
Fully-integrated 4-to-1 DC-DC Converter Through 
Electro-magnetic Coupling

Introduction
Power management ICs require high conversion ratios to step down voltages from
sources such as batteries or USB ports. However, this often results in degraded
performance due to increased transfer steps or complex switching. Recent works have
addressed these challenges with different trade-offs. A 3:1 resonant switched-capacitor
converter [4] achieved 78.3% efficiency but exhibited low power density (16 mW/mm²)
due to a fsw of 30MHz. An EMLC-based converter [5] achieved a high power density but
was limited to 2:1 conversion and showed only 60.4% efficiency at peak POUT. To
overcome these shortcomings, we propose a series-transmission and parallel-reception
(STPR) EMLC architecture with a tuned flying capacitor to suppress charge sharing.
Implemented in 28 nm CMOS, the prototype achieves 74.5% efficiency at 0.26 W/mm²
and 0.78 W/mm² peak power density at 67.1% efficiency. It also supports 1:4 and 4:3
conversions, with efficiencies of 74.3% and 90.3%, respectively.

Chip Photo, Measurement Results
Electro-magnetically Coupled Class-D LC Oscillator (EMLC)
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Power tansfer mechanism of EMLC 

1) PTOs are connected in series, PROs are connected in parallel.
2) High efficiency and power density: Thanks to its single step power 
transfer, it does not suffer from significant degradation on efficiency and 
power density as increase the stages.
3) Favorable for high VIN: high input voltage stress is naturally distributed 
over series-connected PTOs.
4) Scalability: higher conversion ratio can be easily achieved by adding 
EMLC pairs.

   

   
      

   

   

   

VIN

C

   
      

   

   

VO

VIN

VO

∝k
∝C

Capacitive Inductive

k
 

 

  
 

  

 

 
 

 
 

 

PRO

LO
AD

VIN 

3x Power 
absorbed

3x Power 
pumped

VSS

VOUT

3x Power

Parallel reception

PTO

PRO

PTO

PTO

PRO

1

b b b

STPR

(=aτ)

 

 

  
 

  

 

Power-receiving 
oscillator (PRO)

Power-transmitting 
oscillator (PTO)

EM-coupling
VIN

VO

VO 

VSS

Power
Ignd

IIN

(P )

(P )

Proposed Series-transmission and Parallel-reception(STPR) EMLC

Chip Photo, Measurement Results

60

65

70

75

τ (%)

 

   

 

   
   

VO

vA

vB

vB-vA

iB-iA

Φ1 Φ2 Φ1 Φ2

lowered

   

   
   

   

   

   

VO

VIN
iB

iA

vB

vA

   
   

CC

CO

charge-
shared

vB-vA

iB-iA

Φ1 Φ2 Φ1 Φ2

preserved

w/ small Cfly for fpara tuning

LO
A

D

 

 

   

   

      

      
      

VOUT

      
      

      
      

      
      

VIN

LPRO

CC3 CC3 CC2 CC2 CC1 CC1

LPTO1

LPTO2

LPTO3

Thick metal 1 (Cu)
Thick metal 2 (Cu)

Ultra-thick metal (Cu)

PAD metal (Al)

LPRO:

LPTO1:
LPTO2:

LPTO3:

  

Power density (W/mm2)

 

0.2 0.4 0.6 0.8

Peak efficiency = 74.5% 
(@ 0.26W/mm²)

VIN = 1.4
VIN = 1.6
VIN = 1.8
VIN = 2

VIN = 2.2
VIN = 2.4
VIN = 2.6
VIN = 2.8

VIN = 3
VIN = 3.2
VIN = 3.4
VIN = 3.6

76
74
72
70
68
66
64
62

0.78W/mm²
(@ 67.1%)

Ef
fic

ie
nc

y 
(%

)

  
  
  
  

  
  
  
  

  
  
  
  

Proposed Series-transmission and Parallel-reception(STPR) EMLC

 

 

0 50 100 150 200 250 300
Flying capacitor (Cfly) [pF]

150

200

250

Ignd-density 
[mA/mm²]

Simulation w/ bottom capacitor
Simulation w/o bottom capacitor

Chip Photo, Measurement Results

Output voltage (V)

Power density (W/mm )

Ef
fic

ie
nc

y 
(%

)

0.3 0.4 0.5 0.6 0.7 0.8

    
 

  
  
  
  

  
  
  
  

  
  
  
  

76
74
72
70
68
66
64
62

 

 

VIN = 1.4
VIN = 1.6
VIN = 1.8
VIN = 2

VIN = 2.2
VIN = 2.4
VIN = 2.6
VIN = 2.8

VIN = 3
VIN = 3.2
VIN = 3.4
VIN = 3.6

Quad-stacked 
transformer

M
OS

C
fly s

C
fly s

CO

CO, CI, 

Cm2, 
Cm3

Quad-stacked 
transformer

800µm

325µm

Total Area = 0.265mm²


	슬라이드 번호 1

