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1
Introduction
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1.2. Working principle of BJT-based temperature sensors 2
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1.3. Prior-art of BJT-based temperature sensors 3
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1.3. Prior-art of BJT-based temperature sensors 4
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1.3. Prior-art of BJT-based temperature sensors 5
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1.4. Organization of the thesis 6
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Architecture Considerations

VBE

DVBE

Vbe = n
kT
q

ln
�

Ic
Is

�
= n

kT
q

ln
�

IPTAT
Is

� b

b + 1

�

7



2.1. A CT current-mode PNP-based design 8
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2.2. Proposed architecture 9
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2.2. Proposed architecture 10

Vheadroom = VGS,p + VDsat,n = Vth,p + Vov,p + VDsat,n = Vth,p + VDsat,p + VDsat,n,
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2.2. Proposed architecture 11
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2.3. Noise Analysis 12

A1

pA2 pA2

0.0779 (gm/ID = 4.57) 22.89 0.0933 (gm/ID = 2.70) 23.15
A1 0.0975 (gm/ID = 28.47) 28.65 0 0

0 0 0.113 (gm/ID = 29.41) 28.03
0.1269 (ID = 390 nA) 37.29 0.127 (ID = 390 nA) 31.51
0.038 (ID = 390 nA) 11.17 0.0698 (ID = 390 nA) 17.32
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2.4. Power considerations 13
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2.5. Mismatch problems 14
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2.6. Dynamic techniques for better matching 15
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2.7. Summary 16
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3
Circuit Implementation
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3.1. BJT front-end 18
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3.1. BJT front-end 19
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3.1. BJT front-end 20
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3.1. BJT front-end 21
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3.1. BJT front-end 22
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3.1. BJT front-end 23
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3.1. BJT front-end 24
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3.1. BJT front-end 25
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3.1. BJT front-end 26
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3.2. Delta-Sigma Modulator 27
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3.3. Power and noise analysis 28
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Subcircuit Component Noise
(nV/

p
Hz)

Noise power
contribution

(%)

Consumed
current (mA)

Current usage
(%)

Front-end

BJTs 33.34 16

(BJTs: 1.17) (BJTs: 46.8)
PTAT resistor 45.67 30
CTAT resistor 16.76 4

Current mirrors 36.48 20
Voltage mirrors 44.35 29.6

Bias opamps – – 0.29 11.6

DSM 1 integrator 5.02 0.4 0.78 31.2
2 integrator – – 0.26 10.4

Full circuit 83.4 100 2.5 100

DVBE
p

Hzp
Hz DVBE

m

m

20%
16.15 mW 3.75 mW

A1 1.97 mK 1.1 mK

FoM = (1.97 mK)2 � 2.5 mA � 1.5 V � 38.4 ms � 558 fJ � K2.

850 fJ � K2 1.5�



4
Simulation results

sinc2

29



4.2. Power Supply Sensitivity 30
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