ICEMIS 2019 Room E
15:55~16:20

Dec. 4, 2019

Temperature-Insensitive
MOS Reference Current Source
and its Startup Circuit

O Isam Ebisawa Kuswan, S. Yamamoto, Y. Abe, T. Ida,
Y. Shibasaki, A. Kuwana, Haruo Kobayashi

A. Suzuki, Y. Todoroki, T. Kakinoki, N. Ono, K. Miura

Gunma University, JEDAT

Kobayashi Kobayashi Lab.
Laboratory Gunma University




2/26

Outline

Introduction

Research Background
Temperature-Insensitive

MOS Reference Current Source Circuit
Startup Circuit

Conclusion

References



3/26

Outline

Introduction

Research Background
Temperature-lnsensitive

MOS Reference Current Source Circuit
Startup Circuit

Conclusion

References



4/26

loT Era and Electronic Devices
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Increase of electronic equipment
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Demand for high reliability electronic products
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Reliability Problem in Electronic Circuits

 Process
 Voltage

06
L

Provides a constant current to analog circuits
regardless of PVT variation

« Temperature

A 4

Reference current source
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What Is a reference current source?

Stable current source against PVT variations :

At least one required in an analog IC

Reference
Polar star
current source

Today’s purpose

Robustness to temperature variation
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Temperature characteristics of MOSFET
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0~1.8[V]

Simulation Circuit

5.0[V]

Mnmos W =20 [um], L =2.0 [um]

Temperature : High

Vies < Vp : Drain current— Increase
Vies > Vp : Drain current— Decrease
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Concept of proposed circuit

Applied different gate voltages
of two NMOSFETSs in parallel
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240pA

Circuit constraints

1d(M9)
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\_

Current Increase with
high temperature

Current Increase with
Low temperature
J
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Provides a constant current regardless of temperature

¥

Cancel temperature characteristic
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Outline

« Temperature-lnsensitive

MOS Reference Current Source Circuit
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Proposed Circult
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Temperature-Insensitive
MOS Reference Current Source
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MF:{._ I ' | MPE - Mp{}
_3_ 'f:;nu'r Parameter Value
— | Mp My~ My W =800 [pm], L= 2 [pm]
T My, Mys, Mp; W =0.1 [um], L =2 [um]
R My, W =2 [um], L=2 [um]
: o e My W =4 [um], L= 2 [um]
MNZI My, | My, W =20 [um], L= 2 [jm]
' Mys W =25 [um], L =2 [um]
1 R, 1 Mys :I My W = 200 [pm], L= 2 [um]
| R, 5000 [Q]
LM R, 1610[Q]
R, T 1| Mys R, 1500 [Q]
j VDD S [V]

Startup circuit



Output Current [uA]
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If NOT Use Startup Circuit

VDD I-— ..J
Mp; I—{ Mpy, | Mps ViV2 = Voo
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Simple Startup Circuit 1

1.2V

Parameter Value
Mp, Mp, W =10 [pm] , L = 10 [um]
My, My,, My, W =1 [um], L=1[um]
R, 500 [Q]
Voo 1.2 [V]




* Need to turn off the MN1 after starting the constant

Problems of Startup Circuit 1

current circuit

Cannot be used to widen the use range of the

power supply voltage
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Simple Startup Circuit 2

J1s(MP1)

Mp: P2
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1 Mp, My, W =10 [pm] , L = 10 [um]
= My, My,, My,, Mp, W =0.1[um],L=1 [um]
Mys W =10 [um], L=1 [um]

R, 500 [Q]

Voo 1.2 [V]
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Simple Startup Circuit 2

Vbp |

=OFF
Vl | MN4
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Problems of Startup Circuit 2

« Can turned off surely as compared with the first case
« An increase Iin the power supply voltage is limited

* Need to limit current Ix flowing through the Mr3
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Our Design of Startup Circuit

Operating current
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Parameter Value
M, W =0.1[um], L= 2 [um]
Mpg W =2 [um], L= 2 [um]
My W =4 [um], L =2 [um]
Mys W =25 [um], L = 2 [um]
Voo 5[V]

limiting element

Vop
i
- L
Switching \
element Ne I
Iy
—

ISTART
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Before Power Turn ON

Vi~Vs = 0V
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After Power Turn OFF
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Conclusion

* Proposed Temperature-Insensitive

MOS Reference Current Source
« Showed circuit operation of startup circuit
* Future Works

— Stability analysis

— Power consumption reduction

— Improve the startup circuit

Kobayashi
Laboratory
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