ANALOG
DEVICES

Evaluating the ADP15193

FEATURES

» 2.6V to 5.5V operating voltage range
» Up to 20A current capability

» Integrated 1mQ power MOSFET

» Current reporting without external sense resistor.
» Adjustable slew rate control

» Configurable undervoltage lockout

» Output pre-charge detection

» Quick output discharge

» Power good output

» Thermal shutdown

» Proven PCB layout

» Fully assembled and tested

EVALUATION KIT CONTENTS

» ADP15193EVKIT evaluation board
» 4-inch patch cable

DOCUMENTS NEEDED
» ADP15193 data sheet
GENERAL DESCRIPTION

The ADP15193EVKIT provides a proven design to evaluate the
ADP15193 hot-swap e-fuse with an integrated 20A MOSFET.
The ADP15193EVKIT kit uses the ADP15193 in a 2mm x 3mm
FC2QFN.

PLEASE SEE THE LAST PAGE FOR AN IMPORTANT
WARNING AND LEGAL TERMS AND CONDITIONS.
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ADP15193EVKIT

QUICK START GUIDE

The ADP15193EVKIT is fully assembled and tested. Follow the
steps below to verify board operation.

Caution: Do not turn on the power supply until all connections are
completed.

1. Turn on the power supply and set the supply to 3.3V, then
disable the power supply.

2. Connect the positive terminal of the power supply to the IN+
terminal, using the M5 screw provided. Connect the negative
terminal of the power supply to the GND terminal.

3. Connect the positive load terminal of the load (initially off) to
the OUT+ terminal, using the M5 screw provided. Connect the

negative load terminal to the same GND terminal as the power
supply.

. Enable the power supply.
. Verify that the voltage between the OUT+ and GND terminals

equals the input voltage.

. Verify that the internal regulator voltage (REG) is approximately

1.8V.

. Turn on the load. Increase the current above 20A and verify that

the circuit breaker disconnects the load from the input supply.

. The ADP15193EVKIT is now ready for evaluation.

Figure 3. ADP15193EVKIT Connection Diagram

analog.com
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ADP15193EVKIT

DETAILED DESCRIPTION OF HARDWARE

The ADP15193EVKIT provides a proven design to evaluate the
ADP15193. The ADP15193EVKIT can be conveniently connected
between the system power and the load using the provided M5
screws for the input and output. The ADP15193EVKIT operates
between 2.6V and 5.5V (depending on the version) up to 20A load
current capability.

Table 1. Input Voltage Range

Model Input range
ADP15193AAFB+ 2.8Vto 3.6V
ADP15193BAFB+ 2.8Vt0 3.6V
ADP15193CAFB+ 2.6Vt 5.5V
ADP15193DAFB+ 2.8Vto 3.6V

SAFE CIRCUIT BREAKER THRESHOLD

All ADP15193 versions have a fixed safe CB threshold, set to
approximately 22A. This threshold is not based on the IMON level.

ADP15193B, C and D, in addition to the CB, have two OCP
thresholds, based on the IMON levels; for RIMON = 1.5kQ

» Slow: |, oap > 13A - about 1ms delay
» Fast: I oap > 19A — about 2ys delay.

SETTING RETRY DELAY TIME (RETRY_DLY)

The ADP15193EVKIT allows the user to evaluate the following
retry/delay scenarios:

» J_RTR and RTR2G headers not shorted - RETRY_DLY pin
floating (Case 1)

» J_RTR shorted - The pin is connected to CR capacitor (Case 2)
» RTR2G shorted - The pin shorted to GND (Case 3)

Case 1: Auto-retry is set internally to approximately 100ms.

Case 2: Auto-retry timing is controlled by the external CR capacitor.
Case 3: Auto-retry is disabled; the DUT latches off during a fault.
TIMER (TMR)

TMR pin has an 100nF capacitor connected to ground. An addition-
al 100nF can be added by shorting J_TMR.

trmr [ms ] = CT]Z};EIF] 1)

where:
tryris timer duration.
Cryr is the external capacitor between the TMR pin and GND.

One capacitor: tryg = 16ms

Two capacitors: tryr = 32ms

analog.com

SETTING THE OUTPUT SLEW RATE (GATE)

On the evaluation board, CG1 (10nF) is connected from GATE to
GND, controlling the inrush current during startup.

I — learexCLoAD )
INRUSH — CGATE + 6nF

During startup, lgare = 8pA.

An additional 10nF capacitor (CG2) can be added in parallel to CG1
by shorting J_CG.

BANK1 is 660pF, while BANK2 is 990F.
Using BANK1, Irush = 330mA (CG1) and 203mA (CG1IICG2).

Using BANK1 Il BANK2, Inrusy = 825mA (CG1) and 507mA
(CG1IICG2).

ADP15193 internal circuitry makes sure that the inrush cur-
rent does not exceed 500mA, regardless of the CG value for
ADP15193A/B/C.

UNDERVOLTAGE LOCKOUT

The undervoltage protection is built-in and it depends on the chip
variant.

Table 2. Input UVLO Levels

Model Input UVLO
ADP15193AAFD+T 2.75V
ADP15193BAFD+T 2.64V
ADP15193CAFD+T 2.54V
ADP15193DAFD+T 2.64V

OVERVOLTAGE LOCKOUT

The overvoltage protection is built-in, and it is not user-defined. For
ADP15193, the overvoltage threshold is not user-adjustable, and it
depends on the chip variant.

Table 3. OVLO Levels

Model Input OVLO
ADP15193AAFD+T 3.75V
ADP15193BAFD+T 3.75V
ADP15193CAFD+T 5.1V
ADP15193DAFD+T 3.75V
CURRENT MONITOR (IMON)

The ADP15193 IMON pin is the output of an accurate current sense
amplifier and provides a source current proportional to the load
current flowing into the main switch. The factory-trimmed current
ratio is set to 42uA/A. On the ADP15193EVKIT, the IMON current
is converted to voltage by the RIMON (8250, 0.1% for ADP15193A
and 1.5kQ, 0.1% for ADP15193B, C and D). To minimize the noise
in a normal application, RIMON is placed near to an MCU or an
ADC.
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ADP15193EVKIT

DETAILED DESCRIPTION OF HARDWARE
TOTAL MOSFET ON RESISTANCE

The ADP15193EVKIT makes it easy to measure the MOSFET ON
resistance by measuring the voltage drop across the Kelvin-sense
test points K SNS_P and K_SNS_N for a known current.

o nf ] - Lot Zigsalel

where:

Rps onis the MOSFET ON resistance.

l.0apis the load current.

Vk sns pand Vi sys yare the voltages at the respective test
points.

BOARD CONFIGURATIONS
Input and output can be configured as follows:

1. Output: Output capacitance Bank 1 (660uF) or Bank 1 + Bank 2
(1650uF)

2. Input: Input capacitance absent (VX-CX not shorted) or input
capacitance present (VX-CX shorted) - E-Fuse mode.

BOARD CONTROLS

Using the jumpers supplied with the kit, DUT behavior can be
altered:

1. Board enable: The board is enabled when the DISABLE jumper
absent and disabled when the DISABLE jumper is present.

2. TMR control: 100nF when J_TMR header is not shorted, 200nF
when it is.

3. RETRY_DLY control: The pin is floating when J_RTR is not
shorted, 330nF to GND when it is.

4. Retry disable: Shorting the RTR2G header (RETRY_DLY pin
is connected to GND), the DUT does not recover from a fault,
regardless of the J_RTR jumper status.

5. GATE control: Cgare is 10nF when the J_CG is not shorted and
20nF when it is.

analog.com

SIGNAL MONITORING
DUT operation can be monitored using the on-board test-points:

1. The pair VIN_RS and GND_RS are used as power supply

remote sense, if available.

IN is used to scope the input voltage supply.

OUT is used to scope the output voltage.

PG is used to scope the power-good status.

The pair K_SNS_P and K_SNS_N are used to Kelvin sense the

voltage drop across the power FET and determine the Rpg on.

6. IMON is used to sense the reported load current based on
the IMON gain (typ. 42uA/A) and the Ryyon. The Rvon is
825Q2 (0.1%) when using ADP15193A and 1.5kQ (0.1%) for
ADP15193B, C and D. The reason for the difference is to
enable the user to test the slow and fast OCP, available only for
the B, C, and D versions.

Ll i i
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ADP15193EVKIT

BOARD SPECIFICATIONS
Table 4. DUT Operation Range on ADP15193EVKIT

Parameter Typical Value Unit
Load Capacitance 660 and 1650 (selectable) uF
Rising UVLO Threshold 2.54,2.64 or2.75 \%
Rising OVLO Threshold 3.750r5.7 v
UV Turn ON Threshold 29 v
Start-Up Current Limit (ADP15193EVKITA, B, and C) 500 mA
Start-Up Current Limit (ADP15193EVKITD) 800 mA
Maximum Load Current 20 A
Power-Good Threshold 0.9 VIN
Quick Output Discharge Current 150 mA
Maximum Ambient Temperature 125 °C
Thermal Shutdown 150 °C
analog.com Rev. 2| 6 of 17
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ADP15193EVKIT

TEST PLOTS

analog.com
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Figure 4. Power Up with BANK1 (1600uF) Load Capacitor and No DC Load - CG1/ICG2, CT1
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Figure 6. Power Up into a Short Circuit (Detail)
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ADP15193EVKIT

TEST PLOTS
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Figure 8. Severe Overcurrent (200A); COUT = 20uF
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THERMAL IMAGE

Figure 9. ADP15193EVKIT Thermal Image [°C] with 20A Current Under Natural Air Flow for 30 minutes

analog.com Rev. 2|9 of 17
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ADP15193EVKIT

TELEMETRY ACCURACY
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Figure 10. IMON Error [%] Measured Across 30 Boards (25°C), Load Between 3A and 20A
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ADP15193EVKIT

EVALUATION BOARD SCHEMATICS AND ARTWORK
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Figure 11. ADP15193EVKIT Evaluation Board Schematics

Figure 12. Silkscreen Top
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EVALUATION BOARD SCHEMATICS AND ARTWORK

Figure 14. Layer 2
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EVALUATION BOARD SCHEMATICS AND ARTWORK

Figure 16. Layer 4,5
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EVALUATION BOARD SCHEMATICS AND ARTWORK
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Figure 18. Silk Screen Bottom (Mirrored)
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ADP15193EVKIT

ORDERING INFORMATION

EVALUATION BOARDS

Table 5. Evaluation Boards

Model Description

ADP15193AEVKIT# Evaluation Board for ADP15193A
ADP15193BEVKIT# Evaluation Board for ADP15193B
ADP15193DEVKIT# Evaluation Board for ADP15193D

POTENTIAL FUTURE PRODUCTS
Table 6. Potential Future Products

Model

Description

ADP15193CEVKIT#

Evaluation Board for ADP15193C

BILL OF MATERIALS

Table 7. Bill of Materials’

Item  Quantity Description Reference Designtor Part Number Manufacturer Value
1 17 Test point AGNDO, AGND1, GATE, 5011 Keystone N/A
GNDO,GND1, GND_RS, IMON, Electronics
IN,K_ SNS_N,K_SNS P,
OUT,PG, REG, RTR_DLY, TMR,
UVVIN_RS
2 5 Receptacle, jack, banana B, CX, C_MINUS, C PLUS, VX | 5754 Keystone 575-4
Electronics
3 6 Capacitor tantalum polymer, CB1, CB2, CB3, CB4, CB5, CIN | 10TCE330M Panasonic 330uF
330uF, 10V, 2917
4 3 Capacitor, surface-mount device | CG1, CG2, CUV CGA2B3X7R1H103K050BB | TDK 10nF
(SMD) (0402), 10000pF, 10%,
50V, X7R, ceramic
5 1 Capacitor, SMD (0402), 0.33uF, | CR C1005X5R1E334M050BB TDK 0.33uF
20%, 25V, X5R
6 1 Capacitor, SMD (0402), 1yF, CREG GRM155Z71A105KE01 Murata 1uF
X7R
7 2 Capacitor, SMD ,(0402), 0.1yF, | CT1, CT2 C1005X7R1H104K0508BB; TDK, Murata, Taiyo | 0.1pF
10%; 50V, X7R, ceramic GRM155R71H104KE14; Yuden
C1005X7R1H104K050BE;
8 5 Connector, male, through hole, | DISABLE, J_CG, J_RTR,J_TMR, | 800-10-002-10-001000 Mill-Max 800-10-002-10-0010
single row, straight RTR2G 00
9 3 Threaded bush, M5 GND, IN+, OUT+ 7460408 Wiirth Elektronik 7460408
10 1 IC, hot swap solutions HS ADP15193X (where X can be | Analog Devices, Inc. | ADP15193X
with current report output; A B,CorD)
FC2QFN10-6EP
1 1 Resistor, SMD (0402), RDWN ERA-2AEB5232 Panasonic 52.3kQ
52.3kQ, 0.1%, +/-25PPM/DEGC;
0.0630W
12 1 Resistor,SMD (0402), 825Q, RIMON ERA-2ARB8250 Panasonic 8250
0.10%, +/-10PPM/DEGC,
0.0630W (ADP15193A)
Resistor, SMD (0402), ERA-2AEB152X Panasonic 1.5kQ
1.5kQ, 0.10%, +/-10PPM/DEGC,
0.0630W (ADP15193B, C, and
D)
13 1 Resistor, SMD (0402), RUP TNPW0402100KBE Vishay 100kQ
100kQ, 0.10%, +/-25PPM/DEGK,
0.0630W
14 1 Resistor, SMD (0603), 0Q R_ZERO RK73Z1JT Koa Speer 0Q

analog.com
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ADP15193EVKIT

ORDERING INFORMATION
Table 7. Bill of Materials' (Continued)

Item  Quantity Description Reference Designtor Part Number Manufacturer Value

15 1 Transient voltage suppressor TVS PTVS7V5P1UP,115 Nexperia 7.5V
diode 7.5VWM 12.9VC SOD128

16 4 Stand-off WA-SMSI SMD steel | STD1, STD2, STD3, STD4 9774040360R Wiirth Elektronik 9774040360R
spacer

! Parts may be substituted with equivalent parts.

analog.com Rev. 2|16 of 17


https://www.analog.com/eval-adp15193
http://www.analog.com/en/index.html

ADP15193EVKIT

ORDERING INFORMATION
NOTES

ESD Caution
‘ ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary
‘t‘\ 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 Analog Way, Wilmington, MA 01887-2356, U.S.A. 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. All Analog Devices products contained herein are subject to release and availability.
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