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Scalable group-based balancing steps
(1) 4 uLDOs (2) 4 uLDOs to 1 unitcell | (3) 4 unit cells (4x4 uLDOs)
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Iterate (2)~(4) accordingto | 1. Using iterative calibration (1,4), | 1. Using same calibration in (1).
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10 0 0 OF (1) Auxiliary uLDOs B2, Main uLDO | v : Main unit cell @ : Main uLDO
:o* ok = lhux = Iin : Aux. unit cell Q- Aux. uLDO
. Bal .
0 éfé Ob (4) Main ulDOs == Main #‘LDO a) simultaneous LDO calibration
Aux. u-cell Main u-cell bl Need 1o0teN b (2 for 16 uLDO
g0 O OLOp  —p Balancing all lyain ) Need logN tea(2 for 16 uLDOs)

= Automatically balancing all lxux ¢) Faster calibration than conv.

[AE 1] 3E-7I8 SA| BEE 0|8% scalable distributed digital LDO

oM Zret =22, WS Fox Heel PSRRI HE
=3 St7| gt gain-bandwidth(GBW)-enhanced tri-loop analog
LDOE H|CtSIRALCE %2 SoCOlAM£ switching regulatort LDOE & A3t M
HIHSE active-idle mode transition2 2 Qo] 2 Fots Ho| MR ripplelt
Ast Bop BHE0| ZA0f 2dsict 7|=9| fully integrated LDOE high-frequency
PSRI} B2 transient response AFO|O|| trade-off7t =X5I7| W20, O|E siZsH7| 2l
M S/l regulation loopE 0|&50] & d&58 A0 SAIZACL
X Q= LDO+E gain-enhanced slow loop(SL), current-mirror-based fast loop(CM-FL),
regulated shunt-feedback-inverter-based ultrafast loop(RSFI-UFL)2| Ml 7H loop2 2
TG ECL SL2 &2 DC regulation gaindt XFIt PSRE S A|7|H, CM-FLY| = filtered
current-mirror ripple cancellationg X&3t0] 23 TN LS ripple dE2
feedback pathO FUT2EM pass transistor®| AVsE X A349HCEH RSFI-UFL2 LDO
EHo| 1Fmt dE2 WEA ZX|St0] regulation bandwidth& 500MHz O|&S =
2S5, load transient Al pass transistorl| gateE HWEA TS5 transient
responses 7H41THCE,
£95| sl =20AM= switching regulator®| dominant rippleg MEIXo=Z AX|SH7|

?I5il notch-like PSR boostingdt maximum ripple rejection tracking(MRRT) 7|'#=



X QtSHRALCEH =71 Q1 filtered current-mirror path2| attenuation coefficientE ZHESH0]
£d FOas0MQ| supply-ripples &24SHRACE MRRT controller= time-domain ripple
sensor?t Vernier TDCE 0|85t Z=&H0| E=X{St= ZHH ripple 27|E ZX|BICt O|=
control wordE sweepSt™Al ZO] rippleO| X|ATF El&= ZAZS AHSSE EfMBI0] PSR
boosting frequencyE &3 TS| dominant ripple frequency XZELCt.

M etst= LDO= 40nm CMOS SEOUAM HZEE[RA20, 40pF2| on-chip output
capacitor& AMESIQCH Y ZD 10HzEH 1GHzHX| -255dBECH 2438t PSRS
BXI5t22, 10MHzO|A&= MRRTE Sdll -52.8dBQ| PSR ZAStRICE ESH 0.15mAOfA]
10mAZ H2l5H= load transientOl Al 50mV2| undershootit 13ns settling time=
SSIQICE AKX pre-stage DC-DC converter?t G1Z%H 53 ZIt, MRRTE S £

rippleg F 104§ ZrAA|ZICH

LP LPF T ©OTs(s)
}'I WE‘%M lzlﬂf MFEE l:' Vors I&Assm (2] Tz:,_,.—L(S}
- ¥

5
| _ ¢ g © TrsrurL(S)
4

Vs | [Has lasl] | [Hae Iasd| ' AV Rinple |1 vO‘?
Cancellation |+ } :
RT & - Test
Controller i 1 Logic
s Lsl| | [$as lagd S = =

Ina| | | My N Foecommecmom e 2 1A b

1 1 H

T 1 :

%Z" ":;_ Undershoot
Compensator|
W, = mres L 3 Visr
-3, P81 Cpasst
_ Gmraz Load Adaptive Bias
eP[r:Up,sz = m Illfﬁf,g | Rgsri
'm'l"? YGmFez L —'I:Il
Wp,63 = m _:.—- s T
Bandwidth Extension| Undershoot Compensator| |
30
“Simulafion Results = @, @ Steady State — OFF
ig I = 10mA S ng RSFI-UFL ‘ @, @ Transient Phase - ON Var | T
20 w/ RSFI-UFL 558MHz |
o} Loop Gain [dB] RSFI -, i : |Vpur
150 BW Extension | TR P E—
100 AN @@ QA® @ @
ol I Py T e R e 3 11p Point g+ -» Trip Poicd™ '[V"
0 e a —N = X OFL1 L OFF > Vrsei I o Half Vayx
requency [Hz] @ @ ® @ @ @

[A3 2] GBW-enhanced tri-loop LDO2| HH| 3|2 3=
XMXPER

O|F7| =fAtapd i

i

2
2% KAIST
AEOF : Power Management ICs

|2 : leejune@kaist.ac.kr
SHO|X| : https://www.icdesignlab.net/

e & o o
o




