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Research Background

loT(Internet of Things)

d

Increasing electronic equipment

o

Reliability is important

2018/11/7



4/36

Research Background: Reliability

Reliability problem in electronic circuits

Factors that lose reliabllity
* Process
* Voltage
* Temperature
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Research Background: Reliability

Reliability problem in electronic circuits

Factors that lose reliabilitv
* Process

* Voltage

* Temperature

[ Reference current source § ﬂ'
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Importance of Temperature Characteristics

Under blazing sun Below freezing point A

Under any temperature environment
# Guarantee desirable performance operation

2018/11/7
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What is Reference Current Source?

Provide constant current to circuits

@

One Is necessary in an analog IC

Reference current source —— Polaris
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What is Reference Current Source?

Provide constant current to circuits

@

One Is necessary in an analog IC

| This time|

[ Robust against temperature variation ]
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Temperature Characteristics of MOSFET

I
d Toyr Simulation circuit

Temperature characteristics of I — Vy5 of MOS

2018/11/7
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Characteristic Change due to Temperature Rise

IOUT Simulation circuit

4 Temperature rise

Vth = Lower
Vgs < Vp:drain current = [arger
2018/11/7 \Vgs > Vp : drain current = Smaller Y
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Current Equation of MOSFET

* Linear region
w
Iy = TIUCOX [(VGS — Vin)Vps — %VDSZI

e Saturation region

w
Iq = 5= 1Cox (Ves — Ven)? (1 — AVqs )

v_Lv : Aspect ratio

Co x: Gate oxide capacitance per unit area
Vin : Threshold

u: Mobility

2018/11/7
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Causes of Temperature Characteristics

w 1

la =T 1Cox [(VGS — Vin)Vps — EVDSZI """ (1)
Iqg = %ﬂCOX(VGS ~Vin)*(1 - /u/ds) """ (2)

u: Mobility V., : Threshold

,u=,uO(T/TO)_1.5 ----- (3) Vth — \/zele,SOi;(Z(pB) + Z(PB + VFB [ (4)
_ Qg = kBTln <NA) , n; = Nexp <— Z;gT> -+=(5)

Temperature : Rises ¢\ B
AVen, - )

"' —— =—1~=3[mV/C]

current(:1;) : Decrease <L

Temperature : Rises

@p : Built-in potential

n; : Intrinsic carrier density of NMOSFET threshold(:V,;): Decrease
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Simulation Confirmation Using SPICE

Iq
0°C Temperature: Rise
50°C

100°C

Current (:1;) : Decrease

Temperature: Rise
Threshold (: V) : Decrease

V,
Vin Vp 8
%74 1
la = 11 Cox | (Vg5 = VerdVis — 2Vps?| #+ev+- (1)

ey g = %ﬂCOX(VGS - Vn)*(1 +/1Vds) """ (2)
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Simulation Confirmation Using SPICE

Iq
1s(M1)-Ib(M1)
0°C Temperature: Rise
50°C
Current (:1;) : Decrease
100°C urrent (:1q)

Temperature: Rise
Threshold(: V) : Decrease }

« No temperature dependence

gs
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Changes in Temperature Characteristics

I d Low temperature : Advantage
0C Temperature: Rise
50°C Current (:1;) : Decrease
100°C as
High temperature : Advantage

~~_/

gs

N SRR N ———

Vin

Temperature: Rise
Threshold (: V) : Decrease

2018/11/7
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Concept of Proposed Circuit

Iq -1s(M1)-1b(M1) ere : Advantage
0°C

50°C
100°C

High temperature : Advantage

“

|/
Vin 5

<
<

Constant current source without temperature fluctuation

¥

Use superiority changes at high and low temperatures
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Proposed Circuit Concept

Circuit concept
Give different bias voltages

I4 1 1 I, Ip — Vgs characteristics of M;

0°Cc
40°C
80°C

2018/11/7 [ Vl > VZ ]

Ip — Vgs characteristics of M,
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Concept Circuit Definition

Circuit concept

|
Reference MOS ‘ 1 our

L]

Ip — Vgs characteristics of M;

0°Cc
40°C
80°C

2018/11/7 Ip — Vgs characteristics of M,
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Current of Each MOSFET in Proposed Circuit

Circuit concept

—_ Ip — Vgs characteristics of M,

0°Cc
40°C
80°C

2018/11/7 Ip — Vgs characteristics of M,
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Output Current in Proposed Circuit

Circuit concept

Ip — Vs characteristics of Igyt

2018/11/7
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Output Current Formula

Propose circuit
=Ky (V; = Vep)? (1 + AWys) ==+ (5)

I
1 oo Iy = Ky (Vy = Ven)* (1 + 2W5)*++ (6)
14 ll It is defined as V; =V, + Vp when designing
If K1 - Kz
My I = K(Vgs + Vo + Vp)2(1 + V) =+ (7)
A _'[ V, < L

Ioyr = Ki{(Va + Vo = Vip)? + (V2 = Vi) *3(A + W) == - (8)

I
l IFK,# K,

Ioyr = (K1 (V2 + Vp = Vip)? + Ko (V2 = Ve )23 (1 + AVge) = =+ (9)

m=123,....)

/4
(K = Z#COX)
2018/11/7
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Approach to Concept Circuit

Propose circuit

llour
111 1,2
L df, w.

VII VZ]_: How to apply bias voltage to MOS gate?

2018/11/7
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Proposed Circuit: 1

Propose circuit: bias voltage by PMOS

lIOUT

M, M, M Mg

j._|+M1F->M2_||: F-» F-r _|->
®

2018/11/7



Circuit Content
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Propose circuit: bias voltage by PMOS

[ Reference MOS ]

110111"

Vpp é B
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Simulation Conditions

Propose circuit: bias voltage by PMOS

® e ®
Parameter Value
My~ Mg W=5[um],L=2[um]
Mp W=5[um],L=2[um]
Ry 100 [kQ]
Vbp 3[V]
Vieg 0~1.5[V]

temperature

0, 27, 50, 80 ['C]

26/36
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Simulation Result

|11011

Propose circuit el ], %MZ %Mg %m EIMS M,
ey 7"

|

Vieg I E l

2018/11/7 V
gs
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Comparison of Simulation Results

Adjust the aspect ratio

Before calibration After calibration

-Is(M1)-Ib(M1)

0°c Y,

27°C fﬁ’
50°C /
80°C / /’

Extensive temperature characteristic calibration

2018/11/7



Comparison of Variations

Evaluation formula

Based on 27 °C

29/36

I oy—1 '
OUT(27°C) " 'OUT(comparison temperature ) " 100[%] . (10)

After calibration

IouT(27°C)
Before calibration
16 S 16
SO
B, == 50 ["C] o,
orel | Z,
5? 6 \ ;?J 6
E ’ P E ) \
fﬁll- :) \____/,/ ﬁ\; (2) o

A

e 50 [°C]

-\‘\J"f—

80 [°C]

0 [°C]

—~

1 105 11 115 1.2 125 13 135 14 145 15

FT—rERE [V]

7T—hERE [V]

065 07 075 08 085 09 09 1 1.05 11 1.15

Suppress temperature variation under wide range of gate voltage
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Simulation Conditions

Propose circuit: bias voltage by PMOS

® e ®
Parameter Value
My~ Mg W=5[um],L=2[um]
Mp W=5[um],L=2[um]
Ry 100 [kQ]
Vbp 3[V]
Vieg 0~1.5[V]

temperature

0, 27, 50, 80 ['C]
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Proposed Circuit : 2

Vbp
L, 4J ]
Mp1 Mp; Mp;
l_ '_I—‘ I—‘ Parameter Value
— - - Mp; ~Mpg W=40[um],L=2[um]
Mp, '—T—" Mps I—‘ Mps My W=2[um],L=2[um]
My2,My3 W=40[um],L=2[um]
§ R1 lour = I4 My, W=300[um],L=2[um]
w4 e | - ot
2 [Q]
= Re= R3 2300[Q]

MN@ : Jl M4 Vbp 5[V]
R3

2018/11/7
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Role of NMOSFETSs

MP1 }'_I_‘ [IMPZ —| MP3
Mpy }_T_‘l‘_- Mps I‘{ Mps

R4
- - —e louT
My: (4| MnP Startup | |y
circuit
— R, —

Mns || —1|: ™

: Main current generating circuit

: For negative feedback
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Role of Resistors, PMOSFETs

D :Cascode connection
D :Voltage control resistor

Startup
circuit

2018/11/7



Simulation Result: Output Current

2018/11H

—

0°C
.21
"""""""""""""""""" 5000
. 8¢<¢c
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i00°c .
Temperature[%] Value[uA] Difference from 27°C[%]
0 381 1.9
27 374 0
50 369 1.3
80 363 2.9
100 359 4.0
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Conclusion

* We proposed MOS reference current source
Insensitive to temperature variation

* Operation confirmation by SPICE simulation

[Future works]

* Proposal of circuit configuration independent of power supply
voltage

 Circuit design and verification using JEDAT EDA
 Silicon verification of proposed circuit

2018/11/7



36/36

Start up circult
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Reference model parameters

CMOS Circuit Design, Layout, and Simulation, Third Edition
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