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SPC564A70B4, SPC564A70L7

1 Introduction

1.1 Document overview

This document provides electrical specifications, pin assignments, and package diagrams
for the SPC564A70 series of microcontroller units (MCUS). It also describes the device
features and highlights important electrical and physical characteristics. For functional
characteristics, refer to the device reference manual.

1.2 Description

This microcontroller is a 32-bit system-on-chip (SoC) device intended for use in mid-range
engine control and automotive transmission control applications.

It is compatible with devices in ST's SPC56xx family and offers performance and capability

above that of the SPC563M devices.

The microcontroller’'s e200z4 host processor core is built on the Power Architecture
technology and designed specifically for embedded applications. In addition to the Power
Architecture technology, this core supports instructions for digital signal processing (DSP).

The device has two levels of memory hierarchy consisting of 8 KB of instruction cache,
backed by a 128 KB on-chip SRAM and a 2 MB internal flash memory.

For development, the device includes a calibration bus that is accessible only when using

the STMicroelectronics calibration tool.

1.3 Device feature summary
Table 2 summarizes the SPC564A70 features and compares them to those of the
SPC564A80.
Table 2. SPC564A70 device feature summary
Feature SPC564A70 SPC564A80
Process 90 nm
Core e200z4
SIMD Yes
VLE Yes
Cache 8 KB instruction

Non-Maskable Interrupt (NMI)

NMI and Critical Interrupt

MMU 24-entry

MPU 16-entry

Crossbar switch 4x4 5x4

Core performance 0-150 MHz
Windowing software watchdog Yes

8/133 Doc ID 18078 Rev 4

4




SPC564A70B4, SPC564A70L7

Introduction

Table 3. SPC564A70 series block summary (continued)

Block

Function

Reaction Module (REACM)

Works in conjunction with the eQADC and eTPU2 to increase system
performance by removing the CPU from the current control loop.

System Integration Unit (SIU)

Controls MCU reset configuration, pad configuration, external
interrupt, general purpose 1/O (GPIO), internal peripheral
multiplexing, and the system reset operation.

Static random-access memory (SRAM)

Provides storage for program code, constants, and variables

System timers

Includes periodic interrupt timer with real-time interrupt; output
compare timer and system watchdog timer

System watchdog timer (SWT)

Provides protection from runaway code

Temperature sensor

Provides the temperature of the device as an analog value

e 150 MHz e200z4 Power Architecture® core
—  Variable length instruction encoding (VLE)
—  Superscalar architecture with 2 execution units
— Upto 2 integer or floating point instructions per cycle
— Up to 4 multiply and accumulate operations per cycle

e Memory organization

— 2 MB on-chip flash memory with ECC and read-while-write (RWW)

— 128 KB on-chip SRAM with standby functionality (32 KB) and ECC

— 8 KB instruction cache (with line locking), configurable as 2- or 4-way
— 14 + 3 KB eTPU code and data RAM

— 4 x4 crossbar switch (XBAR)

- 24-entry MMU
e Fail Safe Protection

—  16-entry Memory Protection Unit (MPU)
—  CRC unit with 3 submodules
— Junction temperature sensor

e Interrupt

—  Configurable interrupt controller (INTC) with non-maskable interrupt (NMI)

—  64-channel eDMA

e Serial channels

— 3 eSCl modules

— 3 DSPI modules (2 of which support downstream Micro Second Channel [MSC])
— 3 FlexCAN modules with 64 message buffers each
— 1 FlexRay module (V2.1) up to 10 Mbit/s w/dual or single channel, 128 message

objects, ECC
1 eMIOS

— 24 unified channels

1 eTPU2 (second generation eTPU)

— 32 standard channels
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The eTPU2 includes these distinctive features:
32 channels; each channel associated with one input and one output signal

Enhanced input digital filters on the input pins for improved noise immunity
Identical, orthogonal channels: each channel can perform any time function. Each
time function can be assigned to more than one channel at a given time, so each
signal can have any functionality.

Each channel has an event mechanism which supports single and double action
functionality in various combinations. It includes two 24-bit capture registers, two
24-bit match registers, 24-bit greater-equal and equal-only comparators.

Input and output signal states visible from the host

2 independent 24-bit time bases for channel synchronization:

First time base clocked by system clock with programmable prescale division from
2 to 512 (in steps of 2), or by output of second time base prescaler

Second time base counter can work as a continuous angle counter, enabling
angle based applications to match angle instead of time

Both time bases can be exported to the eMIOS timer module
Both time bases visible from the host

Event-triggered microengine:

Fixed-length instruction execution in two-system-clock microcycle
14 KB of code memory (SCM)
3 KB of parameter (data) RAM (SPRAM)

Parallel execution of data memory, ALU, channel control and flow control sub-
instructions in selected combinations

32-bit microengine registers and 24-bit wide ALU, with 1 microcycle addition and
subtraction, absolute value, bitwise logical operations on 24-bit, 16-bit, or byte
operands, single-bit manipulation, shift operations, sign extension and conditional
execution

Additional 24-bit Multiply/MAC/Divide unit which supports all signed/unsigned
Multiply/MAC combinations, and unsigned 24-bit divide. The MAC/Divide unit
works in parallel with the regular microcode commands.

Resource sharing features support channel use of common channel registers, memory
and microengine time:

Hardware scheduler works as a “task management” unit, dispatching event
service routines by predefined, host-configured priority

Automatic channel context switch when a “task switch” occurs, that is, one
function thread ends and another begins to service a request from other channel:
channel-specific registers, flags and parameter base address are automatically
loaded for the next serviced channel

SPRAM shared between host CPU and eTPU2, supporting communication either
between channels and host or inter-channel

Hardware implementation of 4 semaphores support coherent parameter sharing
between both eTPU engines

Dual-parameter coherency hardware support allows atomic access to 2
parameters by host
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out-of-band noise; while providing a reduced sample rate output to minimize the amount
DSP processing bandwidth required to fully process the digitized waveform.

The eQADC provides the following features:

Dual on-chip ADCs
— 2 x12-bit ADC resolution
—  Programmable resolution for increased conversion speed (12-bit, 10-bit, 8-bit)
12-bit conversion time — 938 ns (1 M sample/s)
10-hit conversion time — 813 ns (1.2 M sample/s)
8-bit conversion time — 688 ns (1.4M sample/s)
— Upto 10-bit accuracy at 500K sample/s and 8-bit accuracy at 1M sample/s
— Differential conversions
—  Single-ended signal range from 0 to 5 V
—  Sample times of 2 (default), 8, 64, or 128 ADC clock cycles
—  Provides time stamp information when requested

— Allows time stamp information relative to eTPU clock sources, such as an angle
clock

— Parallel interface to eQADC command FIFOs (CFIFOs) and result FIFOs
(RFIFOs)

—  Supports both right-justified unsigned and signed formats for conversion results

40 single-ended input channels, expandable to 56 channels with external multiplexers
(supports 4 external 8-to-1 muxes)

8 channels can be used as 4 pairs of differential analog input channels

Differential channels include variable gain amplifier for improved dynamic range (x1,
X2, x4)

Differential channels include programmable pull-up and pull-down resistors for biasing
and sensor diagnostics (200 kQ, 100 kQ, 5 kQ)

Additional internal channels for monitoring voltages (such as core voltage, 1/O voltage,
LVI voltages, etc.) inside the device

An internal bandgap reference to allow absolute voltage measurements
Silicon die temperature sensor

— Provides temperature of silicon as an analog value

— Read using an internal ADC analog channel

— May be read with either ADC

2 decimation filters

—  Programmable decimation factor (1 to 16)

—  Selectable lIR or FIR filter

— Upto 4th order IIR or 8th order FIR

—  Programmable coefficients

—  Saturated or non-saturated modes

—  Programmable Rounding (Convergent; Two’'s Complement; Truncated)
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2 Pinout and signal description

This section contains the pinouts for all production packages for the SPC564A70 device.
For pin signal descriptions, please refer to Table 4

Note: Any pins labeled “NC” are to be left unconnected. Any connection to an external circuit or
voltage may cause unpredictable device behavior or damage.
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2.1 LQFP176 pinout

33
o9
0o~ [
aYata) oz =
Q0N >X © o@k®
222 25 8 N
°CC0 99 o ag
294N oo & aaa o
7892 -2 o ool
555 ag = ===0
Aaa>Ho?2® O OO0O0 7|
FFFoO OO0 m\ HI \m\ra
wuwEEs~~ 8 J33%
AT AT AT SoaohERS § 3533
codHANM M SoN wwng o
zZzzzzzzz <0 =~=99 E_EEED
855885338 ZEsippts Lebowy
NS e e—in NN vamﬁ'ﬁjj cnaoor\u:g
AOONSTANOITHONT T | ANNANNDDOOOO0ANAAAAO0T T HnO0 0000
OZZ2ZZ2ZZZ2ZZZZZZZWEXZZZZZZZZ222220222200000202222¢
>ZTTIIITIIIIXSSIIIIIIIIIIIISIIIIVOOO0S>SS5S555>
OOO0000000a00a0nannanannannannanannOnnonannan
ONTONTAODONOTONHONONOTONTODONOUMITNNLAODON OO T M
NANENSNAEAENNOOOOOOOOOOLLLULULLULULLSISIIIIIIIITIOONOOMN M
SoEEEEE 888888888 5888888 888883333 3333333383333
AN[18] O 132|bvDD
AN{U% = 131p T™MS
16, 130 TDI
AN[11]/ ANZ )4 129 |7 MDOS5 / ETPUA4_O / GPIO[76]
AN[9]/ ANX 5 128 TCK
VDDAC]6 127 vss
VSSAC7 126 |5 MDO4 / ETPUA2_O / GPIO[75]
125 |0 VDDEH7A
AN[8] / ANWC]o 124[7 MDO11 / ETPUA29_O / GPIO[82]
VDDREG 10 1232 TDO
VRCCTL11 122|p GPIO[219]
VSTBY12 121 JCOMP
VRC33{13 . 120 P EVTO
Messis 176-pin 115 | Mseojo]
NC b MSEO[1.
MDO[O] %673 LQFP ﬁg P EVTI .
MDO[1]{18 . . 115 VSS
MDO[2] {19 signal details: 114 |0 DSPI_B_PCS|[3] / DSPI_C_SIN / GPIO[108
(see signal detals, pm 21 oy P 2L ETPUASL/ DSPLC_PCSI4]/ ETPUAL3O | GPIO[145] 12| DePIB-Sin Depr & Peaial Eoluay
(see signal detalls, pin 22) |22 pin 22: ETPUA30 / DSPI_C_PCS[3]/ ETPUALL O/ GPIO[144] 111 |b DSPI_B_PCS[0] / DSPT_D_PCS[2] / GPIO[105]
(see signal details, pin 23) 23 pin 23: ETPUA29 / DSPI_C_PCS[2] / RCH5_C / GPIO[143] 110[F vDDEHEE
(see Slgna: geteu:s pin %g) 24 pin 24: ETPUA28 / DSPI_C_PCS[1]/ RCH5_B / GPIO[142] 109 g DSPI_B_PCS[l] / DSPI_D_PCSJ[0] / GPIO[106]
= bsp
833 Sional detais, Elﬂ 26322 pin 25: ETPUA27 / IRQ[15]/ DSPI_C_SOUT_LVDS+/DSPI_B_SOUT/ GPIO[141] B e s _PCS[2]/ DSPI_C_SOUT / GPIO[107]
(see signal details, pin 27) pin 26: ETPUA26 / IRQ[14] / DSPI_C_SOUT_LVDS- / GPIO[140] 106 |2 DSPI_B_SCK / DSPI_C_PCS[1] / GPIO[102]
(see signal details, plnv 258) 28 pin 27: ETPUA25 / IRQ[13] / DSPI_C_SCK_LVDS+ / GPIO[139] %8‘51 gggg: g ﬁg'g{;‘} 5 ng: g ggg[g ]G/Pég%?fl)]m]
in 28: ETPUA24 /IRQ[12] / DSPI_C_SCK_LVDS- / GPIO[138]
(see signal detalls pln 30) pin RQI SR 103 |7 VDDF_
pin 30: ETPUA23 / IRQ[11] / ETPUA21_O / FR_A_TX_EN / GPIO[137] 102 |p RSTOUT
(see signal dela"s P'" 32)32 pin 32: ETPUA22 / IRQ[10] / ETPUAL7_O / GPIO[136] 1017 CAN_C_TX / DSPI_D_PCS[3]/ GPIO[87]
- uj
(see signal details, pin 34) 34 pin 34: ETPUA21/IRQ[9] / RCHO_C / FR_A_RX/ GPIO[135] lgg sl gg:fﬁf;?c%mllggji%//g’;lloo[[sgol
(see signal details, pin 35)C]35 pin 35: ETPUA20 / IRQ[8] / RCHO_B / FR_A_TX / GPIO[134] 987 CAN_C_RX /DSPI_D_PCS[4] / GPIO[88]
ggg g:gﬂg: gg;g::g pin g% e pin 36: ETPUAL9 / DSPI_D_PCS[4] / RCH5_A / GPIO[133] gg gsggET
(see signa| details, Ein 38)38 pin 37: ETPUA18 / DSPI_D_PCS[3] / RCH4_A / GPIO[132] o5 |> VODEHSA
(see signal details, pin 39)39 pin 38: ETPUAL7 / DSPI_D_PCS[2] / RCH3_A / GPIO[131] 94 vss
(see signal detali, pin o {19 pin 39: ETPUA16 / DSPI_D_PCS[1] / RCH2_A / GPIO[130] BEXALL
(see signal de‘a"s p,n 42) pin 40: ETPUAL5 / DSPI_B_PCS[5] / RCH1_A / GPIO[129] o1 | vopPLL
pin 42: ETPUAL4 / DSPI_B_PCS[4] / ETPUA9_O / RCHO_A / GPIO[128] 90 vss
NC aa 897 CAN_B_RX / DSPI_C_PCS[4] / SCI_C_RX / GPIO[86]
OO HN o< ~ o
L0 LD LD LN © © © N~ N~ 00 00
oguoouonh [N B
o0 o
IR g2 228
_________ Q@ 9000 000000000 o4 Ogaga
oo aaoopa oooo o apoooon oaGpo
COOCU000OS0 OG0 JUCOCU000 O>S0000 6l
2222222272 222 2 2722223233 =
= v = e
%:lflg\fk% OF& ¥ 9900 00mOL00oXE ® OO0EOFOFENGZE: G,
o9 || | DT OD wadNmNoN || @ a~poO~N<c@O0O0D00
OITIITISCmX M doddd ACILI<<Om T INQpYNEO_ | igagna |
000035 iF o 5(5(5(5( <L505005_ 11 O OLS 1 LZIO500F F 115
m‘mf'xfb—&&m [ E&E&’I&&%O S ZEGRU’&"’"’U"OIL“EDFI‘”
FEo0003use 3 hLhkk DYWoWowwl? & SHahpuxzsa-aa~
BRAJADTHLE 1 ==== ~Sumglen00 @ 9~8-OxFaIATRAS
QodNN B0 G QYO 2ULNINVGg O OEIGEJadr—g~=0
239859 £ SIS 05050022 0 5508 N5 <a
o 1535333 F N 9SaASASSDS 4 LO0JQ CzZ~pSE
—“maoagoo IS aoa aSF=-==7 o opAE IZuH= 0
S_EFE0 X2 B EEES SlplgiinEe o S8 =5Ch 020
Fruwbosgor i Wwp Wit B 3023 WPOrtas e
Eogggolgm'g 3 b g g 3 == 8 dzmiy 205688
3353g=5w 3 0 s ¢ 2 =5 88 5 282 9% =
Jaigrgso 1 @ < > 0 SS 3 23 oz F
< =<g o S & w 5SS 0 ogq W = |
2 DEYR%2% L a uw g o= )
£ Boo8 & & 2 z
2920, z o
2o,
=} < i)
ESES
wElo
Wl
=S5
<o <
D >
abg
w =
w
Note: Pin 96 (VSS) should be tied low.
Figure 2.  176-pin LQFP pinout (top view)
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Table 4.

SPC564A70 signal properties (continued)

PCR /o ® Status® Package pin No.
o) @) ® PA | PCR Voltage'™ /
Name Function P/IAIG field | ® type Pad type® _ .
@) During reset After reset 176 208 324
CAL_ADDRJ[15] Calibration address bus P 01 340 110 VDDE12 / /
CAL_ALE Calibration address latch enable Al 10 (0] Fast
CAL_ADDR[16] Calibration address bus P 01 245 110 VDDE12 / /
CAL_DATA[16] Calibration data bus Al 10 110 Fast
CAL_ADDR[17] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[17] Calibration data bus Al 10 110 Fast
CAL_ADDR[18] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[18] Calibration data bus Al 10 lfe} Fast
CAL_ADDRJ[19] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[19] Calibration data bus Al 10 lfe} Fast
CAL_ADDR[20] Calibration address bus P 01 245 110 VDDE12 / /
CAL_DATA[20] Calibration data bus Al 10 110 Fast
CAL_ADDR[21] Calibration address bus P 01 245 110 VDDE12 / /
CAL_DATA[21] Calibration data bus Al 10 110 Fast
CAL_ADDRJ[22] Calibration address bus P 01 245 110 VDDE12 / /
CAL_DATA[22] Calibration data bus Al 10 110 Fast
CAL_ADDRJ[23] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[23] Calibration data bus Al 10 110 Fast
CAL_ADDR[24] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[24] Calibration data bus Al 10 110 Fast
CAL_ADDR[25] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[25] Calibration data bus Al 10 110 Fast
CAL_ADDR[26] Calibration address bus P 01 245 110 VDDE12 / /
CAL_DATA[26] Calibration data bus Al 10 110 Fast
CAL_ADDR[27] Calibration address bus P 01 245 110 VDDE12 / /
CAL_DATA[27] Calibration data bus Al 10 110 Fast
CAL_ADDR[28] Calibration address bus P 01 245 110 VDDE12 / /
CAL_DATA[28] Calibration data bus Al 10 110 Fast
CAL_ADDRJ[29] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[29] Calibration data bus Al 10 110 Fast
CAL_ADDRJ[30] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[30] Calibration data bus Al 10 110 Fast
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Table 4.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324

ETPUA12 eTPU A channel P 001 110
DSPI_B_PCS[1] DSPI B peripheral chip select Al 010 126 (0] VDDEH1 / —1/ —1/ 47 L1 1
RCH4_C Reaction channel 4C A2 100 (0] Medium WKPCFG WKPCFG
GPIO[126] GPIO G 000 110
E;ETJA;SPCSB] eDTsTDﬁJ; C:r?n::rlal chip select Al (1)(1) 127 I/c? VDDEHL/ —! —/ 46 4 G4

5 perp P Medium WKPCFG WKPCFG
GPIO[127] GPIO G 00 110
ETPUA14 eTPU A channel P 0001 [lfe}
DSPI_B_PCS[4] DSPI B peripheral chip select Al 0010 (0] VDDEH1 / / /
ETPUA9_O eTPU A channel (output only) A2 0100 | 128 o} ) N N 42 J3 G3
RCHO_A Reaction channel 0A A3 1000 0 Medium WKPCFG WKPCFG
GPIO[128] GPIO G 0000 110
ETPUA15 eTPU A channel P 001 110
DSPI_B_PCS|5] DSPI B peripheral chip select Al 010 129 (0] VDDEH1 / —1/ —/ 0 K2 H2
RCH1_A Reaction channel 1A A2 100 (0] Medium WKPCFG WKPCFG
GPIO[129] GPIO G 000 110
ETPUA16 eTPU A channel P 001 110
DSPI_D_PCSI1] DSPI D peripheral chip select Al 010 130 (0] VDDEH1 / —1/ —1/ 39 K1 Hi
RCH2_A Reaction channel 2A A2 100 (0] Slow WKPCFG WKPCFG
GPIO[130] GPIO G 000 110
ETPUA17 eTPU A channel P 001 110
DSPI_D_PCSJ[2] DSPI D peripheral chip select Al 010 131 (e] VDDEH1 / —1/ —1 38 s E3
RCH3_A Reaction channel 3A A2 100 (0] Slow WKPCFG WKPCFG
GPIO[131] GPIO G 000 lfe}
ETPUA18 eTPU A channel P 001 110
DSPI_D_PCSI3] DSPI D peripheral chip select Al 010 132 (0] VDDEH1 / —1/ —1/ a7 Ha F4
RCH4_A Reaction channel 4A A2 100 (0] Slow WKPCFG WKPCFG
GPIO[132] GPIO G 000 110
ETPUA19 eTPU A channel 001 lfe}
DSPI_D_PCS[4] DSPI D peripheral chip select Al 010 133 o VDDEH1 / —1/ —/ 36 12 G2
RCH5_A Reaction channel 5A A2 100 (0] Slow WKPCFG WKPCFG
GPIO[133] GPIO G 000 110

L70LV¥9S2dS ‘v90.LV¥952dS

uondiiosap [eubis pue 1nouid



€ET/8S

¥ A9y 8.08T Al 20

Table 4.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
EMIOS5 eMIOS channel P 01 110
ETPUA5_O eTPU A channel (output only) Al 10 [184| © VDDEH4/ —! —! AA12
> sl WKPCFG WKPCFG - -
GPIO[184] GPIO G 00 o ow
EMIOS6 eMIOS channel 01 110
VDDEH4 /
ETPUA6_O eTPU A channel (output only) Al 10 185 (e] Slow — / Down — / Down 68 P7 Y12
GPI0[185] GPIO G 00 110
EMIOS7 eMIOS channel 01 110 VDDEH4 /
ETPUA7_O eTPU A channel (output only) Al 10 186 o Slow — / Down — / Down 69 — AB13
GPIO[186] GPIO G 00 110
EMIOS8 eMIOS channel P 001 110
ETPUA8_O eTPUA chann_el (output only) Al 010 187 (0] VDDEH4 / —IUp —Iup 70 P8 W13
SCI_B_TX eSCI B transmit A2 100 (6] Slow
GPI10[187] GPIO G 000 110
EMIOS9 eMIOS channel P 001 110
ETPUA9_O eTPU A channel (output only) Al 010 (0] VDDEH4 /
SCI_B_RX eSCI B receive A2 100 | 188 Slow I'up /'up n R7 AALS
GPIO[188] GPIO G 000 110
EMIOS10 eMIOS channel P 001 110
DSPI_D_PCSJ[3] DSPI D peripheral chip select Al 010 189 (0] VDDEH4 / —1/ —/ 73 NG Y13
RCH3_B Reaction channel 3B A2 100 (0] Medium WKPCFG WKPCFG
GPI10[189] GPIO G 000 110
EMIOS11 eMIOS channel P 001 110
DSPI_D_PCS[4 DSPI D ipheral chi lect Al 010 (6] VDDEH4 / — 1/ —1/
_D_PCsial © peripheral chip selec 190 : 75 RS AB14
RCH3_C Reaction channel 3C A2 100 (0] Medium WKPCFG WKPCFG
GPIO[190] GPIO G 000 110
EMIOS12 eMIOS channel P 001 110
DSPI_C_SOUT DSPI C data output Al 010 101 (¢] VDDEH4 / —1/ —1 76 N1O W15
ETPUA27 O eTPU A channel (output only) A2 100 o Medium WKPCFG WKPCFG
GPIO[191] GPIO G 000 110
EMIOS13 eMIOS channel P 01 110
DSPI_D_SOUT DSPI D data output Al 10 192 (6] VDDEH4/ —! —! 7 T8 AAl4
iy Medi WKPCFG WKPCFG
GPIO[192] GPIO G 00 o edium
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3

3.1

Table 8.

Electrical characteristics

This section contains detailed information on power considerations, DC/AC electrical
characteristics, and AC timing specifications for the SPC564A70 series of MCUs.

The electrical specifications are preliminary and are from previous designs, design
simulations, or initial evaluation. These specifications may not be fully tested or guaranteed
at this early stage of the product life cycle, however for production silicon these
specifications will be met. Finalized specifications will be published after complete
characterization and device qualifications have been completed.

In the tables where the device logic provides signals with their respective timing
characteristics, the symbol “CC” for 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” for System Requirement is included in the
Symbol column.

Parameter classification

The electrical parameters shown in this supplement are guaranteed by various methods. To
give the customer a better understanding, the classifications listed in Table 8 are used and
the parameters are tagged accordingly in the tables where appropriate.

Parameter classifications

Classification tag Tag description

Those parameters are guaranteed during production testing on each individual device.

Those parameters are achieved by the design characterization by measuring a statistically
relevant sample size across process variations.

Those parameters are achieved by design characterization on a small sample size from
typical devices under typical conditions unless otherwise noted. All values shown in the typical
column are within this category.

Those parameters are derived mainly from simulations.

Note:

The classification is shown in the column labeled “C” in the parameter tables where
appropriate.
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As a general rule, the value obtained on a single-layer board is within the normal range for
the tightly packed printed circuit board. The value obtained on a board with the internal
planes is usually within the normal range if the application board has:

e One 0z. (35 micron nominal thickness) internal planes
e Components that are well separated
e Overall power dissipation on the board is less than 0.02 W/cm?

The thermal performance of any component depends on the power dissipation of the
surrounding components. In addition, the ambient temperature varies widely within the
application. For many natural convection and especially closed-box applications, the board
temperature at the perimeter (edge) of the package is approximately the same as the local
air temperature near the device. Specifying the local ambient conditions explicitly as the
board temperature provides a more precise description of the local ambient conditions that
determine the temperature of the device.

At a known board temperature, the junction temperature is estimated using Equation 2:

Equation 2 TJ = TB + (RGJB * PD)

where:
Tg = board temperature for the package perimeter (°C)
Rgjg = junction-to-board thermal resistance (°C/W) per JESD51-8S
Pp = power dissipation in the package (W)

When the heat loss from the package case to the air does not factor into the calculation, an
acceptable value for the junction temperature is predictable. Ensure the application board is
similar to the thermal test condition, with the component soldered to a board with internal
planes.

The thermal resistance is expressed as the sum of a junction-to-case thermal resistance
plus a case-to-ambient thermal resistance:

Equation 3 RGJA = ReJC + RGCA

where:
Rgja = junction-to-ambient thermal resistance (°C/W)
Rgjc = junction-to-case thermal resistance (°C/W)
Rgca = case to ambient thermal resistance (°C/W)

Rgjc is device-related and is not affected by other factors. The thermal environment can be
controlled to change the case-to-ambient thermal resistance, Rgca. FOr example, change
the air flow around the device, add a heat sink, change the mounting arrangement on the
printed circuit board, or change the thermal dissipation on the printed circuit board
surrounding the device. This description is most useful for packages with heat sinks where
90% of the heat flow is through the case to heat sink to ambient. For most packages, a
better model is required.

A more accurate two-resistor thermal model can be constructed from the junction-to-board
thermal resistance and the junction-to-case thermal resistance. The junction-to-case
thermal resistance describes when using a heat sink or where a substantial amount of heat
is dissipated from the top of the package. The junction-to-board thermal resistance
describes the thermal performance when most of the heat is conducted to the printed circuit
board. This model can be used to generate simple estimations and for computational fluid
dynamics (CFD) thermal models.
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Table 22.  1/O pad average Ippg specifications(l) (continued)

Period Load(z) VppE Drive/Slew Iope AVd | Ippe RMS
Pad type Symbol ¢ (ns) (pF) (V) |rateselect | (mA)® (mA)
g D 10 50 3.6 11 22.7 68.3
C
C D 10 30 3.6 10 12.1 41.1
C
c D 10 20 3.6 01 8.3 27.7
g D 10 10 3.6 00 4.44 14.3
Fast Ibrv_Fc c
C D 10 50 1.98 11 125 31
C
c D 10 30 1.98 10 7.3 18.6
C
C D 10 20 1.98 01 5.42 12.6
C
C D 10 10 1.98 00 2.84 6.4
C
C D 20 50 5.25 11 9 —
C
, D| 30 50 5.25 01 6.1 —
Multiv | c
(High swing mode) DRV_MULTV_HV C
C D 117 50 5.25 00 2.3 —
C
c D 212 200 5.25 00 5.8 —
Multiv C

1. Numbers from simulations at best case process, 150 °C
2. Allloads are lumped.

3. Average current is for pad configured as output only

391 I/0 pad VRrc33 current specifications

The power consumption of the V¢33 supply is dependent on the usage of the pins on all I/O
segments. The power consumption is the sum of all input and output pin Vrca3 currents for
all /O segments. The output pin Vrc33 current can be calculated from Table 23 based on
the voltage, frequency, and load on all fast pins. The input pin Vrc33 current can be
calculated from Table 23 based on the voltage, frequency, and load on all medium pins. Use
linear scaling to calculate pin currents for voltage, frequency, and load parameters that fall
outside the values given in Table 23.

4
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Table 23.  1/0 pad Vres3 average Ippg specifications®
Pad type Symbol C Pzer:isc;d Lc()sg)(z) sI,DerIi(\a/ft 'DD(?SAA)NQ lDD?L?I:’)MS
CC |D 100 50 11 0.8 235.7
CC |D 200 50 01 0.04 87.4
slow PRVSSR WY T oo 50 00 0.06 47.4
CC |D 800 200 00 0.009 47
CC |D 40 50 11 2.75 258
) CC |D 100 50 01 0.11 76.5
Medium PRVMSR AV T 500 50 00 0.02 56.2
CC |D 500 200 00 0.01 56.2
CC |D 20 50 11 33.4 354
Multiv®® cc D 30 50 01 33.4 34.8
(ng]résév)lng 'DRY_MULTY_Hv CC |D 117 50 00 334 33.8
CC |D 212 200 00 334 33.7
(LOW'\Q:V'::;?O dey| 'orvmumviv | CC (D 30 30 11 33.4 33.7
1. These are typical values that are estimated from simulation and not tested. Currents apply to output pins only.
2. Allloads are lumped.
3. Average current is for pad configured as output only
4. Inlow swing mode, multi-voltage pads must operate in highest slew rate setting, ipp_sre0 = 1, ipp_srel = 1.
Table 24.  VRc33 pad average DC current®
Period | Load® | v, V, Drive | IppszAvg | Ippzs RMS
Padtype | Symbol | ¢ TeT | Eoe R | R | seleat | ) | o)
CC | D 10 50 3.6 3.6 11 2.35 6.12
CC | D 10 30 3.6 3.6 10 1.75 4.3
CC | D 10 20 3.6 3.6 01 1.41 3.43
CC | D 10 10 3.6 3.6 00 1.06 2.9
rast | lorvre FooTS 10 50 36 | 198 | 1 1.75 456
CC | D 10 30 3.6 1.98 10 1.32 3.44
CC | D 10 20 3.6 1.98 01 1.14 2.95
CC | D 10 10 3.6 1.98 00 0.95 2.62
1. These are typical values that are estimated from simulation and not tested. Currents apply to output pins only.
2. Allloads are lumped.
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4. Page size is 128 bits (4 words)

5. Time between program suspend resume and the next program suspend request.

6. Time between erase suspend resume and the next erase suspend request.

Table 34. Flash EEPROM module life
Value
Symbol C Parameter Conditions Unit
Min Typ
Number of program/erase
cycles per block for 16 KB,
P/E CC | D |48 KB, and 64 KB blocks over — 100000 — cycles
the operating temperature
range (T;)
Number of program/erase
cycles per block for 128 KB
P/E CC | D |and 256 KB blocks over the — 1000 100000 | cycles
operating temperature range
(Ty)
Blocks with 0 — 1000
D P/E cycles 20 -
Retention | cc | D Mlnolmum data retention at Blocks with 10000 P/E 10 . years
85 °C cycles
D Blocks with 100000 P/E 5 .
cycles
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3.16 AC specifications

3.16.1 Pad AC specifications

Table 35.  Pad AC specifications (Vppg = 4.75 V)

Output delay (ns)®@®)
Low-to-High / High-to- | Rise/Fall edge (ns)®@ | 5. 0.4 | SRC/DSC
Name C Low
(pF)
Min Max Min Max MSB, LSB
g D| 4.6/3.7 12/12 2.22.2 12/12 50 110
— 109
Medium®©7) [
pl> 12/13 28/34 5.6/6 15/15 50 01
g D 69/71 152/165 34/35 74174 50 00
g D| 7.3/5.7 19/18 4.4/4.3 20/20 50 110
— 109
Slow("(10) c
pll> 26/27 61/69 13/13 34/34 50 01
g D| 137/142 320/330 72174 164/164 50 00
g D| 4.1/3.6 10.3/8.9 3.28/2.98 8/8 50 110
_ ©
Multiv®d) 10
(High Swing Mode) g D| 8.38/6.11 16/12.9 5.48/4.81 11/11 50 01
g D| 61.7/10.4 92.2/24.3 42.0/12.2 63/63 50 00
MultiVv
u Clp| 231234 7.62/6.33 1.26/1.67 6.5/4.4 30 110
(Low Swing Mode) | C
Fast(1?) —
Standalone input | C
buffer1d & |D| 05005 1.9/1.9 0.3/0.3 +1.5/1.5 0.5 —

1. These are worst case values that are estimated from simulation and not tested. The values in the table are simulated at
VDD =1.14Vto1.32V, VDDEH =4.75Vto5.25V, TA = TL to TH.

This parameter is supplied for reference and is not guaranteed by design and not tested.

Delay and rise/fall are measured to 20% or 80% of the respective signal.

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

In high swing mode, high/low swing pad Vg and Vg values are the same as those of the slew controlled output pads.

Medium Slew-Rate Controlled Output buffer. Contains an input buffer and weak pull-up/pull-down.

N o g krooDbN

Output delay is shown in Figure 9 and Figure 10. Add a maximum of one system clock to the output delay for delay with
respect to system clock.
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The tool/debugger must provide at least one TCK clock for the EVTI signal to be recognized
by the MCU. When using the RDY signal to indicate the end of a Nexus read/write access,
ensure that TCK continues to run for at least one TCK after leaving the Update-DR state.
This can be just a TCK with TMS low while in the Run-Test/Idle state or by continuing with
the next Nexus/JTAG command. Expect the effect of EVTI and RDY to be delayed by edges
of TCK.

RDY is not available in all device packages.

TCK

_/
@—»4—

A
<—(2)—>

T\
<—(2)—>
O

» © -
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Figure 12. JTAG test clock input timing
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Figure 20. Synchronous output timing
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Figure 30. DSPI modified transfer format timing (slave, CPHA = 0)
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Figure 31. DSPI modified transfer format timing (slave, CPHA = 1)
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Figure 32. DSPI PCS strobe (PCSS) timing
3.17.9 eQADC SSI timing
Table 48. eQADC SSltiming characteristics (pads at 3.3V or at 5.0 V)(l)
CLOAD =25 pF on all outputs. Pad drive strength set to maximum.
Value
#| Symbol |C Rating Unit
Min Typ Max

1| frex | CC|D|FCK Frequency QG 1/17 1/2 fsvs._cLk
1| teex |CC|D|FCK Period (tpek = 1/ frek) 2 17 tsys cLk
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Packages

Table 51. LQFP176 mechanical data®
mm inches®
Symbol
Min Typ Max Min Typ Max
A — — 1.600 — — 0.063
Al 0.050 — 0.150 0.002 — —
A2 1.350 — 1.450 0.053 — 0.057
b 0.170 — 0.270 0.007 — 0.011
0.090 — 0.200 0.004 — 0.008
D 23.900 — 24.100 0.941 — 0.949
23.900 — 24.100 0.941 — 0.949
e — 0.500 — — 0.020 —
HD 25.900 — 26.100 1.020 — 1.028
HE 25.900 — 26.100 1.020 — 1.028
L® 0.450 — 0.750 0.018 — 0.030
L1 — 1.000 — — 0.039 —
ZD — 1.250 — — 0.049 —
ZE — 1.250 — — 0.049 —
k 0° — 7° 0° — 7°
ccc — — 0.080 — — 0.003
1. Controlling dimension: millimeter
2. Values in inches are converted from mm and rounded to 4 decimal digits.
3. Ldimension is measured at gauge plane at 0.25 above the seating plane.
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