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Zener diodes

Zener diodes (ZD)

 named after CM Zener (American physicist) 

 ZDs are used in the breakdown region (regulation region)

 working w/ negative values is usually frowned upon -> inverted i and V
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Zener diodes

Zener diodes (ZD)
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 typically used for regulation purposes – ZD provides a constant VZ , if IZ stays 
between certain boundaries
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Zener diodes

Zener diodes (ZD) – regulation region
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Zener diodes

Excerpt from the datasheet 

C5 – Zener diodes. OpAmps. 



7Laura-Nicoleta IVANCIU, Electronic devices

Zener diodes

Example
OPTIONAL

IZ = 5 mA:

1) DZ 3V6 VZ = 3.6 V; rzmax = 95 Ω; rZ = 0.72 KΩ
2) DZ 5V1 VZ = 5.1 V; rzmax = 60 Ω; rZ = 1.02 KΩ
3) DZ 10 VZ = 10 V; rzmax = 15 Ω; rZ = 2 KΩ
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Zener diodes

Temperature dependence 

 The thermal coefficients TC of ZDs depend on the operating current and
voltage.

 ZDs w/ Zener effect (VZ = 2…5 V): negative TC
 ZDs w/ avalanche multiplication (VZ > 5 V): positive TC

 DZ5V1 VZ = 5.1 V, TC ~ 0 mV/°C, for small currents.
 DZ6V8 VZ = 6.8V, TC ~ 2 mV/°C.

Cancelling the temperature dependence
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Zener diodes - applications

 Parametric voltage regulator 
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Zener diodes - applications

 Double voltage clamp (limiter)

ZOZI VvonZDVv =−>  region),regulation(voltagebias reversein)(,

( ) IOZI vv,offZD,Vv. =−<<− 70

V70bias,forwardin)(V70 .vonZD,.v OI −=−−<

VZ

-0.7 V

Typical use: protection circuits
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Zener diodes - applications

 Voltage reference

Io << Iz

= electronic device that ideally produces a constant voltage, regardless of the 
loading on the device, power supply variations, temperature changes, and the 
passage of time.

Typical uses: power supplies, AD/DA converters, measurement and control systems. 
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Zener diodes - applications

 DC component adjustment for a variable signal
OPTIONAL
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The Operational Amplifier

OpAmp

 invented by Karl D. Swartzel Jr., Bell Labs, 1941

 IC containing a relatively large number of transistors and passive components (R)

on the same chip (e.g. OpAmp 741 contains 24 T, 12 R and 1 C).

OpAmps are packed in plastic or metal cases, with 8, 14 or 16 terminals.  

Through-hole technology
Surface-mount technology (SMT) 

C5 – Zener diodes. OpAmps. 
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The Operational Amplifier

OpAmp

 very popular ICs, due to versatility and ease of use

 terminal characteristic that closely approach the ideal amplifier

 wide variety, optimized for: speed, low noise, low power consumption, high 
gain, maximum output swing (rail-to-rail), etc

OpAmps will be discussed as electronic devices, focusing on the terminal 
characteristics and main applications. 

The internal structure is of no interest, at this point. 
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The Operational Amplifier

OpAmp terminals

OpAmp – plastic case, 8 terminals (pins)

#1

C5 – Zener diodes. OpAmps. 
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The Operational Amplifier

OpAmp terminals

5 terminals - 2 for input voltages (#2 & #3)

- 2 for power supplies (#4 & #7)

- 1 for output voltage (#6)

C5 – Zener diodes. OpAmps. 
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The Operational Amplifier

OpAmp terminals

++v

−v -

!Find the difference!

The supply terminals are frequently omitted from circuit schematics, assuming a 
correct supply. 
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The Operational Amplifier

OpAmp operation

_vvvD −= +

DO avv =

a – OpAmp gain (very large, i.e. 2*10^6)

PSO Vv +=max

PSO Vv −=min

!Do not confuse:
- differential voltage of OpAmp
- diode voltage drop

Dv
VvD 7.0=
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The Operational Amplifier

OpAmp model

_vvvD −= +
 input voltage is

 if none of the inputs are connected to ground, there is no common terminal 
between input and output

input 
resistance

output 
resistance

voltage - controlled voltage source, VCVS
(pseudo - source) 

C5 – Zener diodes. OpAmps. 
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The Operational Amplifier

Ideal OpAmp

Parameter Ideal value Effect

Input resistance ri = ∞ OpAmp does not draw any input currents 
i+ = i-= 0

Output resistance ro = 0 The output voltage is independent of the current into the 
load.

Bandwidth B = ∞ The gain is constant over all the frequency range, from 
zero frequency (dc) and to infinite frequency.

Gain a = ∞

C5 – Zener diodes. OpAmps. 
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The Operational Amplifier

Relation between output and input voltages

Assuming an ideal OpAmp, what is the value of the output voltage? 

vO = avD = ∞·vD

But

Solution?

PSO Vv +=max

PSO Vv −=min

C5 – Zener diodes. OpAmps. 
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The Operational Amplifier

Relation between output and input voltages

I. Utilization as comparator,  in switching mode

vO ∈ {VOL ; VOH}
vD > 0, vO→ +∞, vO limited by the positive supply  vO = VOH ≈ +VPS

vD< 0, vO→ -∞, vO limited by the negative supply    vO = VOL ≈ -VPS

II.  Utilization as amplifier
vO ∈ (VOL ; VOH)

It is mandatory that vD = 0, so then vO = a·vD = ∞·0 - indetermination
vD is kept at 0 by means of external components (R)

vO = avD = ∞·vD

C5 – Zener diodes. OpAmps. 
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Summary
 Zener diodes

The first encounter with the little black bug (OpAmp) revealed details about:

The Operational Amplifier (OpAmp)
 OpAmp terminals 
 OpAmp operation 
 OpAmp model
 Ideal OpAmp
 Relation between output and input voltages

Next week: Simple comparators with OpAmp. 

To do: Homework 3

C5 – Zener diodes. OpAmps. 
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