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(57) ABSTRACT 

A reference-corrected ratiometric current sensing circuit for 
sensing a current ?owing through a load and a poWer 
controlling pass device includes a sense device, a sense 
resistor, and a variable reference current source for provid 
ing a varying reference current. The varying reference 
current is varied according to a ratio of the voltage across the 
sense device to the voltage across the pass device. The 
ratiometric current sensing circuit of the present invention is 
capable of accurate current sensing in spite of disparities that 
may occur betWeen the voltages across the sense and the 
pass devices. In one embodiment, the variable reference 
source includes a transconductance ampli?er circuit that 
provides an output current indicative of the voltage differ 
ence at its input terminals. Furthermore, the variable refer 
ence current source includes a translinear circuit that Works 
With the transconductance ampli?er circuit to implement the 
prescribed arithmetic operations to generate the varying 
reference current. The ratiometric current sensing circuit of 
the present invention provides accurate current sensing for 
load conditions ranging from normal overload to a shorted 
load. 
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TRANSCONDUCTANCE AMPLIFIER CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention generally relates to current sensing 
circuits and methods; and in particular, the present invention 
relates to a ratiometric current sensing circuit for accurately 
sensing the current ?oWing through a poWer-controlling pass 
device. 

[0003] 2. Background of the Invention 

[0004] In circuits employing a poWer sWitch for poWer 
sWitching or poWer distribution functions, there is often a 
need to sense the current passing through the poWer sWitch. 
For example, current sensing is needed to monitor the load 
current passing through the poWer sWitch and the load 
coupled to the poWer sWitch. Current sensing is also needed 
to control and limit the load current in order to prevent 
damage to the load or to the poWer sWitch itself. PoWer 
sWitches are commonly implemented as n-channel or 
p-channel MOS devices. Although the current through the 
poWer sWitch can be sensed directly by placing a resistor in 
series With the poWer sWitch, this arrangement is undesirable 
because the resistor conducts the entire current through the 
poWer sWitch, resulting in a large poWer dissipation. Instead, 
a ratiometric current sensing technique is typically used for 
MOS poWer sWitches. In ratiometric current sensing, the 
current through the poWer sWitch is measured using a sense 
device Which matches the poWer sWitch in electrical char 
acteristics but is smaller by a knoWn factor. The current 
through the sense device, Which is a knoWn ratio of the 
current through the poWer sWitch, is measured using a 
resistor connected in series With the sense device. The siZe 
of the sense device can be made small enough such that the 
current through the sense device is measured Without unde 
sirable poWer dissipation. 

[0005] A conventional ratiometric current sensing circuit 
for use With a MOS poWer sWitch is illustrated in FIG. 1. 
Current sensing circuit 10 for sensing the current through a 
poWer device MPower and a load 13 includes a sense device 
MSense and a resistor RSense connected in series. PoWer 
device MPower and sense device MSense are matching n-chan 
nel MOS transistors. Sense device M is chosen to be K 
times smaller than poWer device MPOWSI. Typically, K is in 
the range of 1000 or more. The gate terminals of poWer 
device MPower and sense device MSense are connected 
together and the source terminals of both devices are con 
nected together to a ground terminal (node 15). Therefore, 
poWer device MPower and sense device MSense are driven 
With identical gate to source voltages. An input voltage Vin 
from an input voltage source 12 is applied across load 13 and 
poWer device MPOWH. A load current ?oWing through load 
13 is equivalent to the drain current IDS)P of poWer device 
MPoWer' 
[0006] Resistor RSense is connected betWeen the drain 
terminal (node 14) of poWer device M and the drain 
terminal (node 16) of sense device MSense and is used to 
measure the current ?oWing through the sense device 

Sense 

Power 

Msense. As long as the voltage across resistor RSense is small 
compared to the drain-to-source voltage of Msense, the 
drain-to-source voltages across poWer device MPower and 
sense device M are essentially equal. Since the poWer Sense 
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device and the sense device have the same drain-to-source 
voltages and the same gate-to-source voltages, the drain 
current IDS)S of sense device MSense is essentially lDsy/K. A 
voltage drop develops across resistor RSense Which is equal 
to the product of the drain current IDS)S of sense device 
M e and the resistance of resistor R 

Sens Sense‘ 

[0007] The sensed current of sense device MSense and the 
sensed voltage of sense resistor RSense can be used to control 
circuit protection mechanisms for preventing excessive cur 
rent How in poWer device MPower and load 13. To that end, 
current sense circuit 10 further includes an error ampli?er 
20, a reference current source 19, and a reference resistor 
RRef. Reference current source 19 provides a ?xed reference 
current IRe?) Which ?oWs through reference resistor RRef and 
generates a reference voltage across the reference resistor. 
Reference resistor RRef and sense resistor RSense are either 
matching resistors having the same resistance values or 
resistors having ratioed resistance values. Error ampli?er 20 
compares the voltage across reference resistor RRef (node 
18) and the voltage across sense resistor RSense (node 16) 
and provides a control signal on lead 17 to the gate terminals 
of sense device MSense and poWer device MPOWH. In opera 
tion, the reference current IRe?) is selected so as to set the 
current limit of poWer device MPOWH. Error ampli?er 20 
operates to limit the poWer device’s current Whenever the 
sensed voltage at sense resistor RSense is equal to or exceeds 
the reference voltage generated by reference resistor RRef. 
When a current limit condition is detected, error ampli?er 20 
regulates the gate-to-source voltages of poWer device MPower 
and sense device MSense to limit the current through the 
sense device to the maximum alloWable current value of 

IRefU ' 

[0008] As mentioned above, in current sense circuit 10 of 
FIG. 1, as long as the voltage drop across sense resistor 
RS?use is negligible as compared to the voltage drop across 
sense device Msense, the drain-to-source voltages across the 
poWer device MPower and the sense device MSense are essen 
tially equal and the current through the sense device tracks 
the current through the poWer device. The drain current IDS)P 
through poWer device M and load 13 is given by: 

[0009] Through the use of a scaled-doWn sense device, 
current sensing circuit 10 operates at a loW poWer dissipa 
tion level because the sensed current IDS)S is only a fraction 
of the poWer device’s actual current. Furthermore, current 
sensing circuit 10 is applicable When the poWer device is 
biased either in the saturation region or in the linear (triode) 
region. 

[0010] HoWever, conventional current sensing circuit 10 
has a signi?cant draWback. In particular, conventional cur 
rent sensing circuit 10 becomes grossly inaccurate When the 
poWer device is operated in the linear region Where the 
drain-to-source voltage across the poWer device is small. In 
this case, the voltage drop across the sense resistor is no 
longer negligible and the drain voltage at the sense device 
does not track that of the poWer device. Thus, sense device 
MSense grossly underestimates the poWer device’s current. 

[0011] For sense device MSense to measure the poWer 
device current accurately, the terminal conditions of the tWo 
devices should be equal. That is, the gate-to-source voltages 




























