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Abstract: A multicellular DCX (dc-dc transformer) using unregulated cell converters has been proposed for the environmentally 
friendly data centers. The high speed cell converter with the switching frequency over MHz behaves as an ideal transformer, and this 
behavior solves the voltage imbalance issue in the multicellular converter topology. The analysis of the unregulated cell converter is 
conducted by using the state space averaging method, and the operation condition for the ideal transformer is specified. The behavior 
of the multicellular DCX using the high speed cell converters has been also analyzed, and the voltage imbalance issue among cell 
converters is discussed quantitatively. A prototype of a 19.2 kW 384 V-384 V multicellular DCX using sixty-four unregulated cell 
converters is fabricated and the validity of the analyses is verified. 
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1. Introduction 

The amount of network traffic in the data centers has 

recently been rapidly increasing due to the widespread 

use of ICT (information and communication 

technology) equipment [1, 2]. Energy conservation and 

resource saving in data centers will contribute to 

solving some of our global environmental problems. 

NTT (Nippon Telegraph and Telephone) Group has 

been proposing a next generation dc (direct current) 

distribution system, that goes beyond the conventional 

380 V dc distribution system to realize the highly 

electrified low carbon society [3-5]. 

One of features of the proposed dc distribution 

system is the effective utilization of the renewable 

energy sources. The highly efficient and the highly 

scalable DCX (dc-dc transformer) is the only 

component to interface various voltage levels of the 

energy storage devices and the renewable energy 

sources flexibly. The multicellular converter topology 
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based on the ISOP (input series output parallel) IPOS 

(input parallel output series) connection of low 

voltage low power cell converters is one of options to 

realize the high scalable DCX. 

In this paper, the multicellular DCX using 

unregulated cell converters is proposed. The cell 

converter with no voltage regulation is applied to the 

DCX because the functions of the transformer are the 

voltage transformation and the isolation. The 

multicellular dc-dc converters with the regulated cell 

converters have been already proposed and their 

control stabilities have been also reported [6-10]. 

However, the stability issue such as the voltage 

imbalance among cell converters has not been 

discussed quantitatively in case that, the unregulated 

dc-dc converter is applied to the cell converter. 

In Section 2, the concept of the DCX based on the 

multicellular converter topology is introduced. In 

Section 3, the behavior of the unregulated single cell 

converter is analyzed by using the state space 

averaging method, and the operating condition of the 

cell converter is specified to develop the multicellular 
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DCX. In Section 4, the static and the dynamic 

behaviors of the ISOP connected multicellular DCX 

are analyzed, and the voltage imbalance issue among 

the cell converters is discussed quantitatively. The 

validity of the aforementioned analyses is verified by 

fabricating a prototype of a 384 V-384 V 19.2 kW 

multicellular DCX composed of sixty-four dc-dc cell 

converters with the I/O (input and output) voltages of 

48 V-48 V and the output power of 300 W. 

2. DC-DC Transformer Based on 
Multicellular Converter Topology in Next 
Generation DC Distribution System 

2.1 Configuration of Next Generation DC Distribution 
System for Environmentally Friendly Data Centers 

The schematic illustration of the next generation dc 

distribution system is shown in Fig. 1. The main 

power distribution system consists of the following 

power electronics equipment: 

 The front end ac-dc converter; 

 The DCX; 

 The POL (point of load) dc-dc converter. 

The front end ac-dc converter is utilized for the 

interface with the ac grid and for the control of the 

output dc voltage. The DCX is installed for the 

isolation and the voltage transformation, and the 

function of the voltage regulation is not necessary. 

Equipment with various I/O voltage levels are 

connected via the DCX. The POL converter is 

installed to regulate the load voltage strictly. 

In the next generation dc distribution system, the 

energy storages and the distributed generators based 

on the renewable energy sources will be installed in 

addition to the ICT equipment, such as the servers and 

the storages to realize the environmentally friendly 

power supply system. The input and the output 

voltage levels of these applications are e.g., 384 V, 

192 V, 48 V and 12 V, and they have different 

grounding systems. The DCX for the isolation and the 

voltage transformation plays an important role in this 

system, and the high scalability of the DCX 

contributes to the smooth installation of a lot of 

renewable power sources and energy storage devices. 

2.1 DC-DC Transformer Based on Multicellular 

Converter Topology 

The multicellular converter topology is one of 

attractive options to discuss the feasibility of the 

highly efficient DCXs with various I/O voltage levels 

such as 384 V-12 V, 384 V-48 V and 384 V-384 V. 

The concept of the multicellular DCX is shown in 

Fig. 2. The DCX consists of a lot of isolated dc-dc cell 

converters, and these cell converters are connected in 

types of ISOP and IPOS. The unregulated power 

converters are utilized as the cell converters because 

the DCXs are installed for the isolation and the 

voltage transformation. The features of the DCX are 

summarized as follows: 

(1) The efficiency η (%) and the power density   

Dp (W/cm3) of the DCX is decided by the single cell 

converter. 

(2) The I/O voltages of the DCX are designed 

arbitrarily by the number of cell converters connected 

in series and parallel. 
 

 
Fig. 1  Configuration of next generation dc distribution system for environmentally friendly data centers. 
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