PCT/US2010/040553

WO 2011/008569

1710

INOA

(Mv Joud)
T E

0¢

av

ve

Og \AA\ N
g0l

.,..W_WI\AA "y Nazol
aso}

Homov

v Hmmow

ull



WO 2011/008569

2/10

PCT/US2010/040553

223
222
234 s0m 20 206 M v
12 — ] * 220 50M Output
R2 =232 50
237 oo 239
11— "Ry ~231|202 215
o1 201 Rg .
Iin — -
} ) : 20G Output
+ utpu
210 p
/ GND
FIG. 2A
234
R2
203 240
N
Ry 237
= — :sz
201
AN
212
Iin — -
A |5 v
+/]’(210 215
Rg
250
/ GND

FIG. 2B




WO 2011/008569 PCT/US2010/040553

3/10

I3 — 233 V3
204 241

78 D4
216 205
Rg2 “7X D5
R V2
— 232 235
203 240
“~7X D3
R1
T — —— 53,
201
7N D1
212
Iin — -
\/\l1\ ™ N / V1
*/f(zm 215
Rg
250
/ - GND

FIG. 2C




WO 2011/008569

4/10

PCT/US2010/040553

300-\
320~
Temperature
Controller
301a
310~ Vo \ 302a~ 330~
Current [——{Filtert— A/D H  Digital
I— Measurement Computational
Circuitry ﬁlFilterl——{ A/D Unit

301b- 302b-

FIG. 3

Current
Measurement
Data




WO 2011/008569 PCT/US2010/040553

5/10

411
( Start )

412~ \

Read digital output from first and second
A/D converters with and without zero input

413~ v

Convert digital data to a decimal value

414
No Yes
416~ 4 418~ Y
- 3 : I={(V1-V1(zero input))/R1} +
I=(V1-V1(zero input))/R1 {V2 - V2(zero input))/R2}

419~ {
( End )

FIG. 4




PCT/US2010/040553

WO 2011/008569

6/10

AD

S "'Old

- 0LS : -
A \ mgs_sﬁﬁmrm 1
m eIy aL0S -ON [6¥5QY
m A
. » I o B emmmm 9178V
.d
:wmm%e 490110 / T\« | m
A 0z0g - ¢
5 ] 9lzsvd | 9Lzsve
¥a ad
N | oLe
| 3INON
Hogﬂmg_ s e B o 7 BZ0S e10S
o0, | VON 004LHrd
S0000 i Beos e
524 O\NE wmz-oo:xm_ %05 1 Jnainoonz N0 o)
0029 J10H v05-" N “
K TAN4
b
2z INON WOS
001y
£090)00}
IE:
Jajawoayo9a]g



PCT/US2010/040553

710

WO 2011/008569

9 'Old

(zH) yipmpueg
€09 .
0001 001 ol g 10
€0-300'} 91-300°L
N
// =
_ 20-300°) : = G1-300°1
s ~ 129 e
a5 N/ |-
Q RNEE
w—y .~ N
8 : Ses
o = T =
5 10-300°} , = = = = #1-300°1
”_ \\\\\/ // L1 gl
3 T VO[T A/
\ww 209 — ] 2LO LT 109
~ 00+300°} eloTFrTr [P N €1-300°}
B B O P il j N
\\\\ \.|..\. /
s R T awi] uonelbsyu] —
CE vz Mom% mmw JsjeWon09|3 Wi -
. - Dboap GG) 18)1oW0I]08|4 90 _ .
10+300°L JoysIsox Lo - - o Z1-300°L
lo)sisey H0Z - —-

sapoid 00LLHr4 UNM § J939W01309[F Ujpimpueg A 8SIoN

(SINY sdwiy) asioN



PCT/US2010/040553

8/10

000l

V.9l
(sw) awi) Buimes

bb-30G°L-

LL-300°L-

A Z1-300°G-

00+300°0

(sdwy) juasing

€-301'9 ——
N_‘lmwm—\ ..........
Lb-4¢0°L ———
L-369°€ - -
0L-350°L -----
o3l —--
ol-3169 ----

L1-300°1

WO 2011/008569

60-70-60 Buo suIn1Gz 0 ‘00LLHrd YIM 7 J830W01)09|3

Li-30G°L



PCT/US2010/040553

WO 2011/008569

9/10

d. 'Old
(sw) swi] Buipes
0L
000} 00} Y, !
i —- 21-30G'L-
A t
H— - 21-300°L-
[ 1 L
T i
: L1 €1-300°s-
gk ;
Ty ) _
e N ) g .h.%ﬁvm 1 i~ 00+300°0
<z : T
NN i Y
) L €1-300°G
€L-30L'9 —— e “
Z2L-386°L e _ﬂ W ! .
L-320°L ——— T i1 Z1-300°)
11-3G9°€ - T w"
0L-34S0°L ---- | w ;
oL-aALLL -~ L +—Ll-z1-305°1
0L-d169 ----

60-170-60 Buo SUINLGZ 0 ‘00LLHI 4 YIM 1 18)aW04309]3

(sdwy) juasing



PCT/US2010/040553

WO 2011/008569

10/10

2. 9l
(sw) awi] Buipes

000} 00} 0l wmn !
T — €1-305"}-
T
T |- €4-300°1-
(L e
i ! .
i i
e 1 71-300°G-
gt
m_
[ L1 0043000
3 ; )
| T 1oL
e 1t y1-300°G
-\ AL \ 4
£1-30L'9 —— 1A .
Z21-386° 1L e ._/ i m H .
1L-320°L ——— AT i e1-300'1
11-399°€ - - :_ __ " ! "
0L-a60°L --—-- ._:. .” _
0L-aLL'L —-- al _ L ¢1-309°)
0L-4169 ----

60-70-60 Buo suInLSZ'0 ‘00LLHrd UM § J9)aWoL3a9|]

(sdwy) Juairing



