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Motivation PWR23
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Motivation PWR23
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Challenges

B Power Devices — Limited Efficiency
B Magnetics — Limited Power Density
B Controller —» Limited Switching Speed
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Hybrid Converter
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Prior Hybrid Converters PWRZB

Buck Type
* N Tang et al., ISSCC, 2019 *Y Huh et al., JSSC, 2019 * K Hata et al., APEC, 2020 *S Zhen et al., ISCAS, 2021
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Hybrid Converters PWR23

Ways {0 make Hybrid Converters?
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Contents PWR23

B Summary of Hybrid Converter Constructions

* L Replacement in SC Converters
* L Insertion in SC Converters

L + C Combinations

« Other Extensions

m12V/1V Hybrid DC-DC Converter

* Prior 12V/1V Hybrid Converters
* Proposed 12V/1V DPSC Converter
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Construction Summary 1 PWRZB

L Replacement in SC Converters

_' *N Tang et al., ISSCC, 2019
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Construction Summary 1 PWR23

L Replacement in SC Converters

sl_|J
S, 4 (_é . C*“”. *
VINCi Cs;, ]_& ‘ L i ____________ !

L replaces S,

5
l .

2:1 SC Converter

10 /51



Construction Summary 1 PWR23

L Replacement in SC Converters

* K Hata et al., APEC, 2020
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Construction Summary 1 PWR23

L Replacement in SC Converters
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Construction Summary 1 PWR23

L Replacement in SC Converters

* G Cai et al., JSSC, 2022
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Construction Summary 1 PWR23

L Replacement in SC Converters
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Construction Summary 1 PWR23

L Replacement in SC Converters
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Construction Summary 1

L Replacement in SC Converters
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Construction Summary 1 PWRZB

L Replacement in SC Converters
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Construction Summary 2 PWR23

L Insertion in SC Converters
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Construction Summary 2 PWR23

L Insertion in SC Converters
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Construction Summary 2 PWRZB

L Insertion in SC Converters
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Construction Summary 3 PWR23

Inductor replacement and insertion still NOT ENOUGH |

Summary 1 and 2 cannot gwde the following designs.
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Construction Summary 3 PWR23

L + C Combinations

B Assumption: one of the inductor ports connects to DC

* Connect to V4,

* Connectto V,

e Connectto Ground
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Construction Summary 3 PWR23

L + C Combinations

B Cap charge/discharge in three conditions:
* Charge without L, discharge with L
sz

2 o—uﬂm—o

* Charge with L, discharge without L

sz
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* Charge and discharge both with L

l—
Vsw

o___4 sziMi . ||+
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Construction Example PWR23

B Assumption: One of L ports connects to output
* Connectto Vg4

- L
0—6;::3 ::: Vo
B Cap charge/discharge conditions

* Charge without L, discharge with L
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Construction Example (2 phase) PWR23

B @,. Cap charge without L
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Construction Example PWR23

B P, Select “A” and “a”

______________________________________________________

I I I
| + _ : [ a. ILH [ 1 Vﬂo/ + 7 = Slo/ Vo :
Y I I I S | | :
IN O “ o Vo 1 : 1 C

I I I\ V | Co lo
I l—> , 1+ NN O 1 | -jLSZ — I
L e e e e e e e — = L e e - - - ' ' <;> — [
I - L I
) ar— +—
I I

| — r—
- -

*Y Huh et al., JSSC, 2019
V| Vour

I
I S1 x
i GNDo _”\-l/-SWm_oVO i oo ”J_CFN;YY;; 1;Lom
- - (i) ég;ﬁﬁ: %ézzggm
}fg
&

26 /51



Construction Example PWRZB

B Q,: Select “B” and “a”
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Construction Example PWR23

B @,;: Select “B” and “a”
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Construction Summary 3 PWR23

L + C combination scheme renders

a less intuitive but more complete strategy.
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Contents PWR23

 Other Extensions
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Ext-1: Dual-Path Hybrid Converter

Ext-1:Capacitive-Current Path Directly Connect to Output
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Ext-1: Dual-Path Hybrid Converter

Ext-1:Capacitive-Current Path Directly Connect to Output
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Ext-2: Isolated Hybrid Converter PWR23

Full Bridge Converter Series-Capacitor Converter
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Ext-2: Isolated Hybrid Converter

Ext-2:SC Converter Replace Primary Switches
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PWR23
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Ext-2: Isolated Hybrid Converter PWR23

*M Choi et al., ISSCC, 2020
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Ext-2: Isolated Hybrid Converter PWRZB

* R Das et al., ECCE, 2021
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Contents PWR23

m12V/1V Hybrid DC-DC Converter

* Prior 12V/1V Hybrid Converters
* Proposed 12V/1V DPSC Converter
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Prior 12V/1V Hybrid PMIC
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Series-Capacitor Converter PWRZB

7 000
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Prior 12V/1V Hybrid PMIC F’WRZB

Vo
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Capacitor Cross-Connected Converter PWRZB

JMU“ Igterleaving .
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Prior 12V/1V Hybrid PMIC

*THuetal., ISSCC, 2023
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42 /51



Quad-Output SC Converter PWRZB
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Prior 12V/1V Hybrid PMIC F’WR23

Two-stage 2:1 SC with L replace

(summary 1) and switch reuse

*W Zeng et al., ISSCC, 2023
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Proposed DPSC Converter PWR23

Dual-Path Series-Capacitor (DPSC) Converter
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Construction of DPSC Converter PWR23

s | My
Vin - o/l Vo . L
el [ "N ] Linsert ] 000 —1— Vo
S Co Lo mm——) Crif~m
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(— 2\ —l— T G Summary 2 -||:IVIHz Co llo
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« Same Voltage Stress
« Single Inductor

* Full-range Duty Cycle
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Construction of DPSC Converter PWRZB

VIN
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Construction of DPSC Converter PWRZB

X. Yang et al., ISSCC, 2023

 Low Voltage Stress

« Dual-Path Current
 Full-range Duty Cycle

Dual-Path Series-Capacitor Converter

48 /51



Measureme

nts

B TSMC 180nm BCD
B 9V~16V Input, 0.6V~1.2V Output
B Maximum 5A Load Current, 1IMHz Switching Frequency

D>0.5

D<0.5

ZCD

‘T'_ On 1004/

@[5 10N 500/
=) E > 5.00 vV,
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1us

> 1A/Div
W
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EE‘ Ml 62.0999°

@o=1A Vin=

1 ‘O" 1.00 A/
v
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L L pammmany
Vo:1VIDiv

(119" 500 mA/ “E On 2.00v/

@o=01AViN=12V Vo=1V

Vol VDiv |
Vo gy vOML

3] 500mA/Div

-
s{1A/Div
"

a [~ @ 62.990¢

‘1m4

+ T

Q-‘)

I\ 231KkHz | o1

L SW:2V/Div

S s

'H| 2.00 s/ [m’“&,‘ﬁ 62.999648400 1
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PWR23
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: PWR
Comparison

|(— 1965 um —]

VCR(V/V)

il I 0 5 S B
I - I | l S 7 APEC2016 ISSCC2022 ISSCC2020 ISSCC2022 This Work
. i
CTRL | Topology DSD ccC Tri-State DSD DSD DPSC
g & ; Process NA 180nm BCD 180nm BCD 180nm BCD 180nm BCD
s C Vi 12V 12V 12V/24V 12V/24V 9V~16V
Sl | BST
E Vo 1.2V 0.9v~1.8V v 1V 0.6V~1.6V
i Driver Max.Load 10A 4A 3A 4A 5A
Power Mosfet Flying Cap 2.2uF 2.2uFx2 1uFx2 4.7uF 10uFx4
Frequency 2~5MHz 2MHz 1IMHz 1IMHz 1MHz
Inductor 0.22uHx2 0.74uHx2 0.56uHx2 1.84Hx2 0.68uH
Output Cap 350uF 10.6uF 10pF 10uF 22uF
- Peak.EFF@V, 87.7%@1.2V | 86.8%@1.2V 91.2%@1.2V 88.3% @1V 94.5%@1.2V
* This work
* EFF@Heavy |5 | 80.1%@10A* 81.5%@4A* 70.2%@3A* 84.5%@4A* 84.4%@5A
S ®
:LE e 1SSCC2020 EFF@Light I, 70%@0.2A* | 67.5%@0.2A* 74%@0.1A* 52.5%@0.1A* 89.2%@0.1A
. m | * Chi
! p Current % ox ox 5
§ issccatznso Density NA 0.42A/mm 0.48A/mm 1.08A/mm 1.30A/mm
ISSCCCgOZZ—CCC A Current Path L L L L L+C
D>0.5 NO NO NO NO YES
10 15 20 25

* Estimated from graph
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Summary PWR23

B Make a summary of Hybrid Converter Constructions

* L Replacement in SC Converters
* L Insertion in SC Converters

L + C Combinations

« Other Extensions

B Still complicated, further refinement required
B Applications in high density designs using new

passives and packages are promising
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