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Research Background

Reliability issues in electronic circuits
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First, we present eference
MOS Reference Current Sources [ ref

Insensitive to Supply Voltage and Temperature

Next,

Consider and Compare the Three Types of Startup Circuits
In terms of Chip area, Power consumption, and Startup operation certainty.
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MOS Drain Current and Gate Voltage

: : JI
Simulated drain current 0.001A —
temperature characteristics 0.0001A «:
1e-005A High | i B
Channel Width lnsl 1e-006A temperature:IdT: I emp: laf o
Channel Length w 1p | b e
D L ) - (ﬂ. 13,;) R o Temp=0°C
i =970
=1 Ml 1e-008A § Temp=27"C
‘ 1e-009A b
=y Vps = 1e-010A : :
GS 0.5V 1e-011A+ Li..l
0~1.0V 11 |
1e-012A+ T T T "1 T T T T VGS
0.0V 0.1V 0.2V 0.3V 0.4V 0.5V 0.6V 0.7V 0.8V 0.9V 1.0V
- VT: VCP:
= 369mV _472mV
TSMC 0.18um BSIM3v3 CMOS SPICE parameters -
At Vep (472mV): Drain current is fixed R

against temperature change




7144

OUTLINE

 Research Background

« MOS Drain Current Temperature Characteristics
 Gunma University (GU) Reference Current Source
 Three Types of Startup Circuits

— Startup Circuit 1

— Startup Circuit 2 (CMOS inverter usage)

— Startup Circuit 3 (Capacitor usage)

e Conclusion



8/44

Gunma University (GU) Reference Current Source
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Temperature characteristic cancellation
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V, Suppression by Self-biasing MOS
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Output Current Igyt
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Need for Startup Circuits
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Compared Three Types of Startup Circuit in terms of Chip area, Power consumption, and Startup operation certainty.
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Operation of Startup Circuit 1 (All node 0V)
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Operation of Startup Circuit 1 (Mp; ON)
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Operation of Startup Circuit 1 (My;0 ON)
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Operation of Startup Circuit 1 (Ioyt flow)
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Operation of Startup Circuit 1 (Myq2, ON)
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Operation of Startup Circuit 1 (Myq9 OFF)
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Demerit of Startup Circuit 1
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Startup Circuit 2 (CMOS inverter usage)
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Operation of Startup Circuit 2 (All node 0V)
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Operation of Startup Circuit 2 (Mp7_.11 ON)
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Operation of Startup Circuit 2 (My10 ON)
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Operation of Startup Circuit 2 (Igyt flow)
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Operation of Startup Circuit 2 (Mp7.11 OFF, My11 ON)
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Operation of Startup Circuit 2 (My10 OFF)
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Merit and Demerit of Startup Circuit 2
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Startup Circuit 3 (Capacitor usage)
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Operation of Startup Circuit 3 (All node 0V)
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Operation of Startup Circuit 3 (C; Charged)
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Operation of Startup Circuit 3 (My11 ON)
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Operation of Startup Circuit 3 (Igyt flow)
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Operation of Startup Circuit 3 (My10 ON)
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Operation of Startup Circuit 3 (C4 discharged)
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Operation of Startup Circuit 3 (Myq1 OFF)
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Merit and Demerits of Startup Circuit 3
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Conclusion and Challenges

Conclusion

 The following table shows a comparison of startup circuits.

Types of startup circuits Chip area Power consumption Startup certainty
Startup circuit 1 Good Poor Good
Startup circuit 2 (CMOS inverter usage) Fair Fair Good
Startup circuit 3 (Capacitor usage) Poor Good Poor

Each startup circuit has its own advantages and disadvantages.
It IS necessary to select the optimal startup circuit

according to the application of the proposed circuit.

Challenges

* Implementing a prototype chip.
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