Freescale Semiconductor MC33689
Technical Data Rev 4.0, 06/2005

System Basis Chip with LIN
Transceiver

33689
33689D

The 33689 is a SPI-controlled System Basis Chip (SBC) that
combines many frequently used functions in an MCU-based system
plus a Local Interconnect Network (LIN) transceiver. Applications
include power window, mirror, and seat controls. The 33689 has a
5.0 V, 50 mA low dropout regulator with full protection and reporting
features. The device provide full SPI-readable diagnostics and a
selectable timing watchdog for detecting errant operation.

The LIN transceiver waveshaping circuitry can be disabled for
higher data rates. One 50 mA and two 150 mA high-side switches with
output protection are available to drive inductive or resistive loads. The
150 mA switches can be pulse-width modulated (PWM).

Two high-voltage inputs are available for contact monitoring or as
external wake-up inputs. A current sense operational amplifier is
available for load current monitoring.

The 33689 has three operational modes: DWB SUFFIX
* Normal (all functions available) 32$€£3R‘?:337&cw
» Sleep (VDD OFF, wake-up via LIN bus or wake-up inputs)

« Stop (VDD ON, wake-up via MCU, LIN bus, or wake-up inputs)

SYSTEM BASIS CHIP WITH LIN

Features
* Full-Duplex SPI Interface at Frequencies up to 4.0 MHz ORDERING INFORMATION
» LIN Transceiver Capable to 100 kbps with Waveshaping Capability Device Temperature Package
+ 5.0 V Low Dropout Regulator Full Fault Detection and Protection Range (Tp)
* One 50 mA and Two 150 mA Protected High-Side Switches MC33689DDWB/R2
» Current Sense Operational Amplifier -40°C to 125°C 32 SOICW
« The 33689 is compatible with LIN 2.0 Specification Package. MC33689DWE/R2
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DEVICE VARIATIONS

DEVICE VARIATIONS
Table 1. Device Variations Between the 33689 and the 33689D Versions (")
Freescale Part No. Revision Device Variations See Page
33689D2) 4.0 Improved electromagnetic capabilities (EMC). Please refer to separate 1-29
Application Note for details.
33689 2.7 N/A 30-47
Notes

1. This datasheet uses the term 33689 in the inclusive sense, referring to both the non-D version (33689) and the D version (33689D).
2. The 33689 and the 33689D datasheets are under separate revision control.

33689
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INTERNAL BLOCK DIAGRAM
INTERNAL BLOCK DIAGRAM
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Figure 2. 33689 Simplified Internal Block Diagram
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TERMINAL CONNECTIONS

TERMINAL CONNECTIONS
NCC—11e 32| 3 TXD
L1/ 2 31 —1 RXD
NCC— 3 30| = INT
L2c—] 4 20| —3 CS

HS3C—15 28| — MISO
HS2c— 6 27| —3 MOSI
HS1— 7 26/ [ SCLK
TGND—] 8 25| —1 TGND
TGND— 9 24/ — TGND
VS2— 10 23] —IN
LIN —— 11 22| — RST
GND — 12 21| —— WDC
VS1—] 13 20— E+
NC —— 14 19 — E-
VDD — 15 18] — OUT
AGND — 16 17) — VCC

Figure 3. 33689D 32-SOICW Terminal Connections

Table 2. 33689D 32-SOICW Terminal Definitions
A functional description of each terminal can be found in the EUNCTIONAL TERMINAL DESCRIPTION section beginning on

page 20.
Terminal Terminal Formal Name Terml_nal Definition
Name Function
1,3, 14 NC No Connect N/A No internal connection to these terminals.
2,4 L1,L2 Level Inputs 1 and 2 Input Inputs from external switches or from logic circuitry.
5-7 HS3-HS1 High-Side Driver Output High-side (HS) drive power outputs. SPI-controlled for driving system
Outputs 3 through 1 loads.
8,9, 24,25 TGND Thermal Ground N/A Thermal ground terminals for the device.
10 VS2 Voltage Supply 2 Input Supply terminal for the high-side switches HS1, HS2, and HS3.
1 LIN LIN Bus Input/Output | Bidirectional terminal that represents the single-wire bus transmitter and
receiver.
12 GND Ground N/A Electrical ground terminal for the device.
13 VS1 Voltage Supply 1 Input Supply terminal for the 5.0 V regulator, the LIN physical interface, and the
internal logic.
15 VDD 5.0 V Regulator Output Output of the 5.0 V regulator.
Output
16 AGND Analog Ground N/A Analog ground terminal for voltage regulator and current sense
operational amplifier.
17 VCC Power Supply In Input 5.0 V supply for the internal current sense operational amplifier.
18 ouT Amplifier Output Output Output of the internal current sense operational amplifier.
19 E- Amplifier Inverted Input Inverted input of the internal current sense operational amplifier.
Input
20 E+ Amplifier Non-Inverted Input Non-inverted input of the internal current sense operational amplifier.
Input
21 wDC Watchdog Reference | Configuration terminal for the watchdog timer.
Configuration
(Active Low)
33689
Analog Integrated Circuit Device Data
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TERMINAL CONNECTIONS

Table 2. 33689D 32-SOICW Terminal Definitions (continued)
A functional description of each terminal can be found in the EUNCTIONAL TERMINAL DESCRIPTION section beginning on

page 20.
Terminal Terminal Formal Name Terml_nal Definition
Name Function
22 RST Reset Output Output 5.0 V regulator and watchdog reset output terminal.
(Active LOW)
23 IN PWM Input Control Input External input PWM control terminal for high-side switches HS1 and HS2.
26 SCLK Serial Data Clock Input Clock input for the SPI of the 33689.
27 MOSI Master Out Slave In Input SPI data received by the 33689.
28 MISO Master In Slave Out Output SPI data sent to the MCU by the 33689. When CS is HIGH, terminal is in
the high-impedance state.
29 [ Chip Select Input SPI control chip select input terminal.
(Active LOW)
30 INT Interrupt Output Output This output terminal reports faults to the MCU when an enabled interrupt
(Active LOW) condition occurs.
31 RXD Receiver Output Output Receiver output of the LIN interface and reports the state of the bus
voltage.
32 TXD Transmitter Input Input Transmitter input of the LIN interface and controls the state of the bus
output.

33689
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MAXIMUM RATINGS

MAXIMUM RATINGS

Table 3. Maximum Ratings for 33689D

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

Ratings Symbol Value Unit
Electrical Ratings
VpwRr Supply Voltage at VS1 and VS2 \
Continuous Vsupbc -0.3t0 27
Transient (Load Dump) VsupPTR 40
Supply Voltage at VDD and VCC Vpp -0.3t05.5 \
Output Current at VDD Ibp Internally Limited A
Logic Input Voltage at MOSI, SCLK, CS, IN, and TXD VINLOG -0.3to Vpp+0.3 Vv
Logic Output Voltage at MISO, INT, RST, and RXD VouTLoG -0.3to Vpp+0.3 \Y
Input Voltage at E+ and E- VE+/VE. -0.3t07.0 \Y
Input Current at E+ and E- le+/lg- +20 mA
Output Voltage at OUT Vout -0.3to Vgc+0.33 \
Output Current at OUT louT +20 mA
Input Voltage at L1 and L2 \%
DC Input with a 33 kQ Resistor Vixpe -18 to 40
Transient Input with External Component (per ISO7637 Specification) (See VIXTR
Figure 4, page 7) +100
Input/Output Voltage at LIN \
DC Voltage Vgusbpc -18 to 40
Transient Input Voltage with specified External Component (per ISO7637
Specification) (See Figure 4, page 7) VBUSTR -150 to 100
DC Output Voltage at HS1 and HS2 \%
Positive VhHs+ Vys2 + 0.3
Negative Vhs- Internally Clamped
DC Output Voltage at HS3 Vhs3 -0.3to Vygp+0.3
ESD Voltage, Human Body Model () VESD1
GND Configured as Ground. TGND and AGND Configured as I/O Terminals
(33689D)
LIN, L1, and L2 +4000
All Other Terminals +2000
ESD Voltage, Charge Device Model (33689D only) (@) VEsD2 v
Corner Terminals (Terminals 1, 16, 17, and 32) +750
All other Terminals (Terminals 2—15 and 18—31) +500
Notes

1. ESD1 testing is performed in accordance with the Human Body Model (Czpp = 100 pF, Rzap=1500 Q).
2. ESD?2 testing is performed in accordance with the Charge Device Model, Robotic (Czap =4.0 pF).

33689
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MAXIMUM RATINGS

Table 3. Maximum Ratings for 33689D (continued)

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

Ratings Symbol Value Unit
Thermal Ratings
Operating Temperature °C
Ambient Ta -40to 125
Junction Ty -40to 150
Storage Temperature TstG -55to 165 °C
Thermal Resistance, Junction-to-Ambient RgJa 80 °C/W
Peak Package Reflow Temperature During Solder Mounting ®) TSOLDER 240 °C

Notes
3. Terminal soldering temperature is for 10 seconds maximum duration. Not designed for immersion soldering. Exceeding these limits may
cause permanent damage to the device.

33689
1.0nF Transient Pulse
Generator
LIN, L1, L2 —AM— —— (Note)
10 kQ
GND
GND TGND AGND J_

[

Note Waveform per ISO 7637-1. Test Pulses 1, 2, 3a, and 3b.

Figure 4. 1SO 7637 Test Setup for LIN, L1, and L2 Terminals
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STATIC ELECTRICAL CHARACTERISTICS

STATIC ELECTRICAL CHARACTERISTICS

Table 4. Static Electrical Characteristics for 33689D

Characteristics noted under conditions 5.5V < Vg p <18V, -40°C < T, <125°C, GND = 0.0 V unless otherwise noted.
Typical values noted reflect the approximate parameter means at T, = 25°C under nominal conditions unless otherwise noted.

Characteristic Symbol Min Typ Max Unit

VS1 and VS2 Input Terminals (Device Power Supply)

Supply Input Voltage \%
Nominal DC Vsup 55 — 18
Load Dump VsupLD — — 40
Jump Start @ VsupJs - — 27

Supply Input Current ) |
Normal Mode, Iyt at VDD = 10 mA, LIN Recessive State SUP(NORM) — 5.0 8.0 mA
Sleep Mode, VDD OFF, Vg p<13.5V IsLeep — 35 45 HA
Stop Mode, VDD ON with gyt < 100 pA, Vgup < 13.5V IsToP — 60 75 HA

Input Threshold Voltage (Normal Mode, Interrupt Generated) \
Fall Early Warning, Bit VSUV Set Vsuvew 5.7 6.1 6.6
Overvoltage Warning, Bit VSOV Set Vsovw 18 19.75 20.5

Hysteresis (©) Vhys
VSUV Flag — 1.0 - \
VSOV Flag — 220 — mv

VDD Output Terminal (External 5.0 V Output for MCU Use) ™

Output Voltage VbpouT v
Ipp from 2.0 mA to 50 mA, 5.5V < Vgyp <27 V 4.75 5.0 5.25

Dropout Voltage ®) VDbDDROP \
IDD =50 mA —_— 0.1 0.2

Output Current Limitation () Ipb 50 120 200 mA

Overtemperature Pre-warning (Junction) TprE °C
Normal Mode, Interrupt Generated, Bit VDDT Set 120 135 160

Thermal Shutdown (Junction) Tsp °C
Normal Mode 165 170 —

Notes
4. Device is fully functional. All features are operating. An overtemperature fault may occur.
5. Total current (lygq + lysp) at VS1 and VS2 terminals is measured at the ground terminals.
6. Parameter guaranteed by design; however, it is not production tested.
7. Specification with external capacitor 2.0 uF < C <10 puF and 200 mQ < ESR < 10 Q. Normal mode. Low ESR electrolytic capacitor values
up to 47 uF can be used.
Measured when the voltage has dropped 100 mV below its nominal value.
9. Internally limited. Total 5.0 V regulator current. A 5.0 mA current for the Current Sense Operational Amplifier operation is included.
Digital outputs are supplied from VDD.

®

33689

Analog Integrated Circuit Device Data
8 Freescale Semiconductor

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4578503/MC33689DDWBR2.html

STATIC ELECTRICAL CHARACTERISTICS

Table 4. Static Electrical Characteristics for 33689D (continued)

Characteristics noted under conditions 5.5V < Vg p <18V, -40°C < Tp <125°C, GND = 0.0 V unless otherwise noted.
Typical values noted reflect the approximate parameter means at T = 25°C under nominal conditions unless otherwise noted.

Characteristic | Symbol Min Typ Max Unit
VDD Output Terminal (5.0 V Output for MCU Use) (continued) (1%)

Temperature Threshold Difference TpiEe °C
Normal Mode (Tgp - Tprg) 20 30 40

Vsyup Range for Reset Active Vsupr \%
0.5V <Vpp < Vpp (VRSTTH) 40 - -

Line Regulation VIR1 mV
55V <Vgyp<27V,Ipp=10mA — 20 150

Load Regulation VD1 mV
1.0 mA < Ipp <50 mA — 10 150

VDD Output Terminal in Stop Mode

Output Voltage (") Vbbs \
Ipp < 2.0 mA 4.75 5.0 5.25

Output Current Capability ('2) Ibbs 4.0 8.0 14 mA

Line Regulation ViRs mV
5.5V < Vgyp <27V, Ipp =2.0 mA — 10 100

Load Regulation Vips mV
1.0 MA < Ipp < 5.0 mA — 40 150

RST Output Terminal in Normal and Stop Modes

Reset Threshold Voltage VRSTTH 4.5 4.7 Vpp-0.2 \

Low-Level Output Voltage VoL Y,
IO =1.5mA, 45V < VSUP <27V 0.0 — 0.9

High-Level Output Current loH HA
0.0V < Vout <0.7Vpp — -275 —

Reset Pulldown Current IpPDRST mA
Internally Limited, Vpp <4.0V, VRgT=4.6 V 1.5 — 8.0

IN Input Terminal

Low-Level Input Voltage Vi -0.3 — 0.3Vpp \%
High-Level Input Voltage ViH 0.7Vpp — Vpp +0.3 \%
Input Current IIN HA
0.0V <V|n<Vpp -10 — 10
Notes

10. Specification with external capacitor 2.0 uF < C <10 puF and 200 mQ < ESR < 10 Q. Normal mode. Low ESR electrolytic capacitor values
up to 47 uF can be used.

11.  When switching from Normal mode to Stop mode or from Stop mode to Normal mode, the voltage can vary within the output voltage
specification.

12. When Ipp is above Ippg, the 33689 enters the Reset mode.

33689
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STATIC ELECTRICAL CHARACTERISTICS

Table 4. Static Electrical Characteristics for 33689D (continued)

Characteristics noted under conditions 5.5V < Vg p <18V, -40°C < Tp <125°C, GND = 0.0 V unless otherwise noted.
Typical values noted reflect the approximate parameter means at T = 25°C under nominal conditions unless otherwise noted.

Characteristic | Symbol Min Typ Max Unit
MISO SPI Output Terminal
Low-Level Output Voltage VoL Vv
IOUT= 1.5mA 0.0 —_— 1.0
High-Level Output Voltage VoH \%
IOUT =250 MA VDD -0.9 — VDD
Tri-Stated MISO Output Leakage Current Ihz HA
0.0 V<Vmiso < Vop -2.0 — 2.0
MOSI, SCLK, CS SPI Input Terminals
Low-Level Input Voltage ViL -0.3 — 0.3Vpp \Y
High-Level Input Voltage ViH 0.7 Vpp — Vpp +0.3 \%
Pullup Input Current on CS lpucs HA
Ves=4.0V -100 — -20
MOSI, SCLK Input Current N HA
0'0V<V|N<VDD -10 — 10
INT Output Terminal
Low-Level Output Voltage VoL \%
lo=15mA 0.0 — 0.9
High-Level Output Voltage VoH Vv
lo=-250 uA Vpp-0.9 — Vbp
WDC Terminal
External Resistor Range Rext 10 — 100 kQ ‘
HS1 and HS2 High-Side Output Terminals
Output Clamp Voltage VoL \%
IOUT= -100 mA -6.0 — —
Output Drain-to-Source ON Resistance Rps(on) Q
Ta =25°C, IgyT -150 mA — 2.0 2.5
TA = 125°C, lOUT -150 mA - - 4.5
Tp = 125°C, IguT -120 mA - 3.0 4.0
Output Current Limitation ILm 300 430 600 mA
Overtemperature Shutdown (13) TotsD 155 - 190 °C
Output Leakage Current ILEAK — — 10 HA

Notes

13.  When overtemperature occurs, switch is turned off and latched off. Flag is set in SPI Register. Refer to description on page 27.

33689
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STATIC ELECTRICAL CHARACTERISTICS

Table 4. Static Electrical Characteristics for 33689D (continued)

Characteristics noted under conditions 5.5V < Vg p <18V, -40°C < Tp <125°C, GND = 0.0 V unless otherwise noted.
Typical values noted reflect the approximate parameter means at T = 25°C under nominal conditions unless otherwise noted.

Characteristic | Symbol Min Typ Max Unit

HS3 High-Side Output Terminal
Output Drain-to-Source ON Resistance RDS(ON) Q

Ta =25°C, lgyT -50 mA — 55 7.0

Tp =125°C, lgyT -50 mA - — 10

Ta = 125°C, loyT -30 MA - 10 14
Output Current Limitation ILim 60 100 200 mA
Overtemperature Shutdown (14 Totsp 155 — 190 °C
Output Leakage Current ILEAK — — 10 HA

OUT, E+, and E- Terminals at Current Sense Operational Amplifier

Input Voltage — Rail-to-Rail at E+ and E- Vime -0.1 — Vg +0.1 \
Output Voltage Range at OUT Vout

With +1.0 mA Output Load Current 0.1 — Vee-0.1

With +5.0 mA Output Load Current 0.3 — Vee-0.3
Input Bias Current Ig — — 250 nA
Input Offset Voltage Vio -15 — 15 mV
Input Offset Current lo -100 — 100 nA

L1 and L2 Input Terminals

Low-Voltage Detection Input Threshold Voltage VTHL \%
55V <Vgyp<6.0V 2.0 2.5 3.0
6.0V<Vgyp<18V 2.5 3.0 3.5
18V<VSUP<27V 2.7 3.2 3.7

High-Voltage Detection Input Threshold Voltage VTHH \
55V <Vgyp<6.0V 2.7 3.3 3.8
6'0V<VSUP <18V 3.0 4.0 4.5
18V<VSUP<27V 3.5 4.2 4.7

Input Hysteresis Vyys \%
55V <Vgyp<27V 0.5 — 13

Input Current IIN HA
-02V<Vy<40V -10 — 10

Notes

14.  When overtemperature occurs, switch is turned off and latched off. Flag is set in SPI Register. Refer to description on page 27.

33689
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STATIC ELECTRICAL CHARACTERISTICS

Table 4. Static Electrical Characteristics for 33689D (continued)

Characteristics noted under conditions 5.5V < Vg p <18V, -40°C < Tp <125°C, GND = 0.0 V unless otherwise noted.
Typical values noted reflect the approximate parameter means at T = 25°C under nominal conditions unless otherwise noted.

Characteristic | Symbol Min Typ Max Unit
RXD Output Terminal (LIN Physical Layer)
Low-Level Output Voltage VoL \Y
IOUT < 1.5mA 0.0 —_— 0.9
High-Level Output Voltage VoH \Y
louT € 250 pA 3.75 — 5.25
TXD Input Terminal (LIN Physical Layer)
Low-Level Input Voltage ViL — — 1.5 Y,
High-Level Input Voltage VIH 3.5 — —
Input Hysteresis VINHYS 50 145 300 mV
Pullup Current Source lpuTXD A
1.0V<VTXD <35V -100 — -20
LIN Physical Layer, Transceiver
Transceiver Output Voltage \
Dominant State, TXD LOW, External Bus Pullup 500 Q VLiNDoMm — — 1.4
Recessive State, TXD HIGH, Igyt = 1.0 pA VLINREC Vgup-1.0 — —
Pullup Resistor to VSUP Rpy kQ
In Normal Mode and in Sleep and Stop Modes When Not Disabled by
SPI 20 30 47
Pullup Current Source lpPULIN HA
In Sleep and Stop Modes When Pullup Disabled by SPI — 1.3 —
Output Current Shutdown Threshold louTsp 50 75 150 mA
Leakage Output Current to GND IBUSLEAK
V81 and VS2 Disconnected, V| |\ = 18 V — 1.0 10 HA
Recessive State, 8.0V < Vgup < 18V, 8.0V <V < 18V 0.0 3.0 20 HA
GND Disconnected, Vgnp = Vsup, VLN = -18 V -1.0 — 1.0 mA
LIN Physical Layer, Receiver
Receiver Input Threshold Voltage Vsup
Dominant State, TXD HIGH, RXD LOW VBusDOM 0.0 — 0.4
Recessive State, TXD HIGH, RXD HIGH VBUSREC 0.6 — 1.0
Center (Vgyspom-VBusrec)/ 2 VBUSCNT 0.475 0.5 0.525
Hysteresis (VBUSDOM 'VBUSREC) VBUSHYS — — 0.175
Bus Wake-Up Threshold VBuswu — 0.5 — Vsup

33689
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DYNAMIC ELECTRICAL CHARACTERISTICS

DYNAMIC ELECTRICAL CHARACTERISTICS

Table 5. Dynamic Electrical Characteristics for 33689D

Characteristics noted under conditions 5.5V < Vg p <18V, -40°C < Tp <125°C, GND = 0.0 V unless otherwise noted.
Typical values noted reflect the approximate parameter means at T, = 25°C under nominal conditions unless otherwise noted.

Characteristic Symbol Min Typ Max Unit
SPI Interface Characteristics
SPI Operation Frequency fsp| 0.25 — 4.0 MHz
SCLK Clock Period tpscLk 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 CS Rising Edge tiac 100 — N/A ns
MOSI to Falling Edge of SCLK (Data Setup Time) tsisu) 40 — N/A ns
Falling Edge of SCLK to MOSI (Data Hold Time) tsiHoLD) 40 — N/A ns
MISO Rise Time (19 trso ns
C_ =220 pF — 25 50
MISO Fall Time (19 trso ns
C_ =220 pF — 25 50
Time from Falling or Rising Edge of CS to: (19 ns
MISO Low Impedance (Enable) tSO(EN) 0.0 - 50
MISO High Impedance (Disable) tso(ois) 0.0 — 50
Time from Rising Edge of SCLK to MISO Data Valid (19 tvaLip ns
0.2 Vpp < MISO 2 0.8 Vpp, C, = 100 pF 0.0 — 50

RST Output Terminal in Normal and Stop Modes

Reset Duration After VDD HIGH tDURR—ST‘ 0.65 | 1.0 ‘ 1.35 | ms ‘

WDC Terminal

Watchdog Period Accuracy Using an External Resistor (Excluding Resistor ACCwypc -15 — 15 %
Tolerances) (10)

Watchdog Time Period (18) twoc ms
10 kQ External Resistor — 10.558 —
100 kQ External Resistor — 99.748 —
No External Resistor, WDC Open, Normal Mode 107 160 215

Notes
15. Parameter guaranteed by design; however, it is not production tested.
16. Watchdog time period calculation formula: tyypc = 0.991 * R + 0.648 (R in kQ and tyypc in ms).

33689

Analog Integrated Circuit Device Data
Freescale Semiconductor 13

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4578503/MC33689DDWBR2.html

DYNAMIC ELECTRICAL CHARACTERISTICS

Table 5. Dynamic Electrical Characteristics for 33689D (continued)

Characteristics noted under conditions 5.5V < Vg p <18V, -40°C < Tp < 125°C, GND = 0.0 V unless otherwise noted.
Typical values noted reflect the approximate parameter means at T = 25°C under nominal conditions unless otherwise noted.

Characteristic ‘ Symbol Min Typ Max Unit
Current Sense Operational Amplifier
Supply Voltage Rejection Ratio an SVR 60 - - dB
Common Mode Rejection Ratio (17) CMR 70 - — dB
Gain Bandwidth (17) GBP 1.0 — — MHz
Output Slew Rate SR 0.5 — — Vlius
Phase Margin PHMO 40 — — deg.
Open Loop Gain (17) OLG - 85 — dB
L1 and L2 Input Terminals
Wake-Up Filter Time (17) ‘ twur ‘ 8.0 | 20 ‘ 38 | us ‘
State Machine Timing
Delay Between CS LOW-to-HIGH Transition (at End of SPI Stop Command) tsTop us
and Stop Mode Activation (17)
Minimum Watchdog Period 14 o 5.0
No Watchdog Selected 6.0 - 30
Maximum Watchdog Period 12 — 50
Interrupt Low-Level Duration tUiNT 7.0 10 13 us
Internal Oscillator Frequency Accuracy (All Modes, for Information Only) fosc -35 — 35 %
Normal Request Mode Time-Out (Normal Request Mode) tNRTOUT 97 150 205 ms
Delay Between SPI Command and HS1 or HS2 Turn On (18): (19) tsHsoN us
Normal Mode, VSUP >9.0V, VHS >0.2 Vvsz - - 20
Delay Between SPI Command and HS1 or HS2 Turn Off (18): (19) tsHsOFF us
Normal Mode, Vgyp > 9.0 V, Vg < 0.8 Vygo — — 20
Delay Between SPI Command and HS3 Turn On (18) (20) tsHsoN us
Normal Mode, Vgyp > 9.0 V, Vg > 0.2 Vg — — 20
Delay Between SPI Command and HS3 Turn Off (18) (20) tSHSOFF us
Normal Mode, VSUP >90V, VHS <0.8 VVSZ - — 20
Delay Between Normal Request and Normal Mode After a Watchdog Trigger |  tsnran 7.0 15 30 us
Command (Normal Request Mode) (17)
Delay Between CS Wake-Up (CS LOW to HIGH) in Stop Mode and: us
Normal Request Mode, VDD ON and RST HIGH twucs 15 40 80
First Accepted SPI Command twuspl 90 — N/A
Delay Between Interrupt Pulse in Stop Mode After Wake-Up and First tsisTspi 30 - N/A us
Accepted SPI Command
Minimum Time Between Rising and Falling Edge on the CS tocs 15 — — us

Notes
17. Parameter guaranteed by design; however, it is not production tested.
18.  When IN input is set to HIGH, delay starts at falling edge of clock cycle #8 of the SPI command and start of device activation/deactivation.
30 mA load on high-side switches. Excluding rise or fall time due to external load.
19.  When IN is used to control the high-side switches, delays are measured between IN and HS1 or HS2 ON/OFF. 30 mA load on high-side
switches, excluding rise or fall time due to external load.
20. Delay between turn on or turn off command and HS ON or HS OFF, excluding rise or fall time due to external load.
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DYNAMIC ELECTRICAL CHARACTERISTICS

Table 5. Dynamic Electrical Characteristics for 33689D (continued)

Characteristics noted under conditions 5.5V < Vg p <18V, -40°C < Tp < 125°C, GND = 0.0 V unless otherwise noted.
Typical values noted reflect the approximate parameter means at T = 25°C under nominal conditions unless otherwise noted.

Characteristic ’ Symbol Min Typ Max Unit

LIN Physical Layer: Bus Driver Timing Characteristics for Normal Slew Rate 1)

Propagation Delay TXD to LIN (22) us
Dominant State Minimum Threshold (50% TXD to 58.1% Vgyp) tDoMMIN - - 50
Dominant State Maximum Threshold (50% TXD to 28.4% Vgyp) tbommax — — 50
Recessive State Minimum Threshold (50% TXD to 42.2% Vgyp) tRECMIN — — 50
Recessive State Maximum Threshold (50% TXD to 74.4% Vgp) trReCMAX — — 50
Propagation Delay Symmetry us
toommIn - tRECMAX dtis -10.44 — —
toommax - tRecmIN dizs - - "
LIN Physical Layer: Bus Driver Timing Characteristics for Slow Slew Rate 21
Propagation Delay TXD to LIN (23) us
Dominant State Minimum Threshold (50% TXD to 61.6% Vgyp) tDoMMIN - - 100
Dominant State Maximum Threshold (50% TXD to 25.1% Vgyp) tbommax — — 100
Recessive State Minimum Threshold (50% TXD to 38.9% Vgp) tRECMIN — — 100
Recessive State Maximum Threshold (50% TXD to 77.8% Vgp) trReCMAX — — 100
Propagation Delay Symmetry us
toommin - tRecMAX dtis -22 - —
tbommax - tRECMIN dizs - - 23
LIN Physical Layer: Bus Driver Fast Slew Rate
‘ LIN High Slew Rate (Programming Mode) dv/dt Fast ‘ — | 13 ‘ — | Vius ‘
LIN Physical Layer, Transceiver
‘ Output Current Shutdown Delay 24) touTtpLy - 10 - us ‘

Notes
21. 7.0V <Vgyp <18V, bus load CO and RO 1.0 nF/1.0 kQ, 6.8 nF/660 Q, 10 nF/500 Q. 50% of TXD signal to LIN signal threshold. See
Figure 5, page 17.
22. See Figure 7, page 18.
23. See Figure 8, page 18.
24. Parameter guaranteed by design; however, it is not production tested.
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DYNAMIC ELECTRICAL CHARACTERISTICS

Table 5. Dynamic Electrical Characteristics for 33689D (continued)

Characteristics noted under conditions 5.5V < Vg p <18V, -40°C < Tp < 125°C, GND = 0.0 V unless otherwise noted.
Typical values noted reflect the approximate parameter means at T = 25°C under nominal conditions unless otherwise noted.

Characteristic ‘ Symbol Min Typ Max Unit
LIN Physical Layer: Receiver Characteristics and Wake-Up Timings
Propagation Delay LIN to RXD (25) us
Dominant State (LIN LOW to RXD LOW) trRoOM — 3.0 6.0
Recessive State (LIN HIGH to RXD HIGH) trRrEC — 3.0 6.0
Symmetry (trpom - tRREC) trRsym -2.0 — 2.0
Bus Wake-Up Deglitcher (Sleep and Stop Modes) (%8) tproOPWL 30 70 90 us
Bus Wake-Up Event Reported us
From Sleep Mode ?7) twu - 30 —
From Stop Mode (28) twu - 20 -

Notes

25. Measured between LIN signal threshold V\_ or Vg and 50% of RXD signal.

26. See Figures 9 and 10, page 19.

27. tyy is typically 2 internal clock cycles after a LIN rising edge is detected. In Sleep Mode, the measurement is done without a capacitor
connected to the regulator. The delay is measured between the Vgp/2 rising edge of the LIN bus and when Vpp reaches 3.0 V. The
Vpp rise time is strongly dependent upon the decoupling capacitor at Vpp terminal. See Figure 9, page 19.

28. tyy is typically 2 internal clock cycles after a LIN rising edge is detected. In Stop Mode, the delay is measured between the Vgyp/2
rising edge of the LIN bus and the falling edge of the INT terminal. See Figure 10, page 19.
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TIMING DIAGRAMS

TIMING DIAGRAMS

VPwr

33689
VS1/VS2

—TXD R0O/CO0 Combinations:
1.0 kQ/1.0 nF
— RXD 660 Q/6.8 nF
LIN 500 Q/10 nF

GND TGND AGND| | & CO

I

Figure 5. Test Circuit for Timing Measurements

| tpscLk

I —
\ | | \ |
I

| ' twscLkH
tLEAD |l
20, |

| tiag |
SCLK | ) | / / ™
/ |

|
| [ twscike | |
 —r
| | 1 tsisu) ||tSI(HOLI:|)) : |
| | ¢ ’ 11
| | | 1 |
MOSI | Undefined >< DI O >< Don’t Care >< DI7 >< Don’t Care
|
ItyaLip !
: t Itso(is)
SOEN) | |—>
|

iSO | < DO O >< / >< DO7 | >—

Note Incoming data at MOSI terminal is sampled by the 33689 at SCLK falling edge. Outgoing data at MISO is set by the 33689
at SCLK rising edge (after ty p delay time).

Figure 6. SPI Timing Characteristics
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TIMING DIAGRAMS

TXD
Recessive State

VLINREC

|
|
tbommin —»
LIN : - 40% VSUP
I
| N - 28.4% Vgup |
|
—> -
" tpommax I Dominant State :
| tRecMIN |
| |
RXD | |
| tRDOM ! tRREC
) |
| | | |
Figure 7. Timing Characteristics for Normal LIN Output Slew Rate
TXD

Recessive State

|
| t
VL|NREC | | RECMAX |
- 77.8% V.
| N - 61.6% Vsyp | Su
tpommin —» |
| |
LIN /| 38.9% V.
. (o]
| N_ - 25.1% Vgup | | SuP
| | ||
“—>

It ! Dominant State | |

DOMMAx: > |

| trecmiN |

RXD | |
| | I |
| tRDOM | | tRREC |
| |

| |
Figure 8. Timing Characteristics for Slow LIN Output Slew Rate
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Recessive State

Recessive State

TIMING DIAGRAMS

VLINREC VLINREC

LINY. 0.4vgyp LIN1 04vgye
| Dominant Level | | Dominant State |

vop | | /_ iNT | !
| | ' | |
| | | | | |
| tproPWL : | twu | | tproPWL | | twu |
I~ 'I | | N '| | ¢ > |

Figure 9. LIN Bus Wake-Up Behavior, Sleep Mode Figure 10. LIN Bus Wake-Up Behavior, Stop Mode
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FUNCTIONAL DESCRIPTION FOR 33689D
INTRODUCTION

FUNCTIONAL DESCRIPTION FOR 33689D

INTRODUCTION

A System Basis Chip (SBC) is a monolithic IC combining
many functions found in standard microcontroller-based
systems; e.g., power management, communication interface,
system protection, and diagnostics.

The 33689 is a SPI-controlled SBC combining many
functions with a LIN transceiver for slave node applications.
The 33689 has a 5.0 V, 50 mA regulator with undervoltage
reset, output current limiting, overtemperature pre-warning,
and thermal shutdown. An externally selectable timing
Window Watchdog is also included.

The LIN transceiver has waveshaping that can be disabled
when high data rates are warranted. A single 50 mA and two
150 mA fully protected high-side switches with output
clamping are available for switching inductive or resistive
loads. The 150 mA switches are PWM capable.

Two high-voltage inputs can be used to monitor switches
or provide external wake-up. An internal current sense
operational amplifier is available for load current monitoring.

FUNCTIONAL TERMINAL DESCRIPTION

LEVEL 1 AND LEVEL 2 INPUT TERMINALS
(L1 AND L2)

These terminals are used to sense external switches and
to wake up the 33689 from Sleep or Stop mode. During
Normal mode, the state of these terminals can be read
through the SPI Register. (Refer to the section entitled SP1.
Interface and Register Description on page 25 for information
on the SPI Register.)

HIGH-SIDE DRIVER OUTPUT TERMINALS 1 AND 2
(HS1 AND HS2)

These two high-side switches are able to drive loads such
as relays or lamps. They are protected against overcurrent
and overtemperature and include internal clamp circuitry for
inductive load protection. Switch control is done through
selecting the correct bit in the SPI Register. HS1 and HS2
can be PWM-ed if required through the IN input terminal. The
internal circuitry that drives both high-side switches is an
AND function between the SPI bit HS1 (or HS2) and the IN
input terminal.

If no PWM control is required, the IN terminal must be
connected to the VDD terminal.

HIGH-SIDE DRIVER OUTPUT TERMINAL 3 (HS3)

This high-side switch can be used to drive small lamps,
Hall sensors, or switch pullup resistors. Control is done
through the SPI Register only.

No direct PWM control is possible on this terminal.

This high-side switch features current limit to protect it
against overcurrent and short circuit conditions. It is also
protected against overtemperature.

VOLTAGE SUPPLY TERMINALS 1 AND 2
(VS1 AND VS2)

The 33689 is supplied from a battery line or other supply
source through the VS1 and VS2 terminals. An external diode
is required to protect against negative transients and reverse

33689

battery. The 33689 can operate from 4.5 V and under the
jump start condition at 27 VV DC. Device functionality is
guaranteed down to 4.5V at VS1 and VS2 terminals. These
terminals sustain standard automotive voltage conditions
such as load dump at 40 V.

LIN BUS TERMINAL (LIN)

The LIN terminal represents the single-wire bus
transmitter and receiver. It is suited for automotive bus
systems and is based on the LIN bus specification.

VOLTAGE SOURCE TERMINAL (VDD)

The VDD terminal is the 5.0 V supply terminal for the MCU
and the current sense operational amplifier.

CURRENT SENSE OPERATIONAL AMPLIFIER
TERMINALS (E+, E-, VCC, AND OUT)

These are the terminals of the single-supply current sense
operational amplifier.

* The E+ and the E- input terminals are the non-inverting
and inverting inputs of the current sense operational
amplifier, respectively.

+ The OUT terminal is the output terminal of the current
sense operational amplifier.

+ The VCC terminal is the +5.0 V single-supply connection
for the current sense operational amplifier.

The current sense operational amplifier is enabled in
Normal mode only.

WATCHDOG CONFIGURATION TERMINAL (WDC)

The WDC terminal is the configuration terminal for the
internal watchdog. A resistor is connected to this terminal.
The resistor value defines the watchdog period. If the
terminal is left open, the watchdog period is fixed to its default
value (150 ms typical). If no watchdog function is required,
the WDC terminal must be connected to GND.
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RESET OUTPUT TERMINAL (RST)

The RST terminal is the 5.0 V regulator and Watchdog
reset output terminal.

PWM INPUT CONTROL TERMINAL (IN)

The IN terminal is the external PWM control terminal for
the HS1 and HS2 high-side switches.

SERIAL DATA CLOCK TERMINAL (SCLK)

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

MASTER OUT SLAVE IN TERMINAL (MOSI)

The MOSI terminal receives SPI data from the MCU. This
data input is sampled on the positive edge of SCLK.

MASTER IN SLAVE OUT TERMINAL (MISO)

The MISO terminal sends data to an SPI-enabled MCU.
Data on this output terminal changes on the negative edge of
the SCLK. When CS is HIGH, this terminal enters the high-
impedance state.

CHIP SELECT TERMINAL (CS)

The CS terminal is the chip select input terminal for SPI
use. When this signal is high, SPI signals are ignored.
Asserting this terminal LOW starts an SPI transaction. The
transaction is completed when this signal returns HIGH.

INTERRUPT OUTPUT TERMINAL (INT)

The INT terminal is used to report 33689 faults to the MCU.
Interrupt pulses are generated for:

» Voltage regulator temperature pre-warning

FUNCTIONAL DESCRIPTION FOR 33689D
FUNCTIONAL TERMINAL DESCRIPTION

* HS1, HS2, or HS3 thermal shutdown
* VS1 or VS2 overvoltage (20 V typical)
+ V81 or VS2 undervoltage (6.0 V typical)

If an interrupt is generated, then when the next SPI read
operation is performed bit D7 in the SPI Register will be set
to logic [1] and bits D6:DO0 will report the interrupt source.

In cases of wake-up from the Stop mode, INT is set LOW
in order to signal to the MCU that a wake-up event from the
L1, L2, or LIN bus terminal has occurred.

RECEIVER OUTPUT TERMINAL (RXD)

The RXD terminal 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).

TRANSMITTER INPUT TERMINAL (TXD)

The TXD terminal 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).

GROUND TERMINALS (GND, TGND, AND AGND)
The 33689 has three different types of ground terminals.

« The GND terminal is the electrical ground terminal for the
device.

» The AGND is the analog ground terminal for the voltage
regulator and current sense operational amplifier.

» The four TGND terminals are the thermal ground terminals
for the device.
Important The GND, the AGND, and the four TGND

terminals must be connected together to a ground external to
the 33689.
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FUNCTIONAL DESCRIPTION FOR 33689D
FUNCTIONAL INTERNAL BLOCK DESCRIPTION

FUNCTIONAL INTERNAL BLOCK DESCRIPTION

WINDOW WATCHDOG

The window watchdog can be configured using an external
resistor at WDC terminal. The watchdog is cleared through
MODE1 and MODEZ2 bit in the SPI Register (refer to Table 2,
page 25; also refer to the section entitled FEUNCTIONAL
TERMINAL DESCRIPTION on page 20.

A watchdog clear is only allowed in the open window (see
Figure 1). If the watchdog is cleared in the closed window or
has not been cleared at the end of the open window, the
watchdog will generate a reset on the RST terminal and reset
the whole device.

Note The watchdog clear in Normal request mode
(150 ms) (first watchdog clear) has no window.

Window Closed.
No Watchdog Clear Allowed

Window Open
for Watchdog Clear

twoe * 50% twoe * 50%

Watchdog Period
twoe

Figure 1. Window Watchdog Operation

Window Watchdog Configuration

If the WDC terminal is left open, the default watchdog
period is selected (typ. 150 ms). If no watchdog function is
required, the WDC terminal must be connected to GND.

The watchdog timer’s period is calculated using the
following formula:

tiwwpc = 0.991 « R +0.648 (with R in kQ and tyypc in ms).

VDD VOLTAGE REGULATOR

The 33689 chip contains a low-power, low dropout voltage
regulator to provide internal power and external power for the
MCU. The on-chip regulator consist of two elements, the
main voltage regulator and the low-voltage reset circuit.

The VDD regulator accepts an unregulated input supply
and provides a regulated Vpp supply to all digital sections of

33689

the device. The output of the regulator is also connected to
the VDD terminal to provide the 5.0 V to the microcontroller.

Current Limit (Overcurrent) Protection

The voltage regulator has current limit to protect the device
against overcurrent and short circuit conditions.

Overtemperature Protection

The voltage regulator also features overtemperature
protection that has an overtemperature warning (Interrupt -
VDDT) and an overtemperature shutdown.

Stop Mode

During Stop mode, the Stop mode regulator supplies a
regulated output voltage. The Stop mode regulator has a
limited output current capability.

Sleep Mode

In Sleep mode, the voltage regulator external VDD is
turned off.

VDD VOLTAGE REGULATOR TEMPERATURE
PREWARNING

VDD voltage regulator temperature prewarning (VDDT) is
generated if the voltage regulator temperature is above the
Tpre threshold. It will set the VDDT bit in the SPI Register
and an interrupt will be initiated. The VDDT bit remains set as
long as the error condition is present.

During Sleep and Stop modes the VDD voltage regulator
temperature prewarning circuitry is disabled.

HIGH-SIDE SWITCH THERMAL SHUTDOWN

The high-side switch thermal shutdown HSST is
generated if one of the high-side switches HS1:HS3 is above
the HSST threshold. It will shutdown the corresponding high-
side switch and set the HSST flag in the SPI Register, and an
interrupt will be initiated. The HSST bit remains set as long as
the error condition is present. During Sleep and Stop modes
the high-side switch thermal shutdown circuitry is disabled.
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FUNCTIONAL DESCRIPTION FOR 33689D
FUNCTIONAL DEVICE OPERATION

FUNCTIONAL DEVICE OPERATION

OPERATIONAL MODES

As described below and depicted in Figure 1 below and NORMAL REQUEST MODE
Table 1 on page 24, the 33689 has three operational modes: Before entering in Normal Request Mode, the 33689 stays
Normal, Sleep, and Stop. Operational modes are controlled for 1 ms in Reset Mode. In this mode, the LIN bus can
by MODE1 and MODEZ2 bits in the SPI Register (refer to transmit and receive information.
Logic Commands and Registers on page 25). In additional,
there are two transitional modes: Reset and Normal Request.

RESET MODE

At power up, the 33689 switches automatically to Reset
Mode for 1 ms if Vpp goes high. If Vpp stays low, after
150 ms the 33689 goes in Sleep Mode.

VDD LOW (150 ms) Expired & VSUV Bit = Logic [0]

VDD HIGH & Reset Counter (1.0 ms) Expired & Watchdog Not Selected
VDD HIGH & Reset Counter (1.0 ms)
Expired & Watchdog Selected
»”  Normal
Reset (
¢ Request
A A A VDD LOW OR o
s (Normal Request s
5 Timeout Occurs 58
3 [150 ms] & Watchdog g 2
o Selected) =
o v
[~
3 [
@ Normal
VDD LOW OR (Watchdog ,
Power Fail & Watchdog Selected) 'y S %
Down S 5 g
s Z 2 3 £
QD & s 2 o]
283 E ag| ©
050 Qe ) Q
$o8| &s| 8| ¢
28| ®°°| sg| ®
=3
VDD LOW f
Stop v
Wake-Up
/ Sleep
Legend

Watchdog Selected: External resistor between WDC terminal and GND or WDC terminal open.
Watchdog Not Selected: WDC terminal connected to GND.

Watchdog Fail: Watchdog trigger occurs in closed window or no SPI Watchdog trigger command.
Stop Command: SPI stop command.

Sleep Command: SPI sleep request followed by SPI sleep command.

Wake-Up: L1 or L2 state change or LIN bus wake-up or CS rising edge.

Figure 1. 33689 Modes State Diagram
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FUNCTIONAL DESCRIPTION FOR 33689D
FUNCTIONAL DEVICE OPERATION

NORMAL MODE

In Normal Mode, the 33689 has slew rate and timing
compatible with the LIN protocol specification. The LIN bus
can transmit and receive information. The Vpp regulator is

ON and the watchdog function can be enabled.

SLEEP AND STOP MODE

To safely enter Sleep or Stop modes and to ensure that
these modes are not inadvertently entered due to noise
issues during SPI transmission, a dedicated sequence must
be sent twice: data with the bits controlling the LIN bus and

the device mode.

Table 1. Operational Modes and Associated Functions

Entering Sleep Mode

First and second SPI commands (with bit D6=1, D7=1,
D5 =0 or 1, D1=0, and D0=0) 11x00000 must be sent.

Entering Stop Mode

First and second SPI commands (with bit D6=1, D7=1,
D5 =0 or 1, D1=0, and D0O=1) 11x00001 must be sent.

Sleep or Stop modes are entered after the second SPI
command. Register bit D5 must be set accordingly.

Device Mode | YDP Voltage | Wake-Up RST Output Watchdog | 1oy Hs2 HS3 | LIN Interface | OPerational
Regulator Capabilities Function Amplifier
VDD: ON N/A LOW for 1.0 ms Disabled OFF Recessive only Not active
typical, then
Reset HIGH (if VDD
above threshold)
VDD: ON N/A HIGH. 150 ms timeout ON or OFF Transmit and Not active
Active LOW if if Watchdog receive
VDD enabled
Normal undervoltage
Request occurs and if
q Normal Request
timeout (if
Watchdog
enabled)
VDD: ON N/A HIGH. Window ON or OFF Transmit and Active
Active LOW if Watchdog if receive
VDD enabled
undervoltage
Normal occurs or if
Watchdog fail (if
Watchdog
enabled)
VDD: ON LIN and state | Normally HIGH. Disabled OFF Recessive state Not active
(Limited current change on Active LOW if with Wake
Stop capability) L1:L2 inputs VDD capability
undervoltage
occurs
VDD: OFF LIN and state LOW. Disabled OFF Recessive state Not active
(Setto 5.0V change on Go to HIGH after with Wake
Sleep after Wake-Up L1:L2 inputs Wake-Up and capability
to enter Normal VDD within
Request) specification
33689
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FUNCTIONAL DESCRIPTION FOR 33689D
FUNCTIONAL DEVICE OPERATION

LOGIC COMMANDS AND REGISTERS

SPI INTERFACE AND REGISTER DESCRIPTION

As shown in Figure 2, the SPI is an 8-bit SPI. All data is
sent as bytes. The MSB, D7, is sent first. The minimum time

During an SPI data communication, theitate of MISO
reports the state of the 33689 at time of a CS HIGH-to-LOW
transition. The status flags are latched at a CS HIGH-to-LOW

between two rising edges on the CS terminal is 15 us. transition.
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
M D7 D6 D5 | D4 D3 D2 D1 DO <M
Figure 2. Data Format Description
The following tables describe the SPI Register bits,
showing reset values and reset conditions.
Table 2. SPI Register Overview
Read/Write MSB Bits LSB
Information D7 D6 D5 D4 D3 D2 D1 DO
Write LINSL2 LINSL1 LIN-PU HS3 HS2 HS1 MODE2 MODE1
Read INTSRC (™ LINWU or VSOV VSUV or VDDT HSST L2 L1
LINFAIL BATFAIL®
Write Reset 0 0 0 0 0 0 — —
Value
Write Reset POR, POR, POR POR, POR, POR, — —
Condition RESET RESET RESET RESET RESET
Notes

1. D7 signals interrupt source. After interrupt occurs, if D7 is a logic [1] D6: D0 indicate the interrupt source. If D7 is a logic [0] no interrupt
has occurred and D6:DO0 report real-time status.
2. The first SPI read after a 33689 reset returns the BATFAIL status flag bit D4.

SPI Register: Write Control Bits

LINSL2 and LINSL1—LIN Baud Rate and Low-Power
Mode Pre-Selection Bits

These bits select the LIN slew rate and requested low-

Table 3. LIN Slew Rate Control and Device Low Power
Mode Pre-Selection Bits (D7 and D6)

power mode in accordance with Table 3. Reset clears the LINSL2 | LINSL1 Description
LINSL2:1 bits. 0 0 LIN slew rate normal
(baud rate up to 20 kbps)
0 1 LIN slew rate slow
(baud rate up to 10 kbps)
1 0 LIN slew rate fast (for program download,
baud rate up to 100 kbps)
1 1 Low power mode (Sleep or Stop mode)
request, no change in LIN slew rate
33689
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FUNCTIONAL DESCRIPTION FOR 33689D
FUNCTIONAL DEVICE OPERATION

LIN-PU—LIN Pullup Enable Bit

This bit controls the LIN pullup resistor during Sleep and
Stop modes in accordance with Table 4. Reset clears the
LIN-PU bit.

Table 4. LIN Pullup Termination Control Bit (D5)

LIN-PU Description
0 30 kQ pullup connected in Sleep and Stop mode
1 30 kQ pullup disconnected in Sleep and Stop mode

HS3:HS1—High-Side H3:HS1 Enable Bits

These bits enable the HS3:HS1 bits in accordance with
Table 5. Reset clears the HSx bit.

Note If no PWM on HS1 and HS2 is required, the IN
terminal must be connected to the VDD terminal.

Table 5. High-Side Switches Control Bits (D4, D3, and D2)

HS3 Description HS2 Description HS1 Description
0 HS3 OFF 0 HS2 OFF 0 HS1 OFF
1 HS3 ON 1 HS2 ON (if IN = 1) 1 HS1 ON (if IN=1)

MODE2 and MODE1—Mode Section Bits

The MODE2 and MODE1 bits control the 33689 operating

modes in accordance with Table 6.

Table 6. Mode Control Bits (D1 and D0)

To safely enter Sleep or Stop mode and to ensure that

these modes are not affected by noise issue during SPI

transmission, the Sleep/Stop commands require two SPI

transmissions.

Sleep Mode Sequence The Sleep command, as shown in

Table 7, must be sent twice.
MODE2 MODE1 Description
3 Table 7. Sleep Command Bits
0 0 Sleep mode @
LINSL2 | LINSL1 [ LIN-PU | HS3 | HS2 | HS1 | MODE2 | MODE1
0 1 Stop mode
1 1 X 0 0 0 0 0
1 0 Normal mode + Watchdog clear “) \
x = Don't care.
1 1 Normal mode
Not Stop Mode Sequence The Stop command, as shown in
otes

3. Special SPI command and sequence is implemented in
order to avoid going into Sleep or Stop mode with a single
8-bit SPI command. Refer to Tables 7 and 8.

4.  When alogic [0] is written to MODE1 bit while MODE2 bit
is written as a logic [1]. After the SPI command is
completed, MODE1 bit is set to logic [1] and the 33689
stays in Normal mode. In order to set the 33689 in Sleep
mode, both MODE1 and MODE2 bits must be written in
the same 8-bit SPlI command. The Watchdog clear on
Normal Request mode (150 ms) has no window.

33689

Table 8, must be sent twice.

Table 8. Stop Command Bits

LINSL2

LINSL1

LIN-PU

HS3

HS2

HS1

MODE2

MODE1

1

1

X

0

0

x = Don't care.
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SPI Register: Read Control Bits

INTSCR—Register Content Flags or Interrupt Source

The INTSCR bit, as shown in Table 9, indicates if the
register contents reflect the flags or an interrupt/wake-up

source.
Table 9. Interrupt Status (D7)
INTSCR Description
0 SPI word read reflects the flag state
1 SPI word read reflects the interrupt or wake-up
source

VSOV—Overvoltage Flag Bit, VSUV/BATFAIL—Under-
voltage Flag Bit, VDDT— VDD Voltage Regulator Status
Flag Bit, and HSST— High-Side Status Flag Bit

Table 11 indicates the register contents of the following

flags:

» VSOV flag is set on an overvoltage condition.

» VSUV/BATFAIL flag is set on an undervoltage condition.

» VDDT flag is set as pre-warning in case of an
overtemperature condition on the voltage regulator.

+ HSST flag is set on overtemperature conditions on one of

the high-side outputs.

FUNCTIONAL DESCRIPTION FOR 33689D
FUNCTIONAL DEVICE OPERATION

LINWU/LINFAIL—LIN Bus Status Flag Bit

This bit indicates a LIN wake-up condition or a LIN

overcurrent/overtemperature in accordance with Table 10.

Table 10. LIN Bus Status (D6)

LINWU/ Description
LINFAIL P
0 No LIN bus wake-up or failure
1 LIN bus wake-up occurred or LIN overcurrent/
overtemperature

Table 11. Over- and Undervoltage, VDD Voltage Regulator, and High-Side Status Flag Bits (D5, D4, D3, and D2)

Iy VSuv/ i o e
VSov Description BATFAIL Description vDDT Description HSST Description
0 Vsuyp below 19V 0 Vsyp above 6.0 V No overtemperature 0 HS
No overtemperature
1 Vgyp above 18 V 1 Vgyp below 6.0 V VDD overtemperature 1 HS1, HS2, or HS3
pre-warning OFF
(overtemperature)

L2 and L1— Wake-Up Inputs L2 and L1 Status Flag Bit
The L2 and L1 flags, as shown in Table 12, reflect the

status of the L2 and L1 input
up source.

terminals and indicate the wake-

Table 12. Switch Input Wake-Up and Real Time Status (D1 and D0)

L2

Description

L1

Description

L2 input LOW

0

L1 input LOW

L2 input HIGH or wake-up by L2
(first register read after wake-up)

L1 input HIGH or wake-up by L1
(first register read after wake-up)

33689
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TYPICAL APPLICATIONS

TYPICAL APPLICATIONS

The 33689 can be configured in several applications. Figure 3 shows the 33689 in the typical master node application.

o s
Vbb1 D1
I _ _ voD L S0V/S0mA| e . L vst R . |
- T ; Regulator T '
C4 C3 — Cc2 C1
RST . Reset | .
= = Control = =
I ) [
woc | i |
! s gt
R1 [ 9 T
- I | —
IN * — HS1
MOSI :E T
L gl —
P MISO Pl and | -
<« an HS2
SCE }IJ_." Mode 7
cs Control - =
>["-_, Pre-Driver |
< T L Hs3 -
T
& L R6
MCU | EXTINPUT T
_I__\/an C5 R7
R2 [ =i =3
1 L1
= R3 =
Cc7
= 02
vs1 [
d
< T RS2 L
[N LIN Bus
P LIN Physical Interface ?
) C6 f R8(1)
—_ —_ = d
J__ TGND | GND - L

Component Values
C1=47 uF
C2=C4=C5=100 nF
C3=10 uF

C6=220 pF
C7=4.7nF

Notes:

R1=33 kQ
R2 and R3 depend on the application

R4>5.0 kQ

R5=1.0 kQ

R6=10 kQ

R7=2.2 kQ

R8=Varistor type TDK AVR-M1608C270MBAAB(")

L1 = SMD Ferrite Bead-Type TDK MMZ2012Y202B(")

1. L1 and R8 are external components to improve EMC and ESD performances.
2. Freescale does not assume liability, endorse, or warrant components from external manufacturers that are referenced in circuit
drawings or tables. While freescale offers component recommendations in this configuration, it is the customer’s responsibility to

validate their application.

33689

Figure 3. 33689 in Typical Master Node Application
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PACKAGING DIMENSIONS

PACKAGING DIMENSIONS

Important For the most current revision of the package, visit www.freescale.com and do a keyword search on the 98A

drawing number below.

[103] ——>

30X

NOTES:

1. ALL DIMENSIONS ARE IN MILLIMETERS.

2. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1994.

3. DATUMS B AND C TO BE DETERMINED AT THE
PLANE WHERE THE BOTTOM OF THE LEADS
EXIT THE PLASTIC BODY.

A THIS DIMENSION DOES NOT INCLUDE MOLD
FLASH, PROTRUSION OR GATE BURRS. MOLD
FLASH, PROTRUSION OR GATE BURRS SHALL
NOT EXCEED 0.15 MM PER SIDE. THIS
DIMENSION IS DETERMINED AT THE PLANE

ERE THE BO'I'I'OM OF THE LEADS EXIT THE

"LPIN 11D

LARnnnAan

|
;
|
|
|
|
|
|
o
|
|
|
|
|
|
|

LAaan0

i

WH
PLASTIC BODY.
THIS DIMENSION DOES NOT INCLUDE
INTERLEAD FLASH OR PROTRUSIONS.
INTERLEAD FLASH AND PROTRUSIONS SHALL
NOT EXCEED 0.25 MM PER SIDE. THIS
DIMENSION IS DETERMINED AT THE PLANE
WHER OTTOM OF THE LEADS EXIT THE
PLASTIC BODY

A THIS DIMENSION DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL NOT CAUSE THE LEAD
WIDTH TO EXCEED 0.4 MM PER SIDE. DAMBAR
CANNOT BE LOCATED ON THE LOWER RADIUS
OR THE FOOT. MINIMUM SPACE BETWEEN
PROTRUSION AND ADJACENT LEAD SHALL NOT

LESS THAN 0.07 MM.

EXACT SHAPE OF EACH CORNER IS OPTIONAL.
THESE DIMENSIONS APPLY TO THE FLAT
SECTION OF THE LEAD BI?TWEEN 0.10 MM AND

r
!
i

2X 16 TIPS

o[o3[a]B[C]

0.3 MM FROM THE LEAD TIP.

A THE PACKAGE TOP MAY BE SMALLER THAN
THE PACKAGE BOTTOM. THIS DIMENSION IS
DETERMINED AT THE OUTERMOST EXTREMES
OF THE PLASTIC BODY EXCLUSIVE OF MOLD
FLASH, TIE BAR BURRS, GATE BURRS AND
INTER-LEAD FLASH, BUT INCLUDING ANY
MISMATCH BETWEEN THE TOP AND BOTTOM
OF THE PLASTIC BODY.

SEATING
PLANE

| (0.29) |«

N

0.25 ¢ —[03)

0.2
0.19

E 0.38

0.22

|€B|O.13@|C|A@|B|

SECTION A-A
ROTATED 90° CLOCKWISE

BASE METAL

RO 08 MIN

AP

SECTION B-B

PLATING

DWB SUFFIX
32-TERMINAL SOIC WIDE BODY
PLASTIC PACKAGE
98ARH99137A
ISSUE A
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MOTOROLA

SEMICONDUCTOR N

TECHNICAL DATA
Product Preview

System Basis Chip with
LIN transceiver

The LIN SBC is a monolithic integrated circuit combining many functions
frequently used by automotive LIN distributed slave nodes. It incorporates:

- Single voltage regulator with low power modes

- LIN physical interface.

- Wake up inputs.

- Triple high side driver

- Current sense op amp

*Vdd: Low drop voltage regulator, current limitation, over temperature
detection, monitoring and reset function, current capability 50mA.

* Programmable window watchdog

* Three operational modes (normal, stop and sleep modes)

* Low current consumption in sleep and stop modes

* LIN physical interface compatible with LIN standard.

» Two external high voltage wake-up inputs

* Dual high side switches, relay driver capability, internal clamp, PWM
capability.

* Single low current high side switch, 50mA capability for switch bias and hall
sensor supply

* Current sense amplifier

* Nominal DC operating voltage from 5.5 to 27V

* 40V maximum transient voltage

» Wake up capabilities (wake up inputs, LIN interface)

Simplified Block Diagram

Freescale Semiconductor, Inc

Order this document by
Rev: 2.71 Date: 15 Dec 2004

MC33689

LIN System basis chip

SILICON MONOLITHIC
INTEGRATED CIRCUIT

Pin out SO32WB fine pitch

Nc BH o 52 TX
L1 ] RX
NC B se INT
L2 0 le] CSB
Hs3 b 2] MISO
Hs2 [ 51 MOSI
Hs1 4 2] SCLK
T-GND [ l2s] T-GND
T-GND e <] T-GND
vs2 Lo sl N
LIN B Fo2] Reset
GND L2 2+ wdc
vs1 Gl Lol e+
NeC L] Lol e-
vdd L5l el Out
aGND Dred = Vee

Vbat Vs1

C
HS2 SPI and
— 1 Mode
L2 \__

L1

Voltage
Regulator

%
=
Reset
control

L1 Reset
Window | L

Watchdog

™

T

r
L

LIN

0

LIN Physical Interface

~ Gnd —aGnd

ORDERING INFORMATION

Device

Operating
Temperature Range

Package

MC33689DWB/R2

Ta = -40 to 125°C

SO-32
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Ratings Symbol Min Typ Max Unit
ELECTRICAL RATINGS
Supply Voltage at Vs1 and Vs2 \
- Continuous voltage Vsupdc -0.3 27
- Transient voltage (Load dump) Vsuptr 40
Supply Voltage Vdd and Vcc Vdd -0.3 5.5 \%
Logic Inputs: MOSI, SCK, CSB, IN, Tx Vinlog -0.3 Vdd+0.3 \Y
Logic output: MISO, INT, Rx, Reset Voutlog -0.3 Vdd+0.3 \%
Output current Vdd Idd Internally limited A
E+, E- input voltage Ve+- -0.3 7 \%
E+, E- input current le+- -20 20 mA
Out output voltage Vout -0.3 Vee+0.3 \%
Out output current lout -20 20 mA
L1 and L2
- DC Input voltage with a 33k resistor Vixdc -18V 40 \%
- Transient input voltage (according to ISO7637 Vixtr -100 +100 \%
specification) and with external component (see fig-
ure 1 below).
HS1 and HS2 output Vhs12 internally Vs2+0.3 \%

clamped

HS3 Vhs3 -0.3 Vs2+0.3 \Y
LIN \Y
- DC voltage Vbusdc -18 +40
Transient input voltage (according to ISO7637 Vbustr -150 +100
specification) and with external component (see fig-
ure 1 below).
ESD voltage (HBM 100pF, 1.5k) Vesdh kv
(GND, T-GND and aGND pins connected together
and configured as ground)
-LIN, L1, L2 -4 4
- All other pins -2 2
ESD voltage (HBM 100pF, 1.5k) Vesdh kV
(GND pin configured as ground, T-GND and aGND
pins as I/0)
- LIN, L1, L2 -4 4
- All other pins -2 2
ESD voltage (Machine Model) All pins Vesdm -200 200 \%
(GND, T-GND and aGND pins connected together
and configured as ground)
ESD voltage (Machine Model) All pins Vesdm -150 150 \%
(GND pin configured as ground, T-GND and aGND
pins as I/0)
THERMAL RATINGS
Junction Temperature T -40 +150 ile}
Storage Temperature Ts -55 +165 oc
Ambient Temperature (for info only) Ta -40 +85 oc
Thermal resistance junction to ambient Rthj/a 80 °C/IW
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Figure 1. : Transient test pulses for LIN and Wake pins

1nF Transient Pulse
L1 and L2 |:)—|:|_’ {7 G?nn;;e;tor
10k
Gnd
Gnd i
T

note: Waveform in accordance to ISO7637 part1, test pulses 1, 2, 3a and 3b.
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2 ELECTRICAL CHARACTERISTICS

(Vg1 and Vg, from 5.5V to 18V and T,pp, from -40°C to 125°C unless otherwise noted)

Characteristics

Description Symbol Unit Conditions
Min Typ Max
Vs1 and Vs2 pins (Device power supply)
Nominal DC Voltage range Vsup 55 18 \
Input Voltage during Load Dump VsupLD 40 \ Load dump situation
Input Voltage during jump start VsupJS 27 \ Jump start situation (note 1)
Supply Current in Normal Mode (note 2) Isup(norm) 5 75 mA lout at Vdd =10mA, LIN
recessive state
Supply Current in Sleep Mode (note 2) Isleep 30 40 uA Vdd off, Vsup<=13.5V
Supply Current in Stop Mode (note 2) Istop 60 75 uA Vdd ON with lout<100uA,
Vsup<=13.5V
Supply voltage fall early warning thresh- VSUVew 5.7 6 6.6 Vv Normal mode, INT gener-
old ated, bit VSUV set
VSUV flag hysteresis VSUVhyst 1 \Y guaranteed by design
Supply voltage over voltage warning VSOVw 18 19.25 20.50 \% Normal mode, INT gener-
threshold ated, bit VSOV set
VSOV flag hysteresis VSOVhyst 220 mV guaranteed by design

note 1: Device is fully functional. All functions are operating. Over temperature may occur.
note 2: Total current (IVs1+IVs2) measured at gnd pins.

Vdd (external 5V output for MCU supply). Specification with external capacitor 2uF<C<10uF and 200mOhms<=ESR<=10 ohm.
Normal mode. Capacitor value up to 47uF chemical can be used.

Vdd Output Voltage Vddout 4.75 5 5.25 \% Idd from 2 to 50mA
5.5V< Vsup <27V
Dropout Voltage (note 1) Vdddrop 100 200 mV Idd = 50mA (note 1)
Vsup > 4.5V
Idd output current limitation (note 2) Idd 50 110 200 mA Internally limited
Over temperature pre warning (junction) Tpre 120 135 160 oc Normal mode, INT gener-

ated, Bit VddT set
guaranteed by design

Thermal Shutdown (junction) Tsd 155 170 ic Normal mode
guaranteed by design

Temperature threshold difference 20 30 45 °C Normal mode (Tsd-Tpre)
guaranteed by design
Vsup range for Reset Active Vsup, 3.5 \Y 0.5<Vdd<Vvdd (Rst-th1)
Line Regulation LR 20 150 mV 5.5V<Vgp<27V, lgg=10mA
Load Regulation LD 40 150 mV TmMA<I|;4q<50mA

note 1: measured when voltage has dropped 100mV below its nominal value.
note 2: total Vdd regulator current. A 5mA current for operational amplifier operation is included. Digital output supplied from Vdd.

Vdd: in Stop mode

Vdd Output Voltage (note 1) Vddstop 4.75 5,00 5.25 \Y ldd<=2mA

Idd current capability (note 2) Idds 4 8 14 mA Stop mode

Line regulation LR-s 10 100 mV 5.5V<Vgp<27V, lgg=2mA
Load regulation LD-s 40 150 mV TmA<Il4q<5mA

note 1: when switching from Normal mode to Stop mode, or from Stop mode to Normal mode the output voltage can varies within the output
voltage specification.
note 2: when Idd is above Idds device enters reset mode

Reset: normal and stop modes (output pin only)

Reset threshold Rst-th1 4.50 4.68 Vdd-0.2 \
High Level Output current loh -250 OA Vout>0.7Vdd
Low Level Output Voltage (Ip=1.5mA) Vol 0 0.9 \ 4.5V <V ,p<27V
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(Vg1and Vg, from 5.5V to 18V and T, from -40°C to 125°C unless otherwise noted)

Characteristics

Description Symbol Unit Conditions
Min Typ Max

Reset pull down current Ipdw 1.5 8 mA Interna:}lr);gztitzeci.- g/\;j d<4v,
Reset Duration after Vdd High reset-dur 0.65 1 1.35 ms
IN: input
High Level Input Voltage Vih 0.7vVdd Vdd+0.3 \%
Low Level Input Voltage Vil -0.3 0.3Vvdd \Y
Input Current lin -10 10 OA 0<V|y<Vvdd
MISO: SPI output
Low Level Output Voltage Vol 0 1.0 \Y | out = 1.5mA
High Level Output Voltage Voh Vdd-0.9 Vdd \% | out = -250uA
Tristated MISO Leakage Current -2 +2 UuA 0V<Vpiso<Vdd
MOSI, SCLK, CSB: SPI input
High Level Input Voltage Vih 0.7vdd Vdd+0.3
Low Level Input Voltage Vil -0.3 0.3vVdd Vv
CSB Pull up current source lih -100 -20 uA V; 1V to 3.5V
MOSI, SCK Input Current lin -10 10 uA 0<V|y<Vvdd
SPI: DIGITAL INTERFACE TIMING
SPI operation frequency Freq 0.25 4 MHz
SCLK Clock Period tocLk 250 N/A ns
SCLK Clock High Time twSCLKH 125 N/A ns
SCLK Clock Low Time twscLKL 125 N/A ns
Ezggifggilgf CS to Rising foag 100 N/A ns
Falling Edge of SCLK to CS Rising Edge tiag 100 N/A ns
MOSI to Falling Edge of SCLK tsisu 40 N/A ns
Falling Edge of SCLK to MOSI tsin 40 N/A ns
MISO Rise Time (CL = 220pF) tso 25 50 ns guaranteed by design
MISO Fall Time (CL = 220pF) tiso 25 50 ns guaranteed by design
Time from Falling or Rising Edges of CS to:
- MISO Low Impedance tsoen 0 50 ns guaranteed by design
- MISO High Impedance tsobis 50
Time from Rising Edge of SCLK to MISO - 0 5 " 0.2 V1=C<L'\=":%g;; 0.8V1,
Data Valid guaranteed by design
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(Vg1 and Vg, from 5.5V to 18V and T, from -40°C to 125°C unless otherwise noted)

Characteristics
Description Symbol Unit Conditions
Min Typ Max

Figure 2. SPI Timing characteristic

Tpclk
- |
CSB
Tlead . Twclkh .
< Tlag
SCLK
— /
Twclkl
-
Tsisu Tsih
<
MOSI Undefijned >< Di 0 Don't Care >< Di 8 Don't Care
Tvaﬂ
il Tsodis
¢ Tsoen ) ’
MISO
\ Do 0 Do 8
/
Note:

Incoming data at MOSI pin is sampled by the SBC at SCLK falling edge.
Outcoming data at MISO pin is set by the SBC at SCLK rising edge (after Tvalid delay time)

INT: output pin

Low Level Output Voltage (Ip=1.5mA) Vol 0 0.9 \%

High Level Output Voltage (Ig=-250uA) Voh Vdd-0.9 Vdd

WDC: window watchdog configuration pin

External resistor range Rext 10 100 kohms

Wgtchdog period accuracy with external Wdcace 15 15 % Excluding resistor accuracy.
resistor Note 1

Watchdog period with external resistor Wdp 10 10.558 ms R =10 kohms. note 1
Watchdog period with external resistor Wdp 100 99.748 ms R =100 kohms. note 1
Watchdog .perlod without external resis- PWdoff 97 150 205 ms Normal mode

tor, Conf pin open

note 1: watchdog timing period calculation formula: Twd = 0.991 * R + 0.648 (R in kohms and Twd in ms).

HS1 and HS2: High side output pin

Rdson at Ta=25°C, and lout -150mA Ron25 2 2.5 Ohms Vsup>9V
Rdson at Ta=125°C, and lout -150mA Ron125 4.5 Ohms Vsup>9V
Rdson at Ta=125°C, and lout -120mA Ron3 3 Ohms 5.5<Vsup<9Vv
Output current limitation llim 300 430 600 mA

Over temperature Shutdown Ovt 155 190 °C note 1
Leakage current lleak 10 uA

Output Clamp Voltage at lout = -100mA Vel -6 \%
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(Vg1 and Vg, from 5.5V to 18V and T, from -40°C to 125°C unless otherwise noted)

Characteristics

Description Symbol Unit Conditions

Min Typ Max
note 1: when over temperature occurs, switch is turned off and latched off. Flag is set in SPI.
HS3: High side output pin
Rdson at Tj=25°C, and lout -50mA Ron25 7 Ohms Vsup>9V
Rdson at Ta=125°C, and lout -50mA Ron125 10 Ohms Vsup>9V
Rdson at Ta=125°C, and lout -30mA Ron3 14 Ohms 5.5<Vsup<9V
Output current limitation llim 60 100 200 mA
Over temperature Shutdown Ovt 155 190 °C note 1
Leakage current lleak 10 uA
note 1: when over temperature occurs, switch is turned off and latched off. Flag is set in SPI

SENSE CURRENT AMPLIFIER SECTION:
Rail to rail input voltage Vime -0.1 Vee+0.1
Output voltage range Vout1 0.1 Vee-0.1 \Y% Output current +- 1mA
Output voltage range Vout2 0.3 Vce-0.3 Output current +-5 mA
Input bias current b 250 nA
Input offset current lo -100 100 nA
Input offset voltage Vio -15 15 mV
Supply voltage rejection ratio SVR 60 dB Guaranteed by design
Common mode rejection ratio CMR 70 dB Guaranteed by design
Gain bandwidth GBP 1 Mhz Guaranteed by design
Slew rate SR 0.5 Vius
Phase margin PHMO 40 ° For gain=1,load 100pF//
5kohms. Guaranteed by design

Open loop gain OLG 85 dB Guaranteed by design
L1, L2 inputs
Negative Switching Threshold Vthn 2 25 3 \% 5.5V<Vsup<6V

25 3 35 6V<Vsup<18V

2.7 3.2 3.7 18V<Vsup<27
Positive Switching Threshold Vthp 2.7 3.3 3.8 \% 5.5V<Vsup<6V

3 4 4.5 6V<Vsup<18V

35 42 4.7 18V<Vsup<27
Hysteresis Vhyst 0.5 1.3 \% 5.5V<Vsup<27
Input current lin -10 10 uA -0.2V < Vin < 40V
Wake up Filter Time Twuf 8 20 38 us Guaranteed by design
STATE MACHINE TIMING
Delay between CSB low to high transition Tstop-m 1.4 5 us Minimum Watchdog period
(at end of SPI stop command) and Stop Tstop-nw 6 30 us No watchdog selected
mode activation (Guaranteed by design) Tstop-M 12 50 us Maximum watchdog period
Interrupt low level duration Tint 7 10 13 us
Internal oscillator frequency accuracy Osc-f1 -35 35 % All modes, for info only
Normal request mode time out NRtout 97 150 205 ms Normal request mode
Delay between SPI command and HS1, Ts-HSon 20 us Normal mode
HS2 or HS3 turn on (note 1, 2) Vsup>9V, Vhs >= 0.2 Vs1
e e ST | reison e
e D e o | TN |5 |3 | w | e | N e oo
Delay between CSB wake up (CSB low
to high) and SBC normal request mode Tw-csb 15 40 80 us SBC in stop mode

(Vdd1 on & reset high)
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(Vg1 and Vg, from 5.5V to 18V and T, from -40°C to 125°C unless otherwise noted)

Characteristics

Description Symbol Unit Conditions
Min Typ Max
Delay between CSB wake up (CSB low . .
to high) and first accepted SPI command Tw-spi 90 N/A us SBC in stop mode
Delay between INT pulse and 1st SPI Ts-1stspi 30 N/A us In stop mode after wake up
command accepted
The minimum time between two rising Tocsb 15 us

edges on the CSB

note 1: when IN input is set to high, delay starts at falling edge of clock cycle #8 of the SPI command and start of device activation/deactivation.
30mA load on HS switches. Excluding rise or fall time due to external load.
note 2: when IN used to control HS switches, delays measured betxween IN and HS1 or HS2 on /off. 30mA load on HS switches. Excluding

rise or fall time due to external load.

Rx: LIN physical layer output

Low Level Voltage Output Vol 0 0.9 \% lin 0 +1.5mA
High Level Voltage Output Voh 3.75 5.25 \Y | out 0 250uA
Tx: LIN physical layer input
Low Level Voltage Input Vil 1.5 V
High Level Voltage Input Vih 3.5 \Y
Input Threshold Hysteresis Vinhyst 50 550 800 mV
Pull-up Current Source Is -100 -20 uA 1V <V(Tx) < 3.5V
LIN: physical layer bus (Voltage Expressed versus Vsup Voltage)
Low Level Dominant Voltage Vlin-low 1.4 \ external bus pull 500 Ohms
High Level Voltage (Tx high, lout = 1uA) Vlin-high Vsup-1 \% Recessive state
Pull up Resistor to Vsup Rpu 20 30 47 kohms | In normal mode. In sleep and
stop mode if not turned off by
SPI
Pull up current source Ipu 1.3 uA In sleep and stop mode with
30k disconnected
Over current shutdown threshold lov-cur 50 75 150 mA
Over current shutdown delay lov-delay 10 us Guaranteed by design
Leakage Current to GND Ibus-pas- 0 3 20 uA Recessive state, Vsup 8V to
rec 18V, Vlin 8V to 18V
Gnd disconnected, Vgnd = Vsup, VLin at Ibus no -1 1 mA
-18V gnd
Leakage Current to GND, Vsup Discon- Ibus 1 10 uA Vsup disconnected
nected, VLin at +18V Viinat+18V
Lin Receiver Vil (Tx high, Rx low) Lin-vil 0 0.4Vgyp
Lin Receiver Vih (Tx high, Rx high) Lin-vih 0.6 Vgup Vsup
LIN Receiver Threshold center Lin-thres 0.475 0.5 0.525 Vsup (Lin-vih - Lin-vil) / 2
LIN Receiver Input Hysteresis LIN hyst 0.175 Vsup Lin-vih - Lin-vil
LIN wake up threshold LIN wu 0.5 Vsup
LIN physical layer: bus driver timing characteristics for normal slew rate (note 1)
Dominant propagation delay Tx to LIN tdom min 50 us Measurement threshold
58.1% Vsup
Dominant propagation delay Tx to LIN tdom max 50 us Measurement threshold
28.4% Vsup
Recessive propagation delay Tx to LIN trec min 50 us Measurement threshold
42.2% Vsup
Recessive propagation delay Tx to LIN trec max 50 us Measurement threshold
74.4% Vsup
Prop delay symmetry: tdom min - trec dt1 -10.44 - us

max
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Prop delay symmetry: tdom max - trec
min

dt2

1

us

note 1: Vsup from 7V to 18V, bus load RO and CO 1nF/1k, 6.8nF/660, 10nF/500. Measurement thresholds: 50% of Tx signal to LIN signal

threshold defined in the column “condition’

LIN physical layer: bus driver timing characteristics for slow slew rate (note 1)

Dominant propagation delay Tx to LIN tdom min 100 us Measurement threshold
61.6% Vsup

Dominant propagation delay Tx to LIN tdom max 100 us Measurement threshold
25.1% Vsup

Recessive propagation delay Tx to LIN trec min 100 us Measurement threshold
38.9% Vsup

Recessive propagation delay Tx to LIN trec max 100 us Measurement threshold
77.8% Vsup

Prop delay symmetry: tdom min - trec dt1s -22 - us

max

Prop delay symmetry: tdom max - trec dt2s - 23 us

min

note 1: Vsup from 7V to 18V, bus load RO and CO 1nF/1k, 6.8nF/660, 10nF/500. Measurement thresholds: 50% of Tx signal to LIN signal

threshold defined in the column “condition”

LIN physical layer: bus driver fast slew rate

LIN high slew rate (programming mode) Dv/Dt fast 13 ‘ V/us ‘ Fast slew rate

LIN physical layer: receiver characteristics and wake up timings

Receiver dominant propagation delay TrL 3.5 us LIN low to Rx low. Note 2
Receiver recessive propagation delay TrH 3.5 us LIN high to Rx high. note 2
Receiver prop delay symmetry Tr-sym -2 us TrL - TrH

Bus wake up deglitcher TpropWL 30 70 90 us Sleep and stop mode
Bus wake up event reported Twake 20 us Note 3

note 2: Measured between LIN signal threshold “Lin-vil” or “Lin-vih” and 50% of Rx signal.

note 3: Twake is typically 2 internal clock cycles after LIN rising edge detected. Ref to “LIN bus wake up behavior” figure. In sleep mode the
Vdd rise time is strongly dependant upon the decoupling capacitor at Vdd pin.

Figure 3. Test circuit for timing measurements

Vsup

RO

co

RO and CO: 1k/1nF, 6600hms/6.8nF and 500o0hms/10nF
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Figure 4. timing measurements for normal slew rate
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Figure 5. timing measurements for slow slew rate
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Figure 6. LIN bus wake up behavior
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3 STATE MACHINE

Vddlow (150ms) expired and VSUV =0

Vdd high & Reset counter (1ms) expired & W/D not selected

Vdd high & Reset counter (1ms)
expired & W/D selected

" Normal
Request

Reset

Vdd low OR (NR time
A A out occurs (150ms) &

-
er

5 W/D selected) g
) 2
-
%) =
o Vdd low OR (W/D fail &
WI/D selected) /
Power N¢
Down L
©
C
£
E3 £
M) 8
S S
n
Vdd low /—
Wake up

W/D selected means: external resistor between Wdc pin and gnd or Wdc pin open.
WI/D not selected means Wdc pin connected to gnd.

WI/D fail means: W/D trigger occurs in closed window or no SPI W/D trigger command.
Stop command means: SPI stop command.

Sleep command means: SPI sleep request followed by SPI sleep command.

Wake up means: L1 or L2 state change or LIN bus wake up or CSB rising edge.

Sleep command

Y
Sleep
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pin name Pin number function
Vs1 13 Power supply pin. Supply for the voltage regulator and the internal logic.
Vs2 10 Power supply pin. Supply for the high side switches.
GND 12 Electrical ground pin pins for the device.
aGND 16 Analog ground pin for voltage regulator and sense amplifier.
T-GND 8,9,24,25 Thermal ground pins for the device
Vdd 15 5V regulator output.
Reset 22 Reset output
Configuration pin for the watchdog. A resistor is connected to this pin.The resistor
Wdc 21 value defines the watchdog period. If the pin is open, the W/D period is fixed (default
value). If this pin is tied to gnd the watchdog is disabled.
Tx 32 Transmitter input of the LIN interface
Rx 31 Receiver output of the LIN interface
LIN 11 LIN bus line
HS:"S%SZ‘ 7,6,5 High side driver output 1, output 2 and output 3
L1, L2 2,4 Wake input 1, wake up input 2
Vcce 17 5V supply input of operational amplifier
E- 19 Inverted input of the sense amplifier
E+ 20 Non inverted input of the sense amplifier
Out 18 Output of the sense amplifier
MOSI 27 SPI: Master Out Slave In pin
MISO 28 SPI: Master In Slave Out
SCLK 26 SPI: Clock input pin
CSB 29 SPI: Device chip select pin
INT 30 Interrupt output pin AND wake up event signalling in stop mode.
IN 23 Direct input for PWM control of High Side switches 1 and 2
Table 4-1.
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5 GENERAL DESCRIPTION

The LIN SBC is an integrated circuit dedicated to automotive applications. It includes the following functions:

- One full protected voltage regulator with 50mA total output current capability available at Vdd external pin, with under voltage
reset function.

- Programmable window watchdog function, INT output

- Wake up from Lx wake input and LIN bus

- LIN physical interface

- Two 150mA high side protected switches PWM capable for relay or lamp drive

- One 50mA high side protected switch for hall sensor or

- Current sense op amp

5.1 Device Supply

The device is supplied from the battery line through the Vs1 and VS2 pins. An external diode is required to protect against
negative transients and reverse battery. It can operate from 4.5V and under the jump start condition at 27V DC. Device
functionality is guaranteed down to 4.5V at VS1 and VS2 pins. This pin sustains standard automotive voltage conditions such as
load dump at 40V.

5.2 Over and under voltage warning.
If the voltage at VS1 exceed 20V typical or falls below 6V typical, the device generates an INT. VSOV or VSUV bits are set in
the SPI register. Information is latched until the bit is read AND the fault has disappeared. The interrupt is not maskable.

5.3 LIN physical interface:
The device contains an integrated LIN physical interface.

5.4 L1 and L2 inputs:
These pins are used to sense external switches and to wake up the device from sleep or stop mode. During normal mode the
state of these pins can be read through SPI.

5.5 HS1 and HS2:

These are two high side switches to drive load such as relays or lamps. They are protected against over current and over
temperature and include internal clamp circuitry for inductive load drive. Control is done through SPI. PWM capability is offered
through the IN input.

If PWM control is required, the internal circuitry which drive the internal high side switch is an AND function between the SPI
bit HS1 (or HS2) and the IN input. In order to have HS1 on, bit HS1 must be set and IN input must be tied to a micro controller
PWM ouptut to generate the PWM control signal (HS1 on when IN is high, HS1 off when IN is low). Same for HS2 output.

If not PWM control is required, IN input must be connected to Vdd or to a high logic level, then the control of HS1 and HS2 is
done through SPI only.

If over temperature occurs on any of the 3 switches, the faulty switch is turned off and latched off until HS1 (or HS2 or HS3) bit
is setto 1 in the SPI register. The failure is reported through SPI by HSst bit.

5.6 HS3:
This high side switch can be used to drive small lamps, hall sensor or switch pull up resistors. Control is done through SPI

5.7 Sense amplifier:
E+, E- and OUT are the 3 terminations of the current sense amplifier. The amplifier is enable in normal mode only.

5.8 Mode of operation
Mode are controlled by the mode1 and mode 2 bits in the SPI register. 3 modes are available: sleep, stop and normal.

The operation modes and the associated functions are described in the table below.

Device Voltage Wake up Watchdog HS1 LIN Qpera-
s Reset output . HS2 . tional
Mode Regulator capabilities function interface g
HS3 amplifier
Low for typ 1ms, then Recessive Not
Reset Vdd: ON N/A high (if Vdd above Disable OFF .
only active
threshold)
- High.
Normal - Active low if Vdd 150ms time ONor Transmit Not
Request Vdd: ON N/A under voltage occurs out if W/D OFF and active
q and if Normal Request enabled. Receive
timeout (if W/D enable)
Table 5-1.
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Device Voltage Wake up Watchdog HS1 LIN 0_pera-
e Reset output . HS2 . tional
Mode Regulator capabilities function interface .
HS3 amplifier
- High.
- Active low if Vdd . . Transmit
Normal Vdd: ON N/A under voltage occurs WIZ?}Z‘QIIZZD i C()jl\llzlo:r and Active
or if W/D fail (if W/D ’ Receive
enable)
Vdd ON, Lgafgd - Normally high. 'zfa‘izsvi:;’ﬁ Not
Stop limited current - Active low if Vdd Disable OFF :
- change on Wake active
capability . under voltage occurs L
Lx inputs capability
Vdd OFF, (Set LIN and - Low Recess!ve
to 5V after . state with
state - Go to high after wake . Not
Sleep wake up to - Disable OFF Wake )
change on up and Vdd within y active
enter Normal - capability
Lx inputs spec
request)
Table 5-1.

Sleep and stop mode enter:

To safely enter sleep or stop mode and to ensure that these modes are not entered by noise issue during SPI transmission, a
dedicated sequence combining bit controlling the LIN bus and the device mode must be send twice.
Enter sleep mode: first and second SPI commands (with bit D6=1, D7=1, D5 =0 or 1, D1=0 and D0=0) 11x0_0000 must be

sent.

Enter stop mode: first and second SPI commands (with bit D6=1, D7=1, D5 =0 or 1, D1=0 and D0=1) 11x0_0001 must be

sent.

Sleep or stop mode is entered after the second SPI command. D5 bit must be set accordingly.

5.9 Window watchdog.

The window watchdog is configurable using external resistor at Wdc pin. The W/D is cleared through mode1 and mode 2 bitis
SPI register. If Wdc pin is left open a fixed watchdog period is selected (typ 150ms). If no watchdog function is required or to
disable the watchdog, the Wdc pin must be connected to gnd. The watchdog period is calculated by the following formula:

Twd = 0.991 * R +0.648 (with R in kohms and Twd in ms).

Watchdog clear:

The watchdog is cleared by SPI write command with following mode1 and mode2 bits.

window closed
no watchdog clear allowed

window open
for watchdog clear

% 0, b 0,
< Twd * 50% > < Twd * 50% >
Watchdog period
Twd
S ] W -

Window watchdog operation

Mode 2 Mode 1 Mode
0 0 Sleep mode (note 1)
0 1 Stop mode
1 0 Normal mode + W/D clear (note 2)
1 1 Normal mode
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Note 1: Special SPI command and sequence is implemented in order to avoid to go into sleep or stop mode with a single 8 bit
SPI command.

Note 2: When a zero is written to “Mode1” bit while “Mode2” bit is written as a one, after the SPI command is completed
“Mode1” bit is set to one and SBC stays in normal mode. In order to set the SBC in sleep mode, both “Mode1” and “Mode2” bits
must be written in the same 8 bits SPI command.

The W/D clear on normal request mode (150ms) has no window.

5.10 INT pin:

This pin is used to report fault to the MCU. Int pulse is generated in case of:

- Vdd regulator temperature pre warning

- high side switch 1, 2 or 3 thermal shutdown

- Vsup over voltage (20V typ)

- Vsup under voltage (6V typ).

If an INT is generated, when the next SPI read operation is performed bit D7 is set to 1. This mean that the bits (D6 to D0)
report the interrupt source.

In case of wake up from stop mode, INT is set low in order to signal to the MCU wake up event from L1, L2 or LIN bus.
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6
6.1

SPI INTERFACE AND REGISTER DESCRIPTION

Data format description

Bit7

Bit6  Bit5

Bit4 Bit3

Bit2

Bit1

Bit0

MISO D7

D6 D5

D4 D3

D2

MOSI

D1 DO

Freescale $Semiconductor, Inc.

The SPl is an 8 bits SPI. All bits are data bytes. The MSB is send first. The minimum time between two rising edges on the

CSB pinis 15us.
During an SPI communication the state of MISO reports the state of the SBC, at time of CSB high to low transitions. The status
flag are latched at CSB high to low transitions.
Following tables describe the SPI register bit meaning, “reset value” and “bit reset condition”.

D7 D6 D5 D4 D3 D2 D1 DO
W | LINSL2 LINSL1 LIN-PU HS3 HS2 HSA Mode2 Mode1
INT LINWU VSUV
R source or VSOV BATFAIL VddT HSst L2 L1
LINFAIL (note1)
Write Reset 0 0 0 0 0 0 ) )
value
Write Reset POR, POR, POR POR, POR, POR,
condition RESET RESET RESET RESET | RESET

Note 1: The first SPI read, after reset, returns the BATFAIL flag state on bit D4.
D7 signals INT source. After INT occur, D7 read as a “1” means other bits report the INT source. D7 read as a “0” mean no INT

occurred and other bit report real time status.

6.2 Write control bits:
6.2.1 Mode control bits:
Mode 2 Mode 1 Description
0 0 Sleep mode
0 1 Stop mode
1 0 Normal mode + W/D clear
1 1 Normal mode
6.2.2 High side switches control bits:
HSA1 Description HS2 Description HS3 Description
0 HS1 off 0 HS2 off 0 HS3 off
1 HS1 on (if IN = 1) 1 HS2 on (if IN = 1) 1 HS3 on
6.2.3  LIN pull up termination control bits:
LIN-PU Description
0 30k pull up connected in sleep and stop mode
1 30k pull up disconnected in sleep and stop mode
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LIN slew rate control and device low power mode pre selection:

6.2.4
LINSL2 LINSL1 Description
0 0 Lin slew rate normal (baud rate up to 20kb/s)
0 1 Lin slew rate slow (baud rate up to 10kb/s)
1 0 Lin slew rate fast (for program download, baud rate up to
100kb/s)
1 1 Low power mode (sleep or stop mode) request, no change in
LIN slew rate
6.3 Read control bits:
6.3.1 Switch input wake up and real time status:
L2 Description L1 Description
0 L2 input low 0 L1 input low
1 L2 input high or wake up by L2 (first 1 L1 input high or wake up by L1 (first register
register read after wake up) read after wake up)
6.3.2 High side switch, voltage regulator and device supply status
HSst Description VddT Description VSUv Description VSOV Description
P P BATFAIL P P
0 HS no over temp 0 No over temperature 0 Vsup above 6V 0 Vsup below 19V
1 HS1,2 or 3 OFF 1 Vdd overtemperature 1 Vsup below 6V 1 Vsup above
(over temp) pre warning 18V
6.3.3 LIN bus status
LINWU Description
LINFAIL P
0 No LIN bus wake up of failure
1 LIN bus wake up occurred or LIN over current of over temperature
6.3.4 Interrupt status

INT mask

Description

SPI word read reflects the flag state

SPI word read reflects the interrupt or wake up source
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