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LTCA4356-2
Overvoltage Protection Regulator

FEATURES DESCRIPTION
® For Automotive Applications up to 3A Demonstration Circuit DC1018B-B showcases the
® Triple Layout for D-Pak, D2-Pak or S-8 MOSFETs LT4356-2 Surge Stopper in a 12V, 3A application. Input
= (0.093-inch Turret Holes Accommodate 12 AWG Wire  transients of up to 60V are limited to 16V at the output;
® |EDs Show Input, Outputs, Fault and Enable sustained overvoltage conditions cause the limiter to trip
® Easily Modified for up to 20A off and retry after the overvoltage is removed.

LEDs indicate the presence of +12V input and output, as
APPUCATIONS well as state of the fault output, FLT# and enable output, EN.

Input and output connections are made by 93 mil turrets

= Servers, Routers, Switches which if removed, accommodate insertion of up to 12
= Mass Storage gauge wires for in-situ testing.

® Fan Trays . L .

= Automotive Modules Design files for this circuit board are available.

All registered trademarks and trademarks are the property of their respective owners.

PGBFOBMHI’ICE Summﬂﬁ\' Specifications are at T = 25°C

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vin Input Operating Range 4 12 60 \

Peak Input Voltage Clipped by Transient Voltage Suppressor 100 Y
Viumr Output Limiting Voltage 15.3 16 16.7 v
lout Maximum Load Current 35 A
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QUICK START PROCEDURE

Board Layout

DC1018B-B is a 4-layer board. There are planes for input,
output, drain and ground; these are replicated on each layer.

The spare amplifier is kept active during shutdown in the
LT4356CDE-2, resulting in a supply current of about 50pA.

The 93 mil input and output connection turrets are not
swaged and may be removed for attachment of up to 12
gauge wire. Banana jacks facilitate bench testing.

Sufficient copper is available to support applications of
at least 20A.

LEDs are included as quick debug indicators. These LEDs
show:

LED1 12Vinput  Green
LED3 12V output  Green
LED4 FLT Red

LEDS EN Green

The enable and fault LEDs are both powered in such a
way that the signals present on their associated turrets
are limited in voltage (see schematic). To this end a simple
series regulator (Q2 and D6) has been included on the
demo board for powering the FLT# output; the FLT# pin
itself is rated to 80V.

R8 is an optional pull-up resistor for the SHDN# pin.

Modifying Current Limit

DC1018B-B is designed for 3.5A maximum load current
and may be modified for higher or lower current levels.
Sense resistor RSNS1-3 pads are designed for 1206 or
2010 sense resistors. The LT4356-2 current sense voltage
is 50mV, with limiting occurring at 50mV/RSNS. Optional
footprints for D2-pak or S-8 MOSFETs allow for much
higher or lower current levels. Sufficient copper is present
to handle in excess of 20A. If the S-8 footprint is used,
move R3 (10 ohms) to the bottom of the board, R3B. This
is the gate resistor for the S-8 MOSFET.

At higher currents the clamp DCL must be proportionately
increased. This catches the locally generated spike at the
MOSFET drain when the output goes into regulation. The
energy content of this spike is a direct function of input
slew rate and output load capacitance.

Changing Output Regulation Level

The output limiting or regulation voltage is easily modified
by simply changing R1 and R2 to values appropriate for
the application. The FB pin servo voltage is 1.25V. See the
data sheet for a full description of this pin and equations.
As built, the demo board clamps at 16V.

The actual operating voltage is independent of the clamp-
ing volt-age, and may be anything from the minimum
operating voltage of 4V up to the clamping voltage. Thus
while the demo board is labeled “12V”, it can operate with
any other sub-16V input such as a 5V regulated supply, a
6V gelcell, or a stack of 8 NiMH cells, or a 9V impedance
limited wall cube, to name but a few possible inputs.

Supply Current

The low shutdown current of the LT4356-2 is impossible
to measure on the demo board because of the presence
of the input LED, LED1, and the LED Supply. Remove R10
and R17 to eliminate these paths.

Note that above 16V, D4 will draw current. Below 16V
leakage in D4, Q2’s collector-base junction in series with
D6 and Q1 will add to the LT4356-2’s supply current.
These effects are insignificant at room temperature.

Small Turrets

No connection to any of the small turrets is necessary
to make the board operate—the LT4356-2 defaults to the
ON state.

SHDN# is pulled high internally. If this turret is left open,
the board will turn on when power is applied. Short this
turret to ground to turn off the LT4356-2.
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FLT# pulls low after a TMR interval if there is a sustained
input overvoltage, and does so 2ms before the output
shuts down. Otherwise FLT# is high, pulled up by LED4
and the 5V LED Supply.

EN is an output. It goes high when the 12V output rises to
within 700mV of the input. EN is latched and does not pull
low again until the LT4356-2 trips off from a sustained
overvoltage or is shut down. EN is pulled up to the output
through a 3.9kilo-ohm resistor, and is shunted by LED5.
Use EN to enable downstream circuitry.

Input Overvoltages and Bench Testing

The LT4356-2 is designed to block transient voltages
and surges from reaching load circuitry of limited volt-
age capability. This has a profound impact on the voltage
rating of downstream components as well as topology
where dc-to-dc converters are concerned, not to mention
elimination of bulky input filter inductors and capacitors.

To this end, Q1 is selected for a 3A application where the
surges and transients are consistent with an automotive
environment.

Sustained dc overvoltage conditions are not part of the
automotive environment, and in the standard circuit con-
figuration, Q1 would likely overheat from continuous
autoretry if, for example, 60Vdc was applied to the input.
Yet a 60Vdc input is a likely event during initial bench
testing.

An Overvoltage Lockout circuit has been included on
the demo board to prevent MOSFET destruction during
bench testing. This operates by pulling up on the TMR pin
and preventing autoretry when the input voltage exceeds
approximately 18V.

If the board is only subjected to surges and transients,
the Overvoltage Lockout circuit is unnecessary and in fact
plays a nuisance-to-nothing role. Remove R16 to defeat
the Overvoltage Lockout circuit function.

DC1018B-B is designed to ride through input transients of
1 or 2ms duration, but will shut down during load dump.
Q1 must dissipate significant energy to support a 3A load

during load dump, so a larger MOSFET is necessary if
Q1 is to survive. CTMR must be increased to accom-
modate the proposed time interval if this modification is
contemplated.

Locally Generated Drain Spikes

When an input transient waveform is applied to an operat-
ing LT4356-2, the MOSFET is fully on and a large magni-
tude displacement current flows into the load capacitors,
CL1 and CL2 (collectively, GL) and any other off-board
load capacitors. The LT4356-2 has a relatively soft cur-
rent limit amplifier to prevent detection of current pulses
generated by noise spikes. This soft response prevents
the LT4356-2 from responding to the initial current surge
in CL.

The current surge is limited only by the feedpoint imped-
ance of the supply, the transient rising slew rate and the
capacitance and ESR of CL. The current surge is com-
mutated by the MOSFET once CL charges to Vgate-
Vthreshold, and results in a wide-bandwidth voltage spike
at the input, limited only by the breakdown of input clamp
DCL. Without DCL the input voltage could easily exceed
100V and destroy the LT4356-2.

Under normal conditions (typical automotive transients
and surges) the input rise time is 10us or more, and the
CL displacement current is moderate. Drain spikes are
thereby limited in amplitude.

When bench testing, input rise times may easily reach
100ns creating an environment for destructive drain
spikes, generated by the MOSFET itself.

To protect the LT4356-2 from damage during bench test-
ing with fast-rising input edges, an SMAJ58A TransZorb
has been chosen for diode clamp DCL. This component
clamps the drain spike to less than 100V. The knee is
around 64V. If a dc voltage higher than 60V is connected
to DC1018B-B, DCL will be destroyed. Transients to 80V
are permissible as the current in DCL will be limited by
wiring inductance. Further, the energy is limited because
the time spent in conduction by DCL is short.
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Basic Operation
Connect a 12V supply to input, and the load to output.
The circuit will turn on automatically when power is applied.

To test the voltage limiter, apply a transient to the 12V
Input. One method of coupling a transient without back-
feeding the 12V supply is shown in the Connection
Diagram, attached. If the input transient is short the
output simply limits at 16V and then recovers to 12V.

If the transient is sustained, the output will rise to 16V,
regulate there and then shut down. The exact timing and
the dividing line between “short” and “sustained” is a
function of the input waveform amplitude and shape (see
the data sheet). Once the input voltage falls below the
Overvoltage Lockout level, autoretry is initiated after a
cooldown period of 42.5ms. The timing intervals are con-
trolled by GCTMR and the TMR pin according to equations
in the data sheet.

GND

LT4356CDE-1

Overvoltage Protection Regulator
12V/3A OUTPUT

RSS! |:- -:|
RSNS2|:- -:| I
Rsnss[- -:| -°1

5 ®
L4l W BALEDS

12VDC, 60VPK I
12V/3A SUPPLY iy WO M oEEGes O 'i| < > 3A LOAD
AND TRANSIENT Tt DCL ﬁ L LEDS CIRCUIT
GENERATOR I CL2 CL1

OND
O 6 6 0 o

SHON#  FLT# EN AOUT  IN+

ANALOG \ PTNEAR.  Demo Circuit 10183—%‘

DEVICES
Figure 1. Proper Measurement Equipment Setup
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Devices for its use, nor for any infringements of patents or other rights of third parties that may result from its use. Specifications

Information furnished by Analog Devices is believed to be accurate and reliable. However, no responsibility is assumed by Analog
subject to change without notice. No license is granted by implication or otherwise under any patent or patent rights of Analog Devices.
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ESD Caution
‘2 \ ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection
circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of functionality.

Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be bound by the terms and
conditions set forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the Evaluation
Board until you have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you (“Customer”)
and Analog Devices, Inc. (“ADI”), with its principal place of business at One Technology Way, Norwood, MA 02062, USA. Subject to the terms and conditions of the Agreement, ADI hereby grants to
Customer a free, limited, personal, temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and
agrees that the Evaluation Board is provided for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted
is expressly made subject to the following additional limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (ii) permit any Third
Party to access the Evaluation Board. As used herein, the term “Third Party” includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is
NOT sold to Customer; all rights not expressly granted herein, including ownership of the Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all
be considered the confidential and proprietary information of ADI. Customer may not disclose or transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation of
use of the Evaluation Board or termination of this Agreement, Customer agrees to promptly return the Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile
or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any occurred damages or any modifications or alterations it makes to the Evaluation Board, including but not limited
to soldering or any other activity that affects the material content of the Evaluation Board. Modifications to the Evaluation Board must comply with applicable law, including but not limited to the RoHS
Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice to Customer. Customer agrees to return to ADI the Evaluation Board at that time. LIMITATION OF
LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO WARRANTIES OR REPRESENTATIONS OF ANY KIND WITH RESPECT TO IT. ADI SPECIFICALLY
DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED TO THE EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS
LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER’S POSSESSION OR USE OF THE EVALUATION BOARD, INCLUDING
BUT NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE AMOUNT OF ONE
HUNDRED US DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will comply with all applicable United States
federal laws and regulations relating to exports. GOVERNING LAW. This Agreement shall be governed by and construed in accordance with the substantive laws of the Commonwealth of Massachusetts
(excluding conflict of law rules). Any legal action regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby submits
to the personal jurisdiction and venue of such courts. The United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed.
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