Application Note
RICHTEK Wayne Chen

your power partner. ANO020 — Jul 2014

GRREIFUEETEME BB ENI 2R (G-NAVP™) (Y CPU ZE R

%

\
/

RS

e h R B B T (CPU) Y332 - % CPU EJFAHLIENTZER sl - 281 » T RO EHHE A CPU
EROLEREARS - WERT TS CPU WEFMRATE » (HREMEE R CPU WEIFMNER - &
VEF/EA1 N 4E— B IR TS5 BRI CPU IR IT % - BISKAEIF 4 MIEMEBREE N (G-NAVP™) fezn
18 o G-NAVP™ peizuis B A HOREE « SR » M E&FANHERA CPU BEIFHSIIER » A
BLERT G-NAVP™ pefizuis = C i = 57 AR CPU SRR 7 2 -

H &%
L. CPU B E A 7 1 e et ettt ettt et e ettt ettt ettt ettt 2
B R NN =L g i £ USSR 4
B A e 10
B, BETZZRIL oottt ettt 10

ANO020 © 2014 Richtek Technology Corporation 1



“RAEIF A EEMEEERE ML 28 (G-NAVPTY) [y RIC H T E K

CPU &R HEE

1. CPU &EJFHIFE ~ 57

L1 ey (s e T CPU)

it es (hotmH T © CPU) BUZHIEANET SRS sEET RIS AR NIFFFEE
F o MRy T e B S PERE - (E1ER B BB AG R S E MR B a5 4 - 2401 - B e RS R HiE s
di P RST R - EEHERTE (Intel) fia®Has 4004 £ 1971 FEETERLIAK > B EHERAREE RN
B E . (Moore’s Law) [1] - SRR A% Itanium 2 RERESH 2006 48ty - ERMiaE st
&g HEEES - WSS — o E AR 5 — Y ia Hgs 4004 [2] - 2011 4 > FARFRIHES T

ARy ~ #eE Ry =AMt (Tri-Gate) HY 3-D S fdGsGT > RS MEREAIEEAES 3] MEHZE CPU X —
(&Y AR - Hrh > CPU BYMEREE RS AR 1F R VB ARDHRERAVEEERFEES (VR) - Altt > 2808
PR THOE VR IR - DURE S —A CPU HYAIE » DUT RTINS Z R H B -

1.2. SEEAGRERES (VR)
i Pl B 25 B A BAGR A - DR M 0 - By 10w WU B S5 Y e B R AR SR RV BRI R 5K - [AIIEE

(EF T ARV BB ES (VR) » B —212#E e A E CPU AYREHK - [E— (a) BUr AMD SVI2 R
2sfy CPU BRI - TMifE— (b) BURILRIE VR12.5 prifasfy CPU SR TZ -

(b)
& — ~ 1z#aHy CPU B - (a) AMD SVI2 jmBfigs > (b) JAFFE VR12.5 mBfes -

—RRAGER > VR 25k A EE AR S Ay SR A A L [F20 [ R AR - A3 > 315 VR THIES T g e HIBKER -
MERESER - BABASHIBERREIETOR - K 1 (E L4087 B PR ERAVEE - 3 B AR ) RS RIBEA » 1785
#HT G-NAVP™ ZEREIN AN VR - £—ERIUFTR I VR PERIZREARE CPU IhaAig > i
AUEES -

ANO020 © 2014 Richtek Technology Corporation 2



“rEEIR AR IEMEE R ENI 22 (G-NAVP™) [y
CPU BRI HZE

RICHTEK

F—  TIHM VR ZeHIZE > B AMD K8/K8_M2 / HikiEd VR10.x & VR11.x [y CPU EEEfE 5%
PEf asAU5% RT8857A RT8862
FEALEL 4/3/2/1 FHfir 413/2/1 Fafr
IfEt R ey 2 2
PEHI 2R B AR A
e WQFN-48L 7x7 | WQFN-48L 7x7

F U VR IS - IO VR12 ) CPU BRI TR

Pedti ek RT8859A/M RT8876A
i 8 43/2/1 + 1 FfT 3/2/1 + 1 FEfir
ESFEEE S sy 0+0 3+0
P 2E s G-NAVP™ G-NAVP™
D WQFN-56L 7x7 | WQFN-56L 7x7

=~ TIHEHY VR RIS EASE VR12.5 iy CPU BIHfRA 5%

Pehilas BU5kE RT8883A RT8889A RT8884A
FEAL % 211 FHfir 3/2/1 fefir 4131211 81
SfEt e ey 2 3 0
et Je ks G-NAVP™ G-NAVP™ G-NAVP™
S WQFN-32L 4x4 | WQFN-40L 5x5 | WQFN-32L 4x4

R~ T78aHT VR FEfIES Y AMD SVI2 |y CPU SRR T2

i s gk RT8877C/D RT8878A/B RT8881A RT8894A
A 4131211 + 2/1/0 FHfir | 4/3/2/1 + 2/1/0 tHfir |4/3/2/1 + 2/1/0 FH{ir | 4/3/2/1 + 2/1/0 FHfir
fES RS ey 0+0 2+0 2+0 3+0
1°C 1Mf N/A N/A i iz
Pedk| 2k G-NAVP™ G-NAVP™ G-NAVP™ G-NAVP™
ot WQFN-52L 6x6 | WQFN-52L 6x6 | WQFN-52L6x6 | WQFN-56L 7x7
ANO020 © 2014 Richtek Technology Corporation 3



http://www.richtek.com/product_detail.jsp?p=rt8859m&utm_source=AN020&utm_medium=RTWWW&utm_campaign=AppNote
http://www.richtek.com/product_detail.jsp?p=RT8877D&utm_source=AN020&utm_medium=RTWWW&utm_campaign=AppNote
http://www.richtek.com/product_detail.jsp?p=RT8878B&utm_source=AN020&utm_medium=RTWWW&utm_campaign=AppNote

b A TR R 2R (G-NAVPT™) )
CPUEEREAIE RICHTEK

2. G-NAVP™ Zujd > fit £

G-NAVP™ zupet i HABE AR AVP TREAT IR U [ 5 U@ e R 40 R o [5G Bmes R
F B AT (T B R S R R SRR AR > DU R A B ARSI R B - IS R
BER T L e o PR - BN R AL o AVP THAEHIR By T Ei AEJERT BOM i
A TiEt R CPU & BLERE - MU A1 AMD » i ERTIES -

G-NAVP™ 2 T ag g = A e MEEE R TE AT | (94EES - G-NAVP T 2 s it T 38 5 (155 R AR E)

o HFTH VR Z AVP INEDR » (REZE HE#ER (T E)
PRERHBERREENE - (i PH K T EH R ERIRR
eSOV ES

BFTA VR 2 DC HYEDK - #VA i S BB ffE
BFTA VR 2SR > BRRE (] e SRR

Bk G-NAVP™ ZuferyomiEE - G-NAVP™ Zuis B SMRlE (ramp) I DC {Ri% Sk —TE
[ LA B e o HATR DC IM2SHTERAIOAES (EA) TTFIZRIEEE AVP Gfi4q » Y AR
FIZBEE - BR(EHHEEE DCR ERMONLER: » WHSMNGRE (ramp) fI comp (SHEscaEsE ; Hofn
AR (ramp) B T IIIHTEENAE S o ALEISRIAE S (on-time generator) HEFEH A HIEE R
B RIS - DU I RS B TR (A A [ W LRSI E - RAe A ERTE L - 1
SRS L DC (RAS MR AE AT MR I (RAS TR R « L aER F A THAE R [ BS i CPU #2288 AR (R AT i
Fi > T ELAEMA BLAFAVIRRE B MEAE -

~

A"
gt
k iL1 %RCO
1 [ | Lo Qo
PWM2 = l = 9

s 3l

iL2
Vref

L [&] 5
= + I

Ton Gen < y V¢
Current Balance Vet Ve Off

4l set
Phase Selector < U Canceller
A

A

=~ G-NAVP™ Fiiiefty ” 2B

ANO020 © 2014 Richtek Technology Corporation 4



S I A B TR (R (G-NAVP™)
RICHTEK ) " CPU mE A

1. [ 2 AR ey

FH ] A R A R AR REERE - R AVERsESCR A B/ N RS (S EEHEZ R - B0
RF NH AR On > RV R DM B (L & B E AR 2 — - NI > B e B T A B
SFHVESHESCR - JEE e e TG TR RTER K -

[i5] 1 25 2R e P 42 I 2 — TS DR Ze ] - PWM 2 A4 R (CCM) T » &4 current feedback (5%
1 comp (ZF5RAKERERY » AN =Fr - & comp {Z59% EFHiliE] current feedback {S5%1F - ZEHIFARNT TR 5 &€
A PN B il 5 TE IR 2 A I R HER 1R A REIEA -

Current feedback signal

Comp signal
PWM1 ’—I
PWM2 |_|
PWM3 |_|
PWM4 |_|

=+ {E CCME5 » B4 G-NAVP™ st s

FEEEABERE B (L - [E] 0 R P & B ShUCERHRARR > DU RR EE - R & ETHAVBRRR b
ik > BEPARFERC D > AHE RS T BARIER » Bk 8 2 HIRE B A 4GEn H &K > WE - o - BHEE
NEHIBERE LR - BAPAR G0 - AHE R ERRER - thERGRA T AEER R

Current feedback signal

U Comp signal

| | |
[ [
|
|

@Y - EEE FTEE > G-NAVP™ (s R s

ANO020 © 2014 Richtek Technology Corporation 5



R REIF A TR E A (G-NAVP™) g
CPUmRIAAE RICHTEK

] X 25 A R ] P22 1YY T B E RS BISER - (R R, (DCM) T - [E] e B R e P2 A B
PR EERARIELE - QB TLATR - TERSEKIT - PR TEAEE K R AR - P ARSH SR m] RE (KB
BRARCRIMISEILE - (LB /ST LU SRS a R PR T - (o0 FH [ e e R P22 ] PR R e PRI I B S =y

#£ DCM #Er > (EIF MOSFET W1E—(8 {5l ; {EERSEEFIZ0S » S/ MOSFET &
B - MK MOSFET WeRiIFE (% » #itl B R b AU A B R 7 -

Inductor
current signal
\//’
J—
Output capacitor N/ L/ L/ COMP signal
discharge slope i : | |
UGATE
| LGATE
(a) THLHYEHET
BRI ERRREE T (b) K-
Inductor
current signal
QOutput capacitor ’
discharge slope L/ L/ N/ N COMP signal
UGATE
| LGATE

(b) GRS
BN NEFREE T (a) & -

B 7 ~ £ DCM F » G-NAVP™ et sl i slE 5 () Bk asiis - (b) A -

ANO020 © 2014 Richtek Technology Corporation 6



RICHTEK

“rEEIR AR IEMEE R ENI 22 (G-NAVP™) [y
CPU BRI HZE

EFFICIENCY (%)

2.5V OUTPUT EFFICIENCY vs. LOAD CURRENT

100
90
80
70
60
50
40 —
30 e==\/I[N=8V_Constant Frequency
/ ===\/IN=8V_Variable Frequency
20 / VIN=12V_Constant Frequency _|
/ VIN=12V_Variable Frequency
10 4 4 e=\/IN=20V_Constant Frequency ||
’ﬂ” e=\/|N=20V_Variable Frequency
o L= | L | [
0.001 0.01 0.1 1 10

LOAD CURRENT (A)

[E

7N TEARHZERI B SRR AR PR ]

ANO020

© 2014 Richtek Technology Corporation 7



“RAEIF A EEMEEERE ML 28 (G-NAVPTY) [y RIC H T E K

CPU &R HEE

2.2, [EE BB

FHIA B I B RN B ERY TE e i A B EA R HH B BR 2 72 > B RN EE Ry o Wy A 2 A Ay (2R
AT E - G20 52 Bl HH EE FRVEDRY

AlL ('[OI’]) = VinL—_SVO -ton 1)

[t] 7 B BN, 2 [ E 2] (CCRCOT) Ml e il AR e H 2R B > 317 [ Sl {oh 25 e P Ao AR i o
B FERR R EL o DA EGERSRIEEDE » G-NAVP™ Zufssy DIFEEli A [ B HH i /e & B IR L4 en i
BERHEDR; > b AE i E e EDR, TOB #i o ] DUE— PR R HERR T -

2.3. MHEEMERTEN

H A& M T AL H BB R e nasea TS R N - 2401 » BRJR GBS AR Nl B R DRy TT i - A1
BRFIER ZA/NE © HEAh - BT R 8/IMR - B E R Ry2eil - BIEMEREN  (AVP) IgE
BFEIEREIRN BOM BUARYRF R » FYE Ry 7 ARR B FIRE TR -

AVP YA P R R g L BB BR B P2 A PR ks i N R (B = - i ELRS R akIRF i KRR (EIE R - (AL -
FEBFRESR (LI - BB BR A A s E n {F RAVER AR B ey #EIE - B THURIE AVP Rl AVP St 2 [
FFREEE(EAVECEZE [4] - [5] - (NlIE - AVP AYRETRES(E B DAVER RS - K VR AYRCA - fE5)
AVP PRI EREGETE RS S WA EmER: VR AV R ERFEE T -

TEH AVP ThEElT - WVERE VR EtHRESIEGET REERY > 206 /s o

Vo with AVP function
Vo without AVP function

Bt~ AVP fYIhRE = E

ANO020 © 2014 Richtek Technology Corporation 8



R I c H TE K SRREIR A EIE IR E L 25 (G-NAVP™) 1y

CPU SRR

VcoRre
A

\'L\oad line slope = -R

RiLxlcc

[\ ~ AR i R IR %
G-NAVP™ e i -l E e = (type-3) #HME 55 » RMER A 251 28 (A —(EREsFl—(E =
WE) 5 HEEERM S R A AR ARIATE  SREI AVP THAE o AN o BhASRE G b S A B E M
fir (NAVP) #efilZefs -

1 G-NAVP™ zufihctt » AVP [TRENTHEE IR 4T B FT B G R B RIS > Sihka (T 82) - By oRe
FERER - IssfEiEL IC HUREE hEb iRt TATB ER R AR E AR

2.4. RIAHE

G-NAVP™ Zs N2 i S TS IRAIEIEY » AT T RH i - DA e BRRAER BRI TAEaREE ST (noise
immunity) > SRR (itter) o BEAN - FEIEE AURET - R EE ] EEARTUHRE R PIE - BUBURAE
FISERHE AR E AV RER TR IR 2 LR -

Noise Margin w/o ramp compensation

|_| |_| |_| |_| VCOMP

w/ ramp compensation

NVREF

VCOMP

Noise Margin

R

[EIL ~ AR E R IR 2 PR -

ANO020 © 2014 Richtek Technology Corporation 9



“RAEIF A EEMEEERE ML 28 (G-NAVPTY) [y RICHTEK

CPU &R HEE

2 A
3. é\m affl

MEETTEE M SR - BAAIRAVEE AR B E N R (LS EIRACRA AR A E A IL5AT
PRALE) G-NAVPT™ et RIIRE S BAMERERBCRIN TR  JEH T & BB IR -

G-NAVP™ st FR G A B R AR AVP THASH RN B [E  EUEEE R PedE - E E e i 2 A
BB FER S SRS B - AVP BSR4 BOM HIEA - (RIEEUY B RSFIRIE i RIREHE S DC HRSHERE A
PUHEETEE ST o 45E BIETHAE » DL G-NAVP™ Eiredizufen VR 24 BSAs iR (LB ERAUMERE - B iDmE ARS8
A AMD 2 VR BRI -

[1] Intel document, “Moore’s Law Timeline,” Available at
http://download.intel.com/pressroom/kits/events/moores law 40th/MLTimeline.pdf

[2] Intel document, “Intel Processor History,” Available at
http://download.intel.com/pressroom/kits/IntelProcessorHistory.pdf

[3] Intel document, “Intel®’s 22nm Technologys Moves Transistor Into the 3rd Dimension,” Available at
http://www.intel.com/content/dam/www/public/us/en/documents/backgrounders/standards-22-
nanometers-technology-backgrounder.pdf

[4] Kaiwei Yao, Yuancheng Ren, Julu Sun, Kisun Lee, Ming Xu, Jinghai Zhou and Fred C. Lee, “Adaptive
Voltage Position Design for Voltage Regulators,” IEEE APEC’04.

[5] Jian Rong Huang, Sophia Chien-Hui Wang, Chia Jung Lee, Eddie Kuo-Lung Tseng and Dan Chen,
“Native AVP Control Method for Constant Output Impedance of DC Power Converters,” IEEE
PESC'07.

SRR T ERIERYA Ll G s

Richtek Technology Corporation

14F, No. 8, Tai Yuen 1% Street, Chupei City
Hsinchu, Taiwan, R.O.C.
Tel: 886-3-5526789

Richtek products are sold by description only. Richtek reserves the right to change the circuitry and/or specifications without notice at any time. Customers should
obtain the latest relevant information and data sheets before placing orders and should verify that such information is current and complete. Richtek cannot assume
responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek product. Information furnished by Richtek is believed to be accurate and reliable.
However, no responsibility is assumed by Richtek or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of Richtek or its subsidiaries.
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