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Research Objective

Objective

* Development of
simple reference current source
Insensitive to power supply voltage variation

Our Approach

« Peaking current source invented by
Dr. Minoru Nagata (Japanese) in 1966.

e Using multiple current peaks and their sum.
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Research Background

Most analog ICs require
Reference current / voltage source

‘ P: Process

Stable against PVT variation \/: sypply voltage
T. Temperature

Bandgap reference circuit A

v' Complicated

v' Large chip area. )
N

Nagata current mirror
v Simple
L v Only effective for voltage variation
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Original Nagata Current Mirror

_ VDD g"w
OLY - K
= R

—L OllOUT
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MOS Nagata
Current Mirror Circuit

Simple» Widely used. Ex: in DC-DC converter ICs

IOUT I l!

Iy L Vpp

Peaking current characteristics

\_

At peak vicinity

Y-

Small output current change
against input current change
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Circuit Configuration and Operation(1)

VDD

%MN
N

%z—ML:

1

| IOUT

M2

MOS Nagata
Current Mirror
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I;y: small

——

RI;y: small

‘ Iin = loyr

/,% ™

o

.

_|

8/38

Current Mirror

!



9/38

Circuit Configuration and Operation(2)

VDD
| m) [ large
1 IiN mm) R, large
éR : m) V.., becomes smaller
—|' l'lOUT
= Lo o h
+71 M2

M1 | VGs2 .
I SN\
MOS Nagata

Current Mirror Circuit
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lin-lour Characteristics

loyTy
" W ~—— Improved point ———
I max . . . .
o | v’ Peak vicinity is narrow
g EWlder )
’ Iy
(IIN)max
(1) : (1)
IN)max = -
N e

W/, 1 Q4w |
Uourdmax =370y, 3R A+ Wpsp) | P
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Previous Improved Circuit

Kobayashi Lab.
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Parallel
Inventor _
Zachary Zehner Nosker Resistors
Obtained Ph.D. \_
from Gunma Univ.

Vin (v}
Problem ™~
4 )
Large chip
area
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Proposed MOS Reference Current Source

IO UT total 1

I,IOUTZ JlIOUTE” /Il loura lIOUTs
M, M, M, M,

[, A L. ALewd Lo,

\V4 A\ A\ A\
VGS4
R4
Viss
M,
(/1) Simple design
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Proposed MOS Reference Current Source

2016/10/23 '

Vour
IOUTtotall
lIOUTZ JIIOUT3 /IIIOUM lIOUTS
M, M, M, M
T, L. JLewdl o,
\V4 \Y% \Y4 \V4
VGS4
R,
Viss
M,
(W/L)1 Multiples of Nagata current mirrors

with different peaks and their sum.
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MOS Reference Current Source Detalls

Current source# Vop, Resistor

Vbp ‘@riT

; “IN IOUTtotall
/ Mg

> [ )

Vesi Vs | L/¢
v % 11 oUT?2 lIOU” 1 louta 11 OUTS
GS2 i M, M, M, Mc
3 YHlewAlenALlendLen,

éRg \V4 \Y4 \Y4 A\
Visa

R4
Viss
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Cascode Configuration

VDD VOUT
/ IOUTﬂtai —
~ < Output voltage Vour / M, ~
| /), )
”
~ o _
Jl louts 11 OUTS

J
@' Cascode i/ L)4_| (/1)

v
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MOS Reference Current Source Operation

VO ur

=117, Almost constant
| total current
Msg =
(W/L)s —

Simple
Reference Current Source

2016/10/23 g VDD



loyr
5.0uA
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Advantage of Proposed Circuit

Proposed

4.5uA—
4.0uA—
3.5UA—
3.0uA—
2.5UA—
2.0uA—
1.5uA—
1.0uA—

idall
Widell

lout total

0.5uA— | /7

0.0uA

0.0V

VDD

! ! T !
1.0V 2.0V 3.0V 4.0V 5.0V

loyr

Original

5.5UA
5.0uA—
4.5uUA—
4.0uA—
3.5UA—
3.0uA—
2.5UA—
2.0uA—
1.5uUA—
1.0uA—
0.5uA—

0.0uA

0.0V

i I I I
1.0v 2.0V 3.0V 4.0V



Analysis of Proposed Circuit
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(IIN)max

>IN

IOUTM 1
i = -
(IOUT)max ( IN)max 4‘R%_1K1(1 + AVDSl) (3)
(IOUT)max —

4K, 4R2_, K, (1+ AVps1)
(W /L),

4(W/L)1 ] (1 + AVDSn)(IIN)max
- (4_)
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Change resistor values and MOSFET sizes

(louT)max

-

(Iin)max

Adjusted
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SPICE Simulation Circuit
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VDD - SV

VOUT - 3V
|
500k OUT_totall
M ) (6_ﬂ)
6k Ve | 0.2u
l,IOUTZ llOUT3 1IOUT4 ;
ok M, M M, M- 1 OUTS
[ (e o) (6_ﬂ) . (6_u)
11k Vis3 Visa Vess
\V4 A% \V4 \V4
22k
_| My
Vis1 (olg ) LTspice
o TSMC 0.18um MOS model
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SPICE Simulated Characteristics

Loyt total ~ 4.56uA
> o

Constant over wide range of power supply (Vpp)

lour_totar

- I | ' . | .
0.0v 0.5V 1.0V 1.5V 2.0V 25V 3.0V 35V 40V 45V 5.0V VDD
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Influence of Resistor Variation

VDD = SV Voﬂ_: 3

IOUT_totall
o ()
Vie | 0.2u

= H() FJU ] J(H )

Viss
V

450k

5.4k

8.1k:

9.9k -

\V4 \Y \Y4

19.8k

VGZ|

e Y All resistance values : uniformly shifted by +10%
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Simulation Result

Resistance value Variation

I
OU T
» No variation » +10% » -10%
5.0uA 3 3 4.4uAx ——— 5.5uA
4.5uA+ ‘ ‘ 4.0uA T 5.0uA e e
4.0uA- 3.6UA // loyr totat 4.5uA // VOUT_wt l
3.5uA— 3.2uA / =410 ud 4.0uA =514 A
3.0uAd 2.8uA / H A s 2. L% fA
2.4uA - 3.0uA [
2.50A ' / e ' / /
2.0uA ~ 2.5uA =
2.0uA- 1.6uA / / 2.0uA / //
1.5uA- 1:2“/—\ / //7<: \\\ 1.5UA / % \\
1.0uA- 0.8uA / /// < 1:0uA / / / <
0.5uA— 0.4uA—- /&\ \ ~ 0.5u”h4 |, /7<\ \
0-0ui ! ' ! ' VO 1V 20V 3ov abv sov O
0.0V 1.0V 20V 3.0V 4.0V 5.0V : : : : : - 0.0V 1.0V 20V 30V 40V 50V
>V
DD
Resistance value Variation [%6] +10 -10
Total output current 2.4 1.6

change rate [%]
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MOS Fast and Slow Models

Vop = 5V Vour = 3V
500k IOUTtOtJ
" ol L)
llourz JIIOUW Jlfoum 11
kK = 0.5u = 3u z 6#) _I = (ZZT)S
RIS
22k Change threshold voltage
by £10%
S/
VGSl 1_'u
_VI(O-ZM) MOS model Threshold [V]
Typical 0.369
Fast 0.332
Slow 0.406
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Simulation Results with Fast & Slow Models

lour

5.0uA

A

Typical

4.5uA-
4.0uA-
3.5uUA—
3.0uA-
2.5uA—
2.0uA-
1.5uA—
1.0uA—
0.5uA-

""'”"I'UUT"'t'O"taI """"""""""""

.......................................................................

_ S_Iow

0.0uA|—= I ‘
0.0v 10V 20V 3OV 40V

| """""""""""" I O'UT"'fb'fd’l """""""

- I I I i i i I | I
5.0v 0.0v 1.0v 20V 3.0V 4.0v 50v 00OV 1.0v 2.0V 3.0V 4.0V 5.0V

> VDD
MOS model Fast Slow
Total output current 4.4 2.5
change rate [%]
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Proposed Bipolar Reference Current Source

VD‘D = 5V

VGUT = SV

"-e';l UT total l

lfmrrz lI””TE l lours Ift:rm"s lfuura
Try Try Try Tre T

Try
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Simulation Result

Constant over wide range of power supply (Vpp)

lout
5.0uA

4.5uA~
4.0uA~
3.5uA-
3.0uA~
2.5uA~
2.0uA~
1.5uA~
1.0uA~
0.5uA-

0.0uA-- T T T T T
0.0 o8V 10V 168V 20V 28V 30V 36V 40V 458V

" lour total

loyrs ———————=

5.0v VDD
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Temperature Effect (1)

Proposed MOS circuit 1°C UP » about 0.023uA UP

| OUT _total
6.6UA o
6.0uA— lOO C
5.4uA- 50°C
4.8uA— 3 OoC
4.2uA- OoC

3.6UA—
3.0uA—
2.4uA—
1.8uA—
1.2uA—

0.6uA—

0.0uA- i i i i i i i i i V
0.0V 05V 1.0V 15V 20V 25V 3.0V 35V 40V 45V 50v VDD

Proposed reference current

source dose not consider
2016710723 temperature variation effect
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Temperature Effect

Proposed Bipolar transistor circuit

2016/10/23

lout total

1°C UP ) about 0.015u4 UP

6.0uA

54Ul

4. Buh—

4. 2UA~

36Ul

1.0uwA—

2. 4uh-

1.BuA—

1.2uA

0.6ul-

0.0uA

Y

— == 100°C
50°C
30°C
0°C

| T T T T T T | |
0.0V 0.6V 10V 156V 20V 258V 30V 36V 40V 4BV LSOV VDD

Proposed reference current

source dose not consider
temperature variation effect
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Conclusion
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» Proposal of MOS & Biploar reference current sources
mm)  Sum of multiple peaking currents

» Comparison

Circuit Circuit Chip Insensitivity
Simplicity Area to Voo
Nagata Current Mirror © © AN
Zach'’s Circuit AN X ©
BandGap Reference X O /\
" Carent Source. O © ©

Design guidelines of R, W/L values are now ready for reporting elsewhere.
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Analog circult Is art & craft

Old invention by Dr. Nagata in 1966.
&
New idea

4

Very good analog circuit !
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Thank you for listening
R A

= R




