Rin Terminating resistance Vppen=3.0Vto 55V 80 125 150 Q
Cin Differential input capacitance? — — 3.5 6.0 pF
lLvDs_Rx Receiver DC current consumption Enabled — — 0.5 mA

7.
8.

9

The LVDS pad startup and receiver electrical characteristics in this table apply to both the LFAST and the MSC/DSPI
LVDS pad except where noted in the conditions.

All startup times are defined after a 2 peripheral bridge clock delay from writing to the corresponding enable bit in the
LVDS control registers (LCR) of the LFAST and High-Speed Debug modules.

Startup times are valid for the maximum external loads CL defined in both the LFAST/HSD and MSC/DSPI transmitter
electrical characteristic tables.

Bias startup time is defined as the time taken by the current reference block to reach the settling bias current after being
enabled.

Total transmitter startup time from power down to normal mode is tstrT_gias + tepanm_Tx + 2 peripheral bridge clock
periods.

Total transmitter startup time from sleep mode to normal mode is tgmanm_Tx + 2 peripheral bridge clock periods. Bias block
remains enabled in sleep mode.

Total receiver startup time from power down to normal mode is tstrT_pias + trpanv_Rrx + 2 peripheral bridge clock periods.
Total receiver startup time from power down to sleep mode is tpppsm_Rrx + 2 peripheral bridge clock periods. Bias block
remains enabled in sleep mode.

Absolute min=0.15V - (285 mV/2) =0V

10. Absolute max=1.6'V + (285 mV/2) = 1.743V

11.

Total internal capacitance including receiver and termination, co-bonded GPIO pads, and package contributions. For bare
die devices, subtract the package value given in Figure 11.

Table 21. LFAST transmitter electrical characteristics’

Symbol Parameter Conditions Unit

Value

Min Typ Max

fDATA Data rate — — — 240 Mbps

Table continues on the next page...
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Figure 11. LVDS pad external load diagram

3.10.3 LFAST PLL electrical characteristics

The following table contains the electrical characteristics for the LFAST PLL.

Table 23. LFAST PLL electrical characteristics'

Symbol Parameter Conditions Value Unit
Min Nominal Max
far_rer |PLL reference clock frequency — 10 — 26 MHz
ERRRger |PLL reference clock frequency error — -1 — 1 %
DCgrer |PLL reference clock duty cycle — 45 — 55 %
PN Integrated phase noise (single side band) |frr_rer = 20 MHz — — -58 dBc
fre Rer = 10 MHz — — —64
fvco |PLL VCO frequency — — 4802 —  |MHz
tlock | PLL phase lock® — — — 40 us
Table continues on the next page...
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The SMPS regulator characteristics appear in the following table.

Table 27. SMPS electrical characteristics

Electrical characteristics

Value
Symbol Parameter Conditions - Unit
Min Typ Max
SMPS¢ock SMPS oscillator frequency Trimmed 825 1000 1220 | kHz
SMPSs) ope SMPS soft-start ramp slope — 0.01 0.025 0.05 |Vl/us
SMPSEgrr SMPS typical efficiency — — 70 — %

3.11.2 Power management integration

To ensure correct functionality of the device, use the following recommended integration

scheme for LDO mode.
Chv_pmc
Chv_FLa
d d D
)]
o < %))
——11 VDDPWR E i =
! = 8 VDD [—
>
>
CSMPSPWR m—— o, C Ly
MPC5777C
— 1 VDDE(H)x REFBYpdt |
2 — == c REFEQ
nxChy_io —
< m
[m] a) g o O o vssS p—
—vs 3 8 §888
5 % 588353
> ’:‘>rJ > > > >
< o
o 8| 8|
8 0 0
1 . . < la} a
One capacitance near each VDD pin N < <
One capacitance near each VDDE(H)x pin T z z
© o o

Figure 14. Recommended supply pin circuits

MPC5777C Microcontroller Data Sheet Data Sheet, Rev. 11, 04/2017.

NXP Semiconductors

43



Electrical characteristics

Table 29. Voltage monitor electrical characteristics' 2 (continued)

Configuration Value
Symbol Parameter Conditions Tr'im Mask| Pow. Min | Typ | Max Unit
bits | Opt. | Up
POR_HV HV Vpppwmc supply power | Rising voltage (powerup) N/A No |Enab.| 2444 | 2600 | 2756 | mV
on reset threshold Falling voltage (power 2424 | 2580 | 2736
down)
LVD_HV HV internal Vpppmc supply | Rising voltage (untrimmed) | 4bit No |Enab.| 2935 | 3023 | 3112 | mV
low voltage monitoring e 1ing voltage (untrimmed) 2922 | 3010 | 3099
Rising voltage (trimmed) 2946 | 3010 | 3066
Falling voltage (trimmed) 2934 | 2998 | 3044
HVD_HV HV internal Vpppuc supply | Rising voltage 4bit | Yes |Disab.| 5696 | 5860 | 5968 | mV
high voltage monitoring 'z jjin g voltage 5666 | 5830 | 5938
LVD_FLASH |FLASH supply low voltage |Rising voltage (untrimmed) | 4bit No |Enab.| 2935 | 3023 | 3112 | mV
monitoring® Falling voltage (untrimmed) 2922 | 3010 | 3099
Rising voltage (trimmed) 2956 | 3010 | 3053
Falling voltage (trimmed) 2944 | 2998 | 3041
HVD_FLASH |FLASH supply high Rising voltage 4bit | Yes |Disab.| 3456 | 3530 | 3584 | mV
voltage monitoring® Falling voltage 3426 | 3500 | 3554
LVD_IO Main 1/0O Vppgnt supply Rising voltage (untrimmed) | 4bit No |Enab.| 3250 | 3350 | 3488 | mV
low voltage monitoring g4 ing voltage (untrimmed) 3220 | 3320 | 3458
Rising voltage (trimmed) 3347 | 3420 | 3468
Falling voltage (trimmed) 3317 | 3390 | 3438
tVDASSERT Voltage detector threshold | — — — — 0.1 — 2.0 ys
crossing assertion
tvoreLease | Voltage detector threshold |— — — — 5 — 20 V&
crossing de-assertion

1. LVD is released after typreLease temporization when upper threshold is crossed; LVD is asserted typassert after detection
when lower threshold is crossed.

2. HVD is released after typreLease temporization when lower threshold is crossed; HVD is asserted typasserT after
detection when upper threshold is crossed.

3. PORO098_c threshold is an untrimmed value, before the completion of the power-up sequence. All other LVD/HVD
thresholds are provided after trimming.

4. LV internal supply levels are measured on device internal supply grid after internal voltage drop.

LV external supply levels are measured on the die side of the package bond wire after package voltage drop.

VpprLa range is guaranteed when internal flash memory regulator is used.

oo

3.11.4 Power sequencing requirements

Requirements for power sequencing include the following.
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Table 33. Flash memory AC timing specifications (continued)

Symbol Characteristic Min Typical Max Units
tgone Time from 0 to 1 transition on the MCR-EHYV bit initiating a — — 5 ns
program/erase until the MCR-DONE bit is cleared.
tgones Time from 1 to 0 transition on the MCR-EHV bit aborting a — 16 20.8 us
program/erase until the MCR-DONE bit is setto a 1.
plus four | plus four
system system
clock clock
periods periods
tdrev Time to recover once exiting low power mode. 16 — 45 ps
plus seven plus seven
system system
clock clock
periods. periods
taistart Time from 0 to 1 transition of UTO-AIE initiating a Margin Read — — 5 ns
or Array Integrity until the UTO-AID bit is cleared. This time also
applies to the resuming from a suspend or breakpoint by
clearing AISUS or clearing NAIBP
taistop Time from 1 to 0 transition of UTO-AIE initiating an Array — — 80 ns
Integrity abort until the UTO-AID bit is set. This time also applies \us fifteen
to the UTO-AISUS to UTO-AID setting in the event of a Array P system
Integrity suspend request. clock
periods
tmrstop Time from 1 to O transition of UTO-AIE initiating a Margin Read 10.36 — 20.42 ps
abort until the UTO-AID bit is set. This time also applies to the lus four lus four
UTO-AISUS to UTO-AID setting in the event of a Margin Read | © P
system system
suspend request.
clock clock
periods periods
3.12.6 Flash memory read wait-state and address-pipeline control

settings

The following table describes the recommended settings of the Flash Memory
Controller's PFCRI1[RWSC] and PFCR1[APC] fields at various flash memory operating
frequencies, based on specified intrinsic flash memory access times of the C55FMC array

at 150°C.

Table 34. Flash memory read wait-state and address-pipeline control

combinations

Flash memory read latency on Flash memory read latency on
Flash memory frequency | RWSC APC mini-cache miss (# of fp_aTF mini-cache hit (# of fp_o7F clock
clock periods) periods)
0 MHz < fp aTF < 33 MHz 0 0 3 1
33 MHz < fp_a7F < 100 MHz 2 1 5 1

Table continues on the next page...
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D_CLKOUT

I/O Inputs —_ - X==X - - —-—- - - - - - - - — = Vope/2
Vopehn/ 2

A — Maximum Input Delay Time B — Minimum Input Hold Time

Figure 17. Generic input setup/hold timing

3.13.2 Reset and configuration pin timing
Table 35. Reset and configuration pin timing'

Spec | Characteristic Symbol Min Max Unit
1 RESET Pulse Width trpw 10 — toyc?
2 RESET Glitch Detect Pulse Width tapw 2 — toye?
3 PLLCFG, BOOTCFG, WKPCFG Setup Time to RSTOUT Valid trcsu 10 — toyc?
4 PLLCFG, BOOTCFG, WKPCFG Hold Time to RSTOUT Valid tRcH 0 — toyc?
1. Reset timing specified at: Vppgy =3.0V1t05.25V, Vpp=1.08 Vto 1.32 V, TA=TL to TH.
2. For further information on t., see Table 3.
MPC5777C Microcontroller Data Sheet Data Sheet, Rev. 11, 04/2017.
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Figure 24. Nexus TCK, TDI, TMS, TDO Timing

3.13.5 External Bus Interface (EBI) timing

Table 38. Bus operation timing'

o 66 MHz (Ext. bus freq.)> 3 ]
Spec Characteristic Symbol Unit | Notes
Min Max
1 D_CLKOUT Period tc 15.2 — ns |[Signals are measured at 50%
VbpE-
D_CLKOUT Duty Cycle teoe 45% 55% tc |—
D_CLKOUT Rise Time teaT — —4 ns |—
D_CLKOUT Fall Time tert — —4 ns |—

Table continues on the next page...
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Table 38. Bus operation timing'! (continued)

o 66 MHz (Ext. bus freq.)> 3 ]
Spec Characteristic Symbol Unit | Notes
Min Max

5 D_CLKOUT Posedge to Output tcon 1.0/1.5 — ns [Hold time selectable via
Signal Invalid or High Z (Hold SIU_ECCRIEBTS] bit:

Time) EBTS =0:1.0ns
D_ADD[9:30] EBTS=1:15ns
D_BDIP

D_CS[0:3]
D_DATI[0:15]

D_OE

D_RD_WR

D_TA

D_TS
D_WE[0:3)/D_BEJ[0:3]

6 D_CLKOUT Posedge to Output tcov — 8.5/9.0 ns |Output valid time selectable via
Signal Valid (Output Delay) SIU_ECCRIEBTS] bit:

D_ADDI[9:30] EBTS = 0: 8.5 ns
D_BDIP EBTS = 1: 9.0 ns
D_CS[0:3]
D_DATI[0:15] 11.5 —

D_OE 8.5/9.0 Output valid time selectable via
D RD WR SIU_ECCRI[EBTS] bit:

D_TA EBTS =0:8.5ns
DTS EBTS =1:9.0ns

D_WE[0:3)/D_BE[0:3]

7 Input Signal Valid to D_CLKOUT | tgis 7.5 — ns |—
Posedge (Setup Time)

D_ADDI[9:30]
D_DATI0:15]
D_RD_WR
D_TA

D_TS

8 D_CLKOUT Posedge to Input toH 1.0 — ns |—
Signal Invalid (Hold Time)

D_ADDI[9:30]
D_DATI0:15]
D_RD_WR
D_TA

D_TS

9 D_ALE Pulse Width tapw 6.5 — ns |The timing is for Asynchronous
external memory system.

Table continues on the next page...
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Table 38. Bus operation timing'! (continued)

Electrical characteristics

Spec

Characteristic

Symbol

66 MHz (Ext. bus freq.)% 3

Min

Max

Unit

Notes

Invalid

10 |D_ALE Negated to Address

taal

2.0/1.0%

ns

The timing is for Asynchronous
external memory system.

ALE is measured at 50% of VDDE.

1. EBI timing specified at Vpp =1.08 V10 1.32 V, Vppe =3.0 V10 3.6 V, T = T, to T, and C, = 30 pF with SIU_PCR[DSC] =
10b for ADDR/CTRL and SIU_PCR[DSC] = 11b for CLKOUT/DATA.
2. Speed is the nominal maximum frequency. Max speed is the maximum speed allowed including frequency modulation

(FM).

3. Depending on the internal bus speed, set the SIU_ECCR[EBDF] bits correctly not to exceed maximum external bus

frequency. The maximum external bus frequency is 66 MHz.
4. Referto D_CLKOUT pad timing in Table 10.
5. ALE hold time spec is temperature dependant. 1.0 ns spec applies for temperature range -40 to 0°C. 2.0ns spec applies to

temperatures > 0°C. This spec has no dependency on the SIU_ECCR[EBTS] bit.

D_CLKOUT

VOHJ-

VoL _F

()
(>

Figure 25. D_CLKOUT timing

<2 )
~()—

~()—~

VDDE / 2
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3.13.9 DSPI timing with CMOS and LVDS pads

NOTE
The DSPI in TSB mode with LVDS pads can be used to
implement the Micro Second Channel (MSC) bus protocol.

DSPI channel frequency support is shown in Table 42. Timing specifications are shown
in Table 43, Table 44, Table 45, Table 46, and Table 47.

Table 42. DSPI channel frequency support

DSPI use mode Max usable frequency (MHz)': 2
CMOS (Master mode) | Full duplex — Classic timing (Table 43) 17
Full duplex — Modified timing (Table 44) 30
Output only mode (SCK/SOUT/PCS) (Table 43 and Table 44) 30
Output only mode TSB mode (SCK/SOUT/PCS) (Table 47) 30
LVDS (Master mode) | Full duplex — Modified timing (Table 45) 30
Output only mode TSB mode (SCK/SOUT/PCS) (Table 46) 40

1. Maximum usable frequency can be achieved if used with fastest configuration of the highest drive pads.
2. Maximum usable frequency does not take into account external device propagation delay.

3.13.9.1 DSPI master mode full duplex timing with CMOS and LVDS pads

3.13.9.1.1 DSPI CMOS Master Mode — Classic Timing
Table 43. DSPI CMOS master classic timing (full duplex and output only) -
MTFE = 0, CPHA =0 or 1’

Condition? Value®
#| Symbol Characteristic Unit
Pad drive* Load (Cp) Min Max
1 tsck SCK cycle time PCR[SRC]=11b 25 pF 33.0 — ns
PCR[SRCI]=10b 50 pF 80.0 —
PCR[SRC]=01b 50 pF 200.0 —
2 tese PCS to SCK delay PCR[SRCI]=11b 25 pF (N® x tgyg ©) — 16 — ns
PCR[SRC]=10b 50 pF (N® x tgyg' ©) — 16 —
PCR[SRC]=01b 50 pF (N® x tgyg ©) — 18 —
PCS: PCR[SRC]=01b 50 pF (N® x tgyg 6) — 45 —
SCK: PCR[SRC]=10b

Table continues on the next page...
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Table 44. DSPI CMOS master modified timing (full duplex and output only) - MTFE =1,
CPHA =0 or 1! (continued)

Condition? Value®
#| Symbol Characteristic Unit
Pad drive* Load (Cp) Min Max
3 tasc After SCK delay PCR[SRC]=11b PCS: 0 pF (M7 x tgyg' 8) — 35 — ns
SCK: 50 pF
PCR[SRC]=10b PCS:0pF | (M7 xtgyg ©) —35 —
SCK: 50 pF
PCR[SRC]=01b PCS:0pF | (M7 xtgyg ®)—35 —
SCK: 50 pF

PCS: PCR[SRC]=01b | PCS:0pF | (M7 xtsys ©) - 35 —
SCK: PCR[SRC]=10b | SCK: 50 pF

4 tsoc SCK duty cycle® PCR[SRC]=11b 0 pF 1/2tsck — 2 1/2tsck + 2 ns
PCR[SRC]=10b 0 pF 1/2tgck — 2 1/2tgck + 2
PCR[SRC]=01b 0 pF 1/2tgck — 5 1/2tgck + 5
PCS strobe timing
5 tpcsc  |PCSxto PCSS PCR[SRC]=10b 25 pF 13.0 — ns
time®
6 tpasc WSQS to PCSx PCR[SRC]=10b 25 pF 13.0 — ns
time

SIN setup time

7 tsul SIN setup time to PCR[SRC]=11b 25 pF 29 — (P x tgyg' ©) — ns
SCK PCR[SRC]=10b 50 pF 31— (P x tyg' ©) —
CPHA =010 PCR[SRC]=01b 50 pF 62— (P! x tays'©) —
SIN setup time to PCR[SRC]=11b 25 pF 29.0 — ns
SCK PCRISRC]=10b 50 pF 31.0 —
CPHA =110 PCRISRC]=01b 50 pF 62.0 —_
SIN hold time
8 t 12 SIN hold time from PCR[SRC]=11b 0 pF -1 + (P x tgyg ©) — ns
SCK PCR[SRC]=10b 0pF 1+ (P xtgys ©) —
CPHA =010 PCR[SRC]=01b 0pF 1+ (P x tyg 9) —
SIN hold time from PCR[SRC]=11b 0 pF -1.0 — ns
SCK PCRISRC]=10b 0 pF 10 —_
CPHA =110 PCRISRC]=01b 0 pF 10 —
SOUT data valid time (after SCK edge)
9] tsuo |SOUT data valid PCR[SRC]=11b 25 pF — 7.0 +tgys® | ns
time from SCK PCR[SRC]=10b 50 pF — 8.0 + toys®
CPHA =0 PCR[SRC]=01b 50 pF — 18.0 + toys®
SOUT data valid PCR[SRC]=11b 25 pF — 7.0 ns
time from SCK PCR[SRC]=10b 50 pF — 8.0
CPHA =11 PCRISRC]=01b 50 pF — 18.0

SOUT data hold time (after SCK edge)

Table continues on the next page...
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‘k
PCSX >I§ >’<
—— !

SCK Output
(CPOL = 0)

-
SOUT \< First Data Da#a Last Data >/
N
N

Figure 40. DSPI LVDS and CMOS master timing — output only — modified transfer format

MTFE =1, CHPA =1

3.13.10 FEC timing

3.13.10.1 MiIl receive signal timing (RXD[3:0], RX_DV, and RX_CLK)

The receiver functions correctly up to a RX_CLK maximum frequency of 25 MHz +1%.
There is no minimum frequency requirement. The system clock frequency must be at

least equal to or greater than the RX_CLK frequency.

Table 48. MIl receive signal timing'

Value
Symbol Characteristic Unit
Min Max
M1 RXD[3:0], RX_DV to RX_CLK setup 5 — ns
M2 RX_CLK to RXD[3:0], RX_DV hold 5 — ns
M3 RX_CLK pulse width high 35% 65% RX_CLK period
M4 RX_CLK pulse width low 35% 65% RX_CLK period

1. All timing specifications valid to the pad input levels defined in 1/O pad current specifications.
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A
®
Y

TX_CLK (input) ; @

TXDI[3:0] (outputs)
B B

@

Figure 42. MIl transmit signal timing diagram

3.13.10.3 MiIl async inputs signal timing (CRS)
Table 50. MIl async inputs signal timing

Value
Symbol Characteristic Unit

Min Max
M9 CRS minimum pulse width 15 — TX_CLK period

CRS 4‘; :’\
| |

Figure 43. MIl async inputs timing diagram

3.13.10.4 MIl and RMII serial management channel timing (MDIO and MDC)
The FEC functions correctly with a maximum MDC frequency of 2.5 MHz.

Table 51. MII serial management channel timing’

Value?
Symbol Characteristic Unit
Min Max
M10 MDC falling edge to MDIO output invalid (minimum 0 — ns
propagation delay)
M11 MDC falling edge to MDIO output valid (max prop delay) — 25 ns
M12 MDIO (input) to MDC rising edge setup 10 — ns
M13 MDIOQ (input) to MDC rising edge hold 0 — ns
M14 MDC pulse width high 40% 60% MDC period
M15 MDC pulse width low 40% 60% MDC period

1. All timing specifications valid to the pad input levels defined in I/O pad specifications.
2. Output parameters are valid for C| = 25 pF, where C is the external load to the device. The internal package capacitance
is accounted for, and does not need to be subtracted from the 25 pF value
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