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Abstract 

 
This study proposes an optimized design of a dual active bridge converter for a low-voltage charger in a military uninterrupted 

power supply (UPS) system. The dual active bridge converter is among various bi-directional DC/DC converters that possess a 
high-efficiency isolated bi-directional converter. In the general design, the zero-voltage switching(ZVS) region is reduced when the 
battery voltage is high. By contrast, efficiency is low because of high conduction losses when the battery voltage is low. Variable 
switching frequency is applied to increase the ZVS region and the power conversion efficiency, depending on battery voltage 
changes. At the same duty, the same power is obtained regardless of the battery voltage using the variable switching frequency. The 
proposed method is applied to a 5 kW prototype dual active bridge converter, and the experimental results are analyzed and verified. 
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I. INTRODUCTION 
The demand for electric power supply systems for 

electronics and telecommunications has recently increased. 
Electric power supply systems generally have numerous 
requirements in terms of efficiency, size, and cost. Reliability is 
also an important element of electric power supply systems. In 
particular, the power systems used in hospitals, Internet data 
centers, and the military require extremely high power quality 
and system reliability. The occurrence of power failure in these 
systems results in serious overall system losses. To avoid 
power supply interruptions, these power systems contain an 
uninterrupted power supply (UPS). A UPS system is typically 
used to protect electrical hardware from expected power 
disruptions. This system can provide high-quality power 
without transmission interruption to the load, even when the 
voltage source has voltage sags or power outage. 

Any disruption in electric supply at any time will incur 
tremendous damage to the security of military equipment.  

 
Fig. 1. Military UPS System. 

 

Therefore, such equipment requires a UPS system. As shown 
in Fig. 1, the general military UPS system applied in this paper 
is composed of an AC/DC rectifier, bi-directional DC/DC 
converter, battery, and DC/AC inverter. A bi-directional 
DC/DC converter is necessary in a UPS system to charge and 
discharge the battery. 

An isolated low-voltage battery charger requires wide input 
and output voltage, high efficiency, comprehensive load-range 
operation, and simple circuit topology. Various bidirectional 
isolated DC-DC converters have been proposed as interfaces 
for energy storage devices with a focus on UPS systems. 

A boost full-bridge zero-voltage switching (ZVS) PWM 
DC/DC converter was developed for bi-directional high-power 
applications. This topology is suitable for bi-directional power 
conversion because it boosts operation for low-to-high voltage 
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power conversions and a buck operation for high-to-low 
voltage conversions. However, this topology requires 
additional snubber circuits to restrain the voltage stress of the 
switches, which increases circuit complexity and decreases 
power conversion efficiency [1], [2]. A bi-directional 
phase-shift full-bridge converter was suggested with 
high-frequency galvanic isolation for energy storage systems 
[3], [4]. This converter improves power conversion efficiency 
by using a soft-switching feature. However, this converter 
requires input voltage variations to regulate the constant output 
voltage because the topology can only realize a step-down 
operation. A bi-directional full-bridge CLLC resonant 
converter was introduced without any snubber circuits. This 
topology can operate under the soft-switching conditions of the 
primary side switches and the secondary side rectifier. In 
addition, the topology confines the input and output voltage 
stresses without any clamp circuits [5]. However, a wide range 
voltage control is difficult to achieve because of resonant 
characteristics. In addition, the high voltage gain at light loads 
is difficult to control. 

Dual active bridge (DAB) converters have been widely used 
because they operate with high performance, high efficiency, 
galvanic isolation, and an inherent soft-switching feature [6]. 
Bi-directional power transmission is a characteristic of the 
DAB converter that enables flexible interfacing with energy 
storage devices [7], [8]. DAB converters are suitable for 
bi-directional DC/DC converters using low-voltage battery 
chargers. However, despite having an inherent soft-switching 
characteristic, DAB converters are limited to a reduced 
operating range that depends on the voltage conversion ratio 
and output current. A problem in the ZVS region is 
encountered when a DAB converter is applied to a UPS system. 
If a DAB converter charges or discharges the battery in the 
UPS system, the battery voltage changes. In the general design, 
the required duty, which is a high battery voltage, is smaller 
than that when the battery voltage is low to achieve the same 
power. The ZVS region is reduced when the necessary duty is 
minimal. In addition, the peak current of leakage inductor and 
the rms current are increased at a low battery voltage. The 
power conversion efficiency is thus decreased.  
 In this paper, leakage inductance is designed for the use of 

wide duty to overcome the vulnerability mentioned above. For 
this reason, the ZVS region is expanded near the high battery 
voltage. In addition, if the battery voltage is changed, the 
switching frequency becomes variable relative to the battery 
voltage changes. Regardless of the battery voltage, fixed duty 
is used at the same load. Efficiency is increased near the low 
battery voltage by reducing the used duty and frequency. An 
experiment was performed to verify the performance of the 
proposed methods using a 5 kW prototype dual active bridge 
converter. 

 
Fig. 2. Circuit configuration of the proposed dual active bridge 
converter 
 
This paper is organized as follows: A DAB DC/DC 

converter, including the ZVS condition, is reviewed in Section 
II. The proposed methodology using the variable switching 
frequency is presented in Section III. The control algorithm of 
the proposed method is presented in Section IV, whereas the 
experimental results are illustrated in Section V. The 
conclusions are given in Section VI. 

 

II. DUAL ACTIVE BRIDGE DC/DC CONVERTER 
A DAB converter consists of two full-bridge circuits, which 

are joined by an isolated transformer and a leakage inductor Lrl, 
as shown in Fig. 2. The full bridge on the left side is connected 
to the DC-bus, and the full bridge on the right side is attached 
to the battery. Each bridge is controlled to provide a DC-bus 
square wave voltage. The two square waves can be suitably 
phase shifted with respect to each other to control the power 
flow from one DC source to another. In buck mode, when the 
phase of the Vcd square wave is shifted by the Vab square wave, 
nVDC-bus+Vbattery, nVDC-bus-Vbattery, and -nVDC-bus-Vbattery are 
represented in the leakage inductor. Current flows through 
leakage inductance because of the voltage difference. In 
contrast to the buck mode, the phase of the Vab square wave is 
shifted by the phase of the Vcd square wave. Thus, bidirectional 
power flow is enabled through the transformer and inductor, 
and power flows through the bridge, thus generating the 
leading square wave [4], [9]. 

The average currents, peak, and rms currents of the leakage 
inductor are derived based on the linear waveform for IL. The 
difference in voltage between the two bridges appears across 
the coupling inductor, and the inductor current changes with a 
constant slope, as shown in Fig. 3. Expressions for inductor 
current are derived for switching instants IL2 and IL1 in boost 
mode. The current at the DC-bus side switching instant is 
expressed as follows: 
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where n is the transformer turn ratio. Solving for the battery 
switching instant current based on the current slope during 
the interval dTs /2 yields 

1
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4

S battery DC bus
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=  (2) 

The waveform is periodic over half a cycle. Thus, dividing 
the area by the duration, that is, Ts/2, yields the average 
output current of the DAB converter. From (1) and (2), we 
solve Ibattery as 
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The leakage inductor stores energy to ensure the charge or 
discharge of the switch output capacitances at the switching 
instants for the soft-switching operation because resonance 
occurs among switches, output capacitance, and leakage 
inductance while the switches are turned off. The body diode 
conducts when the switch is turned on, and the current that 
flows through the switches is positive during turn-off switching. 
The current at the battery side switching instant must be greater 
than zero when applying ZVS conditions to the inductor 
current waveforms to achieve the ZVS in the battery side 
bridge, as shown in Fig. 3. Thus, the following condition must 
be satisfied for the ZVS operation in the battery side on (4): 
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Given that an increased energy must be stored in the leakage 
inductance to achieve soft switching (ZVS), the expression for 
the minimum inductor current is obtained as follows [10–12]: 
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From (5), the output capacitance is given by 
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With the solution for (6), the duty ratio in ZVS operation for 
Vbattery/nVDC-bus < 1 is given by 
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III. PROPOSED METHODOLOGY 
Battery output voltage is variable while the battery is 

charged and discharged. Fig. 4 indicates the discharge 
characteristic of the battery cell. The battery applied to the 
proposed UPS system consists of seven battery cells with 4 V 
connected in series and two pairs of the seven cells connected 
in parallel. From Fig. 4, the maximum discharge voltage of the 
battery is 28 V. The maximum voltage of the battery is 
Vbattery.max(28V), and Vbattery.min(20 V) is the minimum voltage. 

The emergency generator operation in the UPS system 
consumes a minimum of 2 min and a maximum 30 min. The  

 
Fig. 3. Operating waveforms of the DAB converter during boost 
mode. 

 
Fig. 4. Discharge characteristic of the end-cell applied UPS 
system. 

 
emergency generator operates before falling to Vbattery.min for the 
majority of cases. Therefore, a DAB converter is designed 
based on Vbattery.max. 

 
 A. General Design of the DAB Converter  

The theoretical maximum duty of the DAB converter is 0.5 
according to (8). If the DAB converter is used for fixed input 
and output voltages, the full load is designed to operate at the 
maximum duty to utilize the widest ZVS range. The used 
maximum duty is designed as 0.45 given the overload and 
transient responses.  
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(a) 

 
(b) 

Fig. 5. Power relation between output voltage and duty in a general 
fixed switching frequency (a) the designed 0.45 duty at Vbattery.max, 
(b) the designed 0.45 duty at Vbattery.min. 

 
However, when the output voltage of battery decreases to 

Vbattery.min, the system cannot be operated at full load because of 
an insufficient of gain resulting from the variable battery 
voltage from (8), as shown in Fig. 5 (a). The designed 
maximum duty must be less than 0.45 to operate smoothly at 
full load once the battery voltage is variable from Vbattery.min to 
Vbattery.max. 
Fig. 5 (b) indicates that the required duty is smaller than the 
duty at Vbattery.min from (8). When the battery voltage is 
Vbattery.max, the duty is d1, whereas the duty is d2 at Vbattery.min. 
 

2
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2 2
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d

V
- +
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The required d1 can be achieved from (9). The maximum 
duty should be designed to be less than duty d1 at full load to 
operate at full load with Vbattery.min. At Vbattery.max, lower duty of 
0.229 is required at the full load, as shown in Fig. 5 (b). The 
maximum duty 0.45 is used for the full load at Vbattery.min. 
However, the DAB converter cannot be operated under this 
condition. However, if the used duty is as small as Vbattery.max, 
the ZVS region is decreased from (7). Switching loss and noise 
easily occurs in a narrow ZVS region, and controller 
configuration becomes difficult to assess. 

 
(a) 

 
(b) 

Fig. 6. The ZVS region (a) fixed switching frequency, Lrl1 = 
34.853μH, Vbattery = 28V, fs = 70kHz, (b) applied variable 
switching frequency, Lrl2 = 41.454μH, Vbattery = 28V, fs = 70kHz 

 
By contrast, if the used duty is the maximum duty at full 

load as Vbattery.min, the inductor current IL1, IL2 is extremely high 
although the ZVS region is increased. When the inductor 
current is IL2, the primary switches of DAB converter are 
turned off, whereas the secondary switches are turned off at IL1. 
Thus, switching loss is increased in the high-current DAB 
converter. In addition, the rms current and conduction loss are 
increased. 
 
B. Proposed Design of the DAB Converter  

The following method is proposed to solve these weaknesses. 
The maximum duty of the DAB converter, which is 0.3, is used 
to obtain the increased ZVS region at Vbattery.max and to achieve 
high efficiency at Vbattery.min. The necessary leakage inductance 
can be obtained from (3). The primary leakage inductance Lrl1 
is designed as 0.229 duty under Vbattery.max, with Lrl1 as 34.853 
μH. The primary leakage inductance Lrl2 is optimally designed 
as 0.3 duty at Vbattery.max condition, with Lrl2 as 41.454 μH. The 
primary leakage inductance is changed from Lrl1 to Lrl2.  

The ZVS region of the designed Lrl2 is increased to 8.05% 
wider than that obtained with Lrl1 at Vbattery.max by increasing 
the leakage inductance in (4), (7), and (8), as shown in Fig. 6. 
The output capacitance must be considered in calculating the 
ZVS region because the five switches of secondary side are  
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Fig. 7. Calculated and applied switching frequency depending on 
battery voltage. 
 

 
Fig. 8. Power relation between the output voltage and duty in 
applied variable switching frequency. 

 
connected in parallel.  

In addition, a variable switching frequency method based 
on battery voltage is proposed. The proposed 0.3 duty cannot 
operate at full load at a fixed switching frequency. However, 
if variable switching frequency is applied, the proposed duty 
can operate at full load regardless of battery voltage. When the 
battery voltage is decreased through discharge, the switching 
frequency is reduced. Thereafter, the switching, transformer, 
and inductor losses are decreased. When the battery voltage is 
Vbattery.max, the frequency is fs.max. Conversely, the frequency is 
fs.min at Vbattery.min. The fs.max for obtaining the same power 
from (8) depends on battery voltage can be derived as 

.max
.max .min

.min

battery
s s

battery

V
f f

V
=    (10) 

From (10), the frequency for obtaining the same power 
when the battery voltage decreases from Vbattery.max to 
Vbattery.min is shown in Fig. 7. A step-by-step variation of the 
switching frequency is applied.  

From (8), Variable switching frequency is applied to the 
DAB converter to obtain the same power relative to the 
battery voltage. Fig. 8 shows that similar duty results in the 
same power regardless of the battery voltage. At Vbattery.min, 
the design of the fixed switching frequency requires the  

 
Fig. 9. DAB converter simulation for operation at 2.8 kW during 
buck mode. 

 
maximum duty at the full load, as shown in Fig. 5 (b), and the 
design of the applied variable switching frequency requires 
the fixed 0.3 duty at the full load, as shown in Fig. 8.  

In the conventional design, inductor currents IL1 and IL2 of 
the secondary side and the rms current are significantly 
increased when the battery voltage is low. This feature is the 
main cause of the low power conversion efficiency and the 
high thermal design cost. The inductor current IL1 and the 
secondary side current IL2 of the transformer can be reduced 
by the proposed design method. Therefore, the number of 
switch components connected in parallel can be reduced, and 
the structure of the heat sink can be simplified. These 
characteristics are the advantages of the proposed design 
method. 

 
C. Simulation Results  
The Vcd phase is shifted by the Vab phase in the buck mode, as 

shown in Fig. 9. IL is the inductor current of the transformer 
primary side and is a combination of the inductor current and 
the circulation current value. The controller is used to maintain 
a constant voltage with limited current. The control algorithm 
in Fig. 13 is verified through simulation. The battery voltage is 
controlled at 28 V, and the battery charging current is limited 
to 100 A. 

In contrast to buck mode, the phase of the Vcd square wave 
is shifted by the Vab square wave in the boost mode, as shown 
in Fig. 10. The switching frequency is generally fixed to fs = 
70 kHz. The simulation of the DAB converter at maximum 
power captures the operating point with d = 0.229 and a 
battery voltage of Vbattery = 28 V, as presented in Fig. 10(a). 
Fig. 10(b) shows the simulation with a battery voltage of 20 
V at full load. At this battery voltage, the required duty is 
0.45 at 5 kW load. The leakage current IL1, IL2 is high when 
the duty is 0.45. 

The proposed variable switching frequency method verifies 
that less duty is required at the full load according to (9). The 
full load duty is equal to 0.3 with operating conditions of 
Vbattery.min and 50 kHz by applying the variable switching 
frequency method, as shown in Fig. 11 (b). When the used 
duty is 0.3, the leakage current IL1, IL2 is lower than that when 
using 0.45 duty, as shown in Fig. 10(b). The simulation 
verified that the same duty obtains the same power,  
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(a) 

 
(b) 

Fig. 10. DAB converter simulation at 5 kW during the boost mode, 
with a leakage inductance Lrl1 = 34.853μH (a) Vbattery = 28V, fs = 
70kHz (b) Vbattery = 20V, fs = 70kHz. 
 

 
(a) 

 
(b) 

Fig. 11. Simulation of DAB converter at 5kW during boost mode, 
leakage inductance Lrl2 = 41.454μH (a) Vbattery = 28V, fs = 70kHz 
(b) Vbattery = 20V, fs = 50kHz. 

 
regardless of battery voltage. 
 

IV. PROPOSED CONTROL ALGORITHM 
DSP (TMS320F28335) is used as the controller. Fig. 12 

illustrates the DAB converter algorithm. The power stage is 
protected by blocking switching signals when overvoltage  

 
Fig. 12. DAB converter algorithm for low voltage charger. 

 
and overcurrent are checked. ATS sends a mode signal for 
the selecting modes in the UPS system. If the ATS sends a 
high signal, the DAB converter operates in buck mode, in 
which the battery is charged by the DAB converter. If the 
ATS sends a low signal, the DAB converter operates in boost 
mode, and the battery is discharged by the DAB converter. 
Thus, the voltage of the battery changes over time. Frequency 
changes according to battery voltage. If the battery voltage is 
changed under Vbattery.min, the controller is blocked to protect 
the power stage. 

Phase shift control is adopted for the DAB converter to 
convert the high DC-bus voltage to low battery voltage or the 
low battery voltage to high DC-bus voltage. The control loop 
is shown in Fig. 13.  

This phase shift determines the power transfer between the 
high DC-bus voltage and the low battery voltage [13]. The 
battery controller consists of a PI voltage controller and a PI 
current controller to limit the current in buck mode. This 
condition constantly controls battery voltage with limited 
currents, as shown in Fig. 13(a). The DC-bus voltage is 
controlled to maintain a constant voltage in boost mode, as 
shown in Fig. 13 (b). In addition, the algorithm of the 
variable switching frequency considers disturbance.  

Experimental results demonstrate that the applied variable 
switching frequency indicates higher efficiency and ZVS 
region than the general design when the proposed method is 
applied. 
 

V. EXPERIMENTAL RESULTS 
 

A prototype of the DAB converter was used for the 
experiment, as shown in Fig. 14. The input source of the 
primary side of the DAB converter is the DC-bus in the UPS  
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(a) 

 
(b) 

Fig. 13. The control diagram for the DAB converter. (a) Charging 
mode(buck mode). (b) Discharging mode(boost mode). 

 

 
Fig. 14. Prototype of proposed DAB converter for a low voltage 
battery charger 
 

TABLE I  
DESIGN SPECIFICATIONS OF A DAB1 CONVERTER 

 

Input Voltage 380V 
Output Voltage 20~28V 

Power 5kW 
Switching Frequency 50kHz~70kHz 

Primary leakage inductance 41.454μH 
Transformer turn ratio 1:13 

Output Capacitors 10000uF 
Input Capacitors 1360uF 

1Dual Active Bridge 
 
system. The used primary switches are 47N60CFD. Two 
parallel-connected switches are used to reduce conduction 
losses. The secondary side is connected to the battery. The used 
secondary side switches are IRFP4468 and are connected to 
five parallel switches to reduce conduction losses. Table 1 
shows the design specifications of a DAB converter. 

The DAB converter operates in buck mode when the phase 
of the Vcd square wave is shifted by the Vab square wave, as 
shown in Fig. 15. Similar to the simulation, the experimental 
results verify that the battery voltage is controlled at 28 V by 
limiting the current to 100 A at 2.8 kW operation.  

The ZVS condition necessitates that energy stored in the 
leakage inductor must be larger than the energy required to 
charge and discharge the output capacitance.  

Secondary side switches cannot operate soft-switching at 
3216 W load when the primary leakage inductance is Lrl1, as 
shown in Fig. 16 (a). The reverse recovery occurs in the 
free-wheeling diodes during dead time. However, given the 
limited energy required to charge and discharge the output 
capacitance, Vbattery occurs at the secondary side switches, as 
shown in Fig. 16(a). Fig. 16(b) verifies the ZVS boundary at 
3727 W presented in Fig. 6(a). Leakage inductance is changed 
from Lrl1 to Lrl2. 
Secondary side switches operate soft switching at 3216 kW 

load, as shown in Fig. 17. Similar to the results in Fig. 6, 
experimental results verified that the ZVS region is increased 
by 9.42%. Fig. 6 indicates that the ZVS region increased by 
nearly 8.05% based on (7). The difference between (7) and the 
experimental results is caused by the turn ratio of the 
transformer. The calculated transformer turn ratio used in (7) is 
13:1. However, the secondary wire consists of a copper strip to 
reduce the conduction losses of the secondary side. Thus, the 
transformer turn ratio is difficult to adjust accurately at 13:1. 
This ratio serves as the main cause of the difference between 
(7) and the experimental results. 

The boost mode of the DAB converter operates at a fixed 
switching frequency of 70 kHz. IL.primary is the inductor current 
of the primary side of the transformer. Experimental results of 
the DAB converter at the maximum power capture the 
operating point with d = 0.229 and a battery voltage of 
Vbattery.max at full load, as shown in Fig. 18 (a). Fig. 18(b) 
shows the operation waveforms with a battery voltage of 20 
V at the full load. Moreover, 20 V is the minimum battery 
voltage. Thus, the voltage across the leakage inductor is high. 
The slope of the inductor current is steep in the interval in 
which power is transferred. Therefore, in Fig. 18(b), the 
leakage currents IL1 and IL2 are higher than those of Fig. 18(a). 
The general design of the DAB converter was verified at 5 kW, 
as shown in Fig. 18. 

Fig. 19 shows the power of the 5 kW transfer at an applied 
variable switching frequency condition. Experimental results 
verify that 0.3 duty is required at a load of 5 kW at Vbattery.max, 
as shown in Fig. 19. 

The DAB converter operates at a 5 kW load with the 
application of the variable switching frequency, as shown in 
Fig. 20. Switching frequency is 50 kHz with a battery voltage 
of 20 V. The required duty is 0.3 at the maximum power of 5 
kW. The leakage currents IL1 and IL2 and the rms current are 
lower in Fig. 20 than in Fig. 18(b). Similar to the simulation,  
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(a) 

 
(b) 

Fig. 15. Experimental results of the DAB converter at 2.8 kW 
during the buck mode, where fs = 70kHz, (a) operation waveforms, 
(b) the power of the charged battery. 
  

 
(a) 

 
(b) 

Fig. 16. Experimental results of ZVS region, Lrl1 = 34.853 μH, 
Vbattery = 28 V, fs = 70 kHz (a) load = 3256 W(65.12%)  (b) load = 
3727 W(74.54%). 
 

 
Fig. 17. Experimental results in the ZVS region, Lrl2 = 41.454 μH, 
Vbattery = 28 V, fs = 70 kHz, load = 3256 W (65.12%).  
 

 
(a) 

 
(b) 

Fig. 18. Experimental results of DAB converter at 5 kW during 
boost mode, leakage inductance Lrl1 = 34.853μH (a) Vbattery = 28 V, 
fs = 70 kHz (b) Vbattery = 20 V, fs = 70 kHz. 

 
 
the experimental results verified that the same power results 
from the same duty, regardless of the battery voltage, using the 
variable switching frequency. 
Fig. 21 captures the efficiency according to battery voltage at 

a fixed 70 kHz and Lrl1 = 34.853 μH. The used duty is large 
and the switching current is high when the battery voltage is 
low. Thus, the switching and conduction losses are increased. 
Fig. 22 captures the efficiency according to the battery 

voltage at an applied variable switching frequency and at Lrl2 = 
41.454 μH. The used duty is fixed at 0.3 regardless of the 
battery voltage. The switching frequency is reduced, and the IL1, 
IL2, and rms currents are decreased when the battery voltage is  
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(a) 

 
(b) 

Fig. 19. Experimental results of the DAB converter at 5 kW during 
boost mode, leakage inductance Lrl2 = 41.454 μH, Vbattery = 28 V, fs 
= 70 kHz, (a) operation waveforms, (b) the power of the 
discharged battery. 

 

 
(a) 

 
(b) 

Fig. 20. Experimental results of the DAB converter at 5 kW during 
boost mode, leakage inductance Lrl2 = 41.454 μH, Vbattery = 20 V, fs 
= 50 kHz, (a) operation waveforms, (b) power of the discharged 
battery. 

 
Fig. 21. Efficiency according to the battery voltage, Lrl1 = 
34.853μH, fs = 70kHz. 

 
Fig. 22. Efficiency according to battery voltage, Lrl2 = 41.454 μH, 
fs = 50 kHz to 70 kHz. 

 
low. Thus, enhanced efficiency is observed in contrast to the 
fixed switching frequency. Experimental results verified that 
the power conversion efficiency is increased by 4% at the full 
load after comparing the general designs of the DAB converter. 
 

VI. CONCLUSIONS 
 

This paper proposed the design and control method of a 
DAB converter for low-voltage chargers in a UPS system. The 
proposed method revealed that leakage inductance should be 
designed at 0.3 duty. In addition, the switching frequency 
varied depending on the battery voltage. The proposed method 
was applied to a 5 kW prototype DAB converter and was 
verified. The performance improved, and the ZVS region 
expanded by 9.42% near Vbattery.max through the proposed 
method. Furthermore, the power conversion efficiency was 
increased near Vbattery.min. 
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