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Linear regulators





















Bandgap

Respectively:
ΔVbe = Vtˑln(A2/A1)
Δ Vbe = Vtˑln((Ic1/Ic2)(A2/A1))



Brokaw: Widlar:









Series regulators



Vdo=Vbe+Ucesat+(Vin-VsatOZ)





LDO



Current limiters



The following equations are applied to this circuit:
- determination of the maximum current where the protection begins to 
operate.

Current IX is the auxiliary current and the following equations apply:

𝐼𝐼𝑋𝑋 =
𝑈𝑈𝑑𝑑 − 𝑈𝑈2

𝑅𝑅2 + 𝑅𝑅1 + 𝑅𝑅0
The following applies to the ratios on the BE junction of the transistor T2:

0,65 = 𝑈𝑈𝑅𝑅𝑅 + 𝑈𝑈𝑅𝑅𝑅 => 0,65 = 𝑅𝑅0 𝐼𝐼𝑍𝑍𝑚𝑚𝑚𝑚𝑚𝑚 + 𝐼𝐼𝑋𝑋 + 𝑅𝑅1𝐼𝐼𝑋𝑋

After the modification we get:

𝐼𝐼𝑍𝑍 𝑚𝑚𝑚𝑚𝑚𝑚 =
0,65
𝑅𝑅0

− 𝐼𝐼𝑋𝑋
𝑅𝑅0 + 𝑅𝑅1
𝑅𝑅0

- determination of the minimum current that is held through a possible short 
circuit.

Current IX is the auxiliary current under the condition of a short circuit 
at the output and applies to it the equation:

𝐼𝐼𝑋𝑋 =
𝑈𝑈𝑑𝑑

𝑅𝑅2 + 𝑅𝑅1 + 𝑅𝑅0
The other equations are the same as in the normal operating state and 
the relationship for the minimum short-circuit current is given by the 
equation:

𝐼𝐼𝑍𝑍 𝑚𝑚𝑚𝑚𝑚𝑚 =
0,65
𝑅𝑅0

− 𝐼𝐼𝑋𝑋
𝑅𝑅0 + 𝑅𝑅1
𝑅𝑅0





The following equations apply to this circuit:

- determination of the maximum current at which the protection 
begins to operate.

𝑈𝑈𝑅𝑅𝑅 = 𝑅𝑅0𝐼𝐼𝑍𝑍 𝑚𝑚𝑚𝑚𝑚𝑚

Auxiliary voltage Ux 𝑈𝑈𝑋𝑋 = 𝑈𝑈2 + 𝑅𝑅0𝐼𝐼𝑍𝑍𝑚𝑚𝑚𝑚𝑚𝑚

Ratios at R1 𝑈𝑈𝑅𝑅𝑅 = 𝑈𝑈𝑋𝑋 � 𝑅𝑅1
𝑅𝑅1+𝑅𝑅2

Transistor opening condition 0,65 = 𝑈𝑈𝑅𝑅𝑅 − 𝑈𝑈𝑅𝑅𝑅

After substituted into the eqn  0,65 = 𝑅𝑅0 � 𝐼𝐼𝑍𝑍 𝑚𝑚𝑚𝑚𝑚𝑚 −
𝑈𝑈2+𝑅𝑅0�𝐼𝐼𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚 𝑅𝑅1

𝑅𝑅1+𝑅𝑅2

The resulting maximum current 𝐼𝐼𝑍𝑍 𝑚𝑚𝑚𝑚𝑚𝑚 = 0,65� 𝑅𝑅1+𝑅𝑅2 +𝑈𝑈2�𝑅𝑅1
𝑅𝑅0�𝑅𝑅2

- determination of the minimum current that is held through a possible 
short circuit.

𝑈𝑈𝑥𝑥 = 𝑅𝑅0 � 𝐼𝐼𝑍𝑍 𝑚𝑚𝑚𝑚𝑚𝑚

Transistor opening condition: 0,65 = 𝑈𝑈𝑥𝑥�𝑅𝑅2
𝑅𝑅1+𝑅𝑅2

After substituted into the equation 0,65 = 𝑅𝑅0�𝐼𝐼𝑍𝑍𝑚𝑚𝑚𝑚𝑚𝑚�𝑅𝑅2
𝑅𝑅1+𝑅𝑅2

The resulting minimum current 𝐼𝐼𝑍𝑍 𝑚𝑚𝑚𝑚𝑚𝑚 = 0,65� 𝑅𝑅1+𝑅𝑅2
𝑅𝑅0�𝑅𝑅2
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Shunt regulators





Transistor parameters



Component cooling
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