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(57) ABSTRACT 

In a reference current generator, a current mirror has a 
referent branch with a first current flowing thereon and a 
mirror branch to produce a second current by mirroring the 
first current, a first transistor is coupled to the referent 
branch, a second transistor is coupled to the mirror branch 
and has a gate coupled to the gate of the first transistor, one 
or more third transistors each produces a reference current 
by mirroring the first current or the second current to Supply 
for a load, and a resistor having a resistance proportional to 
the absolute temperature is coupled to the first transistor 
such that a third current equal to the summation of the first 
current and all the mirrored reference currents flows through 
the resistor. 

3 Claims, 4 Drawing Sheets 
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1. 

REFERENCE CURRENT GENERATOR 

FIELD OF THE INVENTION 

The present invention is related generally to a reference 
current generator and, more particularly, to a reference 
current generator having Smaller size and less power con 
Sumption. 

BACKGROUND OF THE INVENTION 

Reference current generator is applied in integrated cir 
cuits for Supplying reference currents to analog circuits. 
FIG. 1 shows a circuit diagram of a conventional reference 
current generator 10, which comprises a resistor Rptat 
having a resistance proportional to the absolute temperature 
for a current Iptat1 to flow therethrough to produce a voltage 
drop AV thereacross, a current mirror 12 including a referent 
branch consisting of an NMOS transistor T4 to couple with 
the current Iptat1 and a mirror branch consisting of an 
NMOS transistor T3 for generating a current Iptat2 by 
mirroring the current Iptat1, a PMOS transistor T1 coupled 
between a supply voltage VDD and the transistor T3 and 
having its gate and drain coupled together, a PMOS tran 
sistor T2 coupled between the NMOS transistor T4 and the 
resistor Rptat and having its gate coupled to the gate of the 
PMOS T1, and an NMOS transistor T5 having its gate 
coupled to the gate of the NMOS transistor T4 for generating 
a current Idc ld1 proportional to the current Iptat1 to Supply 
for a load 14 coupled between the supply voltage VDD and 
the NMOS transistor T5. The PMOS transistors T1 and T2 
have a size ratio 1:C, and the NMOS transistors T3, T4 and 
T5 have a size ratio 3:1:Y. When the reference current 
generator 10 operates, a voltage drop VG is resulted between 
the source and drain of the PMOS transistor T1, the voltage 
drop AV is resulted across the resistor Rptat, the current 
Iptat1 flows from the PMOS transistor T2 to the NMOS 
transistor T4, and the current Iptat2 flows from the PMOS 
transistor T1 to the NMOS transistor T3. 

FIG. 2 shows another conventional reference current 
generator 20, which has a structure similar to that of the 
reference current generator 10 of FIG. 1, but uses a PMOS 
transistor T5 connected between the supply voltage VDD 
and the load 14 instead, such that the current Idc ld2 is 
produced to supply for the load 14. Additionally, the size 
ratio of the PMOS transistors T1, T2 and T5 is 1:C:y, and the 
size ratio of the NMOS transistors T3 and T4 is B:1. 

Referring to FIG. 1 and FIG. 2, due to the size ratio 
between the NMOS transistors T3 and T4, the currents Iptat1 
and Iptat2 are determined by 

Iptat2=BxIptatl. EQ-1 

On the other hand, the currents. Iptat1 and Iptat2 can be 
determined by 

(,,), (; ;) Iptat1 = a x Ipox enxvilx et Vt), EQ-2) 

and 

(...) Iptat2 = DoxenxWil, 

where Vit is the thermal voltage. Substituting the equations 
EQ-2 and EQ-3 to the equation EQ-1, it is obtained 
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2 
Further, the voltage drop AV across the resistor Rptat can be 
calculated by 

AV-IptatlxRptat. EQ-5) 

Therefore, based on the equation EQ-4, the equation EQ-5 
can be rewritten as 

Iditat1 = pia Rptat 

From the equation EQ-6, it is shown that the greater the 
resistance Rptat is, the less the current Iptat1 is, and hence, 
in order to reduce the power consumption by reducing the 
current Iptat1, the resistance Rptat must be increased. How 
ever, the occupying area of the resistor Rptat on a chip is also 
enlarged when the resistance Rptat is increased, and there 
fore the reference current generator 10 or 20 will have a 
larger chip size. Thereby, it is desired a reference current 
generator that has reduced chip size and less power con 
Sumption. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a reference current generator having Smaller chip 
size and less power consumption. 

In a reference current generator, according to the present 
invention, a current mirror has a referent branch with a first 
current flowing thereon and a mirror branch to produce a 
second current by mirrorring the first current, a first tran 
sistor is coupled to the referent branch, a second transistor 
is coupled to the mirror branch and has a gate coupled to a 
gate of the first transistor, one or more third transistors each 
mirrors the first current or the second current to produce a 
reference current to supply for a load, and a resistor having 
a resistance proportional to the absolute temperature is 
coupled to the first transistor Such that a third current equal 
to the summation of the first current and all the mirrored 
reference currents flows through the resistor. 

BRIEF DESCRIPTION OF DRAWINGS 

These and other objects, features and advantages of the 
present invention will become apparent to those skilled in 
the art upon consideration of the following description of the 
preferred embodiments of the present invention taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a circuit diagram of a conventional reference 
current generator; 

FIG. 2 is a circuit diagram of another conventional 
reference current generator, 

FIG. 3 is a circuit diagram of a reference current generator 
according to the present invention; and 

FIG. 4 is a circuit diagram of another reference current 
generator according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 3 is a circuit diagram of a reference current generator 
30 according to the present invention, which comprises a 
resistor Rptat having a resistance proportional to the abso 
lute temperature, a current mirror 32, two PMOS transistors 
T1 and T2, and an NMOS transistor T5 for producing a 
reference current Idc 1d 1 supplied for a load 34. 
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The current mirror 32 includes a referent branch having 
an NMOS transistor T4 and a mirror branch having an 
NMOS transistor T3, and the NMOS transistor T4 has a gate 
connected to its source, a gate of the NMOS transistor T3 
and a gate of the NMOS transistor T5. The PMOS transistor 
T1 is connected between a supply voltage VDD and the 
NMOS transistor T3, and has a gate and a drain connected 
together. The resistor Rptat is coupled between the supply 
voltage VDD and the PMOS transistor T2, and the latter is 
connected to the NMOS transistor T4. The load 34 is 
connected between the source of the PMOS transistor T2 
and a drain of the NMOS transistor T5. In normal operation, 
the PMOS transistors T1 and T2 operate in weak inversion, 
and the NMOS transistors T3 and T4 operate in strong 
inversion, such that the current Idc ld1 is produced to 
supply for the load 34. The current flows through the resistor 
Rptat is 

Itotal=Iptatl+Idc lod1. EQ-7) 

In this embodiment, the size ratio of the PMOS transistors 
T1 and T2 is 1:C, and the size ratio of the NMOS transistors 
T3, T4 and T5 is B:1:y. 

FIG. 4 is a circuit diagram of another embodiment accord 
ing to the present invention. Similar to the reference current 
generator 30 of FIG. 3, the reference current generator 40 
also comprises the resistor Rptat having a resistance pro 
portional to the absolute temperature, the current mirror 32. 
and the PMOS transistors T1 and T2. However, in the 
reference current generator 40, a PMOS transistor T5 to 
produce a reference current Idc ld2 to supply for the load 34 
is common source and common gate to the PMOS transistor 
T2, and has its drain connected to the load 34. The current 
flows through the resistor Rptat is 

Itotal=Iptatl+Idc lod2. EQ-8) 

In this embodiment, the size ratio of the PMOS transistors 
T1, T2 and T5 is 1:C:y, and the size ratio of the NMOS 
transistors T3 and T4 is f: 1. 

In FIG. 3, due to the size ratio between the NMOS 
transistors T3 and T4, the currents. Iptat1 and Iptat2 are 
determined by 

Iptat2=BxIptatl. EQ-9) 

On the other hand, the currents. Iptat1 and Iptat2 can be 
calculated by 

(, ) AW Iptatl = a x Ipox enXV Xe(v), EQ-10 

and 

WG 
Iptai? = Do X (,,), EQ-11) 

where Vit is the thermal voltage. 
Substituting the equations EQ-10 and EQ-11 to the equation 
EQ-9, it is obtained 

EQ-12 

In addition, the Voltage drop AV across the resistor Rptat can 
be determined by 

AV=(Iptatl+Idc lod1)xRptat, EQ-13 
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4 
and due to the size ratio between the NMOS transistors T4 
and T5, the reference current Idc ldc1 can be determined by 

Idc ld1=YxIptat1. EQ-14 

With the equations EQ-12 and EQ-14, the equation EQ-13 
can be rewritten as 

EQ-15 
Rptatx (1 +y) 

1 Wi I 
T 1 +y Rptai ntax 6). 

When comparing the equation EQ-15 with the equation 
EQ-6 under the condition of the same C, B, and resistance 
Rptat, it is shown that the reference current generator 30 has 
the current Iptat1 equal to 

1 

(1 + iy) 

times less than that of the conventional reference current 
generator 10, or under the condition of the same C. 3 and 
current Iptat1, the reference current generator 30 has the 
resistance Rptat equal to 

1 

(1 + iy) 

times less than that of the conventional reference current 
generator 10. 

For an example, if Iptat1=10 nA, Vt=26 mV. C-8, B=2. 
and Y=10, from the equation EQ-6, the resistance is 

Rptai = "Yxin(8x2 = 7.2 Mo, EQ-16 
10 mA 

while from the equation EQ-15, the resistance is 
26 nW EQ-17 Rptat = x ln(8x2) = 655 kg), 

10 nAX (1 + 10) 

Obviously, the resistance Rptat of the reference current 
generator 30 is much smaller than that of the reference 
current generator 10. Thus, as mentioned above, the refer 
ence current generator 30 of the present invention will 
occupy less chip area than the conventional one 10. Simi 
larly, under the same condition, the resistance Rptat of the 
reference current generator 40 is also much smaller than that 
of the reference current generator 20. 

Furthermore, when operating under the condition of the 
same resistance Rptat and Voltage drop AV from the equa 
tions EQ-5, EQ-13 and EQ-14, it is shown that the reference 
current generator 30 has the current Ipata1 equal to 

1 

(1 + y) 

times less than that of the conventional generator 10, thereby 
reducing the power consumption dramatically. Similarly, the 
power consumption of the reference current generator 40 is 
also much less than that of the conventional one 20. 

While the present invention has been described in con 
junction with preferred embodiments thereof, it is evident 
that many alternatives, modifications and variations will be 
apparent to those skilled in the art. Accordingly, it is 
intended to embrace all Such alternatives, modifications and 
variations that fall within the spirit and scope thereofas set 
forth in the appended claims. 
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What is claimed is: 
1. A reference current generator comprising: 
a current mirror having a referent branch with a first 

current flowing thereon and a mirror branch to produce 
a second current by mirroring the first current; 

a first transistor coupled to the referent branch; 
a second transistor coupled to the mirror branch, having 

a gate coupled to a gate of the first transistor, 
at least a third transistor, each for producing a reference 

current by mirroring the first current or the second 10 
current to Supply for a load; and 

6 
a resistor having a resistance proportional to the absolute 

temperature, coupled to the first transistor Such that a 
third current equal to the summation of the first current 
and all the mirrored reference currents flows through 
the resistor. 

2. The reference current generator of claim 1, wherein the 
first current is inversely proportional to the resistance. 

3. The reference current generator of claim 1, wherein the 
first current is proportional to absolute temperature. 


