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1. Current sinks/sources

➢ Current sink

rout =
1

𝜆𝐼𝐷
→ channel 

modulation

Simple designs

Reducing vmin (current sink) 

and increasing Vmax

are required

➢ Current source
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1. Current sinks/sources

➢ How to increase the output resistance?

rout ≈ 𝑔𝑚𝑟𝑑𝑠𝑅 rout ≈ 𝑔𝑚2𝑟𝑑𝑠2𝑟𝑑𝑠1
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2. Current mirrors

➢ Basic structure:

𝑖𝑜𝑢𝑡 =
ൗ𝑊
𝐿 |𝑀2

ൗ𝑊
𝐿 |𝑀1

𝐼𝑖𝑛 𝑟𝑜𝑢𝑡 = 𝑟𝑑𝑠2

➢ A current mirror takes the current from one branch

(Iin) and copies it into the other one (iout)

considering the size ratio between M1 and M2.

➢ Error sources in the ratio iout/Iin:

▪ Channel modulation:

𝑖𝑜𝑢𝑡
𝐼𝑖𝑛

=
ൗ𝑊
𝐿 |𝑀2

ൗ𝑊
𝐿 |𝑀1

∙
1 + 𝜆𝑉𝐷𝑆2
1 + 𝜆𝑉𝐷𝑆1

Different VDS will suppose different current ratio

➢ Short channel devices → higher error.

Solution? → Increasing rout.
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2. Current mirrors

➢ Error sources in the ratio iout/Iin:

▪ VT variation:

▪ Two devices placed close in layout → maximum VT variation of 10 mV.

▪ Oxide gradients may suppose variations in the µCox product.

𝑖𝑜𝑢𝑡
𝐼𝑖𝑛

=
ൗ𝑊
𝐿 |𝑀2

ൗ𝑊
𝐿 |𝑀1

∙
𝑉𝐺𝑆 − 𝑉𝑡ℎ2
𝑉𝐺𝑆 − 𝑉𝑡ℎ1

2

Error term

▪ The higher the current Iin the lower the error.

▪ Aspect ratio between the devices in layout:

▪ For W and L > 10 µm → error negligible.

▪ Symmetric designs interleaving devices minimize differences in the aspect 

ratio.
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2. Current mirrors

➢ How to increase the output resistance?

▪ Current mirror with cascode: 𝑟𝑜𝑢𝑡 = 𝑟𝑑𝑠2 + 𝑟𝑑𝑠4 + 𝑔𝑚4𝑟𝑑𝑠4𝑟𝑑𝑠2

▪ Current mirror with cascode and higher Vout variation possible:
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2. Current mirrors

➢ How to increase the output resistance?

▪ Wilson current mirror: 𝑟𝑜𝑢𝑡 ≈ 𝑟𝑑𝑠3 + 𝑟𝑑𝑠2
1 + 𝑟𝑑𝑠3𝑔𝑚3 + 𝑔𝑚1𝑟𝑑𝑠1𝑔𝑚3𝑟𝑑𝑠3

1 + 𝑔𝑚2𝑟𝑑𝑠2

𝑟𝑀2 =
𝑟𝑑𝑠2

1 + 𝑔𝑚2𝑟𝑑𝑠2

▪ Degenerated current mirror: 𝑟𝑜𝑢𝑡 ≈ 𝑔𝑚2𝑟𝑑𝑠2𝑅𝑜

Higher output swing because we have one 

single device at the output stage.
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2. Current mirrors

▪ Regulated current mirror:

𝑟𝑜𝑢𝑡 ≈ 𝑔𝑚1𝑔𝑚3𝑟𝑑𝑠1𝑟𝑑𝑠2𝑟𝑑𝑠3

𝑟𝑜𝑢𝑡 ≈ 𝑔𝑚3(1 + 𝐴)𝑟𝑑𝑠3𝑟𝑑𝑠2
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2. Current mirrors

➢ Increasing output resistance rout.

➢ The higher the current the less error due to VT.

➢ The bigger the devices the less error due to aspect ratio.

➢ Longer L → less error due to channel modulation.

➢ To minimize the error due to VT → multiple W/L aspect ratios.

➢ Symmetric layout designs.

▪ Degenerated current mirror: 𝑟𝑜𝑢𝑡 ≈ 𝑔𝑚2𝑟𝑑𝑠2𝑅𝑜

Higher output swing because we have one 

single device at the output stage.

Tips for current mirror design:
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3. Examples of current mirrors

VGS = 1.42 V, VT = 0.8V

Vmin = VON = 1.42 – 0.8 = 0.62 V

Aprox. 0.6 V
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3. Examples of current mirrors

The lower the current the lower the 

required VON
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3. Examples of current mirrors

Aprox. 0.26 VVGS = 0.4 V, VT = 0.28V

Vmin = 2*VON = 0.24 V
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3. Examples of current mirrors

Error current due to 

channel modulation
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3. Examples of current mirrors

Iref=20 µA

All transistors has the same size, and therefore the same VT and VDS,sat→VGSi=VDS,sat+VT

VG3=VG4=VGS3+VGS1=2VDS,sat+2VT→ VDS2=VG4-VGS4=VDS,sat+VT (VT more than needed!!!)

The minimum Vo to set M4 in sat is: Vo,min=VDS2+VDS,sat=2VDS,sat +VT=1.3V
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3. Examples of current mirrors

We need a minimum voltage of 1.3V!
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3. Examples of current mirrors

Iref=10 µA All transistors are equally sized

Negative feedback
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3. Examples of current mirrors
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4. Switches and active 
resistors

➢ MOS devices can be used to implement switches

iD = Coxμn
W

L
VGS − Vth −

VDS

2
VDS → r𝑂𝑁 =

𝜕VDS
𝜕ID

=
1

𝐶𝑜𝑥μn
W
L VGS − Vth − VDS

Variable RON

To ensure this operating point →

|VGS|>>|VDS|
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4. Switches and active 
resistors

➢ Enhanced version to increase analog dynamic range:

r𝑂𝑁,𝑁 =
1

𝐶𝑜𝑥μn
W
L 𝑁

VDD − Vth,n − VIN

r𝑂𝑁,𝑃 =
1

𝐶𝑜𝑥μP
W
L 𝑃

VIN − Vth,p
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4. Switches and active 
resistors

➢ Active resistor: connecting the gate to the drain:

R𝑒𝑞 =
1

𝑔𝑚 + 𝑔𝑚𝑏 + ൗ1 𝑟𝑜

≈
1

𝑔𝑚

Non-linearity is mitigated by restricting VDS variations.
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5. Reference of currents and 
voltages

➢ Independent of power supply and temperature.

This voltage strongly depends on 

VDD → not a good reference.

➢ How to improve it? → We may use the pn junction of a BJT device:

𝑉𝑅𝐸𝐹 ≈
𝑘𝑇

𝑞
ln
𝑉𝐷𝐷
𝑅𝐼𝑠

VDD sensitivity less than one.
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5. Reference of currents and 
voltages

➢ Power-supply independent current reference:
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