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SGMICRO

SGM42404Q

Automotive Quad Channel Low-side
Driver with Serial Interface Option

GENERAL DESCRIPTION

The SGM42404Q consists of four identical low-side
drivers with over-current protection. It has inductive
clamp circuit to discharge the inductive load energy
when the output is turned off such as unipolar stepper
motors, DC motors, relays, solenoids or other loads.

The SGM42404Q provides a serial interface, which can
read/write the data register/control register (configuring
the energizing time & PWM duty cycle) through the
serial interface, and also can diagnose the open-load or
over-current fault condition. Multiple devices can be
daisy-chain connected together to save the
microcontroller resource.

The device has multiple protection functions, including
open-load detection, over-temperature shutdown,
over-current and short-circuit protections. Fault
conditions are indicated on the SDO/nFAULT pin.

The SGM42404Q is available in a Green TSSOP-16
(Exposed Pad) package.

APPLICATIONS

Digital Outputs

Relay and Solenoid Drivers
PLC and DCS Systems
Motor Control

FEATURES

AEC-Q100 Qualified for Automotive Applications

Device Temperature Grade 1

Ta=-40°C to +125°C

Supply Voltage Range: 5V to 50V

Continuous Output Current:

¢+ 2A (1-Channel On)

+ 1A/Channel (4-Channel On)

Integrated LDO Output

Load Voltage Range: 5V to 48V

Support SPI Mode or DIR Mode

Reduces Power and Heat Dissipation

+ On-Resistance: 300mQ/Channel (TYP)

¢ Supply Current: 1.4mA (TYP)

Robust Design Features

+ Each Channel with Independent Over-Current
Protection and Open-Load Detection and
Thermal Shutdown Protection

+ Data Output Can be Read Back for Reliable
Verification

+ Short-Circuit Protection

+ Lighting Surge Protection

+ Electro-Static Discharge Protection

nFAULT Indication:

¢+ Thermal Overload

¢ Over-Current

+ Open-Load

200kHz Switching Rates

Support PWM Generation and Duty Cycle Settable

*500V/42Q, 8us/20us Surge Protection

18kV Contact and *15kV Airgap ESD Protection

16-Bit SPI for Diagnostics and Control

Protection and Features Independent by Each

Channel

+ Open-Load Detection Circuit in Output-Off State

¢ 3.2A Over-Current Protection (OCP) with 2A
Current Foldback after TSD Event

+ Active Clamp Energy

¢ Thermal Shutdown (TSD)

SGM42404Q Available in a Green TSSOP-16

(Exposed Pad) Package
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SGM42404Q

Automotive Quad Channel Low-side

Driver with Serial Interface Option

PACKAGE/ORDERING INFORMATION

SPECIFIED

PACKAGE ORDERING PACKAGE PACKING
MODEL | hESCRIPTION TEM;EEQEURE NUMBER MARKING OPTION
TSSOP-16 ) ) 2LQPTS16
SGM42404Q | oS00 | 40T 10 +125°C | SGMA2404QPTSTEGITR | 2Ll Tl Tape and Reel, 4000

MARKING INFORMATION

NOTE: XXXXX = Date Code, Trace Code and Vendor Code.
XXX XX

Vendor Code

Trace Code
Date Code - Year

Green (RoHS & HSF): SG Micro Corp defines "Green" to mean Pb-Free (RoHS compatible) and free of halogen substances. If
you have additional comments or questions, please contact your SGMICRO representative directly.

ABSOLUTE MAXIMUM RATINGS

VDD ettt ettt ettt -0.3V to 55V
Input Voltage, VnDIR, VEN, VRESET .......................... -0.3V to 6V
Digital Input Voltage, IN1/nCS, IN2/SDI, IN3/RST_B,
INA/SCK ...t -0.3V to 6V
NFAULT/SDO M. -0.3V to 5.5V
OUT1, OUT2, OUT3, OUT4 to PGND ........... -0.3V to Vciawe
OUTx Load Current (Continues DC)..........ccccuvvvereeerieinnnes 1A
Package Thermal Resistance
TSSOP-16 (Exposed Pad), Bja ..cccecvvveerieerennnannn. 33.7°C/W
TSSOP-16 (Exposed Pad), 848 ....cccvveeveueereannennn. 13.3°C/W
TSSOP-16 (Exposed Pad), 8yc (ToP)..«eervveereveerenee. 30.5°C/W
TSSOP-16 (Exposed Pad), 8yc (BOT).-+werrereveerirernns 2.1°C/W
Junction Temperature..........cccccccoevcvvieieee e +150°C
Storage Temperature Range....................... -65°C to +150°C
Lead Temperature (Soldering, 10S)........ccccuveeeieiennns +260°C
ESD Susceptibility @ ©
HBM. ..o +5000V
CDM e +1000V
NOTES:

1. Recommended for use with 5V MCUs.

2. For human body model (HBM), all pins comply with
AEC-Q100-002 specification.

3. For charged device model (CDM), all pins comply with
AEC-Q100-011 specification.

RECOMMENDED OPERATING CONDITIONS
RV SRS 5V to 50V
Operating Ambient Temperature Range ...... -40°C to +125°C
Operating Junction Temperature Range....... -40°C to +150°C

OVERSTRESS CAUTION

Stresses beyond those listed in Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to
absolute maximum rating conditions for extended periods
may affect reliability. Functional operation of the device at any
conditions beyond those indicated in the Recommended
Operating Conditions sectionis not implied.

ESD SENSITIVITY CAUTION

This integrated circuit can be damaged if ESD protections are
not considered carefully. SGMICRO recommends that all
integrated circuits be handled with appropriate precautions.
Failure to observe proper handling and installation procedures
can cause damage. ESD damage can range from subtle
performance degradation to complete device failure. Precision
integrated circuits may be more susceptible to damage
because even small parametric changes could cause the
device not to meet the published specifications.

DISCLAIMER

SG Micro Corp reserves the right to make any change in
circuit design, or specifications without prior notice.
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Automotive Quad Channel Low-side
SGM42404Q Driver with Serial Interface Option

PIN CONFIGURATION

SGM42404Q (TOP VIEW)

voD [ 1| ® [ 16 | nFAULT/SDO
vs [ 2] --------------------- 15 | nDIR
ouTt [ 3| . i [14] nncs
ouT2 [ 4| Exposed ‘ [ 13 ] IN2/sDI
PGND [ 5 | Pad t o [12] onD
ouTs [ 6 | [11] IN3RST_B
ouTa [ 7| i |10] iNdisck
EN [ 8 | o] RESET

TSSOP-16 (Exposed Pad)

PIN DESCRIPTION

PIN | NamE | FUNCTION
Power Supply
1 VDD P‘ower Supply. Connect a 0.1uF bypass capacitor and a 10uF ceramic capacitor between VDD and GND
ins.
5 PGND Eower Ground. Connect to exposed pad (EP).
12 GND Analog Ground. Connect to exposed pad (EP).
Switch Control
14 IN1/nCS Switch 1 Control Logic Input/SPI Enable Input (nDIR = H). Internal pull-up when in SPI mode.
13 IN2/SDI Switch 2 Control Logic Input/Serial Data Input (nDIR = H). Internal pull-down.
11 IN3/RST_B | Switch 3 Control Logic Input/Reset Terminal (nDIR = H). Internal pull-down.
10 IN4/SCK Switch 4 Control Logic Input/Serial Clock (nDIR = H). Internal pull-down.
Switch Output
3 OUT1 Low-side Switch 1 Output.
4 ouT2 Low-side Switch 2 Output.
6 OouT3 Low-side Switch 3 Output.
7 OouUT4 Low-side Switch 4 Output.
Configuration
15 nDIR nDIR =L, DIR mode. nDIR = H, SPI mode.
8 EN Enable Input Pin. A high DC signal on this pin will enable the device, internal pull-down.
9 RESET Reset Input Pin. Logic high resets internal logic and over-current protection, internal pull-down.

Diagnostics Signaling

Global Overload Open-Drain Output/Serial Data Output Terminal (nDIR = H). It is a fault flag pin when DIR =

16 nFAULT/SDO | mode. This pin is pulled low when over-temperature, over-current or open-load occurs. Connect a pull-up
resistor to logic voltage. (nDIR = L).
2 V5 5V LDO Output. Connect a 0.1yF bypass capacitor to GND.
Exposed Pad - Exposed Pad. Connect with Ground.
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SGM42404Q

Automotive Quad Channel Low-side
Driver with Serial Interface Option

ELECTRICAL CHARACTERISTICS

(Ta =-40°C to +125°C, Vpp = 5V to 50V, typical values are at Ta = +25°C and Vpp = 24V, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS | miN | TYP | mAX | uNITs
Linear Regulator (VDD)
Voo Supply Voltage Range Voo 5 50 \%
Vpp Supply Current lop Vs = no load 1.4 3 mA
Sleep Current lsLeep EN = low 1 MA
Vs Regulator Output Voltage Vs OmA to 20mA external load current 4.55 5 5.45 \%
Vs Regulator Current Limit 7V £ Vpp £ 50V 20 31 42 mA
Vs Line Regulation 7V £ Vpp £ 50V, lys = 20mA, Croap = 100nF 2 40 mV
Vs Load Regulation Vpp = 24V, 0mA < lys < 20mA, Coap = 100nF 45 80 mV
Switch Outputs (OUTx)
On-Resistance Roson lourx = 600mMA 300 600 mQ
Inductive Clamp Voltage " VoLame OUTX is off, loutx = 500mA 46 51 56 Y
Off-State Leakage Current at OUTx ILeak INx = low, Vourx = 0V to 45V -15 15 pA
Switch Turn-Off Propagation Delay torr INx to OUTX, low to high 280 400 ns
Switch Turn-On Propagation Delay ton INx to OUTX, high to low 80 130 ns
Output Fall Time te Voo = 24V, 48Q resistive load 200 ns
Current Limit ILim 23 3.2 4.2 A
Logic Inputs (INx)
Input Voltage High Vin 2 \%
Input Voltage Low Vi 0.8 \%
Input Threshold Hysteresis AR 0.3 \Y
Input Pull-Down Resistor Rpui-oown | All logic input pins 210 kQ
RESET Pulse Width treseT 38 us
Input Pin
}ﬁr;g?mj‘lg%ﬁ‘%ugﬁm 1(RST_B, nDIR, IinL1 Vgst B, Vioir, Vint 10 Ving, Vsck, Vsor = OV -1 1 HA
Low-Level Input Current 2 (nCS) IinL2 Vincs = 0V, Vipir =5V -40 -16 -5 MA
Low-Level Input Current 3 (nCS) Iins Vincs = 0V, Vipir = 0V -1 1 pA
:[i:)glrl]?-,Llel\\l/1elto :r'llpltftsc(;:;’rrseglt) 1 (RSTB, Iink1 Vst 8, ViR, Vint 10 Ving, Vsck, Vspi = BV 10 25 50 HA
High-Level Input Current 2 (nCS) linmz Vincs = 5V, Vipir = 5V -10 10 pA
High-Level Input Current 3 (nCS) lints Vics = 5V, Vipir = 0V 10 25 50 pA
Serial Output
Low-Level Output Voltage VspoL lspo = TMA 0.2 0.5 \%
High-Level Output Voltage Vspon lspo = -1mA 4.3 4.8 \%
Serial Output Leakage Current Ispo_oFF -6 6 MA
Logic Output (nFAULT)
Output Logic Low Vo ILoap = 5mA 0.2 0.5 \%
Three-State Leakage ke Open-drain output off, Vey.up = 5V @ -6 6 pA

NOTES:

1. Not production tested. By characterization only.
2. Current into the device is positive and current out of the device is negative.
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SGM42404Q

Automotive Quad Channel Low-side
Driver with Serial Interface Option

ELECTRICAL CHARACTERISTICS (continued)

(Ta =-40°C to +125°C, Vpp = 5V to 50V, typical values are at Ta = +25°C and Vpp = 24V, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS | miN | TYP | mAX | uNITs

Open-Load Detection
Open-Load Release Voltage VoL r 1.1 1.5 1.9 \%
Open-Load Detection Voltage VoL b Ving = 0V, Vipir = OV 0.9 1.2 1.5 \
Thermal Protection
Thermal Shutdown Tso Temperature rising 160 °C
Thermal Shutdown Hysteresis Thvs 15 °C

INX

OUTXx
Figure 1. INx to OUTx Propagation Times
OUTx
Figure 2. Output Channel Rise and Fall Times
VDD ,Z XR
nDIR X7 7Z
ton1 2 1ms torrr 2 O0s
INx |
<~— tonz 2 10us «—> torr2 2 0s
Figure 3. Power Source On/Off Sequence (DIR Mode)
/ \
VDD \
/ \
RST B / \
tont 2 1ms torr1 2 Os
nCS I
! tonz 2 10ps > torr 2 0s

Figure 4. Power Source On/Off Sequence (SPI Mode)
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SGM42404Q

Automotive Quad Channel Low-side

Driver with Serial Interface Option

TYPICAL PERFORMANCE CHARACTERISTICS

V, Line Regulation vs. Temperature
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Automotive Quad Channel Low-side
SGM42404Q Driver with Serial Interface Option

FUNCTIONAL BLOCK DIAGRAM

VDD
T
V5 [} 5V LDO & UVLO (= » Intemal Reference
RESET [} Reset
y
EN Standby ||
nDIR [ ] * Mode Select
% i i Main Control
PWM Gen
VPULL up . .
“—nDIR Diagnosis v
Register <>-‘
IN/nCS [ Open-Load
Detection
—nDIR
J7 Short-Circuit
IN2/SDI [ ] Detection
] OUT3
SPIIr‘?‘pE?IR || Over-Cumrent Limit y
Digital Logic Regulation
IN3/RST_B [ . . &
Chip/Individual
Channel Thermal
Protection
IN4/SCK [
Output Monitor
<>j
Fault/SPI
nFAULT/SDO [ ] . Output Control
\— FAULT
SGM42404Q
L
GND EP PGND
Figure 5. SGM42404Q Block Diagram
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Automotive Quad Channel Low-side
SGM42404Q Driver with Serial Interface Option

TYPICAL APPLICATION

Option TVS for system

5V to 50V ESD or surge
I 1uF

= Supply
VDD V5 “?;V)
» nDIR
[Terminal—
»| RESET %
> IN1/nCS out2 |-—O—9 @—"
ue IN2/SDI
ouT3 | & Load3
> IN3RST_B % E—“
IN4/SCK 1
OuT4L i3 Load4 %
SGM42404Q )
Option TVS for
nFAULT/SDO =1 system ESD or surge
GND PGND

Figure 6. Typical Application Circuits

EN and RESET Operation

The EN pin is active-high and is pulled down internally.

The RESET pin is active-high. If RESET pin is pulled to high, the internal logic is reset, outputs are turned off, and
input control signal on INx pin is ignored. RESET pin is pulled down internally.

€ P> G Micro Corp OCTOBER 2026
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Automotive Quad Channel Low-side
SGM42404Q Driver with Serial Interface Option

DIR MODE

DIR (Direct) Mode

Transition to direct mode is brought about by switching nDIR terminal to low.
Output controlled for each input is shown below.

Further, SPI input and RST_B input are not accepted during direct mode.

INPUT PIN CONTROLLED OUTPUT
IN1/nCS ouT1
IN2/SDI ouT2
IN3/RST_B OuT3
IN4/SCK ouT4

DIR (Direct) Mode Timing Chart ")

VDD
nDIR 0.8V
INx VA4
OUTx
thoR_LEAD tinx EN _
Figure 7. DIR Mode Timing (a)
ITEM SYMBOL MIN TYP MAX UNITS
nDIR Lead Time " thoIR_LEAD 1 ms
INx Enable Time tins_eN 10 us
NOTE: 1. Not 100% tested.
Over-
Normal Over-Current Normal Temperature Normal
INX
nFAULT/SDO
Tsp
Ty — -
OUTx
3.2A
2A

OUTx Current

NOTE: Current limit = 3.2A, REP_OC = low

Figure 8. DIR Mode Timing (b)
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Automotive Quad Channel Low-side
SGM42404Q Driver with Serial Interface Option

SPI MODE

An SPI bus is used to set device configurations, operating parameters, and read out diagnostic information on the
SGM42404Q device. The SPI operates in slave mode and connects to a master controller. The SPI input data (SDI)
word consists of a 16-bit word, with an 8-bit command and 8-bit of data. The SPI output data (SDO) word consists of
the fault status indication bits and then the register data being accessed for read commands or the existing data for
write commands.

SDI >< A1 >< D1 ><
sDo X st X om X

Figure 9. SPI Mode

A valid frame must meet the following conditions:

¢+ The SCK pin should be low when the nCS pin transitions from high to low and from low to high.

¢+ The nCS pin should be pulled high between words.

+  When the nCS pin is pulled high, any signals at the SCK and SDI pins are ignored and the SDO pin is placed in

the Hi-Z state.

Data is captured on the falling edge of SCK and data is propagated on the rising edge of SCK.

The most significant bit (MSB) is shifted in and out first.

A full 16 SCK cycles must occur for transaction to be valid.

If the data word sent to the SDI pin is less than or more than 16 bits, a frame error (SCLK_FLT) occurs and the

data word is ignored.

+  For a write command, the existing data in the register being written to is shifted out on the SDO pin follow the 8
bits command data.

+  When performing a read action, D1 is ignored.

* & o o

nCS
SCK - v -
SDI X > MSB
SDO Z > MSB

Capture Point

LSB

O

<
LSB >< z

Propagate Point

Figure 10. SPI Mode Chart
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Automotive Quad Channel Low-side
SGM42404Q Driver with Serial Interface Option

SPI MODE (continued)

SPI Format
Two SPI data frame formats are accepted. One is for single device communication and another is for multiple
devices communication. The format is determined by the MSB bit C[0] received via SDI.

Single Device Communication

The input data SDI is 16 bits long and the format is as follow:
bit[15]: Chained communication bit, C[0]

bit[14]: Read/Write bit, R/WI0]

bit[13:8]: Register address, A[5:0]

bit[7:0]: Data, D[7:0]

The SDI input half-word start with C[0] = 0 that indicates single device communication. The following R/W bit, R/WI[0],

indicates read or write action. R/W[0] = 0 is a write command and R/W[0] = 1 is a read command. The register
address A[5:0] and data D[7:0] follow after.

The SDO output data half-word is 16 bits long. Starting from MSB, bit[15:14] = 11, followed by 6 bits IC status and 8
bits response data. For a write command (R[0] = 0), the response data is the existing data in the register being
written to. For a read command (R[0] = 1), the response data is the content currently in the register being read.

*

* o o

SPI Write
sDI
Field C R/IW Address Data In
Bit [15] 4] | 3] [12] [11] [10] [9] [8] [7] [6] [5] [4] [3] [2] [1] [0]
Data | 0 O | A5 | A4 | A3 | A2 | A | A0 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
SDO
Field Global Status Data Out
Bit [15] 4] | 3] [12] [11] [10] [9] [8] [7] [6] [5] 4] [3] [2] 1] [0]
Data | 1 1 |FauLT| SEK | oL | uv | oc | or | b7 | D6 | D5 | D4 | D3 | D2 | DI | DO
SPI Read
sDI
Field C R/IW Address Data In
Bit [15] [14] [13] [12] [11] | [10] [9] [8] [71 [6] [5] [4] [3] [2] 1] [0]
Data | 0 1 | A5 | A4 | A3 | A2 | A | A0 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
SDO
Field Global Status Data Out
Bit [15] [14] [13] [12] (1] | [10] [9] [8] [71 [6] [5] [4] [3] [2] 1] [0]
Data | 1 1 |FAULT|SEH| oL | uv | oc | oT | D7 | D6 | D5 | D4 | D3 | D2 | DI | DO

+ FAULT: it indicates any one of the OUT switches is current overload, thermal overload, open-load, or the chip is in thermal
shutdown. If FAULT_LAT = 0, it observes real time error (IC_STAT1). If FAULT_LAT =1, it observes latched error (IC_STAT2).
Note that direct mode fault pin output logic is the same as this FAULT bit.

¢ SCLK_FLT: itindicates frame error including invalid address, parity bit error and wrong clock count (i.e. Single device is not 16
and multiple-device (n) is not 16 x (n+1)) in SPI mode only.

+ OL: it indicates any one of the OUT switches is in open-load condition. It is the ORed logic of OLx bits in both IC_STAT1 and
IC_STAT2.

+ UV: V5 voltage is in under-voltage condition.

+ OC: it indicates any one of the OUT switches is in over-current condition. It is the ORed logic of OCx bits in both IC_STAT1
and IC_STAT2.

+ OT: it indicates any one of the OUT switches or chip is in over-temperature condition (thermal overload). It is the ORed logic
of TSDx bits in IC_STAT1 and IC_STAT2 and chip internal OT bit.

€€ Y sG Micro Corp OCTOBER 2026
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Automotive Quad Channel Low-side
SGM42404Q Driver with Serial Interface Option

SPI MODE (continued)

SPI Interface for Multiple Slaves

Multiple devices can be connected to the master controller with and without the daisy chain. In order to connect 'n’
devices to the main controller without using daisy chains, 'n' I/O sources from the main controller must be utilized for
the nCS pins. Whereas, if the daisy chain configuration is used, then a single nCS line can be used for connecting
multiple devices.

MCS_B1 nCS1
Device 1
MCLK SCK SDO
MO SDI
SPI
Communication
MCS_B2 nCS2
Device 2
SCK SDO
SDI
Mi

Figure 11. Operation without Daisy Chain

MCS_B nCS1
Device 1
MCLK SCK SDO
MO SDI
SPI
Communication
nCS2
Device 2
SCK SDO
SDI

MI

Figure 12. SPI Operation with Daisy Chain
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Automotive Quad Channel Low-side
SGM42404Q Driver with Serial Interface Option

SPI MODE (continued)

SPI Interface for Multiple Slaves in Daisy Chain
The device can be connected in a daisy chain configuration to save GPIO ports when multiple devices are
communicating to the same MCU.

MO SDO1 SDO2 SDO3
MO SDI1 Device 1 SDO1 SDI2 Device 2 SDO2 SDI3 Device 3 SDO3 |—
SDI SDI2 SDI3 Mi
MCS_B
MCLK
MI
MCS_B
HDR1 HDR2 A3 A2 A1 D3 D2 D1
SDI1
SDOt | 51 | HDR1 | HDR2 | A3 A2 R D3 D2
SDI2
Sboz | S2 S1 HDR1 HDR2 A3 R2 R1 D3
SDI3
Sbos | S3 S2 S1 HDR1 HDR2 R3 R2 R1
All Address Bytes All Address Bytes
Reach Destination Reach Destination
v v ' v

Reads Execute Here

Status Response Here Writes Execute Here

Figure 13. Multiple Slaves in Daisy Chain

The first device in the chain shown above receives data from the master controller in the following format.

* 2 bytes of header

* 3 bytes of address

* 3 bytes of data

After the data has been transmitted through the chain, the master controller receives it in the following format.
* 3 bytes of status

* 2 bytes of header (should be identical to the information controller sent)

* 3 bytes of report

The header bytes contain information of the number of devices connected in the chain, and a global clear fault
command that will clear the fault registers of all the devices on the rising edge of the chip select (nCS) signal. N5
through NO are 6 bits dedicated to show the number of device in the chain. Up to 63 devices can be connected in
series per daisy chain connection.

€ P> G Micro Corp OCTOBER 2026
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Automotive Quad Channel Low-side
SGM42404Q Driver with Serial Interface Option

SPI MODE (continued)

The 5 LSBs of the HDR2 register are don’t care bits that can be used by the MCU to determine integrity of the daisy
chain connection. Header bytes must start with 1 and 0 for the two MSBs.

1 0 N5 N4 N3 N2 N1 NO
HDR1
Number of Devices in the Chain
(Upto2°-1=63)
S — 1 0 CLR X X X X X
HDR2
Don’t Care

1 = Global Fault Clear
0 = Don'’t Care

Figure 14. Daisy Chain Head Format

The status byte provides information about the fault status register for each device in the daisy chain. That way the
master controller does not have to initiate a read command to read the fault status from any particular device. This
saves the controller additional read commands and makes the system more efficient to determine fault conditions
flagged in a device.

Header Bytes (HDR)

HDR1 1 0 N5 N4 N3 N2 N1 NO

HDR2 1 0 CLR X X X X X
Status Byte (Sx) 1 1 FAULT S(F:IL_?_ oL uv ocC oT
Address Byte (Ax) 0 R/W A5 A4 A3 A2 A1 AO
Data Byte (Dx) D7 D6 D5 D4 D3 D2 D1 DO

Figure 15. Daisy Chain Data Format

When data passes through a device, it determines the position of itself in the chain by counting the number of status
bytes it receives following by the first header byte. For example, in this 3 device configuration, device 2 in the chain
will receive two status bytes before receiving HDR1 byte, followed by HDR2 byte. From the two Status bytes it
knows that its position is second in the chain, and from HDR2 byte it knows how many devices are connected in the
chain. That way it only loads the relevant address and data byte in its buffer and bypasses the other bits. This
protocol allows for faster communication without adding latency to the system for up to 63 devices in the chain.

The address and data bytes remain the same with respect to a single device connection. The report bytes (R1
through R3), as shown in the figure above, is the content of the register being accessed.
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SGM42404Q

Automotive Quad Channel Low-side
Driver with Serial Interface Option

SPI MODE (continued)

SPI RST_B Releasing Sequence

VDD
0.7vDD
RST_B
SPI=0On
nCS
0.2vDD
OUTx
< trRsT B_LEAD < thes EN
Figure 16. RST_B Releasing Sequence
PARAMETER SYMBOL MIN TYP MAX UNITS
RST_B Lead Time"® trsT_B_LEAD 1 ms
nCS Enable Time tocs En 10 us
NOTES:
1. Not 100% tested.
2. RST_B L time and H time must be over 10ps.
SPI Timing Chart
tHi_ncs tsu_ncs
cs finos
tsex
SCK /- w
tscxn tsoke
SDI X MSB >< LSB X
tH_spi
SDO z MSB >< >< LSB z
FD_;E <— tpis ncs
Figure 17. SPI Timing Chart
PARAMETER SYMBOL MIN TYP MAX UNITS
SCK Minimum Period tsck 200 ns
SCK High Time tsckn 100 ns
SCK Low Time tscke 100 ns
SDI Input Data Setup Time tsu_soi 50 ns
SDI Input Data Hold Time tH_soi 50 ns
SDO Output Data Delay Time, C_ = 20pF to_spo 65 ns
nCS Input Setup Time tsu_ncs 50 ns
nCS Input Hold Time tH ncs 50 ns
nCS Minimum High Time tHi ncs 900 ns
Enable Delay Time, nCS Low to SDO Active ten_ncs 100 ns
Disable Delay Time, nCS high to SDO Hi-Z tois_ncs 100 ns
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Automotive Quad Channel Low-side
SGM42404Q Driver with Serial Interface Option

REGISTER MAPS

The registers provide variety of feedback information and configuration options.

These include specific fault diagnostics, general device configurations, driver configurations, fault and diagnostic
configurations, and amplifier configurations. Additionally, the advanced register maps provide advanced driver
functions to assist in certain system conditions, but not required for standard operation of the device.

To assist with software development and reuse, the register maps share an overlapping register structure with
differences for specific device properties. The primary differences between the two device register maps are outlined
below.

Table 1. Memory Map

BITS
ADDRESS NAME TYPE
BIT[7] BIT[6] BIT[5] BIT[4] BIT[3] BIT[2] BIT[1] BIT[0]
00h IC_STAT1 R oL4 OC/TSD4 oL3 OC/TSD3 oL2 OC/TSD2 oL1 OC/TSD1
01h IC_STAT2 R IC_STAT_LAT
09h REPO_ DRV | RW REP_OC | FAULT_LAT RESERVED
0Ah CH_CTRL1 RW CTRL_CH4 CTRL_CH3 CTRL_CH2 CTRL_CH1
12h CH_ENG1 RW ENER_CH1 ENER_TIME_CH1 PARITY_ENG1
13h CH_ENG2 RW ENER_CH2 ENER_TIME_CH2 PARITY_ENG2
14h CH_ENG3 RW ENER_CH3 ENER_TIME_CH3 PARITY_ENG3
15h CH_ENG4 RW ENER_CH4 ENER_TIME_CH4 PARITY_ENG4
1Ah CH_FRDT1 RW FREQ_CH1 DUTY_CH1 PARITY_FRDT1
1Bh CH_FRDT2 | RW FREQ_CH2 DUTY_CH2 PARITY_FRDT2
1Ch CH_FRDT3 | RW FREQ_CH3 DUTY_CH3 PARITY_FRDT3
1Dh CH_FRDT4 | RW FREQ_CH4 DUTY_CH4 PARITY_FRDT4

NOTE: Odd parity check calculation includes register address and bit[7:1].
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Automotive Quad Channel Low-side

SGM42404Q Driver with Serial Interface Option
REGISTER MAPS (continued)
FIELD BITS DATA STATE
0 Normal operation
OLx D[7], D[5], D[3], D[]
1 Load open
0 Normal operation
OC/TSDx D[6], D[4], D[2], D[0]
1 OCP or TSD

REGO0x00: IC_STAT1 Register [Reset = 00h]
BITS BIT NAME DEFAULT TYPE DESCRIPTION

Indicate Channel 4 Open-Load Condition.
D[7] oL4 0 R 0 = Normal operation (default)

1 = Open-load condition detected

Indicate Channel 4 OCP or TSD Condition.
D[6] OC/TSD4 0 R 0 = Normal operation (default)

1 = OCP or TSD detected

Indicate Channel 3 Open-Load Condition.
D[5] OoL3 0 R 0 = Normal operation (default)

1 = Open-load condition detected

Indicate Channel 3 OCP or TSD Condition.
Dr4] OC/TSD3 0 R 0 = Normal operation (default)

1= OCP or TSD detected

Indicate Channel 2 Open-Load Condition.
D[3] OoL2 0 R 0 = Normal operation (default)

1 = Open-load condition detected

Indicate Channel 2 OCP or TSD Condition.
D[2] OC/TSD2 0 R 0 = Normal operation (default)

1 = OCP or TSD detected

Indicate Channel 1 Open-Load Condition.
D[1] oL1 0 R 0 = Normal operation (default)

1 = Open-load condition detected

Indicate Channel 1 OCP or TSD Condition.
D[0] OC/TSD1 0 R 0 = Normal operation (default)

1 = OCP or TSD detected

REGO0x01: IC_STAT2 Register [Reset = 00h]
BITS | BITNAME | DEFAULT | TYPE DESCRIPTION

Channel latched OC, OL, OT errors. It indicates the channel was in OC, OL or OT
status before. Cleared by read once or daisy chain CLR.

D[7:0] | IC_STAT_LAT | 0000 0000 R

This register indicated the channel was in open-load, OCP or TSD. It is also designed for reading the fault information occurred in
previous DIR mode operation status.

REGO0x09: REPO_DRV Register [Reset = 00h]
BITS BIT NAME DEFAULT TYPE DESCRIPTION

Configure Real-Time (FAULT_LAT = 0) Over-Current Reporting.

D[7] REP_OC 0 R/W 0 = OC reporting disabled (default)

1 = OC reporting enabled

Configure FAULT Logic in Status Byte (SPI mode) or FAULT Pin Logic (DIR Mode).

DI[6] FAULT_LAT 0 R/W 0 = Observe real-time error (IC_STAT1) (default)
1 = Observe latched error (IC_STAT2)
D[5:0] RESERVED 00 0000 R/W Reserved. Only write 6’h00 to this field. May cause unexpected behavior otherwise.

This register cannot be cleared during operation. It resets during power up or enabling the chip.
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SGM42404Q

Automotive Quad Channel Low-side

Driver with Serial Interface Option

REGISTER MAPS (continued)

Bits

CHx

Output and Protection Circuit Status

Output

ocP

TSD

OLD

D[7:6],
D[5:4],
D[3:2],
D[1:0]

00

Off

Disable

Disable

Disable

01

NA

NA

NA

NA

10

On

Enable

Enable

Disable

1

Off

Disable

Disable

Enable

REGOx0A: CH_CTRL1 Register [Reset = 00h]

BITS

BIT NAME

DEFAULT

TYPE

DESCRIPTION

D[7:6]

CTRL_CH4

00

R/W

Configure Channel 4 Output and Protection Status.

00 = Output disabled. OCP, TSD and OLD disabled (default)
01 = Reserved

10 = Output enabled. (OCP, TSD) enabled and OLD disabled
11 = Output disabled. (OCP, TSD) disabled and OLD enabled

D[5:4]

CTRL_CH3

00

R/W

Configure Channel 3 Output and Protection Status.

00 = Output disabled. OCP, TSD and OLD disabled (default)
01 = Reserved

10 = Output enabled. (OCP, TSD) enabled and OLD disabled
11 = Output disabled. (OCP, TSD) disabled and OLD enabled

D[3:2]

CTRL_CH2

00

RW

Configure Channel 2 Output and Protection Status.

00 = Output disabled. OCP, TSD and OLD disabled (default)
01 = Reserved

10 = Output enabled. (OCP, TSD) enabled and OLD disabled
11 = Output disabled. (OCP, TSD) disabled and OLD enabled

D[1:0]

CTRL_CH1

00

RW

Configure Channel 1 Output and Protection Status.

00 = Output disabled. OCP, TSD and OLD disabled (default)
01 = Reserved

10 = Output enabled. (OCP, TSD) enabled and OLD disabled
11 = Output disabled. (OCP, TSD) disabled and OLD enabled

Internally let 2’b01 behave as 2’b00.
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Automotive Quad Channel Low-side

SGM42404Q Driver with Serial Interface Option
REGISTER MAPS (continued)
ENERGIZING TIME | D[7] | D[6] | D[5] | D[4] | D[3] | D[2] | D[1] | D[O] DESCRIPTION
N/A 0 X X X X X X P | Outputs always in energizing mode.
Oms 1 X X 0 0 0 0 P [ No energizing, starts in PWM chopping.
12ms 1 X X 0 0 0 1 P
20ms 1 X X 0 0 1 0 P
40ms 1 X X 0 0 1 1 P
60ms 1 X X 0 1 0 0 P
80ms 1 X X 0 1 0 1 P
120ms 1 X X 0 1 1 0 P
200ms 1 X X 0 1 1 1 P
320ms 1 X X 1 0 0 0 P g\e/:\t/'t?iﬁ::s(;9|2|ng time (100% duty cycle) before switching to
440ms 1 X X 1 0 0 1 P
560ms 1 X X 1 0 1 0 P
680ms 1 X X 1 0 1 1 P
800ms 1 X X 1 1 0 0 P
920ms 1 X X 1 1 0 1 P
1040ms 1 X X 1 1 1 0 P
1200ms 1 X X 1 1 1 1 P

REGO0x12 to REG0x15: CH_ENGXx Register [Reset = 00h]

BITS

BIT NAME

DEFAULT

TYPE

DESCRIPTION

D[7:5]

ENER_CHx

000

RW

Configure Channel x Energizing Mode.
Oxx = Output always in energizing mode
100 = Output enter energizing mode before PWM chopping

D[4:1]

ENER_TIME_CHx

0000

R/W

Configure Channel x Energizing Time.
0000 = Oms (output start in PWM chopping) (default)

0001 = 12ms
0010 = 20ms
0011 =40ms
0100 = 60ms
0101 = 80ms
0110 = 120ms
0111 = 200ms
1000 = 320ms
1001 = 440ms
1010 = 560ms
1011 = 680ms
1100 = 800ms
1101 = 920ms
1110 = 1040ms
1111 = 1200ms

D[O]

PARITY_ENERXx

R/W

Odd parity bit for data validity check, include register address. Incorrect parity bit

results in frame error (SCLK_FLT) and register will not be updated.
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SGM42404Q

Automotive Quad Channel Low-side
Driver with Serial Interface Option

REGISTER MAPS (continued)

FREQUENCY

D[7] | D[6]

D[5]

D[4]

D[3]

D[2]

D[1] | D[]

DESCRIPTION

100Hz 0 0

0

X

X

X

X P

200Hz

0

1

500Hz

0

1kHz

0
0 1
0

2kHz

=N

Set the Frequency.

5kHz

10kHz

[ N
-~ |O| O

20kHz 1

N

XX | X|X|X]|X[|X

XX X[ X[ X|X]|X

XX | X[ X|X|X]|X

XX | X | X | X | X]|X
TU|TV|TV|TV|T|T|TO

DUTY

D[7] | D[6]

D[5]

D[4]

D[3]

D[2]

D[1] | D[0]

DESCRIPTION

0.0%

x
x

x

o

o
U

Output is Off after Energizing Phase.

6.25%

12.5%

=N

18.75%

25.0%

~|lO|O|O

o|—~|O

31.25%

N

o|lo| -~

=N

37.5%

N

43.75%

50.0%

~lO|O|O|O|O|O|O

o|—~|O

Set PWM Chopping Duty Cycle.

56.25%

N

o|lo| -~

=N

62.5%

N

68.75%

75.0%

= | =

~lO|OO|O|O| =

o|—~|O

81.25%

1

N

o|lo| -~

87.5%

NXIIX|X XXX X[X|X|[X|[X]|X]|X]|X

1

93.75%

NXUX|IX[X|X|X[X|X|X[X|X]|X|X]|X|X

x

X IX|IX|X|X[X[X[X[X]|X|X|X]|X|[X|X

1

1

|| TV|(TV|TV|TV|TV|TV|TV|TV|(TV|TV|TVT|T|TO

REGOx1A to REG0Ox1D: CH_FRDTx Register [Reset = 00h]

BITS BIT NAME DEFAULT TYPE DESCRIPTION
Configure Channel x PWM Chopping Frequency.
000 = 100Hz (default)
001 = 200Hz
010 = 500Hz
D[7:5] FREQ_CHx 000 RwW 011 = 1kHz
100 = 2kHz
101 = 5kHz
110 = 10kHz
111 = 20kHz
Configure Channel x PWM Chopping Duty Ratio.
0000 = 0% (output off after energizing) (default) 1000 = 50%
0001 =6.25% 1001 = 56.25%
0010 =12.5% 1010 = 62.5%
D[4:1] | DUTY_CHx 0000 RW 10011 =18.75% 1011 = 68.75%
0100 = 25% 1100 = 75%
0101 = 31.25% 1101 = 81.25%
0110 = 37.5% 1110 = 87.5%
0111 =43.75% 1111 =93.75%
Odd parity bit for data validity check, include register address. Incorrect parity bit
D[0] | PARITY_FRDTx 0 RW results in frame error (SCLK_FLT) and register will not be updated.
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Automotive Quad Channel Low-side
SGM42404Q Driver with Serial Interface Option

REVISION HISTORY

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS
TSSOP-16 (Exposed Pad)
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RECOMMENDED LAND PATTERN (Unit: mm)

L
I
* |

ef/nf

H,

Symbol Dimensions In Millimeters
MIN NOM MAX
A _ - 1.200
Al 0.050 - 0.150
A2 0.800 - 1.050
s 0.190 - 0.300
c 0.090 - 0.200
4.860 - 5.100
o 2900 - 3.400
E 4.300 - 4.500
E1 6.200 - 6.600
E2 2.200 - 2.980
0.650 BSC
- 0.450 | - | 0.750
H 0.250 TYP
: o | - | 8°
cce 0.100

NOTES:

1. This drawing is subject to change without notice.

2. The dimensions do not include mold flashes, protrusions, or gate burrs.
3. Reference JEDEC MO-153.
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PACKAGE INFORMATION

TAPE AND REEL INFORMATION

REEL DIMENSIONS

vaY

Reel Diameter

Reel Width (W1) -

P2+

TAPE DIMENSIONS

Q1

\QZ

Q3

Q4

Q1 Q2

Q1

Q3

a2
Q4

M

P1

===mp DIRECTION OF FEED

NOTE: The picture is only for reference. Please make the object as the standard.

KEY PARAMETER LIST OF TAPE AND REEL

5 I

Reel
Packade Tvbe Reel Width A0 BO KO PO P1 P2 w Pin1
ge Typ Diameter wi1 (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
(mm)
TSSOP-16 (Exposed Pad) 13" 12.4 6.80 5.40 1.50 4.0 8.0 2.0 12.0 Q1
€ Y 56 Micro Corp TX10000.000
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PACKAGE INFORMATION

CARTON BOX DIMENSIONS

NOTE: The picture is only for reference. Please make the object as the standard.

KEY PARAMETER LIST OF CARTON BOX

Reel Type L(er:r?‘t)h m::r)' I-(I::&I;t Pizza/Carton
[=]
[=]
13" 386 280 370 5 g
€ Y 56 Micro Corp TX20000.000
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