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NXP Semiconductors Document Number: MC33911
Technical Data Rev. 10.0, 7/2016

LIN system basis chip with DC motor
pre-driver 33911

The 33911G5/BAC is a SMARTMOS Serial Peripheral Interface (SPI) controlled
System Basis Chip (SBC), combining many frequently used functions in an MCU
based system, plus a Local Interconnect Network (LIN) transceiver. The 33911
has a5.0 V, 50 mA/60 mA low dropout regulator with full protection and reporting SYSTEM BASIS CHIP WITH LIN
features. The device provides full SPI readable diagnostics and a selectable
timing watchdog for detecting errant operation. The LIN Protocol Specification
2.0 and 2.1 compliant LIN transceiver has waveshaping circuitry which can be
disabled for higher data rates.

One 50 mA/60 mA high-side switch and two 150 mA/160 mA low-side switches
with output protection are available. All outputs can be pulse-width modulated
(PWM). Two high-voltage inputs are available for use in contact monitoring, or
as external wake-up inputs. These inputs can be used as high-voltage Analog
Inputs. The voltage on these pins is divided by a selectable ratio and available
via an analog multiplexer.

The 33911 has three main operating modes: Normal (all functions available), AC SUFFIX (Pb-FREE)
Sleep (Vpp off, wake-up via LIN, wake-up inputs (L1, L2), cyclic sense, and 98ASH70029A
forced wake-up), and Stop (Vpp on with limited current capability, wake-up via 32-PIN LQFP

CS, LIN bus, wake-up inputs, cyclic sense, forced wake-up, and external reset).
The 33911 is compatible with LIN Protocol Specification 2.0, 2.1, and

SAEJ2602-2.
Features Applications
» Full-duplex SPI interface at frequencies up to 4.0 MHz pp. .
. . . * Window lift

« LIN transceiver capable of up to 100 kbps with wave shaping Mirror switch
* One 50 mA/60 mA high-side and two 150 mA/60 mA low-side protected

. Door lock

switches
+ Sunroof

» Two high-voltage analog/logic Inputs

» Configurable window watchdog

« 5.0V low drop regulator with fault detection and low-voltage reset (LVR)
circuitry

+ Light control
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Figure 1. 33911 simplified application diagram
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1 Orderable parts

The 33911G5 data sheet is within MC33911G5 product specifications - page 3 to page 52.
The 33911BAC data sheet is within MC33911BAC product specifications - page 53 to page 100.

Table 1. Orderable part variations

Device Temperature Package Generation
MC33911G5AC/R2 -40°Cto125°C * Increase ESD GUN IEC61000-4-2 (gun test contact with 150 pF, 330 Q
test conditions) performance to achieve +6.0 kV min on the LIN pin.
* Immunity against ISO7637 pulse 3b
. . 2.5 * Reduce EMC emission level on LIN
MC34911G5AC/R2 -40°Ct085°C * Improve EMC immunity against RF — target new specification including 3
32-LQFP X 68 pF
» Comply with J2602 conformance test
MC33911BAC/R2 -40°Cto125°C
2.0 Initial release
MC34911BAC/R2 -40°Cto 85°C
33911
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2 MC33911G5 product specifications - page 3 to page 52

33911

NXP Semiconductors 3



3

Internal block diagram
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4 Pin connections

4.1 Pinout diagram
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Figure 3. 33911 pin connections

4.2 Pin definitions

A functional description of each pin can be found in the Functional pin description section beginning on page 23.

Table 2. 33911 Pin definitions

Pin Pin name Formal name Definition

y RXD Receiver Output This pin is the receiver output of the LIN interface which reports the state of the bus
voltage to the MCU interface.

2 TXD Transmitter Input Zm;lﬂm is the transmitter input of the LIN interface which controls the state of the bus

3 MISO SPI Output _SPI (Serial Peripheral Interface) data output. When CS is high, pin is in the high-
impedance state.

4 MOSI SPI Input SPI (Serial Peripheral Interface) data input.

5 SCLK SPI Clock SPI (Serial Peripheral Interface) clock Input.

6 CS SPI Chip Select SPI (Serial Peripheral Interface) chip select input pin. CS is active low.

7 ADOUTO Analog Output Pin 0 | Analog multiplexer output.

8 PWMIN PWM Input High-side and low-side pulse width modulation input.

33911
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Table 2. 33911 Pin definitions (continued)

Pin Pin name Formal name Definition
9 RST Internal Reset I/O Bidirqctional Reset I/O pin - driven low when any internal reset source is asserted. RST
is active low.
Internal Interrupt Interrupt output pin, indicating wake-up events from Stop mode or events from Normal
10 IRQ ] .
Output and Normal request modes. IRQ is active low.
11 &30 NC Not Connected This pin must not be connected.
Watchdog This input pin is for configuration of the watchdog period and allows the disabling of the
12 WDCONF . - .
Configuration Pin watchdog.
13 LIN LIN Bus This pin represents the single-wire bus transmitter and receiver.
14 LGND LIN Ground Pin This pin is the device LIN ground connection. It is internally connected to the PGND pin.
15‘16‘2210‘ and NC Not Connected This pin must not be connected or connected to ground.
17 LSs2 . . .
S Low-side Outputs Relay drivers low-side outputs.
19 LS
18 PGND Power Ground Pin 'Flj'ir:]is pin is the device low-side ground connection. It is internally connected to the LGND
22 L2 These pins are the wake-up capable digital inputs (). In addition, all Lx inputs can be
Wake-up Inputs ) A
23 L1 sensed analog via the analog multiplexer.
24 NC Not Connected This pin must not be connected or connected to VS2.
25 HS1 High-side Output High-side switch output.
26 VS2 . These pins are device battery level power supply pins. VS2 is supplying the HS1 driver
27 VS1 Power Supply Pin while VS1 supplies the remaining blocks.@
28 NC Not Connected This pin can be left opening or connected to any potential ground or power supply
29 VSENSE Voltage Sense Pin Battery voltage sense input. )
31 VDD Voltage Regulator +5.0 V main voltage regulator output pin. “)
Output
32 AGND Analog Ground Pin | This pin is the device analog ground connection.
Notes

1. When used as digital input, a series 33 kQ resistor must be used to protect against automotive transients.

2. Reverse battery protection series diodes must be used externally to protect the internal circuitry.

3. This pin can be connected directly to the battery line for voltage measurements. The pin is self protected against reverse battery connections. It
is strongly recommended to connect a 10 kQ resistor in series with this pin for protection purposes.

4. External capacitor (2.0 yF < C <100 yF; 0.1 Q < ESR < 10 Q) required.
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5 Electrical characteristics

5.1 Maximum ratings

Table 3. 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.

Symbol Ratings Value Unit Notes
Electrical Ratings
Supply Voltage at VS1 and VS2
Vsup(ss) » Normal Operation (DC) -0.3 to 27 V
Vsup(Pk) « Transient Conditions (load dump) -0.3 t0 40
Vop Supply Voltage at VDD -0.3t0 5.5 \%
Input / Output Pins Voltage ®)
Vin « CS, RST, SCLK, PWMIN, ADOUTO, MOSI, MISO, TXD, RXD -0.3toVpp +0.3 v
VIN(RQ) « Interrupt Pin (IRQ) -0.3to 11 (6)
Vhs HS1 Pin Voltage (DC) -0.3 to Vgyp +0.3
Vis LS1 and LS2 Pin Voltage (DC) -0.3t0 45
L1 and L2 Pin Voltage
Vixoe « Normal Operation with a series 33 kQ resistor (DC) -18 to 40 v
v « Transient input voltage with external component (according to ISO7637-2) 100
LxTR (See Figure 5, page 19)
VVSENSE VSENSE Pin Voltage (DC) -27 to 40 \Y
LIN Pin Voltage
Vg + Normal Operation (DC) -18 to 40
usbc or ) ) \Y
Vv « Transient input voltage with external component (according to ISO7637-2) -150 to 100
BUSTR (See Figure 5, page 19)
oD VDD Output Current Internally Limited A
Notes
5. Exceeding voltage limits on specified pins may cause a malfunction or permanent damage to the device.
6. Extended voltage range for programming purpose only.
33911
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Table 3. 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.

Symbol Ratings Value Unit Notes
ESD Capability
*+ AECQ100
VESD1-1 * Human Body Model - JESD22/A114 (Czpp = 100 pF, Rzap = 1500 Q) +£8.0k
VESD1-2 « LIN Pin +6.0k
VEsD1-3 «L1andL2 +2000
« all other Pins
VESD2-1 » Charge Device Model - JESD22/C101 (Czpp = 4.0 pF) +750
VESD2-2 « Corner Pins (Pins 1, 8, 9, 16, 17, 24, 25 and 32) +500
« All other Pins (Pins 2-7, 10-15, 18-23, 26-31)
« According to LIN Conformance Test Specification / LIN EMC Test
Specification, August 2004 (Czpp = 150 pF, Rzap = 330 Q) Vv
VESD3.1 « Contact Discharge, Unpowered +20 k
vV, * LIN pin with 220 pF +11k
VESD3'2 « LIN pin without capacitor >+12k
ESD3-3 + VS1/VS2 (100 nF to ground) +6000
VESD3-4 * Lx inputs (33 kQ serial resistor)
* According to IEC 61000-4-2 (Czap = 150 pF, Rzap = 330 Q)
* Unpowered
VESD4-1 « LIN pin with 220 pF and without capacitor +8000
VESD4-2 « VS1/VS2 (100 nF to ground) +8000
VESD4-3 * Lx inputs (33 kQ serial resistor) +8000
Thermal ratings
Operating Ambient Temperature
Ta * 33911 -40 to 125 °C @
* 34911 -40 to 85
Ty Operating Junction Temperature -40 to 150 °C
TsTe Storage Temperature -55to 150 °C
Thermal Resistance, Junction to Ambient
Rgya Natural Convection, Single Layer board (1s) 85 °C/W ™. (®
Natural Convection, Four Layer board (2s2p) 56 (7). 9)
Reuc Thermal Resistance, Junction to Case 23 °C/W (10)
TepRrT Peak Package Reflow Temperature During Reflow Note 12 °C (11), (12)

Notes

7. Junction temperature is a function of on-chip power dissipation, package thermal resistance, mounting site (board) temperature, ambient
temperature, air flow, power dissipation of other components on the board, and board thermal resistance.
8. Per JEDEC JESD51-2 with the single layer board (JESD51-3) horizontal.
9. Per JEDEC JESD51-6 with the board (JESD51-7) horizontal.
10. Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 Method 1012.1).
11.  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.
12. 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.
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5.2 Static electrical characteristics

Table 4. Static electrical characteristics

Characteristics noted under conditions 5.5V <Vgyp <18V, -40 °C < Tp < 125 °C for the 33911 and -40 °C < T, < 85 °C for the 34911,
unless otherwise noted. Typical values noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless

otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit l Notes |
Supply voltage range (VS1, VS2)
Vsup Nominal Operating Voltage 5.5 - 18
Vsupop Functional Operating Voltage - - 27 (13)
VSUPLD Load Dump - - 40
Supply current range (Vgyp = 13.5V)
IrRUN Normal Mode (loyT at Vpp = 10 mA), LIN Recessive State - 45 10 mA (14)
Stop Mode, VDD ON with Igyt = 100 pA, LIN Recessive State
*5.5V<Vgyp <12V - 47 80 (14), (15),
Istop Vario = 135V HA
* Vgup = 13. - 62 90 16), (17)
*13.5V<Vgyp<18V - 180 400
Sleep Mode, VDD OFF, LIN Recessive State
*+55V<Vgyp<12V - 27 35
| (14), (16)
SLEEP «Vgup=13.5V - 33 48 WA
*13.5V<Vgyp<18V - 160 300
leyelc Cyclic Sense Supply Current Adder - 10 - uA (18)
Supply under/overvoltage detections
Power-On Reset (BATFAIL)
VBATFAIL * Threshold (measured on VS1) 1.5 3.0 3.9 \ (18), (19)
VBATFAIL_HYS * Hysteresis (measured on VS1) - 0.9 -
Vgyp Undervoltage Detection (VSUV Flag) (Normal and Normal
Request Modes, Interrupt Generated) v
Vsuv * Threshold (measured on VS1) 5.55 6.0 6.6
VSUV_HYS * Hysteresis (measured on VS1) — 0.2 _
Vgyup Overvoltage Detection (VSOV Flag) (Normal and Normal
Request Modes, Interrupt Generated) v
Vsov * Threshold (measured on VS1) 18 19.25 20.5
Vsov_Hys * Hysteresis (measured on VS1) - 1.0 -
Notes
13. Device is fully functional. All features are operating.
14.  Total current (lygq + lysy) measured at GND pins excluding all loads, cyclic sense disabled.
15.  Total Ipp current (including loads) below 100 pA.
16. Stop and Sleep modes current increases if Vgp exceeds 13.5 V.
17. This parameter is guaranteed after 90 ms.
18. This parameter is guaranteed by process monitoring but not production tested.
19. The Flag is set during power up sequence. To clear the flag, a SPI read must be performed.
33911
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Table 4. Static electrical characteristics (continued)

Characteristics noted under conditions 5.5V <Vgyp <18 V, -40 °C < Tp <125 °C for the 33911 and -40 °C < Tp < 85 °C for the 34911,
unless otherwise noted. Typical values noted reflect the approximate parameter mean at Tp = 25 °C under nominal conditions, unless

otherwise noted.

Symbol ‘ Characteristic Min. Typ. Max. Unit | Notes ‘
Voltage regulator?%) (VDD)
v Normal Mode Output Voltage 475 5.00 5.95 v
DDRUN +1.0mA <lypp <50 mA; 5.5V < Vg p <27V ‘ : :
lVDDRUN Normal Mode Output Current Limitation 60 110 200 mA
Dropout Voltage
_ 21
VbbbroP « lypp = 50 MA 0.1 0.25 Y @1
v Stop Mode Output Voltage 4.75 5.0 5.95 v
DDSTOP “ lypp < 5.0 MA . . .
lvpDSTOP Stop Mode Output Current Limitation 6.0 13 36 mA
Line Regulation
LRRUN + Normal Mode, 5.5 V < Vgyp < 18 V; lypp = 10 mA - - 25 mv
LRsTOP + Stop Mode, 5.5V < Vgyp <18 V; lypp = 1.0 mA - - 25
Load Regulation
LDRruN + Normal Mode, 1.0 mA < lypp < 50 mA — - 80 mv
LDsToP « Stop Mode, 0.1 mA < lypp < 5.0 mA - - 50
Tore Overtemperature Prewarning (Jur‘1ction) °c 22)
* Interrupt generated, VDDOT Bit Set 90 115 140
TPRE_HYS Overtemperature Prewarning Hysteresis - 13 - °C (22)
Tsp Overtemperature Shutdown Temperature (Junction) 150 170 190 °C (22)
Tsp_Hys Overtemperature Shutdown Hysteresis - 13 - °C (22)
RST input/output pin (RST)
VRSTTH VDD Low-voltage Reset Threshold 4.3 4.5 4.7 \%
v Low-state Output Voltage 0.0 0.9 v
ot “lour=1.5MA; 35V < Vg p <27V : - :
lon High-state Output Current (0 V < Vgyr <3.5V) -150 -250 -350 pA
I MAX PuII—d(zwn Current Limitation (internally limited) 15 _ 8.0 mA
- Vout = Vop
\ Low-state Input Voltage -0.3 - 0.3 x Vpp
e High-state Input Voltage 0.7 x Vpp - Vpp +0.3
Notes

20. Specification with external capacitor 2.0 yF < C < 100 yF and 100 mQ <ESR <10 Q.
21. Measured when voltage has dropped 250 mV below its nominal Value (5.0 V).
22. This parameter is guaranteed by process monitoring but not production tested.

33911
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Table 4. Static electrical characteristics (continued)

Characteristics noted under conditions 5.5V <Vgyp <18 V, -40 °C < Tp <125 °C for the 33911 and -40 °C < Tp < 85 °C for the 34911,
unless otherwise noted. Typical values noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless
otherwise noted.

Symbol ‘ Characteristic Min. Typ. Max. Unit ‘ Notes |
MISO SPI output pin (MISO)

v Low-state Output Voltage 0.0 10 v
oL «loyT = 1.5 MA : - :
High-state Output Voltage
Vo < louT = -250 pA Vbp -0.9 - Vbp \
| Tri-state Leakage Current 10 10 A
TRIMISO -0V < Vyiso < Voo - - M
SPI input pins (MOSI, SCLK, CS)
Vi Low-state Input Voltage -0.3 - 0.3 x Vpp
Viy High-state Input Voltage 0.7xVpp - Vpp +0.3
| MOSI, SCLK Input Current 10 10 A
N <0V < Vi< Vpp H
o cs Pull-up Current
lpucs S0V<Vp<35V 10 20 30 uA
Interrupt output pin (ﬁ)
Low-state Output Voltage
Vo s loyr = 1.5 mA 0.0 - 0.8 Vv
High-state Output Voltage
Von oyt = -250 pA Vpp-0.8 - Vbp \
Leakage Current
IOUT . VDD < VOUT <10V - - 2.0 mA
Pulse width modulation input pin (PWMIN)
ViL Low-state Input Voltage -0.3 - 0.3 x Vpp
Viy High-state Input Voltage 0.7 x Vpp - Vpp +0.3
| Pull-up current 10 20 30 A
PUPWMIN c0V<Vp<35V H

33911
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Table 4. Static electrical characteristics (continued)

Characteristics noted under conditions 5.5V <Vgyp <18 V, -40 °C < Tp < 125 °C for the 33911 and -40 °C < Tp < 85 °C for the 34911,
unless otherwise noted. Typical values noted reflect the approximate parameter mean at Tp = 25 °C under nominal conditions, unless

otherwise noted.

Symbol ‘ Characteristic Min. Typ. Max. Unit | Notes ‘
High-side output HS1 pin (HS1)
Output Drain-to-Source On Resistance
R M TJ =25 oC, ILOAD =50 mA; Vsup >9.0V — - 7.0
DS(on) «T;=150 °C, I oap = 50 mA; Vgyp > 9.0V - - 10 Q (23)
'TJ =150 K)C, ILOAD= 30 mA, 5'5V<VSUP<9'0V - - 14 (23)
Output Current Limitation
24
ILiMHs1 + 0V < Vour < Vgup - 2.0 V 60 90 250 mA (24)
loLHs1 Open Load Current Detection - 5.0 75 mA (25
| Leakage Current 10 A
LEAK +-0.2V <Vygy <Vgp +0.2V - - H
Short-circuit Detection Threshold
- — _ 26
VTHsc V5.5V <Vgyp <27V Vsup-2.0 \ (26)
Thssp Overtemperature Shutdown 140 160 180 °C (27), (31)
THssD_HYS Overtemperature Shutdown Hysteresis - 10 - °C @1
Low-side outputs LS1 and LS2 pins (LS1, LS2)
Output Drain-to-Source On Resistance
M TJ =25 oC, ILOAD =150 mA, VSUP >9.0V — — 25
Rps(on) T = o : B _ Q
T;=125°C, I oap = 150 mA, Vgup > 9.0 V 4.5
'TJ=125 K)C, ILOAD=120 mA, 5.5V<VSUP<Q.OV - - 10
| Output Current Limitation 160 275 350 A (28)
LIMLSX «20V< VOUT < VSUP m
loLLsx Open Load Current Detection - 7.5 12 mA (29)
Leakage Current
lieax +-0.2V < Voyr < VST - - 10 WA
Active Output Energy Clamp
VeLawe *loyt = 150 mA & Vsup +2.0 - Vsup +5.0 v
vV Short-circuit Detection Threshold 20 v (26)
THSC «55V<Vgup<27V : - -
T ssp Overtemperature Shutdown 140 160 180 °C (30), (31)
TLssp_Hys Overtemperature Shutdown Hysteresis - 10 - °C @31
Notes

23. This parameter is production tested up to Tp = 125 °C, and guaranteed by process monitoring up to T; = 150 °C.

24.  When overcurrent occurs, the corresponding high-side stays ON with limited current capability and the HS1CL flag is set in the HSSR.

25.  When open load occurs, the flag (HS10P) is set in the HSSR.
26. HS and LS automatically shutdown if HSOT or LSOT occurs or if the HVSE flag is enabled and an overvoltage occurs.
27.  When overtemperature shutdown occurs, the high-side is turned off. All flags in HSSR are set.

28. When overcurrent occurs, the corresponding low-side stays ON with limited current capability and the LSxCL flag is set in the LSSR.

29.  When open load occurs, the flag (LSxOP) is set in the LSSR.

30. When overtemperature shutdown occurs, both low-sides are turned off. All flags in LSSR are set.

31. Guaranteed by characterization but not production tested

33911
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Table 4. Static electrical characteristics (continued)

Characteristics noted under conditions 5.5V <Vgyp <18 V, -40 °C < Tp <125 °C for the 33911 and -40 °C < Tp < 85 °C for the 34911,
unless otherwise noted. Typical values noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless

otherwise noted.

Symbol ‘ Characteristic Min. Typ. Max. Unit ‘ Notes |
L1 and L2 input pins (L1 and L2)
Low Detection Threshold
32
VTHL “5.5V < Vgup <27 V 2.0 25 3.0 v ¢2)
High Detection Threshold
32
VTHH V5.5V <Vgyp <27V 3.0 35 4.0 v (32)
Hysteresis
32
Vhys 5.5V < Vgup <27V 0.4 0.8 1.4 v (32)
Input Current
- _ 33
I +-0.2V < Vjy < VS1 10 10 WA @)
RixiN Analog Input Impedance 800 1300 2000 kQ (34)
Analog Input Divider Ratio (RATIO_, = V|« / VapouTo)
RATIO x * LXDS (Lx Divider Select) =0 0.95 1.0 1.05
* LXDS (Lx Divider Select) = 1 3.42 3.6 3.78
Analog Output offset Ratio
VRATIOLX-OFFSET * LXDS (Lx Divider Select) = 0 -80 6.0 80 mV
* LXDS (Lx Divider Select) = 1 -22 2.0 22
Analog Inputs Matching
LXMATCHING + LXDS (Lx Divider Select) = 0 96 100 104 %
» LXDS (Lx Divider Select) = 1 96 100 104
Window watchdog configuration pin (WDCONF) (3
RexT External Resistor Range 20 - 200 kQ
Watchdog Period Accuracy with External Resistor (Excluding Resistor B _ o 36
WDacc Accuracy) 15 15 % (36)
Analog multiplexer
Temperature Sense Analog Output Voltage
v *Ta=-40°C 2.0 - 2.8 v
ADOUTO_TEMP «Tp=25°C 2.8 3.0 3.6
«To=125°C 3.6 - 4.6
v Temperature Sense Analog Output Voltage per characterization v @7)
ADOUTO_25 «Tp=25°C 3.1 3.15 3.2
Strov Internal Chip Temperature Sense Gain 9.0 10.5 12 mV/K
Internal Chip Temperature Sense Gain per characterization at 3 37
Strov_sT temperatures. See Figure 16, Temperature sense gain 9.9 10.2 105 mV/K G
RATIO VSENSE Input Divider Ratio (RATIOVSENSE = VVSENSE /VADOUTO)
VSENSE +55V <Vgyp <27V 5.0 5.25 5.5
Notes

32. The unused Lx pins must be connected to ground.

33. Analog multiplexer input disconnected from Lx input pin.
34. Analog multiplexer input connected to Lx input pin.

35. ForVgup4.7Vto18V

36. Watchdog timing period calculation formula: tp\yp [ms] = [0.466 * (RgxT - 20)] + 10 with (RgxT in kQ)

37. These limits have been defined after laboratory characterization on 3 lots and 30 samples. These tightened limits could not be guaranteed by
production test.
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Table 4. Static electrical characteristics (continued)
Characteristics noted under conditions 5.5V <Vgyp <18V, -40 °C < Tp <125 °C for the 33911 and -40 °C < Tp < 85 °C for the 34911,

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

Symbol ‘ Characteristic Min. Typ. Max. Unit | Notes ‘

Analog multiplexer (continued)

VSENSE Input Divider Ratio (RATIOVSENSE=Vsense/Vadout0) per
RATIOysensecz | Characterization 5.15 5.25 5.35 (38)
* 5.5 <Vgyp< 27V
OFFSETysense | VSENSE Output Related Offset -30 -10 30 mV
OFFSETysense cz | VSENSE Output Related Offset per characterization -30 -12.6 0 mV (38)
Analog output (ADOUTO)
VouT_max M.aj(5|2un:n A0<u;[zu<t \éﬂt?ngf Vpp-0.35 - Vbp \%
Vour | Mmimm Oueut vouage 00 | - | o | v
RxD output pin (LIN physical layer) (RxD)
VoL Lo‘ﬁ)ztftf fsu P Voltage 0.0 - 0.8 v
R R IEEIE
TXD input pin (LIN physical layer) (TXD)
Vi Low-state Input Voltage -0.3 - 0.3 x Vpp
Vig High-state Input Voltage 0.7 x Vpp - Vpp +0.3
lpuIN Pin Pull-up Current, 0 V <V <3.5V 10 20 30 MA
LIN physical layer with J2602 feature enabled (bit DIS_J2602 = 0)
VTH_UNDER_ LIN Un.d.ervoltage thrgshold 5.0 6.0 v
VOLTAGE * Positive and Negative threshold (Vtpp, VTHN)
V2602_DEG Hysteresis (Vip - V1hn) 400 mvV
Notes
38. ;I:S(te.se limits have been defined after laboratory characterization on 3 lots and 30 samples. These tighter limits cannot be guaranteed by production
33911
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Table 4. Static electrical characteristics (continued)

Characteristics noted under conditions 5.5V <Vgyp <18 V, -40 °C < Tp <125 °C for the 33911 and -40 °C < Tp < 85 °C for the 34911,
unless otherwise noted. Typical values noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless

otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit ‘ Notes |
LIN physical layer, transceiver (LIN)(°)
VBaT Operating Voltage Range 8.0 - 18
Vsup Supply Voltage Range 7.0 - 18
Vsup_NON_oP Voltage Range within which the device is not destroyed -0.3 - 40
lsus Lim Curre_nt Limitation foi Driver Dominant State 40 90 200 A
- * Driver ON, Vgys = 18 V
B e e N
» VBUS » VBAT
lsus PAS REC Leak?ge Ou’Fput Current to GND - . _ _ 20 uA
— S * Driver Off; 8.0 V< Va1 <18 V; 8.0 V < Vgys < 18 V; Vgys = VeaT
lsUs NG GND Control Unit Dis_connec.;ted froin GrOfmd 10 B 10 A 40)
- * GNDpgyice = Vsup; VeaT =12 V; 0 < Vgys <18V
IBUSNO_BAT VpaT Disconnected; Vsyp pevice = GND; 0V <Vgyg <18V - - 100 MA (41)
VBusbom Receiver Dominant State - - 0.4 Vsup
VBUSREC Receiver Recessive State 0.6 - _ Vsup
Vaus onT Receiver Threshold Center 0.475 05 0.525 Vsup
- * (V1H_pom *+ VTH_REC)/2
Vivs Receiver Threshold Hysteresis B _ 0.175 Veup
* (V1H_rec - VTH_pom)
VSERDIODE Voltage Drop at the Serial Diode in pull-up path 0.4 1.0 \Y;
VsHIFT_BAT | VBAT_SHIFT 0 11.5% VBat
VsHIFT_oND | GND_SHIFT 0 11.5% VgaT
VBuswu LIN Wake-up Threshold from Stop or Sleep Mode 5.3 5.8 \Y (42)
RsLave LIN Pull-up Resistor to Vgyp 20 30 60 kQ
TLinsD Overtemperature Shutdown 140 160 180 °C (43)
TLINSD_HYs Overtemperature Shutdown Hysteresis - 10 - °C
Notes

39. Parameters guaranteed for 7.0 V < Vgyp <18 V.
40. Loss of local ground must not affect communication in the residual network.
41. Node has to sustain the current which can flow under this condition. Bus must remain operational under this condition.

42. This parameter is 100% tested on an Automatic Tester. However, since it has not been monitored during reliability stresses, Freescale does not
guarantee this parameter during the product's life time.

43. When overtemperature shutdown occurs, the LIN bus goes in recessive state and the flag LINOT in LINSR is set.

33911
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5.3 Dynamic electrical characteristics

Table 5. Dynamic electrical characteristics

Characteristics noted under conditions 5.5V <Vgyp <18 V, -40 °C < Tp < 125 °C for the 33911 and -40 °C < Tp < 85 °C for the 34911,
unless otherwise noted. Typical values noted reflect the approximate parameter mean at Tp = 25 °C under nominal conditions, unless
otherwise noted.

Symbol Characteristic | Min. ‘ Typ. ‘ Max. | Unit ‘ Notes |
SPI interface timing (see Figure 13, page 22)
fspiop SPI Operating Frequency - - 4.0 MHz
tpscLk SCLK Clock Period 250 - N/A ns
twscLkH SCLK Clock High Time 110 - N/A ns (44)
twscLkL SCLK Clock Low Time 110 - N/A ns (44)
tLEAD Falling Edge of CS to Rising Edge of SCLK 100 - N/A ns (44)
t A Falling Edge of SCLK to CS Rising Edge 100 - N/A ns (44)
tsisu MOSI to Falling Edge of SCLK 40 - N/A ns (44)
tsiH Falling Edge of SCLK to MOSI 40 - N/A ns (44)
MISO Rise Time
44
trso «C_ =220 pF _ 40 _ ns @4
MISO Fall Time
44
tFso - C =220 pF - 40 - ns “
Time from Falling or Rising Edges of CS to:
tsoeN - MISO Low-impedance 0.0 - 50 ns (44)
tsopis - MISO High-impedance 0.0 - 50
Time from Rising Edge of SCLK to MISO Data Valid
tyaLiD _ ns (44)
*0.2x Vpp £MISO 2 0.8 x Vpp, C_ = 100 pF 0.0 - 75
RST output pin
tRST Reset Low-level Duration After Vpp High (see Figure 12, page 22) 0.65 1.0 1.35 ms
tRSTDE Reset Deglitch Filter Time 350 480 900 ns
Window watchdog configuration pin (WDCONF)
Watchdog Time Period
* External Resistor Rext = 20 kQ (1%) 8.5 10 115
tpwp - - 0 ms (45)
» External Resistor Rgxt = 200 kQ (1%) 79 94 108
« Without External Resistor Rgxt (WDCONF Pin Open) 110 150 205

Notes
44. This parameter is guaranteed by process monitoring but not production tested.
45. Watchdog timing period calculation formula: tp\yp [ms] = [0.466 * (RgxT - 20)] + 10 with (RgxT in kQ)

33911
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Table 5. Dynamic electrical characteristics (continued)

Characteristics noted under conditions 5.5V <Vgyp < 18 V, -40 °C < Tp < 125 °C for the 33911 and -40 °C < T < 85 °C for the 34911,
unless otherwise noted. Typical values noted reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless

otherwise noted.

‘ Symbol Characteristic ‘ Min. ’ Typ. ‘ Max. ‘ Unit | Notes |
L1 and L2 inputs
‘ twuF | Lx Filter Time Deglitcher 8.0 | 20 ‘ 38 l us | (46) |
State machine timing
t Delay Between CS LOW-to-HIGH Transition (at End of the SPI Stop Command) _ _ 5.0 s (46)
STOP and Stop Mode Activation : K
tNRTOUT Normal Request Mode Timeout (see Figure 12, page 22) 110 150 205 ms
Ton Cyclic Sense ON Time from Stop and Sleep Mode 130 200 270 us (47)
Cyclic Sense Accuracy -35 +35 % (46)
t Delay Between the SPI Command and HS/LS Turn On 10 8)
S-ON +9.0V <Vgyp <27V - - Hs
¢ Delay Between the SPI Command and HS/LS Turn Off 10 (8)
S-OFF ©9.0V <Vgyp <27V - - Hs
Delay Between Normal Request and Normal Mode After a Watchdog Trigger _ _ 46
tsNR2N Command (Normal Request Mode) 10 Hs “9
Delay Between CS Wake-up (CS LOW to HIGH) in Stop Mode and:
twucs » Normal Request Mode, VDD ON and RST HIGH 9.0 15 80 us
twuspl * First Accepted the SPI Command 90 — N/A
tocs Minimum Time Between Rising and Falling Edge on the CS 4.0 — — us
J2602 deglitcher
V Deglitcher
t SUP (49)
J2602_DEG + (DIS_J2602 = 0) 3% %0 70 Hs
LIN physical layer: driver characteristics for normal slew rate - 20 kBit/sec according to LIN physical layer specification (50). (51)
Duty Cycle 1:
* THrec(vax) = 0.744 * Vgup
D1 I 0396 | — _
* THpommax) = 0.581 * Vgyp
*D1= tBUS_REC(MIN)/(Z X tBIT)' tBlT =50 s, 70V< VSUP <18V
Duty Cycle 2:
*TH =0422*V
D2 REC(MIN) - ) SUP i _ 0.581
* THpomminy = 0.284 * Vgp
* D2 =tgys_recmaxy/(2 X tgi7), tir =50 s, 7.6 V < Vgyp < 18 V

Notes

46. This parameter is guaranteed by process monitoring but not production tested.

47. This parameter is 100% tested on an Automatic Tester. However, since it has not been monitored during reliability stresses, Freescale does not
guarantee this parameter during the product's life time.

48. Delay between turn on or off command (rising edge on CS) and HS or LS ON or OFF, excluding rise or fall time due to external load.

49. This parameter has not been monitoring during operating life test.
50. See Figure 7, page 20.
51. See Figure 8, page 20.
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Table 5. Dynamic electrical characteristics (continued)

Characteristics noted under conditions 5.5V <Vgyp <18 V, -40 °C < Tp < 125 °C for the 33911 and -40 °C < Tp < 85 °C for the 34911,
unless otherwise noted. Typical values noted reflect the approximate parameter mean at Tp = 25 °C under nominal conditions, unless
otherwise noted.

Symbol Characteristic | Min. ’ Typ. ‘ Max. | Unit ’ Notes |
LIN physical layer: driver characteristics for slow slew ratE - 10.4 kBit/sec according to lin physical layer specification (52), (83)
Duty Cycle 3:
D3 * THRec(uax) = 0.778 * Vsup
* THpommax) = 0.616 * Vgyp
* D3 =tgys_recminy(2 X tgi7), tgi7 =96 ps, 7.0 V< Vgyp <18 V 0.417 — —
Duty Cycle 4:
D4 * THRecviny = 0.389 * Vgyp
* THpomminy = 0.251 * Vgup
*D4 = tBUS_REC(MAX)/(Z X tBlT)! tBlT =96 MS, 76V< VSUP <18V - - 0.590
LIN physical layer: driver characteristics for fast slew rate
SREAST LIN Fast Slew Rate (Programming Mode) | — ‘ 20 ‘ — | V/us ‘ |
LIN physical layer: characteristics and wake-up timings(54)
Propagation Delay and Symmetry
tRECipD . Propagation Delay of Receiver, tREC_PD=MAX (tREC_PDR’ tREC_PDF) [ 4.2 6.0 us (55)
trReC_sym * Symmetry of Receiver Propagation Delay, trec_poF - tRec_PDR -2.0 — 2.0
. (56),(60),
tprOPWL Bus Wake-up Deglitcher (Sleep and Stop Modes) 42 70 95 us (57)
Bus Wake-up Event Reported
twake_sLeep + From Sleep Mode — — 1500 us (58)
twake_stop * From Stop Mode 9.0 27 35 (59)
trxppom TXD Permanent Dominant State Delay 0.65 1.0 1.35 S
Pulse width modulation input pin (PWMIN)
PWMIN pin
f] — — (60)
PWMIN » Max. frequency to drive HS and LS output pins 10 kHz

Notes

52. Bus load Rgys and Cgyg 1.0 nF /1.0 k2, 6.8 nF / 660 ©, 10 nF / 500 Q. Measurement thresholds: 50% of TXD signal to LIN signal threshold
defined at each parameter. See Figure 6, page 20.

53. See Figure 8, page 20.

54. Vgyp from 7.0 to 18 V, bus load Rgyg and Cgys 1.0 nF /1.0 kQ, 6.8 nF / 660 Q, 10 nF / 500 Q. Measurement thresholds: 50% of TXD signal to
LIN signal threshold defined at each parameter. See Figure 6, page 20.

55. See Figure 9, page 21

56. See Figure 10, page 21 for Sleep and Figure 11, page 21 for Stop mode.

57. This parameter is tested on automatic tester but has not been monitoring during operating life test.

58. The measurement is done with 1.0 pF capacitor and 0 mA current load on Vpp. The value takes into account the delay to charge the capacitor.
The delay is measured between the bus wake-up threshold (Vgyswuy) rising edge of the LIN bus and when Vpp reaches 3.0 V. See Figure 10,
page 21. The delay depends of the load and capacitor on Vpp.

59. In Stop mode, the delay is measured between the bus wake-up threshold (Vgyswy) and the falling edge of the IRQ pin. See Figure 11, page 21.

60. This parameter is guaranteed by process monitoring but not production tested.
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5.4 Timing diagrams

33911
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Figure 4. Test circuit for transient test pulses (LIN)
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Figure 5. Test circuit for transient test pulses (Lx)
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Figure 6. Test circuit for LIN timing measurements

33911

NXP Semiconductors 19



TXD

- tB|T %4 tBlT >

|
Vv < tgys pommax)y P < tgus REC(MIN) o
LIN_REC P ——— —
T I v AN
\;\ // \ ‘
THREC(MAX)- ,74;4%§\/SJ-'F’, ,,,,,,,,,,,,,,,,,,, J_o_ _ _ _ _ _ _ _ _ _ _ _____ - - 7Tbrg.sholds of
\ \ receiving node 1
\ | / \
THpommmAax) S8A%Vegp YA Lo
LIN /o
I\ /o \
42.2% Vgyp \ Thresholds of
TH ~eYsee A B U
REC(MIN) F O\ T | \ receiving node 2
0, \ ! / \
THpominy -~ 204% Vsup N S oo -
| IS~ - | | ~—
| | |
| |
G 'BUS_DOM(MIN) - taus RECMAX) — >
RXD \ [ | [
Output of receiving Node 1 ! ‘ ‘ !
| |
tREC PDF(1) — » |« > < tREC_PDR(1)
‘ | ‘
RXD |
Output of receiving Node 2 ‘ :
|
tREC_PDR(2) — > - IREC_PDF(2)  » a—

Figure 7. LIN timing measurements for normal slew rate
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Figure 8. LIN timing measurements for slow slew rate
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6 Functional description

6.1 Introduction

The 33911 was designed and developed as a highly integrated and cost-effective solution for automotive and industrial applications. The
33911 is well suited to perform relay control in applications such as a window lift, sunroof, etc. via the LIN bus, for automotive body
electronics

Power switches are provided on the device configured as high-side and low-side outputs. Other ports are also provided, which include a
current and voltage sense port and two wake-up capable pins. An internal voltage regulator provides power to a MCU device. Also
included in this device is a LIN physical layer, which communicates using a single wire. This enables this device to be compatible with 3-
wire bus systems, where one wire is used for communication, one for battery, and one for ground.

6.2 Functional pin description

See Figure 1, 33911 simplified application diagram, page 1, for a graphic representation of the various pins referred to in the following
paragraphs. See the 33911 pin connections on page 5 for a description of the pin locations in the package.

6.2.1 Receiver output pin (RXD)

The RXD pin is a digital output. It is the receiver output of the LIN interface and reports the state of the bus voltage: RXD Low when LIN
bus is dominant, RXD High when LIN bus is recessive.

6.2.2 Transmitter input pin (TXD)

The TXD pin is a digital input. It is the transmitter input of the LIN interface and controls the state of the bus output (dominant when TXD
is Low, recessive when TXD is High). This pin has an internal pull-up to force recessive state in case the input is left floating.

6.2.3 Lin bus pin (LIN)

The LIN pin represents the single-wire bus transmitter and receiver. It is suited for automotive bus systems and is compliant to the LIN
bus specification 2.0, 2.1, and SAE J2602-2. The LIN interface is only active during Normal mode. See Operating modes overview on
page 28.

6.2.4 Serial data clock pin (SCLK)

The SCLK pin is the SPI clock input. MISO data changes on the positive transition of the SCLK. MOSI is sampled on the negative edge
of the SCLK.

6.2.5 Master out slave in pin (MOSI)

The MOSI digital pin receives the SPI data from the MCU. This data input is sampled on the negative edge of SCLK.

6.2.6 Master in slave out pin (MISO)

The MISO pin sends data to an SPI-enabled MCU. It is a digital tri-state output used to shift serial data to the microcontroller. Data on this
output pin changes on the positive edge of the SCLK. When CS is High, this pin remains in the high-impedance state.

6.2.7 Chip select pin (&)

CSis an active low digital input. It must remain low during a valid SPI communication and allow for several devices to be connected in the
same SPI bus without contention. A rising edge on CS signals the end of the transmission and the moment the data shifted in is latched.
A valid transmission must consist of 8 bits only. While in STOP mode, a low-to-high level transition on this pin generates a wake-up
condition for the 33911.
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6.2.8 Analog multiplexer pin (ADOUTO)

The ADOUTO pin can be configured via the SPI to allow the MCU A/D converter to read the several inputs of the Analog Multiplexer,
including the VSENSE, L1, L2 input voltages, and the internal junction temperature.

6.2.9 PWM input control pin (PWMIN)

This digital input can control the high-side and low-sides drivers in Normal Request and Normal mode. To enable PWM control, the MCU
must perform a write operation to the High-side Control Register (HSCR) or the Low-side Control Register (LSCR). This pin has an internal
20 pA current pull-up.

6.2.10 Reset pin (RST)

This bidirectional pin is used to reset the MCU in case the 33911 detects a reset condition, or to inform the 33911 the MCU has just been
reset. After release of the RST pin, Normal Request mode is entered. The RST pin is an active low filtered input and output formed by a
weak pull-up and a switchable pull-down structure, which allows this pin to be shorted either to Vpp or to GND during software
development, without the risk of destroying the driver.

6.2.11 Interrupt pin (IRQ)

The IRQ pin is a digital output used to signal events or faults to the MCU while in Normal and Normal Request mode or to signal a wake-
up from Stop mode. This active low output transitions to high only after the interrupt is acknowledged by a SPI read of the respective status
bits.

6.2.12 Watchdog configuration pin (WDCONF)

The WDCONF pin is the configuration pin for the internal watchdog. A resistor can be connected to this pin to configure the window
watchdog period. When connected directly to ground, the watchdog is disabled. When this pin is left open, the watchdog period is fixed
to its lower precision internal default value (150 ms typical).

6.2.13 Ground connection pins (AGND, PGND, LGND)

The AGND, PGND and LGND pins are the Analog and Power ground pins. The AGND pin is the ground reference of the voltage regulator.
The PGND and LGND pins are used for high current load return as in the relay-drivers and LIN interface pin. Note: PGND, AGND, and
LGND pins must be connected together.

6.2.14 Low-side pins (LS1 and LS2)

LS1 and LS2 are the low-side driver outputs. Those outputs are short-circuit protected and include active clamp circuitry to drive inductive
loads. Due to the energy clamp voltage on this pin, it can raise above the battery level when switched off. The switches are controlled
through the SPI and can be configured to respond to a signal applied to the PWMIN input pin.

Both low-side switches are protected against overheating. In case of VS1 disconnection and the low-sides are still supplied by Vgat
through a load, both low-sides have a VDS voltage equal to the clamping value, as stated in the specification.

6.2.15 Digital/analog pins (L1 and L2)

The Lx pins are multi purpose inputs. They can be used as digital inputs, which can be sampled by reading the SPI and used for wake-
up when 33911 is in low-power mode or used as analog inputs for the analog multiplexer. When used to sense voltage outside the module,
a 33 kQ series resistor must be used on each input. When used as wake-up inputs, L1 and L2 can be configured to operate in cyclic-sense
mode. In this mode, the high-side switch is configured to be periodically turned on and sample the wake-up inputs. If a state change is
detected between two cycles a wake-up is initiated. The 33911 can also wake-up from Stop or Sleep by a simple state change on L1 and
L2. When used as analog inputs, the voltage present on the Lx pins is scaled down by an selectable internal voltage divider and can be
routed to the ADOUTO output through the analog multiplexer.

Note: If an Lx input is selected in the analog multiplexer, it is disabled as a digital input and remains disabled in low-power mode. No wake-
up feature is available in this condition.

When an Lx input is not selected in the analog multiplexer, the voltage divider is disconnected from this input.
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6.2.16 High-side output pin (HS1)

This high-side switch is able to drive loads such as relays or lamps. Its structure is connected to the VS2 supply pin. The pin is short-circuit
protected and also protected against overheating. HS1 is controlled by the SPI and can respond to a signal applied to the PWMIN input
pin. The HS1 output can also be used during Low-power mode for the cyclic-sense of the wake inputs.

6.3 Power supply pins (VS1 and VS2)

These are the battery level voltage supply pins. In an application, VS1 and VS2 pins must be protected against reverse battery connection
and negative transient voltages with external components. These pins sustain standard automotive voltage conditions such as a load
dump at 40 V. The high-side switch (HS1) is supplied by the VS2 pin. All other internal blocks are supplied by the VS1 pin.

6.3.1 Voltage sense pin (VSense)

This input can be connected directly to the battery line. It is protected against battery reverse connection. The voltage present in this input
is scaled down by an internal voltage divider, and can be routed to the ADOUTO output pin and used by the MCU to read the battery
voltage. The ESD structure on this pin allows for excursion up to +40 V and down to -27 V, allowing this pin to be connected directly to
the battery line. It is strongly recommended to connect a 10 kQ resistor in series with this pin for protection purposes.

6.3.2 +5.0 V main regulator output pin (VDD)

An external capacitor has to be placed on the VDD pin to stabilize the regulated output voltage. The VDD pin is intended to supply a
microcontroller. The pin is current limited against shorts to GND and overtemperature protected. During Stop mode, the voltage regulator
does not operate with its full drive capabilities and the output current is limited. During Sleep mode, the regulator output is completely
shutdown.
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