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Overview Power Architecture

The approach for this reference design is based on “ease of use” and low risk to
manufacture. Simple Switcher power modules along with the LM2121x low
voltage synchronous buck regulators allow for fast turn prototyping and quick
time to manufacturer with minimal technical issues. (Needs to be tweaked by the
marketers?)



Power Architecture Block Diagram (total Tolerance in brackets shown); sync Frequency

~430kHz
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Results
Output Ripple Voltage

Load Conditions are Maximum
3.3 8 (Totaling 16A)

1.8V  6A
2.0V 2A
1.3V 4A
2.5V 8A
1.0V 6A
1.0V 6A
1.2V  4A
Comment

Channel one for all output ripple scope shots are the sync in pulse.

Vout Ripple 3.3V

(U6 and U7) Across Output Capacitor

Downstream Regulator Loads and 8A Load; total 16A
Output Capacitor =4 X 470uF

File Verdical Timebase Trigger Display Cursors  Measure Math  Analysis  Wilities  Help

o P P ST TR y

A
Measwure P1i--- P2 freq(c2) P3i- - - P4:- - - P&i- - - PE:- - -
walue 425,593 kHz
status v

CHEE

811812011 B:41:26 AM

Comment
Output ripple on the 3.3V rail at the input to downstream converters will be worse due to the input
ripple requirements for a buck converter.



Ripple out load will be determine by the types and how much capacitance is present at load.

Result
Vout out ripple on is less than 10mV peak to peak

3.3V Output Ripple (U6 and U7) measured across J Pins
Downstream Regulator Loads and 8A Load
Output Capacitor =4 X 470uF

File Verdical Timebase Trigger Display Cursors  Measure Math  Analysis  Wilities  Help

7 i v 1

- ry
Measwure P1i--- P2 freq(c2) P3i- - - P4:- - - P&i- - - PE:- - -
walue 919.32 kHz
status i

811812011 B:42:35 AM

Comment
Voltage ripple seen here is much worse due to the input ripple current for the downstream buck

converters. As mentioned, the 3.3V rail is off the board and is expected and is advised to install
extra capacitance at load.

Result
Vout ripple ~ 100mV peak to peak at the J pins on connector.



Vout Ripple 1.8V

(U1) Across Output Capacitor

1.8V @ 6A

File “ertical Timebase Trigoer Display

Cursors

Measure

Itath

Al

Utilities  Help

c1 N |
- S—
&
Measuwre P1ie-- P2 fregiC2) P3--- P4:- - - P&- - - PE:.- - -
walue 24 51609 MHz
status i

Croy ]

Result
~16mV Peak to peak

SMS2011 8:35:33 AM



Vout Ripple 1.35V

(U3) Across Output Capacitor
1.35V @ 4A

File “etical Timebase Trigger Display Cursors

Measure  Math  An 5 Utilities  Help

ool A o Lt ¥ MW"“%
! T T " nrm' Ty g 4 1 ¥ -

o .
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‘\}

W -

&
Measuwre P1ie-- P2 fregiC2) P3--- P4:- - - P&- - - PE:.- - -
walue 414791 MHz
status R

LeCroy BMBI2011 8:31:29 A

Result
Less than 10mV peak to peak



Vout Ripple 2V
(U2) Across Output Capacitor
2.0V @ 2A

File “ertical Timebase Trigger Display Cursors  Measure  Math  An s Litilities  Help

L )

&
Measwre P1--- P2 fregiC2) P3--- P4:--- Pa--- PE:---
walue 75.19565 MHz
status A
LeCroy 81132011 $:40:00 A

Result
~12mV peak to peak



Vout Ripple 1V
(U10) Across Output Capacitor
1.0V @ 6A

File  “etical Timebase Trigger Display Cursors Measure  Math  Analysis  Utilities  Help

m ] 1

Measwre P1--- P2 fregiC2) P3--- P4:--- Pa---
walue
status

PE:.- - -

BME2011 8:55:43 A

LeCroy

Comment
Spikes on output is due to noise pick up (see Switch node results)

Result
Less than 10mV peak to peak



Vout Ripple 1V
(U8) Across Output Capacitor
1.0V @ 6A

File  “etical Timebase Trigger Display Cursors Measure  Math  Analysis  Utilities  Help

. \_-. hrs

Measwre P1--- P2 fregiC2) P3--- P4:--- Pa---
walue
status

BME2011 8:56:32 A

LeCroy

Comment
Spikes on output is due to noise pick up (see Switch node results)

Result
Less than 10mV peak to peak



Vout Ripple 1.2V
(U5) Across Output Capacitor
1.2V @ 4A

File “ertical Timebase Trigger Display Cursors  Measure  Math  An s Litilities  Help

S | _me-e#ﬂr.....”l. " I N P —

e :

&
Measwre P1--- P2 fregiC2) P3--- P4:--- Pa--- PE:---
walue 1.242605 MHz
status A
LeCroy 8132011 2:58:11 A

Result
Less than 10mV peak to peak



Vout Ripple 2.5V
(U4) Across Output Capacitor
2.5V @ 8A

File ‘Verical Timehase Trigger Display Cursors Measure  Math  An . Utilities  Help

c1 \ }
] " - L - et e i

&
Measure P1--- P2 fregiC2) P3--- P4 - P& - - PE:- - -
walue 427.350 kHz
status A

SM82011 9:00:06 A

Result
Less than 20mV peak to peak



Load Transient Performance

3.3V (U6 & U7) 4A to 8A,; Slew Rate:1275mA/us

ci

&
Measuwre P fregiC1) PZ--- P3--- P4:- - - P&- - - PE:.- - -
walue 997.94000 Hz
status '

LeCroy

Result
~40mV undershoot/Overshoot

92011 11:26:21 Am



1.8V (Ul) 3A to 6A, Slew rate 200mA/us

Math  Ana

c1
&
Measwre P fregiC1) PZ--- P3--- P4:--- Pa--- PE:---
walue -
status iy

LeCroy

Result
~30mV undershoot/Overshoot

BM9r2011 11:33:42 AM



2.0V (U2) 1A to 2A, Slew rate 2500mA/us

ure  Math

c1
A
Measwre P fregiC1) PZ--- P3--- P4:--- Pa--- PE:---
walue 999.95972 Hz
status '

m Trailing number(s) in the filename were truncated to allow auto-numbering.

Result
~30mV undershoot/Overshoot

1.00 MS




2.5V (U4) 4A to 8A, Slew rate 1275A/us

Math  Ana

ci
Y
Measwre P fregiC1) PZ--- P3--- P4:--- Pa--- PE:---
walue 957 96955 Hz
atatus v
LeCroy BMOf2011 11:28:50 AM

Results
Less than 50mV Overshoot/undershoot.



1.2V (U2) 2A to 4A, Slew rate 255mA/us

File  Vertical se lisplay G deasure  Math  An Utilities  Help

c1
A
Measwure P1:freqic1) P2--- P3- - - P4:- - - Pa- - - PE:- - -
walue 997 63118 Hz
status 4

811972011 11:41:49 AM

Result
Less than 10mV undershoot/overshoot.



1.35V (U3) 2A to 4A, Slew rate 255mA/us

Math  An Utilities  Help

File  Vertical

ci

A
Measwure P1:freqic1) P2--- P3- - - P4:- - - Pa- - - PE:- - -
walue 997 91038 Hz
status 4

LeCroy 81192011 2:17:52 PM

Result
Less than 10mV overshoot/undershoot



1.0V MGT (U8) 3A to 6A, Slew rate 200mA/us

Math  Ana

s \ -
c1
&
Measwre P fregiC1) PZ--- P3--- P4:--- Pa--- PE:---
walue 997 65949 Hz
status '

1001
10,00 m

2192011 21959 PM

LeCroy

Result
~10mV overshoot/Undershoot



1.0V (U10) 3A to 6A, Slew rate 200mA/us

Itath

s \ o \
c1
&
Measwre P fregiC1) PZ--- P3--- P4:--- Pa--- PE:---
walue 99511936 Hz
status '

1.00 M5

2192011 21244 PM

LeCroy

Result
~10mV overshoot/Undershoot



Switch Node Scope Shots

1.0V MGT IL = 6A

&
Measuwre P freqiC3) PZ--- P3--- P4:- - - P&- - - PE:.- - -
walue 4291775 kHz
status '

LeCroy 8192011 2:54:31 PM



Switch Node Scope Shots

1.0VIL = 6A

File  ‘erti ime ) ure  Math

c2
(Y Lal 1
A
Measwure P1:freqlC3) P2--- P3- - - P4:- - - Pa- - - PE:- - -
walue 4306530 kHz
status 4

81192011 2:52:25 PM

Note:

Channel 2, Vout ripple lower noise spikes...



Switch Node Scope Shots

1.2V IL =4A

Itath

s
&

Measwre P freqiC3) PZ--- P3--- P4:--- Pa--- PE:---

walue 427 8807 kHz

status '

LeCroy 8192011 2:67:37 PM



Switch Node Scope Shots

1.35V MGT IL = 4A

Itath

b }i]lﬁr'"- L w 1 e L ¥
&
Measwre P freqiC3) PZ--- P3--- P4:--- Pa--- PE:---
walue 42750135 kHz
status '

imebase

LeCroy 8192011 2:59:48 PM



Switch Node Scope Shots

20VIL=2A

C2
Fd 3 h\mv. i Al ™
A
Measwure P1:freqlC3) P2--- P3- - - P4:- - - Pa- - - PE:- - -
walue 4271544 kHz

'

81192011 3:01:41 PM



Start Up Sequence

CCARL 10

ck

A
Measwure P1:freqlC3) P2--- P3- - - P4:- - - Pa- - - PE:- - -
walue -
status iy,

1.00m

400k

LeCroy BI19/2011 3:34:47 PM



Efficiency Data

10%

50%

100%

V Measured lload
Input 12.006 0.939
Output
1.8V 1.7914 0.600
1.0v 1.0602 0.600
1.0v 1.0622 0.606
1.35Vv 1.4046 0.400
2.5V 2.5028 0.801
2.0V 2.0859 0.200
3.3V 3.4023 0.801
1.2v 1.2605 0.407
Ploss

V Measured lload
Input 12.008 4.334
Output
1.8V 1.7934 3.000
1.0v 1.0591 2.992
1.0v 1.0607 3.000
1.35v 1.4040 2.002
2.5V 2.5019 4.005
2.0V 2.0852 1.000
3.3V 3.4005 4.003
1.2v 1.2547 1.999
Ploss

V Measured lload
Input 12.002 8.980
Output
1.8V 1.7944 6.010
1.0V 1.0577 5.997
1.0v 1.0584 6.005
1.35v 1.4043 4.000
2.5V 2.4980 8.000
2.0V 2.0819 2.000
3.3V 3.3967 8.000
1.2v 1.2543 3.999

Ploss

Power

1.075
0.636
0.644
0.562
2.005
0.417
2.725
0.513

Power

5.380
3.169
3.182
2.811
10.020
2.085
13.612
2.508

Power

10.784
6.343
6.356
5.617

19.984
4.164

27.174
5.016

Power
11.273634

8.5766638

Power
52.042672

42.7677313

Power
107.77796

85.43764882

Efficiency
76.08 %

2.6969702 W
Efficiency
82.18 %

9.2749407 W

Efficiency
79.27

22.3403112 W



Thermal Data at room temp all loads running at max lout

IC Output Voltage |Load Current |Temperature (Deg C)
Ul 1.80 6 75.5
u2 2.00 2 91.4
U3 1.35 4 60
U4 2.50 4 104
us 1.20 4 70.5
ue6, U7 3.30 16 104.1
u7 104.2
us 1.00 6 58.2
U10 1.00 6 62.1




Schematic
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BOM

Comment Designator Footprint Manufacturer Quantity
ATPE330MI C1,C2,C28, C29 D2E Sanyo 4
C2012X5R0J106M C3, C4, C8, C25, C26, C41, C42, C43, C44 0805_HV TDK 9
C0603C105K4PACTU C5, C9, C22, C24, C27, C38, C45, C49, C51, C59, C64, C66, C73, C76 0603 Kemet 14
C0603C103J1RACTU C6, C11, C17, C20, C31, C33, C37, C46, C47, C58, C72 0603 Kemet 11
C1608Y5V1E104Z Cc7 0603 TDK 1
GRM188R71H392KA01D |C10, C14, C50, C61 0603 MuRata 4
2R5TPE330M9C2 C12 D2E Sanyo 1
06033C101KAT2A C13, C18, C32, C52, C65 0603 AVX 5
2TPE330M6 C15, C16, C34, C35, C36, C54, C55, C56, C57, C68, C69, C70, C71 D2E Sanyo 13
GRM1885C1H222JA01D C19 0603 MuRata 1
C0603C105K8PACTU C21 0603 Kemet 1
JMK212BJ476MG-T C23, C48, C62, C63, C74, C75 0805_HV Taiyo Yuden 6
C0603C472J5RACTU C30 0603 Kemet 1
ATPF470ML C39, C40, C77,C78 D3L Sanyo 4
C0603C332K5RACTU C53, C67 0603 Kemet 2
C0603C470J5GACTU C60 0603 Kemet 1
Used in BOM report D1 SOD-323 Used in BOM report 1
BAT54-7-F D2, D3 SOT-23 Diodes Inc. 2
VDZT2R7.5B D4 VMD2 Rohm Semiconductor 1
HPM-10-05-T-S J1 HPM-10-05-T-S SAMTEC 1
HPM-08-05-T-S J2 HPM-08-05-T-S Samtec 1
FW-05-05-F-D-361-085 J3 FW-05-05-F-D-361-085 Samtec 1
TSW-102-07-G-D Ja TSW-102-07-G-D Samtec, Inc. 1
IHLP4040DZER100MO01 L1 IHLP-4040DZ Vishay/Dale 1
IHLP4040DZER2R2MO01 L2, L3 IHLP-4040DZ Vishay-Dale 2
IHLP4040DZER1R5M01 L4, L5 IHLP-4040DZ Vishay/Dale 2
SIA419DJ-T1-GE3 Q1 POWER PACK SC-70-6L |Vishay/Siliconix 1
CRCWO060349K9FKEA R1, R10, R12, R34, R37 0603 Vishay-Dale 5
CRCWO060312K1FKEA R2 0603 Vishay-Dale 1
CRCWO06031K00FKEA R3, R13, R21, R25, R27, R32, R40, R44, R59 0603 Vishay-Dale 9
CRCWO06031K15FKEA R4 0603 Vishay-Dale 1
CRCWO0603100RINEA R5, R15, R18, R31, R33, R43, R45, R63 0603 Vishay-Dale 8
CRCWO06031K24FKEA R6 0603 Vishay-Dale 1
CRCWO06031K50FKEA R7, R14 0603 Vishay-Dale 2

R8, R9, R16, R17, R22, R23, R28, R29, R35, R36, R47,
CRCWO06030000Z0EA R48, R49, R50, R51, R56, R58, R60, R61, R62, R65, R66, R74 0603 Vishay-Dale 23
CRCWO0603453RFKEA R11, R26, R42, R57 0603 Vishay-Dale 4




BOM Continued

Comment Designator Footprint Manufacturer Quantity
CRCWO060319K1FKEA R19 0603 Vishay-Dale 1
CRCWO060320KOFKEA R20, R53, R54 0603 Vishay-Dale 3
CRCWO06031R00JNEA R24, R38, R52, R67 0603 Vishay-Dale 4
RT0603BRD072K03L R30 0603 Yageo America 1
CRCWO06033K16FKEA R39 0603 Vishay-Dale 1
CRCWO0603665RFKEA R41, R55 0603 Vishay-Dale 2
CRCWO060324K9FKEA R46, R64 0603 Vishay-Dale 2
CRCWO060310KOFKEA R68, R69, R70, R71 0603 Vishay-Dale 4
CRCWO060322K1FKEA R72 0603 Vishay-Dale 1
CRCWO060314K3FKEA R73 0603 Vishay-Dale 1
5000 TP1, TP2, TP3, TP4, TP5, TP6, TP7, TP8, TP9, TP10 Keystone5000 Keystone 10
5001 TP11, TP12, TP13, TP14, TP15, TP16, TP17, TP18, TP19, TP20 Keystone5001 Keystone 10
5004 TP21, TP22, TP23, TP24, TP25 Keystone5004 Keystone 5
LMZ22008TZ/NOPB U1, u4 TZA11A National Semiconductor 2
LM20333MH/NOPB u2 MXA20A_N National Semiconductor 1
LM21212MH-1/NOPB U3, U5, U8, U10 MYB20AA_N National Semiconductor 4
LMZ22010TZ/NOPB ue, U7 TZA11A National Semiconductor 2
LMC555CMM/NOPB U9 MUAOBA_N National Semiconductor 1
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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