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PRISM MEMS MULTISENSOR CHIP - VER 2

1-AxisAccelerometer
Temperature Sensor
Humidity Sensor
Strain Sensor

FULLER &

F;[F]ﬁjil Sl i Humidity Sensor

culy i finger overlap 2000um

# of fingers 20
finger width 10
finger space 10
pad size 400 x 400
polyimide thickness

/
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VER 2 HUMIDITY SENSOR CALCULATIONS

Capacitance of Two Parallel Plates

AN
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Capacitance = eoer Areald C= 2.T2E-11|F dr
2a = Permikivitky of Froe space S.55E-14 | Fiem c rs Hum“:"tllr
er = relakive permikivikky = ) 1100
Ares = SASE-05 ] cm2
number of pairs of plakes, M = 1 ?i il ¥
distance between plates, d = 0.4 | pm . oz
If reund plates, Diameter = Ol pm a
If rectangular plates, length = BTO0| pm % 0
If reckangular plates, width = 470 pm 6.00
Force Between Two Parallel Plates | Force = SA40E-0F ) M g_ EELY
Electroctatic Force= eoer Area ad Yoltage W = 10 walts RH% CpF Jd o oam
I I i I 10 315 2.0
Capacitance For very Thick Insterdigitated Fingers 20 3.26 100
C = JH-1] coer L ki= Capacitance, C© = 1.TOE-12]| F S0 A.5s 100
Mumber of Fingers, M = 121 40 3435
relative diclectric constant, er = & 50 3.5 a @ aa &0 &0
Length of finger overlap L = 100 pm &0 3.60 Redatfve Hiraldty &
|h-:ight of fingers, h = 2lem T A6S
zpace bekween fingers, = = 1l pm S00A.TT
| | aera arder |
Capacitamce For very Thin Interdigitated Fingers om thick insulating substrate [2n-1l[pilsf2[z+w  Bezzel zum I
I L ] i Capacitance, C = 1.53E-12| F 58 |erTop n . Joir] | ot [ Joften-1]  niTssOTE
| C=LEies| S 1 Mumber of Fingers, M = 20 1] er Batkom 1 0.75% 05518 07255 0.7255
| - 0 _relative dieleckric conskant, er = 524 &0 EH% 2 2555 00261 00007 00002
Length of finger owerlap L = 2000 pm 524 wr” ] 5.328 -0.409 01605 00322
| width of fingers, w = 10| pm 4 L.435 -0.0056 TE-05 1E-05
space bekween fingers, 5 = 10| pm 5 T.065 02333 00533 0.
If on oxide orer silicon wse equation abore with o For material abore the fingers & 5.655 0.0051 SE-05 2E-06
added to the Capacitance bto silicon sub=strate calculated below
Capacitance to Zilicon Zubstrate = T.ITE-12|F T 10,205 -0.2436 00623 00045
or [oxide] = 34 G 1.175 -0.00355 1E-05 1E-06
Oixide thicknezz = g0 | & a 13.545 02153 00477 00025
Total ares of pad:s and other layout Features = 20000 | um2 10 14.315 00033 1E-0O5 &E-O7
| Total Capacitancs = A.60E-12|F
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MODELING OF INTERDIGITATED CAPACITOR

W "

d1l and d2 (interrogation

L depth)

I 81‘1
N = number of fingers d, [ RN
1 NG
d,
81'2
Rochesterlnstituteoj.”Tecl.mology 81. — 81.1 + 81'2
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PLANAR INTERDIGITATED SENSOR

WK 1

= (N1 E1TEDEKII-K )]
2K (k)
k = cos(jZ id j
£, 2 (s+w)
q, !
Kk d
o] ) - jJ(1 i)

L
T

Jois zero order Bessel function

8r = 8rl + 8r2
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Humidity Sensor

=

FINGERS ON SILICON SUBSTRATE

Q C fingers P

I a1 |

Sio,

Silicon I Cto Substreg

C to Substrate

C = C fingers + C to substrate / 2

(if silicon substrate 1s treated as a conductor)
C substrate C fingers
il
= t C=LN|4 1 (Zn-1)ms
C=E, €, area/ [ f;ﬁr]z o J.:.E[ s 1

i n=1
@7 8r = 8oxide gr = grl /
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HUMIDITY SENSOR CHIP EXAMPLE

 Chip size: 7.9mm x 7.9mm

232 dies

* 95 Fingers:

* Overlap Length: 4.5mm
*Width: 20um (10um)
*Spaces: 20um (30um)

* Pads and Other Layout Area
*2mm x 3mm Qty 2
*Imm x Smm Qty 2
* Total of 22000000um?2

—

AN
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Humidity Sensor

FILM CRACKING

Polyimide film if not cured correctly w111 crack as it absorbs water

Properly cured (baked) Polyimide does not crack /
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PROPERTIES OF POLYIMIDE

Polyimide - Kapton, Apical, Upilex and other names. Polyimide
films are available in differing chemistries with different properties.
The curing and annealing cycles are important in defining film
properties.

Stable to 400°C (and above without oxygen available)
Relative Dielectric Constant 3.0 to 3.7

Water absorption (%) 2.1t0 3.7
CTE 100-200C (ppm/C) 15 to 35
CHE (ppm/%RH) 10 to 20
Youngs Modulus (Gpa) 2.7t035.5

Rochester Institute of Technology
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MODELING OF DIELECTRIC CONSTANT VS % RH

—

Simple Model for relative dielectric constant of polyimide vs Relative
Humidity

Relative Humidity (%) — RH

Relative Dielectric Constant at a given RH - €rPI
Relative Dielectric Constant of Dry Polyimide — €rPI0
Relative Dielectric Constant of Water — ErH20
Maximum Water Absorption in Polyimide (%) — A

ErPI= &ErPI0+ €rH20 * A * RH/100

Example: at 50% RH €rP1 = &ErPI0 + ErH20 * A * RH/100
= 3.7+ 80 * 0.03 * 50/100

=49 /
| -
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CALCULATIONS FOR EXAMPLE

N
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LCapacitance of Two Parallel Plates
Capacitance = eoer Areald C= 2.T2E-11|F dr
ed = Permitivitky of free space G.55E-14 | Ficm C rs Humldlt'f
er = relakive permitivikey = 5.4 29100
Aren = S.ASE-05] em2 X -
number of pairs of plakes, W = 1 20400 =
diztance between E!at-:s. d= 0.4 | pm " 1T
If round plates, Diamaeker = Olpm a
If rectangular plates, length = ETO|pm § 204,00
IF rectangular plates, width = 470 pm
Force Between Two Parallel Plates | Force = SA40E-0F| M g_ 131
Eleckrostatic Force= ¢oer Area ad Yolkage, W = 10] walt= BH% CpF [
[ | | i [ 10 30563
Capacitance For very Thick Interdigitated Fingers 20 3084 .00
= [N-1] coer L ki= Capacitance, © = 1.TOE-12| F S0 31043 100
Mumber of Fingers, [ = 121 40 510,37
relative dicleckric canskant, er = -] 50 ELT4 @ 0 a4 6 &
Lzngth of finger averlap, L = 100 pm B0 252 Radathve Hirafdity &
|h-:ighl: of fingers, h = 2lpm O 313,50
space between fingers, = = 1| pm S0 S14.05
[ | zerd order
Capacitance for rery Thin Interdigitated Fingers on thick inzulating substrake [2n-1][pi]z/2[z+w  Eezsel zum |
| ! ! Capacitance, C = 1.70E-11| F 35  |erTop n % doix) | Jet [ detEn1] nszesses
l{CmLrE g, E CAll Mumber of Fingers, [ = 100 1] er Batkom 1 14775 065253 04655 04655
- C0 0 _relative dizleckric conzkant, er = 524 =11] EH% 2 35325 S0EE44 0ATT 00432
Length of finger overlap, L = 5400 pm o.od er” ] LEETS [ | Ed] 004 00025
[ width of fingers, w = 10| pm L) 4 G425 oz 00124 0.00S
space between fingers, = = S0 pm T 5 105375 -0.2273 00513 0U00sE
If on oxide orver silicon wse equation abore with o For material abore the Fingers -] 12,3525 02033 00414 000355
added to the Capacitance to silicom substrate calculated below
Capacitance ko Eilicon Eubstrate = 2.36E-10]F T 15,3075 -0.075 00056 0.0004
of [oxide] = 3.4 = 1IT.6625 -0.0754 00057 0.0004
Oixide thickness = gooo [ & a 20,0175 0A65S 00275 0.0016
Total arca of padsz and okher layout Feakures = 22000000 | uma 10 22,5725 -0547T 00233 003
| Toakal Capacitance = SASE-10]F
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HUMIDITY SENSOR DESIGN SUMMARY

1. Polyimide coating should be 2 times the finger spacing

2. Stray capacitance to the substrate should be minimized by:
1. Using thick oxide between metal and silicon

2. Minimize wire bond pad size

3. Minimize size of metal connections to fingers
Maximize the number of metal fingers

Response time maybe related to polyimide thickness

Cure of polyimide 1s important to prevent cracking of film

NP
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BETTER DESIGN

( » M| Sheetl , Shestz

Sheet3

Capacitance = eoer Area/d | | C= 2I2EMF HR H
&0 = Permitivitty of free space G.85E-14|Ficm C vs Humi dl t\_.l"
et = relative permitivitty = 349 591.00
[ Area= 515E-03 |cmz 51.00 /
number of pairs of plates M= 1
distance between plates d = 0.4 [pm " #1.00 .
If round plates  Diameter = 0fpm o 61.00
It rectangular plates length = G700 {pm § c1.00
If rectangular plates  width = 470 {pm 2 41.00
Force Between Two Parallel Plates | | Farce = JA0E-03|M ﬁ '
Electrostatic Force= eoer Area ¥ i2d” &pplied Volage, & = 10|volts RH%  pF & 3o
10 BE.76 21.00
Capacitance for very Thick Interdigitated Fingers 20 6315 11.00
C ={H-1) eoer L his Capacitance, C = 2E2E12|F 30 71.E0
[ Rumber of Fingers, M= 200 40 7402 100
relative dielectric constant, er = g 50 76 45 20 40 &0 20 100
Lencgth of finger overlap, L = 100 [pm G0 Ta a7 Relative Himidity %
height of fingets, b= 2|pgm foe1.29
space hetween fingers = = 1|pgm G0 83.71
Zero arder
Capacitance for very Thin Interdigitated Fingers on thick insulating substrate [2n-1pisfdz+w  Beszel ZUIm
| ' ' | capactance, c = 4.08E-11]F 35  |erTop n % | Jor | wo®  Juefena | os9soszrs
_|e=1m :\r,‘]‘%_ L gD J Mumber of Fingers, M = 400 1] er Bottom 1 0.625 090331 081687 0.81657
N L e LA relative dislectric constant, er = 4.04 10 RH% 2 1.554 029112 008475 002525
Lencth of finget avetlap L = 2500 |pm 4.04 er* 3 314 -0.30379  0.09229 001546
wiclth of fingers, w = 3 pm 4 4 396 -0.34307 011769 0.01681
space between fingers = = 2pgm =] 5652 004423 000198 000022
If on oxide over =ilicon use equation above with eo for material above the fingers ] 59058 0295857 0.08903 0.00309
added to the Capacitance to gilicon substrate calculated below
Capacitance to Silicon Substrate = 2B0E-11 [F 7 g.164 013144 0017258 000133
er [oxide) = 34 g 9.42 -018036 003253 0.00217
Cixide thickness = 10000 (& 9 10 676 021932 00451 000253
Total area of pads and other layout features = 12000 fum2 10 11.932 003235 000105 5.5E-05
| | Total Capacitance = B.55E-11 |F
_~ Capacitance Between Two Closely Spaced Wires
- ___' S Capacitance per unit length, C = B3.47 |pFim
| e . telative dislectric constant, er = 3
| =121 5./ fog (W) 1_'"‘?_]! "1 half center to center space, h = 1 [mm
= b el (et e n K] conductor radius r = 0.5 mm

A
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MULTIVIBRATOR
Rl . R2
__l__/\/\/\/—L\/\/\/— V?
Y +Vi—1 ¢ ‘
/ ot
* Vo -V — —‘
-V 1+Vt/V
| Period =T =2RC In
c [V -VUV
" Bistable Circuit with Hysteresis and RC Integrator

/
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CAPACITOR SENSOR TO ANALOG YOUT
N S
VW | .

s el S,
| j}% DYV ]
| Sl R Lo
| RIS T
v =
c— R L
 Square Wave RC  Buffer  Peak  Buffer
Generator Integrator Detector
(Multivibrator) &
Capacitor
- Sensor
BN
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CAPACITOR OSCILLATOR - MICROCONTROLLER

—4 RC Oscillator

C — i :i . :
RREEEEEEEEEEEEEEEE Mlcrocontroller ;

A ! Communication
' (USB, Bluetooth) :

Sensor

Rochester Institute of Techn
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CAPACITOR SENSOR OSCILLATOR EXAMPLE

. 1+Vt/V
LetR1=R2=10K and R=IMEG |Period=T=2RC In (1-\& N}

N~

If C = 34.4pF then T = (2)1M(34.4pF) In(1.5/0.5)
= 68.8E-6sec or 14.5Khz

It C=37.9pF then T =75.8E-6 sec or 13.2Khz

Rochester Institute of Technology

Microelectronic Engineering /
| -

, © March 28,2011 Dr. Lynn Fuller, Professor Page 18




Humidity Sensor

HUMIDITY SENSOR AND BLUE TOOTH WIRELESS

= "\

PRISM HUMIDITY

SENSOR VIDEO
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HOMEWORK - HUMIDITY SENSOR

1. Look up the Honeywell HCH-1000 humidity sensor data sheet.
What s the sensitivity of this sensor?

2. Using the Excel spreadsheet for capacitor calculations design a
thin film interdigitated conductor humidity sensor that will be in
the same capacitance range as the Honeywell humidity sensor in
problem 1.
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