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Abstract—In order to decrease the additional power loss in 

DC-DC converter caused by current detection, a current 

sensing technique without power loss is proposed. Power 

MOSFET is being widely used in low and medium power 

DC-DC converters; it can be regarded as a resistor in the 

condition of turn-on. Thus, based on the analysis of 

traditional kinds of current detection technology, a novel 

current sensing technology is proposed, which senses the 

current by using the conduction voltage drop of the power 

devices in DC-DC converter, the accuracy of sensing current 

can be improved by adjusting the resistor connected in both 

ends of the transconductance amplifier, no additional 

current sensing circuit is needed, and the additional power 

loss can be avoided. The DC-DC converter operating at the 

frequency of 1MHz is simulated, and the simulation results 

verify the accuracy and feasibility of the designed circuit. 

Keywords-DC-DC converter;current mode;over-current 

protection;conduction voltage drop;current sensing technology 
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I. INTRODUCTION . 

As energy crisis exist in the modern society, under the 
premise of the appropriate power conversion indicators 
and performance, saving energy and reducing energy 
consuming maximally is still the goal for chip switching 
power supply integrated circuits. Because of its high 
conversion efficiency, broadly input dynamic range and 
small size, light weight, etc., the switching power supply 
will be always used in the current sensing circuits [1,2]. 
With the development of economic technology, the 
operating voltage of apparatus and chip is more and more 
low, thus, the step-down converters are being widely in the 
industry [3,4]. 

 In the current mode control, how to detect the current 
through the switch tube accurately to realize the control of 
current loop is a big problem. Because the accuracy of 
current detection and the power consumption is 
contradictory, more accuracy means more power 
consumption. In the power system, the current detection is 
more than one point; the current detection signal is being 
widely used in the following aspects [5]:  

(1)Controlling current loop, the detected peek current 
and given current are compared to adjust duty cycle to 
achieve stable output voltage. 

(2)Limiting the maximum current to achieve over-
current protection, it is often used with (1) together. 

(3)Detecting current in every phrase to achieve current 
sharing in the poly-phase system. 

(4)Detecting the average output current to achieve the 
lower output voltage with load current in the active 
lowered voltage system. 

The current sensing technology being widely used is to 
detect current by using the characteristic that the parallel 
MOSFET is proportional. The breadth length ratio 
between SENSEFET and MOSFET is 1/n, the current 
through SENSEFET decreases to 1/n current through the 
power transistor. A resistor existed in the end of the 
SENSEFET, a basic current sensing circuit is designed, the 
current through SENSEFET can be detected by detecting 
the voltage in the resistor, and then the current through 
MOSFET can be obtained. However, the power loss 
caused by the resistor is large; it is difficult to be 
controlled [6]. 

Another way to detect the conduction voltage is to 
regard the switch device to a resistor, no extra power 
consumption is not exist, so it is a current sensing 
technology without power loss. However, the resistance 
changes with the change of temperature, and the detection 
accuracy is not high [7]. Thus, novel current sensing 
technology has become the research orientation for the 
switch power supply [8,9], and the design of current 
sensing has also become a focused issue in the industry 
[10,11]. 

The current can be sensed by using the conduction 
voltage drop of the power devices in DC-DC converter in 
this paper, no additional power loss is existed. The 
transconductance amplifier and the dynatron are used to 
form a negative feedback loop, and the output current is 
mirrored exported with current mirror, the accuracy of 
current detection can be improved by adjusting the resistor 
connected in both ends of the transconductance amplifier, 
and current sensing without power loss can be achieved. 

 

II. TRADITIONAL KINDS OF CURRENT DETECTION 

TECHNOLOGY 

The resistor is in series with the inductor in traditional 
current sampling circuit, as shown in Fig .1. The current 
through inductor can be obtained according to the volatge 
in the resistor in the condition of the given resistance. 

However, the current through inductor and the leakage 
current of the power device must flow through the 
sampling resistor, the power loss existed in the sampling 
resistor will lead to the lower efficiency of DC-DC 
converters. Supposing the current is 1A in the full load, the 
voltage drop in the sampling resistor is 100mV, and the 
power loss of the resistor is 0.1 W; if the required output 
power is 3.3W, the efficiency will decrease 3.3 % in the 
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condition of using sampling resistor. If the output voltage 
is lower, the power loss of the resistor is more serious, and 
the efficiency is lower. The shortcomings will be more 
serious in the applications with lower voltage and high 
current. 
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Figure 1. Traditional current sampling circuit 

SENSE FETs sampling technology is being widely 
used in novel power MOSFET circuits, its principle is 
shown in Fig .2. The grid and the source of power 
transistor are connected to the sample transistor 
respectively, if the drain voltage in two transistors are 
equal, the power transistor is in parallel with the sample 
transistor, and the current in sample transistor corresponds 
to the scaled-down current in power transistor. The 
effective channel width of the sample transistor should be 
very small to ensure its power loss be very low, and it can 
be regarded as lossless. The voltage in M and S should be 
equal to eliminate the current mismatch caused by channel 
length modulation.  
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Figure 2. SENSE FETs sampling circuit 

The entire SENSE FETs sampling circuit is shown in 
Fig .3. Where, M1 is the power MOS transistor, M2 is the 
sampling transistor, the operational amplifier is used to 
ensure the drain voltages in two transistor be equal. The 
accuracy relys on the matching performance of the current 
mirror. 

With the increase of the channel width ratio between 
the power MOS transistor and the sampling transistor, the 
matching performance will decrease, and the accuracy in 
the entire system will also decrease, and the error can 
reach to 120%. Considering the current ratio is 100: 1, a 
small couple between the power MOS transistor and the 
sampling transistor will cause a large error, and a large 
peak signal will be added to the sampling signal. Thus, the 
IC layout must be designed carefully to insure that the 
mutual inductance between the power MOS transistor and 

the sampling transistor is the smallest. Besides, the 
technology can only be used when the MOSFET is 
matched highly. 
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Figure 3. Entire SENSE FETs sampling circuit 

Another current sampling technology is shown in 
Fig .4. The on-resistor RDS in MOSFET power transistor 
is used to sample current. If MOS power transistor 
operates in linear region, it can be regarded as a switch, 
and it can be seen as an equivalent resistor RDS, RDS can 
be expressed by: 

DS =
( )ox GS T

L
R

W C V V 
                    (1) 

Where, μ is the channel charge mobility, Cox is the 
unit gate oxide capacitance, VT is the threshold voltage. W 
is the effective width of the power MOSFET, L is the 
effective length of the conducting channel. 
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Figure 4.Sampling with the power MOSFET resistor 

Thus, the current can be obtained if the RDS is given 
and the voltage between the source and the drain can be 
measured. RDS should be controlled well in this 
technology. If RDS is too small, the small sampling signal 
can not drive the lower circuit, the signal should be enlarge 
by amplifier. If RDS is too large, the efficiency in 
converters will be reduced by its power loss, especially in 
low voltage and large current situation.  

Besides, RDS is nonlinear inherently because of the 
process factor, Cox and VT will change with the change of 
temperature, thus, a nonlinear change existed in the RDS 
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of the MOSFET, and the largest error can reach from 50% 
to 100%, so the accuracy in this technology is limited.  

However, there is no extra resistor in the sampling 
circuit, the extra power loss is not existed, so the efficiency 
is higher and the technology is being widely used. 

The current is sensed by detecting the voltage in 
synchronous rectifier in this technology. 

III. PRINCIPLE OF CURRENT SENSING CIRCUIT WITHOUT 

POWER LOSS 

A current sensing circuit without power loss using the 
voltage drop on the power device in DC-DC converter to 
detect the current is designed in this paper, the designed 
circuit has no additional power loss in relative to the entire 
system. The schematic is shown in Fig .5. 
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Figure 5. Current detection schematic 

Negative feedback loop is used to ensure 
VISPX=VISNX. The sample current is mirrored exported 
with current mirror to achieve the following functions: 
Firstly, two-way currents are summed and then averaged, 
the averaged current is used as the benchmark, and the 
current difference of each phase is used to adjust the width 
of PWM. Secondly, the current is sent to over-current 
protection circuit to achieve the function of over-current 
protection. Finally, the current is sent to ripple regulator to 
adjust output voltage ripple. The current can be sensed by 
using the conduction voltage drop of the power devices in 
DC-DC converter in this paper, no additional power loss is 
existed. According to the above principle, we have 

BP SP X SP L S BN SNI R I R I R I R        (2) 

As IBP=IBN，if RSP=RSN, the detecting current can be 

expressed by: 

L S
X

SP

I R
I

R


                        (3)  

From (3), it can be seen that the detection current is 
proportional to the inductor current, and the detection 
progress and amplitude can be adjusted by the 
resistor series connected in the ends of the detection 
amplifier. The specific current detection schematic is 
shown in Fig .6. 

 
Figure 6. Specific current detection schematic 

 

IV. SIMULATION 

Synchronous rectifier is replaced by a current source to 
simulate the output current. Its transient simulation 
waveforms are shown in Fig .7, the current through load 
Iout is simulated in the top picture, and the detected 
current Isense is simulated in the below picture, from 
Fig .8, it can be seen that the current change is successful 
detected in the condition of 1MHz. The simulation results 
verify the accuracy and feasibility of the designed circuit. 

 
Figure 7. Current detection transient simulation waveforms 

From equation (3), it can be seen that the current of the 
power device can not be tracked in the condition of the 

resistance of RS is too small (Supposing RS=0.5Ω). The 

simulation results are shown in Fig .8. 
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Figure 8. Failure to detect current change 

The current track detection can be achieved by 
adjusting the resistor  connected in the detection amplifier. 
The simulation results are shown in Fig .9. 

 
Figure 9. Success to detect current change 

 

V. CONCLUSION 

A novel current sensing technology without power loss 
is proposed in this paper, which detects the current using 
the conduction voltage drop of the power devices in DC-
DC converter, and the output current is mirrored exported 
with current mirror, the accuracy of current detection can 
be improved by adjusting the resistor connected in the 
transconductance amplifier, and current sensing without 
power loss can be achieved. The simulation results verify 
the feasibility of the designed circuit, and the low accuracy 
caused by the temperature can be eliminated. The 
technology has high availability and economic value, and 
it can be used in other current detection circuits. 
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