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System Basis Chip with
Enhanced High Speed CAN
Transceiver

The 33742 and the 33742S SMARTMOS devices are SPI-controlled
System Basis Chips (SBCs), combining many frequently used functions,
along with a CAN 2.0-compliant transceiver, used in many automotive
electronic control units (ECUs). The 33742 SBC has a fully protected
fixed 5.0 V low dropout internal regulator, with current limiting,
overtemperature prewarning, and reset. A second 5.0 V regulator can be
implemented using external pass PNP bipolar junction pass transistor,
driven by the SBC’s external V2 sense input and V2 output drive pins.

The SBC has four main operating modes: Normal, Standby, Stop, and
Sleep mode. Additionally, there is an internally switched high side power
supply output, four wake-up inputs pins, a programmable window
watchdog, interrupt, reset, and a SPI module for communication and
control. The high speed CAN A and B transceiver is available for
intermodule communication.

Features

* 1.0 Mbps CAN transceiver bus interface with bus diagnostic capability

» SPI control at frequencies up to 4.0 MHz

» 5.0 Vlow dropout voltage regulator with current limiting, over-
temperature prewarning, and output monitoring and reset

» A second 5.0 V regulator capability using an external series pass
transistor

» Normal, Standby, Stop, and Sleep modes of operation with low Sleep
and Stop mode current

» A high side switch output driver for controlling external circuitry
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Figure 1. 33742 Simplified Application Diagram
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——..cE VARIATIONS

DEVICE VARIATIONS

Table 1. Device Differences During a Reset Condition

Part No. Reset Duration Device Differences See Page
33742 15 ms (typical) The duration the RST pin is asserted low when the Reset mode is entered after page 18
the SBC is powered up, a Vpp under-voltage condition is detected, and the
watchdog register is not properly triggered.
337428 3.5 ms (typical) The duration the RST pin is asserted low when the Reset mode is entered after page 18

the SBC is powered up, a Vpp under-voltage condition is detected, and the

watchdog register is not properly triggered.
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INTERNAL BLOCK DIAGRAM
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. . ONNECTIONS

PIN CONNECTIONS

RXDo—1 ® 28 O WDOG
TXD {2 27 EmCs
VDD |3 26 —TOMOSI
RST—{4 25 OMISO
INT—{5 24 1 SCLK
GND |6 23 1 GND
GND o7 22 1 GND
GND 1—{8 21 o GND
GND 9 20 1 GND
V2 m—] 10 19 o CANL
V2CTRL T 11 18 o CANH
VSUP @ 12 17 L3
HS 13 16 L2
LOT— 14 15 oL

Figure 3. 33742 28-Pin Connections

Table 2. 33742 28-Pin Definitions
A functional description of each pin can be found in the Functional Pin description section beginning on page 22.

Pin Pin Name Formal Name Definition
1 RXD Receive Data CAN bus receive data output pin.
2 TXD Transmit Data CAN bus transmit data input pin.
3 VDD Voltage Digital Drain 5.0 V regulator output pin. Supply pin for the MCU.
4 RST Reset Output This is the device reset output pin whose main function is to reset the MCU. This pin has
(Active LOW) an internal
-up current source to VDD.
5 INT Interrupt Output This output is asserted LOW when an enabled interrupt condition occurs. The output is
(Active LOW) a push-pull structure.
6-9 GND Ground These device ground pins are internally connected to the package lead frame to provide
20-23 a 33742-to-PCB thermal path.
10 V2 Voltage Source 2 Sense input for the V2 regulator using an external series pass transistor. V2 is also the
internal supply for the CAN transceiver.
11 V2CTRL | Voltage Source 2 Control | Output drive source for the V2 regulator connected to the external series pass transistor.
12 VSUP Voltage Supply Supply input pin for the 33742.
13 HS High Side Output Output of the internal high side switch. The output current is internally limited to 150 mA.
14-17 LO-L3 Level 0-3 Inputs Inputs from external switches or from logic circuitry.
18 CANH CAN High Output CAN high output pin.
19 CANL CAN Low Output CAN low output pin.
24 SCLK Serial Data Clock Clock input pin for the Serial Peripheral Interface (SPI).
25 MISO Master In Slave Out SPI data sent to the MCU by the 33742. When CS is HIGH, the pin is in the high-
impedance state.
26 MOSI Master Out Slave In SPI data received by the 33742.
27 [ Chip Select The CS input pin is used with the SPI bus to select the 33742. When the CS is asserted
(Active LOW) LOW, the 33742 is the selected device of the SPI bus.
28 WDOG Watchdog Output The WDOG output pin is asserted LOW if the software watchdog is not correctly
(Active LOW) triggered.
33742
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Figure 4. 33742 48-Pin Connections

Table 3. 33742 48-Pin Definitions
A functional description of each pin can be found in the Functional Pin description section beginning on page 22.

Pin Pin Name Formal Name Definition
1, 12-16, NC No Connect No connection.
21-25,
36-40,
45-48
2 SCLK Serial Data Clock Clock input pin for the Serial Peripheral Interface (SPI).
3 MISO Master In Slave Out SPI data sent to the MCU by the 33742. When CS is HIGH, the pin is in the high-
impedance state.
4 MOSI Master Out Slave In SPI data received by the 33742.
5 [ Chip Select The CS input pin is used with the SPI bus to select the 33742. When the CS is asserted
(Active LOW) LOW, the 33742 is the selected device of the SPI bus.
6 WDOG Watchdog Output The WDOG output pin is asserted LOW if the software watchdog is not correctly
(Active LOW) triggered.
7 RXD Receive Data CAN bus receive data output pin.
8 TXD Transmit Data CAN bus transmit data input pin.
9 VDD Voltage Digital Drain 5.0 V regulator output pin. Supply pin for the MCU.
10 RST Reset Output This is the device reset output pin whose main function is to reset the MCU. This pin has
(Active LOW) an internal pull-up current source to VDD.
11 INT Interrupt Output This output is asserted LOW when an enabled interrupt condition occurs. The output is
(Active LOW) a push-pull structure.
17-20 GND Ground These device ground pins are internally connected to the package lead frame to provide
41-44 a 33742-to-PCB thermal path.
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. . ONNECTIONS

Table 3. 33742 48-Pin Definitions (continued)

A functional description of each pin can be found in the Functional Pin description section beginning on page 22.

Pin Pin Name Formal Name Definition

26 V2 Voltage Source 2 Sense input for the V2 regulator using an external series pass transistor. V2 is also the
internal supply for the CAN transceiver.

27 V2CTRL | Voltage Source 2 Control | Output drive source for the V2 regulator connected to the external series pass
transistor.

28 VSUP Voltage Supply Supply input pin for the 33742.

29 HS High Side Output Output of the internal high side switch. The output current is internally limited to 150 mA.

30-33 LO-L3 Level 0-3 Inputs Inputs from external switches or from logic circuitry.
34 CANH CAN High Output CAN high output pin.
35 CANL CAN Low Output CAN low output pin.
33742
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ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS

Table 4. Maximum Ratings

All voltages are with respect to ground unless otherwise noted. Exceeding these ratings may cause a malfunction or

permanent damage to the device.

ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS

Rating Symbol Value Unit
ELECTRICAL RATINGS
Power Supply Voltage at VSUP Vsup \%
Continuous (Steady-state) -0.3 to 27
Transient Voltage (Load Dump) -0.3to 40
Logic Signals _ - Viog -0.3to Vpp+0.3 \
(RXD, TXD, MOSI, MISO, CS, SCLK, RST, WDOG, and INT)
Output Voltage at VDD Vbp 00t05.3 \
Output Current at VDD Ipp Internally Limited A
HS
Voltage Vs -0.3to Vgyp+0.3 \
Output Current Ihs Internally Limited A
ESD Capability, Human Body Model(") VEsD1
MC33742 in 28-pin SOIC
HS, LO, L1, L2, L3, CANH, CANL pins +4000
All Other pins +2000
MC33742 in 48-pin QFN
All pins +2000
ESD Capability, Machine Model(") VEsp2 +200 Y
Input Voltage/Current at LO, L1, L2, L3
DC Input Voltage Vbein -0.3t040 \Y
DC Input Current IpciN +2.0 mA
Transient Input Voltage attached to external circuitry®) VIRINEC +100 Y
CANL and CANH
Continuous Voltage VCANHIL -27 10 40 \
Continuous Current lcANHIL 200 mA
CANH and CANL Transient Voltage (Load Dump)(®) VDHIL 40
CANH and CANL Transient Voltage(s) VIRHL +40

Notes

1. Testing done in accordance with the Human Body Model (Czpp=100 pF, Rzpp=1500 Q2), Machine Model (Cz5p=200 pF, Rzap=0 Q).

2. Testing done in accordance with ISO 7637-1. See Figure 5.

3. Load dump testing done in accordance with ISO 7637-1, Transient test done in accordance with ISO 7637-1. See Figure 6.
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———<TRICAL CHARACTERISTICS
MAXIMUM RATINGS

Table 4. Maximum Ratings (continued)

All voltages are with respect to ground unless otherwise noted. Exceeding these ratings may cause a malfunction or
permanent damage to the device.

Rating Symbol Value Unit
THERMAL RATINGS
Operating Temperature °C
Ambient Ta -40to 125
Junction T -40 to 150
Storage Temperature Tste -55to 165 °C
Thermal Resistance RoJc 20 °C/W
Thermal Resistance Junction Case (QFN) Rryc-Reuc TBD °C/W
Power Dissipation®) Po 1.0 W
Peak Package Reflow Temperature During Reflow(®),(") TppRT Note 7 °C
Notes

4. Maximum power dissipation is at 85 °C ambient temperature in free alr and with no heatsink, according to JEDEC JESD51-2 and
JESD51-3 specifications.

5. The package is not designed for immersion soldering. The maximum soldering time is 10 seconds at 240 °C on any pin. Exceeding the
maximum temperature and time limits may cause permanent damage to the device.

6. Pin soldering temperature limit is for 10 seconds maximum duration. Not designed for immersion soldering. Exceeding these limits may
cause malfunction or permanent damage to the device.

7. Freescale’s Package Reflow capability meets Pb-free requirements for JEDEC standard J-STD-020C. For Peak Package Reflow
Temperature and Moisture Sensitivity Levels (MSL), Go to www.freescale.com, search by part number [e.g. remove prefixes/suffixes
and enter the core ID to view all orderable parts. (i.e. MC33xxxD enter 33xxx), and review parametrics.

33742
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ELECTRICAL CHARACTERISTICS
STATIC ELECTRICAL CHARACTERISTICS

STATIC ELECTRICAL CHARACTERISTICS

Table 5. Static Electrical Characteristics

Characteristics noted under conditions 4.75V <V2 <525V, 55V < Vg ;p <18V, and -40 °C < T, <125 °C. Typical values
noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless otherwise noted.

Characteristic Symbol Min Typ Max Unit
INPUT PIN (VSUP)
Supply Voltage Vsup \%
Nominal DC Voltage 5.5 — 18
Extended DC Voltage: Full Functionality(® 18 — 27
Extended DC Voltage: Reduced Functionality(®) 4.5 — 5.5
Load Dump — — 40
Jump Start — — 27
Supply Current in Standby Mode(10) IsuP(STDBY) mA
(louT at VDD =40 mA, CAN Recessive or Sleep Mode)
Tp225°C . 42 45
Supply Current in Normal Mode(19) ISUP(NORM) mA
(lout at VDD =40 mA, CAN Recessive or Sleep mode)
Tp225°C . 42 45
Supply Current in Sleep Mode('?) ISUP(SLP-WD) uA
(VDD and V2 OFF, CAN in Sleep Mode with CAN Wake-up Disabled('"))
Vsup < 13.5 V, Oscillator Running(1?) — 85 105
Vgup < 13.5 V, Oscillator Not Running('3) - 53 80
, o — 110 140
Vsup = 18 V, Oscillator Running('2)
Supply Current in Sleep Mode(10) ISUP(SLP-WE) HA
(V1 and V2 OFF, Vg p < 13.5 V, Oscillator Not Running!'®), CAN in Sleep
Mode with Wake-up Enabled)
Tp=-40°C
Ta=25°C o
Ta=125°C 55
: 10
Supply Current in Stop Mode(19) Isup(sTOP-WD) A
(loyT at VDD < 2.0 mA, VDD ON, CAN in Sleep Mode with Wake-up
Disabled('"))
VSUP < 13.5 V, Oscillator Running('2) . _ 160
VSUP < 13.5 V, Oscillator Not Running('3) o 80 160
VSUP = 18 V, Oscillator Running('?) _ 100 210

Notes
8. All functions and modes available and operating: Watchdog, HS turn ON/turn OFF, CAN transceiver operating, L0:L3 inputs operating,
normal SPI operation. The 33742 may experience an over-temperature fault.
9. AtVDD >4.0V, RST HIGH if reset 2 selected via SPI. The logic HIGH level will be degraded but the 33742 is functional.
10. Current measured at the VSUP pin.
11. If CAN Module is Sleep-enabled for wake-up, an additional current (Ican.s eep) Must be added to specified value.
12.  Oscillator running means one of the following function is active: Forced Wake-up or Cyclic Sense or Software Watchdog in Stop mode.
13. Oscillator not running means none of the following functions are active: Forced Wake-up and Cyclic Sense and Software Watchdog in
Stop mode.

33742
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———<TRICAL CHARACTERISTICS
STATIC ELECTRICAL CHARACTERISTICS

Table 5. Static Electrical Characteristics (continued)

Characteristics noted under conditions 4.75V <V2 <525V, 55V < Vg ;p <18V, and -40 °C < T, <125 °C. Typical values

noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless otherwise noted.

Characteristic Symbol Min Typ Max Unit
INPUT PIN (VSUP) (CONTINUED)
Supply Current in Stop Mode(14) Isup(sTOP-WE) uA
(loyt at VDD < 2.0 mA, VDD ON, VSUP < 13.5 V, Oscillator Not Running,
CAN in Sleep Mode with Wake-up Enabled)('®)
Tp=-40°C
A — 100 —
Tpo=25°C
Ta=125°C B % B
AT — 80 —
BATFAIL Flag Internal Threshold Ver 1.5 3.0 4.0
BATFAIL Flag Hysteresis('6) VBF(HYS) — 1.0 —
Battery Fall Early Warning Threshold VBFEW)
In Normal and Standby Modes 5.3 5.8 6.3
Battery Fall Early Warning Hysteresis VBF(EW-HYST) \Y
In Normal and Standby Modes('®) 0.1 0.2 0.3
OUTPUT PIN (vDD)('7)
VDD Output Voltage (2.0 mA < ly4 <200 mA) VbpouT \Y
55V <VSUP<27V 49 5.0 5.1
45V <VSUP<55V 4.0 — —
Dropout Voltage VDDDRP1 \%
Ipp =200 mA — 0.2 0.5
Dropout Voltage, Limited Output Current and Low Vgyp VbDDRP2 \
Ipp =50 mA, 4.5V < VSUP — 0.1 0.25
Output Current Iop mA
Internally Limited 200 285 350
Thermal Shutdown (Junction) Tsp °C
Normal or Standby Mode 160 — 200
Over-temperature Pre-warning (Junction) Tpw °C
VDDTEMP Bit Set 125 — 160

Notes
14. Current measured at the VSUP pin.

15.  Oscillator not running means none of the following functions are active: Forced Wake-up and Cyclic Sense and Software Watchdog in

Stop mode.

16. Guaranteed by design; it is not production tested.

17. Ipp is the total regulator output current. V1 specification with external capacitor. Stability requirement: Capacitance > 47 uF, ESR<1.3 Q

(tantalum capacitor). In Reset, Normal Request, Normal and Standby modes. Measures with capacitance = 47 pF tantalum.

33742
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ELECTRICAL CHARACTERISTICS
STATIC ELECTRICAL CHARACTERISTICS

Table 5. Static Electrical Characteristics (continued)

Characteristics noted under conditions 4.75V <V2 <525V, 55V < Vg p <18V, and -40 °C < T, <125 °C. Typical values

noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless otherwise noted.

Characteristic Symbol Min Typ Max Unit
OUTPUT PIN (VDD) (CONTINUED)("®)
Temperature Threshold Difference Tsp-Tew 20 — 40 °C
Reset Threshold VRSTTH vV
Threshold 1, Default Value after Reset, RSTTH Bit Set to Logic [0] 45 4.6 4.7
Threshold 2, RSTTH Bit Set to Logic [1] 4.0 4.2 4.3
VDD for Reset Active VbbR 1.0 — VRSTTH \Vi
Line Regulation (Ipp = 10 mA, Capacitance = 47 uF Tantalum at VDD) VDbDR mV
9.0V <Vgup<18V — 5.0 25
55V <Vgyup<27V — 10 25
Load Regulation (Capacitance = 47 uF Tantalum at V1) Vip mV
1.0 mA < Ipp <200 mA — 25 75
Thermal Stability VTHERM-S mV
Vsup = 13.5V, Ipp = 100 mA(19) — 30 50
OUTPUT PIN IN STOP MODE (vVDD)("8)
VDD Output Voltage VppsTop vV
Ipp £2.0 mA 4.75 5.0 5.25
Ipp £ 10 mA 4.75 5.0 5.25
Ipp Output Current to Wake-up Ipbs-wu 10 17 25 mA
Reset Threshold('8) VRsT.sTOP v
Threshold 1, Default Value after Reset, RSTTH Bit Set to Logic [0] 45 4.6 47
Threshold 2, RSTTH Bit Set to Logic [1] 4.1 4.2 4.3
Line Regulation (Capacitance = 47 pF Tantalum at VDD) VL R.sTOP mV
55V <Vgyp<27V,Ilpp=2.0mA — 5.0 25
Load Regulation (Capacitance = 47 puF Tantalum at V1) V| p.sTop mV
1.0mA<Ipp <10 mA — 15 75
Notes
18. Ipp is the total regulator output current. VDD specification with external capacitor. Stability requirement: capacitance > 47 pF,
ESR < 1.3 Q (tantalum capacitor). In Reset, Normal Request, Normal and Standby modes, measures with capacitance = 47 pF
tantalum.Selectable by RSTTH bit in SPI Register Reset Control Register (RCR).
19. Guaranteed by characterization and design; it is not production tested.
33742
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———<TRICAL CHARACTERISTICS
STATIC ELECTRICAL CHARACTERISTICS

Table 5. Static Electrical Characteristics (continued)

Characteristics noted under conditions 4.75V <V2 <525V, 55V < Vg p <18V, and -40 °C < T, <125 °C. Typical values
noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless otherwise noted.

Characteristic Symbol Min Typ Max Unit

TRACKING VOLTAGE REGULATOR (V2)20)

V2 Output Voltage (Capacitance = 10 puF Tantalum at V2) V, Vpp
20mA<Iyp, <200 mA, 55V <Vgyp <27V 0.99 1.0 1.01

lyo> Output Current (for Information Only) lyo mA
Depending on External Ballast Transistor 200 — —

V2 Control Drive Current Capability®!) lyacTRL mA
Worst Case at T; = 125 °C 0.0 — 10

V2LOW Flag Threshold VoLTH 3.75 4.0 4.25 \

LOGIC OUTPUT PIN (MISO)(22)

Low-level Output Voltage VoL \'%
loyt = 1.5 MA 0.0 — 1.0

High-level Output Voltage Vou \%
lout = -250 pA Vpp-0.9 — Vbp

Tri-stated MISO Leakage Current Iz pA
0V <Vmiso < Vbp -2.0 — 2.0

LOGIC INPUT PINS (MOSI, SCLK, CS)

High-level Input Voltage ViH 0.7 Vpp — Vpp + 0.3

Low-level Input Voltage Vi -0.3 — 0.3 Vpp

High-level Input Current on cs K pA
ViN=4.0V -100 — -20

Low-level Input Current on CS n pA
ViN=10V -100 — -20

MOSI and SCLK Input Current IN pA
0V<VN<Vpp -10 — 10

OUTPUT PIN (RST)23)

High-level Output Current loH pA
oV< VOUT <07 VDD -300 -250 -150

Low-level Output Voltage VoL \
lo=15mA, 55V <Vgyup<27V 0.0 — 0.9
lo=0mA, 1.0V <Vgyp<5.5V 0.0 — 0.9

RST Pull-down Current lppw mA
V>09V 2.3 — 5.0

Notes

20. V2 specification with external capacitor. Stability requirement: capacitance > 42 puF and ESR < 1.3 Q (tantalum capacitor), external
resistor between base and emitter required. Measurement conditions: ballast transistor MJD32C, capacitance > 10 uF tantalum, 2.2 kQ
resistor between base and emitter of ballast transistor.

21. The guaranteed V2CTRL current capability is 10 mA. No active current limiting is used so the actual available current may be higher.

22. Push-pull structure with tri-state condition (@ HIGH).

23.  Output pin only. Supply from VDD. Structure switch to ground with pull-up current source.

33742
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ELECTRICAL CHARACTERISTICS
STATIC ELECTRICAL CHARACTERISTICS

Table 5. Static Electrical Characteristics (continued)

Characteristics noted under conditions 4.75V <V2 <525V, 55V < Vg p <18V, and -40 °C < T, <125 °C. Typical values
noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless otherwise noted.

Characteristic Symbol Min Typ Max Unit
OUTPUT PIN (WDOG)®2

Low-level Output Voltage VoL \
lo=15mA, 1.0V <Vgyp <27V 0.0 — 0.9

High-level Output Voltage Vou \%
|o =-250 MA VDD-O.g — VDD

OUTPUT PIN (INT)24

Low-level Output Voltage VoL \
lo=1.5mA 0.0 — 0.9

High-level Output Voltage Vou \%
|o =-250 },I.A VDD-O.g — VDD

OUTPUT PIN (HS)

Driver Output ON Resistance Rps(oN) Q
Ta=25°C, lgyt - 150 mA, Vgup>9.0 V — 20 25
Ta=125°C, Iyt - 150 mA, Vgyp> 9.0 V — — 4.5
Ta=125°C, loy - 120 mA, 5.5V < Vgup < 9.0 V — 3.5 5.5

Output Current Limitation ILm mA
Vgup -Vus > 1.0V 160 — 500

HS Thermal Shutdown Tsp 155 — 190 °C

HS Leakage Current ILEAK — — 10 pA

Output Clamp Voltage Ve vV
louTt =-10 mA, No Inductive Load Drive Capability -1.5 — -0.3

INPUT PINS (LO, L1, L2, AND L3)

Low-voltage Detection Threshold Vrho \%
55V <Vgyp<6.0V 2.0 25 3.0
6.0V <Vgyp<18V 25 3.0 3.6
18V <Vgup <27V 2.7 3.2 3.7

High-voltage Detection Threshold VTHH \Y
55V <Vgyp<6.0V 2.7 3.3 3.8
6.0V<Vgyp<18V 3.0 4.0 4.6
18V <Vgyp <27V 35 4.2 47

Hysteresis Vhys \%
55V <Vgyp<27V 0.6 — 1.3

Input Current IiN pA
-0.2V<Vy<40V -10 — 10

Notes

24. Push-pull structure.
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———<TRICAL CHARACTERISTICS
STATIC ELECTRICAL CHARACTERISTICS

Table 5. Static Electrical Characteristics (continued)

Characteristics noted under conditions 4.75V <V2 <525V, 55V < Vg p <18V, and -40 °C < T, <125 °C. Typical values
noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless otherwise noted.

Characteristic Symbol Min Typ Max Unit
CAN TRANSCEIVER CURRENT
Supply Current of CAN Module
CAN in Normal mode, Bus Recessive State Ires — 1.3 3.0 mA
CAN in Normal mode, Bus Dominant State without Bus Load Ipom — 15 35 mA
CAN in Sleep State, Wake-up Enabled, V2 Regulator OFF IcAN-SLEEP _ 12 24 pA
CAN in Sleep State, Wake-up Disabled, V2 Regulator OFF(2%) Ipis — — 1.0 pA
PINS (CANH AND CANL)
Bus Pin Common Mode Voltage Vem -27 — 40 \%
Differential Input Voltage (Common Mode Between -3.0 V and 7.0 V) Veann- Vean mV
Recessive State at RXD — — 500
Dominant State at RXD 900 — —
Differential Input Hysteresis (RXD) Vhys 100 — — mV
Input Resistance Rin kQ
28-pin SOIC 5.0 — 100
48-pin QFN 5.0 — 50
Differential Input Resistance Rinp 10 — 100 kQ
CANH Output Voltage VCANH \
TXD Dominant State 2.75 — 4.5
TXD Recessive State — — 3.0
CANL Output Voltage VeanL \
TXD Dominant State 0.5 — 2.25
TXD Recessive State 2.0 — —
Differential Output Voltage Voy-Vo,
TXD Dominant State 1.5 — 3.0 \%
TXD Recessive State — — 100 mV
Output Current Capability (Dominant State) mA
CANH lcanm — — -35
CANL IcanL 35 — —
Over-temperature Shutdown Tsp 160 180 — °C
CANL Over-current Detection@®) mA
CANL lcanL/oc 60 — 200
CANH lcann/oc -200 — -60
CANH and CANL Input Current, Device Supplied lcaNT pA
(CAN Sleep mode with CAN Wake-up Enabled or Disabled)
VCANH’ VCANL fromOVto50V . 3.0 10
Veanw: Veane =-2.0V -60 -50 —
Veant: Veane = 7.0V — 60 75

Notes
25. Guaranteed by design; it is not production tested.
26. Reported in CAN register. For a description of the contents of the CAN register, refer to CAN Register (CAN) on page 49

33742

Analog Integrated Circuit Device Data
14 Freescale Semiconductor




ELECTRICAL CHARACTERISTICS
STATIC ELECTRICAL CHARACTERISTICS

Table 5. Static Electrical Characteristics (continued)

Characteristics noted under conditions 4.75V <V2 <525V, 55V < Vg ;p <18V, and -40 °C < T, <125 °C. Typical values
noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless otherwise noted.

Characteristic Symbol Min Typ Max Unit
PINS (CANH AND CANL) (CONTINUED)
CANH and CANL Input Current, Device Unsupplied lcan2 pA
Veanns Veane = 2.5V — 40 100
Veann: Veane =-2.0V -60 -50 —
Veann Veane =7.0V - 190 240
DIAGNOSTIC INFORMATION (CANH AND CANL)
CANL to GND Threshold Vig — 1.75 — \
CANH to GND Threshold Vhe — 1.75 — \
CANL to VSUP Threshold VivB — Vsyup-2.0 — \
CANH to VSUP Threshold VhvB — Vgup-2.0 — \Y
CANL to VDD Threshold Vis — Vpp-0.43 — \
CANH to VDD Threshold Vhs — Vpp-0.43 — \
RXD Weak Pull-down Current Source(?”) IRxDW pA
RXD Permanent Dominant Failure Condition — 100 —
PINS (TXD AND RXD)
TXD Input High-voltage ViH 0.7 Vpp — Vpp+0.4
TXD Input Low-voltage Vi -0.4 — 0.3 Vpp
TXD High-level Input Current I pA
Vixp = V2 -10 — 10
TXD Low-level Input Current I pA
Vixp=0V -150 -100 -50
RXD Output High Voltage(?®) VoH \
Irxp = 250 pA Vpp-1.0 — —
RXD Output Low-voltage VoL \%
Irxp = 1.0 MA — — 0.5
Notes
27. Guaranteed by design; it is not production tested.
28. RXD is a push-pull structure between the V2 pin and GND.
33742
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———<TRICAL CHARACTERISTICS
DYNAMIC ELECTRICAL CHARACTERISTICS

DYNAMIC ELECTRICAL CHARACTERISTICS

Table 6. Dynamic Electrical Characteristics

Characteristics noted under conditions 4.75V <V2 <525V, 55V < Vg ;p <18V, and -40 °C < T, <125 °C. Typical values
noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless otherwise noted.

Characteristic Symbol Min Typ Max Unit

DIGITAL INTERFACE TIMING (SCLK, CS, MOSI, MISO)(2°)

SPI Operation Frequency freq 0.25 — 4.0 MHz

SCLK Clock Period trcLk 250 — N/A ns

SCLK Clock High Time twscLkH 125 — N/A ns

SCLK Clock Low Time twscLkL 125 — N/A ns

Falling Edge of CS to Rising Edge of SCLK tLEAD 100 — N/A ns

Falling Edge of SCLK to Rising Edge of CS tLac 100 — N/A ns

MOSI to Falling Edge of SCLK tsisu 40 — N/A ns

Falling Edge of SCLK to MOSI tsiy 40 — N/A ns

MISO Rise Time(0) trso ns
C_ =220 pF — 25 50

MISO Fall Time0) trso ns
C_ =220 pF — 25 50

Time from Falling or Rising Edges of CS ns
MISO Low-impedance tsoen — — 50
MISO High-impedance tsopis — — 50

Time from Rising Edge of SCLK to MISO Data Valid tvaLD ns
0.2 VDD <MISO >0.8 VDD‘ CL =200 pF J— — 50

STATE MACHINE TIMING (CS, SCLK, MOSI, MISO, WDOG, INT)

Delay Between CS LOW-to-HIGH Transition (at End of SPI Stop Command) tcs.sTop us

and Stop mode Activation®" 18 _ 34

Interrupt Low-level Duration tNT us
Stop Mode 7.0 10 13

Internal Oscillator Frequency(®2) fosc — 100 — kHz

Notes
29. See Figure 7, SPI Timing Diagram, page 20.
30. Not production tested. Guaranteed by design.
31.  Not production tested. Guaranteed by design. Detected by V2 OFF.
32. fpgc is indirectly measured (1.0 ms reset) and trimmed.

33742

Analog Integrated Circuit Device Data
16 Freescale Semiconductor



ELECTRICAL CHARACTERISTICS
DYNAMIC ELECTRICAL CHARACTERISTICS

Table 6. Dynamic Electrical Characteristics (continued)

Characteristics noted under conditions 4.75V <V2 <525V, 55V <Vgyp <18V, and -40 °C < T, <125 °C. Typical values
noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless otherwise noted.

Characteristic Symbol Min Typ Max Unit
STATE MACHINE TIMING (CS, SCLK, MOSI, MISO, WDOG, INT) (CONTINUED)
Watchdog Period Normal and Standby Modes twooa ms
28-pin SOIC
Period 1 8.58 9.75 10.92
Period 2 39.6 45 50.4
Period 3 88 100 112
Period 4 308 350 392
48-pin QFN
Period 1
Period 2 8.3 9.75 10.92
Period 3 38.5 45 50.4
Period 4 86 100 112
300 350 392
Normal Request Mode Timeout tNRTOUT ms
28-pin SOIC 308 350 392
48-pin QFN 300 350 392
Watchdog Period Stop Mode two-sTop ms
Period 1 6.82 9.75 12.7
Period 2 315 45 58.5
Period 3 70 100 130
Period 4 245 350 455
Watchdog Period Accuracy tace %
Normal and Standby Modes -12 — 12
Stop Mode -30 — 30
Cyclic Sense/FWU Timing Sleep and Stop Modes tesrwu ms
Timing 1 3.22 4.6 5.98
Timing 2 6.47 9.25 12
Timing 3 12.9 18.5 24
Timing 4 25.9 37 48.1
Timing 5 51.8 74 96.2
Timing 6 66.8 95.5 124
Timing 7 134 191 248
Timing 8 271 388 504
Cyclic Sense ON Time ton us
Sleep and Stop modes. 200 350 500
Cyclic Sense/FWU Timing Accuracy tacc %
Sleep and Stop modes -30 — 30
33742
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———<TRICAL CHARACTERISTICS
DYNAMIC ELECTRICAL CHARACTERISTICS

Table 6. Dynamic Electrical Characteristics (continued)

Characteristics noted under conditions 4.75V <V2 <525V, 55V < Vg p <18V, and -40 °C < T, <125 °C. Typical values
noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless otherwise noted.

Characteristic Symbol Min Typ Max Unit

STATE MACHINE TIMING (CS, SCLK, MOSI, MISO, WDOG, INT) (CONTINUED)

Delay Between SPI Command and HS Turn ON(3) ts-Hson — — us
Normal or Standby mode, Vgyp > 9.0 V 22

Delay Between SPI Command and HS Turn OFF(33) ts HsorF — — us
Normal or Standby mode, Vgyp > 9.0 V 22

Delay Between SPI and V2 Turn ON(3) tsvzon us
Standby mode 9.0 — 22

Delay Between SPI and V2 Turn OFF(33) tsvoorF pus
Normal mode 9.0 - 22

Delay Between Normal Request and Normal mode After Watchdog Trigger ts-NnroN us

Command(®3)
Normal Request mode 15 35 70

STATE MACHINE TIMING (CS, SCLK, MOSI, MISO, WDOG, INT) (CONTINUED)

Delay Between SPI and CAN Normal mode(®4) ts.can N us
Normal mode(®®) - - 10

Delay Between SPI and CAN Sleep Mode®4) tS-CAN_S us
Normal mode %) - - 10

Delay Between CS Wake-up (& LOW to HIGH) and Device in Normal tw.cs us

Request mode (VDD ON and RST HIGH)
Stop mode 15 40 90

Delay Between cs Wake-up (@ LOW to HIGH) and First Accepted SPI tw.spi us

Command
Device in Stop mode After Wake-up 90 — N/A

Delay Between INT Pulse and First SPI Command Accepted ts.1sTSPI us
Device in Stop mode After Wake-up 20 — N/A

Delay Between Two SPI Messages Addressing the Same Register tospl 25 — — us

OUTPUT PIN (VDD)

Reset Delay Time tp us
Measured at 50% of Reset Signal 4.0 — 30

Ipp Over-current to Wake-up Deglitcher Time(®9) tipD-DGLT 40 55 75 us

Notes
33. Delay starts at falling edge of clock cycle #8 of the SPI command and start of “Turn ON” or “Turn OFF” of HS or V2.
34. Delay starts at falling edge of clock cycle #8 of the SPI command and start of “Turn ON” or “Turn OFF” of HS or V2.
35. Guaranteed by design; it is not production tested.

33742

Analog Integrated Circuit Device Data
18 Freescale Semiconductor



Table 6. Dynamic Electrical Characteristics (continued)

ELECTRICAL CHARACTERISTICS
DYNAMIC ELECTRICAL CHARACTERISTICS

Characteristics noted under conditions 4.75V <V2 <525V, 55V < Vg p <18V, and -40 °C < T, <125 °C. Typical values

noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless otherwise noted.

Characteristic Symbol Min Typ Max Unit
OUTPUT PIN (RST)
Reset Duration After VDD HIGH ms
33742 tRsTDUR 12 15 18
337428 tﬁDURS 3.0 3.5 4.0
INPUT PINS (LO, L1, L2, AND L3)
Wake-up Filter Time twur 8.0 20 38 us
CAN MODULE-SIGNAL EDGE RISE AND FALL TIMES (CANH, CANL)
Dominant State Timeout toouT 200 360 520 us
Propagation Loop Delay TXD to RXD (Recessive to Dominant)(?’e) tirD ns
Slew Rate 3 60 100 210
Slew Rate 2 70 110 225
Slew Rate 1 80 130 255
Slew Rate 0 110 200 310
Propagation Delay TXD to CAN (Recessive to Dominant)®?) trrp ns
Slew Rate 3 20 65 110
Slew Rate 2 25 80 150
Slew Rate 1 35 100 200
Slew Rate 0 50 160 300
Propagation Delay CAN to RXD (Recessive to Dominant)(8) trrD 10 50 140 ns
Propagation Loop Delay TXD to RXD (Dominant to Recessive)(36) tior ns
Slew Rate 3 100 150 200
Slew Rate 2 120 165 220
Slew Rate 1 140 200 250
Slew Rate 0 250 340 410
Propagation Delay TXD to CAN (Dominant to Recessive)7) t1prR ns
Slew Rate 3 60 125 150
Slew Rate 2 65 150 190
Slew Rate 1 75 180 250
Slew Rate 0 200 310 460
Propagation Delay CAN to RXD (Dominant to Recessive)(38) tror 20 30 60 ns
Non-Differential Slew Rate (CANL or CANH) Vius
Slew Rate 3 tsis 4.0 19 40
Slew Rate 2 tsio 3.0 13.5 20
Slew Rate 1 ts 1 2.0 8.0 15
Slew Rate 0 tSLO 1.0 5.0 10
Bus Communication Rate tgus 60k — 1.0M bps
Norteo
36. See Figure 8, page 20.
37. See Figure 9, page 20.
38. See Figure 10, page 21.
33742
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TIMING DIAGRAMS
TIMING DIAGRAMS
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Note Incoming data at MOSI pin is sampled by the 33742 at SCLK falling edge. Outgoing data at MISO pin
is set by the 33742 at SCLK rising edge (after ty5 |p delay time).
Figure 7. SPI Timing Diagram
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Figure 8. Propagation Loop Delay TXD to RXD
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/
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05V
Voirr = Veann - Veant
Figure 9. Propagation Delay TXD to CAN
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ELECTRICAL CHARACTERISTICS
TIMING DIAGRAMS

09V tRDR
VDIFF
<+—>
RXD 20V
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Figure 10. Propagation Delay CAN to RXD
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INTRODUCTION

FUNCTIONAL DESCRIPTION

INTRODUCTION

The 33742 and the 33742S are system basis chips (SBCs) dedicated to automotive applications. Their functions include the
following:

« One fully protected 5.0 V voltage regulator with 200 mA total output current capability available at the VDD pin.

« VDD regulator under-voltage reset function, programmable window or time-out software watchdog function.

+ Internal driver (V2) for an external series pass transistor to implement a second 5.0 V voltage regulator.

» Two running modes: Normal and Standby modes set by the system microcontroller.

+ Sleep and Stop modes low power operating modes to reduce an application’s current consumption while providing a wake-
up capability from the CAN interface, L3:L0 wake-up inputs, or from a timer wake-up.

* Programmable wake-up input and cyclic sense wake-ups.

« CAN high-speed physical bus interface with TXD and RXD fault diagnostic capability and enhanced protection features.

» An SPl interface for use in communicating with a MCU and Interrupt outputs to report SBC status, perform diagnostics, and
report wake-up events.

FUNCTIONAL PIN DESCRIPTION

RECEIVE AND TRANSMIT DATA (RXD AND TXD)

The RXD and TXD pins (receive data and transmit data pins, respectively) are connected to a microcontroller's CAN protocol
handler. TXD is an input and controls the CANH and CANL line state (dominant when TXD is LOW, recessive when TXD is
HIGH). RXD is an output and reports the bus state (RXD LOW when CAN bus is dominant, HIGH when CAN bus is recessive).
The RXD terminal is a push-pull structure between the V2 pin and GND.

Voltage Digital Drain (VDD)

The VDD pin is the output pin of the 5.0 V internal regulator. It can deliver up to 200 mA. This output is protected against over-
current and over-temperature. It includes an over-temperature pre-warning flag, which is set when the internal regulator
temperature exceeds 130 °C typical. When the temperature exceeds the over-temperature shutdown (170 °C typical), the
regulator is turned off.

VDD includes an under-voltage reset circuitry, which sets the RST pin LOW when VDD is below the under-voltage reset
threshold.

RESET OUTPUT (RST)

The RESET pin RST, is an output that is set LOW when the device is in reset mode. The RST pin is set HIGH when the device
is not in reset mode. RST includes an internal pull-up current source. When RST is LOW, the sink current capability is limited,
allowing RST to be shorted to 5.0 V for software debug or software download purposes.

INTERRUPT OUTPUT (INT)

The Interrupt pin INT, is an output that is set LOW when an interrupt occurs. INT is enabled using the Interrupt Register (INTR).
When an interrupt occurs, INT stays LOW until the interrupt source is cleared.

INT output also reports a wake-up event by a 10 us typical pulse when the device is in Stop mode.

VOLTAGE SOURCE 2 (V2)

The V2 pin is the input sense for the V2 regulator. It is connected to the external series pass transistor. V2 is also the 5.0 V
supply of the internal CAN interface. It is possible to connect V2 to an external 5.0 V regulator or to the VDD output when no
external series pass transistor is used. In this case, the V2CTRL pin must be left open. Refer to Figure 31, SBC Typical
Application Schematic, page 57.

VOLTAGE SOURCE 2 CONTROL (V2CTRL)
The V2CTRL pin is the output drive pin for the V2 regulator connected to the external series pass transistor.
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FUNCTIONAL DESCRIPTION
FUNCTIONAL PIN DESCRIPTION

VOLTAGE SUPPLY (VSUP)
The VSUP pin is the battery supply input of the device.

HIGH SIDE OUTPUT (HS)
The HS pin is the internal high side driver output. It is internally protected against over-current and over-temperature.

LEVEL 0-3 INPUTS (LO: L3)

The L0O:L3 pins can be connected to contact switches or the output of other ICs for external inputs. The input states can be
read by SPI. These inputs can be used as wake-up events for the SBC when operating in the Sleep or Stop mode.

CAN HIGH AND CAN LOW OUTPUTS (CANH AND CANL)

The CAN High and CAN Low pins are the interfaces to the CAN bus lines. They are controlled by TXD input level, and the
state of CANH and CANL is reported through RXD output. A 60Q termination resistor is connected between CANH and CANL
pins.

SERIAL DATA CLOCK (SCLK)
SCLK is the Serial Data Clock input pin of the serial peripheral interface.

MASTER IN SLAVE OUT (MISO)

MISO is the Master In Slave Out pin of the serial peripheral interface. Data is sent from the SBC to the microcontroller through
the MISO pin.

MASTER OUT SLAVE IN (MOSI)

MOSI is the Master Out Slave In pin of the serial peripheral interface. Control data from a microcontroller is received through
this pin.

CHIP SELECT (CS)
CSis the Chip Select pin of the serial peripheral interface. When this pin is LOW, the SPI port of the device is selected.

WATCHDOG OUTPUT (WDOG)
The Watchdog output pin is asserted LOW to flag that the software watchdog has not been properly triggered.

33742

Analog Integrated Circuit Device Data
Freescale Semiconductor 23



D ¢

. <.~ TIONAL DESCRIPTION
FUNCTIONAL INTERNAL BLOCK DESCRIPTION

FUNCTIONAL INTERNAL BLOCK DESCRIPTION

MC33742 - Functional Block Diagram

VVSUP Control & Monitor 5.0V Linear
Regulator (LDO)
, 5.0V Regulator
Oscillator Mode Control Base PNP Drive
Programmable Wake-up I
High-side
Switch

SP! Interface Reset & INT
CAN Interface / Control Watchdog Timer Interface
[ Integrated Supply [ MCU Interface
B Analog Circuitry [ Outputs

CAN Physical Layer

OUTPUTS

5.0 VLINEAR REGULATOR (LDO)

This low dropout linear regulator (V1) outputs a regulated 5.0 V at 200 mA. The associated monitoring circuit provides
detection of under-voltage, over-current, and short-circuit conditions, as well as over-temperature and a reset function.

5.0 VREGULATOR BASE PNP DRIVE

The V2 linear regulator control circuitry provides drive for an external series pass transistor (PNP type). The 5.0 V output tracks
the V1 regulator

HIGH SIDE SWITCH

The high switch provides a 2.0 ohm (typ.) RDSoy MOSFET driver connected to the VSUP pin. The output is protected against
short-circuit conditions and provides over-temperature shutdown.

CAN PHYSICAL LAYER INTERFACE

This circuitry provides communication between the TXD & RXD pins, from/to the MCU, and the CANL & CANH pins of the
CAN physical interface. The various modes of the CAN interface are controlled through the SPI control registers.

INTEGRATED SUPPLY

VSUP CONTROL & MONITOR

This circuitry protects the IC from transient conditions such as vehicle jump-start (27 V) and load dump (40 V). If the Vgp
voltage falls below 3.0 V (or a 6.0 V warning interrupt), an under-voltage detection is reported.
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FUNCTIONAL DESCRIPTION
FUNCTIONAL INTERNAL BLOCK DESCRIPTION

ANALOG CIRCUITRY

OSCILLATOR
This circuit is used to generate the internal timings for reset, watchdog, cyclic wake-up, filtering time, etc.

MODE CONTROL

The 4 operating modes of the IC are controlled through the SPI control registers. There are also several special modes
possible.

PROGRAMMABLE WAKE-UP

The 4 inputs are used in conjunction with various SPI control register bits to determine the wake-up conditions and the reaction
of the IC. They can be connected to contact switches or other ICs.

MCU INTERFACE

SPI INTERFACE

The IC and the MCU communicate using the SPI control and status reporting registers. The clock speed (SCLK) can be as
high as 4.0 MHz.

RESET & INT
These 2 outputs notify the MCU when the IC is in reset mode, or when an enabled interrupt condition has occurred.

WATCHDOG TIMER

The timer can be used as a watchdog window or watchdog timeout function. The SPI control register provide the choice as
well as the timeout value. When the watchdog timer is not properly serviced by the MCU, an error signal (WDOGN low) and a
reset signal (RSTN low) are output.

CAN INTERFACE/CONTROL
The operation of the CAN interface is controlled by the MCU through the use of SPI control register bits.

33742
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