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Topic: Power

Session 8: Hybrid DC-DC Converters

Session 80| A= inductive switching converter@} switched capacitor& &%l hybrid T+Z&2| DC-DC

It o Sl S o o o
converter?t 11H 2J0E[RACH w2 TEBe s, 2 TEHIL, WE N3 =2 Y8 MY
= . — —
=244 50| Session 80 =E & =252 FE =HO|Ct
2 s, Lo
Proposed SIBO Converter W \CEREET :
L 2 38 k Cy Cr
=36 - 3
%‘s‘ a8 5 3’3" Vo=34V ﬁ ,
....‘2/0 Voo Vo b vaw G2 S8 Vor S ;; \ B'-;t::’r‘y 53}'_ 8
§s; ,I ! = i ;= = = = =
cwIIoL =Cr1 I e I!usn() ;_Z M(=VolVn) = 0.8-0-1.25 }/ +/ Seamless Single-Mode covering (0.5<M<2)
S = = 8 = 100 G 40 200 /All5V-CMOS Used (Max. Vos of SWs < Vi)
Sop Y L l"“‘ State-Of-Charge [%] / Always-Reduced Inductor Current (. < lo)
Can o Con ©1:DT. 02: (1-D)T:
®10.0m) i i ®2.01.1) nI i o

1 P Y s by
crfly, o L J c
DVi=(1-D)(Vos=Vou-2Ve) =3>  D=(M-2)/(M-1), where M=(Voe+Vou|}Vix Vin Verr "V { [
s c

Typical condifon: Vix=3.7V, Vo=4.6V, Vow=-4.9V, M=(Vor+ NorVex=2.58

Norm. & Nom. AL Nom. 2 Voron Ss I
Duy(0) =ouo/(1-0) VDL =bueoDT/Cov o il |CF2(¢D1) ol
4] MM+1) | 072 356 0.72 072 = == 0 v w5
[4-5) (M=1yM 061 256 061 061 Veri=Vin  Max.Vosof S1, Sz, SssVin  lerion = —FD—Il M=WZ =55 (05<M<2)

Thiswork | (M-2)(M-1)| 038 158 038 036 Vern=Vo  Max.VosofSuSsSssVo o=~k b= = ML 5<ni<t)

[3 1] (&h SIBO converter@t <#8.1>, (?) buck-boost converterl| <#8.2> power stage

#8.12 AMOLED & single-inductor bipolar-output (SIBO) H&7|E& AWMLt 7|E state-of-the-
art SIBO 7|& CHH| MAHSST 0| 7% &S, die B 7|F ©H Lz 28] 4SAUCH #ot
ofLat 87E= AHH S 22 yHE SN, =8 2[ MY, o= 3 A 7IZE 7l O
H| ZOtMCt Power stageOf 7|Z& CHH| flying HINAIEIQE AQIX|E St O FIE=H], 0|2

El AFOIZ0] 41% 0|50 ZNXe=z QIHH HR HH HR 2|IE

e

ALt Bipolar Z3& common-mode @} differential mode = Lt

=
=
2 SN

I

He Seamless 3t buck-boost ZE

b E
=1 = =
, =2 UHESES0|0 0|F FE37| ATt 2 =22 UHE LT Flying HIAE F

o

=

JHE HEMSZ HYX|SH power stage TZ& (Bilaterally-symmetrical hybrid, BSH)E XQH3HC} 0| &

Sol 7|E 7|1t HE| flying HIHAIH Mol U Mo w2t HEH2E B0 seamless ot

2E #30| Jhsoict £ BSH +X2 Q18| buck 1t boost ZE ZFO|A QAHE HMF HZO|

HyHsesss ULt 0 otLgt B M AKX SR MYES 42 vV
5vC

MOS TR & 0|83l T8 AKX 7140| 7tsottt.



Previous Ultra-low VCR Buck Converters [1]-[6
Viat @ (4) Slow Transient
Diaviin mm (18] == This work

Response
'} ©09<D<1 : Too large g || ® @) ver l W
|\ ©Stable D atany V.., (2) || depends

o \e ‘&. L 3 System %(_ 15

. i e @ (1) Large Power Loss

HV— by HV Devices

% ==t

Duty Cycle Comparison

L= lo Vo

& o Proposed Ultra-low VCR Buck Converter
12 24 36 48 T 1
® 0<D<0.1 : T 1l Vit © (3) Independent RPN

00 smal ndens O G rast
bat Variatio bat

m Transient
Response
v =aV, |

Vr -IE LV = =
©1). Reduction  SPCSC topology  ~

Lavlenge= o
Backup mode: Swap @ nd G @ Damage to a Switching Tr. | | 2 Less Burdensome @ (1) Small Power Loss by LV Devices

Boost@Duak-Va, Buck@Dual-Vour

Lasiuil)

Buck-Boos! (65)
27

'

Nominal Vy..

@iz 5V Ver

Vo

Visg +Vero
@Viro22.5V

[Z13 2] (Bh energy harvesting & PMU <#8.5>, (%) L& buck converter <#8.6>

#85 = O|HX| SHHAEE THAZALE PMUE 270RUCE ST PMU & 6 n
7| M{FE 223D, 88000x dynamic range 2 MHE Z&HSICE 90.1%2 =2 S8 LIEHHH

SIHEl AO|=F 7|E 7|z CHH| 90% Old MPAIZCL 7|EF MEd X 28 dd& Il
o
=

O| Lo
— =

folel3

o
e AQX| s MYS %™, event-driven 7|22 HE, I/O standard 3}, constant
peak inductor current HAIS HMEJUCE CIEHH MUZS fISiAM HINAIEHZF F7F HEEl hybrid
power stage £ MQtRULCL O|E S QEHH HAS LAAZ = 7| IE0 AEH 42 Y

HA
A O
= UL

%

1A

i)l

#3872 DHYE (12 Vto 60 V) hybrid buck converter (1.2 V £22H)E AJiRCH =2 MG S
(ZICH 92.7%)2 LRACE =B ofL|2} 7[E AHXMY converter 7|&2 1R &2 (B2 ) duty

cycle =X, Y Hof| M2 flying AHAIH Y s 24, =2 1tz SH
712 DY converter & AEHEQL Y3 ALO[O] switched-capacitor & HiX|ot Ziat FH2| 2
=20ME OYEet 3 At0|0| switched-capacitor £ HiX|StE=  serial-parallel-connected
switched-capacitor (SPCSC) 7|&2 MQtMUCH M2tA switched-capacitor O XY ™3 AQX|
AHEO| TtssiMA THESIeE0| MEICH QEEQL 2H AOjols XY M3 ALXE
AHESHOF SHX|ZH SPCSC T2 HEO| QAEEH MFIF M Z|7] HZ0 MHH2 0 0|X|=
Asro| IAX| At i switched-capacitor 2| flying HIAIE M2 xFT =3 M9l Hix=Z
A0 23 dependency & 2t3IUCE B, Switched capacitor & &9l £518 323H7| &0

H =
=S 580| f el
Session 28: High-Density Power Management

Session 280X = =2 HHIYEQ| LDO, inductive DC-DC converter, switched-capacitor, hybrid

converter 50| ZHE|ACE

#28.12 XA analog LDOE A7WRUCH 2 FOo HRI0M =2 PSRRE 2= A HE 3}
RUCt LDO £30| dominant pole?! 8%, HHE &8 WF poleg AFLI+ZE HLY LDO &
o HIAIHE 7|M stability 227t 7H55tC) SHA|2H HIHE 0|83l WF poleg Y7 0|9
IFm2 BEUE A2 sHAZE 3, 2 LDO £8 HWAIHE AHESIEH HANO| #HX|& 22X 7t

o
o
OF

L

]
-

>|



ULE & =20 M O|F SiZst 1At HIHE domino A2 AT AHZASHIULCE O|F Sl LHF

poleO| O{3f 7§2 E2|%|1, 0|2t SA|0| feedforward zeroZt F7t%|0 poleES &2HA|ZICt. e}
M WROl= AFOO| pole SHLELH LIEFLEA E[1, 3X| 2 DO & HMAIHEEZ stability

2tE 7t 7+SSILE 50 pFel &3 HIAIHE AMESHY (active areat= 0.012 mm?), 10 mAS| ZEE H
B2 E 3330t 10 kHz7HX| -60dB, 1 MHzO| Al -36dB, 1 GHzO|AM -57dB2| PSRRS LIEFLHCY,

#28.62 kW 2 SoP (System-on-Package)& chiplet DC-DC Bi2t7| 7|=2 AJHFUCEH &
vV, 82 1 VOICL 7|& 7|= CHH| 40Hf =2 FSIHF 550| 7tsottt tiF 35

=

M oM M7 g2, o8 £44 52 98 £5 chiplet DC-DC ##7| 7|20] @ PEICHD

27HZHCE SiY e T|E Ganging2 &9l 500 ATMX| S&0| 7hs3tH, 52712 phase, on-package
magnetic 215E{, 16 nm finFET CMOSZ T+ ECH. &2 thermal design current (TDC) &2 E 2|3l

TRl zoogE MO17] 7|F AR = HiX|HD, 624702 bump 7t AHESHCE O ZXf 53 +=HO|
200 A2| TDCE =HE UL Active phase current balancing (PCB) 7|=0| &-EX| ALt Active areats

11-3 mm?0|C},

PTRBMP Package inductors

Zoog @ Vecin 1370085 ‘
oo ! 12 bump/ p iR bumps o —

phase 4 /

Conventional OPD LDO wi Single Buffer 9 Wo = 1/Re

Veer ws [ @
E> i S | MO S -
R G Rs Cs Wout =0
x- —Re | Co]—> BuferSize

L ]
1 . 1544 ® Limited Max. 2-pole
=[] s glwRws
lartael 57 IQ L @ Large G for stabilty

Proposed N-Stage Domino-Like-Buffer (DLB) VR Chiplet on the landside of the package,
enables a thermally limited
We2 WeN

Vegr u;:; w)a 2 —b—’tlE.M current density of 6A/mm*
ot

X
W U :
x1IN —tt id Plate
roaf s
tl' E' Wz W2 th11 fop.ie

20081 20082 z00g 3+2008 13

Die side VR Chiplet
= =l e
A gz
Bl o| 2
44 MY
Phase0
°
o
°

55

kg

Phasel

3.7mm
—

Reduced C.
—

z “'B i z
S am Wang < N BEMTET ™ SETE VRChiplet | 13z00gs || 1320085 L
&S Wosa | vRchipletjamay | | RL= g . H 3
S Stage(N) : Plated through 5 )
. Array of VR chiplets on a dedicated package, pote (o1 L [
20y -, © (N-1) Feed-Forward Zeros enables a ball limited continuous current ichort > B
N © IR wiiow-C. OPD density of 0.075A/mm® Distributed inductors enabling high bandwidth and ultracompact formfactor.

[13 3] (&) =2 PSRRE| LDO <#28.1>, (%) LHTFE chiplet DC-DC converter <#28.6>

MAPEE

& SO MABHED

2
ATZOF : Sensor Readout ICs / Power Management ICs
Ol o & :jwjeong@sookmyung.ac.kr

=

I|O|X| : https://sites.google.com/sookmyung.ac.kr/csl




	(ISSCC) Review

