Texas Instruments Incorporated

it
3
e+

AE B Ul 7™

EXOVUREE R

2012 £ 1 FE

I3 TEXAS
INSTRUMENTS

EMLEE, 2012 B O©



Texas Instruments Incorporated

IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) 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 Tl'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 Tl'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.

Tl 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 Tl 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 Tl 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 Tl 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, Tl 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 Management  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

Tl E2E™ Community Home Page e2e.ti.com
Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265

$§SZZ022C

High-Performance Analog Products www.ti.com/aaj 10 2012 Analog Applications Journal



Texas Instruments Incorporated

Contents

Introduction . ... 4

Power Management
Turbo-boost charger supports CPUturbomode ................. ... 5

High-performance mobile computers with turbo-mode CPUs have peak power demands that could
require an AC adapter with a significantly higher power rating than standard CPUs. Instead of a higher-
cost adapter, a high-efficiency, turbo-boost charger can be used to manage the power from the battery
and adapter to meet the excessive power demands when the CPU operates in turbo mode. This article
discusses the operation of a typical turbo-boost charger and presents efficiency analysis of its two
modes of operation.

Benefits of a multiphase buck converter ........... ... . 8
Single-phase, low-voltage buck converters work well at up to about 25 A; but at higher currents, multi-
phase buck converters offer several performance advantages. These include higher efficiency due to lower
transitional losses; lower output ripple; better transient performance; and lower ripple-current-power
dissipation in the input capacitor, FETSs, and inductors. This article discusses these advantages, shows
waveforms from a typical application, and provides a performance analysis and tips for board layout.

Downslope compensation for buck converters when the duty cycle
BXCERAS D00, . .ttt 14

Current-mode control in a PWM forward converter with a duty cycle greater than 50% has the potential
of going into subharmonic oscillations. This article presents as an example a three-switch forward
converter that provides improved stability with downslope compensation and extends the maximum
duty cycle to 67%. Included are typical waveforms and calculations to determine the value of the
current-sensing resistor.

High-efficiency AC adapters for USB charging.................. ... ... ....... 18
Battery chargers with USB outlets are becoming a universal standard for 10- to 25-W chargers. This
article explores the advantages of using a synchronous rectifier to increase efficiency and satisfy the
push towards high-density, small-form-factor adapters. Included are typical waveforms and efficiency
plots comparing the performance of a Schottky diode to that of a synchronous rectifier.

Amplifiers: Op Amps

Measuring op amp settling time by using sample-and-hold technique ............ 21
This article describes a new methodology that has proven to be effective in making settling-time
measurements for modern op amps. Detailed is a relatively inexpensive and simple way to measure
settling time that bases accuracy and precision on the relative speed of the waveform generator and the
sample-and-hold circuit. Included with a description of the test setup are typical waveforms and
settling-time plots.

Index of Articles ........ . ... . 25
Tl Worldwide Technical Support .......................................... 31

To view past issues of the
Analog Applications Journal, visit the Web site
www.ti.com/aaj

Analog Applications Journal 1Q 2012 www.ti.com/aaj High-Performance Analog Products



Texas Instruments Incorporated

515
CEMN AT BORT RSBRMNAXE, EEILS REEY T #RE - 1MERHNINR, FA
RENA-LEHREERIAMNAMY R T, XEXERAMNEEGTRITIRER, RNHWES
FRIZEE. AR, RFRITIPUETHEEMEEAR. AHATIBLHFR. FLHNEHF
D ERNB—REBAEE.

LR I R MR L AR ARITIEE, MBI — L H FRE M AR R —
LAKNIRITEM. FEART, ETNFKETIRXKBALATERRAE.

o IIERE

o RERE

oix0 (HuikteH)

oI AR FM

oI ARE: BRI AR

o X I#E RF

o % I []:&

EREBEMBAT, REXRTUT BEREPIRNMEFED. &RE (EUEZRAHTD &
F-EFANETRNZEN, MIsSEETmHERIHESRTE,

High-Performance Analog Products www.ti.com/aaj 102012 Analog Applications Journal



Texas Instruments Incorporated

AR IR E

71 CPU ;R INEER N e

Ed. EMMNE (T FREEEBELESR
(Jinrong Qian) #1i% it T2 Suheng Chen

518

AT RERS
BRAESERLEERSESHES . A

Power Management

(Turbo-boost) FEEHZET]

B 1 EERME B TEERRL
CPU HIENZSMRE. ILELER

BHEMIERERS CPU KR, H#3 Adapter

) 4
e

{37

£

System

DHBHEBHAESN. B, IRMEERSE
BRODIMFEBLEBIR (Hla. AC BB
%) PftE, MNmSBUERF AR, —Fh
TRNBRTRERRESEERNFENE,
BRI ZIEIN, AN BEREINE T
[E (turbo boost) FEEEAE, AVFIERCRRAIE L EIRY
ARGHE PUREEICARERE CPU WA
HEX T TR HIEEE. BahRF K.

Load

Rac l
v S1
Synchronous Buck

Charge Mode:
Buck

O

A 4

Battery
Pack

<Hi

ERGELABRAGS . EH— AC BEECaHE,
FHARGAFTENNENBBTR. AC BEHAY
A, BEAFRE S1 X (BSZRE 1) ILRBARSE
e, e UARFHENRN AEMTE, Eib
BEREEBRESNFENER, MM UH R AR
A, shiSHEEE (DPM) —RATHERbEEER
smEER, KUMEARGHSE.

KEERRFOINZRS, DPM FRIIFEFTESE
. #E&’ﬁﬂifi?)‘(—zlﬂ?%ﬁmIEE/RTEE:EEJEEE%%
EMARGMHE, FXNH@AER (HX) #FTET. K& Eh
HERAKN, FEEERBNEESHATARGHESE, A3
BaEH., A, TERITRERERAREERANTE
TR B AT HHIEE CPU IRMEMRZHINER,

AN FEREZ CPU NiZFIE 2B ERALEIRE T
(GPU) B RAEELA TSNS REMRENT KK
K., AT HRBRXFFTER, RFF/RHIE Sandy Bridge &
B FAH T turbo-boost FA, X AR A IFAIERS
EREAR (HTERIETH) HIBEHREITTE
(TDP) B ARNER K., BR, EERIRITEEN
BRT, AC EECARFAVIZITNEEAE R/ TDP B HEA
EREMEEMNSESRK., YXTHBRFLW, THE
RENSBREEE TR ESEERBELINEGATE
R, #% AC BEaEARN—FREETEEET
B CPU SERLIN CPU BEER T 1E, EXSRRRSE
MEE, R ER S AR RIS NMEMETEINEDN
ERT. ik CPU ZETDP B U LR B S E TR

Analog Applications Journal 10 2012

www.ti.com/aaj

Turbo-hoost B8 it 5 B2 28

LRGEHHEMB O TBRERNRNRARBERBFE
MR, SISEREEEF AR BB TBRER.
MEBRFLETE, FAERGENTILE AC EEIHFE
RBRAFH B ERAEES, CPU WZMEER TRS

THHEMERE, BhEER (BEA—FEBIELE
#eE) NEBE, RERZARNKMEITHTNEMTH.
XFE DR EE RIS LIRA— W E DC/DC ik,
EUMRBABN TERSETERERARNEFER
AT, MRBHBEEE, EMFTERELEEFER
AT, B AC BEREF—RAIRGHE, 2 BT —
turbo-boost Bith LB AFHYLEITEL,

B4, BFEE B LR EFEMNEERNE D FEK
BENR REJAETAERAN CPU HIXINEER,
A L% % ok R AR SMBus 18 %0178 B 88 FF 4A SE i X 7
EREHR, TERYEBNRNERETEWMFH T (R
R, B, BHRITNESMAREER Z BN RERE
B X—SmIEFEE, DC/DC BB E/LEHMEIL
EMHR B ERE/NMURBER., ERFBEAFTR
CREETREEESN, MAEZBBEAFEREERUGIX
HRRGEENERER., BRIMAZE AC EERaEE TN
HRHHHBERZER,

I 3 ET’T /\S'ZH CPU W’f?ﬂﬂi_ffi_ﬁﬁ’\] turbo-boost
AC Jﬁ@ﬂ%ﬁ%ﬁ, U@%ﬁﬂ]j‘%ﬁgﬁlﬂﬁﬁ, HHESR

High-Performance Analog Products



Power Management

MRERETLFAERERBEINEZIER
BRNT. BRENEHERSE R7 RIBEMIRTS
B SMBus M EHN HIEEMEBHFTES

Bl 2 CPU W#iniE#ER T T1ERY turbo-boost HEjth 75 FE 88

Texas Instruments Incorporated

/JIL ﬁl]%ﬁ'ﬁg —“//ll_]i IOUT iﬁuﬁ /)n]J?E

Adapter

5| System

HEMRERENZIIE, HARNBHER
RacEFE (SKIL CPU BB TE) 89 20 £, 8
iF SMBus #EHEFFe:, JRBEMFTHIR
SHREFZFGF BN EXABMAEMEB R
N, EAEMBERT, B EE I N RN
MOSFET Q4 H9EFE, IRETINEBHARA
Rip, AT RMMEFRBEA FBER
EILARHER, TREARME

\I({\N\ ? I "| Load
AC A
s1 r/

Synchronous Buck
Discharge Mode:
Boost

_:: Battery
_i_ ! Pack

& EH 615, 750
5 E 885 kHz, XM PI&/NMELEB R H
HHERREE., TERBEHSATEERTHERIE
BEANMERS . REHEEMBGANERBEDIRE, of M#HE—
SR INRB S E . BIREFESRMOSFET =EFl8th
ERERBHFEF. BN, RE[RREEHME n BE
MOSFET, MiFESFEERIAAERERN p BEI
#E MOSFET, BMZMEMEAA, EHAXM turbo-boost
FHBRENIE—NEFLE, EIMNERREMRIEE
ISR T RF LEREF—MIE, RERITARTER
ENE R TEENER T ﬁlﬁe%:%zz‘ﬁlﬁ AR

[ 3 turbo-boost HE it 7¢ B2 28 iz FH FR B

B4R T MiEER BRI LRI T EREE 6
MW RER . AT REDEE AN BRIAZ SRR
RARRRE, EHTEREFLTE, FBHE
AFTERR A RGHR AN IR,

5 B~ 7 turbo-boost FTEAFMAIE, KMNTUE
B, X—3R 3 PHHE/ 4 PHMAFTBMBBR, TTIY
L) 94% M ERIRE, MREBMHET, HEEMF
EE%‘ R, i CPU M TE, DIBRERHE
31

CmE“H>r

Rac
Q1 Q2 10mu
Adapter 0_0—_[ ﬂ_—o—_l—! J_—o-\/\/\/‘ ’ O System Load
= 10 Q
?
1 pF
4R%2 Ko ! ACN vee - [
el bq24735 = a
ACP BATDRV I:: Q5
CMSRC 1 uF
REGN !
BTST EE
ACDET Q3
—
HIDRV L R7
ILIM 47nE| 47pH  10mQ Batt
PHASE —/\\/\— ch:’V
Q4
c1
LODRV _i 10 uF (x2)
SDA %';
SMBus GND
> SCL
SRP °
< ACOK 1T
Host
< IouT SRN 1

High-Performance Analog Products

www.ti.com/aaj

10 2012 Analog Applications Journal



Texas Instruments Incorporated Power Management

BilE, B2 —MEERNEITBBE

RE. ATHERBERN(REFSEER+
EMHHEY, RELENEERED
AP WBEER)N, BREARES
BRHEMBEIELLRER, B, XE
E#E, B2t mEmEZL
HBRHEERESFHRBEE. FERBER Adapter Curent (2 Aldiv)
ATHEBRESEETELBEES
BX., MNBERBEBEUEE, KRELE
KHEERAE®.

0A

P Battery Current (2 A/div)
_n'l'ﬁ Charging
turbo-boost TEBE—FEE. EMAK 0A

—>

WHITTE. 3 AC EESBMEMER RS
HER, TiLEMEEBEERERIRM AC
BRNENAE. XFRFIEBIHEF CPU b
WiEZMERY, RIEKKREGHRA, BX
EATHEEERSENEF KMIESACE elftinsthy)
FCRSUE IR, MiXERFKP turbo-boost
TEFEIALECAERRITHF—RELH

Boost: Discharging

HRRRTTR,
B 5 turbo-boost FE R FFIE
LEES B
Power.ti.com 98 —
www.ti.com/product/bg24735 97 e i

o — =

S 03|
> 92
8 91|/
o I /‘ / —&— 4-Cell, 14.4-V Boost Mode \
E 9 ﬂi . —o— 3-Cell, 11.1-V Boost Mode
89 [ ( 2-Cell, 7.2-V Boost Mode
ss | 4 /4 —#-4-Cell, 16.8-V BoostMode | v,y =20V |
I [ [ — ¢ = 3-Cell 12.6-V Boost Mode f= 750 kHz
87 [ I —4—2-Cell, 8.4-VBoostMode | L=47pH |
el |
85 {21 :

T
0 0.5 1 16 2 25 3 35 4 45 5 5.5
Battery Charge and Discharge Current (A)

ZHCT152
1

Analog Applications Journal 10 2012 www.ti.com/aaj High-Performance Analog Products



Power Management

{8 F Z4HPF R ¥ 1R 28 09 05 40

{E#&: David Baba, fEJ{L2% (TI)
RMATEREE

518

= PHBREESSREEAN. FRERFEKR
A9IE ., THFEMBREITIE M A B, —MER
HRTERERZHEEEES RS, AXOEE
B RER L AR ERRSFTNERE RSN
AL, FFiR BN — S AR EER
RRAE SR A AR RE.

A1 BRT KRB, HIZERRTE
(B 2 From) TRUBEBERSHEERER
Th. XM TR D AN\ A UK R
A, EEEDTENREBEIRNERNEE
A Epthm, RBRE, ZHEERERSIL
FET IR A RMS-BRIIFERER T — . 48
R R o] R 15 SIRFE.

WMHIEKERERE
BTFEMENMNMEREREMR. ZHIHR
M RESRERDBEZEEK., FF—XK
40-A ZAEBR A RERIE, EEBERREED
RN A 20A. 1HEE 40-A BAETE, H
FEHERMBMERE, BRERFIE KR
EIRERAR AR,

MHSURBEE

B R ESRER P SUE B RIKE T m R &
EERBRERANA B ARUEEE. X5
ESHEERBATAREENER., AER
1 MARR 2 HEH TSN BT RKIER
LUK B E D,

m = D x Phases (D

and

IRip_norm (D)=

[D_mp(D)}([l+mp(D)_D

Phases Phases

(I-D)xD ()

Phases x

High-Performance Analog Products

B 1 1Rk R s
XFEIRE 256 A EANRERE RSN A

VI N

Q1

Multiphase
Controller

Q1 Gate

Texas Instruments Incorporated

Phase 1 L1
) X Node ===

% Phase 2 L2 B

) X Node ===

Switch-Node Voltage (V)

Phase 1 Phase 2
e S

1.628 1.629 1.630 1.631 1.632 1.633 1.634
Time (ms)
www.ti.com/aaj 102012 Analog Applications Journal



Texas Instruments Incorporated

Hef, D H&EZLE, IRip_norm AFRELE
QI/E'LEE/JIL ﬁjj D EI‘]%I%I mm mp j]m EI/‘]
B, B3 AXEFEANZEE., fFlnm,
20% GZ=Ltt (D) MNEA 2 M, TR
25% BUKHBR., BRBJUIKZNLUKSB
ER/N, B SUK R R R B ARIEFN
BERBEEITESE. RBPE, FAERME
EEREBFERT .

B4 87R7 25% AT —PTHEER
e EER. EEE“I/EZEE/;IJJZ 2A, B
e EARERNA 1.5A, FEERLULBE
MILBE. 50% HFLETEAZHEN, 85
ﬁ%m%&’ﬁﬁ&@mu

RS

E?%Aﬁﬁuﬂj%@?qﬂﬁﬁ%ﬁ'}ﬁﬁi AR, ThEk
SHEEMZRS EE/}IL?EE/%T‘E';EE’]QI/&EE,

}_Bﬁéﬁ ﬂﬁj]a—ﬂ,TEi/J T B R R AT

ML RAEREEIE R XIS EHEE SR

R, TN,
WA RMS UK B RIKE

Bl 3 fREX B RLUEBRRA

Power Management

=R

0.9 -
0.8 - ‘
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -

Normalized Ripple Current

0.2
0.1

20 30

T
40
Duty Cycle, D (%)

50

&l 4 D=25% B B RRALiR ER T 3R 7

SUKE

MREEERBOMALFEBBRIL,

UETPNCRS

BREWmAERMAEERRSE. BFRAEEILER

7=

RIS, REER,

PUBERMSSUEBRE X, BARENASHIT

XF— 50% G =LA BRE ks

Phase 1

Phase 2

Inductor Current (A)

-4

24

22
20

18

16

14

12

Output Capacitor Current (A)

N A O

4.463

4.464

4.465 4.466

Time (ms)

4.467 4.468

4.469

Analog Applications Journal 1Q 2012

www.ti.com/aaj

High-Performance Analog Products



10

Power Management

Texas Instruments Incorporated

0.250

& 5 FRAE LB NRMSSLR FLIAE A & =5 bL B R 45

0.225
0.200
0.175 -
0.150
0.125 —

0.100
0.075

———

0.050

Normalized Input RMS Ripple Current

0.025

ki, RN RMS SURHER—MREZEA 50% %l

25% #01 75% G =L HIRIR RMS SUKERR, HAX
79 25% i ER.

IInput,norm(D) = \/|:D

50 60 70 80 920 100
Duty Cycle, D (%)
< 1 LM3754 FE{54R
%. B 5 MHER 3 B, A ARRRT RN %‘f\fﬁ‘; NN
i 4 B 12V+1%
BHER 40 A (R R)
FF R IR 300 kHz
RHATR 2 x QR~F
_mp(D)}{mp(D)+l_D} 3) B B TR 1.4x1.3R5
Phases Phases B E 0.5R~f
SR 200 LFM
HE 2

HLLBEBRTR, ZHBRATENEEHH, RF
ERENNER, BURHEEERN RMS SURBR

57 FA £ 6

LM3754 SR EEFEREBEE—4 12-V GABIE
e REEEHD 12V, BRA 40A. ZIFEHERE
BMRNA 2 x2 B~ AHELHAERY 1.4 x 13 &
. BENMEOFRMEREHA 300kHz, F 1 X Lk
RHEMTEEMHH#TTHIE. AGREE— 4 BiR
£, BEEHI 183, RELF—LS|H, BFEE
BN, PE—ISIHATHAGHEBERE.

RIBEIT, LM3754 FHERMNESIERERLRE TE.
A EFBZIHLNEABERE, HERMNRMSL
WEAREM. B, HEREHBEREAOLUERER
BREMNBRSME., SR TREMERE LM3754 N AR
ANANKRTE. BR, URTHEBEXMHR, &
ZUEBEEREEBRE. UE. RNEBIEHBE

High-Performance Analog Products

www.ti.com/aaj

fth—LeEERE, 2FRER LM3754 KRN
RER. £ 1213 THE 6-NMETRTXELER, &
HAELENERN, SEERFEEEFTESIN, =
ERBEENHKESNER.

HEBRAEERE

BERNSEERFREBNE, TR/NMUERMBH.
—RENZ, 2 ZEDEKRSELZ 7T HE, WBE1 &
SAERISERE 14 BE., SMENAABARTER
o] fE ST T ER MOSFET IR F1JE SR MOSFET SRR
B, DmRENER Bk .

EEE ICHIESAN

FrEEEE IC f/MESAMFHR TR ER IC HE.
VREF #1 VCC 6B ARBERTEEIR IC, WE

1Q 2012 Analog Applications Journal



Texas Instruments Incorporated

St (SGND) #1TEEE, HRESEMEDEICET
Z BB —FRAHEE,

SGND #0 PGND &

REMNHGRALZERTHENE. BERRATESHE
NEE 2 TRAEEHE., SMNER LI BILMNESEL

Bi#HTHE, BRHlofiEiERmEX RN —LEEi

=, ibEJREEH (PGND) #1 SGND 87T, {X&EEE
(NEBE 2) HEER.

MR 3R zh
BITARNFHRS MRS L 2 TE MOSFET Wik sy
RXEWEDENNSLKEE, EAFXTR., £H5

MOSFET Z BIMEBEN R TEHE, HEM MOSFET
S&HTHBN, LG 1 GND 3B % BN EJEHE E
THEREF.

CSM #1 CS2 5IMz|Z ittt B8R A RC M%E 6], th
DIMHFTENN L. AR (SEXHK 1) PNENH
B, ATHRFESHNREMNHIME. BEFEFRIMF
B2 NEAR——IHETERZL, 53— 1PMUEE
IC. SRRV RE, XERNEENEKERSE.
MR, MEA—NEBENENKHER.

RIMEFAXTIR

—RENZE . LD RERRI T/, BEEEBE
WIRER, AUFAXDTREMTEZNEL, BT/
BV A S T UM AN B R Ak, FTIUJT R R
BATSNEE, T IC ERATAXRTRTE. Bt
BBIULTFRDRZEERN LN, ANBZE IC. X,
FRVREFEEESE, @IARBHERNINE,

Analog Applications Journal 10 2012

www.ti.com/aaj

Power Management

“Zig

FRZHEEERGRSBSFRITZEL. fl. KTERES
kMEME, KAaLsUEBEE. SBRASMHRMNEREXNE
ANBRBLUFERMEERE., RBEAETRERES T
Ay — e ZARBE R E AR BT B LM3754. LM5119
LM25119 RFI™= .

Sk

"LM3753/547 k" . {EF . Robert Sheehan
Michael Null, £EER¥S& 25, XFxT 2009 F
12BRIELR (RBFM2021) . TERMUHD . http://
www.national.com/an/AN/AN-2021.pdf

LEES b
power.ti.com
www.ti.com/product/partnumber

A LM3754. LM5119 & LM25119 &bt 4y
“partnumber”

High-Performance Analog Products

1



Power Management

Test results B 6 12-V BINNZEHLEE

90

Texas Instruments Incorporated

Vour=1.2V

85

80

75

Efficiency (%)

70

65

4 8 12 16 20 24 28 32 36 40
lout (A)

B 7 12-V #MINIhFE

9.65

8.65

7.65

6.65
Vour = 0.9V~
5.65

Vour=1.2V
4.65 our

Power Loss (W)

3.65

4 8 12 16 20 24 28 32 36 40
lout (A)

Bl 8 FFRTmiE

Sld Dev

85.37

le =12 V, VOUT =1.2Vatd40A

High-Performance Analog Products www.ti.com/aaj 10 2012 Analog Applications Journal



Texas Instruments Incorporated Power Management

Bl O %artH B RS

| std Dev
L@ Frequency  32.05MHz Low signal amplitude

V|N=12V, VOUT=1.ZVat 40A

B 10 BRZSMRL: 10-Afagi$ 120 ps
(3L ey 27 mV)

|_n Frequency

ZHCT153
13

Analog Applications Journal 10 2012 www.ti.com/aaj High-Performance Analog Products



14

Power Management

Texas Instruments Incorporated

50% LAE 5 ZSELBE Ea RS
TY (Downslope) #MZ

& John Bottrill,

EI LB (T) SRR A ITRIA

50% X £ 5 S EEBRBE A (PWM) FEEF#asaI @B
MERES (CMC) TS NRIEEIRS . Lloyd H
Dixon £ ZE 3wk 1) FXUL 7T IFEHEI LR,
Dixonik7~, XMBRARALBRELNESHEIN—1
NE, HETHEBERERNTRE, BHZHNE
EMAZERITESRES, DEEFRERNERENE
FE=S .

mEEBERGEHEART 50% HWHERINERsG. L
Wit thar L E A EmiiRes, #ME—LHFRXFPH
BRRINEN, BR. AT HERER. AEFNE
HE-—MAMNBNRAZHNEINGE. =FXERE
ek, BZUNE 1 BRSO ERRERE. RE
XA EMARIE T FFE ., BREPER T E
IC RS &R ILBE A .

XFAIEE TS M. B RAABETCEAF
BithAY 36 2 72V B, HIMIRKE LA 67%.
M EITREE 67% S/NEMABERARALS
tb. SitER, XA EFXEEEHRE DERH
WABE, XMERE, REFETESS5HMBERME RDS
(on) BE—EFA, XMHEIMERET —FRER
BEERMEMNRERFHENTE, NIABEE
SIRFERZE M,

XA RIS H M A E SR ERINEE—
¥, BERLTEATMREAECT%, UBREIEE
F/EM, BERFE-— N EEFREEZRASTLLARSFIC
(0. UCC2807-1%) . ST IMKILXFRE (I
CSEXE 2) ) . BTXMEHREETERNS S
EERRBITIEE, FHtERXFNANEE. M, AX
EAT XMzt FAESMEEHRTI.

TERMADFTHBRIEE— 100W. 3.3V &HE BT
FEJR, ZBEERT A B ERNRKIEEDIEELE
HRET 30A XAHE DC EHBZRMN 10%, M
NEESEE D 36V 2| 78V Z 8., B, FEAIERKRE
0.5V IE[EF Vid RS B REATHE., F—F=2
WMELERNMELL., RNMABEN, SFHLLE
RAWRBR (67%). FIATIARATIHEL T EF5
HitHEEMNBE.

High-Performance Analog Products

B 1 =FKIE[EA

W,
1 D1 Q1
Controller
AD7 D3 Q2
RTN -
T v

www.ti.com/aaj

Voup +Vig  33V+05V

D... 067
MRBREERR—REHEBEA 36V, WEELL (Np) A
6.147, FAt=EA 6MA—KREH, —REEHED KK
W, B 3B (BB 1) . REFTER. BIX
SUEARTERND DR —REHZE, Q3 BREEEA]
MAZE, WAKR 78V B, TES[BLHBERN 12.3V,
MMBEZ 31% M&/NESEE Dmin, B, &K "%
i EEET

=5.672V, €))

1_Dmin

fSW ’
Hrfh, fsw 4 200kHz B9TTRIFFR=E0E, X5 10% A
EESEESCEB RN/ NEHER (B 1 = L)

_ (VOUT +Vfd )X(I_Dmin )/fsw

L
out Topr X0.1

(2)
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BIHITESE, A8 2 FREBERN 433 pH., A7
WItAE, BANER 45 yH, FRZEME. JLOTE
B B R TR | -

I = VOIIiT +Vig 3)
ouT
BITHESE BREMATEER (Ids) 4 0.844 Alys.
EREEE, AR NEER 8B RAEEE RN

Tour +0.5X (Ioyp x0.1),

HTHRAEEIEESUEEREENHD 10% HHE
i ZERETFEERFIGE DC W, RSIEESD

Wi,

o 31.884 A,

R/AONEANBER, BE Loy NESBEESTEN. H
bb, FAET AAnE R BB R ERES 0.489 Alus.

B 2 VIN(min)FAVIN(max) B8R K Fa i H LU

Power Management

FHE G SRR, B0 THE & d R R
IEANEY RS E), MM RE ST E X RS T LUK B IR

N, &IE, BATTUAER/NEANEE TR EERR
A 31122 A, BEFEEETER 2 1, XEE/LFEHHE
F, BOREMNTEER, ENESZTAE—MN—MSA

AL,
IZIRNTRN. AT RERRNWABELTRIEEB R
Y TREER A -

I;.xD.
wﬂsom,

AT RBRNMANBETMDLALIEEERIGINA TS
A
Ids ><Dmatx
-5 - 2.829 A.

BERE 3, HAER TEEREAMEER2ATER.
HR, EXFREERER. BR/N@NEENEUE

33
Peak loyr at Vinimax)
s S S S v o S S S S St
Peak loyr at Vinminy
afme = .,_,._.._.4_4._..l_.,_.._,._._.‘_‘._.._,_,._.._ g g

Output Current, loyr (A)
w
o

N
©

N
o

T— Minimum loyt at Vinmax)

5

Time (us)

6 7 8 9 10

B 3 2R EBiRINER TR

Y
v\Effective peak loyt with downslopyv
/ current added at Viy(min) A
B i i e L e e T B
= 33 /\ Effective peak loyr /'?
< / g with downslope current / ’ Peak | atV
5 / \Y/ / ouT IN
] e S i i S o, O TR e s
E ; Peak loyr at Vinmin)
) Y R & P T S LTl PEN I SRt SO SE L 7 S TEe SE Nl S S S TEe
o /
o
5 30 ] A S
5 /
Mini 1 t Vin: Minimum loyt at Vingmax)
29 Inimum loyt at ViN(min) ; max

0 1 2 3 4

5

Time (us)

6 7 8 9 10

Analog Applications Journal 10 2012

www.ti.com/aaj

High-Performance Analog Products

15



16

Power Management

Bl 4 T4 Rdspri BRI

Q5

To Trig Q4

Pin

i i
: I
R6 |  Three-Switch |
! Converter i
Q7 ! (See Figure 1) i
i :
i :
i :
: H I
| Q2 |
! I
i i
i :
hee e e e
Rdspr

o
RS %m ToCs Rs% % %
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Current
Transformer

1EEE/)IL1_7&EW%::EE*$HUAEEEEI]€XSZ EEER. 75;5[
BEAER (BER/NGANEENTHERR) E’]lll%1§j]
33.9A, Hj]lx%‘;ﬁ/m JIJHIJEE,EH%%RSM /ﬁﬂfﬁﬁ E’”E
B (8RBT A—KEROTHEER) H5.658A.

HEESSFRNICHA OV B EB RETIE T, B
BEEFE0.9F1.1VZIE., BERRTE LT EREE L
MK, FEATR, FRERSE., MNEIL5.658AR
ERIEEH0.IVER/INMEMISY% ., XHHE T SLINE % HIBE
BRERE, HBRSIEEE0.15Q. HR., =FHSWE
LNERE, EREIRE—NBRATES%. &
A—"M00: 1MZEERER, RsOTRESEMEISQ. 5@
RE, BIMRREAXFE—DEERS.

Lk, TERER () REERASHEAZERS. B
ﬁ/ﬁﬂ%ﬁ?&}_ﬁ‘% TE%ﬂﬁﬁg%FgHE‘ﬂﬂ ?/z\%ﬂﬁ%
§|HiﬂZlEﬂi*7]H—/\EEf5ﬂﬁ§Rdspr| TICE’]EE/;[L /‘ﬂngﬂi
A, BRFEHENZERF, XFHERNBENFE,
1EICER RN 5| N8 PHRFRs Z (8] BB P 2 RdspridF FE AY
MELHEE (r,,,voltage) . FTFIdsEE N —KRBRE
BERRsHEAMBEE. HIMRE, —NMEXTESBR

/}ILééEE,BH%%RS U\ﬁﬂﬁj%fg [JEE/EX}—E'%$DEE/}ILX
EfRGAELL, XMERT, ATIHEESE, RIGEE
ERdspriR EH1kQ, Hiz A TEFERER..

BTk, IERdspriZRE9dv/dt:
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I4s XR
Vigpri = ~2——5- = 21 V/ms 4)
p

N, x100

HIZER, ZRMNTMTEBENKQBEBFTENBRR
R -

[ oo

dspri = Rdspri =21.1 pA/ps (5)
HIZER, BMNTMTEBENKQBEBFTENBR
R -

BRA T MERXMERERT0.7 pARIEERR.

FRA—IMITRE. FRETE PWM EHs (Fla0.
Ucc2807) Hj‘ @ﬂﬁ?ﬁ%ﬂﬂﬁﬁﬂ%ﬁ 5 E NEEE
REBRAASLLREHNCTH AN EMEE, 07> Rk
BB AR, %ﬂ\ XFAGHREIE, T E RS
HAEBEFMEEBEDFZFTF1/3Vee M 2/3Ve, X
HEBE— 1/3V NBEEREREE. MEX—SU
B, BRMAAEET U EEH#HTEIT, itEFE—
TGEANFEREMBEFANERER, UAERES
?E1 TBEFEE,/JIL

& 4 E%T%FFEHEE%ME’J N, ZHBEE
HTF Uy2807-1 2% IC, VDD ®EHN 11V, "=
B NEMNSEBEENEESEEN 3.667V &/NEF
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733V RAE, FER/NEFRARENNEE TR
F° ORtiE, FEiZBEET, R3ET 2 5 R4, XK

Power Management

SE30W
WMARTBAXEZHE.

B A Blwww.ti.com/lit/

ik Q6 BMMEEFT 1/3Vee. EA "ZH" B Jitnumber (BTIXHSZSE#% “lithumber” ) T
EHNEE. BT "=/ SIHMNEEAEREZIEE  Acrobat® Reader®>ff, FEUTHIEXER.
(2/3Vee) zrm%aﬂ R2 BB E{ETE 0 Bl 1/3Vee 2
B A, & R2 BE—ME, ILHIEEG 707 pA D ———
RIEE SR AN 3. 667 Vi (51.8kQ) BIE, REFER Q5/ 1. (FAXRBEMNBREREH) |, £
R1 # Q7/R6 HWERLE— EE,,,L)i%T%E X#, ®ITA £, Lloyd H Dixon, &%k TF1985% (TIH
J'_‘\'TE—J-UiJﬂZEEUIL /D-"” I%‘ﬁﬁﬁﬁ%mifj]u:t%/m*_L ﬁlﬁﬁ'ﬁﬂﬁh (SEM400) » SLUPO75
MES, FREERNES 7FD 1Kw BRI, ) (THREBA S PWMEHE)
Zig {UCC1807-x/2807-x/3807-x7= & BE
SHAXTR%AREERERR S EME TSRS B SLUST63
&L, EEHX#%%%E?FD—/AWJ/E%EEL@:::/J? %ﬁﬁ'& *E*W]ﬁﬁ
A& mas, I3¢1EETjtiéIEI"J$§T§’&ﬁ§EF%J'_'E’]EE@§:F .
5. AHEE &5 25 H A F50% BT % T RN 551 Power.ti.com
SRR SR AXAEANAT i By W ll.com/product/UCC2807-1
EREERENEMERE, UEAT BEEE#REES0%
L,U:£ HZ*% IT’E}EEFETIZEFEEUILE’] DHET l_ﬂlﬁ'
ﬁ%ﬁm'z H‘EE/] IE Z_ iij]ui%?%ﬁ%—l—ﬁtt:%um
—$¢ﬁ/£o
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Power Management

USB i H

L4

L
@

{£#&: Adnaan Lokhandwala,

EEMLES (T)) FEREHE

BRABTEE% (USB) ZEELHA/NEBF~=HH—
TELHEBEAE, FEMEBEHELXB RS (Flm.
HEEFY. FRBEEMBFHEERE) WACHFRER
/BT EIFNINETEE Y H5525W, FEEBE—
USBHIrEARH., SVERKBHELBEES LM AREPC/
SHiHEAXTEMNBENELE. BRERNEEAEZF
A—%4& (minisi#&Micro-B) USB% . MAZEIENR
TERANMEIEREREESS. BEA{IXBE NS
AXFENRS, 2300 HILRRNEERS EE5H
—MINE BT EER. BITHNEHEREZENT
B, BRERRERDERIN, EHREEFEFEER
MR SRS R MBS HINFE (S FENMEE
BRM., flan, %kI%%ﬂﬂ]%lﬁE%%ﬁ%’JiﬁﬁﬁE%—
BHETAE (ZRINFE/NT30 mW) FEBRIFNFETLR G
B, X KBEHRETUEMNS S bR IEFE A LE6E
MEMTEE.

i, AMMERZUITRERE LB BRIERAN, MK
WA= —FEE A B FVLEEMBRATERE. 2006
F, PERAT —IFAE, EAEMRAEKBELETBHIER
HiEE%, THEMB. WEGSMIrE (GSMA) HIE
NehlE BAZTEBAASR Skt HBHR2E
Fmicro USBEARFNHIGHE, TBRTERIRIEMR
5V¢5%E'9EE,}_ Hi/J B850 mA, ZHIIFE/)NF 150
mW., ZA%, EXRBAFEUSBIRITIRIE (USB-IF) B

B 1 S k@A
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B3 AC Efc2E

RFEISELT (BC11) . *BRETHEHZER, 15
HEUTBRBLATRPRENSRTER. B, THS
MNUSBIEFLAIACEEL RS, IHFZETUELEERAXRS
THAZHEBHNEATHAE A SMEFRETE, —L
SR ERTEREAFHTREBR TR, BLRT
B R500mARIFRAEUSB 2.0i 0, XE—NEEMRE.
A FX e MM T RARIEN, RN SRR
THbd sk N B, XEEILXF "REF" FHRRE
HAHBEE KBRRITEEI N —EE A,

R
ZERENFEANER, B rREAIMNEHNERELEGS
lﬁuff&ﬁizsxﬁwﬁ&ﬂméa; TRMBEFECREER
(El1a) MNESBFE, AAXWESHE, BEEER
mﬂlﬁ MREFIEE, B, E— DAL V/3-AEEsR
B, OARREHT OIREERRASNNERRFEFETIA
FRARZEMIEMN30%E40% (BB KIRFEF S — KM
RENGZEEZW) . s@wd (B1b) RE-NRESER
2 (SR) . TRE®RGRBFBOBYE, FEATHEN
HmEED (%ﬁa%%uﬁqﬂiaeig) . AL RGHRER
BES.

*USB-IF BC1.2# R BB RSB B M1.BAY FREBA,

J

N Vour
S
i T 1"
Primary

. —
|
Controller —

(a) With Schottky-diode rectification

Vin

<

—1
. — SR
Primary _‘ [ Controller
Controller [ IC

(b) With SR-MOSFET rectification
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BRRAREHIMEM—NSRAAE S, EA]
TURKERBERGIFE. IMITETHRK
RINFERT, FEBEEMOSFETRARIRE L
iAW, FAit, BSERIAEEHTH
REZHNEM™ M., SRAVRIFERF IR
AR ERA—EERE DA, XLEE M
MEELHMEGREAS, MNIKSHERAR
BA., FRRIMBREENRANRES Y

REE.

[5)iR F

B 2 AR _REFSR-MOSFETH H ZRrIE LR

Power Management

ISEC

RETHX RGEUFEMEITEIER.
BRSRIZH &7 ICAT B R A9 S NFE RSN, SR-
MOSFETHXIFES M AL RETTRRES
HMREMNRHIEE.

SembER. BNRI=N

EER, MRAWFSR MOSFETEZH/MH > - >
VTHON \ 7\VTH0FF

Veare

——— MOSFET Switch, Vpg
— — Schottky Diode, V¢

AW ABEANL TI UCC24610 ™M E B E
R RFRFICHAEIUSBRBEIFRIT, U

v

Time

RAEKIE R B EEN S RRHER, E28
=T EMRERTERN— R EERaFHTE
URGEY ., XREREERNERTTRATE
MR, HEEKRUMOSFETRRERREE
(Vo) o HEEEEMSKIITE, flm. —XRM

B 3 —xMiELHEE CCM KiK.

RFHE LR KMEREERLANR L=
&, XMEGTEESRREE T IIZMNEM, e

XFESHTEFR, FILSRIEFISHXAHE ¢

NS RN S5 = Nz = W
RIMEHEIET, MASHMOSFETRENS | Pl b e %ﬂ
KSR, IR A0S MR

AT N R E R #HTRT, ILET AR
BRI ABRRIEERRZERT. MTIHE
HEELSBEER (CCM) THRITRER, &
E# ZREHNBRE—RMMOSFETH 2
UEA=EEE, NSR—ENEBNTXS

B, EXKREBIRADSEAE . —B— | plovaniomesd G0N emrmmiironmeid

RMFFAFFBSR MOSFETE LR EXA, X

o Primary-Side___j__ *‘1
) ~ MOSFET Gate )
(10 V/div) .

"~ Synchronizing Signal' o
(5 Vidiv) .

SR Gate
(5 Vidiv) -

SR Current

RIFAEE., IHTUMEHRARESE,
EHFSNIFEMBRENR . "REERE B

Time (2 ps/div)

RL IR NE —XMS@EKIT/E. XHASR
MOSFET, B3R T SRITXMTBRIT I TR E|—K
MEZESHES, MARVote A ES

WMETFrid, LUESERTRSBEREHNEM=HIN
., BHAEZHMENTIEREREZSR-MOSFETH %
MSREEFIRICRE. "HEERF MR T XL
B, HERE: (1) FR-BEmREENEE, &
HSANEEZEENBREIMTRXASR MOSFETHI]
FFk. (2) FHENINEE, iLICHANERER, HEE

BIFE. BERENBENENTXEIHSRS LR [EF
WERN TFE BE (MOT) #fTHbE., HREmERE
B, ZXSHEEEETMOT, B T—SRITBFRR,
FAEFRRICHENTIGE, TLHHE—SBRRETRINE.
AT UfE A—FIMOSFETIRAR E E A& 5 19 %
FHEHRESTILICHABRER, MTEICHREBRHE
FERRBIAE100 pA, FIAXFATE, T IXFE/EI0MWE
FHIFE. REZRMENRE—TPE2AM—MEER
BHEEZIRE, F5SRMOSFETHEE—IE.
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Blan, BAVERAANEHRSHA (T UCC28610
fMUCC24610) . HFIREBHL KT ARIT—
F3AFIEERMUSBRERRR, O AXEKED
Mgyt , T INEFXMEBFNS EEIT
(PMP4305) . UCC24610FEHE A T ALSER
5-VREHAXRERNBENNA., FETMUIEE
4.75%15.25 VAL EEUSBE £SeE M. B, XFSR
EHREERE THESRHY, EHEFTEEEE
2R ERRESA, IMEFREATFERTNE
BRit A28 A9SNERRTE . B Lk @A Wid E Hjal4e
MEIFVDSIRES ISRV % . B4R R T HRE
RETPMPA30SHY MBI INRE LR, ICEFIFR
AZSBENVDSESHmERRAEZMW, EAT4%H
EMOTITA 83 R L ERB) 22 A 7 Vo LB RR

EI52 7~ 7 115VH1230V ACZ [E IR T SR-MOSFET
MEFE-REAHERANERZ B EER.
SMEHER, TEFHERBEN25% % M E
MERIB0% X EMIRE, A, EX—HESEHE
N, BEHFE REERTLUIZANED S
SRp S

“ig
HEXREEUSBREHBAATREZEI MRS X
. HEZANUSBEOMNIOWE25WIE B 2518 A
FRA, TAZTEEMHE, TRAG—MFNEF
BEHEE NG L THEE. BNBEFER—
LSRR MAC/DCE s, FTRFERETE/NEE
AR A RBHFTER, MUCC24610 "FEERE"
LB, TUEBIRSAC/DCHEBRBFNE, FHLIU
5% EUSBIEEAFEIT.

HExm ik

power.ti.com
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NERT RERERMTEERSERITNESHE, W
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& 4 PMP4305 i# fa sk

N

Primary-Side |
MOSFET, V¢
(200 V/div)

S EPEPE SN A T l‘ﬁp'l
SR, Vps i
(500 mV/div)

r SR Current

(10 A/div)

Time (2 ps/div)

5 HiFE B SESER (SR) BEMEXMLLE

85

84 115V SR
Y

X
83 230-V SR

82
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115-V Sch‘ottky Diode

80
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Efficiency (%)
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78 4
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fE&: Roger Liang,

LS (T RS TIEIT

518

NRSEZEMAER (op amps) AYE 7 T 8] &P
AWV RER, XA EEMLHES. ®
ty, ERERNEGERECEATEFTN
E., MU BEHHMKEE (ATE) 2— 1%
B, AMEETES LOBMNTER. SXMEE
MARBEFMRRART, BFMRNENERS
EERmEHESE EEREIES LY v,
EATNRXFTEREEZHHRE, XS
MUEARAFEE., FHENESETERNE
— MOt iR E s REITNENHFX
(&KX0.1%) .

'generator

—_——_————

Amplifiers: Op Amps

RKERFRAZHEERXFE LN

B 1 FERpk R EREE (FBPG)

5V
V.

ulse Generator R SUPPY  Qutput
—
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Rgenerator

50 O .

|
|
|
|
| R3
|
|
|

ARXBNB—HFTTE, HETIERT DA B0 5 pX
ENETIE, E2—MAXNMA. &8/ &N
BIE. EMOTRICARENERER R E MRS
MRFRIFEBOETEE £,

TSI BT HBA

AXHF, BuiE2EEARIEESHBA, FIXN
aeff (DUT) HEAFEFARNANEREEE (LEX
%) AREE, BERSHBARBZEEUT~LEEF
3, BEXKREFARGEB S EEELHBENNE
W&, AEAEEZMGT, dHEEMSHER RN H
HFE—LRCHEFE, NHIFHIREARA01%EES
ElIXA .

NT-—EXERREME, SHELIBHAE, FE
JESHIRK. XFEL BRESHEBRREZELEER
FRAK. —RmE., SHEETEBER, ShMRE
WL, 2, XMIFELRREEEZNF4/0N
ERLEE. TN, NATENESERBATS
HEIE, BEHIXPMEEEI BaERERAE T
Wil (ZNSFHERRREEEEE) |

T RRRk A R 2R

B AR R ER NS R BAR, T RUER—D
FREODEREE (FBPG) RFEELEMESHRELT.
FRBORAE AR KPR E B L, KNBRHIAERD
o, REEILNKIRIPEBSET NN KERT TE
K —ERFREE. B, BT DUE B A Oh £
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ARk P ESEBRF.

B ERTENMNEEEHRENSEFH_RE. 1=
WEHE -2, TATER. —REUZ, REWO
TIRFREs%E . BT Rsupply, 3kEBD1/D2iERELVE
E. AREDV oo M BB E, ILEE2VEEM-5VE
EZEEE), XHEETE2Vppm EEBFEMOVIKERF
THEEHTRE. HVoeema B, D2XH, D1FF
B. ELHE, HEBERADIERBE (V) 6
HE, BB RRAR, MD1EREMNEE. HAA
AR, D1k, D2 B, &ElH#ijE, HHBEERE
EEE, FNEBRREERSRNENEHEFRIVER
KNKELBIXRER., BEWMEEZREBR. REKE
REFMERKREBERX.

AT ZREMELMEEE, SEAFREATEAKRITE
DCEEFAF AR Pz Br SR . EA—FERT
%, WA IR (Bl FEMYUERASIATINA-TI™™)
RARHUX LR, RIREOPERMSFNEEZIEER, N
Ty RO BB Y ) AL 5 AR E R E R E R B R
X, R thEHE B RN PP 4 R =R Y ENRIE
BEtk (PCB) RIBEE X, #HAIENE, RITARKMIZE
FERRE. SREENTRE . FEETRMOTERS R
TEERE R BRI EPCBHERN.

BEikHEMER SRR S E

MXENANFFIE . RMNEFELABTIANOPAGTS
(WE?2) REMEIHENENXERET (S/H) 0
B, XEEY. THERTEEESHAR (OTA) |
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Amplifiers: Op Amps

S EmARERRIET TR, B, E
EHHARE. BEHWHOXFEOTA (SOTA) |
HEMEH —MERBMNEFRNER. 3
REFEFSIHASH, BYISOTATEB A
(Cop) EXFAEHUEMA (V) REF. HREF
BEHSIHEME, ChooBEEBE (Vour)
MSERTEM RS, X#EHE, CHOLDH
EHBATEHALMNEBEEBRF., MRHAF
ChonZ B EFRR K, FHEXEREXA
LT, MERSEBEER, REFLHE .
ChonBEREZTH/ME, FEREHFER
MOTAFTFEMRERR. BARRBRIABOIH
RSOTAR I IE X E MRV, WEHRBE
B,

BI3Z = T —/N100kHzIE 3% & A\ S/H% 79
BlIF., BMNTUER—NERERRERTE
TNRENBWAMBERE. FRBS/HESS
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B 2 XA (S/H) B

Hold Control

ZM AR EED . S/HEBEE T T3k 52N & 4 5m Kk
EEHESR., IRE— NEREETHIRCHE . U
REERERERBEEN, N=EEESENRE
BEHIES, 22600 E B — M Tektronix AWG610, Hf
£2.6 GbpsHIEHERS 1100 pskIR/IRICEHH#, LT
ERTAZHSEEEMARES R EANETE.

B4R T e e A —NS/HE BRI 2 &R
MiZS/HE BB IRC AIERFEFES. RITART
BEBHTICHNERBRME LHOESEER. HILX

3 100kHzIES% i BI85 1MHZ S/H% H

SEHAEAME. TBS/H&LH B R#fTHH. FH
MATLAB®S & LabVIEW™ME I 431 i L £ i se g fe I
BRBEFRICFIERER, 2—FEBEENTE. &
FRICREEMEIE, S/HEBEKEEFICASHAVINE
EBY¥, FHEFRCAHRBRTIZE. EAE1L, @R
BV, EAE2L, BWERIEE0.2V.

BoE =T EIUMENENNXEE, EEHAAWGE10F]
OPAG153RILS/HINEE, FRBE S 4&EE1IA50Q. KA
R BENRES, FEABANSHBERE. —NlIE

B 4 AWG610%) H B9FRIE B4 61+
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— — I T ey = (Vin)
42 10V |[———————
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3 02V |————————
2 £ L
8 oV I |
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