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TFE4188 - Lecture 7

Voltage regula+on
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Goal

Why do we need voltage regula.on

Introduc)on to linear regulators

Introduc)on to switched regulators

Carsten Wulff 2023 2



Why
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Voltage source

Chemistry Voltage [V]

Primary Cell LiFeS2 , Zn/
Alk/MnO2 , 
LiMnO2

0.8 - 3.6

Secondary 
Cell

Li-Ion 2.5 - 4.3

USB - 4.0 - 6.5 (20)
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Core voltage

Node [nm] Voltage [V]

180 1.8

130 1.5

55 1.2

22 0.8

IO voltage

Voltage [V]

5.0

3.0

1.8

1.2
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5 OVVBUS

BAT O 2.50 4.30

10 1.8 V

IO BIASIANA

In 50m In loom

CORE 0.80

RISCV ADC RADIO
In 50M In Im In 300m
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Name Voltage Min [nA] Max [mA] PWR DR 
[dB]

VDD_VBUS 5 10 500 77

VDD_VBAT 4 10 400 76

VDD_IO 1.8 10 50 67

VDD_CORE 0.8 10 350 75
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Linear Regulators

Carsten Wulff 2023 11



IN W
it 1,5

0,8V 0,8V

TI LOAD II LOAD

Dos for IEEE

PMOS pass-fet
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Parameter Descrip,on Unit

Load regula+on How much does the output voltage 
change with load current

V/A

Line regula+on How much does the output voltage 
change with input voltage

V/V

Power supply rejec+on ra+o What is the transfer func+on from 
input voltage to output voltage? The 
PSRR at DC is the line regula+on

dB

Max current How much current can be delivered 
through the pass-fet?

A

Quiescent current What is the current used by the 
regulator

A

SeKling +me How fast does the output voltage 
seKle at a current step

s
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IN W
it 1,5

0,8V 0,8V

TI LOAD II LOAD

Dos for IEEE

NMOS pass-fet
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Testbench for LDO pass-fet

* Pass-fet
XM1 OUT G VDD VDD sky130_fd_pr__pfet_01v8 L=0.252 W=11.52 nf=2 ...  m=1000

* Reference
VREF VREF 0 dc 0.8

* OTA
BOTA G 0 V=(1 + tanh(-1000*(v(vref) -v(out) )))/2*{AVDD}

* Load cap
CL OUT 0 1u

* Current load
ILOAD OUT 0 pwl 0 0 1u 0 50u 0.5
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https://github.com/wulffern/cnr_atr_sky130nm/blob/main/sim/LDO_PFET/loadreg.spi
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1 1 1 DutyCycle
Control

or

ILOAD ILOAD ILOAD

Vin Voat Vin Voat
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Switched Regulators
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Principles of switched regulators

There is a big difference between the idea for a circuit, and the 
actual implementa8on. A real DC/DC implementa8on may seem 

overwhelming. 

Just look at figure 7 in A 10-MHz 2–800-mA 0.5–1.5-V 90% Peak 
Efficiency Time-Based Buck Converter With Seamless TransiNon 
Between PWM/PFM Modes
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https://ieeexplore.ieee.org/document/8187654
https://ieeexplore.ieee.org/document/8187654
https://ieeexplore.ieee.org/document/8187654


Induc&ve BUCK DC/DC

 

1 1 1 DutyCycle
Control

or

ILOAD ILOAD ILOAD

Vin Voat Vin Voat
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Capaci&ve BUCK DC/DC

A A

Vin
Vin Vink3 20in

A C C Vin A C

Vin

B b b b B D
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Induc&ve BOOST DC/DC

 

1 1 1 DutyCycle
Control

or

ILOAD ILOAD ILOAD

Vin Voat Vin Voat
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Capaci&ve BOOST DC/DC

A A

Vin
Vin Vink3 20in

A C C Vin A C

Vin

B b b b B D
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Induc&ve DC/DC converter details
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Pulse width modula/on (PWM)

Jupyter PWM BUCK model
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https://github.com/wulffern/aic2024/blob/main/jupyter/buck.ipynb
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IEEE DCDC

I

CK FSM Da
Vo

Vz

Vol
REF

Pulsed Frequency 
Mode (PFM)
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IDLE
a=0
b=0

count=0

vol = 0 UP
a=1
b=0

count++vol = 1

count < up_cycles

DWN
a=0
b=1

count=0

count = up_cycles

vz = 1

vz = 0
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Jupyter PFM BUCK model
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https://github.com/wulffern/aic2024/blob/main/jupyter/buck_pfm.ipynb


Thanks!
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