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Motivation Problems of Prior Architectures

Mobile SoC Digital LDO Using Voltage Comparator [3]: Trade-off btw Power & Transient
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With Fixed fsp : Vout

Switch
Conkoller CHse

|1 DC-DC Convterter High fsp
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| DC-DC Convterter

Lower power, poor transient
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_l h CKsp
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Better transient, larger power

Digital LDO Using Multi-bit ADC [2]: Trade-off btw Power & Accuracy
Small M

DC-DC converter providing supply voltages w/ high efficiency Event-Driven Mﬁs
M-Bit ADC .
LDO regulating the supply voltages to optimal levels Vier —~—  Switch PE CKsp Q
ADC b Controller I: Lower power, poor accuracy
Dynamic Vpp-scaling, popular to save power CKsp ] Large M

— Needs of providing ultra-low Vpps in an efficient way

Vour

C|_= f

Demanding reliable operation of LDOs under ultra-low Vpp

Concept of Proposed Idea

SVER Time Quantizer 31-unary

Mp-Control Logic Coarse Mps

Veer Racin 8-binary
7 co:‘tg Coarse Switching Logic ' Fine Mps

I SWc<30:0> .- LSB
Operation Vour— 1 Rc) CHKse 3Pacc | bec 7— Al
® . . _ CKsp Nip P (+1 1) OJ{ Fine Switching Logic
Two rising edges equally passing é l 4 pkon I 20— [Binary Search| swi<7:0>
1T 5

L through all delay cells Koan & ENene T
Generator ENgaNe

1b Tracking

CKsp

I e Traveling speed of the two rising

edges are determined by different : Coarse Switching
control voltages, Voutr & Vrer g €. ENene = 1

- . ; Adaptive
® Race stops and decision made, i Kenn )4

when the distance between two edges : .
reduced : "ENgne = 1: P toggling & N1p>6, ENgne = 0: Nip<6 |

ENane =0

SVER time quantizer compares Vout With Vrer, and delivers the
© High accuracy w/o mismatches btw delay cells information of the racing result to the MP-Control Logic

© Magnitude and polarity of voltage difference The MP-Control Logic controls the switches of the coarse and the
© Very high maximum fsp available =& max(fsp) = NI2 * max(frer , fout) fine pass transistors

Load/Line Regulation
This work ISSCC18[1] | ISSCC17[2] | ISSCC17[3] | ISSCC16[4]
28 mV 0.5-V Supply _ *I, =20 mA

I | When Vgrer=0.85 V D---D--'Ul Process 65 nm 65 nm 65 nm 65 nm 28 nm

: : Multi-bit 1-bit Multi-bit
__________________________ 9_'_?__5__\_’___ 0, - '0‘ - "0 Quantlzer type SVER Repllca Vco ADC Compar. ADC

Vi, (V) 0.5-1.0 0.6-1.2 0.45-1.0 0.5-1.0 11
Vour (V) 045-095 | 04-11 04-095 | 0.3-045 0.9
I uax (MA) 26 100 3,356 2 200

Cy (nF) 0.1 0.04 0.1 0.4 23.5
A 4

Tserrie (MS) 1.2 1.24 1.41 0.1 20
0.7 0.8 0.9 1.0

Vix (V) Quie;cent I(\LI(uA) 1001-0 ;070
*Dropout voltage = 50 mV A@g;”((:m) @50
- 1.0-V supply i (When VeRep=0.95V " —

095V | 22 mV I TR T S e O==nea O~ = 0= 0= O===0aT> O-O000IRD FOMr (ps) 1.98

30 mV I 20 ps | ' 085 Y Load regulation

--------------------- 0 =====0= e 0= - - =0T
I 0 OO0mTIm

¥ Error=1.9mVv

0.72
» 80mMA 20mV| T EIIN o e 000000 Area (mm?) 0.0488 0.0374 0.03 0.0023 0.021

Sl L LTITNIL b 848 ‘Estimated from measurement results "FOMyg: C - AVqyr * o/ Al 2
(e ] e e o] e T T T {1

T-==400 ns
T ~ 10mA

yRERII] The smallest transient FOM and the best load regulation, while it used 0.5-
O O—0—~0—0—0 1 Error=1.8mvV

1 10 1700 V supply. And it had a small AVt by using SVER time quantizer
I (mA)
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