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The Regulator

Zener Diode Regulator

• Common Zener diodes: 500mW BZX55 and 1.3W BZX85, like 

BZX55C7V5 (7.5V).

• Zener diodes can be series-connected with silicon diodes for 

various reference voltages.

• A Zener diode allows current in the forward direction like a regular 

diode

• but also conducts in reverse when the voltage exceeds a specific 

Zener breakdown voltage (Zener voltage).



• Zener diodes provide a stable out put voltage with low ripple under 

varying load currents.
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• A current-limiting resistor (𝑹𝒔) ensures the Zener diode conducts enough current to 

maintain 𝑽𝑶𝑼𝑻.

• Rectifier DC output has a ripple; connecting a Zener stabilizer circuit to the 

rectifier generates a more stable voltage.
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Stage 1: Fixed 𝑉𝑖 and Fixed 𝑅𝐿

When 𝑽𝑳 < 𝑽𝒁 Zener is OFF

𝑽𝑳 =
𝑹𝑳

𝑹𝑳 + 𝑹𝑺
𝑽𝒊

𝑽𝒊 − 𝑽𝒔 − 𝑽𝑳 = 𝟎

When 𝑽𝑳>𝑽𝒁 Zener is ON

𝑰𝑳 =
𝑽𝑳
𝑹𝑳

𝑰𝑺 =
𝑽𝑺
𝑹𝑺

𝑰𝒛 = 𝟎

𝑽𝒁 = 𝑽𝑳

𝑰𝑳 =
𝑽𝑳
𝑹𝑳

𝑽𝒊 − 𝑽𝒔 − 𝑽𝑳 = 𝟎

𝑰𝑺 =
𝑽𝑺
𝑹𝑺

𝑰𝒁 = 𝑰𝑺 − 𝑰𝑳

For the Zener circuit below, determine 𝑉𝐿 , 𝐼𝐿 , 𝑉𝑠, 𝐼𝑠 and 𝐼𝑧

𝑽𝑳 =
𝑹𝑳

𝑹𝑳 + 𝑹𝑺
𝑽𝒊

=
𝟏. 𝟐

𝟏. 𝟐 + 𝟏
∗ 𝟏𝟔

𝑽𝑳 = 𝟖. 𝟕𝟐 𝑽

∵𝑽𝑳 𝟖. 𝟕𝟐𝑽 < 𝑽𝒁 𝟏𝟎 𝑽

𝐙𝐞𝐧𝐞𝐫 𝐢𝐬 𝐨𝐅𝐅

𝑰𝑳 =
𝑽𝑳
𝑹𝑳

=
𝟖. 𝟕𝟐

𝟏. 𝟐 ∗ 𝟏𝟎𝟑

𝑰𝑳 = 𝟕. 𝟐𝟕𝒎𝑨

𝑽𝒊 − 𝑽𝒔 − 𝑽𝑳 = 𝟎

𝟏𝟔 − 𝑽𝒔 − 𝟖. 𝟕𝟐 = 𝟎

𝑽𝒔 = 𝟏𝟔 − 𝟖. 𝟕𝟐

𝑽𝒔 = 𝟕. 𝟐𝟕 𝐕

𝑰𝑺 =
𝑽𝑺
𝑹𝑺

𝑰𝑺 =
𝟕. 𝟐𝟕 𝐕

𝟏 𝒌

𝑰𝑺 = 𝟕. 𝟐𝟕𝐦𝐀

𝑰𝒛 = 𝟎

EX:1

Sol:
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Stage 1: Fixed 𝑉𝑖 and Fixed 𝑅𝐿

When 𝑽𝑳 < 𝑽𝒁 Zener is OFF

𝑽𝑳 =
𝑹𝑳

𝑹𝑳 + 𝑹𝑺
𝑽𝒊

𝑽𝒊 − 𝑽𝒔 − 𝑽𝑳 = 𝟎

When 𝑽𝑳>𝑽𝒁 Zener is ON

𝑰𝑳 =
𝑽𝑳
𝑹𝑳

𝑰𝑺 =
𝑽𝑺
𝑹𝑺

𝑰𝒛 = 𝟎

𝑽𝒁 = 𝑽𝑳

𝑰𝑳 =
𝑽𝑳
𝑹𝑳

𝑽𝒊 − 𝑽𝒔 − 𝑽𝑳 = 𝟎

𝑰𝑺 =
𝑽𝑺
𝑹𝑺

𝑰𝑺 = 𝑰𝒁 + 𝑰𝑳

𝑽𝑳 =
𝑹𝑳

𝑹𝑳 + 𝑹𝑺
𝑽𝒊

=
𝟑

𝟑 + 𝟏
∗ 𝟏𝟔

𝑽𝑳 = 𝟏𝟐𝑽

∵𝑽𝑳 𝟏𝟐𝑽 > 𝑽𝒁 𝟏𝟎𝑽

𝐙𝐞𝐧𝐞𝐫 𝐢𝐬 𝐨𝐧

𝑰𝑳 =
𝑽𝑳
𝑹𝑳

=
𝟏𝟎

𝟑 ∗ 𝟏𝟎𝟑

𝑰𝑳 = 𝟑. 𝟑𝟑𝒎𝑨

𝑽𝒊 − 𝑽𝒔 − 𝑽𝑳 = 𝟎

𝟏𝟔 − 𝑽𝒔 − 𝟏𝟎 = 𝟎

𝑽𝒔 = 𝟏𝟔 − 𝟏𝟎

𝑽𝒔 = 𝟔𝐕

𝑰𝑺 =
𝑽𝑺
𝑹𝑺

𝑰𝑺 =
𝟔𝐕

𝟏 𝒌

𝑰𝑺 = 𝟔𝐦𝐀

𝑰𝒛 = 𝟐. 𝟔𝟕𝒎𝑨

EX:2

Sol:

Repeat Ex.1 with 𝑹𝑳 = 𝟑 𝑲Ω

∴ 𝑽𝒁 = 𝑽𝑳 = 𝟏𝟎𝑽

𝑰𝑺 = 𝑰𝒁 + 𝑰𝑳

𝟔 = 𝑰𝒁 + 𝟑. 𝟑𝟑

𝑹𝑳 = 𝟑 𝑲Ω
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For the Zener circuit below, determine the range of 𝑅𝐿 and 𝐼𝐿Stage 2: Fixed 𝑉𝑖 and Variable 𝑅𝐿

𝑹𝑳𝒎𝒊𝒏 =
𝑽𝒁

𝑽𝒊 − 𝑽𝒁
𝑹𝒔

𝑽𝑳 = 𝑽𝒁

𝑰𝑳𝒎𝒊𝒏 = 𝑰𝒔 − 𝑰𝒁𝒎𝒂𝒙

𝑰𝑳𝒎𝒊𝒏 = 𝑰𝒔 − 𝑰𝒁𝒎𝒂𝒙

EX:3

Sol:

𝑹𝑳𝒎𝒊𝒏 =
𝑽𝒁

𝑽𝒊 − 𝑽𝒁
𝑹𝒔

=
𝟏𝟎

𝟓𝟎 − 𝟏𝟎
∗ 𝟏𝒌

𝑹𝑳𝒎𝒊𝒏 = 𝟎. 𝟐𝟓 𝒌Ω𝑽𝒊 − 𝑽𝒔 − 𝑽𝑳 = 𝟎

𝑽𝒊 − 𝑽𝒔 − 𝑽𝒁 = 𝟎

𝟓𝟎 − 𝑽𝒔 − 𝟏𝟎 = 𝟎

𝑽𝒔 = 𝟒𝟎𝐕

𝑰𝑺 =
𝑽𝑺
𝑹𝑺

𝑰𝑺 =
𝟒𝟎

𝟏𝒌

𝑰𝑺 = 𝟒𝟎𝒎𝑨

𝑰𝑳𝒎𝒊𝒏 = 𝟒𝟎𝒎𝑨− 𝟑𝟐𝒎𝑨

𝑰𝑳𝒎𝒊𝒏 = 𝟖𝒎𝑨

𝑹𝑳𝒎𝒂𝒙 =
𝑽𝑳

𝑰𝑳𝒎𝒊𝒏

𝑹𝑳𝒎𝒂𝒙 =
𝑽𝒁

𝑰𝑳𝒎𝒊𝒏

𝑹𝑳𝒎𝒂𝒙 =
𝟏𝟎

𝟖𝒎𝑨

𝑹𝑳𝒎𝒂𝒙 = 𝟏. 𝟐𝟓 𝒌Ω

𝑰𝑳𝒎𝒂𝒙 =
𝑽𝑳

𝑹𝑳𝒎𝒊𝒏

𝑰𝑳𝒎𝒂𝒙 =
𝟏𝟎

𝟎. 𝟐𝟓𝒌

𝑰𝑳𝒎𝒂𝒙 = 𝟒𝟎𝒎𝑨

𝑰𝑺 =
𝑽𝒔
𝑹𝒔

𝑰𝑳𝒎𝒂𝒙 =
𝑽𝑳

𝑹𝑳𝒎𝒊𝒏

i ii iii

IV



For the Following circuit, determine the range of the input 

voltage and Vs

𝑽𝒊 𝒎𝒊𝒏 =
𝑹𝑳 + 𝑹𝒔

𝑹𝑳
𝑽𝒁

𝑰𝑺𝒎𝒂𝒙 = 𝑰𝒁𝒎𝒂𝒙 + 𝑰𝑳

𝑽𝒊 𝒎𝒂𝒙 = 𝑰𝒔 𝒎𝒂𝒙𝑹𝒔 + 𝑽𝒁

𝑽𝒔𝒎𝒂𝒙 = 𝑰𝒔 𝒎𝒂𝒙𝑹𝒔

𝑽𝒔 𝒎𝒊𝒏 = 𝑰𝒔 𝒎𝒊𝒏𝑹𝒔

𝑽𝒊 𝒎𝒊𝒏 =
𝑹𝑳 + 𝑹𝒔

𝑹𝑳
𝑽𝒁

EX:4

Sol:

=
𝟏. 𝟐𝒌 + 𝟐𝟐𝟎

𝟏. 𝟐𝒌
∗ 𝟐𝟎

𝑽𝒊 𝒎𝒊𝒏 = 𝟐𝟑. 𝟔𝟕 𝑽

𝑰𝑺𝒎𝒊𝒏 =
𝑽𝒊 𝒎𝒊𝒏 − 𝑽𝒁

𝑹𝒔

𝑰𝑳 =
𝑽𝑳
𝑹𝑳

=
𝟐𝟎

𝟏. 𝟐𝒌

𝑰𝑳 = 𝟏𝟔. 𝟔 𝒎𝑨

𝑰𝑺𝒎𝒂𝒙 = 𝑰𝒁𝒎𝒂𝒙 + 𝑰𝑳

𝑰𝑺𝒎𝒂𝒙 = 𝟔𝟎𝒎𝑨+ 𝟏𝟔. 𝟔𝒎𝑨

𝑰𝑺 𝒎𝒂𝒙 = 𝟕𝟔. 𝟔𝒎𝑨

𝑽𝒊 𝒎𝒂𝒙 = 𝑰𝒔 𝒎𝒂𝒙𝑹𝒔 + 𝑽𝒁

𝑽𝒊 𝒎𝒂𝒙 = (𝟕𝟔. 𝟔𝒎𝑨) (𝟐𝟐𝟎Ω) + 𝟐𝟎

𝑽𝒊 𝒎𝒂𝒙 = 𝟑𝟔. 𝟖𝟔 𝑽

𝑽𝒔𝒎𝒂𝒙 = 𝑰𝒔 𝒎𝒂𝒙𝑹𝒔

𝑽𝒔𝒎𝒂𝒙 = (𝟕𝟔. 𝟔𝒎𝑨)(𝟐𝟐𝟎)

𝑽𝒔𝒎𝒂𝒙 = 𝟏𝟔. 𝟖𝟓𝟐 𝑽

Stage 3: Variable 𝑉𝑖 and Fixed 𝑅𝐿

𝑰𝑺𝒎𝒊𝒏 =
𝑽𝒊 𝒎𝒊𝒏 − 𝑽𝒁

𝑹𝒔

=
𝟐𝟑. 𝟔𝟕 − 𝟐𝟎

𝟐𝟐𝟎
= 𝟏𝟔. 𝟔𝟖 𝒎𝑨

𝑽𝒔 𝒎𝒊𝒏 = 𝑰𝒔 𝒎𝒊𝒏𝑹𝒔

𝑽𝒔 𝒎𝒊𝒏 = (𝟏𝟔. 𝟔𝟖 𝒎𝑨)(𝟐𝟐𝟎Ω)

𝑽𝒔 𝒎𝒊𝒏 = 𝟑. 𝟔𝟕 𝑽

i

ii iii

IV


