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EVAL-ADVTS4152-EBZ Combination Power Supply Solution

EVAL-ADVTS4152-EBZ FEATURES

Integrated solution
Fault protection and surge stopper for load dump, cold
crank, reverse polarity input, and overcurrent
Pin-selectable backup battery charging using Li-lon or LiPeO,
Seamless automatic switch from main input battery to
backup batteries
High overvoltage transient capability of up to 200 V while
5 V output continually
Main input battery operating voltage range: 6.5V to 38 V
Input battery backup charge voltage: 3.42V to 4.13V Li-lon or
LiPeO4
Battery input selectable switches (51, S2, or S3)
Output voltage and current: 5.5 V maximum and 3 A maximum
Output ripple voltage: —3.85 mV

EQUIPMENT NEEDED

DC power supply or 12V car battery
Oscilloscope

Li-lon 3.7V or 4.1V LiPeO, battery
Resistive or electronic load

Load dump emulator

GENERAL DESCRIPTION

The EVAL-ADVTS4152-EBZ demonstration board is intended
for systems that require a constant output voltage (Vour) of 5V,
such as a vehicle tracking system (VTS). The EVAL-ADVTS4152-

EBZ runs by a main battery source with a backup battery in case

an unwanted supply shortage results from the input.

The EVAL-ADVTS4152-EBZ features three main parts
(LT4356-1, LT8609A, and LTC4040) that function as one to
achieve the highest performance and reliability (see Figure 2).

The LT4356-1 is a surge stopper that protects high voltage
transients such as load dumps to electronic automotive loads,
with a wide range input capability of 4 V to 80 V and clamps to
a desirable voltage output for most design needs. The LT4356-1
also provides protection against reverse input and cold crank.

The LT8609A is a compact, high efficiency, and high speed,
synchronous monolithic, step-down switching regulator that
outputs the desired maximum current of 3 A continuously.

The LTC4040 is a complete 3.5 V to 5.5 V supply rail battery
backup system. This device contains a high current, step-up
dc-to-dc regulator that backs up the supply from a single cell
Lithium Ion (Li-Ion) or Lithium Iron Phosphate (LiFePO4) and
helps power the system when the main power supply cuts off.

This demonstration board has an electromagnetic interference
(EMI) filter installed for automotive standard requirements and
an optional ADT6401 temperature switch for over temperature
protection if a design needs to protect against an abnormally high
dc input.
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EVAL-ADVTS4152-EBZ SPECIFICATIONS

Specifications at Ta = 25°C. Note that the battery charging output may vary by temperature and that the pin-selectable feature was tested

at ambient 25°C.
Table 1.
Parameters Test Conditions/Comments Min  Typ Max | Unit
INPUT BATTERY
Operating Voltage Range, Vear Without backup operating voltage range (Vsackur) 6.5 12 38 \
With Veackup 0 12 38 Vv
Protection Range Continues dc -40 +80 |V
Surge voltage (at 400 ms) 210 \Y
Veackup 2.7 5.0 Vv
Backup Charge Voltage 342 413 |V
Start-Up Voltage, Vin Source from Vear (2 A load) 6.5 \Y
Source from Veackue (2 A load) 34 \Y
OUTPUT
Voltage, Vour 4.5 5.0 55 \Y
Ripple Voltage -3.85 mV
Current 3 A
BATTERY CHARGING Pin selectable using the S3, S2, and S1 switches
Battery Regulated Output Voltage
For LiFePO4 Option S1=0,52=0,53=0 342 345 348 |V
$1=0,52=1,53=0 347 3.50 3.53 Vv
$1=0,52=0,53=1 3.52 355 358 |V
$1=0,52=1,S3=1 3.57 3.60 3.63 \"
For Li-lon Option $1=1,52=0,53=0 392 395 398 |V
S1=1,52=1,53=0 397 4.00 403 |V
$1=1,52=0,53=1 4.02 4.05 408 |V
$1=1,52=1,53=1 407 4.0 413 Vv
SYSTEM EFFICIENCY Vear = 12V (output vs. input) 87 %
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EVAL-ADVTS4152-EBZ HARDWARE
EVAL-ADVTS4152-EBZ MAIN PART LOCATIONS
See Figure 2 for the location of the LT4356-1, LT8609A, LTC4040, and optional ADT6401 on the EVAL-ADVTS4152-EBZ demonstration board.

LT4356-1 HIGH VOLTAGE
SURGE STOPPER AND

OVERVOLTAGE CURRENT LTC4040 SUPPLY RAIL BATTERY
PROTECTION BACKUP SYSTEM
m_| J

OPTIONAL ADT6401 FOR —
OVER TEMPERATURE
PROTECTION IF THE DESIGN
NEEDS TO PROTECT
AGAINST ABNORMALLY
HIGH DC VOLTAGE

08-084059
VA
PRIMARY SIDE

i

LT8609A ULTRALOW QUIESCENT
CURRENT CONVERTER

Figure 2. The EVAL-ADVTS4152-EBZ Demonstration Board Hardware

25544-002

Rev.0|Page 4 of 13



https://www.analog.com/LT4356-1?doc=EVAL-ADVTS4152-EBZ-Power-Supply-Solution-User-Guide-UG-1916.pdf
https://www.analog.com/LT8609?doc=EVAL-ADVTS4152-EBZ-Power-Supply-Solution-User-Guide-UG-1916.pdf
https://www.analog.com/LTC4040?doc=EVAL-ADVTS4152-EBZ-Power-Supply-Solution-User-Guide-UG-1916.pdf
https://www.analog.com/ADT6401?doc=EVAL-ADVTS4152-EBZ-Power-Supply-Solution-User-Guide-UG-1916.pdf
https://www.analog.com/EVAL-ADVTS4152?doc=EVAL-ADVTS4152-EBZ-Power-Supply-Solution-User-Guide-UG-1916.pdf

EVAL-ADVTS4152-EBZ

UG-1916

EVAL-ADVTS4152-EBZ FUNCTIONAL BLOCK
DIAGRAM SECTIONS

The functional block diagram of the EVAL-ADVTS4152-EBZ
consists of three major sections: the fault protection and surge
stopper, the step-down regulator, and the backup supply

(see Figure 3). These three sections work together to provide
reliable and efficient power to downstream electronics, such as
a VTS. The EVAL-ADVTS4152-EBZ can operate across a wide
range input voltage of 80 V dc and surge voltage of up to 210 V.

Section 1: Fault Protection and Surge Stopper

The fault protection is mainly driven by the LT4356-1 IC.

This IC protects the EVAL-ADVTS4152-EBZ from surge and
overvoltage, which keeps the system working in the desired
operating voltage range. When a surge event occurs, the LT4356-1
clamps the voltage at 38 V, allowing the EVAL-ADVTS4152-EBZ
to maintain operation at the time standard for automotive while
the surge happens. In addition, the EVAL-ADVTS4152-EBZ
has two diodes, D1 and D3, that offer added protection. D1
provides reverse polarity protection, while D3 provides
overvoltage lockout protection.

Figure 14 is the schematic diagram of the LT4356-1 on the
EVAL-ADVTS4152-EBZ.

Section 2: Step-Down Regulator

The step-down regulator on the EVAL-ADVTS4152-EBZ is
mainly handled by the LT8609A IC. The LT8609A is a high
efficiency, high speed, synchronous monolithic, step-down
switching regulator that keeps the output level at a constant
voltage of 5 V and has a maximum current of 3 A. The LT8609A
burst mode operation enables high efficiency down to a low
output current while keeping the output ripple below 10 mV p-p.

The LT8609A has a SYNC pin that allows synchronization to
an external clock or spread spectrum modulation for low EMI
operation.

Figure 15 is the schematic diagram of the LT8609A on the
EVAL-ADVTS4152-EBZ.

Section 3: Backup Supply

The backup supply (or battery backup power manager) on the
EVAL-ADVTS4152-EBZ is mainly handled by the LTC4040 IC.
The LTC4040 is a high current, step-up dc-to-dc regulator that
backs up the supply from a single cell Li-Ion or LiFePO, battery.

When the main input supply is available, the LTC4040 chip
step-up regulator operates in reverse as a step-down battery
charger to the Li-Ion or the LiFePO.. The charging voltage can
be configured using the pin-selectable S1, S2, or S3 switches
(see Table 1).

Figure 16 is the schematic diagram of the LTC4040 on the
EVAL-ADVTS4152-EBZ.

REVERSE INPUT,
SURGE STOPPER,
OVERVOLTAGE
LOCKOUT DETECTION,

| PFI
|—|EMI 8609 C4040
LT8609A LTCA4040 BATTERY
INPUT 13V T0 24v SURGE STOPPER X STEP-DOWN BACKUP POWER SYSTEM OUTPUT
REGULATOR MANAGER (5V WITH 3A MAXIMUM)
__r‘_l T
BACKUP BATTERY
Li-lon OR LiFePO4
PROTECTS DURING EFFICIENTLY REGULATES STEP-UP BACKUP
LOAD DUMP, OUTPUT AT 5V SUPPLY AND STEP-DOWN

BATTERY CHANGING

PIN-SELECTABLE BATTERY

THERMAL SHUTDOWN
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SECTION 1:
FAULT PROTECTION
AND SURGE STOPPER
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Figure 3. EVAL-ADVTS4152-EBZ Functional Block Diagram
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NORMAL OPERATION EVAL-ADVTS4152-EBZ then attached to the VBACKUP pin to complete the system

p p Y
CONNECTIONS (see Figure 4). When the car battery appliesa 12 V dcora 24 V dc
EVAL-ADVTS4152-EBZ Combination Power Supply supply to the EVAL-ADVTS4152-EBZ, the demonstration

board outputs a constant 5 V dc with a 3 A maximum current.
When the EVAL-ADVTS4152-EBZ is connected, it is ready to use.

Typical Operation Setup

The EVAL-ADVTS4152-EBZ is typically installed between the
car battery supply and downstream load. The backup battery is

VTS COMBINATION POWER SUPPLY

DOWNSTREAM LOAD

5V, 3A : DC

MAXIMUM H ELECTRONIC LOAD

OUTPUT { _ | 1A CONSTANT CURRENT
CAR BATTERY :
INPUT 12V TO 24V

VEHICULAR TRACKING
SYSTEM MODULE

Li-lon

25544-004

3.7V BACKUP BATTERY

Figure 4. Typical EVAL-ADVTS4152-EBZ Setup in VTS System
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EVAL-ADVTS4152-EBZ TEST SETUPS

Figure 5 through Figure 8 show the test setups for load dump, backup battery, overcurrent, and reverse polarity for automotive vehicles
with a 12 V to approximately 24 V input system.

HIGH VOLTAGE
POWER SUPPLY

107V, 3A
_k VTS BOARD LED
< go— : . INDICATOR
e A
1 l‘né} outpur M DC
y ELECTRONIC LOAD
LOW VOLTAGE MAIN INPUT 1A CONSTANT CURRENT
POWER SUPPLY > Pl >
12V, 3A
DC1950A LOAD
DUMP GENERATOR
OSCILLOSCOPE
CHANNEL 3
CHANNEL 2 2
CHANNEL 1 3

Figure 5. EVAL-ADVTS4152-EBZ Load Dump Test Setup

LED
VTS BOARD INDICATOR

A
outputr M

DC
ELECTRONIC LOAD
1A CONSTANT CURRENT

CARBATTERY | MAININPUT _ |
INPUT 12V

OSCILLOSCOPE

CHANNEL 3
BACKUP BATTERY
INPUT CHANNEL 2

CHANNEL 1

Li-lon

25544-006

3.7V BACKUP BATTERY

Figure 6. EVAL-ADVTS4152-EBZ Backup Battery Test Setup
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VTS BOARD LED

CARBATTERY [ MAININPUT _
INPUT 12V

OSCILLOSCOPE
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CHANNEL 2

BACKUP BATTERY
INPUT

Li-lon

25544-007

3.7V BACKUP BATTERY

Figure 7. EVAL-ADVTS4152-EBZ Overcurrent Test Setup
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VTS BOARD LED
INDICATOR
OuTPUT % ELECTR(E))(I\iIC LOAD
CAR BATTERY Pt ™| 1A CONSTANT CURRENT
INPUT 12V
OSCILLOSCOPE
CHANNEL 1
CHANNEL 2
BACKUP BA'II'RI'ES¥
Li-lon ]
3.7V BACKUP BATTERY %
Figure 8. EVAL-ADVTS4152-EBZ Reverse Polarity Test Setup
EVAL-ADVTS4152-EBZ Vour RIPPLE WITH RESPECT TO Vi, Vsar, AND Viackue
Table 2. Vour Ripple for Vin=12Vand 4.1V
Ripple Response (mV p-p)
Vin Source 1A 2A 3A
12 Vear 5.875 6.609 6.928
4.1 Veackup 5.972 6.644 7.25
Table 3. Vour Ripple for Vin=16 Vand 4.1 V
Ripple Response (mV p-p)
Vin Source 1A 2A 3A
16 Vear 6.497 6.322 6.197
4.1 Veackup 5.972 7.219 7.6
Table 4. Vour Ripple for Vin=20 Vand 4.1V
Ripple Response (mV p-p)
Vin Source 1A 2A 3A
20 Vear 5.587 6.356 6.547
4.1 Veackup 6.081 6.469 7.503
Table 5. Vour Ripple for Vin=24 Vand 4.1V
Ripple Response (mV p-p)
Vin Source 1A 1A 1A
24 Vear 5.156 5762 6.691
4.1 Veackup 6.625 6.116 7.009
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EVAL-ADVTS4152-EBZ TEST SETUP PLOT RESULTS

-lllllllllIllllIllllIllll ™TTT T T T TTTT] FF T T T T T T T T ]
[ SURGE VOLTAGE (105V) 1 F ]
[ N ]
E \ ] [ vout ]
F Y 1 [ ]
F vout \ ] : 1
F t < ] [ .
[ LT8609A 1 s ]
B OUTPUT \ ] [, .BACKUP BATTERY ]
[ '\ ] t r E
F . [ VIN ]
[ LT4356-1 ] 1 ]
[ OUTPUT 1 I .
c4 g8 ! b \ 3
5v CH2 20V A CHL™L g 10V CH2 5V M100ms A CH2_[ 3
5v CH4 20V 8 5V &
Figure 9. EVAL-ADVTS4152-EBZ Load Dump Results (The Highest Surge Figure 12. EVAL-ADVTS4152-EBZ Backup Battery Results
Voltage Can Go Up to 210V, see Table 1)
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L e | H ]
sv CH2 5V M100ms A CH2/ OV CH21.00V By M400ps A CH4. 2.28A
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VALUE 5.6V 4.1V 12.8V 11.4V
MEAN 5.560V 4.120vV 12.800V/ 11.360V N CH1 MAX 12.08V
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Figure 10. EVAL-ADVTS4152-EBZ Reverse Polarity Results Figure 13. EVAL-ADVTS4152-EBZ Vour Ripple Results
- vout ]
[ OUTPUT CURRENT ]
500mA CH2 5V M-130ms A CH27\ -29.5V
MEASURE P1:max(C1) P2:max(Cl) P3:max(C2) P4:max(C2) P5:— P6: —
VALUE 1.05A —-68mA 5.6V -320mV
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SDEV - - - - o
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Figure 11. EVAL-ADVTS4152-EBZ Overcurrent Results
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EVALUATION BOARD SCHEMATICS

Q3
FDB33N25TM
o o
"L
VBATTINPUT B
R32 4356 VOUT
TP12 10Q
POSITIVE TERMINAL nﬁ TP6 ‘
TP27 NOTE:CLAMPING MAX UP TO 40V
5754 e SR c25 ’
= R20 H I[;)Gl"l:; 4356 OUTPUT
12v-2av R : s : was VOLTAGE
CAR BATTERY . : ) : DNI c3 | ca
575-4 H D2 22 C g’;}lAJmA | [ 01pF T 22uF
NEGATIVE TERMINAL H BZT52C3vas-7-F T OTuF ; 4, 5hey S R33 LR35
H DNI DN >5%3 100k2 3100k | sono | pend
= beND DGND LDGND | [panp R29 | I P R Pt
P13 = R26  p——wn Hsmon = =
) DNI u3 Pz 100ka [ 100k (2] enle 4356 ENABLE
i 4 ADT6401SRIZ : DNI RDZZ' Ao POWER ENABLE
: SO Ve : Lpeno S e 4356 FAULT
i S1 ——————l6 : 100kQ =ug FAULT SIGNAL
: o TOVER/TUNDI R34
: 05 0w 3.4k
i BZT52C3V3S-7-F o
i oNI 58 Lpewe
H . DGND ST
: = : L NER
: NOTE: PLACE U4 NEAR/BOTTOM OF Q3 TO SENSE & LT4356HDE-1#PBF
; Q3 TEMPERATURE BUILD-UP H
i NOTE: SHUT DOWN TEMPERATURE DGND
i TRIP-POINT +95°C :
HYSTERESIS +10°C
95°C THERMAL SHUTDOWN PROVISION
D3
BZT52C33-7-F
: DNI
: R24 :
H L : lcar
H DNI H
100k ; 1007
H DN H DGND
H DGND
i OVERVOLTAGE LOCKOUT }
Figure 14. The LT4356-1 Section of the Schematic Diagram (Optional ADT6401 Shown)
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Figure 15. The LT8609A Section of the Schematic Diagram
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Figure 16. The LTC4040 Section of the Schematic Diagram
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ORDERING INFORMATION

Manufacturer Part Number

BILL OF MATERIALS

Table 6. Electrical Parts (Automotive Compliant)

Quantity Reference Designator Manufacturer

1 Not applicable Analog Devices Supplied
4 C1,C16,C18,C28 Murata

2 C7,C10 Taiyo Yuden

7 C4,C6,C11,C19,C23,C26,C30 Taiyo Yuden

2 C14,C20 Taiyo Yuden

2 C15,C25 Samsung

2 C17,C32 TDK

1 C21 TDK

1 24 AVX

1 27 AVX

1 C29 KEMET Corporation
1 c3 Murata

1 c9 TDK

1 D1 On Semiconductor

1 D3 Diodes, Inc.

1 D4 MDE Semiconductor, Inc
1 E1 Taiyo Yuden

1 L1 Coilcraft

1 L2 Coilcraft

1 Q2 Vishay

1 Q3 Fairchild Semiconductor
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NOTES

ESD Caution
\ ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection
‘Q’A 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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