ANALOG
DEVICES

UG-2089

Evaluating the LTC3306 3.3 V to 1.2 V at 1.75 A, 2 MHz Synchronous Step-Down Regulator in an 11 mm? Solution

FEATURES

» DC3109A evaluation board
» Transient circuit included for load-transient evaluation
» EMI filter included to reduce noise in EMI emission tests

EVALUATION KIT CONTENTS
» DC3109A evaluation board
DOCUMENTS NEEDED

» LTC3306 data sheet

EQUIPMENT NEEDED

» DC voltage source
» An electronic load
» A multimeter

GENERAL DESCRIPTION

Demonstration circuit DC3109A is a 2 MHz, 2.5 V to 5.5 V input,

1.2 V.75 A output buck regulator, featuring the LTC3306, 1.75

A, synchronous step-down regulator in 1.6 mm x 1 mm WLCSP.
The LTC3306 is a small size, high efficiency, low noise monolithic
synchronous step-down DC-DC converter. Low minimum on-time of
22 ns enables high Vi to low Vot conversion at high frequency.
The LTC3306 supports fixed output voltages ranging from 0.5V to
3.65V.

The demo circuit features the adjustable version of LTC3306. Out-
put voltage is adjusted to 1.2 V with external feedback resistors.
The DC3109A-A is set up to run in Burst Mode with LTC3306A.
The DC3109A-C is set up to run in forced continuous mode with
LTC3306C. The high precision PGOQOD signal shows the status of
the output voltage.

The DC3109A also has an EM! filter to reduce the conducted EMI.
This EMI filter can be included by applying the input voltage at the
Vi EMI terminal. The EMI performance of the board is shown in the
EMI Test Results section.

Full specifications on the LTC3306 are available in the LTC3306
data sheet available from Analog Devices, Inc., and must be con-
sulted with this user guide when using the DC3109A evaluation
board. The LTC3306 is assembled in a 6-ball, 1.6 mm x 1 mm, 0.5
mm pitch WLCSP package.

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

OPTION TABLE

Table 1. Option Table

Demo Board Featured IC Operation Mode
DC3109A-A LTC3306A Burst
DC3109A-C LTC3306C Forced continuous
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DC3109A

DC3109A EVALUATION BOARD PHOTOGRAPH
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Figure 1. DC3109A Evaluation Board Photograph
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DC3109A

PERFORMANCE SUMMARY

Specification are at Ty = 25°C, unless otherwise noted.

Table 2. Performance Summary

Parameter Symbol Test Conditions/Comments Min Typ Max Unit
VOLTAGE RANGE
Input VinViy EMI 2.25 5.5 v
Output' Vour 1.188 1.200 1.212 v
OUTPUT CURRENT lout 1.75 A
SWITCHING FREQUENCY fsw 1.9 2.1 MHz
EFFICIENCY Vin=33V,loyr=05A 91 %

! This output voltage range is with DC3109A-C running in continuous conduction mode.
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DC3109A

QUICK START PROCEDURE

For the proper measurement equipment setup, see Figure 3, and
follow the procedure below:

Note: For accurate Vv, Vour, and efficiency measurements, meas-
ure Vyy at the V| SNSE and GND SNSN turrets, and measure
Vour at the Vot SNSE and GND SNSE turrets, as shown as VM1
and VM2 in Figure 3. When measuring the input or output ripple,
care must be taken to avoid a long ground lead on the oscilloscope
probe. Measure the output voltage ripple by touching the probe tip
directly across the output turrets as shown in Figure 4 or use TP1
high frequency probe as shown in Figure 5.

1.
2,

Set the JP1 Jumper to the HI position.

With power off, connect the input power supply to V,y and GND.
If the input EMI filter is required, connect the input power supply
to Viy EMI'and GND.

Set power supply PS1 current limit to 1 A. Set the electronic
load LD1 to CC mode and 0 A current. Slowly increase PS1 to
1.0 V. If PS1 output current reads less than 20 mA, increase
PS1to 3.3 V. Verify that VM1 reads 3.3 V and VM2 reads 1.2

V. Check VM1, VM2, VM3, PS1 output current, and LD1 input
current. Connect an oscilloscope voltage probe as shown in
Figure 4 or a high frequency probe as shown in Figure 5. Set
channel to AC-coupled, voltage scale to 20 mV and time base
to 10 us. Check Vqyr ripple voltage.

To test the transient response with a base load, add the re-
quired resistor to produce a minimum load between Vg and
RSNS turrets (RL shown in Figure 3). Note that the total load
resistance is RL plus R8 (100 mQ). Adjust a signal generator
with a 10 ms period, 10% duty cycle and, an amplitude from 1V
to 2 Vo start.

5. Measure the RSNS voltage to observe the current, V| stgp /100
mQ. B

6. Adjust the amplitude of the pulse to provide the desired transi-
ent. Connect signal generator SG1 between SG_INPUT and
GND turrets. Adjust the rising and falling edge of the pulse to
provide the desired ramp rate.

VRSNS
100mA

(1)
@)

loyr =

Vies = Vse inpur — Vrsns
When done, turn off SG1, PS1, and Load. Remove all the
connections to the demo board.
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Figure 2. DC3109A Simplified Schematic
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DC3109A

TEST SETUP
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Figure 3. Test Setup for DC3109A Demo Board
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Figure 5. Technique for Measuring Output Ripple and Step Response with a Low Inductance Connector (Not Supplied)
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DC3109A

TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 8. DC3109A-A Load-Step Response
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Figure 9. DC3109A-C Load-Step Response
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DC3109A

EMI TEST RESULTS

60

50

40

30

20

10

AMPLITUDE (dBpV/m)

= CLASS 5 PEAK LIMIT —
= PEAK
1 1 1

0 10 20 30 40 50
FREQUENCY (MHz)

DC3109A DEMO BOARD

60 70 80 90 100 110

(WITH VOLTAGE APPLIED TO V,y EMI INPUT)
3.3VINPUT TO 1.2V OUTPUT AT 1.4A, fgy = 2MHz

2
8
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DC3109A

EVALUATION BOARD HARDWARE

INTRODUCTION TO THE DC3109A

The DC3109A demonstration circuit features the LTC3306, a 1.75
A, synchronous step-down Regulator in 1.6 mm x 1 mm WLCSP.
The DC3109A has two options. The DC3109A-A features the
LTC3306A, operating in Burst Mode. The DC3109A-C features the
LTC3306C, operating in forced continuous mode at 2 MHz.

The LTC3306 is a monolithic, constant frequency, current mode
step-down DC-DC converter. A fixed frequency oscillator turns on
the internal top power switch at the beginning of each clock cycle.
Current in the inductor then increases until the top switch compara-
tor trips and turns off the top power switch. If the EN pin is low, the
LTC3306 is in shutdown and in a low quiescent current state. When
the EN pin is above its threshold, the switching regulator is enabled.

The maximum allowable operating frequency is influenced by the
minimum on time of the top switch, the ratio of Vqyr to Vjy and
the available inductor values. Equation (3) shows the maximum
allowable operating frequency:

_ Vour
f SW(MAX) = Vinmax) X TON(MIN) @

ACCURATELY MEASURING OUTPUT RIPPLE
OF THE LTC3306

With the fast edge rates of the circuit, high frequency noise can be
observed when measuring the output voltage with 1 mQ terminated
oscilloscope probes. To better view the high frequency output
ripple, TP1, an U.FL, RECEPT, ST SMD, 0 Hz to 6 GHz, 50 Q
connector, should be populated. The output ripple should be tested
with oscilloscopes of 400 MHz bandwidth and above, with a 50 Q
coax cable connected as close to the output capacitor as possible,
and with oscilloscope channel terminated to 50 Q at the scope.
This helps to reduce the noise coupling onto and displaying on the
Scope.

The high frequency spikes are partially attributed to the interwinding
capacitance of the inductor and the voltage step is partially attribut-
ed to the inductance in the output capacitors. This can be reduced
by choosing low ESL capacitors or adding small low ESL capacitors
in parallel to the output capacitors as close to the inductor as
possible. To reduce the high frequency noise, optional C11 should
be populated with a 10 nF, 0402, X2Y capacitor. Adding capacitors
close to the load creates a T filter between the output capacitors,
trace inductance, and load decoupling capacitors and also helps to
reduce the ripple.

analog.com
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DC3109A

EVALUATION BOARD SCHEMATIC
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DC3109A

ORDERING INFORMATION

BILL OF MATERIALS
Table 3. DC3109A Bill of Materials

Item Quantity Reference Designator Part Description Manufacturer, Part Number
Required Circuit Components
1 1 C1 Capacitor, 10 UF, X5R, 6.3V, 10%, 0402 | KEMET, C0402C106MIPACTU
2 1 C2 Capacitor, 22 uF, X5R, 6.3V, 20%, 0603 | Murata, GRM188R60J226MEAQOD
3 1 C3 Capacitor, 33 pF, COG, 50 V, 5%, 0402 AVX, 04025A330JAT2A
4 1 L1 Fixed inductor 1UH 1.7 A 128 MOHM Murata, DFE18SAN1ROMGOL
SMD
5 1 R1 Resistor, 14.3 kQ, 1%, 1/16 W, 0402 Vishay, CRCW040214K3FKED
6 1 R2 Resistor, 20 kQ, 1%, 1/16 W, 0402, AEC- | Vishay, CRCW040220KOFKED
Q200
7 1 U1 (For DC3109A-A) IC, 1.75 A synchronous step-down Analog Devices Inc., LTC3306AACBZ-R7
regulator, WLCSP-6
8 1 U1 (For DC3109A-C) IC, 1.75 A synchronous step-down Analog Devices Inc., LTC3306CACBZ-R7
regulator, WLCSP-6
Additional Demo Board Circuit Components
1 2 C4,C5 Capacitors, 220 yF, TANT. POSCAP, 6.3 | Panasonic, 6TPE220MAZB
V, 20%, 3528, 25 Q, TPE, no substitute
allowed
2 1 C6 Capacitor, 0.1 uF, X7R, 16 V, 10%, 0402, | Murata, GCM155R71C104KA55D
AEC-Q200
2 C7,C8 Capacitors, 10 uF, X7S, 6.3V, 20%, 0603 | TDK, C1608X7S0J106MO80AC
0 C11 Capacitor, 10000 pF, X7R, 50 V, 20%, Johanson Dielectrics, 500R07W103KV4T
0402, 3-Term, X2Y EMI filter
5 1 L2 Inductor, 80 Q, ferrite bead, 25%, 4 A, Wurth Elektronik, 74279220800
0.0180 Q, 0805, 100 MHz
6 1 Q1 Transistor, N-MOSFET, 40 V, 15.9 A, Vishay, SIR426DP-T1-GE3
PPAK SO-8
7 1 R3 Resistor, 20 Q, 1%, 1/16 W, 0402, AEC- | NIC, NRC04F20R0TRF
Q200
8 1 R4 Resistor, 100 kQ, 5%, 1/16 W, 0402 Yageo, RC0402JR-07100KL
9 1 R5 Resistor, 402 kQ, 1%, 1/10 W, 0402, AEC- | Panasonic, ERJ2RKF4023X
Q200
10 1 R6 Resistor, 100 kQ, 1%, 1/16 W, 0402, AEC- | Vishay, CRCW0402100KFKED
Q200
11 1 R7 Resistor, 10 kQ, 5%, 1/10 W, 0402, AEC- | Panasonic, ERJ2GEJ103X
Q200
12 1 R8 Resistor, 0.1 Q, 1%, 2 W, 2512, sense, TT Electronics, LRC-LR2512LF-01-R100-F
AEC-Q200
13 2 TP1, TP2 Connectors, U.FL, RECEPT, ST SMD, 0 | Hirose Electric, U.FL-R-SMT-1(10)
Hz to 6 GHz, 50 Q
14 1 TP1, TP2 mating U.FL (UMCC) connector plug Hirose Electric, U.FL-PR-SMT2.5-1(10)
connector
Hardware: For Demo Board Only
1 9 E1to E3, E5, E8, E9, E12, | Test points, turret, 0.064" MTG. hole, PCB | Mill-Max, 2308-2-00-80-00-00-07-0
E14,E15 0.062" THK
2 6 E4,E6, E7, E10, E11, E13 | Test points, turret, 0.094" MTG. hole, PCB | Mill-Max, 2501-2-00-80-00-00-07-0
0.062" THK
3 1 JP1 Connector, header, male, 1 x 3, 2 mm, Wurth Elektronik, 62000311121
vertical, straight, THT
4 4 MP1 to MP4 Standoff, nylon, snap-on, 0.256" (6.4 mm) | Keystone, 8831

analog.com
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DC3109A

ORDERING INFORMATION

Table 3. DC3109A Bill of Materials (Continued)

Item Quantity Reference Designator Part Description Manufacturer, Part Number
5 1 XJP2 Connector, shunt, female, 2 position, 2 Wurth Elektronik, 60800213421
mm

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 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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