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ABSTRACT

This application note presents several reference designs that implement the LM274X synchronous buck
controller. The designs address various applications in a wide variety of configurations. The design
reference will give an engineer a head start on their project, with designs encompassing sequencing,
tracking, synchronizing multiple power supplies, DDR termination, buck-boost, low PCB real estate, and
high efficiency point of load designs.
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1

LM274X Feature Set

The LM274X family of products are high-speed synchronous buck regulator controllers. The use of
adaptive non-overlapping MOSFET gate drivers helps avoid potential shoot-through problems while
maintaining high efficiency. The IC is designed for the more cost-effective option of driving only N-channel
MOSFETSs in both the high-side and low-side positions. It senses the low-side switch voltage drop for
providing a simple, adjustable current limit.

The LM274X family features a fixed-frequency voltage-mode PWM control architecture which is adjustable
from 50 kHz to 2 MHz with one external resistor. This wide switching frequency range gives the power
supply designer flexibility to make tradeoffs between component size, cost, and efficiency.

Features include soft-start, input under-voltage lockout (UVLO) and Power Good (based on both under-
voltage and over-voltage detection). In addition, the shutdown pin of the IC can be used for providing
startup delay, and the tracking feature provides precise tracking for the purpose of sequencing with
respect to an external rail during soft-start.

The table below summarizes the distinctions of all seven of the LM274X products.

Parameter LM2742 LM2743 LM2744 LM2745 LM2746 LM2747 LM2748
Analog Vy 4.5V -5.5V 3V-6V 3V-6V 3V-6V 3V -5.5V 3V -6V 3V-6V

Range

Power V 1.0V - 16V 1.0V - 16V 1.0V - 16V 1.0V - 14V 1.0V - 16V 1.0V - 14V 1.0V - 14V

Range

Min Vour 0.6V 0.6V 0.5v 0.6V 0.6V 0.6V 0.6V
Operating 50 kHz to 50 kHz to 50 kHz to 50 kHz to 50 kHz to 50 kHz to 50 kHz to
Frequency 2 MHz 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz

Prebias No No No Yes No Yes Yes
Operation

Tracking No Yes Yes Yes Yes Yes Yes
Frequency No No No Yes 250 kHz No Yes 250 kHz No

Synchroniza- to 1 MHz to 1 MHz
tion

Package TSSOP-14 TSSOP-14 TSSOP-14 TSSOP-14 TSSOP-14 TSSOP-14 TSSOP-14
Reference +/- 1.5% +/- 2% External Ref +/- 1.5% +/- 1.0% +/- 1.0% +/- 1.5%
Accuracy -0 to 125°C -40 to 125°C -40 to 125°C | -25to0 125°C | -40to 125°C | -40to 125°C

+1.5%/ - +/- 1.33%
1.83% -40 to 125°C
-40 to 125°C

The LM274X family provides:

» High current driving and step down capabilities from wide input voltages between 1V and 16V to an
adjustable output voltage as low as 0.6V

» High power density solutions with internal synchronous drivers with top and bottom N-channel
MOSFET driving capability

» Simplified heat sinking and thermal management design
« Improved conversion efficiency compared to asynchronous solutions due to synchronous control
» The flexibility to optimize control loop design with external compensation thereby decreases line and

load transient response time and voltage overshoot amplitude
» A high performance system solution with a control architecture where the MOSFETs and

compensation components are external

This combination of complex-load-specific features and precision allows designers powering Application-
Specific Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs), and Digital Signal
Processors (DSPs) to use a single LM274X controller to achieve best-in-class performance with minimal

footprint.
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2 LM2745 and LM2747
Sequencing Requirement & Frequency Synchronization
Application Power Requirement:
V= 5V
Vour: = 1.5V (Processor Core Voltage)
lLoaps = 3A
Voure = 2.5V (/0O Load)
I oapz = 6.5A
fsw = 600 kHz
* Tameient = - 40°C to 85°C
Due to the high load current and different output rails, two switch mode power supplies (SMPSs) are
required to power a processor core voltage and the I/O circuit block. Both SMPS inputs will share the
same distribution bus. When two or more power supplies share the same input voltage bus with non-
synchronized SMPSs, the sum and difference between both switching frequencies will develop a beat
frequency. The power supplies will reflect beat noise to the input bus and conduct into any electrical circuit
connected to it, such as other intermediate points of loads (POLS).
The beat noise may be found at low frequencies and mitigate may result impractical; such mitigation
includes additional filtering at the front end of each switching regulator, increasing the loop gain sufficiently
at the beat frequency in order to reject the input to output noise transfer, or one of the switching
frequencies can be set to switch at two times higher the lower switching frequency (Hong Huang, July
2003). These solutions will increase the size and will require more design time for the solution. All these
mitigation techniques are avoided if the SMPS oscillators are synchronized. Synchronizing will eliminate
beat noise and relive conducted noise interaction to each others load; additionally synchronizing keeps the
generated EMI to a predictable set of frequencies.
Either LM2745 or LM2747 can be used for the design since they both feature the ability to synchronize the
internal oscillator to an external clock.
In this example, the processor voltage (Vour) must power up 30 ms before the 1/0 load (Vour,) powers up
and Vg1, must power down 30 ms before Vg, rail powers down. The LM3880 will solve the sequencing
requirement and will be used in this example design.
The LM2745 and the LM2747 ICs provides the correct solution with the highest performance and smallest
solution size and either one can be substituted for the other depending on application DC reference
tolerance requirement.
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Figure 1. Schematic
Table 1. Bill of Materials # 1
Vi = 5V, Vour = 1.5V, | oaos = 3A, fow = 600 kHz
Designator Function Part Description Part Number
Ul Buck Switching Controller Synchronous Controller Texas Instruments LM2745
TSSOP14
u2 Sequencer IC Simple Sequencer SOT23-6 Texas Instruments LM3880
C3 Shut Down Cap Cer Cap 0.1pF 0805 Vishay VJ0805Y104KXX
C5 V¢ Decoupling Cer Cap 1 pF 10V 0805 AVX 0805ZC105KAT
Cc7 Soft Start Cap Cer Cap 12 nF 0603 Vishay VJ0603Y123KXX
Cc8 Comp Cap Cer Cap 1 nF 0603 Vishay VJ0603Y102KXX
C9 Comp Cap Cer Cap 12 pF 0603 Vishay VJO603A120KAA
C10 Cboot Cer Cap 0.1 pF 0805 Vishay VJ0805Y104KXX
Cl1 Comp Cap Cer Cap 2.7 nF 0603 Vishay VJ0603Y272KXX
C12 Input Filter Cap Cer Cap 22 pF 10V 1210 AVX 1210ZD226MAT
C15 Output Filter Cap 470 pF, 2.5V, 18 mQ, POScap Sanyo 2R5TPE470MI
R1 Filter Resistor Res 10Q 0603 Vishay CRCW060310R0OF
R2 Frequency Adjust Res 42.2 kQ 0603 Vishay CRCW06034222F
R3 Comp Res Res 38.3 kQ 0603 Vishay CRCW06033832F
R4 Current Limit Res Res 1.91 kQ 0603 Vishay CRCW06031911F
R5 Comp Res Res 3.74 kQ 0603 Vishay CRCW06033741F
R6 Res Divider, upper Res 10 kQ 0603 Vishay CRCW06031002F
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Table 1. Bill of Materials # 1

Vi =5V, Vouri = 1.5V, | oap: = 3A, gy = 600 kHz (continued)

Designator Function Part Description Part Number
R7 Res Divider, lower Res 6.65 kQ 0603 Vishay CRCW06036651F
R8 PWGD Pull-Up Res 100 kQ 0603 Vishay CRCW06031003F
R12 Pull-Up Resistor Res 10 kQ 0603 Vishay CRCW06031002F
R13 Pull-Up Resistor Res 10 kQ 0603 Vishay CRCW06031002F
D2 Bootstrap Diode Schottky Diode, SOD-123 MBRO520LTI
L1 Output Filter Inductor 2.0 yH, 5.4Arms, 15 mQ Cooper FP3-2R0
Q1 & Q2 Dual N-MOSFET Top & Bottom | Top 14.6 mQ@4.5V, 7.4 nC IRF9910
MOSFET Bottom 9.1mQ@4.5V, 15 nC
Table 2. Bill of Materials #2
Vin = 5V, Vours = 2.5V, | oans = 6.5A, fgy = 600 kHz
Designator Function Part Description Part Number
Ul Buck Switching Controller Synchronous Controller Texas Instruments LM2745
TSSOP14
Cc2 AC Coupling Cap Cer Cap 68 pF 0603 Vishay VJO603A680KAA
C3 AC Coupling Cap Cer Cap 68 pF 0603 Vishay VJO603A680KAA
C4 Shut Down Cap Cer Cap 0.1 pF 0805 Vishay VJ0805Y104KXX
C5 V¢ Decoupling Cer Cap 1 pF 10V 0805 AVX 0805ZC105KAT
Cc7 Soft Start Cap Cer Cap 12 nF 0603 Vishay VJ0603Y123KXX
Cc8 Comp Cap Cer Cap 1 nF 0603 Vishay VJO603Y102KXX
C9 Comp Cap Cer Cap 15 pF 0603 Vishay VJO603A150KAA
C10 Cboot Cer Cap 0.1 pF 0805 Vishay VJ0805Y104KXX
Cl1 Comp Cap Cer Cap 2.2 nF 0603 Vishay VJ0603Y222KXX
C12 Input Filter Cap Cer Cap 22 pF 10V 20% 1210 AVX 1210ZD226MAT
Cl14 Input Filter Cap Al-elec Cap 470 pF 10V Sanyo 10CE470WG
C15 Output Filter Cap 470 pF, 4V, 12 mQ, POScap Sanyo 4TPE470MCL
R1 Filter Resistor Res 10Q 0603 Vishay CRCW060310R0F
R2 Frequency Adjust Res 42.2 kQ 0603 Vishay CRCW06034222F
R3 Comp Res Res 33.2 kQ 0603 Vishay CRCWO06033322F
R4 Current Limit Res Res 1.82 kQ 0603 Vishay CRCW06031821F
R5 Comp Res Res 2.67 kQ 0603 Vishay CRCW06032671F
R6 Res Divider upper Res 10.0 kQ 0603 Vishay CRCW06031002F
R7 Res Divider lower Res 3.16 kQ 0603 Vishay CRCW06033161F
R8 PWGD Pull-Up Res 100 kQ 0603 Vishay CRCW06031003F
D2 Bootstrap Diode Schottky Diode, SOD-123 MBRO520LTI
L1 Output Filter Inductor 1.15 pH, 8.5 Arms, 11 mQ Wurth Electronik 744 310 115
Q1 & Q2 Dual N-MOSFET Top & Bottom | Top 14.6 mQ@4.5V, 7.4 nC IRF9910
MOSFET Bottom 9.1mQ@4.5V, 15 nC
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3 Performance Characteristics
Efficiency Efficiency
Vin = 5V, Vour = 1.5V, gy = 600 kHz Viy = 5V, Voure = 2.5V, fgy = 600 kHz
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Load Transient Response Load Transient Response
Viy =5V, Vour = 1.5V, I oap1 = OA to 3A Vin =5V, Vourz = 2.5V, lioapz = 0A to 6.5A
1A/Div 1A/Div
20 mV/Di 20 mV/Di
100 ps/DIV 100 ps/DIV
Load Transient Response Load Transient Response
Vin = 5V, Vours = 1.5V, lioaos = 1A to 3A Vin = 5V, Vours = 2.5V, lioans = 3A to 6.5A
I h |
]
1A/Div 5A/Div
50 mV/Di JL
20 mV/Div " b
BANEMNUnE

100 ps/DIV 100 ps/DIV
Sequencing Sequencing
Vi =5V, Turn-on Vi = 5V, Turn-off
LM3880 SVIDiv LM3880 5v/Di
EN EN
1V/Div ] | Lv/Div
VouTt1
Vout1
1V/Div 1V/Div
Vout2 Vout2
10 ms/DIV 20 ms/DIV
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Synchronozing (Not Synchronized) Synchronozing (Synchronized)
Vin =5V, Voun = 1.5V, Vgur, = 2.5V Vin =5V, Vour = 1.5V, Vour, = 2.5V
lLoap1 = 3A, lLoapz = 6.5A lLoap1 = 3A, lLoapz = 6.5A
(ewmdans o
Vsw2
Vsw2 o | 2VIDiv |
2V/Div
v Pty -
Vw1 2VIDiv Vswi 2V/Div
400 ns/DIV 400 ns/DIV
Synchronozing (Not Synchronized) Synchronozing (Synchronized)
Vin = 5V, Voun = 1.5V, Vgyr, = 2.5V Vin = 5V, Vour = 1.5V, Vgur, = 2.5V
lLoap1 = 3A, lLoapz = 6.5A lLoap1 = 3A, lLoapz = 6.5A
50 mV/Div
VIN MU B LA LA LALAR AR LA ALR
5d mV/Div
20 ps/DIV 4 psiDIV

4 LM2743 High Efficiency Design
Application Power Requirement:
V= 3.3V
Vour = 1.0V
lLoap = 15A
fow = 300 kHz
* T aumient = - 40°C to 85°C

The LM2743 through LM2748 can track the output of a master power supply during soft-start by
connecting a resistor divider to the SS/TRACK pin. In this way, the output voltage slew rate of the
LM2743/4/5/6/7/8 will be controlled by the master supply for loads that require precise sequencing. Two
ways of using the tracking features is to design the resistor divider to track an equal slew rate or an equal
rise time, further information is provided in the respective datasheet. Your system requirement will direct
which option is the right solution for your load.

For example, the tracking feature is useful for FPGAs core and I/O voltages, for the differential must be
minimized during power up. Monotonic ramping with equal slew rates will prevent latch-up, bus contention,
and undesirable transistor logic states (Altera Corporation, February 2007).

For further Altera design solutions and guidance refer to the Power Management for Altera Quick
Reference Guide and for Xilinx® design solutions and guidance refer to the Xilinx FPGA Power
Management Reference Guide..
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LM2743 High Efficiency Design
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Figure 2. LM2743 V,y = 3.3V, Vgour = 1.0V, | oap = 15A, fgy =

Vo = 1.0V
||_OAD = 15A

Table 3. Bill of Materials #3

L
l

300 kHz

Designator Function Part Description Part Number
U1 Buck Switching Controller Synchronous Controller TSSOP14 Texas Instruments LM2743
C5 V¢ Decoupling Cer Cap 1 pF 10V 0805 AVX 0805ZC105KAT
Cc8 Comp Cap Cer Cap 820 pF 0603 Vishay VJ0603Y821KXX
Cc9 Comp Cap Cer Cap 33 pF 0603 Vishay VJO603A330KAA
C10 Cboot Cer Cap 0.1 pF 0805 Vishay VJ0805Y104KXX
Ci11 Comp Cap Cer Cap 2.2 nF 0603 Vishay VJ0603Y222KXX
C12 Input Filter Cap Cer Cap 100 pF 6.3V 1812 AVX 1812D107MAT
Ci4 Input Filter Cap Cer Cap 100 pF 6.3V 1812 AVX 1812D107MAT
C15 Output Filter Cap 470pF, 2.5V, 8 mQ, POScap Sanyo 2.5TPLF470M8
C16 Output Filter Cap 470pF, 2.5V, 8 mQ, POScap Sanyo 2.5TPLF470M8
R1 V¢ Filter Resistor Res 10 Q 0805 Vishay CRCW080510R0F
R2 Frequency Adjust Res Res 97.6 kQ 0603 Vishay CRCW06039762F
R3 Comp Res Res 30.9 kQ 0603 Vishay CRCW06033092F
R4 Current Limit Res Res 2.32 kQ 0603 Vishay CRCW06032321F
R5 Comp Res Res 2.37 kQ 0603 Vishay CRCW06032371F
R6 Res Divider, upper Res 10 kQ 0603 Vishay CRCW06031002F
R7 Res Divider, lower Res 15 kQ 0603 Vishay CRCW06031502F
R8 PWGD Pull-Up Res 100 kQ 0603 Vishay CRCW06031003F
R11 Shut Down Pull-Up Res 100 kQ 0603 Vishay CRCW06031003F
R12 Tracking Res Res 35.7Q 0603 Vishay CRCW060335R7F
R13 Tracking Res Res 150Q 0603 Vishay CRCW06031500F
D1 Bootstrap Diode Schottky Diode, SOD-123 MBRO520LTI
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Table 3. Bill of Materials #3 (continued)

Designator Function Part Description Part Number
D2 Rectifier Diode Schottky Diode SMB Central Semi CMSH3-20M
L1 Output Filter Inductor 680 nH, 22Arms, 1.9mQ WE 744 313 068
Q1 Top MOSFET Single N-MOSFET, 7.5mQ@2.5V, Vishay Si4442DY
36nC
Q2 Bottom MOSFET Single N-MOSFET, 7.5mQ@2.5V, Vishay Si4442DY
36nC
Q3 Bottom MOSFET Single N-MOSFET, 7.5mQ@2.5V, Vishay Si4442DY
36nC
5 LM2747
Small Solution Size and Low Output Voltage Noise
Application Power Requirement:
Vi = 12V
Vour = 1.2V
lLoan = 9A
fow = 1 MHz
* Tameient = - 40°C to 85°C
The switching frequency of the LM274X is user programmable within the range of 50 kHz to 2 MHz. In this
application example the switching frequency is set to 1 MHz, thereby reduces the input filter capacitance
and output filter inductance and capacitance, but will sacrifice efficiency. Multilayer ceramic capacitors
(MLCCs) were selected for output filtering. The low ESR and ESL of the MLCC provide low output voltage
ripple and low noise generation. This application example also values high output voltage tolerance, thus
the LM2747 device is chosen.
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Figure 3. LM2747 V,y = 12V, Voyr = 1.2V, lioap = 9A, fow = 1 MHz

Table 4. Bill of Materials #4

Designator Function Part Description Part Number
Ul Buck Switching Controller Synchronous Controller Texas Instruments LM2747
TSSOP14
u2 Linear Regulator 5V, 500mA, SOT-223 Texas Instruments
LM2937IMP-5.0
C5 Vc Decoupling Cer Cap 1pF 10V 0805 AVX 0805ZC105KAT
Cc7 Soft Start Cap Cer Cap 12nF 0603 Vishay VJ0603Y123KXX
Cc8 Comp Cap Cer Cap 2.7nF 0603 Vishay VJ0603Y272KXX
C9 Comp Cap Cer Cap 47pF 0603 Vishay VJ0603A470KAA
C10 Cboot Cer Cap 0.1pF 0805 Vishay VJ0805Y104KXX
Cc11 Comp Cap Cer Cap 1.5 nF 0603 Vishay VJ0603Y152KXX
C12 Input Filter Cap Cer Cap 22 pF 25V 1812 TDK C4532X7R1E226M
Cl4 Input Filter Cap Cer Cap 22 pF 25V 1812 TDK C4532X7R1E226M
C15 QOutput Filter Cap 100uF, 4V, MLCC, X5R AVX 12104D107MAT
C16 QOutput Filter Cap 100uF, 4V, MLCC, X5R AVX 12104D107MAT
C17 QOutput Filter Cap 100uF, 4V, MLCC, X5R AVX 12104D107MAT
C19 LDO Input Filter Cap 470 nF, 25V, 1206 Vishay VJ1206Y474KXXA
Cc20 LDO Output Filter Cap 22 yF, 6.3V, X5R, 1206, 20% AVX 12066D226MAT
R1 Filter Resistor Res 10Q 0603 Vishay CRCW060310R0F
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Table 4. Bill of Materials #4 (continued)
Designator Function Part Description Part Number
R2 Frequency Adjust Res Res 24.9 kQ 0603 Vishay CRCW06032492F
R3 Comp Res Res 5.36 kQ 0603 Vishay CRCW06035361F
R4 Current Limit Res Res 1 kQ 0603 Vishay CRCW06031001F
R5 Comp Res Res 215Q 0603 Vishay CRCW06032150F
R6 Res Divider, upper Res 10 kQ 0603 Vishay CRCW06031002F
R7 Res Divider, lower Res 10 kQ 0603 Vishay CRCW06031002F
R8 PWGD Pull-Up Res 100 kQ 0603 Vishay CRCW06031003F
R11 Shut Down Pull-Up Res 100 kQ 0603 Vishay CRCW06031003F
D2 Bootstrap Diode Schottky Diode, SOD-123 MBRO530LTI
L1 Output Filter Inductor 680 nH, 9.72Arms, 4.63 mQ Cooper FP3-R68
Q1 Single Top MOSFET 9.5 mQ@ 4.5V, 9.3nC International Rectifier IRF7821
Q2 Single Bottom MOSFET 3.4mQ@ 4.5V, 33 nC Renesas HAT2165H

LM274X
Buck Boost Design

Application Power Requirement:
V= 3.0V to 5.7V

Vour = 3.3V

fsw = 250 kHz

lour = 2.2A

* Tamsient = - 40°C to 85°C

The LM274X satisfies handheld portable application with lithium-ion, multi-cell alkaline or NiMH batteries,
whose required output load voltage is within the battery charge and discharged range. A popular power
converter solution to this requirement is a SEPIC, but it's low efficiency, two large inductors, and a DC
blocking capacitor in the power stage demands a large board area.

A Buck-Boost power converter as seen in Figure 4, has a higher efficiency, requires only one inductor,
does not require a large power burning sense resistor, and it's power stage transfer function is a degree
less complicated in contrast with a SEPIC configuration, thereby reduces solution size, cost, design time,
and prolongs battery life.
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Figure 4. Buck Boost Schematic
Table 5. Bill of Materials #5
Designator Function Part Description Part Number
Ul Buck Switching Controller Synchronous Controller Texas Instruments LM2743
TSSOP14
C5 V¢ Decoupling Cer Cap 1 pyF 10V 0805 AVX 0805ZD105MAT
Cc7 Soft Start Cap Cer Cap 12 nF 0603 Vishay VJ0603Y123KXX
Cc8 Comp Cap Cer Cap 33 nF 0603 Vishay VJ0603Y333KXX
C9 Comp Cap Cer Cap 330 pF 0603 Vishay VJ0603A331KAA
C10 Cboot Cer Cap 0.1 pF 0805 Vishay VJ0805Y104KXX
Cc11 Comp Cap Cer Cap 8.2 nF 0603 Vishay VJ0603Y822KXX
C12 Input Filter Cap Cer Cap 22 pF 10V 1210 AVX 1210ZD226MAT
Cl4 Input Filter Cap AL-Elec 220 pF, 10V Sanyo 10ME220WX
C15 Qutput Filter Cap 100uF, 4V, MLCC, X5R AVX 12104D107MAT
C16 Qutput Filter Cap 100uF, 4V, MLCC, X5R AVX 12104D107MAT
C17 Qutput Filter Cap 100uF, 4V, MLCC, X5R AVX 12104D107MAT
R1 Ve Input Filter Res 10.0Q 0603 Vishay CRCW060310R0J
R2 Frequency Adjust Res Res 121 kQ 0603 Vishay CRCW06031213F
R3 Comp Res Res 3.16 kQ 0603 Vishay CRCWO06033161F
R4 Current Limit Res Res 2.55 kQ 0603 Vishay CRCWO06032551F
R5 Comp Res Res 36.5Q 0603 Vishay CRCWO06033650F
R6 Res Divider, upper Res 10 kQ 0603 Vishay CRCW06031002F
R7 Res Divider, lower Res 2.22 kQ) 0603 Vishay CRCW06032221F
R8 PWGD Pull-Up Res 100 kQ 0603 Vishay CRCW06031003F
R11 Shut Down Pull-Up Res 100 kQ 0603 Vishay CRCW06031003F
D1 Output Diode Schottky Diode 5A 25V D-Pak Central Semi CSHD5-25L
D2 Bootstrap Diode Schottky Diode, SOD-123 MBRO520LTI
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Table 5. Bill of Materials #5 (continued)
Designator Function Part Description Part Number
L1 Output Filter Inductor 3.3uH, 9.26Arms, 6.3 mQ Cooper DR125-3R3
Q1 Top and Bottom MOSFETs Dual N-MOSFET, Vishay Si9926BDY
24mQ@2.5V, 11 nC
Q2 Single Bottom MOSFET 7.5mQ@2.5V, 36nC Vishay Si4442DY

7 LM2744
DDR2 Application Design

Application Power Requirement:
V=5V

Vpp = 1.8V

Vi = 0.9V

fsw = 500 kHz

lLoan = 3A

* Tamgient = - 40°C to 85°C

The LM2744 has an externally adjustable reference voltage between 0.5V to 1.5V. This caters to double
data rate synchronous dynamic random access memory (DDR) and DDR2 SDRAM termination power
requirements.

DDR and DDR2 memory supply voltage is specified as Vp, and V4. V41 is expected to equal Vpp/2 and to
track DC voltage variations of the memory supply with the ability to sink and source current. The memory
supply voltage for DDR2 termination is specified as Vpp = Vpp = 1.8V with a DC tolerance of +/- 100mV.
DC is defined as any signal less than or equal to 20 MHz. Peak-to-peak noise (hon-common mode) on
Vree May not exceed +/-1% of the DC value. Peak-to-peak AC noise on Vgg: must not exceed +/-2% of
Vrer (DC). AC noise is defined as any noise over 20 MHz in frequency (Micron, June 2006).

The following design satisfies the requirements found in the document.
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Vc
C D2
— e
ke )
R1 % R8 R11
Power
Supply
Vee HG
csf |_ ) BOO
T
= PWGD Isen
_’L—'\/ng— FREQ LM2744 | o Voo
[ SS/TRACK SGND
c
T VREF PGND
= —] EAO FB
DDR
Voo —MA—¢ 0 MEMORY
R12 RS " cs
R13% ‘/V\l 1
Figure 5. From File: DDR
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PCB Layout Considerations

Table 6. Bill of Materials #6

Designator Function Part Description Part Number
Ul Buck Switching Controller Synchronous Controller Texas Instruments LM2744
TSSOP14

C5 Vc Decoupling Cer Cap 1 pF 10V 0805 AVX 0805 ZD105MAT
Cc7 Soft Start Cap Cer Cap 12 nF 0603 Vishay VJ0603Y123KXX
Cc8 Comp Cap Cer Cap 1.2 nF 0603 Vishay VJ0603Y122KXX
C9 Comp Cap Cer Cap 18 pF 0603 Vishay VJO603A180KAA
C10 Choot Cer Cap 0.1 pF 0805 Vishay VJ0805Y104KXX
Cl1 Comp Cap Cer Cap 2.2 nF 0603 Vishay VJ0603Y222KXX
C12 Input Filter Cap Cer Cap 22 pF 10V 1210 AVX 1210ZD226MAT
C15 Output Filter Cap 470 pF, 2.5V,12 mQ, POScap Sanyo 2R5TPE470MC
R1 Ve Input Filter Res 10Q 0603 Vishay CRCW060310R0J
R2 Frequency Adjust Res Res 56.2 kQ 0603 Vishay CRCW06035622F
R3 Comp Res Res 28.7 kQ 0603 Vishay CRCWO06032872F
R4 Current Limit Res Res 3.16 kQ 0603 Vishay CRCW06033161F
R5 Comp Res Res 2.67 kQ 0603 Vishay CRCWO06032671F
R6 Res Divider, upper Res 10 kQ 0603 Vishay CRCW06031002F
R8 PWGD Pull-Up Res 100 kQ 0603 Vishay CRCW06031003F
R11 Shut Down Pull-Up Res 100 kQ 0603 Vishay CRCW06031003F
R12 Resistor Div Res 10 kQ 0603 Vishay CRCW06031002F
R13 Resistor Div Res 10 kQ 0603 Vishay CRCW06031002F
D2 Bootstrap Diode Schottky Diode, SOD-123 MBRO520LTI

L1 Output Filter Inductor 1.5pH, 4.67Arms, 13 mQ Cooper DR73-1R5

Q1 & Q2 Dual N-MOSFET Top & Bottom Top 27 mQ@4.5V, 4.6 nC Renesas HAT2218R
MOSFET Bottom 21 mQ@4.5V, 11 nC

8 PCB Layout Considerations

8.1

8.2

To produce an optimal power solution with the LM274X and any other SMPS, good layout and design of
the PCB are as important as component selection. The following are several guidelines to aid in creating a
good layout for the LM274X devices. For an extensive PCB layout explanation refer to Application Note
AN-1229.

Separate Power Ground and Signal Ground

Good layout techniques include a dedicated ground plane, preferably on an internal layer. Power level
ground (PGND) copper should reside on the top level of the board. Power level components such as the
input capacitors, low side MOSFET(s), and output capacitors must have their return paths through this
PGND plane and avoid current flowing through the internal dedicated ground plane. Signal level
components like the compensation and feedback resistors should be connected to a separate copper
section called signal ground (SGND). The signal ground section and the power ground section should be
connected to the internal dedicated ground plane and serve as the single point ground connection.

Low Impedance Power Path

The power path includes the input capacitors, power FETSs, output inductor, and output capacitors. Keep
these components on the same side of the PCB and connect them with thick traces or copper planes on
the same layer. Vias add resistance and inductance to the power path and have high impedance
connections to internal planes. If heavy switching currents must be routed through vias and/or internal
planes, use multiple vias in parallel to reduce their resistance and inductance. The power components
must be kept close together. The longer the paths that connect them, the more inductance, thus the more
they act as antennas radiating unwanted EMI.
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8.3 Minimize the Switch Node Copper
The plane that connects the power FETs and output inductor together radiates more EMI as it gets larger.
Use just enough copper to give low impedance to the switching currents.
8.4 Kelvin Traces for Sense Lines
The feedback trace should connect the positive node of the output capacitor and connect to the top
feedback resistor (R2). Keep this trace away from the switch node and from the output inductor. Make
sure to keep the sense resistor as close as possible to the pin and keep the trace away from EMI radiating
nodes and components.
* PCB copper area must be satisfied per manufacturer datasheet in order to achieve maximum ambient
temperature.
9 References
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