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Abstract 

We propose a CMOS circuit that can be used as an equivalent of resistors. This circuit uses a differential pair consisting of 
diode-connected MOSFETs and operates as a high-resistance resistor when driven in the subthreshold region. Its resistance can 
be controlled in a range of 1-1000 MΩ by adjusting the driving current for the circuit. For example, we realized a 123 MΩ 
resistor with a tail current of 1 nA. The results of the fabrication using a 0.35-µm 2P-4M CMOS process technology and 
measurement of the circuit are described.  
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Fig. 1 Outline of resistor circuit equivalent to a resistor with 
terminals 1 and 2. 
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Fig. 2 Resistor circuit with biasing subcircuit.  
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Fig. 3 Offset currents of resistor circuit. Offset currents ΔI1 and 
ΔI2 consist of common-mode offset current ICM and differential 
offset current IDIFF. 
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Fig. 4 Voltage-current characteristic of resistor circuit, measured 
for Ib = 1 nA, Vdd = 3 V and VCM  ( common-mode voltage for 
terminals 1 and 2 ) = 1.5 V.  
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5 -VCM  
Fig. 5 Offset currents as a function of common-mode voltage 
VCM for terminals 1 and 2, measured for Ib = 1nA and Vdd = 3 V. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6 Ib -  
Fig. 6 Resistance of resistor circuit as a function of tail current Ib. 

Sold line shows measured data, and dashed line shows theoretical 
resistance.    
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8 0.35-µm 2P-4M CMOS
CR
350 µm × 370 µm
Rin = 5 kΩ Rf = 170 kΩ 9

Vdd = 3 V E0 = 1.5 V C = 10 pF
Ib = 10 nA 2.7 kHz Ib = 1 nA 290 Hz
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7 CR  
Fig. 7 CR phase-shift oscillator. The elements circled by dashed 
lines represent resistor circuits.  
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Fig. 8 Chip photograph of phase-shift oscillator. Chip size is 
350 μm × 370 μm. Parameters used for fabrication were 
Rin = 5 kΩ, Rf = 170 kΩ, C = 10pF, Vdd = 3 V, and E0 = 1.5 V. 
 
 
 
 
 
 

(a) Ib = 1 nA 

 
 
 
 
 
 

(b) Ib = 10 nA 
9  

Fig. 9 Output waveforms of phase-shift oscillator, measured for 
two values of tail current Ib for resistor circuit. 
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Fig. 10 Resistor circuit with temperature compensation. 

 
 

RS ( CS

f ) (12)  

IPTAT RS = VGS6 − VGS7

=
mkT

q
ln

ID
I0

⋅
L

W

⎛ 
⎝ 
⎜ 

⎞ 
⎠ 
⎟ + Vth6

−
mkT

q
ln

ID
I0

⋅
L

WK

⎛ 
⎝ 
⎜ 

⎞ 
⎠ 
⎟ − Vth7

=
mkT

q
ln K

................... (13) 

M6 M7 1 K
MOSFET

PTAT IPTAT  

IPTAT =
mkTCS f

q
ln K ............................................... (14) 

M9 M10 1 : α
IPTAT 1/α

1-2 (5) (14)
 

R =
4α

CS f ln K
............................................................ (15) 

 

 

5 2   
0.35-μm CMOS

SPICE 11
( )  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

11  
Fig. 11 Temperature characteristic of resistor circuit for three tail 
currents. 
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12 PTAT  
Fig. 12 Temperature dependence of PTAT current for three 
switching frequencies. 
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Fig. 13 Temperature dependence of resistor with compensation. 
Parameters used for fabrication were Vdd = 3 V,  α = 10,
K = 2,  CS = 0.55 pF.  
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