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Description

The Si834x provides up to four isolated high-side or
low-side switches with low Rgy. These switches are
ideal for driving resistive and inductive loads like sole-
noids, relays, and lamps commonly found in industrial
control systems like Programmable Logic Controllers
(PLC). Each switch is galvanically isolated for safety
using Skyworks’ groundbreaking CMOS-based isolation
technology, offering better reliability and performance
than the traditional optocoupler-based isolation,
including high Common-Mode Transient Immunity
(CMTI) over 100 kV/ps.

The logic interface supports low-power 2.25 V MCUs,
while the switches offer a wide supply range of 9 V-
32 Videal for industrial voltage levels. The switches
are capable of providing 0.7 A to well over 2.5 A
depending on product selection and load conditions.
Each switch offers complete fault protection. An inno-
vative multi-voltage clamp efficiently handles an
unlimited amount of demagnetization energy (Eps).

The overcurrent protection includes an Inrush Current
Mode to drive loads like lamps. Additionally, the
device power supplies are monitored, and the
switches are safely constrained or shutdown on faults.

Eight diagnostics are reported through the logic inter-
face, offering an unprecedented level of details and
control. Diagnostics are configured, monitored, and
cleared via the Serial Peripheral Interface (SPI) or
exposed on active-low, open-drain indicator pins for
easy access and combination. Diagnostic communica-
tion is independent of switch control signals, with sep-
arate isolation channels and constant error checking,
ensuring long-term reliability.

Safety Approvals (Pending)

UL 1577 recognized: Up to 1500 Vrms for 1 minute
e (CSA certified under: 62368-1
e CQC certification approval: GB4943.1

Applications

e Programmable logic controllers
e Industrial data acquisition

e Motion controllers

¢ Smart solid-state relays

Key Features

e High-side or low-side switch

e Logic Supply: 2.25V-5.5V

e  Switch Supply: 9V-32V

e Fast (10 ps) update rate

* High continuous current and low Rgy

- 4 channels: 700 mA (155 mQ)
- 2channels: 1.25 A (78 mQ)
- 1channel: 2.5 A (41 mQ)
¢ Unique multi-voltage output clamp
- Unlimited demagnetization (E,s)

- Efficient and fast turn-OFF
e Inrush Current Mode: 8 A for 20 ms
e Current-limited overload protection
e Over-temperature protection
e Undervoltage protected supplies
e Up to eight different diagnostics
- Multiple power supply reports
- Over-current, over-temperature
- Open-circuit warning
- Communication error
e Channel status indicators
e Dedicated fault indicator
e Disable outputs asynchronously
e Control 128 channels via SPI
e 1.5 kVRps safety-rated isolation
e Transient immunity > 100 kV/us
e Compliantto IEC61131-2
e Compact 9x9 DFN-32 package
e 3 kV ESD Protection
e -401to 125 °C operating temperature
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1. Ordering Guide

Table 1. Si834x Ordering Guide

Ordering Part Ou.tput Input Output Continuous Inrush Channel Status | Low Voltage (ST Char
12 Driver a 5 Current dicators Indicator Channel Fault
Number Type® Interface ® | Channels® | Output Current |, \ = | Indica Indicator | Input
Si83401BAA-IF 1 25A No Yes No No
Si83401BBA-IF 1 25A No No Yes No
Si83402BAA-IF Parallel 2 1.25A No Yes No No
Si83404BAA-IF 4 0.7A No Yes No No
Si83404AAA-IF 4 0.7A Yes Yes Yes No No
Si83405BDA-IF Sourcing 1 25A No No No No
Si83406BDA-IF 2 1.25A No No No No
Si83408BDA-IF Pl 4 0.7A No No No No
Si83408ADA-IF 4 0.7A Yes No No No
Si83408AFA-IF 4 0.7A Yes No No No
Si83408BFA-IF Parallel/SP! 4 0.7A No No No No No
Si83411BAA-IF 1 25A No Yes No No
Si83411BBA-IF 1 25A No No Yes No
Si83412BAA-IF Parallel 2 1.25A No Yes No No
Si83414BAA-IF 4 0.7A No Yes No No
Si83414AAA-IF 4 0.7A Yes Yes Yes No No
Si83415BDA-IF Sinking 1 25A No No No No
Si83416BDA-IF 2 1.25A No No No No
Si83418BDA-IF Pl 4 0.7A No No No No
Si83418ADA-IF 4 0.7A Yes No No No
Si83418AFA-IF 4 0.7A Yes No No No
- Parallel/SPI No
Si83418BFA-IF 4 0.7A No No No No
Contact Skyworks for These Options
Si83401BCA-IF 1 25A No No No Yes
Si83402BBA-IF 2 1.25A No No Yes No
Si83402BCA-IF 2 1.25A No No No Yes
Si83404BBA-IF Parallel 4 0.7A No Yes No Yes No
Si83404ABA-IF Sourcing 4 0.7A Yes No Yes No
Si83404ACA-IF 4 0.7A Yes No No Yes
Si83404BCA-IF 4 0.7A No No No Yes
Si83405BFA-IF 1 25A No No No No
- Parallel/SPI No
Si83406BFA-IF 2 1.25A No No No No
Si83411BCA-IF 1 25A No No No Yes
Si83412BBA-IF 2 1.25A No No Yes No
Si83412BCA-IF 2 1.25A No No No Yes
Si83414BBA-IF Parallel 4 0.7A No Yes No Yes No
Si83414ABA-IF Sinking 4 0.7A Yes No Yes No
Si83414ACA-IF 4 0.7A Yes No No Yes
Si83414BCA-IF 4 0.7A No No No Yes
Si83415BFA-IF 1 25A No No No No
- Parallel/SPI No
Si83416BFA-IF 2 1.25A No No No No

“Si” and “SI” are used interchangeably.

An “R” at the end of the Ordering Part Number indicates the tape and reel option.

Output driver can source current in a high-side, open-source configuration or sink current in a low-side, open-drain configuration.

SPl interface provides access to all diagnostic, fault, and channel status information. SPl-only interface allows output channel control as well.

One and two-channel configurations require PCB traces to combine pins together to achieve rated output current. See “4.1. Recommended Application Circuits” on
page 36 for details.

urwNE
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2. System Overview

A single channel of the Si834x Isolated Smart Switch is analogous to that of an optocoupler and a relay driver, except that an
RF carrier is modulated across the isolation barrier instead of light. This simple architecture provides a robust isolation path
and requires no special considerations or initialization at startup. The RF carrier is modulated using methods that optimize
fault tolerance and propagation delay across the isolation barrier.
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Figure 1. Parallel/SPI Sourcing Device System Diagram

The fundamental channel structure described above is augmented using a number of innovative technologies.
The output switch is a low ON-State Resistance (Rpy) device capable of driving inductive and resistive loads at

continuous currents of up to 2.5 A. It includes precise voltage, current, and temperature sensors that continuously
monitor the switch and load conditions, protecting the device by reducing driver performance or forcing a con-
trolled shutdown when necessary.

The switch uses a sophisticated multi-voltage output clamp, called a “smart output clamp”, that both protects the
switch from harmful inductive kickback voltage (or back EMF) while still offering fast demagnetization of inductors
to reduce contact arcing and increase switching speed.

Up to four identical channels are packaged together into an Si834x device, each with its own set of sensors.
Switches are controlled using dedicated isolation channels which increase reliability and timing performance. A
bidirectional, fault-tolerant isolation channel is also implemented between the switch and logic interface, allow-
ing the host controller to configure, monitor, and diagnose the switches and their loads.

The logic interface offers dedicated parallel input channels and an asynchronous output enable (OE) pin for high
speed switch control as well as a rich SPI for diagnostics and monitoring. Eight different diagnostic reports are
available in the device status registers accessed via SPI which provide a complete picture of device and load condi-
tion. See “3.5. Diagnostics and Monitoring” on page 24 for more information on the available reports.
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Figure 2. SPI Sourcing Device System Diagram

The true status of each switch output is communicated across the isolation barrier to the logic interface and can
be monitored by the controller through the status registers. On some product options, such as the one depicted in
the figure above, the channel status is also indicated by open-drain, active-low LED output pins that can quickly
provide end-user feedback on switch status.
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Figure 3. Parallel Interface Device System Diagram

The Si834x is also offered without the SPI to simplify designs and provide an easy migration path from existing
optocoupler-based solutions, as illustrated in the figure above. Depending on the device selection, different
switch diagnostics are exposed using additional indicator pins, such as a switch supply voltage low indicator
(VDD2_WRN).
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3. Device Operation

This section describes the capabilities of the Si834x Isolated Smart Switch devices and how they should be used to
achieve different goals within a design. Refer to “1. Ordering Guide” on page 3 and “4.1. Recommended Applica-
tion Circuits” on page 36 for information on specific devices and how they are designed into different applications.

3.1. Truth Tables

The following tables describe the logical behavior of the Si834x Isolated Smart Switch devices. Use these tables to
determine the state of a specific channel's outputs on a specific Si834x device, based on the device's current and
past state, and its current inputs. The state of other device channels also impacts some channel output states.
When applicable, this is described in the table footnotes.

Table 2. Si834xxxAx Truth Table

Inputs1 State? Outputs
Mode =
An | OE | vbpD1y® | vDD2y* | VDD2q,* | Faulty® | VDD2_WRN®’ FLT® LEDNn® Bn®
X X NP — — — OFF U OFF OFF
X X P NP NP D OFF ON OFF OFF
Fault X X P NP w D ON ON OFF OFF
X X P w — D ON ON OFF2 OFF°
X X P P — D OFF ON OFF? OFF?
L X P W - ND ON OFF OFF OFF
X L P W - ND ON OFF OFF OFF
H H P W — ND ON OFF ON ON
Normal
L X P P - ND OFF OFF OFF OFF
X L P P - ND OFF OFF OFF OFF
H H P P - ND OFF OFF ON ON

1. “X" is any logic value, “H” is a logic high (true) value, and “L” is a logic low (false) value. Logic pins should always be connected to either logic high or low. Logic val-
ues listed in this table are assumed to transition at the same time as the device state.

2. “NP” is the “not powered” state; “P” is the “powered” state; “W” is the “warning” state; “ND” is the “not detected” state; “D” is the detected state, and “~” is an
irrelevant state. The current state (Q) and the previous state (Q-1) of the device, as well as the current inputs to the device, define the current outputs of the
device.

3. “Not powered” (NP) state is defined as VDD1 < VDD1y. “Powered” (P) state is defined as VDD1 > VDD1,. Logic inputs can power VDD1 through an internal diode
if its source has adequate current. See Table 14, “Power Supply Characteristics,” on page 45 for details.

4. “Not powered” (NP) state is defined as VDD2 < VDD29. “Warning” (W) state is defined as VDD2 ;9 < VDD2 < VDD2)y15. “Powered” (P) state is defined as VDD2 >
VDD2yy5. See Table 14, “Power Supply Characteristics,” on page 45 and Table 18, “Protection and Diagnostics,” on page 48 for details.

5. The VDD2(, “not powered” (NP) state forces a Faultg “detected” state. Faultq state automatically changes to “not detected” (ND) when all fault conditions are
removed. Faults are defined in “3.5. Diagnostics and Monitoring” on page 24.

6. “Undetermined” (U) can be any value within the absolute maximum rating of the output. The output is both active-low and open-drain. See “4.1. Recommended
Application Circuits” on page 36 for more information.

7. VDD2 must remain within a state long enough to be measured for this output to change. If VDD2 changes states sufficiently quickly, this output will remain
unchanged. See “3.5. Diagnostics and Monitoring” on page 24 for more information.

8. The electrical characteristics for ON and OFF vary based on device selection, switch protection conditions, and switch supply conditions. See “3.3. Switch Types”
and “3.4. Switch Protection” on page 13 for more information.

9. If an Over-Temperature Constraint fault is detected while the output is ON, the output will not immediately shut-down. If an Over-Temperature Constraint fault is

detected while the output is OFF, the output will be prevented from turning ON. If an Over-Voltage Constraint fault is detected, the output will operate normally.
See “3.4. Switch Protection” on page 13 for more information.
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Table 3. Si834xxxBx Truth Table

Inputs1 State? Outputs
Mode p—
An | OE | vDD1y?® | VDD2o* | VDD2g,* | Faulty® |Bnloadq|Bnloadg;| OPEN_CH® | FLT® | LEDn® | Bn®
X X NP — — — — — OFF U OFF OFF
X X P NP NP D — — OFF ON OFF OFF
Fault X X P NP P D — ND ON ON OFF OFF
X X P P — D ND - ON ON | OFfF® | OFF®
X X P P - D D — OFF ON OFF® OFF®
L X P P — ND ND — ON OFF OFF OFF
X L P P — ND ND — ON OFF OFF OFF
Normal L X P P — ND D — OFF OFF OFF OFF
X L P P — ND D — OFF OFF OFF OFF
H H P P — ND — — OFF OFF ON ON

1. “X” is any logic value; “H” is a Logic High (true) value, and “L” is a Logic Low (false) value. Logic pins should always be connected to either Logic High or Low. Logic
values listed in this table are assumed to transition at the same time as the device state.

2. “NP” is the “not powered” state; “P” is the “powered” state; “W” is the “warning” state; “ND” is the “not detected” state; “D” is the detected state, and “~” is an
irrelevant state. The current state (Q) and the previous state (Q-1) of the device, as well as the current inputs to the device, define the current outputs of the
device.s

3. “Not Powered” (NP) state is defined as VDD1 < VDD1,.. “Powered” (P) state is defined as VDD1 > VDD1yy. Logic inputs can power VDD1 through an internal diode
if its source has adequate current. See Table 14, “Power Supply Characteristics,” on page 45 for details.

4. “Not Powered” (NP) state is defined as VDD2 < VDD2,,9. “Powered” (P) state is defined as VDD2 > VDD2;y9. See Table 14, “Power Supply Characteristics,” on
page 45 for details.

5. The VDD2(, “not powered” (NP) state forces a Faultq “detected” state. Faultq state automatically changes to “not detected” (ND) when all fault conditions are
removed. Faults are defined in “3.5. Diagnostics and Monitoring” on page 24.

6. “Undetermined” (U) can be any value within the absolute maximum rating of the output. The output is both active-low and open-drain. See “4.1. Recommended
Application Circuits” on page 36 for more information.

7. All channels are assumed to have the same load state. A “not detected” (ND) load state on any channel will turn ON this output. The load must remain within a

state long enough to be measured for this output to change. If the load changes state sufficiently quickly, this output will remain unchanged. See “3.5. Diagnostics
and Monitoring” on page 24 for more information.

8. The electrical characteristics for ON and OFF vary based on device selection, switch protection conditions, and switch supply conditions. See “3.3. Switch Types”
and “3.4. Switch Protection” on page 13 for more information.
9. If an Over-Temperature Constraint fault is detected while the output is ON, the output will not immediately shut-down. If an Over-Temperature Constraint fault is

detected while the output is OFF, the output will be prevented from turning ON. If an Over-Voltage Constraint fault is detected, the output will operate normally.
See “3.4. Switch Protection” on page 13 for more information.
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Table 4. Si834xxxCx Truth Table
Inputs1 State? Outputs
Mode
An OE FIT_CLIR | vDD1y® | vDD2y* | Faulty® | Faultq,® | FLT® LEDN® Bn’
X X X NP — - - u OFF OFF
Fault X X X P NP D - ON OFF OFF
X X X P P - ON OFF® OFF®
L X L P P ND D ON OFF OFF
X L L P P ND D ON OFF OFF
H H L P P ND D ON ON?® ON?®
L X H P P ND D OFF OFF OFF
Normal X H H 3 3 ND D OFF OFF OFF
H H H P P ND D OFF ON ON
L X X P P ND ND OFF OFF OFF
X L X P P ND ND OFF OFF OFF
H H X P P ND ND OFF ON ON

“X” is any logic value, “H” is a Logic High (true) value, and “L” is a Logic Low (false) value. Logic pins should always be connected to either Logic High or Low. Logic
values listed in this table are assumed to transition at the same time as the device state.

“NP” is the “not powered” state; “P” is the “powered” state; “W” is the “warning” state; “ND” is the “not detected” state; “D” is the detected state, and “—" is an
irrelevant state. The current state (Q) and the previous state (Q-1) of the device, as well as the current inputs to the device, define the current outputs of the
device.

“Not Powered” (NP) state is defined as VDD1 < VDD1,,. “Powered” (P) state is defined as VDD1 > VDD1,. Logic inputs can power VDD1 through an internal diode
if its source has adequate current. See Table 14, “Power Supply Characteristics,” on page 45 for details.

“Not Powered” (NP) state is defined as VDD2 < VDD2,,9. “Powered” (P) state is defined as VDD2 > VDD2 ;. See Table 14, “Power Supply Characteristics,” on
page 45 for details.

The “detected” (D) state will persist as a previous state (Q-1) until the current fault state (Q) is “not detected” (ND) and the FLT_CLR input is high. Faults are defined
in “3.5. Diagnostics and Monitoring” on page 24.

“Undetermined” (U) can be any value within the absolute maximum rating of the output. The output is both active-low and open-drain. See “4.1. Recommended
Application Circuits” on page 36 for more information.

The electrical characteristics for ON and OFF vary based on device selection, switch protection conditions, and switch supply conditions. See “3.3. Switch Types”
and “3.4. Switch Protection” on page 13 for more information.

If an Over-Temperature Constraint fault is detected while the output is ON, the output will not immediately shut-down. If an Over-Temperature Constraint fault is
detected while the output is OFF, the output will be prevented from turning ON. If an Over-Voltage Constraint fault is detected, the output will operate normally.
See “3.4. Switch Protection” on page 13 for more information.

If a Communication Error Shutdown fault was previously detected and is currently reported, the output will be prevented from turning ON. See “3.5. Diagnostics
and Monitoring” on page 24 for more information.
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Table 5. Si834xxxDx Truth Table

Inputs1 State? Outputs
Mode

SW_EN[n]3 OE vDD1,’ vDD2y’ Faulto® FLT’/8 LEDn® Bn?

X X NP - — U OFF OFF

Fault X X P NP D ON OFF OFF
X X P P D ON OFF10 OFFL0

L X P P ND OFF OFF OFF

Normal X L P P ND OFF OFF OFF

H H P P ND OFF ON ON
1. “X" is any logic value, “H” is a logic high (true) value, and “L” is a logic low (false) value. Logic pins should always be connected to either logic high or low. Logic val-

ues listed in this table are assumed to transition at the same time as the device state.

2. “NP” is the “not powered” state; “P” is the “powered” state; “ND” is the “not detected” state; “D” is the detected state, and “—” is an irrelevant state. The current
state (Q) and the previous state (Q-1) of the device, as well as the current inputs to the device, define the current outputs of the device.

3. This input is supplied via the SPI from the SW_EN register. Bit addresses are zero indexed such that channel 1 (output B1) is supplied from the SW_EN(0] bit.

4. “Not powered” (NP) state is defined as VDD1 < VDD1;y. “Powered” (P) state is defined as VDD1 > VDD1y. Logic inputs can power VDD1 through an internal diode
if its source has adequate current. See Table 14, “Power Supply Characteristics,” on page 45 for details.

5. “Not powered” (NP) state is defined as VDD2 < VDD2,;,9. “Powered” (P) state is defined as VDD2 > VDD2,j,5. See Table 14, “Power Supply Characteristics,” on
page 45 for details.

6. The VDD2q, “not powered” (NP) state forces a Faultq “detected” (D) state. Faultq state automatically changes to “not detected” (ND) when all fault conditions are
removed. Faults are defined in “3.5. Diagnostics and Monitoring” on page 24.

7. The default behavior shown here can be modified through the SPI. See “3.6. Serial Peripheral Interface” on page 28 for details.

8. “Undetermined” (U) can be any value within the absolute maximum rating of the output. The output is both active-low and open-drain. See “4.1. Recommended
Application Circuits” on page 36 for more information.

9. The electrical characteristics for ON and OFF vary based on device selection, switch protection conditions, and switch supply conditions. See “3.3. Switch Types”
and “3.4. Switch Protection” on page 13 for more information.

10. If an Over-Temperature Constraint fault is detected while the output is ON, the output will not immediately shut-down. If an Over-Temperature Constraint fault is
detected while the output is OFF, the output will be prevented from turning ON. If an Overvoltage Constraint fault is detected, the output will operate normally. See
“3.4. Switch Protection” on page 13 for more information.

Table 6. Si834xxxFx Truth Table
Inputs® State? Outputs
Mode

An OE vDD1g? vDD2,* Faultg® FLT® Bn’

X X NP — — U OFF

Fault X X P NP D ON OFF
X X P P D ON OFF8

L X P P ND OFF OFF

Normal X L P P ND OFF OFF
H H P P ND OFF ON

1. “X" is any logic value, “H” is a logic high (true) value, and “L” is a logic low (false) value. Logic pins should always be connected to either logic high or low. Logic val-
ues listed in this table are assumed to transition at the same time as the device state.

2. “NP” is the “not powered” state; “P” is the “powered” state; “ND” is the “not detected” state; “D” is the detected state, and “—” is an irrelevant state. The current
state (Q) and the previous state (Q-1) of the device, as well as the current inputs to the device, define the current outputs of the device.

3. “Not powered” (NP) state is defined as VDD1 < VDD1;,. “Powered” (P) state is defined as VDD1 > VDD1y. Logic inputs can power VDD1 through an internal diode
if its source has adequate current. See Table 14, “Power Supply Characteristics,” on page 45 for details.

4. “Not powered” (NP) state is defined as VDD2 < VDD2;yq.“Powered” (P) state is defined as VDD2 > VDD2;yq. See Table 14, “Power Supply Characteristics,” on
page 45 for details.

5. The VDD2q, “not powered” (NP) state forces a Faultg “detected” (D) state. Faultq state automatically changes to “not detected” (ND) when all fault conditions are
removed. Faults are defined in “3.5. Diagnostics and Monitoring” on page 24.

6. “Undetermined” (U) can be any value within the absolute maximum rating of the output. The output is both active-low and open-drain. See “4.1. Recommended
Application Circuits” on page 36 for more information. It's default behavior shown here can be modified through the SPI. See “3.6. Serial Peripheral Interface” on
page 28 for details.

7. The electrical characteristics for ON and OFF vary based on device selection, switch protection conditions, and switch supply conditions. See “3.3. Switch Types”
and “3.4. Switch Protection” on page 13 for more information.

8. If an Over-Temperature Constraint fault is detected while the output is ON, the output will not immediately shut-down. If an Over-Temperature Constraint fault is
detected while the output is OFF, the output will be prevented from turning ON. If an Overvoltage Constraint fault is detected, the output will operate normally. See
“3.4. Switch Protection” on page 13 for more information.
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3.2. Switch Timing Behavior

The Si834x exhibits different timing behavior depending on the state of the power supplies, as well as the switch
inputs. In the figure below, the analog power supply voltages are plotted against the digital input and output state
of the device, with relevant device timings listed. It is important to note that the analog behavior of the Si834x
device changes based on the switch type selected. See “3.3. Switch Types” on page 12 for details.

Startup Normal VDD1 VDD2
Operation Cycle Cycle VDD 1nys
[ ———— e —— T e ———— T ————— _
vobte. 4 . s _
VDD1 T
VDD2ys
vbD2wer G o 4 . 1
vbb2ye. S 4 \_ __________ _
VDD2 T
An/OE
t t
T | tor > |+ - [ty | [tsps ——2—
Bn
A B C D

Figure 4. Switch Timing Behavior
At Marker A in Figure 4, both power supplies, though unpowered initially, exceed the undervoltage threshold
(VDD1y, and VDD2,q). At this point, the device begins to start up. Until the Device Startup Time (tg7) elapses,
the output remains off. After tg1, the output state begins to track the input state. Note that the analog timing
behavior from device input to device output is depicted in Figure 26 on page 48.
At Marker B, the input control signal is turned off. After the Turn OFF Propagation Delay (tpy ) elapses, the output
will turn off. When the input is turned back on, an additional Turn ON Propagation Delay (tp; ) must elapse before
the output returns to the ON state.
At Marker C, the logic interface power supply is turned completely off to begin a power cycle. When VDD1 drops
below VDD1,;,, the device begins to shutdown. After the Logic Interface Shutdown Time (t5p4) elapses, the output
is turned off. When VDD1 exceeds the VDD1y,, threshold again, the Logic Interface Power Cycle Time (tpc;) must
elapse before the output will again track the input and turn back on.
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At Marker D, the switch power supply is turned completely off to begin a power cycle. When VDD2 drops below
VDD2yyq, the output immediately turns off. When VDD2 exceeds VDD2,,,,9 again, the Switch Power Cycle Time

(tpcy) must elapse before the output will again track the input and turn back on.

In Figure 5, two unique fault conditions that generate diagnostic reports are plotted against the FLT output. The
FLT output indicates if there are any fault reports in the device. The smart switch can detect and protect itself
from a range of unique fault conditions, but only some fault conditions will generate a diagnostic report. See “3.4.

Switch Protection” and “3.5. Diagnostics and Monitoring” on page 24 for details on fault conditions, such as over-
current and over temperature, which also generate diagnostic reports.

Single Fault Successive Faults Combined Faults

tcrp : tcrp i <tcrp i tcrp <tcrD i tcrD

A B

Figure 5. Switch Fault Behavior
At Marker A, a fault condition that generates a diagnostic report is detected (Fault A). The FLT output is immedi-
ately turned on and will remain on for the duration of the Clear Fault Delay (tcgp). At Marker B, after trp has
expired, the fault condition is still detected and thus FLT remains on for another duration of tcep- The FLT output
will only turn off after tcgp has expired and no fault condition that generates a diagnostic report is detected, as
depicted at Marker C. Otherwise, this cycle will repeat indefinitely as long as the fault condition remains detected.
At Marker D, the same fault condition (Fault A) is detected again and the FLT output is turned on. However, before
tcep has expired, a different fault condition that generates a diagnostic report (Fault B) occurs. This new fault con-
dition resets the trp timer and the FLT output remains on, as depicted at Marker E.

It is important to note that any new fault condition that generates a diagnostic report will reset the tcgp timer,

even if other fault conditions remain present, as depicted at Marker F. This ensures that any diagnostic report is
indicated on the FLT output for at least one duration of t¢rp, and may be indicated for multiples of t-rp depending

on the duration of the fault conditions that generate diagnostic reports within the device.
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3.3. Switch Types

The Si834x Isolated Smart Switch is available in two switch configurations to meet a broad range of application
requirements.

—{ | vDD2 |—|:| VDD2
Smart
= Clamp [*]
Switch H4 Control Output Load
Control ] | Clamp
—— ] Bn —_1Bn
l«— Smart |_
&i’fﬁ& Output Load Switch =
—* Clamp Control '
I—|:| GND2 ] GND2
Figure 6. Sourcing Device Figure 7. Sinking Device

As shown in the figures above, the sourcing configuration operates as an open-source output for high-side switch-
ing. It connects to VDD2 when the switch is turned ON. The sinking configuration uses an open-drain output for
low-side switching. It connects to GND2 when the switch is turned ON. Both the sourcing and sinking output con-
figurations are IEC61131-2 compliant. Each switch can source or sink up to 2.5 A of continuous current, depending
on product selection.

Additionally, the four-channel product option offers an Inrush Current Mode which can briefly provide up to 8 A of
current. This is ideal for driving loads with low startup impedance like lamps. To achieve continuous currents as
high as 2.5 A, the appropriate device must be purchased and the layout and circuit design requirements must be
met. See the “1. Ordering Guide” on page 3 for details. See “4.1. Recommended Application Circuits” and “4.2.
Layout Considerations” for details on designing for high-continuous-current devices.

All switches include a smart clamp output to quickly and safely demagnetize inductive loads, as well as advanced
over-current protection, over-temperature protection, and open-circuit detection. When the switch is OFF, the
output can be considered high impedance (Hi-Z). However, the demagnetization clamp will engage in the OFF
state if the voltage on the output pin exceeds the Demagnetization Clamp High Voltage (V¢ ppn) Specification.
Also, there will be some OFF state current (IO(OFF)) to facilitate open circuit detection. See Figure 34 on page 55
and Figure 35 on page 56 for details on output behavior when the switch is OFF.
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3.4. Switch Protection

The Si834x Isolated Smart Switch contains sophisticated protection technology. It is designed to operate for
decades driving a broad range of loads. It can seamlessly recover from faults ranging from a simple switch supply
overvoltage, to a dead short on a driven output channel. The following sections detail individual methods of pro-
tection, and how they behave in common scenarios.

3.4.1. Demagnetization Energy Protection

The Si834x Isolated Smart Switch includes a high efficiency, multi-voltage “smart” output clamp used to protect
the switch from harsh demagnetization voltage, commonly referred to as back EMF, flyback voltage, inductive
voltage “kick-back”, or a “voltage kick.” The smart clamp is actively controlled based on the current through the
switch, the switch supply voltage, and the switch temperature. By dynamically adjusting the clamp voltage based
on device and load conditions, the Si834x balances safety with performance. It limits device power dissipation to
safe levels while delivering fast turn-off performance that ensures fast relay switching and reduces arcing and arc
welding failures in relays.

An
VDD2
VBn
T VeimpL
VeLmPH

I cLmPT

Figure 8. Demagnetization Protection Behavior
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Figure 8 above illustrates the behavior of a high-side (sourcing) Si834x switch when driving a relay at the switch’s
typical ON State Load Current (IO(ON)) and under normal operating conditions. It plots the digital input to the

switch (An) as well as the output voltage (Vg,) and output current (lg,) from the switch. It assumes a simplified
model for the relay coil of a simple inductor (L) in series with a resistor (R,.) All plots are for a specific channel,
with n specifying the channel number.

In order to understand the switches demagnetization protection, it is important to remember the equation for
voltage and current through an inductor.

ar () 1
pr Al
Equation 1.

Where:
I, is the current through the inductor (I.)

Lis the inductance (H.)
V| is the voltage across the inductor (V.)

At Marker A, the channel is turned on and begins to energize the load inductance.
At Marker B, the load inductance is fully energized.

At Marker C, the switch is turned off while driving a fully charged coil. The coil inductance resists a change in cur-
rent by generating a very large negative voltage at the switch output (Bn) and across the smart output clamp. Ini-
tially, the clamp voltage is constrained to the Demagnetization Clamp Low Voltage (V¢ vp) because the current

through the smart clamp exceeds the Demagnetization Clamp Current Threshold (I ppt)- Despite the large load
current, the power dissipation in the channel is low because the clamp voltage is low.

At marker D, the current through the clamp falls below I \pt and the clamp voltage is changed to Demagnetiza-
tion Clamp High Voltage (V¢ mpn)- The higher clamp voltage increases the rate of demagnetization in the inductor.

The increased power dissipation during this phase of protection will cause a small temperature rise in the chan-
nel, but with inductor current sufficiently constrained below I ysp7, this rise is easily tolerated by other channels

in the Si834x device.

This two-step approach to turning off an inductor gives the Si834x the ability to demagnetize an unlimited
amount of energy from a single turn-off pulse, on a single channel (EAS(1CH)). See Table 23, “Absolute Maximum
Ratings,” on page 51 for maximum energy dissipation under other conditions.
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3.4.2. Over-Current Protection with Inrush Current Mode

The Si834x Isolated Smart Switch includes short-circuit-proof, over-current protection with automated restart.
Unlike other over-current-protected switches, the Si834x rapidly samples current through the switch, disabling
the output while an over-current condition remains present, rather than depending on an increased switch resis-
tance and thermal protection alone to limit current through the switch. This approach drastically reduces the
power dissipation through the switch during an over-current condition, eliminating the need for thermal indepen-
dence of separate channels, increasing the lifespan of the switch, simplifying the thermal requirements of the
end-system, and still ensuring safe operation of the switch even with a dead short present for an indefinite
amount of time.

Some Si834x four-channel devices (Si834x4Ax and Si834x8Ax) also include an Inrush Current Mode, which enables
them to drive loads with low startup impedance like lamps by providing a brief high current when the channel is
initially turned on.

Short-Circuit
An
VBn
lope, ¢ &+ 4 i
—>+topct
B tocrp R
torrD toctp forem ¥
loc._ . S — I A 0o i
1 [+ tocL tocL

lgn / e .. »

27 plrl
OC_SDn J

A B C D E

Figure 9. Over-Current Shutdown Behavior
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The figure above illustrates the behavior of a high-side (sourcing) Si834x switch with inrush current mode when
driving an inductor at the switches’ typical ON State Load Current (IO(ON)) under normal operating conditions ini-

tially, but then experiencing a short-circuit. Note that marker B depicts the Si834x switches’ behavior when it is
turned on in a short-circuit state. The figure plots the digital input to the switch (An) as well as the output voltage
(Vgn) and output current (Ig,) from the switch where n is a specific channel number. It also illustrates the Over-

Current Shutdown diagnostic register value for the channel (OC_SDn) when the enable mask for auto-clearing of
diagnostics (ACLR_EN) is set to true. This is the default diagnostic report clearing behavior.

Initially, the switch channel is turned on and the load inductor is fully charged. The current must exceed the Out-
put Current Limit Threshold (Ig¢ 1), which is similar to the Output Current Limit (I5¢ ) in the figure above, for the

switch to detect an over-current condition and engage its over-current protection. At marker A, a dead short (0 Q
resistance) is placed on the output to the switch channel which causes an immediate voltage drop and current rise
well above Ig¢ 1. The Si834x device will immediately engage its over-current protection and limits the current to

the Output Current Limit (Igc ) by altering the resistance of the switch. If the over-current condition is not
removed within the Output Current Limit Pulse time (toc ), the output is immediately shutdown and OC_SDn is
set to true. The channel will remain shutdown for the duration of the Over-Current Protection Retry Delay (tgprp)-

At marker B, after the Over-Current Protection Retry Delay has expired, OC_SDn is set to false, and the channel is
turned on again. If the over-current condition is once again detected on the output, the resistance of the switch
will once again be altered to limit the current to ¢ for no longer then ty¢|, at which point the channel will shut

down again, protecting itself from high power dissipation. The switch will attempt to turn on again in the same
way, multiple times, at a retry period equal to Output Current Limit Period (tg¢ p), and for up to the Over-Current

Protection Duration (tocpp). If the over-current condition is no longer detected at any time during an Over Current
Limit Pulse, the switch resistance is immediately reduced to normal ON-State Output Resistance (Rgy).

At marker C, for four channel devices (Si834x4x and Si834x8x), the Si834x tests the load to determine if it requires
high inrush current for normal operation. The current limit is increased to Output Peak Current Limit (Igpc ), and
the pulse time is reduced to Output Peak Current Test Pulse (tgpc). See Figure 10 for details on switch behavior
when driving a load that requires a high inrush current. In the case of a short-circuit or other over-current condi-
tion that cannot be resolved with high inrush current, after topct passes, the output is shutdown again for toprp,

and OC_SDn is set to true. This cycle will repeat indefinitely as long as the over-current condition remains
detected.

At marker D, the dead short is removed. However, during the time the channel is shutdown, no changes in the
over-current condition are detected. This is true for any period of time the channel is shutdown. Therefore, the
channel remains shutdown until to¢ p expires, at which time the channel is turned on, and normal operation

resumes.
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Figure 10. Inrush Current Mode Behavior

The figure above illustrates the behavior of a four-channel high-side (sourcing) Si834x switch when driving a load
that requires a high inrush current such as an incandescent lamp. The figure plots the digital input to the switch
(An) as well as the output voltage (Vg,,) and output current (Ig,) from the switch where n is a specific channel
number.

At marker A, the channel is turned on and the current through the switch is immediately detected above the Out-
put Current Limit Threshold (Io¢ 1), which engages the over-current protection and limits the current to the Out-
put Current Limit (Igc ). See Figure 9, “Over-Current Shutdown Behavior,” on page 15 for details on typical over-
current protection.

At marker B, similar to the over-current condition depicted in Figure 9, the Si834x switch alters its resistance to
allow for a higher Output Peak Current Limit (Igpc ). Unlike the over-current condition, if the current through the
switch remains less than Igpc|, the switch will maintain the increased current limit for a time up to the Output
Peak Current Limit Pulse (tgpc ). The current through the switch must reduce to a level below Igc 1, which is simi-
lar to Igc, depicted in the figure above, before tgpc| passes. Otherwise, the channel is deemed to be in an over-
current state, at which time it is shutdown and Over-Current Shutdown diagnostic register (OC_SDn) is set to true.
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3.4.3. Over-Temperature Protection

The Si834x Isolated Smart Switch includes independent over-temperature protection for each channel. It has two
levels of protection that balance device safety with switch performance. The Si834x will continue to operate
safely with reduced performance when individual channels are over-temperature, only shutting down channels
when all channels are detected to be over-temperature.

Normal Operation OT Event OT Event
Tor (Ten < Tor) (Ten=Tor) (Tenz1 2 Tot
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Figure 11. Over-Temperature Constraint Behavior
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The figure above illustrates the behavior of a high-side (sourcing) Si834x switch when driving an inductor at the
switches’ typical ON State Load Current (IO(ON)), but then experiencing two different over-temperature events (OT

Event). The “Normal Operation” section is identical to Figure 8, “Demagnetization Protection Behavior,” on
page 13 and is included for reference. The figure plots the digital input to the switch (An), the temperature of any
output channel (Tg(any)), as well as the output voltage (Vg,) and output current (lg,) from the switch where n is a

specific channel number. It also illustrates the Over-Temperature Constraint diagnostic register value for the chan-
nel (OT_CNSn) when the enable mask for auto-clearing of diagnostics (ACLR_EN) is set to true. This is the default

diagnostic report clearing behavior.

Under normal conditions where ambient temperature is limited to the Derated Ambient (T,p), calculated in “4.3.

Power Dissipation Considerations” on page 42, the most likely cause of over-temperature is demagnetizing a large
inductor (Eg). Specifically, when the smart clamp is set to the Demagnetization Clamp High Voltage (V¢ pmpn) @and

power dissipation is at its peak. This temperature rise is illustrated in the figure above at marker A for an Epg,
which falls below the maximum specification of the device. See Table 23, “Absolute Maximum Ratings,” on

page 51 for more details on the absolute maximum specifications.

Marker B illustrates the switch behavior when the dissipated E,g is too large for the current ambient temperature.
When the Si834x smart clamp transitions to V¢ ypn, the switch temperature rises quickly until it reaches the
Over-Temperature Threshold (Tgy) at marker C. At this point, the smart clamp for each Si834x channel is con-
strained to the Demagnetization Clamp Low Voltage (V¢ pp), and OT_CNSn is set to true. This protects the device
by reducing power dissipation and forcing all inductors attached to the Si834x to demagnetize more slowly.
While the Si834x is over-temperature on any channel, all channels are prevented from turning on in order to fur-
ther reduce power dissipation and recover quickly, as illustrated at marker D. Note that a channel in inrush current

mode, or experiencing an Over-Current Shutdown will also have it's retry attempts suppressed during its Over-
Current Protection Duration (tgcpp) period. Once the temperature of the channel falls below the Over-Tempera-

ture Hysteresis (Tyys) level, as illustrated by marker E, OT_CNSn is set to false, and all channels resume normal
operation.
It is important to note that an over-temperature condition on any channel will cause all channels to be con-

strained in the manner described above, not just the channel with the over-temperature diagnostic report. This is
illustrated at marker F where a different channel, not illustrated, exceeds Tqy, forcing the illustrated channel to

remain at V¢ ppL @and constraining its demagnetization performance.
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Figure 12. Over-Temperature Shutdown Behavior
If ambient temperature is not limited to Tpp, or if Exg is much larger than the specified maximum, it is possible
that the temperature of all channels (Tg(a ) will exceed Tqy, as illustrated in Figure 12 above. In this event, as

illustrated at Marker A, all channels are immediately shutdown, and the Over-Temperature Shutdown register
(OT_SD) will be set to true. If a channel is driving an inductor, the smart clamp will be constrained to V¢ pp. and
demagnetization time will be increased to help reduce power dissipation. All channels will be prevented from
turning on (Marker B) until the temperature of all channels falls below Tyys, as depicted at Marker C, at which
time the OT_SD register will be set to false and all channels will resume normal operation.
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3.4.4. Power Supply Protection

The Si834x Isolated Smart Switch monitors both the logic interface and switch power supplies, protecting the
device and load when the power supplies are out-of-specification. Like the over-temperature protection, the
Si834x balances performance with safety by constraining switch performance under some power supply condi-
tions, and safely shutting down under others.

Normal Operation Overvoltage
VDD20v32+ / _________________

VDD2_0S

A B Cc

Figure 13. VDD2 Over-Voltage Constraint Behavior

The figure above illustrates the behavior of a high-side (sourcing) Si834x switch when driving an inductor at the
switches’ typical ON State Load Current (Ig(oy)), but then experiences an overvoltage condition on the switch

power supply (VDD2). The “Normal Operation” section is identical to Figure 8, “Demagnetization Protection
Behavior,” on page 13 and is included for reference. The figure plots the digital input to the switch (An), the VDD2
supply voltage (VDD2), as well as the output voltage (Vg,,) and output current (Ig,) from the switch where nisa
specific channel number. It also illustrates the VDD2 Out of Specification register value (VDD2_0S) when the
enable mask for auto-clearing of diagnostics (ACLR_EN) is set to true. This is the default diagnostic report clearing
behavior.
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At marker A, VDD2 exceeds the VDD2 Over voltage Threshold (VDD2g)3,). In order to reduce power dissipation to
a safe level, the smart clamp for each channel is constrained to Demagnetization Clamp Low Voltage (V¢ pp1), and
the VDD2_OS register is set to true. While the smart clamp for each channel is limited to V¢ \yp,, demagnetization

performance is constrained and all inductive loads turn off more slowly, as illustrated at marker B. Unlike an Over-
Temperature Constraint, the output channels are not prevented from turning on (marker C). Once VDD?2 falls
below VDD2g 3, again, the smart clamp returns to “Normal Operation®, and the VDD2_OS register is set back to

false.
It is important to note that overvoltage is not prevented from damaging the device if VDD2 remains above
VDD2y3; or exceeds the absolute maximum specification. It only protects the device from higher power dissipa-

tion when demagnetizing an inductive load at higher voltages, and generates a diagnostic report. If VDD2 exceeds
the VDD2 ESD Clamp Threshold (VDD2¢|p), the VDD2 ESD clamp will engage, damaging the device.
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Figure 14. VDD2 Undervoltage Shutdown Behavior
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The switch is protected against a VDD2 undervoltage condition in a very similar manner to VDD2 overvoltage con-
ditions, as illustrated by the figure above. At Marker A, VDD2 falls below the VDD2 Undervoltage Threshold
(VDD2yyg). All channels are immediately shutdown, and the VDD2_OS register is set to true. Note that the smart

clamp operates normally during shutdown. While VDD2 is undervoltage, all channels are prevented from turning
on (marker B). Only after VDD2 rises above VDD2,;y,9 again will all channels be allowed to return to normal opera-

tion, and the VDD2_OS register set back to false, as illustrated at Marker C.

It is important to note that VDD2 must remain powered to offer undervoltage protection in the manner described
above. If VDD2 is completely unpowered (0 V), the smart clamp voltage is not well defined. Also, the Master Diag-
nostic register (MASTER_DIAG) may not accurately report the VDD?2 state. In this condition, if the switch is
undamaged, the Communication Error register value (COMM_ERR) will be set to true, denoting a loss of commu-
nication with the unpowered switch. Finally, when power is restored to VDD2, the device must wait for VDD2
Switch Power Cycle Time (tpc,) to pass before normal operation will resume. See “3.2. Switch Timing Behavior” on

page 10 for details.
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Figure 15. VDD1 Undervoltage Shutdown Behavior
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The logic interface is also protected against a VDD1 undervoltage condition in the same way as VDD2, illustrated
by the figure above. Unlike the VDD2 undervoltage condition, the VDD1 undervoltage condition is only reported
on the FLT pin, not through a diagnostic register. Like the VDD2 undervoltage protection, all channels are immedi-
ately shutdown when VDD falls below VDD1 Undervoltage Threshold (VDD1,;y), as illustrated at marker A. All
channels are prevented from turning on while VDD1 remains undervoltage (marker B), and normal operation
immediately resumes when VDD1 rises above VDD1,y,, as illustrated by marker C.

Like VDD2 undervoltage protection, VDD1 must remain powered to offer undervoltage protection in the manner
described above. If VDD1 is completely unpowered (0 V), the FLT pin may be in an undetermined state and may
show a logic high value if connected to VDD1 through a pull-up resistor. When power is restored to VDD1, the
device must wait for VDD1 Logic Interface Cycle Time (tpc;) to pass before normal operation will resume. See

“3.2. Switch Timing Behavior” on page 10 for details.

3.5. Diagnostics and Monitoring

The Si834x Isolated Smart Switch communicates rich diagnostic and monitoring information to the host controller
including the condition of the load, power supplies, and built-in protection. Eight separate diagnostic reports are
available, as well as channel status reports.

Table 7. Diagnostics Overview

Scope Diagnostic Severity® Description
Open-Circuit Warning Channel has no load detected. Output is operating normally.
Per Channel Over-Current Shutdown | Channel is overloaded. Output is immediately turned off.

Constraint  [Channel is too hot. Inductors demagnetize slowly. Output will not turn back on.
Over-Temperature

Shutdown | All channels are too hot. All outputs are immediately turned off.

VDD2 Low-Voltage Warning VDD2 is under VDD2yy/1 . All outputs operating normally.
VDD2 Overvoltage Constraint |VDD2 is over VDD2qy3,. Inductors demagnetize slowly.
All Channels VDD2 Undervoltage Shutdown |VDD2 is over VDD2yyq. All outputs are turned off.
VDD1 Undervoltage Shutdown |VDD1 is under VDD1. All outputs are turned off.
Communication Error Shutdown |Communication across the isolation barrier is lost. All outputs are turned off.
1. Diagnostics with a severity of “Constraint” or “Shutdown” are defined as faults and exposed on the FLT output. The configuration for FLT can be modified using the

SPI, if available. See “3.6. Serial Peripheral Interface” on page 28 for details.

Diagnostics and monitoring information is reported in different ways depending on the device selected (see “1.
Ordering Guide” on page 3 for device options.) Devices with the SPI allow access to all diagnostic and monitoring
information via diagnostic registers. One active-low, open-drain indicator pin (FLT) is available on SPI devices and
provides immediate diagnostic report feedback to the user, or can be used as a fast diagnostic interrupt for the
controller. The diagnostic reports exposed on this indicator pin are configurable via the SPI. By setting a true value
in the Fault Enable Mask (FLT_EN) register at the desired diagnostic’s bit field, the indicator pin will be turned ON
when the corresponding diagnostic report is true. See “3.6. Serial Peripheral Interface” on page 28 for more
details.

Devices without the SPI have a fixed configuration and expose diagnostics and monitoring information on active-
low, open-drain indicator pins only. These pins can drive an LED to provide end-user feedback, they can be com-
bined with a pull-up resistor and read by the controller, or multiple pins can be combined to simplify diagnostics
and monitoring across devices. Like SPI devices, an FLT indicator pin is always provided. It is configured to report
any diagnostic which represents an abnormal switch behavior. This is also the default configuration for SPI
devices. Contact Skyworks for custom device configurations not available in the Ordering Guide.
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A diagnostic report can be cleared from the Si834x device once the condition that caused the report is removed
from the device. If a report is cleared while the condition remains, a new report will be automatically generated.
See “3.4. Switch Protection” on page 13 for details on the conditions that cause diagnostic reports.

For SPI devices, all diagnostics are set to have their reports automatically cleared when the conditions that caused
the report are removed. However, this can be controlled for each diagnostic, except for the VDD1 Undervoltage
Shutdown diagnostic, through the Automatic Diagnostic Clear Enable Mask (ACLR_EN) register. If a bit field in this
enable mask is set to false, the corresponding diagnostic report will remain until it is cleared by setting a true
value in the Clear Diagnostic (CLR_DIAG) register at the corresponding diagnostic’s bit field.

It is important to note that the operation of an output channel is not affected by the presence of a diagnostic
report. For example, if the device is not configured to automatically clear a diagnostic report, then the diagnostic
report will persist after the condition that caused the report is removed. Once the condition that caused the
report is removed, the channel will resume normal operation regardless of diagnostic report state. The Communi-
cation Error diagnostic is an exception to this behavior. See “3.5.5. Communication Error Diagnostics” on page 28
for details.

For parallel interface only devices, a device with a Clear Fault Input pin (Si834xxxCx) is required to manually clear
diagnostic reports on the FLT pin. It operates the same way as setting a true value in the CLR_DIAG register for all
diagnostics. All other parallel interface only devices are configured to automatically clear diagnostic reports when
the conditions that caused the report are removed.

3.5.1. Power Supply Diagnostics

The Si834x Isolated Smart Switch offers complete power supply diagnostics for both power supplies, including
overvoltage, low-voltage, and undervoltage conditions.

Table 8. Switch Power Supply Diagnostics

. . L — | — MASTER_DIAG[5:4] Output Behavior®
Diagnostic Supply Voltage FLT2 | VDD2_WRN
VDD2_0S [VDD2_ LOW| Switch Clamps
VDD2 Voltage OK VDD2y;y1g< VDD2 < VDD2y3; — OFF 0 0 Normal Normal
VDD2 Low-Voltage Warning VDD2 ;9 < VDD2 < VDD2;y18 — ON 0 1 Normal Normal
VDD2 Overvoltage Constraint VDD2 >VDD24y3; ON OFF 1 0 Normal | Veume = VermeL
VDD2 Undervoltage Shutdown VDD2 < VDD2,;y9 ON ON°® 15 15 Turns OFF Normal
1. Supply voltage must remain within this voltage range long enough to be measured for a change to be reported. If supply voltage changes sufficiently quickly, the
diagnostic state will remain unchanged.
2. The output is both active-low and open-drain. “—” denotes that this diagnostic does not turn on the output, but other diagnostics might. The default configuration

for FLT is depicted, but can be modified using the SPI, if available. See “3.6. Serial Peripheral Interface” on page 28 for details.
The output is both active-low and open drain. It is only available on specific product offerings. See “1. Ordering Guide” on page 3 for more details.

w

4. Behavior assumes only the defined diagnostic condition is present. Exceptions to normal behavior due to a fault are defined here. See “3.4. Switch Protection” on
page 13 for more information. Clamp behavior applies to all smart output clamps, for all channels.
5. If the supply is unpowered, this value may not be accurately reported. Assuming there is no damage to the device, a COMM_ERR (MASTER_DIAG bit 7 = 1) will also

be reported when VDD2 is unpowered and can be queried via the SPI. See “3.4. Switch Protection” on page 13 for more information.

The table above describes the switch power supply diagnostic reports, where they are reported by default, and
provides a brief overview of how the output behavior changes with each report. Note that the two bit fields in the
Master Diagnostic register (MASTER_DIAG[5:4]) can be read separately or as a two-bit field. If read separately, bit
5 reports when VDD2 voltage is out of device specifications and the output behavior is abnormal. Bit 4 simply
reports a warning when VDD2 voltage is low. If read as a two-bit field, all four possible power supply states can be
discerned.
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Table 9. Logic Interface Power Supply Diagnostics

. . 1 —, Output Behavior®
Diagnostic Supply Voltage FLT'
Switch Clamps
VDD1 Voltage OK VDD1 > VDD1, — Normal Normal
VDD1 Undervoltage Shutdown VDD1 < VDDl ON Turns OFF Normal
1. Supply voltage must remain within this voltage range long enough to be measured for a change to be reported. If supply voltage changes sufficiently quickly, the
diagnostic state will remain unchanged.
2. The output is both active-low and open-drain. “—"” denotes that this diagnostic does not turn on the output, but other diagnostics might.
3. Behavior assumes only the defined diagnostic condition is present. Exceptions to normal behavior due to a fault are defined here. See “3.4. Switch Protection” on

page 13 for more information. Clamp behavior applies to all smart output clamps, for all channels.

The table above describes the undervoltage shutdown diagnostic report for the logic interface power supply,
where it is reported, and provides a brief overview of how the output behavior changes with the report. AVDD1
Undervoltage Shutdown is only reported on the FLT pin and has no corresponding SPI register entry. If VDD1 is
completely unpowered (0 V), the FLT output is in an unknown state. A short glitch may be observed on the FLT pin
when it is connected to VDD1 via a pull-up resistor, until the logic interface is powered. See “3.4. Switch Protec-
tion” on page 13 for more details.

3.5.2. Over-Temperature Diagnostics

The Si834x Isolated Smart Switch reports over-temperature in different levels of severity allowing the controller to
take different actions depending on how the switch output behavior is changing.

Table 10. Over-Temperature Diagnostics

. . Switch — Output Behavior*
Diagnostic a Channels FLT> | OT_SD | OT_CNsn3
Temperature Switch Clamps
Temperature OK Tan <Tot Any Channel - 0 0 Normal Normal
Over-Temperature Constraint T T Any Channel ON 0 1 Stays OFF Veuve = VewweL
Bn> lor
Over-Temperature Shutdown All Channels ON 1 1 Turns OFF Veauve = VeumeL
1. Channel must remain above this temperature long enough to be measured for a change to be reported. If the temperature changes sufficiently quickly, the diagnos-
tic state will remain unchanged.
2. The output is both active-low and open-drain. “—* denotes that this diagnostic does not turn on the output, but other diagnostics might. The default configuration

for FLT is depicted, but can be modified using the SPI, if available. See “3.6. Serial Peripheral Interface” on page 28 for details.

Reported in Diagnostic registers (DIAG), depending on the channel. See “3.6. Serial Peripheral Interface” on page 28 for details.

4, Behavior assumes only the defined diagnostic condition is present. Exceptions to normal behavior due to a fault are defined here. See “3.4. Switch Protection” on
page 13 for more information. Clamp behavior applies to all smart output clamps, for all channels.

w

The table above describes the over-temperature diagnostic reports, where they are reported by default, and pro-
vides a brief overview of how the output behavior changes with each report. An Over-Temperature Constraint is
reported in the Diagnostic (DIAG) registers on a per-channel basis where n,in OT_CNSn, describes the specific
channel that has exceeded the Over-Temperature Threshold (Tgt). An Over-Temperature Shutdown is reported in

the MASTER_DIAG SPI register in bit field OT_SD when all channels have exceeded Tqr.
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The Si834x Isolated Smart Switch reports over-current diagnostics on a per-channel basis so the controller can
take action on a specific channel without disrupting operation on other channels.

Table 11. Over-Current Diagnostics

. . An or _ Output Behavior®
Diagnostic a Output Current FLT? 0C_sDn?
SW_EN[n] Switch Clamp
- - Normal Normal
Current OK
H lgn <lociT — Normal Normal
Over-Current Shutdown H Ign > locur ON 1 Turns OFF Normal
1. “X" is any logic value, “H” is a logic high (true) value, and “L” is a logic low (false) value. Logic pins should always be connected to either logic high or low. Bit
addresses are zero-indexed such that channel 1 (output B1) is enabled by the SW_ENI0] bit.
2. The output is both active-low and open-drain. “—* denotes that this diagnostic does not turn on the output, but other diagnostics might. The default configuration

for FLT is depicted, but can be modified using the SPI, if available. See “3.6. Serial Peripheral Interface” on page 28 for details.

Reported in Diagnostic registers (DIAG), depending on the channel. See “3.6. Serial Peripheral Interface” on page 28 for details.
4. Behavior assumes only the defined diagnostic condition is present. Exceptions to normal behavior due to a fault are defined here. See “3.4. Switch Protection” on
page 13 for more information.

w

The table above describes the over-current diagnostic report, where it is reported by default, and provides a brief
overview of how the output behavior changes with the report. An Over-Current Shutdown can only be reported
when the channel input is high (true). Over-Current Shutdown is reported in the Diagnostic (DIAG) registers on a
per-channel basis where n,in OC_SDn, describes the specific channel that has exceeded the Output Current Limit
Threshold (Ig¢7)-

3.5.4. Open-Circuit Diagnostics

The Si834x Isolated Smart Switch can detect and report an open-circuit on each switch channel allowing the con-
troller to easily detect the condition of individual loads.

Table 12. Open-Circuit Diagnostic

. . An or Load — a Output Behavior®
Diagnostic SW EN[nI: Resi 2 OPEN_CH OPEN_WRNnN
_EN[n] esistance Switch Clamp
H — OFF Normal Normal
Open-Circuit Undetected
L RL<Rimax OFF Normal Normal
Open-Circuit Warning L RL > Rimax ON 1 Normal Normal
1. “X“is any logic value, “H” is a logic high (true) value, and “L“ is a logic low (false) value. Logic pins should always be connected to either logic high or low. Bit
addresses are zero-indexed such that channel 1 (output B1) is enabled by the SW_ENIO0] bit.
2. A “—“ denotes that load resistance RL is not measured. Open-Circuit is only detected during channel OFF.
3. The output is both active-low and open drain. It is only available on specific product offerings. See “1. Ordering Guide” on page 3 for more details.
4. Reported in Diagnostic registers (DIAG), depending on the channel. See “3.6. Serial Peripheral Interface” on page 28 for details.
5. Behavior assumes only the defined diagnostic condition is present. Exceptions to normal behavior due to a fault are defined here. See “3.4. Switch Protection” on

page 13 for more information.

The table above describes the open-circuit diagnostic report, where it is reported by default, and provides a brief
overview of how the output behavior changes with the report. An Open-Circuit Warning can only be reported
when the channel input is low (false). Open-Circuit Warning is reported in the Diagnostic (DIAG) registers on a per-
channel basis where n,in OPEN_WRNn, describes the specific channel with a load resistance that exceeds the
Load Resistance Threshold for Open-Circuit Diagnostic (R pax)-
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3.5.5. Communication Error Diagnostics

The Si834x Isolated Smart Switch includes a bidirectional communication channel between the logic interface and
the switch, across the isolation barrier. This communication channel is used for diagnostics, monitoring, and
reporting. The channel input signals, which turn switches on and off are sent across the isolation barrier using
their own dedicated unidirectional isolation channels to maximize reliability and performance.

The bidirectional diagnostic and configuration channel is continually monitored for faults or loss of communica-
tion from both the logic interface and the switch, like a bidirectional communication channel watchdog. If any
error or loss of communication is detected by either the logic interface or the switch, a Communication Error
(COMM_ERR) is reported in the Master Diagnostic (MASTER_DIAG) register, and the switches are safely shut
down until the error is cleared. Unlike other diagnostic reports, when a Communication Error induces a diagnostic
report, the outputs will be immediately disabled. All outputs will remain disabled until the Communication Error
condition is removed and the diagnostic report is cleared.

If the switch is damaged or completely unpowered (VDD2 = 0 V), the logic interface will set COMM_ERR to true
and disable all switch outputs. Likewise, if the logic interface is damaged or completely unpowered (VDD1 =0 V),
the switch will disable all switch outputs. In this way, the switch is ensured to never operate unless bidirectional
communication is continually verified and both logic interface and switch appear in good condition.

3.5.6. Channel Status Monitoring

The Si834x Isolated Smart Switch simplifies end-user feedback by providing active-low, open-drain, output chan-
nel status indicator pins (LEDn) on select product options (see “1. Ordering Guide” on page 3 for details.) The
channel status indicator pins are on the logic interface side of the device and protected by the isolation barrier.
Moreover, by implementing channel status indicators on the low-voltage logic interface, the power consumed by
the indicator circuits is lower then an equivalent circuit on the high-voltage switch side of the device. This design
choice also maximizes the current supplied to a load from the switches.

The LEDn pins show the same information as the Switch Status (SW_STAT) register, not the Switch Enable (SW_EN)
register, which is equivalent to the parallel input (An) signals. This distinction is important. By indicating the switch
status, the indicators will reflect the true output state, not just the output state commanded by the host control-
ler.

For example, using a device with the SPI and channel status indicators (like the Si83408ADA-IF), if the controller
attempts to turn on the B1 switch by setting the SW_EN1 bitfield to true but the output is in an over-current con-
dition, B1 will instead shut-down (see “3.4. Switch Protection” on page 13 for details.) In this scenario, the
SW_STAT1 bit will be set to false and LED1 will turn OFF. If the over-current condition is removed and the B1
switch recovers and turns ON, the LED1 will immediately turn ON as well.

3.6. Serial Peripheral Interface

The Si834x includes a Serial Peripheral Interface (SPI) on select product options. It provides diagnostics, monitor-
ing, and configuration capabilities for both the switch and logic interface. The direct-mapped registers allow an
external master SPI controller to monitor the status of the switches, collect and clear diagnostic reports, configure
how the switches operate, and how reports are indicated. Additionally, support is provided to easily daisy-chain
up to thirty-two Si834x devices. Each of these daisy-chained devices may be uniquely addressed by one master SPI
controller.
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The addressable SPI registers are listed below and include descriptions for each field or bit.

Table 13. Si834x SPI Register Map

. SPI Read Reset e
Register Name Address Write/ Value Description
Master Diagnostic Register
7 COMM_ERR Communication Error (all channels shutdown)
6 OT_SD All Channels Over-Temperature (all channels shutdown)
5 VDD2_0S VDD2 Out of Specification
MASTER_DIAG 0x0 R 8'ho 4 VDD2_LOW VDD2 Low-Voltage (warning)
3 CHAN_DIAG4 Diagnostic reported on channel B4
2 CHAN_DIAG3 Diagnostic reported on channel B3
1 CHAN_DIAG2 Diagnostic reported on channel B2
0 CHAN_DIAG1 Diagnostic reported on channel B1
Diagnostic Register for Switch Channels B2 and B1
7 0C_SD2 Channel B2: Over-Current Shutdown
6 RSVD Reserved
5 OT_CNS2 Channel B2: Over-Temperature Constraint
DIAG_B21 0x1 R 8'h0 4 OPEN_WRN2 Channel B2: Open-Circuit Warning
3 0C_sp1 Channel B1: Over-Current Shutdown
2 RSVD Reserved
1 OT_CNS1 Channel B1: Over-Temperature Constraint
0 OPEN_WRN1 Channel B1: Open-Circuit Warning
Diagnostic Register for Switch Channels B3 and B4
7 0OC_sD4 Channel B4: Over-Current Shutdown
6 RSVD Reserved
5 OT_CNS4 Channel B4: Over-Temperature Warning
DIAG_B43 0x2 R 8'h0 4 |OPEN_WRN4 Channel B4: Open-Circuit Warning
3 0C_sD3 Channel B3: Over-Current Shutdown
2 RSVD Reserved
1 OT_CNS3 Channel B3: Over-Temperature Constraint
0 OPEN_WRN3 Channel B3: Open-Circuit Warning
Switch Status and Switch Enable for Channels B4 to B1
7 SW_STAT4 Switch B4: Output State (1 = On, 0 = Off)
SW_STAT R 6 |SW_STAT3 Switch B3: Output State (1 = On, 0 = Off)
5 SW_STAT2 Switch B2: Output State (1 = On, 0 = Off)
0x3 8'h0 4 |SW_STATL Switch B1: Output State (1 = On, 0 = Off)
3 SW_EN4 1 =Turn on switch B4 0 = Turn off switch B4
2 SW_EN3 1 =Turn on switch B3 0 = Turn off switch B3
SW_EN R/W1 . .
1 SW_EN2 1 =Turn on switch B2 0 = Turn off switch B2
0 SW_EN1 1 =Turn on switch B1 0 = Turn off switch B1
RSVD 0x4 N/A N/A Reserved
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Table 13. Si834x SPI Register Map (Continued)

Register Name SPI Rea'd/ Reset Description
Address | Write | Value

A 1'b1 in a Bit Field Clears the Corresponding Diagnostic Registers
7 CLR_COMM_ERROR Clear: Communication Error Shutdown
6 CLR_OT_SD Clear: All Channels Over-Temperature Shutdown
5 CLR_VDD2_0S Clear: VDD2 Out of Specification

CLR_DIAG 0x5 w N/A 4 [CLR_VDD2_LOW Clear: VDD2 Low-Voltage Warning

3 CLR_OC_SD Clear all channels: Over-Current Shutdown
2 RSVD Reserved
1 CLR_OT_CNS Clear all channels: Over-Temperature Constraint
0 CLR_OPEN_WRN Clear all channels: Open-Circuit Warning

Enable Mask for Diagnostic Types Reported on FLT Pin
7 EN_COMM_ERROR Enable: Communication Error Shutdown
6 EN_OT_SD Enable: All Channels Over-Temperature Shutdown
5 EN_VDD2_0S Enable: VDD2 Out of Specification

FLT_EN 0x6 R/W 8'hEA 4 |EN_VDD2_LOW Enable: VDD2 Low-Voltage Warning

3 EN_OC_SD Enable: Any Channel: Over-Current Shutdown
2 RSVD Reserved
1 EN_OT_CNS Enable: Any Channel: Over-Temperature Constraint
0 EN_OPEN_WRN Enable: Any Channel: Open-Circuit Warning

Enable Mask for Auto-clearing Diagnostic Reports

(1 = Auto-clear Enabled, 0 = Auto-clear Disabled)
7 ACLR_COMM_ERROR Auto-clear: Communication Error Shutdown
6 ACLR_OT_SD Auto-clear: Over-Temperature Shutdown

ACLR_EN 0x7 R/W S'hFE 5 ACLR_VDD2_0OS Auto-clear: VDD2 Undervoltage Shutdown
4 ACLR_VDD2_LOW Auto-clear: VDD2 Low-Voltage Warning
3 ACLR_OC_SD Auto-clear all channels: Over-Current Shutdown
2 RSVD Reserved
1 ACLR_OT_CNS Auto-clear all channels: Over-Temperature Constraint
0 ACLR_OPEN_WRN Auto-clear all channels: Open-Circuit Warning
RSVD 0x8 N/A N/A Reserved
RSVD 0x9 N/A N/A Reserved
1. Register is read only for all devices with a parallel input interface.
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3.6.2. SPI Communication Transactions

SPI communication is performed using a four-wire control interface. The four Si834x device pins utilized for SPI
include:

e SCLK (input) the SPI clock

e NSS (input) active low device select

e MOSI (input) master-out-slave-in

e MISO (output) master-in-slave-out

Additionally, a fifth wire, MOSI_THRU (output), is provided as an Si834x device pin to facilitate daisy chaining.

An Si834x SPI communication packet is composed of three serial bytes. In this sequence, byte0 is the control byte,
and specifies the operation to be performed as well as the device to be selected in a daisy chain organization. The
CID[4:0] field should be set to all zeros by the SPI master in non-daisy-chained operation. Next, bytel specifies the
address of the internal Si834x SPI register to be accessed. The final byte in the packet consists of either the data to
be written to the addressed Si834x SPI register (using MOSI), or the data read from the addressed Si834x SPI reg-
ister (using MISO). Details of the SPI communication packet are presented in Figure 16 for an Si834x SPI write
transaction.

NSS | [ ] [ ] [
s JUUUUUUY UyUUyyuy  vuuuuyudd
MOSI zzzzx Control[7:0] Xm Address[7:0] Xm Data[7:0] XZZ—L_X

Control Byte

BRCT 1 - broadcast (write)
7 6 5 4 3 2 1 0 0 - only addressed part (write)
Ignored on reads

BRCT|RMWb| 0 |CID[0]|CID[1]|CID[2]|CID[3]| CID[4]

Address Byte RIWb g) : ;?Sti
7 6 5 4 3 2 1 0
CTL[5] Reserved (set to 0)
Al7] | AB]| AIS] | Al4] | A[3] | Al2] | Al1] | AlO]
Data Byte CID[4:0] Daisy-chained part ID (0) is closest to the master

MOSI. Accomplished by decrementing the CID as
7 6 5 4 3 2 1 0 it passes through to the next Si834x device in the
daisy chain on MOSI_THRU

D[7] | Di6] | D[5] | D[4] | D[3] | D[2] | D[1] | DIO]

Figure 16. SPI Communication Packet Structure, Write Operation and Control Byte Structure

The SPI master will provide the timing of the signals and framing of the communication packets for all Si834x SPI
inputs: NSS, SCLK, and MOSI. Data is communicated from the SPI master to the Si834x using the MOSI signal. The
NSS and SCLK signals provide the necessary control and timing reference allowing the Si834x to discern valid data
on the MOSI signal. Data is returned to the SPI master by the Si834x utilizing the MISO signal only during the final
byte of a three byte SPI read communication packet. At all other times, the MISO signal is tri-stated by the Si834x.
Each of the eight bits for these three packets is captured by the Si834x on eight adjacent rising edges of SCLK. Each
frame of eight bits is composed within bounding periods where the device select, NSS, is deasserted. Upon the
reception of the eight bits within a byte transaction, the deassertion of NSS advances the byte counter within the
internal Si834x SPI state machine. Should the transmission of an eight bit packet be corrupted, either with the
deassertion of NSS before the eighth rising edge of SCLK, or with the absence of the deassertion of NSS after the
eighth rising edge of SCLK, the internal SPI state machine may become unsynchronized with the master SPI con-
troller.
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To reestablish SPI synchronization with the Si834x, the SPI master may, at any time, deassert the SPI device select
signal NSS, and force a clock cycle on SCLK. When unsynchronized, the rising edge of SCLK when NSS is deasserted
(high) re-initializes the internal SPI state machine. The Si834x will then treat the immediately following eight bit
SPI transaction after NSS is once again asserted as the first byte in a three byte SPI communication packet.

Any preceding communication packet will be abandoned by the Si834x at the point synchronization is lost, and
the NSS signal is deasserted. This could occur at any point in the three byte sequence of a SPI communication
packet. One should note that abandoning a SPI write operation early, even during the last byte of the three byte
SPI communication packet, will leave the destination register unchanged. However, if the number of SCLK cycles
exceeds eight during the last byte of the three byte SPI write packet, the destination Si834x register may be cor-
rupted. To remedy both of these situations, it is recommended that such a corrupted write operation be repeated
immediately following resynchronization of the SPI.

3.6.3. SPI Read Operation

Referring to Figure 16, “SPI Communication Packet Structure, Write Operation and Control Byte Structure,” on
page 31, in the SPI read operation the control byte will only have bit 6 set to a 1 in a single Si834x device organiza-
tion (no daisy chaining). Bit 7 (the broadcast bit) is ignored during a read operation since only one device may be
read at a time in either a single or daisy-chained organization.

The second byte in the three byte read packet is provided by the SPI master to designate the address of the Si834x
internal register to be queried. If the read address provided does not correspond to a physically available Si834x
internal register, all zeroes will be returned as the read value by the Si834x.

The read data is provided during the final byte of the three byte read communication packet to the querying mas-
ter SPI device utilizing the Si834x’s MISO output, which remains tristated at all other times.

The SPI read operation timing diagram is illustrated in Figure 17.

NSS | [ [ I
se — JUUUUUUY  Uuduuyy  vvuduuud
MOSI ZZZZX Control[7:0] Xﬂzzx Address[7:0] Xﬂzzmmmzzzm

MISO {  ReadData[7:0] }—

Figure 17. SPI Read Operation
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3.6.4. SPI Write Operation

Again referring to Figure 16, “SPI Communication Packet Structure, Write Operation and Control Byte Structure,”
on page 31, in the SPI write operation, the control byte may optionally have bit 7 (the broadcast bit) set to 1.
During the SPI write operation, the broadcast bit forces all daisy-chained Si834x devices to update the designated
internal SPI register with the supplied write data, regardless of the Si834x device being addressed using the
CID[4:0] field of the control word.

The second byte in the three byte write packet is provided by the SPI master to designate the address of the
Si834x internal register to be updated. If the write address provided does not correspond to a physically available
Si834x internal register, no internal Si834x SPI register update will occur.

The write data is provided by the SPI master during the final byte of the three byte write communication packet.
The Si834x MISO output remains tristated during the entire SPI write operation.

The SPI write operation timing diagram is illustrated in Figure 18.

NSS | [ ] [ [
se — JUUUUUUU UUUUUvUy  uuuuuuy
MOSI ZZZZX Control[7:0] Xm Address[7:0] Xﬂﬂx WriteData[7:0] X///

MISO Hi-Z

Figure 18. SPI Write Operation

3.6.5. SPI Daisy Chain Organization

The Si834x provides the capability to easily interconnect multiple Si834x devices on a common SPIl administered
by a single SPI master requiring no additional control signals. To accomplish this, the Si834x includes the addi-
tional SPI device output pin MOSI_THRU. Connecting together multiple Si834x devices in this manner utilizes the
MOSI_THRU pin of one Si834x device to feed the MOSI pin of the next Si834x device in the daisy chain. All bits
composing the SPI communication packet from the SPI master are passed directly through by the Si834x from the
MOSI input to the MOSI_THRU output unchanged, except for the CID[4:0] field of the control byte.

The least significant five bits of the control byte in the SPI communication packet, CID[4:0], are dedicated to
addressing one of up to thirty-two Si834x devices connected in a daisy chain, with 00000 indicating the device
whose MOSI pin is fed directly by the SPI master, 00001 the following Si834x device, etc. As this bit field is passed
through the Si834x, it is decremented by one. This five bit field is placed in the control word by the SPI master in
reverse order, allowing the carry of the decrement to ripple into the next bit in the CID field as the bits of the con-
trol word proceed: CID[0] is placed at bit 4 and CID[4] placed at bit 0 of the control word. When a given Si834x
device in the daisy chain is presented with the CID[4:0] code of 00000, it is activated as the one to be addressed.
All remaining operations between the SPI master and the Si834x activated in this manner proceed as previously
discussed in “3.6. Serial Peripheral Interface” on page 28 for the case of a single Si834x slave. The organization of
a system with Si834x devices daisy-chained in this manner is depicted in Figure 19.
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Si834x[0] Si834x[1] Si834x[2] Si834x[31]
o] =) o) o]
o o o< e o o oc
I I I I
'_I '_I '_I '_I
) ~ (@] n ) ~ (@] ) ) ~ @] n ) ~ (@] n
(@] — A 2] (@] (@] — A =) o o — A 2] (@] (@] — A 2] o
S @ 2 5 S|l 8 2 5 || 8 2 5 = S 8 2 5 =
A A A A A & A A & o A A &
| v
o X 3 2
$ 8 = %
SP| Master

Figure 19. SPI Daisy-Chain Organization
From the preceding figure, and referring to Figure 16, “SPI Communication Packet Structure, Write Operation and
Control Byte Structure,” on page 31, in order to read from Si834x[1], the control word would be:
Control[7:0] = 0101_0000.
Similarly, in order to write to Si834x[12], the control word would be:
Control[7:0] = 0000_0110.

Finally, if it were desired to update an internal SPI register of all daisy-chained Si834x devices, the control word
would be:

Control[7:0] = 1000_0000.

If the broadcast bit is zero during a write operation, only the Si834x device being addressed using the CID[4:0]
field of the control word in a daisy-chain organization will be updated. If the broadcast bit is one during a write
operation, the CID[4:0] field is ignored, and all Si834x devices connected in a daisy chain will be updated. For non-
daisy-chain operations, the CID[4:0] field should always be all zeros.

Note that there is a finite combinational delay associated with passing the MOSI input pin of a given Si834x to the
MOSI_THRU output pin. As a result, the maximum possible SCLK frequency will be reduced based on the number
of Si834x devices connected in a daisy-chain organization.
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3.6.6. SPI Timing Behavior

The timing diagram for the Si834x SPI is presented in Figure 20.
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Figure 20. SPI Timing Diagram
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The timing specifications depicted in this figure apply to each byte of the three byte Si834x SPI communications
packet. Refer to the SPI timing specifications in Table 16, “SPI Timing Characteristics,” on page 46.

Although this discussion of the Si834x SPI has focused on a preferred organization (separate MISO/MOSI wires),
other options are available with regard to the Si834x control interface. Possible Si834x organizations include:

e MISO/MOSI wired operation
- MISO/MOSI may be two separate wires, or may be connected together if the SPI master is capable of tri-
stating its MOSI pin during the data byte packet transfer of a read operation.
e Multiple Si834x devices interfaced in a non-daisy-chain format
- The SPI master provides multiple NSS signals, one for each of a multiple of Si834x slaves.
- Every Si834x shares a single trace from its MOSI input back to the SPI master (the Si834x MOSI_THRU signal
is not utilized).
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4. Application Information

The Si834x is designed to be both flexible and robust to meet a wide range of application requirements, safely sur-
vive unexpected loads, and rapidly recover normal operation. To achieve these objectives, the appropriate Si834x
device must be selected and its circuit carefully designed.

4.1. Recommended Application Circuits

The following examples illustrate typical circuit configurations using the Si834x Isolated Smart Switch.

4.1.1. Isolated Switch with Parallel Inputs and Diagnostic Indicators

VDD1 Si83404xAX VDD2
VDD1 VDD2
JZDB D2 | p1  Cf 1 c2 ca_L Cc4 C5
1TUF T~ ~T O01yF 0.1uF T~ ~T 10F 47 uF
N N H M 1 GND1 GND2 H uE ZTNaru
NVl AV AW = ~
AN FLT
R1
AAAY, LEDnN
R2
AN VDD2_WRN
Controller R3
Output W An Bn
R4 C6
—T0.01 uF L1
Enable AN OE ~TH
R5

Figure 21. Recommended Si83404xAx Application Circuit

In the figure above, the Si834x is controlled via a simple set of digital outputs from the controller. An output
enable signal is also supplied from the controller for increased fault tolerance, safety, and state control. R4 and R5
are added to improve signal integrity, especially for applications with long traces. They should be placed near the
controller. Indicator LEDs D1, D2, and D3 are connected to the Si834x through current limiting resistors R1, R2,
and R3 for end-user diagnostic feedback. If indicators are not desired, the indicator outputs can be connected
directly to the controller with a pull-up resistor on the pin to send channel status information. The bypass capaci-
tors, C1 through C5, on the logic interface (VDD1) and switch (VDD2) power supplies should be located as close to
the chip as possible. Be sure to correctly size the decoupling capacitors based on the load and switching require-
ments. See “4.2. Layout Considerations” on page 41 for more information on sizing the decoupling capacitors.
Due to the sophisticated built-in switch protection of the Si834x, connecting and switching channels in parallel to
increase the continuous current capability is not supported.

The figure above illustrates an Si83404xAx high-side sourcing device, however, the circuit is similar when using
other Si834x devices, and the guidance given around placement and sizing of components, like current limiting
resistors, remains the same for all devices. For example, VDD2_WRN is replaced with OPEN_CH when using an
Si83404xBx device.
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Controller R3
Output A%
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VDD1 VDD2

GND1
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VDD2_WRN
An

OE

GND2

Bn

VDD2

C3_1 C4

1 cs5

VDD2

—T0.01pF

Figure 22. Recommended Si83414xAx Application Circuit

0.1 pF T~ T 10pF /T N47F

In the figure above, a low-side (sinking) Si83414xAx device is illustrated. It is identical to Figure 21, “Recom-
mended Si83404xAx Application Circuit,” on page 36, with the exception of the circuit attached to the switch out-
put Bn. Note that a high-side switch must source current into a load, such as the inductor L1 in Figure 21,
“Recommended Si83404xAx Application Circuit,” on page 36. A low-side switch must sink current from a load,
such as the inductor L1 in Figure 22, “Recommended Si83414xAx Application Circuit,” on page 37. The recom-
mended sinking output circuit is identical for all low-side (sinking) Si834x devices.

Note that, under normal conditions, the Si834x Isolated Smart Switch requires no additional components to pro-
tect the switch output circuit such as fuses for short-circuit protection or diodes for demagnetization voltage pro-
tection (back EMF or voltage kick-back). If the application must meet a surge specification, additional protection

may be required.
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4.1.2. Isolated High-Side Switch with Parallel Inputs and Fault Control

VDD!1
b2 LDt o1 uF
v Au
Y Y p——
\ \ —
NN
R1
NN
Controller R2
Enable NN
R3
Output AAAY
R4
Clear NN
R5

Si83404xCx
VDD1 VDD2

GND1 GND2

FLT

LEDn

OE

An Bn

FLT_CLR

VDD2

C3_1 C4

1 c5

01pF T~ “T 10uF /T 47 pF

Te

— 0.01 uF

L1

N

Figure 23. Recommended Si83404xCx Application Circuit

In the figure above, the Si834x has an additional input signal from the controller used to clear any faults reported
by the device. Once a fault is reported, the FLT output will turn ON until both the fault condition is removed and
the FLT_CLR pin is given a logic high value, manually clearing the fault report from the device. Controlled restart of
the outputs after a fault can be achieved by connecting the FLT output to the OE input with a pull-up resistor. In

this configuration, when a fault is reported, all outputs will be disabled until the fault is cleared.
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4.1.3. Isolated High-Side Switch with SPI

VDD1 Si83408xDx VDD2
VDD1 VDD2
p2 |p1 Cc1_l C2 ca_l _l ca _l cs5
1WF [~ ~T 0.1uF 0.1 uF T~ T 104F 47 uF
N H M 1 6ND1 GND2 H i
Rl AW = ~
AN FLT
R1
AN LEDn Bn
Controller R2 L C6 L1
Enable AN OE 0.01 wF
R3
SCLK AN SCLK
R4
NSS AN NSS
R5
MOSI AN MOSI
R6
MISO AN MISO
R7

Figure 24. Recommended Si83408xDx Application Circuit

In the figure above, the Si834x is monitored and controlled through the SPI from the controller. Control signals to
turn ON or OFF a switch, as well as device configuration signals, are communicated via the SPI only, reducing
required controller pins.
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VDD1 Si83408xFx VDD2
VDD1 VDD2
c1 1 c2 ca_l_ _[ ca 1 cs5
1 uF 0.1 uF 0.1uF T~ ~T 10pF 47 uF
H Al PN GND2 H A D
§ = S
AN FLT
Controller R1
Output A, An Bn
R2 C6
——0.01 uF L1
Enable AN OE el
R3
SCLK AN SCLK
R4
NSS AN NSS
R5
MOSI AN MOSI
R6
MISO AN MISO
R7

Figure 25. Recommended Si83408xFx Application Circuit

The Si83408xFx retains the efficient parallel input interface, while adding the SPI for configuration and diagnos-
tics, by eliminating channel status indicator pins. This device is illustrated above. When using this device, it is rec-
ommended that channel status indicators be implemented using additional controller output pins, or by adding
them to the switch output circuit.
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4.2. Layout Considerations

High voltage circuits (i.e., circuits with > 30 VAC or > 60 VDC) must be physically separated from the safety extra-
low voltage circuits (SELV is a circuit with < 30 VAC or < 60 VDC) by a certain distance (creepage/clearance) to
ensure safety in the end-user application. If a component, such as the Si834x, straddles this isolation barrier, it
must meet those creepage/clearance requirements and also provide a sufficiently large high-voltage breakdown
protection rating (commonly referred to as working voltage protection). Table 20, “Insulation and Safety-Related
Specifications,” on page 50 provides details about the creepage/clearance and working voltage capabilities of the
Si834x. These tables also detail the component standards (UL, VDE, CSA, and CQC), which are readily accepted by
certification bodies to provide proof for end-system specification requirements. Refer to the end-system specifica-
tion requirements before starting any design that uses the Si834x.

Several additional layout recommendations should be taken into consideration when designing for the Si834x Iso-
lated Smart Switch device. These recommendations improve signal integrity, mitigate inrush current concerns,
optimize heat dissipation, and improve the manufacturability of the end-system.

1. Place a pair of bypass capacitors as close as possible to the VDD1 power supply pin. A 0.1 uF capacitor, and
a 1 uF or larger capacitor are recommended. It is important that the decoupling capacitors are selected
such that the maximum VDD1 Slew Rate specification found in Table 23, “Absolute Maximum Ratings,” on
page 51 is not exceeded. Add a 10 Q resistor in series with the bypass capacitor pair to form a low-pass filter
for applications where VDD1 may experience a high slew rate, such as a hot-pluging event.

2. An entire PCB plane should be dedicated to the GND1 reference to improve signal integrity. If an entire PCB
plane is not dedicated to the GND1 reference, be cautious of a signal's ground path when connected to the
Si834x logic interface.

3. Itis recommended to use a resistor on to each logic interface pin to improve signal integrity and reduce EMI
concerns, especially for long traces. They should be placed as close to the controller as possible. See “4.1.
Recommended Application Circuits” on page 36 for details.

4. To improve heat dissipation, add multiple thermal relief vias extending from the PCB pads connected to
ePAD1 and ePAD2 and their appropriate ground planes, through the PCB, and exposed on the opposite side
of the board. Use small-diameter vias, as large-diameter vias may reduce manufacturability.

5. Open board space surrounding the Si834x device, on the opposite side of the PCB from the Si834x device
and around the thermal relief vias, further improves heat dissipation.

6. Place a pair of bypass capacitors as close as possible to the VDD2 switch power supply pin. A 0.1 puF capaci-
tor, and a 10 uF or larger capacitor are recommended. An additional 47 pF capacitor is recommended if
Inrush Current Mode will be used. It is important that the decoupling capacitors are selected such that the
maximum VDD?2 Slew Rate specification found in Table 23, “Absolute Maximum Ratings,” on page 51 is not
exceeded.

7. Bulk bypass capacitance can be added to the existing bypass capacitors on the VDD2 switch power supply.
Size the bulk capacitor based upon end-system load requirements and the specified maximum VDD2 slew
rate.

8. Use the widest traces possible for the switch output pins in order to handle large inrush currents.

9. To reduce EMI concerns and channel crosstalk, minimize the current return path for switch outputs. Be sure
to consider the additional current return path through the bulk capacitor, especially when using a low-side
(sinking) device.
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4.3. Power Dissipation Considerations

When the Si834x device is operating within the rated ambient temperature range, the only significant source of
temperature rise is the demagnetization of inductive loads. The Si834x was designed to drive and demagnetize
1.15 H loads on all channels simultaneously without exceeding the thermal limitations of the device. If the user
exceeds the temperature limitations of the device, it will reduce the demagnetization clamp voltage to V¢ \p for

all channels, which will extend the turn-OFF time of all inductive loads, and all channels will be prevented from
turning on again. This reduces power dissipation until the device temperature is reduced to acceptable levels. See
“3.4.3. Over-Temperature Protection” on page 18 for details on this process.

Due to the innovative Over-Temperature Protection feature, the designer should only be concerned about the
switch temperature at the beginning of the load switching cycle. The switch temperature must be maintained
below the Over-Temperature Threshold. Therefore, the Derated Ambient temperature (T,p) is dependent on

device power dissipation and thermal impedance. The estimated device power dissipation is composed of quies-
cent power dissipation (Pq) and power dissipation for each channel (Pcy) as shown in Equation 2 and supported

by Equations 3 and 4.

Typ<Tor—Thys—0,4(Potncy>xPcy)
Equation 2.
Where:
Tot is the Over-Temperature Threshold (°C).
Thys is the Over-Temperature Hysteresis (°C).
@, is the Junction-to-Ambient thermal resistance (°C/W).
Ncy is the number of channels actively driving a load.

The logic interface contributes a negligible amount of power to the total device power dissipation. To simplify the
estimate, it has been removed from both Py and Py in the equations below.

PQ= IDDZQ x VDD2

Equation 3.
Where:
IDD2, is the VDD2 Supply Quiescent Current (A).
VDD2 is the VDD2 Supply Voltage (V).

For a conservative power dissipation estimate, the maximum quiescent current specification IDD2q(\ax) should
be used in Equation 3.

The power dissipated by a single channel is estimated by Equation 4 and supported by Equations 5 through 8. It is
comprised of the power dissipation when the channel is ON (Pgy), the power dissipated when the channel is turn-
ing on (Pgyy), and the power dissipated when the channel is turning off and demagnetizing an inductor (P \p)-
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Poy = PontPsyt+ Pepyp
Equation 4.

The estimated power dissipation when the channel is ON, given by Figure 5, is dependent on the current through
the load, the switch's ON-State Resistance, and how long the load is driven.

Poy=1," xRy x iO_N
Sw
Equation 5.
Where:
I is the current through the load (A).
Ron is the ON-State Output Resistance (Q).
ton is the time during a single switching period that the channel is ON (s).

tsy is the switching period of the channel (s).

For a conservative power dissipation estimate, the maximum current through the load and the maximum ON-
State Output Resistance should be used in Equation 5.

The estimated power dissipation when the channel is turning on, given by Equation 6, is dependent on the switch
supply voltage, the load capacitance, and the switching period.

Cr

_ 2
Psy = VDD2" x 3

Equation 6.
Where:
VDD?2 is the VDD2 Supply Voltage (V).
C, is the load capacitance (C).

tsy is the switching period of the channel (s).

Note that the load capacitance (C|) should include any capacitance built into the circuit, such as the 10 nF capaci-
tor recommended in “4.2. Layout Considerations” on page 41.
The estimated power dissipation when the channel is turning off and demagnetizing an inductor is dependent on

the current through the load, the smart output clamp voltage, and the switching period. If the current through the
load is greater than the Demagnetization Clamp Current Threshold (I, > I mp7), then use Equation 7 for the power

dissipated by a single channel (Pcy).
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_ I+ eopypr LU, —Iepppr) Topmpr Topmpr* L
Peryr = Vermpr X X Verupu >
2 2

I, +1
(RLL CLMPT

1 xR
> + VCLMPL) Ty ( L

+ VCLMPH) Tsw
Equation 7.

Where:

Veuvpl is the Demagnetization Clamp Low Voltage (V).

Vcimen is the Demagnetization Clamp High Voltage (V).

I is the current through the load (A).

lcumpt is the Demagnetization Clamp Current Threshold (A).

L is the inductance of the load (H).
R, is the resistance of the load(Q).

Tsw is the switching period of the channel (s).

For a conservative power dissipation estimate, the maximum current through the load should be used in
Equations 7 and 8. The time during a single switching period (Tgyy) that the channel is OFF must be large enough
to completely discharge the load inductance.

If the current through the load is less than the Demagnetization Clamp Current Threshold (I < I¢ pmp7), Use
Equation 8 for the power dissipated by a single channel (Pcy).

I I; xL
Peryp = Vermpn 7% (IL xR,

+ VCLMPH) Tsw

Equation 8.

Where:
Vcimen is the Demagnetization Clamp High Voltage (V).
I is the current through the load (A).

L is the inductance of the load (H).
R is the resistance of the load (Q).

Tsw is the switching period of the channel (s).
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5. Electrical Specifications

Table 14. Power Supply Characteristics
Operating range for the following specifications: VDD1 = 2.25- 5.5 V; VDD2 =9 to 32 V; T, = —40 to +125 °C;
Typical specs: VDD1=5V;VDD2=24V; T, =25°C

Parameter Symbol Test Condition Min Typ Max Unit
VDD1 Supply Voltage VDD1 2.25 — 5.5 \Y
VDD2 Supply Voltage VDD2 9 24 32 \Y
VDD, VDD1 rising 1.90 2.03 2.16 Vv
VDD1 Undervoltage Threshold
VDD1,y. VDD1 falling 1.85 1.99 2.1 Vv
VDD1 Undervoltage Hysteresis VDD1yys — 50 — mV
VDD2 v+ VDD?2 rising 8.2 8.6 9.0
VDD2 Undervoltage Threshold Vv
VDD2yq. VDD?2 falling 8 8.35 8.7
VDD2 Undervoltage Hysteresis VDD2 jyghys — 200 — mV
VDD2 ESD Clamp Threshold VDD2¢ pp leemp =1 MA — 48 — \
VDD1 Supply Quiescent Current IDD1q All An = LOW 3.3 3.7 4.3 mA
VDD2 Supply Quiescent Current IDD2q All An = LOW 7 9.8 12 mA
VDD1 Supply Active Current!
1 Channel Active IDD1 ey Active An inputs toggling at 1 kHz - 4.1 - mA
All Channels Active IDD1,, (50% duty cycle) 33 5.1 6
VDD2 Supply Active Current!
1 Channel Active IDD2yc Active Bn outputs toggling at 1 kHz - 10 - mA
All Channels Active IDD2,,, (50% duty cycle), no load 8 11 135
Device Startup Time? tst — 2.0 — ms
VDD1 Logic Interface Power Cycle Time? tpc1 - 80 — us
VDD2 Switch Power Cycle Time? tpc2 — 2.4 — ms
VDD1 Logic Interface Shutdown Time? tsp1 — 29 - us
1. Tested using a 4-channel device (Si834x4x/Si834x8x).
2. Startup, power cycle, and shutdown timing are detailed in “3.2. Switch Timing Behavior” on page 10.
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Table 15. Logic Interface Characteristics
Operating range for the following specifications: VDD1 = 2.25—5.5 V; VDD2 = 9 — 32 V; T, =40 to +125 °C;
Typical specs: VDD1 =5 V; VDD2 =24 V; Tp = 25 °C

Parameter Symbol Test Condition Min Typ Max Unit
VDD1=2.5V +10% — — VDD1x 0.2
Low Level Input Voltage Vi VDD1=3.3V+10% — — 0.8 Y
VDD1=5.0V +10% — — 1
VDD1=2.5V +10% VDD1 x 0.5 — —
High Level Input Voltage Viu VDD1=3.3V+10% 2.0 — — Y
VDD1=5.0V +10% 2.3 — —
Input Hysteresis Vhys — 0.25 — Y
Input Capacitance G — 2 — pF
Input Leakage Current [ ke | — — 1 HA
Low Level Output Voltage® VoL lop =4 mA - - 0.4
High Level Output Voltage® VoH lop = -4 MA VDD1-0.4 — —
Output Impedance
Logl 1 Zon — 50 —
gic Output ZoL — 65 - Q
Indicator Output? ZoLep - 30 -
Indicator Output Current? loLep Volep =05V 8 - - mA
Clear Fault Delay terp — 1.0 — 3
1. Parameter applies to WSI_THRU, and MISO logic output pins.
2. Parameter applies to FLT, VDD2_WRN, OPEN_CH, LEDn indicator output pins. Indicator outputs use an active-low, open-drain configuration where current is sinked
into the pin. See “4.1. Recommended Application Circuits” on page 36 for more information.
Table 16. SPI Timing Characteristics!
Operating range for the following specifications: VDD1 = 2.25-5.5V; VDD2 = 9 - 32 V; T, =—40 to +125 °C;
Typical specs: VDD1 =5 V; VDD2 =24 V; Tp = 25 °C
Parameter Symbol Min Typ Max Unit
Cycle time (SCLK)? tc 100 — - ns
SCLK High or Low Time thw 30 — — ns
Delay time, SCLK fall to MISO active tho1 — — 20 ns
Delay time, SCLK fall to MISO transition tho2 — — 20 ns
Delay time, NSS rise to MISO hi-Z tpz — — 20 ns
Setup time, NSS fall to SCLK fall tsur 25 — — ns
Hold time, SCLK rise to NSS rise th 20 — — ns
Setup time, MOSI to SCLK rise tsu2 25 — — ns
Hold time, SCLK rise to MOSI transition tyo 20 - - ns
Delay time between NSS active tnss 200 - - ns
Propagation delay, MOSI to MOSI_THRU? tbTHRU - - 15 ns
1. See Figure 20, “SPI Timing Diagram,” on page 35 for SPI timing characteristics test conditions.
2. When implementing a daisy chain, see “3.6.5. SPI Daisy Chain Organization” on page 33 for cycle time considerations. Cycle time will increase according to:

te(N) = tepviny + torrru(N—1) where N is the number of Si834x devices present in the daisy chain.

Skyworks Solutions, Inc. ¢ Phone [949] 231-3000 e sales@skyworksinc.com e www.skyworksinc.com

206512A e Skyworks Proprietary Information e Products and Product Information are Subject to Change without Notice

46

March 9, 2023



DATA SHEET Si834x Isolated Smart Switch Data Sheet

Table 17. Load Driving Characteristics
Operating range for the following specifications: VDD1 = 2.25 5.5 V; VDD2 = 9 - 32 V; T, =40 to +125 °C;
Typical specs: VDD1 =5 V; VDD2 = 24 V; T = 25 °C; C| = 10 nF; Roap = 47 Q

Parameter Symbol Test Condition Min Typ Max Unit
Recommended High or Low Pulse Width MPW An or OE pins 10 — — us
Turn ON Propagation Delay1
Si8340x Sourcing Devices 1.5 2.5 3.5
- — - oL us
Si8341x Sinking Devices 1.7 2.7 3.7
Turn OFF Propagation Delay2
Si8340x Sourcing Devices 2 3.5 4.5
- — - tpHL us
Si8341x Sinking Devices 1.7 2.7 3.7
Channel-Channel Skew? tpsk — — 300 ns
Si8340x Sourcing Output Rise Time* tR 0.5 2 3 s
Si8341x Sinking Output Fall Time® tr 0.5 3 4.5 us
Turn ON Voltage Slope
Si8340x Sourcing Devices — 7.5 —
. — g - dV/dtgy V/us
Si8341x Sinking Devices — 7.3 —
Turn OFF Voltage Slope
Si8340x Sourcing Devices — 6.7 —
i — & _ dV/dtoge V/us
Si8341x Sinking Devices — 9.7 —
OFF State Output Current
Si834x4x/Si834x8x 4-Channel Devices — — 100 UA
Si834x2x/Si834x6x 2-Channel Devices | To(orr | Vo(orF) =0V to VDD2 - — 200 HA
Si834x1x/Si834x5x 1-Channel Devices — — 400 MA
ON State Load Current
Si834x4x/Si834x8x 4-Channel Devices — 0.5 0.7
Si834x2x/Si834x6x 2-Channel Devices | lo(on) | Continuous operation — 1.0 1.25 A
Si834x1x/Si834x5x 1-Channel Devices — 2.0 2.5
ON-State Output Resistance
Si834x4x/Si834x8x 4-Channel Devices loo=0.5A,VDD2 =24V — 155 300
Si834x2x/Si834x6x 2-Channel Devices Ron lor=1.0A,VDD2 =24V — 78 150 mQ
Si834x1x/Si834x5x 1-Channel Devices loo=2.0A,VDD2 =24V - 41 76
Load Capacitance C. 10 — 1000 nF
Demagnetization Current to Engage Clamp |c|_Mp(M|N) 1.0 - - mA
1. Turn ON propagation delay is measured from the time the input (An or OE) is 50% ON to the time the output (Bn) is 20% ON and rising. See Figure 26 below for
measurement details.
2. Turn OFF propagation delay is measured from the time the input (An or OE) is 50% ON to the time the output (Bn) is 80% ON and falling. See Figure 26 below for
measurement details.
3. Channel-channel skew is the magnitude of the difference in turn ON or turn OFF propagation delay times measured between different channels operating at the
same supply voltage, load, and ambient temperature.
4. Output rise time is measured from the time the output is 20% ON to the time the output is 80% ON. For sinking output devices (Si8341x), rise time is determined
by load conditions. See Figure 26 below for measurement details.
5. Output fall time is measured from the time the output is 80% ON to the time the output is 20% ON. For sourcing output devices (Si8340x), fall time is determined

by load conditions. See Figure 26 below for measurement details.
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Van \

OE = Logic high

Figure 26. Turn ON and Turn OFF Timing

Table 18. Protection and Diagnostics

Operating range for the following specifications: VDD1 = 2.25-5.5V; VDD2 = 9 - 32 V; T, =—40 to +125 °C;

Typical specs: VDD1 =5V;VDD2=24V; T, =25°C

Si834x Isolated Smart Switch Data Sheet

Parameter Symbol Test Condition Min Typ Max Unit
Common Mode Transient Immunity CMTI 100 — — kV/us

Output Current Limit®

Si834x4x/Si834x8x 4-Channel Devices 0.7 0.88 11

Si834x2x/Si834x6x 2-Channel Devices locL 1.4 1.73 2.2 A

Si834x1x/Si834x5x 1-Channel Devices 2.8 3.56 4.4
Output Current Limit Threshold?

Si834x4x/Si834x8x 4-Channel Devices 1.0 1.15 13

Si834x2x/Si834x6x 2-Channel Devices locur 2.0 2.23 2.5 A

Si834x1x/Si834x5x 1-Channel Devices 4.0 4.35 4.8
Output Current Limit Pulse3 tocL — 155 — us
Output Current Limit Period? tocip — 0.86 — ms
Over-Current Protection Duration? tocep - 6 - ms
Output Peak Current Limit? lopcL - 8 - A
Output Peak Current Test Pulse? toper - 115 - s
Output Peak Current Limit Pulse® topcL - 20 - ms
Over-Current Protection Retry Delay torrD - 518 - ms
Demagnetization Clamp High Voltage5

Si8340x Sourcing Devices — -17.5 —

Si8341x Sinking gDevices Vewpn lo=1mA - VDD2+17.5 - v
Demagnetization Clamp Low Voltage5

Si8340x Sourcing Devices Ve lo 2 luvpr — -2.5 — v

Si8341x Sinking Devices — VDD2+2.5 —
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Si834x Isolated Smart Switch Data Sheet

Table 18. Protection and Diagnostics (Continued)
Operating range for the following specifications: VDD1 = 2.25-5.5V; VDD2 = 9 - 32 V; T, =—40 to +125 °C;

Typical specs: VDD1 =5V;VDD2=24V; T, =25°C

Parameter Symbol Test Condition Min | Typ | Max | Unit
Demagnetization Clamp Current Threshold®

Si834x4x/Si834x8x 4-Channel Devices 0.33 0.41 0.45 A

Si834x2x/Si834x6x 2-Channel Devices leLmpT 0.62 0.77 0.88 A

Si834x1x/Si834x5x 1-Channel Devices 1.0 14 1.7 A

Load Resistance Threshold for Open-Circuit Diagnostic
X . . 9V<VDD2<16V 40 — — kQ
Si834x4x/Si834x8x 4-Channel Devices
VDD2 > 16V 100 — — kQ
X . . 9V<VDD2<16V 20 — — kQ
Si834x2x/Si834x6x 2-Channel Devices Rimax
VDD2 > 16V 50 — — kQ
X . . 9V<VDD2<16V 10 — — kQ
Si834x1x/Si834x5x 1-Channel Devices
VDD2 > 16V 25 — — kQ
VDD2yy;g+ VDD2 rising — 18.5 -
VDD2 Low-Voltage Threshold - \Y
VDD2y18- VDD2 falling — 18.0 —
VDD2qy3;+ VDD2 rising — 33.5 -
VDD2 Overvoltage Threshold® - \
VDD2gy35- vDD2 falling — 33 -
Over-Temperature Threshold’ Tor 159 167 175 °C
Over-Temperature Hysteresis Thys - 33 - °C

1. The current limit is applied when an output is first turned ON, and when over-current conditions are present on the output. It is applied in a pulsed fashion for toc,
and repeats for tocpp. See “3.4. Switch Protection” on page 13 for details.

2. The current measured through the output must exceed this threshold in order to be detected as an over-current condition and for the Output Current Limit (Igc,)
to be enforced. See “3.4. Switch Protection” for details.

3. Period may be reduced during operation if over-current conditions are removed. See “3.4. Switch Protection” for details.

4. Peak output current is only available on some 4 channel devices (Si834x4Ax/Si834x8Ax) for a short time period topc, and only during a perceived over-current con-
dition detected when the output is first turned ON or after the Over-Current Protection Retry Delay. See “3.4. Switch Protection” for details.

5. The demagnetization clamp voltage is V¢ yp. While the current through the output is equal to or above I¢ \pr. When current through the output is below I ppr,
the demagnetization clamp voltage is V¢ \py. Under certain fault conditions, this behavior is modified and performance is constrained. See “3.4. Switch Protec-
tion” for details.

6. Inductive load demagnetization performance is constrained above this threshold. See “3.4. Switch Protection” for details.

7. Any channel that exceeds the Over-Temperature Threshold will have its demagnetization performance constrained. If all channels exceed the Over-Temperature

Threshold, all channels will be unconditionally shutdown. By default, this behavior will persist until the Over-Temperature condition(s) are removed. See “3.4.

Switch Protection” for details.
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Si834x
VDD1 VDD2
9to 32V
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Supply
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Figure 27. Common Mode Transient Immunity (CMTI) Test Circuit
Table 19. Regulatory Information (Pending)®
CSA

Certified under 62368-1. For more details, see Master Contract Number 232873.

VDE

Conforms to 62368-1. For more details, see File 5028467.

UL

Certified under UL1577 component recognition program. For more details, see File E257455.

Rated up t01500 Vg isolation voltage for basic insulation.

cQc

Certified under GB4943.1.

1. Regulatory Certifications apply to 1.5 kVgs rated devices, which are production tested to 1.8 kVgys for one second. For more information, see “1. Ordering Guide”

on page 3.

Table 20. Insulation and Safety-Related Specifications

Parameter Symbol Test Condition 9x9 DFN-32 Unit

Nominal External Air Gap (Clearance) CLR 3.5 min mm

Nominal External Tracking (Creepage) CRP 3.5 min mm

Minimum Internal Gap (Internal Clearance) DTI 0.008 mm
Tracking Resistance CTI IEC60112 600 \Y

Erosion Depth ED 0.040 mm
Resistance (Input-Output)® Rio 10%2 Q
Capacitance (Input-Output) Co f=1MHz 1 pF
1. To determine resistance and capacitance, the Si834x is converted into a 2-terminal device. Pins 1-16 are shorted together to form the first terminal, and pins 17 —

32 are shorted together to form the second terminal. The parameters are then measured between these two terminals.

Skyworks Solutions, Inc. ¢ Phone [949] 231-3000 e sales@skyworksinc.com e www.skyworksinc.com

206512A e Skyworks Proprietary Information e Products and Product Information are Subject to Change without Notice

50

March 9, 2023




DATA SHEET Si834x Isolated Smart Switch Data Sheet
Table 21. IEC 60664-1 Ratings
Parameter Test Condition 9x9 DFN-32
Basic Isolation Group Material Group |
Rated Mains Voltages < 50 Vs I-Iv
Installation Classification -
Rated Mains Voltages < 100 Vg5 -1
Table 22. Thermal Characteristics
Parameter Symbol Test Condition Min Max Unit
Ambient Temperature® Ta -40 125 °C
9x9 DFN-32 Package Thermal Resistance
. ) 4-layer, 2s2p JEDEC test board — 30 °C/W
Junction-to-Ambient IS _ _
2-layer, Si834x-KIT evaluation board — 25 °C/W
Junction-to-Case (Exposed Pad) 0)c 4-layer, 2s2p JEDEC test board — 1.5 °C/W
1. The maximum ambient temperature is dependent on data frequency, output load conditions, fault conditions, number of operating channels, and supply voltages.
See “4.3. Power Dissipation Considerations” on page 42 for more details.
Table 23. Absolute Maximum Ratings®
Parameter Symbol Min Max Unit
VDD1 Supply Voltage VDD1 -0.3 7 Vv
VDD2 Supply Voltage VDD2 -0.3 40 Vv
VDD1 Slew Rate VDD1, — 1 V/us
VDD2 Slew Rate? VDD2, - 1 V/us
Storage Temperature3 Tst6 -65 +150 °C
Junction Temperature T — +175 °C
Voltage on Any Logic Pin with Respect to Ground Vio.g -0.3 VDD1 +0.3 Vv
One Channel Single Pulse Turn OFF Energy Dissipation®
Si834x4x/Si834x8x 4-Channel Devices — Unlimited J
Si83402x/Si83406x 2-Channel Sourcing Devices — 64 J
Si83412x/Si83416x 2-Channel Sinking Devices Eas(1ch) — 20 J
Si83401x/Si83405x 1-Channel Sourcing Devices — 32 J
Si83411x/Si83415x 1-Channel Sinking Devices — 10 J
All Channels Simultaneously Driven Single Pulse Turn OFF Energy Dissipation®
Si83404x/Si83408x 4-Channel Sourcing Devices — 8 J
Si83414x/Si83418x 4-Channel Sinking Devices E — 2.5 J
Si83402x/5183406x 2-Channel Sourcing Devices AS(ALL) - 16 ]
Si83412x/Si83416x 2-Channel Sinking Devices — 5 J
Lead Solder Temperature (10 s) — 260 °C
Human Body Model (JEDEC JS-001) ESD Rating ESDypm 3 — kv
Charged Device Model (JEDEC JS-002) ESD Rating ESDcpm 1 — kv
1. Permanent device damage may occur if the absolute maximum ratings are exceeded. Functional operation should be restricted to the conditions as specified in the
operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.
2. Absolute maximum slew rate only applies to supply voltage changes larger than 3 V.
3. VDE certifies storage temperature from —40 to 150 °C.
4. Tested at TA = 125 °C and maximum Load Current IO(ON) for the channel. See Table 17, “Load Driving Characteristics,” on page 47 for details.
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5.1. Typical Operating Characteristics

The typical performance characteristics depicted in the figures below are for information purposes only. Refer to
the data tables in the “5. Electrical Specifications” on page 45 for actual specification limits.

250
Tp=125C
200
To=25C
~ 150
g
E :
~ Tp=-40°C
o
® 100
50
I, = 500 mA 2
0
9 14 19 24 29
VDD2 (V)
Figure 28. On Resistance (Rgy) vs. Switch Supply Voltage (vbD2)1?
1. Ron is depicted for a 4-channel device. For a 2-channel device, divide the 4-channel RON value by a factor of 2. For a 1-channel device, divide the 4-channel Ry
value by a factor of 4.
2. I_is the current sinking or sourcing through the output channel depending on the output channel configuration. See “3.3. Switch Types” on page 12 for details.
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250
/
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VDD2 =24V
I, = 500mA 2
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-40 0 40 80 120
Ta(°C)
Figure 29. On Resistance (Rgy) vs. Ambient Temperature (TA)l'2
1. Roy is depicted for a 4-channel device. For a 2-channel device, divide the 4-channel Ry value by a factor of 2. For a 1-channel device, divide the 4-channel Ry
value by a factor of 4.
2. I_is the current sinking or sourcing through the output channel depending on the output channel configuration. See “3.3. Switch Types” on page 12 for details.
3.6
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TA - 1250C ///
=34 To=25C
-
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3.3
All An = LOW
3.2
2.25 3.00 3.75 4.50 5.25

VDD1 (V)
Figure 30. Logic Interface Supply Quiescent Current (IDD1g) vs. Logic Interface Supply Voltage (VDD1)
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Figure 31. Logic Interface Supply Current Quiescent (IDD1g) vs. Ambient Temperature (T,)
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Figure 32. Switch Supply Quiescent Current (IDD2g) vs. Switch Supply Voltage (VDD2)
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Figure 33. Switch Supply Quiescent Current (IDD2g) vs. Ambient Temperature (T,)
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Figure 34. OFF State Output Current (lg(off)) vs. Output Voltage (Vg(off)) for Sourcing Devices'-?

1. lo(orr) is considered positive when current is flowing into the output pin.
2. V¢ denotes the voltage of a forward biased diode.

Skyworks Solutions, Inc. ¢ Phone [949] 231-3000 e sales@skyworksinc.com e www.skyworksinc.com

206512A e Skyworks Proprietary Information e Products and Product Information are Subject to Change without Notice

55 March 9, 2023



56

DATA SHEET Si834x Isolated Smart Switch Data Sheet

10 :
1 T
_ 1 =
VDD2 =24V | a
To=25°C 7
| N
1 =)
5 N a
| >
| "
- 1 s
—_ 1 %
t ! >
=~ 0
£ |
o
5 1
[
~ }
> :
-5 1l |
m 1
o] 1
o
> |
1
-10 1
-18 0 18 35 53

Voorr (V)

Figure 35. OFF State Output Current (Ig(off)) vs. Output Voltage (Vg(off)) for Sinking Devices'-

1. lo(orr) is considered positive when current is flowing into the output pin.
2. V¢ denotes the voltage of a forward biased diode.

Skyworks Solutions, Inc. ¢ Phone [949] 231-3000 e sales@skyworksinc.com e www.skyworksinc.com
206512A e Skyworks Proprietary Information e Products and Product Information are Subject to Change without Notice

March 9, 2023



DATA SHEET

6. Pin and Package Descriptions

6.1. Pin Descriptions

Si834x Isolated Smart Switch Data Sheet

The Si834x consists of multiple die in a package with different bond-outs for different customer needs. Each bond-
out is represented by a pin-out below. “1. Ordering Guide” on page 3 describes the part number and features for

these products.

6.1.1. 4-Channel Parallel Interface Devices

NC

Al

A2

A3

A4

w
(9]

OE
GND1

FLT
VDD1

GND1

VDD2_WRN

ePAD1

Isolation Barrier

LED1

~

LED2

LED3

=

LED4

@

o
Y

o] ] [ ] &l e BT 1o o) O o B [T T BT

NC

ePAD2

w
bt

N~
©

~
®

~ ~ ~
@ Y N

N
b

~
=

-
©

-
%

(5] [e] [e] 2] [+1 (31 [o] [s] ] [o] [s] ] [¢] [e] [<] [

-
<

206512A e Skyworks Proprietary Information e Products and Product Information are Subject to Change without Notice

57

Si83404xAA-IF

GND2

DNC

GND2

VDD2

B1

VDD2

B2

VvDD2

B3

VDD2

B4

VDD2

GND2

VvDD2

DNC

GND2

NC
Al
A2
A3
A4
OE
GND1
T
VDD1

GND1

VDD2_WRN

LED1
LED2
LED3

LED4

NC

ePAD1

Isolation Barrier

~

@ &

o

o] ] & ] &l e Bl LT ) O o B [T T BT

Y

ePAD2

w
()

GND2

w
bt

11 [l [e] [l (<] [l (5] [l [ [ (o] [i] [e] [e] [

DNC

VDD2

GND2

28 | B1

~
N

GND2

~
Y

B2

~
@

GND2

B3

GND2

~
[N}

B4

~
=

GND2

VvDD2

VvDD2

DNC

-
%

17 | GND2

Si83414xAA-IF

Skyworks Solutions, Inc. ¢ Phone [949] 231-3000 e sales@skyworksinc.com e www.skyworksinc.com

March 9, 2023



DATA SHEET
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6.1.2. 4-Channel SPI Devices

6.1.3. 4-Channel Parallel/SPI Devices
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6.1.4. 2-Channel Parallel Interface Devices

NC[ 1] [32] enD2
AL 2] [G1] one
RSVD [ 3] [30] GnD2
A2[ 2] [29] vop2
RSVD [28]B1
OE[ 6] [27] voD2
GND1 g [25]B1
_ ©
FLT WAL ﬂgﬁ PAD2 [25] vbp2
vDD1[ 9] B 2] 82
GND1 [ 10] 2 VDD2
VDD2_WRN [ 11] [2z] B2
LeD1[12] [21] vop2
DNC[13] [20] GnD2
LED2 [12] [z voD2
DNC [15] [28] bne
NC[16] [37] enp2
Si83402xAA-IF
NC[ 1] [32] a2
AL 2] [31] bNe
RSVD | 3 ] [30] GND2
A2[ ] [29] vbb2
RSVD [28] 81
OE[ 6] [27] vop2
GND1 g [z5] B1
— o
R ePAD1 Cg ePAD2 (zz] voo2
VvDD1 zl B E B2
GND1[10] 2 [23] voD>2
OPEN_CH [11] [22] B2
LeD1[12] [21] vop2
DNC [13] [20] eND2
LED2 [14] [29] vop2
DNC[15] [zs] bNC
NC [16] [27] GND2
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Si83402xBA-IF

NC
Al
RSVD
A2
RSVD
OE
GND1
T
VDD1

GND1

VDD2_WRN

LED1
DNC
LED2

DNC
NC
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NC
Al

RSVD

A2

RSVD

OE
GND1
FLT
VDD1
GND1
OPEN_CH
LED1
DNC
LED2

DNC
NC
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1] [32] 6ND2
(2] [31] one
3] [3o] vop2
] [29] Gnp2
el
[6] [37] GND2
g’ [2s] 81
<
ePAD1 °§ ePAD2 [z2] eno2
o] ] 2] 82
[10] 2 [23] enp2
) (=] e2
[12] [21] Gnp2
[13] [20] voD2
[1a] [29] vop2
[15] [zs] one
[16] [27] GND2
Si83412xAA-IF
1] [32] b2
2] [31] bNe
3] [30] voD2
[4] [29] GND2
e
5] (7] enp2
g [26] B1
T

ePAD1 E ePAD2 (=] eno2
o] = [2a] B2
[10] 2 [23] D2
) (] e2
[12] [21] 6np2
[13] [20] voD2
[12] [29] vob2
[15] [zs] bNe
[16] [27] GND2



DATA SHEET Si834x Isolated Smart Switch Data Sheet

NC[ 1] [32] GND2 NC[1] [32] GND2

AL 2] [31] one AL 2] [31] one
RSVD[ 3] [30] GnD2 RSVD | 3] [30] vob2

A2[ ] [29] vop2 A2[ 4] [29] GND2
RSVD [ 5 | [=8] 81 RSVD [ 5 | [28] 81

OE [ 6] [27] vop2 OE[ 6] [27] GND2
GND1[ 7] g [z5] B1 GND1[ 7] g (28] 81

p— © J—

LT[ 8] wPADL ‘g PAD2 [25] vbD2 FT[ 8] WAL C:Z PAD2 [25] GND2
vDD1[ 9| E [2a] B2 vDD1[ 9] = [2a] B2
GND1[10] 2 [23] voD2 GND1[10] 2 [23] enp2

FLT_CIR [ 11] [22] B2 FLT_CLR [11] [22] B2

iep1 [12] [21] vob2 D1 [ 12] [21] 6ND2
DNC [13] [20] GND2 DNC [13] [20] vbD2
LED2 [ 14] [39] vop2 LED2 [ 14] [19] vop2
DNC[15] [28] bNe DNC[15] [zs] bNe

NC|16] [27] enD2 NC|16] [17] eND2

Si83402xCA-IF Si83412xCA-IF
6.1.5. 2-Channel SPI Devices
NC[1] [32] GND2 NC[1] [32] GND2

LEpi[ 2] [31] one LEpi[ 2] [31] one

DNC [ 3] [30] GND2 DNC [ 3] [3o] vop2

Ep2[ 4] [29] vbp2 Ep2[ 4] [29] GND2

DNC [28] 81 DNC [28] 81

OE[ ] [27] voo2 O[] [27] G\p2

GND1 % [2s] 81 GND1 % [2s]B1

AT ePAD1 Cg ePAD2 L] voo2 AT ePAD1 2 ePAD2 (=] eno2
vDD1[ 9| H 2] 82 vDD1[ 9] ] 2] B2

GND1[10] 3 VDD2 GND1[10] 2 (23] eND2

MOSI_THRU [ 11 ] [22] B2 MOSI_THRU [ 11 ] [22] B2
Nss [12] [21] vop2 Nss [12] [21] eND2
scLk|[13] [20] GND2 scLk|[13] [20] vpD2

Mos! [14] [[29] vop2 Mos! [14] [[29] vop2

MIsO [ 15] [18] bne MIsO [ 15] [18] bne

NC[ 16 ] [27] GND2 NC[16] [27] GND2
Si83406xDA-IF Si83416xDA-IF
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6.1.6. 2-Channel Parallel/SPI Devices

NC
Al
RSVD
A2
RSVD
OE
GND1
T
VDD1
GND1
MOSI_THRU
NSS
SCLK
MOSI

MISO
NC
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6.1.7. 1-Channel Parallel Interface Devices

Si834x Isolated Smart Switch Data Sheet

NC[ 1] [32] anD2 NC[ 1] [32] eND2
ALl 2] [G1] one ALl 2] [31] bne
RSVD[ 3 ] [30] GND2 RSVD[ 3 ] [30] vbp2
RSVD [ 4 | [29] vbp2 RSVD [ 4 | [29] GND2

RSVD [28]B1 RSVD (28] B1
OE[ 6] (7] vob2 OE[ 6] [37] eNp2
GND1 % (25|81 GND1 % [zs] 81
i ePAD1 Cg ePAD2 (] voo2 i ePAD1 cg ePAD2 (] ono2
vbD1[ 9] = 2] 81 voD1 [ 9] = [z+] 81
GND1 | 10] 2 VDD2 GND1[10] 2 [23] GND2
VDD2_WRN [ 11] [2z]B1 VDD2_WRN [ 11] [2z]B1

D1 [ 12] [21] vop2 1Ep1 [ 12] [21] GNp2

DNC [ 13] [20] GnD2 DNC [ 13] [20] voD2

DNC [ 14] [z voD2 DNC[14] [29] vop2

DNC [ 15] [zs] bNe DNC[15] [zs] one

NC [16] [27] GND2 NC|16] [27] eND2
Si83401xAA-IF Si83411xAA-IF

NC|[ 1] [32] eND2 NC[1] [32] enD2

AL[ 2] [31] bne AL[ 2] [3z] bNe
RSVD [ 3 ] [30] eND2 RSVD [ 3 ] [30] vbp2
RSVD [ 4 | [29] vop2 RSVD [ 4 | [29] GND2
RSVD [z8]B1 RSVD [z8] 81

OE[6 ] [27] vbb2 OE[ 6] [27] GND2
GND1 g [2s]B1 GND1 g [2s] 81

J— 323 p—

. ePAD1 cg ePAD2 [z} voo2 R ePAD1 g ePAD2 [zs] ono2
vpD1[ 9] = [2a]B1 vpD1 [ 9] E [2a]B1
GND1[10] 2 [23] vop2 GND1[10] 2 [23] D2

OPEN_CH[11] [22]B1 OPEN_CH[11] [22]B1
LDl [ 12] [21] vop2 LED1 [ 12] [21] enD2
DNC [13] [20] GND2 DNC [13] [20] vbD2
DNC [12] [19] vop2 DNC [ 14] [29] vop2
DNC[15] [zs] one DNC[15] [zs] bNC

NC|16] [27] enD2 NC[16] [27] enD2

Si83401xBA-IF Si83411xBA-IF
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6.1.8. 1-Channel SPI Devices
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6.1.9. 1-Channel Parallel/SPI Devices

Si834x Isolated Smart Switch Data Sheet

NC[ 1] [32] enp2 NC|[ 1] [32] np2
ALl 2] 1] one ALl 2] 1] one
RsVD [ 3] [30] GND2 RSVD [ 3] [30] voD2
RSVD [ 4 | [29] vbp2 RSVD [ 4 | [29] GND2
RSVD (28] B1 RSVD [ 5 | (28] 81
OF[ 6] [37] vop2 OE[ 6] [27] 6ND2
GND1 g (2] 81 GND1 g (5] 81
_ © _ ©
FLT wPADL ﬂg PAD2 [25] voD2 FLT DL ﬂg PAD2 [25] enD2
voD1[ 9] = 2] 81 voD1 [ 9] E [24] 81
GND1[10] 2 VDD2 GND1[10] 2 [23] enp2
MOSI_THRU [ 11 ] [22]B1 MOSI_THRU [ 11 ] [22] 81
NSS [12] [21] vbp2 NSs [12] [21] enD2
scLk[13] [20] GND2 scLk [13] [20] vop2
MOSI [ 14 ] [29] vop2 Mos| [14] [29] vop2
MISO [15] [z8] bne MISO [ 15 ] [zs] one
NC[ 6] [17] 6ND2 NC[ 6] [17] 6ND2
Si83405xFA-IF Si83415xFA-IF
Table 24. Si834x Pin Descriptions (Sheet 1 of 2)
Pin Name Type Description
Al-A4 Input Input channels
B1-B4 Sourcing/Sinking Output Output channels
OE Input Output enable, active-high
FLT Open-drain Output Active-low output that indicates diagnostic reports
LED1 - LED4 Open-drain Output B1 — B4 output status indicators. Shows ON or OFF state of output
FLT_CLR Input Input to manually clear faults that are not cleared automatically
VDD2_WRN Open-drain Output Active-low output that indicates a VDD2 Low-Voltage Warning
W_CH Open-drain Output Active-low output that indicates an open circuit on any output channel
MOSI_THRU Push-pull Output SPI data out for cascading multiple Si834x devices together
NSS Input SPI chip select
SCLK Input SPI clock
MOSI Input SPlinput
MISO Push-pull Output SPI output
GND1 Ground Isolated logic interface ground
GND2 Ground Isolated switch ground. All GND2 pins must be used and tied together
VDD1 Supply Isolated logic interface power supply
VDD2 Supply Isolated switch power supply. All VDD2 pins must be used and tied together
NC Other Not connected. Pin is not used and should be tied to GND1
DNC Other Do not connect. Pin must be left floating
RSVD Other Reserved without specific function. Pin must be tied to GND1
ePAD1 Ground Exposed thermal pad for logic interface. Pad must be tied to GND1
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Table 24. Si834x Pin Descriptions(Continued)(Sheet 2 of 2)

Pin Name Type Description

ePAD2 Ground Exposed thermal pad for switches. Pad must be tied to GND2

6.2. Package Drawing

6.2.1. 32-Pin 9x9 DFN (DFN-32)

Figure 36 illustrates the package details for the Si834x in a 32-pin 9x9 DFN package. The table lists the values for
the dimensions shown in the illustration.
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Figure 36. Si834x in 32-Pin 9x9 DFN (DFN-32)
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Table 25. 32-Pin 9x9 DFN Package Diagram Dimensions®%34
Dimension Minimum Maximum
A 0.8 0.90
Al 0 0.05
A2 0.65 REF
A3 0.203 REF
b 0.2 0.30
D 9 BSC
E 9 BSC
e 0.50 BSC
J 1.23 1.43
1 231 2.51
K 2.45 2.65
K1 6.65 6.85
L 0.35 0.45
aaa 0.10
bbb 0.10
ccc 0.08
ddd 0.10
eee 0.10
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to JEDEC Outline MS-013, Variation AA.
4, Recommended reflow profile per JEDEC J-STD-020C specification for small body, lead-free components.
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6.3. Land Pattern

6.3.1. 32-Pin 9x9 DFN (DFN-32)

Figure 37 illustrates the recommended land pattern details for the Si834x in a 32-pin 9x9 DFN package. The table

below lists the values for the dimensions shown in the illustration.

C1

l/Y1 X1 = J1 ‘
52 ]
[ = 7 =
= S
= | | | = 1
- HEEEE -
f = | = E
=i =
= . 1=
— | I —
X3 X2

Figure 37. Recommended Land Pattern Details for the Si834x in a 32-pin 9x9 DFN Package

Table 26. PCB Land Pattern 1/2:3:43,6,7,8,9

Dimension mm
Cc1 9.00
J1 2.64
12 2.92
E 0.50
X1 0.30
Y1 0.80
X2 2.51
Y2 6.85
X3 1.43
Y3 2.65
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This Land Pattern Design is based on the IPC-7351 guidelines.
3. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the metal pad is to be 60mm minimum,
all the way around the pad.
4. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure good solder paste release.
5. The stencil thickness should be 0.125mm (5 mils).
6. The ratio of stencil aperture to land pad size can be 1:1 for all perimeter pads.
7. An array of square openings with approximately 50% coverage may be used for each of the center ground pads (ePAD1 and ePAD2).
8. A No-Clean, Type-3 solder paste is recommended.
9. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body Components.
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6.4. Top Marking
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Si834x Isolated Smart Switch Data Sheet

Table 27. 32-Pin DFN Top Marking Explanation

Line 1 Marking:

Base Part Number Ordering
Options

(See “1. Ordering Guide” on
page 3 for more information)

Si834 = Isolated Smart Switch Series

U = Switch Type
0 = Sourcing output (high-side)
1 = Sinking output (low-side)

V = Input & Output Configuration
1 =1 channel output, parallel input only
2 = 2 channel output, parallel input only
4 = 4 channel output, parallel input only
5 =1 channel output, SPI programmable
6 = 2 channel output, SPI programmable
8 = 4 channel output, SPI programmable

W = Switch Protection Configuration

A = Inrush current mode enabled.
Default demagnetization protection settings.

B = Inrush current mode disabled.
Default demagnetization protection settings.

X = Indicator Configuration
A=LEDn indicators, FLT indicator, m indicator
B =LEDn indicators, FLT indicator, W_CH indicator
C = LEDn indicators, FLT indicator, FLT_CLR input
D = LEDn indicators, FLT indicator
F = FLT indicator
Y = Isolation Rating
A =1.5KkVgps

Line 2 Marking

YY = Year
WW = Workweek

Assigned by the assembly house. Corresponds to the year
and workweek of the mold date.

TTTTTT = Mfg Code

Manufacturing Traceability Code

Line 3 Marking

CC = Country of Origin ISO Code
Abbreviation

TW = Taiwan
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7.

Revision History

Revision 206512A
March, 2023

Updated decimal-based revision number to alphanumeric code.
Additional specifications added.
Additional precision as well as minimum and maximum values added to various specifications.
Overvoltage Constraint Diagnostic report errata removed.
New orderable part numbers added to “1. Ordering Guide”:
- 2-channel and 1-channel parts added.
- 4-channel parts added with inrush current mode disabled.
Updated thresholds in “Figure 26. Turn ON and Turn OFF Timing”:
Updated “3.4.1. Demagnetization Energy Protection”.
Added Fault Timing Behavior amendment to “3.2. Switch Timing Behavior”.
Updated “Figure 27. Common Mode Transient Immunity (CMTI) Test Circuit”.
Updated “5.1. Typical Operating Characteristics”.
Certifications have been revised and updated based on the latest standard requirements:
- CSA: Removed IEC 60950-1.
- VDE: Removed VDE-0884 and updated the file number.
- Removed supporting tables and charts.

Revision 0.5
August, 2019
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Initial release.
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Copyright © 2023, Skyworks Solutions, Inc. All Rights Reserved.

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the infor-
mation contained herein, are provided by Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks
assumes no responsibility for errors or omissions in these materials or the information contained herein. Skyworks may change its documentation, products,
services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to update the materials or information and
shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability
for any materials, products or information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or
materials, except as may be provided in Skyworks' Terms and Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS” WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR
OTHERWISE, INCLUDING FITNESS FOR A PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY
INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COM-
PLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS SHALL NOT BE LIABLE FOR ANY
DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIM-
ITATION, LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF
MATERIALS HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks
products could lead to personal injury, death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such
applications do so at their own risk and agree to fully indemnify Skyworks for any damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of
design defects, errors, or operation of products outside of published parameters or design specifications. Customers should include design and operating
safeguards to minimize these and other risks. Skyworks assumes no liability for applications assistance, customer product design, or damage to any equip-
ment resulting from the use of Skyworks products outside of Skyworks' published specifications or parameters.

Skyworks, the Skyworks symbol, Sky5®, SkyOne®, SkyBlue™, Skyworks Green™, ClockBuilder®, DSPLL®, ISOmodem®, ProSLIC®, SiPHY®, and RFelC® are trade-
marks or registered trademarks of Skyworks Solutions, Inc. or its subsidiaries in the United States and other countries. Third-party brands and names are for
identification purposes only and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at
www.skyworksinc.com, are incorporated by reference.
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Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:

© View 5183418AFA-IH on WIN SOURCE

@ Skyworks Solutions Inc) Information

Optimize Your Supply Chain with WIN SOURCE Solutions

Global Sourcing Solution
Obsolete Management
Cost Control Management
Shortage Management
Alternative Solution

Excess Inventory Management


https://www.win-source.net/products/detail/skyworks-solutions-inc/skyworks-solutions-inc.-si83418afa-if.html
https://www.win-source.net/manufacturer/skyworks-solutions-inc

