TECHNOLOGY

DESCRIPTION

Demonstration circuit 2060A is a single-rail circuit with
an ideal diode and Hot Swap™ functionality provided by
the LTC®4229, ideal diode and Hot Swap controller. The
main components of this circuit are two series connected
N-channel MOSFETs, a power sense resistor, a few pas-
sive components, nine jumpers for selection of alternative
operation modes, and four LEDs for visual indication of
the controller signals. One of the MOSFETs operates as an
ideal diode and the other one as a Hot Swap power switch.

DC2060A facilitates evaluation of the LTC4229 in the dif-
ferent operation modes such as supply ramp-up, steady
state, overcurrent faults, and power supply switchover.
Power supply switchover mode can be realized when the
LTC4229 controller operates ina prioritizer set up or when
a second ideal diode circuit is added.

The DC2060A circuit is assembled to operate with a 12V
supply and 10A maximum current load. The operating
voltage can be easily readjusted for any voltage between
2.9V and 18V.

Pads on key nodes are intended to be used as test points.

The LTC4229 controllerhastwoindependent pins (SENSE*
and SENSE™) for the current sense signal. That simplifies
using two configurations with the series connection of the
ideal diode MOSFET and Hot Swap MOSFET. The ability of
the LTC42291to0 regulate theideal diode voltage between the
IN and DSNS pins allows the use of two distinctive paths
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for the ideal diode voltage regulation. The combination of
both features allows the implementation of four different
configurations.

The typical configuration (as DC2060A is populated by
default) has the ideal diode MOSFET ahead of the Hot
Swap MOSFET with voltage regulation across the ideal
diode MOSFET. There isan option to use two back-to-back
MOSFETSs instead of one ideal diode MOSFET to prevent
powering the load before the gate voltage of the ideal diode
MOSFET ramps up.

The LTC4229 provides voltage regulation to the ideal
diode across the single ideal diode MOSFET or across
three series connected components: ideal diode MOSFET,
sense resistor, and Hot Swap MOSFET.

The bottom side of the board includes pads for an alter-
native configuration with the Hot Swap MOSFET located
ahead of the ideal diode.

Provision is made for the selection of ideal diode regula-
tion components: single ideal diode MOSFET or series
connected ideal diode MOSFET, sense resistor, and Hot
Swap MOSFET.

Design files for this circuit board are available at
http://www.linear.com/demo

L7, LT LTC, LTM, Linear Technology and the Linear logo are registered trademarks and Hot
Swap is a trademark of Linear Technology Corporation. All other trademarks are the property of
their respective owners.

PGRFOﬂmHnCG Summﬂﬂ'f Specifications are at Ty = 25°C

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS

Hot Swap

Vnom Demo Board Rail Voltage 9.8 12.0 15.2 V

[Lim Assembled Circuit Current Limit FB =1.23V, Vgur 2 10.5V 8.9 10.0 11.2 A
FB =0, Vour < 2.5V 24 3.3 4.3 A

S Output Voltage Slew Rate with No Load 630 950 1300 V/s

Ideal Diode

AVAwD(REG) | Forward Regulation Voltage (Viy - Vpsns) | 35 50 65 | mv
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DEMO MANUAL DC2060A

OPERATING PRINCIPLES

The LTC4229 functions as an ideal diode with inrush cur-
rentlimiting and overcurrent protection by controlling two
external N-channel MOSFETs (Q2 and Q3) ina power path.

Allcomponentdesignators referto the DC2060A schematic.

Aninternal charge pump provides energy for both MOSFET
gate drivers throughtheirindividual current sources. Each
MOSFET has an ON/OFF control: Q2 with DOFF pin signal
(JP9) and Q3 with EN pin signal (JP7).

The LTC4229 regulates the voltage between the IN pin
and the diode sense pin (DSNS), so the DSNS connec-
tion defines the power path node in which the ideal diode
regulates the voltage. There is an option (JP2) to connect
the DSNS pin to Q2 drain or to the OUT node. Selection
of this connection should be accompanied by a suitable
signal at the DCFG pin. The proper signal is reached by
placing the shunt of the jumper DC_CFG(JP8) in the
proper position.

Table 1 demonstrates possible power path topologies
for DC2060A and conditions necessary to achieve them.

The LTC4229 precision comparators are used to monitor
the input voltage for both UV and OV conditions. Enabling
the ideal diode functionality with the DOFF pin (low) forces
the ideal diode gate drive amplifier to monitor the voltage
between the IN and DSNS pins. Sensing the large forward
voltage drop, the gate drive amplifier quickly pulls up
DGATE turning the ideal diode MOSFET on.

High pull-up current of the ideal diode MOSFET guarantees
minimum voltage droop during supply switchover and a
short turn-on time.

Enabling the Hot Swap control with the EN pin (low)
initiates a debounce time interval, which can be fixed at
100ms, or 8.9ms to 17.5ms set by the capacitor C9 on
the DTMR pin.

The foldback current limit and electronic circuit breaker of
the Hot Swap MOSFET protect the input rail against short
circuit faults and excessive load.

After the debounce time, a 10pA current source from the
charge pump ramps up the HGATE pin. When the Hot Swap
MOSFET Q3 turns on, the maximum current is limited to
a level set by an external sense resistor RS1 (or RS2 in
the optional application with Q4 MOSFET).

When both MOSFETs Q2 and Q3 (or Q4 and Q5 in the
optionalapplication) are turned on, the gate drive amplifier
controls DGATE to servo the forward voltage drop across
the MOSFET Q2 (or both MOSFETs and sense resistor)
to 65mV. If the load current causes more than 65mV of
voltage drop, the gate voltage rises to enhance the ideal
diode MOSFET.

If the MOSFETs are conducting, and an input supply is
shorted, alarge reverse current starts flowing fromthe load
to the input. The gate drive amplifier detects this failure
condition as soon as it appears and turns the ideal diode
MOSFET Q2 off, by pulling down the DGATE pin. The HGATE
pin continues pulling high and keeps the MOSFET Q3 on.
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OPERATING PRINCIPLES

Power Jacks with Connected Turrets

J1, J3 GND: Supply ground terminal and load terminal
connection.

J2 SENSE*: Node for connection of external ideal diode
circuit or external supply.

J4 IN: Supply input; do not exceed 18V.

J5 OUT: Load terminal connection.

Turrets Connected with Controller Pins and LEDs
Indicating Its State

DFLT, RED LED D2: Controller DFLT pin.

DSTAT, GREEN LED D3: Controller DSTAT pin.
FAULT, RED LED D4: Controller FAULT pin.
PWRGD, GREEN LED D5: Controller PWRGD pin.

Turrets Connected with Controller Pins and Other
UV: Controller UV pin.

OV: Controller OV pin.

EN: Controller EN pin.

DOFF: Controller DOFF pin.

PRI: Node for a prioritizer implementation.

GND and PROBE GND: Ground pins for instrumental
measurements.

Jumpers

JP1, FB_SEL: Use 12V position for 12V rail operation
voltage; use 5V position for 5V rail operation voltage;
use V¢ position for disabling the foldback characteristic.

JP2,DS_SEL: Use SENSE* positionforideal diode MOSFET
voltage regulation across the MOSFET power terminal; use
OUT position for ideal diode MOSFET voltage regulation
across the series connected ideal diode MOSFET, sense
resistor, and Hot Swap MOSFET.

JP3, DSTAT_SEL: Use DOFF position to increase DSTAT
pin hysteresis from 20mV to 100mV (with 2.2k for R14,
R13 = 20k, R15 = 56.2k).

JP4, VIN_SEL: Use V) position to provide signal to the
UV pin from input supply; use Vg* position to provide
signal to the UV pin from SENSE* node.

JP5, DEBOUNCE: Use 100ms positionfor 100ms debounce
time; use ADJ position for debounce time defined by
external capacitor G9.

JP6, RETRY: Use LATCH position to latch off after fault;
use RETRY position to try turning on again after a fault
with time off set by FTMR capacitor; if JP6 is not installed,
auto-retry duty cycle after a fault is less than 0.1%.

JP7, EN_SEL: Use EN position to connect controller EN
pin to GND; use DIS_EXT position to connect EN pin to
EN turret for external signaling.

JP8, DC_CFG: Use 1-DIODE position to regulate a diode
voltage across the ideal diode MOSFET; use 3-COMP
position to regulate a diode voltage across three compo-
nents (ideal diode MOSFET, sense resistor and Hot Swap
MOSFET).

JP9, DIODE_OFF: Use ON position to activate ideal diode
functionality; use OFF_EXT position to connect DOFF pin
to DOFF turret for external.
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DEMO MANUAL DC2060A

OPERATING PRINCIPLES
Table 1. Configuration Table
SIDE NUMBER CONFIGURATION JUMPER POSITION
D(Q2) HS(Q3)
1 > JP8 = 1-DIODE
— +
T T JP2 = SENSE
IN DSNS = SENSE*  SENSE™ ouT
Top Board Side
D(Q2) HS(Q3)
) o JP8 = 3-COMP
T T JP2 = 0UT
IN SENSE* SENSE™ DSNS = OUT
HS(Q4) D(Q5)
5 Wi H JP8 = 3-COMP
T T JP2 = 0UT
IN = SENSE* SENSE™ DSNS = OUT
Bottom Board Side
HS(04) D(Q5)
. WA JP8 = 1-DIODE
JP2 = 0UT
T T
SENSE* SENSE™ IN DSNS = OUT
GUICK START PROCEDURE

Demonstration circuit DC2060A can be easily set up to JP5 (DEBOUNCE) ADJ
evaluate the performance of the LTC4229. Referto Figure 1 JP6 (RETRY) LATCH
(
(

for proper measurement equipment setup and follow the
procedure below. JP7 (EN_SEL) DIS_EXT

JP8 (DC_CFG) 1-DIODE

Initially the jumpers should be installed in the following JP9 (DIODE_OFF) ON
positions: The test is performed by measuring the parameters in the

JP1 (FB_SEL) 12V three different operation modes:

JP2 (DS_SEL) SENSE*
JP3 (DSTAT_SEL) NC
JP4 (VIN_SEL) VS*

Hot Swap Functionality Test

* Power-up with no load connected
* (Currentlimit operation after successful power-up mode
* Power-up with a shorted output
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DEMO MANUAL DC2060A

QUICK START PROCEDURE

1. Connect a 12V power supply to the board input turrets
IN and GND. Do not load the output. Use the current
probe to monitor current into the wire between the 12V
supply and board turret. Place the voltage probes on
the OUT turret.

Provide the EN signal by changing the shunt position
of JP7 and observe the transient. The output voltage
rise time should be in the range of 9.2ms to 19ms. The
PWRGD green LED (D5) should light up. Turn off the
rail with JP7.

. Initially adjustthe electronicload to 2.0Q2t0 2.5Q (in the
constantresistive mode) and connectitto the board OUT
and GND turrets. Turn on the rail and slowly increase
the load current up to the circuit breaker threshold level.
The current limit range should be from 8.9A to 11.2A.
Reset the controller by turning off the rail voltage.

3. Short the output to ground with a wire. Place the cur-
rent probe on this wire. Turn on the rail and record the
current shape. The maximum current should be in the
2.4A to 4.3A range while the fault timer capacitor is
ramping from 0.9ms to 1.8ms. After a fault, the Hot
Swap MOSFET will be offapproximately 50 times longer.

Ideal Diode Functionality Test

An additional 12V regulated power supply and a Schottky
diode are needed for this test.

Connect the positive terminal of this supply through the
Schottky diode to the DC2060A SENSE* jack and the
negative terminal to GND. Place a voltmeter between the
IN and SENSE* turrets to measure the difference between
the two input voltages. Activate both rails and keep a load
of around 1A to 3A. Adjust the input voltage levels and
verify that when the difference between the input voltages
exceeds 65mV only one rail powers the load.

°
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Figure 1. DC2060A Measurement Setup
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DEMO MANUAL DC2060A

PARTS LIST
ITEM QTY |REFERENCE PART DESCRIPTION MANUFACTURER/PART NUMBER

1 5 (1, C5, C6, C8, C10 CAP., X7R, 0.1pF, 50V, 0603 AVX, 06035C104KAT2A
2 0 C2, C3 CAP., ALUMINUM, 100uF 50V, OPT SUN ELECT., 50CE100BS
3 1 C4 CAP., X7R, 10nF, 50V, 0603 AVX, 06035C103KAT2A
4 2 €7,C9 CAP., X7R, 0.1pF, 16V, 5%, 0603 AVX, 0603YC104JAT2A
5 1 11 CAP., X7R, 1yF, 16V, 10%, 0603 AVX, 0603YC105KAT2A
6 1 D1 DIODE, VOLTAGE SUPP. 19V 5%, SMA-DIODE VISHAY, SMAJ17A-E3
7 2 D2, D4 LED, SMT RED ROHM, SML-010VTT86L
8 2 D3, D5 LED, SMT GREEN ROHM, SML-010FTT86L
9 0 D6 DIODE, CMHZ4706, SOD123 OPT
10 5 E1,E2, E3, E4, E5 TP, .094" MILL-MAX, 2501-2-00-80-00-00-07-0
11 11 E6-E16 TP, .064" MILL-MAX, 2308-2-00-80-00-00-07-0
12 1 JP1 JMP, HD2X3, .079CC SULLINS, NRPNO32PAEN-RC
13 8 JP2-JP9 JMP, HD1X3, .079CC SULLINS, NRPNO31PAEN-RC
14 5 J1,J2, 43, 4, J5 JACK, BANANA KEYSTONE, 575-4
15 0 01, 04,05 MOSFET, N-CH, 30V, SiR158DP, S08-POWERPAK OPT
16 2 02, Q3 MOSFET, N-CH, 30V, SO8-POWERPAK VISHAY, SiR158DP-T1-GE3
17 1 RS1 RES., CHIP, 0.0025¢2,3/4W,1%, 2010 VISHAY, WSL20102L5000FEA
18 0 RS2 RES., CHIP, 0.0032,3/4W,1%, 2010, OPT OPT
19 2 R1, R4 RES., CHIP,109, 1%, 0603 VISHAY, CRCW060310ROFKEA
20 1 R2 RES., CHIP, 0, 3/4W, 2010 VISHAY, CRCW20100000FKEF
21 1 R3 RES., CHIP, 1k, 5%, 0603 VISHAY, CRCW06031K00JKEA
22 3 R5, R6, R18 RES., CHIP, 2k, 1%, 0603 VISHAY, CRCWO06032K00FKEA
23 1 R7 RES., CHIP, 4.87k, 1%, 0603 VISHAY, CRCWO06034K87FKEA
24 1 R8 RES., CHIP, 15k, 1%, 0603 VISHAY, CRCW060315KO0FKEA
25 4 R9, R10, R11, R12 RES., CHIP, 3k, 1%, 0805 VISHAY, CRCWO08053K00FKEA
26 1 R13 RES., CHIP, 20k, 1%, 0603 VISHAY, CRCWO060320KO0FKEA
27 2 R14, R21 RES., CHIP, 0Q, 1/16W, 0603 VISHAY, CRCW06030000Z0EDA
28 1 R15 RES., CHIP, 56.2k, 1%, 0603 VISHAY, CRCW060356K2FKEA
29 1 R16 RES., CHIP, 21.5k, 1%, 0603 VISHAY, CRCW060321K5FKEA
30 1 R17 RES., CHIP, 1.1k, 1%, 0603 VISHAY, CRCW06031K10FKEA
31 0 R19, R22 RES., CHIP, 0Q, 0603 OPT
32 0 R20 RES., CHIP, 10, 0603 OPT
33 1 Ut IC., Hot Swap, QFN24UFD-4X5 LINEAR TECH., LTC4229I1UFD
34 9 SHUNTS (SEE ASSY DWG) | SHUNT, 0.079" CENTER SAMTEC, 2SN-BK-G
35 4 MH1-MH4 STANDOFF, NYLON, 0.50, 1/2" KEYSTONE, 8833 (SNAP ON)
36 2 STENCILS FOR BOTH SIDES STENCIL DC2060A-2

dc2060af

LY N



DEMO MANUAL DC2060A

SCHEMATIC DIAGRAM
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However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
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DEMO MANUAL DC2060A

DEMONSTRATION BOARD IMPORTANT NOTICE
Linear Technology Corporation (LTC) provides the enclosed product(s) under the following AS IS conditions:

This demonstration board (DEMO BOARD) kit being sold or provided by Linear Technology is intended for use for ENGINEERING DEVELOPMENT
OR EVALUATION PURPOSES ONLY and is not provided by LTC for commercial use. As such, the DEMO BOARD herein may not be complete
in terms of required design-, marketing-, and/or manufacturing-related protective considerations, including but not limited to product safety
measures typically found in finished commercial goods. As a prototype, this product does not fall within the scope of the European Union
directive on electromagnetic compatibility and therefore may or may not meet the technical requirements of the directive, or other regulations.

If this evaluation kit does not meet the specifications recited in the DEMO BOARD manual the kit may be returned within 30 days from the date
of delivery for a full refund. THE FOREGOING WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY THE SELLER TO BUYER AND IS IN LIEU
OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS
FOR ANY PARTICULAR PURPQSE. EXCEPT TO THE EXTENT OF THIS INDEMNITY, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR
ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user releases LTC from all claims
arising from the handling or use of the goods. Due to the open construction of the product, it is the users responsibility to take any and all
appropriate precautions with regard to electrostatic discharge. Also be aware that the products herein may not be regulatory compliant or
agency certified (FCC, UL, CE, etc.).

No License is granted under any patent right or other intellectual property whatsoever. LTC assumes no liability for applications assistance,
customer product design, software performance, or infringement of patents or any other intellectual property rights of any kind.

LTC currently services a variety of customers for products around the world, and therefore this transaction is not exclusive.

Please read the DEMO BOARD manual prior to handling the product. Persons handling this product must have electronics training and
observe good laboratory practice standards. Common sense is encouraged.

This notice contains important safety information about temperatures and voltages. For further safety concerns, please contact a LTC applica-
tion engineer.

Mailing Address:

Linear Technology
1630 McCarthy Blvd.
Milpitas, CA 95035

Copyright © 2004, Linear Technology Corporation
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