US007550703B2

a2 United States Patent

Bechtel et al.

US 7,550,703 B2
*Jun. 23, 2009

(10) Patent No.:
(45) Date of Patent:

(54)

(735)

(73)

")

@
(22)

(65)

(60)

(1)

(52)

APPARATUS INCLUDING AT LEAST ONE
LIGHT SENSOR WITH AN INPUT PIN FOR
RECEIVING AN INTEGRATION PERIOD
SIGNAL
Inventors: Jon H. Bechtel, Holland, MI (US);
Joseph S. Stam, Holland, MI (US);
Robert R. Turnbull, Holland, MI (US);
Robert H. Nixon, Burbank, CA (US);
Eric R. Fossum, La Crescenta, CA (US)

Assignee: Gentex Corporation, Zeeland, MI (US)
Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by O days.
This patent is subject to a terminal dis-
claimer.
Appl. No.: 11/074,066
Filed: Mar. 7, 2005
Prior Publication Data
US 2005/0146791 Al Jul. 7, 2005

Related U.S. Application Data

Continuation of application No. 10/856,675, filed on
May 28, 2004, now Pat. No. 6,863,405, which is a
continuation of application No. 10/166,071, filed on
Jun. 10, 2002, now Pat. No. 6,755,542, which is a
divisionofapplication No. 09/307,941, filedon May 7,
1999, now Pat. No. 6,402,328, which is a continuation-
in-part of application No. 09/236,969, filed on Jan. 25,
1999, now abandoned.

(58) Field of Classification Search 250/226,
250/214 C, 214 AL, 208.1; 348/296-298;
359/601

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
3,680,951 A 8/1972 Jordan et al.
(Continued)
FOREIGN PATENT DOCUMENTS
EP 0285724 10/1987
(Continued)

Primary Examiner—Thanh X Luu
(74) Attorney, Agent, or Firm—Price, Heneveld, Cooper,
DeWitt & Litton, LLP

(57) ABSTRACT

An automatically dimming mirror includes a dimming ele-
ment having variable reflectivity, the degree of reflectivity
based on a control signal. An ambient light sensor is posi-
tioned to receive light from a region generally in front of the
vehicle. The ambient light sensor outputs a discrete ambient
light signal based on the amount of light incident on the
ambient light sensor over an integration period. A glare sensor
is positioned to view the scene generally behind the vehicle
operator. The glare sensor outputs a discrete glare signal
based on the amount of light incident on the glare sensor over
an integration period. A dimming logic determines an ambi-
ent light level based on the ambient light signal. The glare

Int. CL. integration period is determined based on the ambient light
HO1L 27/00 (2006.01) level. The glare signal resulting from the glare integration
G01J 1/44 (2006.01) period determines a mirror glare level used to set the dimming
GO2B 27/00 (2006.01) element control signal.
US.CL . 250/208.1; 250/214 AL,
359/601 13 Claims, 24 Drawing Sheets
y 48,52
31}
J/103 r/
102
le |~ 122 j Bulst ( ”
Yoo Y00 o 2 BFOSED o
lNTE%TéPON UEUJ.STEO. TRANSDUCER
ki ) S CIRCUTT - 144 104
s [
; ( o L s |
ONTROL P !
ﬂl\lt_'ﬂ e e 12 / ) ITRANSGDJCER

56

100 j



US 7,550,703 B2

Page 2
U.S. PATENT DOCUMENTS 5,625,210 A 4/1997 Leeetal.
5,644,418 A 7/1997 Woodward

3,866,067 A * 2/1975 Amelio .....coovvniiinnnis 327/514 5,666,028 A 9/1997 Bechtel et al.
4,465,370 A 8/1984 Yuasaetal. 5,712,685 A 1/1998 Dumas
4,469,417 A * 9/1984 Masunagaetal. ........... 396/128 5,715,093 A 2/1998 Schierbeek et al.
4,547,676 A * 10/1985 Suzukietal. .......... 250/208.3 5,724,187 A 3/1998 Varaprasad et al.
4,632,509 A 12/1986 Ohmi et al. 5,760,962 A 6/1998 Schofield et al.
4,793,690 A 12/1988 Gahan et al. 5,789,737 A 8/1998 Street
4,902,108 A 2/1990 Byker 5,796,094 A 8/1998 Schofield et al.
4,916,307 A 4/1990 Nishibe et al. 5,808,350 A 9/1998 Jack et al.
5,140,455 A 8/1992 Varaprasad et al. 5,841,126 A 11/1998 Fossum et al.
5,204,778 A 4/1993  Bechtel 5,841,150 A 11/1998 Lee et al.
5,214,274 A 5/1993 Yang 5,883,605 A 3/1999 Knapp
5214275 A 5/1993 Freeman et al. 5,904,493 A 5/1999 T.ee et al.
5220317 A 6/1993 Lynam et al. 6,027,955 A 2/2000 Leeetal.
5,235,178 A 8/1993 Hegyi 6,037,824 A 3/2000 Takahashi
5,243,215 A 9/1993  Enomoto et al. 6,313,457 B1* 11/2001 Baueretal. ............. 250/214 C
5,338,691 A 8/1994 Enomoto et al. 6,947,077 B1*  9/2005 348/222.1
5,386,128 A 1/1995 Fossum et al.
5,410,455 A 4/1995 Hashimoto FOREIGN PATENT DOCUMENTS
5416318 A 5/1995 Hegyi
5426204 A 6/1995 Kobayashi et al. g ggﬁgg lgﬁggg
5,451,822 A 9/1995 Bechtel et al. P 0869032 4/199%
5471,515 A 11/1995 Fossum et al. P 05340816 A * 12/1993
3488416 A /1996 Kyuma WO WO 9735743 10/1997
5,550,677 A 8/1996 Schofield et al.
5,561,773 A * 10/1996 Kalishetal. ................ 710/104 * cited by examiner



U.S. Patent Jun. 23,2009 Sheet 1 of 24 US 7,550,703 B2




U.S. Patent Jun. 23,2009 Sheet 2 of 24 US 7,550,703 B2

AMBIENT

& LIGHT
32

[ep]
—
p~3
el
m
‘.&’L{

N

N
A

\ Y

56
S DIMMING
LOGIC

4
42\ 6 /44 /40

VARIABLE REFLECTIVE

GLARE TRANSMISSIVE
, ELEMENT SURFAGE
34

\ 24,26
70 2



U.S. Patent Jun. 23,2009 Sheet 3 of 24 US 7,550,703 B2

N

TIME

D

N

/ 86
5

5. 5

/80
.
o

CONTROL
SIGNAL
SENSOR
QUTPUT



US 7,550,703 B2

Sheet 4 of 24

Jun. 23, 2009

U.S. Patent

v0!L

co!

25 8v

\%N 011 %/
il _ = Qh\.
A " 9¢l 25 J
| HIINASNYHL ! 2h1 oc ! w “ - :
M9 oz1 oz1 Gl | ek, 9| M _ AN
| Q3Q13HS |} | \ . B pLi ~|p 10HINOD
. u--._ m ovi 1SY | / \
e TS f g T wnois |
cm.mmm: ~— 0D @ 08! Ll. 193INNODHILN!
xm_u@vm__.um__v_dx\mP - NOILYH9ILNI 1o I vmx\m
0350dX3 2 0lag, 007
357nd 138
.@EK 1nd1no \NNN th:\l
021
801
oo>




US 7,550,703 B2

Sheet 5 of 24

Jun. 23, 2009

U.S. Patent

JNIL

0/1 24 \mmn
. \ . \ | |
i | ] 1
m.f:/ vl j
............................................................ - WWJD&
NNN ---------------------------------------------------------------------------------------------------------------- PDQI—!:O
9l T j
................................... . WWA:&
USSR S W NOILYdI3LNI
7 Y N |_<Z@_w
......................................................................................... . 103INNOJHILNI
951 051 j
e . WZ_I_
T0HINOD




U.S. Patent

Jun. 23, 2009

_____________________________

Sheet 6 of 24

US 7,550,703 B2

AMBIENT

/40

‘T LIGHT

| 56 N ‘ ‘

\ R 50)

3 DIMMING | !

! LOGIC X !

L1 46 | INTERIOR N 44

| | VARIABLY | INTERIOR | !

; | GLARE TRANS- |REFLECTIVE] :

| ; ] MISSIVE | SURFACE |

; A ¥ ELEMENT P

o 2~ §
190704 L 194

(—— ot S

! ' GLARE RO T S 5

: ! N - 180

: ; 34 184

1y v

E EXTERIOR

: MIRROR == :

. | CONTROL g :

: ) 186 | EXTERIOR

' 188 VARIABLY | EXTERIOR | !

! GLARE TRANS- |REFLECTIVE] !

; 4 MISSIVE | SURFACE | !

; ELEMENT ;

! 182 —~_|

Fp. 6



US 7,550,703 B2

Sheet 7 of 24

Jun. 23, 2009

U.S. Patent

T
, 19
\“ \\W’% 1 9¢ =
Nmm Wzm . \
2 &L 65| 38y
- by EeH | N 2N
M L gy 288 \ 0o/l gn
29A s 73]
® N ted —{ogy gy b o =+
naman] | MO _ Jm wow famn
3 |Lg9 99 = S0 o = grJ  [Iniamy
® ] 83 N ENY £10] = s2H S
ZM T mem o2 | YW T
MY aon g A ,A_~v
0z (& ey 9
g
wtm b2y _wa Gy . 4/,
A - bz -
mmm\ - a2y = 4. adp Gic
= [ <o Jog oW
Wwi T Tes] ts] g1z "o iet 9K
e s AAA— AN
eomf H& s ~ N o 354N
- ™ e sty | /9 %_w H:Q%S o L 22
T8 11 |
- - o% 2 en | 1g_ NOILINI
EH iz A
n_| ¢y
AAN-



U.S. Patent

55\‘

PULSE

/— 224

5 ouUTPUT
226

230

1”

7. &

Jun. 23, 2009 Sheet 8 of 24 US 7,550,703 B2
R5
227 §
R1 R7 T
RB4 AYAVAV WV
1 '\—{: Q10
C16 I R4
i 202
R17§
220
ANO /
AN3
ELECTROCHROMIC
AN2 R31 R24 VARIABLE
AN AN TRANSMISSIVE
ELEMENT
R26 é 234

T



US 7,550,703 B2

Sheet 9 of 24

Jun. 23, 2009

U.S. Patent

QVNJ |U
w1 “ ] * ———1 1 ! i
062
S IV ]
8re
JNIL
s,m\ul\/\
L

v

TYNIIS
1041NOD

TYNDIS
JON3H34410

JIVLI0A
JOHINOD
a3nddy

RELE]
T0HINGD
341530



U.S. Patent Jun. 23,2009 Sheet 10 of 24 US 7,550,703 B2

CURRENT (ma)
o o o o o o
= B 3 = < 3 = = p S o

V(4

)Y

VOLTAGE (V)

100.0
90.0
80.0

0
0.
0
30.0
20.0
10.0
0.0

REFLECTANCE (%)



US 7,550,703 B2

Sheet 11 of 24

Jun. 23, 2009

U.S. Patent

S3A

S3A ¢QTOHSIHHL ON

on 0= INNOD
3HY19
282
vge
J 082
ANNOD 34V19 ~ INA INIWIT3
INIW3YIIA ININIIQ L3S
% 8.2 +
AY130 4001 N ONIOY3Y
3HVT9 504 LIYM JHYID YL
982 L
INNOD
0z /] 3HY19 138
bsz | 003 NOLLYOILNI

JHYTI ININYI13A

> JOVHINY
INJIGNY

40 39VH3AY ININYILIA

(AENEN
133130 AV >
13A3T INIIGAY

r9c

A4
\l

04¢
13A37 LHOIT IN3IAY 40 907 -

e \. 9%¢

INFNIT3
ONIAIWIA YY310

— 894

|

907 3H1 ONI4 NV ONIQV3Y
LHOIT INJIBAY 3HVL

AV130 4007 1HIIN
INIIGAY HO4 LIVM

)

ot i

JOVHIAVY IZINVILINI
ANV ONIQY3Y LHIN
INIIFGAY IAVL

1HVLS

- 09¢



U.S. Patent Jun. 23,2009 Sheet 12 of 24 US 7,550,703 B2

i
250

200

|
150

100

1
50

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

LOG(N)

g, 12



U.S. Patent Jun. 23,2009 Sheet 13 of 24 US 7,550,703 B2
300 N
\_ e INTEGRATION
208 i PULSE
O\ REsET
SENSOR | RAMP_CONT
04 SAMPLE LOGIC |
Vop k 314 J T\ 328
313\Jk 306
X 320
LIGHT ~—  LIGHT E?~<:;
TRANSDUCER ‘(;—JL‘°‘ \\- LIGHT_COMP
J J18 —-’ * 322 Vop k 332
[,_
106 |

gﬁﬁzyﬁ 17 = =\~ 326
AL i — I
340 354"
REGET 08
RAMP_CONT
LIGHT
RAMP

LIGHT_COMP |




U.S. Patent Jun. 23,2009 Sheet 14 of 24 US 7,550,703 B2

380 N
N N INTEGRATION
= 308 ~ Y
RESET
=t SENSOR | RAMP_CONT
104 SAMPLE LOGIC
Voo ~ 314 D, [\ 328
K—l\’“ 318

T' 1 320
LIGHT 1 LIGHT !_\<
TRANSDUCER °T l LIGHT_COMP
+
_J 316 |CsL j
106 l\ 332

312
= 304

QUTPUT

Vpp 398

382 396
a ..

N 392
NNLIGHTY ~— NOISE _\< 394
~ TRANSDUEE\ 7 l& I
\ SRR \\
3 390 / NOISE_COMP
\\\ S 386 CSNB
322
» 384 1 388 [ Voo
P
RAM l\imo



U.S. Patent Jun. 23,2009 Sheet 15 of 24 US 7,550,703 B2

SAMPLE

RESET

RAMP_CONT

LIGHT

NOISE [ \_ 41 390

RAMP

LIGHT_COMP |

NGISE_COMP

OUTPUT |




U.S. Patent Jun. 23,2009 Sheet 16 of 24 US 7,550,703 B2

306 449 448
\\\ //, //, 7 nTecraTion
= . Ey/q PULSE
~d ~.. |
AR R SO % S
328 308 314

RAMP_CONT RESET SAMPLE
Voo
VinT GND
438 J_
;}Q h
N K
442
320
- LIGHT_COMP
+
332
444
ouTPUT
L 322
398 446
396
392
394
NOISE_COMP
328 RAMP_CONT
Vpp
I ]
RAMP Q28




U.S. Patent Jun. 23,2009 Sheet 17 of 24 US 7,550,703 B2

452 VDLD 450
| INTEGRATION PERIOD
- -~
LIGHT »
- QUTPUT SENSOR 2V Vg
Uysa T
Vop 456
INTEGRATION PERIOD e
AND QUTPUT LIGHT o 7/ 'd/
~ L -~ SENSOR V- 79
458 T
Vbo
INTEGRATION PERIOD e 460
C -
462 Py
LIGHT o 2
- OUTPUT SENSOR V4 % 20
\_ 454 T
Vpp 464
e
o PP
OUTPUT LIGHT o
~ k SENSOR 27 /4
454 L
’. 0SC - COUNTER ‘
| ) k l R L - 306
L 472 474/*“@3., 470
i 478 : ;
': 140 ';
3 SENSOR i
: 476 CONTROL SIGNAL |
; GENERATOR :
| SENSOR LOGIC ;



U.S. Patent Jun. 23,2009 Sheet 18 of 24 US 7,550,703 B2

5. 23 o

SENSOR
104 LOGIC
23%? 492
490 Y r
LIGHT-TO 498
LT > VOLTAGE | ‘
CIRCUIT ' /
= VOLTAGE-
_| TO-PULSE
CIRCUIT
NOISE-TO
1 VOLTAGE [—
CIRCUIT

N
496 / 492
500 ! f

k LIGHT LIGHT-TO 498
=~ VOLTAGE |— ‘
TRANS CIRCUIT r !
502 ~| voumee: . OUTPUT
AN o = CIRCUIT E
CRULIGHT.N -
: ~  VOLTAGE
. TR\ANS CIRCUIT 508
NN J
504 496 492
V[
) 498
TRANSDUCER = %?,%?TE ] ‘ /
L i
N =~ CIRCUIT
N NOISE-TO
= VOLTAGE
CIRCUIT

S \
N \}\ \\L\\) j
496




U.S. Patent Jun. 23,2009 Sheet 19 of 24 US 7,550,703 B2

SENSOR
04 LOGIC
LIGHT LIGHT-TO
. = VOLTAGE
TRANSDUCER /OLTAGE
e
106 %2
(ﬂ\' \\\}
NS LIGHT-TO
SO LIGHT - .
~ = VOLTAGE |—[°
L TRANSDUCER CIRCUIT "
502
o 192
520
\ \ y
Y \‘\\ NN
s ] s |
\ ?TRA.NS‘?\”\C,ER CIRCUIT =~ CIRCUIT
A e Ny
—
520
AT ‘
RN NOISE-TO
N - VOLTAGE
NRANSDUGER | CIRCUIT

OO
Y, w5
57 24






