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Session 11 DC-DC Converter
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Gy = 1/(2-D)
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Session 17 Power Management Circuit
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Session 19 Analog Circuit Techniques

"Analog Circuit Techniques” 2t= FH2Z ZHSO0{Tl O|H VLSI2| 198 sessiondAM= & 5
HO| =F0| HHEE|YUCE FIR filter, discrete-time amplifier, 4-stage amplifier, class-D
speaker driver, frequency analyzer 2| 0f% Ctfot =XHZ 5709 ==20] ZHE|RJUCE O
H reviewO| M= 2702| amplifier0]| CHs{ &= ZiICt
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Prior Work © Noise attenuated by N Phase1 O Pre-charging Phase 1 Phase2 @,
€ Zyy reduced by N2 Stage A samples the Input Stage A Bottom-plate Capacitors Stage A drives the Output
IRNcra - Voltage are pre-charged Voltage
V iz TN V "‘"1 Vin CSNTI Vour,prina*
:: u T H
N RIN-, |—> SPA out Csi== = « =Cen /71 1 Veea[1] 1 Veea[N] 1
3 - s P o o Lt
ZIN,CTA Vi = Vm'l = == Crct Vm'l Ceon Cer ! .
T ZINCTA Stage B drives the Output Coe1| I CBPNI I Stace B VI'” the Inout
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v . Dpci voltage
This Work © Noise attenuated by N (e AL R
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N T, |spa - ol N LN - _ A
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[ 1] =20 H2tSh= discrete-time amplifier 1= 3 SEfEEAl

19-2#H =22 7|&9| sub-threshold biasing El differential-input stage 1ZXE& 7tX|&
amplifier0f| | CHEF 1~2 AFO|Z limitationO| &2|= NEF (noise efficiency factor)= 1 0|3}
2 I3 25 (RexE 2 X 7EY) o|™o| MA|IE FZEQI passive capacitor based
series-parallel amplifier (SPA) & Ar&3dtL, 0|2 EHEHC =2 XM E =2 input impedance
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NHi Z4Al7{ NEFQ| O|27H limitationS SLSHRALCE CfEH O[2{gh f12&+= NH{2| gains
7tX|= passive SPAC| AFE S Z QI8 CTAC| input impedance?t NO| MZHHZ ZATHY
SPA YO LIELEA EICh= EFEO| RUCE Of0f T3, SPAS| #XO0|AM HAHXo= EXY
St= capacitor bottom-plate parasitic capacitor (Cgp)2 2!t charge loss7t 71522 X
Sto 2 HO|HA, SPAS| 23 MeO| Cgp0fl H|2f|5H0] ROFEICH= EHEO| EXYTHC),

oo mzl, 2 =&0Me YH OEAE =0[7] 28 28 119 QLEZR LU=

SPA ZE HMAISHULCE Ol= Mo XM BHEE X[HEJH, Cepoll 2ot U3 X

ato| ZHAE HYSHE FZEM, 2709| SPA - stage A, stage B — & AM3IRICE Zt stage

= series-parallel AZA phaseE BIHZ 7tM7tM SHLEQ| stage?t seriesE2 HZAL[Of

driving St= &0 CHE stage?t €3 M2 charging St=& FTEEICH 28 o &

A8 HEY5t= WH2, paralleldiA series HAE capacitor HZ0| FeHE Y, pre-
AFO

A RISH0, capacitor®| bottom plate capacitor M2 seriesE2 HAZE
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=
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charging phase

Algel Moz O|2| charging Al7| WES ALERUCL

Olz{gt &S ALE3IEH, capacitor?t seriesZ2 HUZAE U} CBPE S0{7t= charge?l At2t
XE2Z, inputl| effectivett M0 A S7t5tA =L CtEH Ol2{gt 2 Cepll A 7|
Qt O|Z charging AlZ capacitor — Coc — 2 37(0f 42 A FE¥S &7 LI,

calibration0] @M= LRSICHE THFO0| EX{SHC)

This work Atzeni Jang Mueller | Shen Mondal

DTLNA& | Total AFE VLS| VLSl Jssc JSsc JSSC
CTA4 2022 | 2018 | 2015 | 2018 | 2020
Technology 22 nm 55 nm 180nm | 65nm | 180nm | 180nm
CTA/DTA DTA DTA DTA CTA CTA CTA
Supply (V) 06,1 09,14 12 05 1 1.35
Area (mm?) 0.21 041 0.073 0.025 - 0.24
Gain (dB) 476 6-85 23-80 | 30-60 30 256 36
Bandwidth (kHz) 10 10 8 0.5 10 0.24
Power (W) 024 0.37 074 55 23 025 0.187
Noise Floor 8.6 9.1 15 245 58 - 158
(nvh/Hz)
IRN (1Vgys) 1.30 1.36 246 23 1.3 6.7 3.07
NEF 027 0.34 0.76 22 476 107 0.86
PEF 0.06 0.1 0.67 58 1.3 1.14 0.99
Input 389 10 147 28 - 93
Impedance [MQ]
THD [dB] -54 dB - -40 - -56
(Viu Viol) (10mv) (5mv) (17 mv)
CMRR (dB) 70 82 v 88 84 95
PSRR (dB) 78 76 70 67 76 68

3 P59 NEFE YA, 369M
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Prior Three-Stage Amplifier
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[2] JSSC '11 13] VLSI 20 [5] ISSCC '14
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Proposed Four-Stage Amplifier
lﬂu
I
Main path Cn

0—@ C...?R: z{}kz I@ u%“-u gmqi}n._

Fded-forward p\lh @

@ m m 1| Bm20
I %& (ﬂ'{} r,.. R«:

(A& 2] (@) 7|F 3-stage amplifierd} O|2] HAFXE (b) ==20|A X 2t3t 4-stage amplifier X O]

o] EAMZX
19-3¥ =2 X2 supply MYOME =2 DC gaing 7HX|1 =& capacitor driving
Ss82 7HX|&= 4-stage amplifier +X2E M QHSIACEH YYEO = supply ©0| XOFX[H

amplifier®] gain2 SOIX|H EICt 2 supply YA LHIHOZ AEL|&
cascode amplifier S8 AFESHX| Z5t7| I{E 0 multi-stage TZ2E At&%t= A0 £2
Lt, Ol YEtE o= amplifier L0 EXSt= 2 pole MF0 stable SHX| XSICH=
CHEOl RACH.

A

(a3 2] @M =& = U= O|F0| HAZJAE 02 3-stage amplifiere2 CHF
miller feedback loop (MFL) LHE0f| passive zero (PZ) S active zero (AZ) 2 & SHA

L}, feed-forward pathE AHESIO] zeroE & S0l MFLO| stabilityS =2 SHILCE,

(22 2] b)AM & = AR, 19-3H =22 O|F0f| HAZJUTE AZ 2ZE O LT
71 AZ7} 7WE XA E QI complex poleg CIS IFhtz HUICH £
HAS AHEStL, 0|2 QS W7|= 11} poleS feed-forward path&
O, feed-forward pathOf XQtet AZE ALESHY feed-forward pathll
poles EYSIRALL
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|6] JSSC '17 This work

l{;]* NFL,

Cat

|L
Vi Zm13€m14
O This = [~ &~
TG
.
' E |6] JSSC '17 = g(rnl:lgmn Ry (R >> Ry)
1 1
[
4] 188CC'12 | |
1 1
1 O This Oy 4= L
i1 Wy 14 (= [5]1SSCC '14) ]
R,Cy
Vi Sut18m14(1 + SR Cay)
Vi Jmis ngng14+s‘gml7r|u+rl"R )*“l(‘urpa*s(Rxl 1CpaCpe + CayC, Cnb"gmlb]+S‘Rxlczlcmcphcmfgm16

[13 3] ==20A Htot AZ 3|2
=M Fotet AZ 2|2, 7|EL =&0M HAIE Ht 5ot HH2 = zeroE o
MSIX|BH zeroE PHEE loop (NFL1)S| dominant poleS NFL2E O|&3t0] DFIZ HLY
1, O|2 QI8 NFL19| bandwidth?} SO{MAM AZO|AM EHSO{X|= complex poleO| HZ
DO YMECHE ™ol QUCH CFet of2{sh B2 NFL12| dominant poleO| 1=}
2 0|30 a2l NFL12| non-dominant poleO| NFL12| stability0il F&ks O/E Jtsd
O A1, O|F YX|st7| sl MHARI 50{d =& JYZ A= EQIC}
[2] ISSC *11 | [3] VLSI 20 | [4] ISSOC 12 | [5] ISSCC '14] (8] ISSC 17 | This Work
Technology(pm) 0.35 0.18 035 0.18 0.18 018
Chip Area t:llu=l 0.0z DG 0016 07 n.o13 n.ones
Supply Voltage (V) 1.5 1 2 0.9 1.2 1
D gaim (dE) 11 =120 =106 S (1] =106 =120
Load Cy (pI) 150 1,300 15,000 00 15,000 12,000
GEW (MHz) 4.4 0.68 095 1.34 1.18 1L.07
Phase Margin (deg) 57 60,3 523 5L7 59.6 52
Average SR (V/js) 1.8 0,398 0.22 0.62 0.22 0.358
Power (Wi V po) 30@1.5 6.7@1 14@2 | 63@0e | 69612 | 207@1
Total Capacilance (pF) 1.6 0.4 16 0.87 1.52 2.2
FOMs [(MHz pFymW] 22,000 131,940 98,656 106,349 305172 620,290
FOMy [(V/ps-pFymW] 0,000 77,223 22917 49,206 56,897 207,536
LC-FOM; [MHz'mW) 13,750 329 850 37945 122,240 200,771 281,950
LC-FOMy [{(V/ps)m W] 5,625 193,060 5814 56,559 37431 94,335
[H# 2] d& H|d
19-38 =22 MLE M2E AZSt By B2 25, GBWS load cap CL, THARE
2 H|Wdl= FOM2} slew rate, CL, HATE H|Wdt= FOMOAM 1R 52 M52 &
of =RALCt
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