
POLYMER THICK FILII CONDUCTORS AND DIELECTRICS FOR 
HEEIBRANE SWITCHES AND FLEX I BLE C I  R C U I T R Y  

LN84 2 1 9 9 4  
N. Nazarenko 

E.  I . du Pont de Nemours 6 Company, Inc.  

W i  lmington, DE 19898 

DESCRIPTION OF THE 1lEHBRANE SWITCH 

The membrane sw i t ch  func t i ons  as a normal ly open, momentary contact ,  
low-vol tage pressure-sensi t ive device. I t s  design i s  a th ree - laye r  sandwich 
u s u a l l y  const ructed of  po l yes te r  f i l m .  Conductive pa t te rns  a re  deposi ted 
onto the nner s ide  o f  top and bottom sheets by s i l k  screening. The center  
spacer i s  then placed between the t w o  c i r c u i t  layers to  form a sandwich, 
genera l l y  he ld together by an adhesive. When pressure i s  app l i ed  t o  the 
top l aye r  i t  f l e x e s  through the punched openings o f  the spacer t o  e s t a b l i s h  
e l e c t r i c a  contact  between c o n u c t i v e  pads o f  the upper and lower sheets, 
momentarily c l o s i n g  the c i r c u i t .  Upon release o f  force the top sheet 
spr ings back t o  i t s  normal open p o s i t i o n .  

The membrane touch w i t c h  i s  being used i n  a r a p i d l y  expanding range 
o f  app l i ca t i ons ,  i nc lud ing  inst rumentat ion,  appl iances, e l e c t r o n i c  games 
and keyboards. I t s  broad acceptance r e s u l t s  from i t s  low cost ,  d u r a b i l i t y ,  
ease o f  manufacture, cosmetic appeal and design f l e x i b i l i t y .  

The p r i n c i p a l  e l e c t r o n i c  components i n  the  membrane sw i t ch  are the 
conductor and d i e l e c t r i c .  

CONDUCT I VE INKS 

Polymeric conduct ive inks t yp  c a l  l y  cons 
conduct ive metal powder, polymer and so lvent .  

s t  o f  three bas ic  components: 
S i l v e r  i s  the predominant 

metal used I t  has the advantages o f  moderate cost  and lonq-term conduct ive 
stab; 1 it;.. 

Yhs po1yi9er performs th ree  key funct ions.  I t  binds the conductor t o  
the sub.:trate, provides cohesion o f  the s i l v e r  p a r t i c l e s  and p r o t e c t s  the 
conductor from ex te rna l  chemical and enviornmental e f f e c t s .  

The r o l e  o f  the so lvent  i n  the conduct ive i nk  i s  t o  d i s s o l v e  the 
polymer, c o n t r o l  v i s c o s i t y  and wet the po lyes tc r  surface. The screened 
i n k  i s  genera l l y  d r i e d  i n  a ho t  f o r c e d - a i r  oven t o  remove so lvent  and bond 
the polyrrer t o  the subst rate.  I d e a l l y ,  the so lvent  must evaporate r a p i d l y  
from the p r i . l t e d  c i r c u i t ,  ye t  a t  the same t ime a l s o  must have a l i m i t e d  r a t e  
of  evaporat ion on the screen a t  ambient temperature t o  minimize v i s c o s i t y  
change and screen c logging.  
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Processing has a pronounced e f fec t  on the performance of  conduct ive 
inks.  The processing o f  a conductor composi t ion can be separated i n t o  two 
broad operat ions:  screen p r i n t i n g  and d ry ing .  Key parameters t h a t  a f f e c t  
p r i n t i n g  a re  i nk  rheology, squeegee r a t e  and pressure, surface tension, 
screen ma te r ia l s  and residence t ime on screen. 

Rheology i s  t he  p r i n c i p a l  p roper t y  a f f e c t i n g  the p r i n t a b i l i t y  o f  
polymeric t h i c k  f i l m s .  

Another major cons ide ra t i on  i s  the s e l e c t i o n  of  app rop r ia te  screening 
ma te r ia l s .  Various types o f  screen c l o t h s ,  mesh s i zes ,  screen emulsions, 
and squeegees a re  a v a i l a b l e .  
by an ink,  and tha t  determines cost .  Cor re la t i ons  have been developed t h a t  
compare the coverage o f  conduct ive inks t o  sheet r e s i s t i v i t y .  

Mesh s i z e  governs the  coverage area a t t a i n a b l e  

A i r - d r i e d  s i l v e r  inks a re  governed by a t ime/temperature r e l a t i o n s h i p .  
The improvements i n  c o n d u c t i v i t y  and f l e x i b i l i t y  t h a t  occur w i t h  increased 
temperature a re  a t t r i b u t a b l e  o n l y  i n  p a r t  to  more e f f i c i e n t  so l ven t  removal. 
To a greater  extent,  the source o f  the improvements can be t raced t o  
stronger bond format ion between polymer and f i l m .  

The proper ty  s p e c i f i c a t i o n s  and t e s t  methods used t o  evaluate i n i t i a l  
and aged performance o f  polymeric t h i c k  f i lms  vary w i t h  manufacturers and 
s p e c i f i c  app l i ca t i ons .  Some of  the more important conduct ive i n k  p r o p e r t i e s  
tes ted  f o r  are: r e s i s t i v i t y ,  adhesion, abrasion res is tance,  f l e x i b i l i t y  and 
use temperature. 

Retent ion of  these p r o p e r t i e s  a f t e r  long-term exposure t o  environmental 
contaminants and changes i s  c r i t i c a l  t o  a i e l i a b l e  membrane swi tch.  The 
impact o f  temperature/humidity c y c l i n g ,  thermal shock and v i b r a t i o n ,  
moisture, s u l f u r  and s a l t  i m p u r i t i e s  on ased performance must be minimized 
under var ious i ndus t r y  cond i t i ons .  

Du P o n t ' s  new generat ion of  polymer t h i c k  f i l m  s i l v e r  conductors, 
5005 and 5007, were developed t o  meet the i ndus t r y  s p e c i f i c a t i o n s .  

Many membrane touch swi tch products do no t  r e q u i r e  the low res is tance 
suppl ied by a l l  s i lver-based conduct ive inks.  To c u t  costs ,  manufacturers 
use products conta in ing less s i l v e r .  A recent e n t r y  i n t o  t h i s  market i s  
Du Pont 5006, a non-conductive aluminum-based polymeric i nk .  I t  was 
developed s p e c i f i c a l l y  t o  be b ended w i t h  e i t h e r  Du Pont 5005 o r  5007 
s i l v e r s  t o  g i ve  a v a r i a b l e  res stance system. The blended product e x h i b i t s  
un i form p r i n t a b i l i t y  and excel  en t  e l e c t r i c a l  and phys i ca l  p r o p e r t i e s .  The 
operable c o n d u c t i v i t y  range i s  15 t o  250 rnQ/sq/mi 1. 

DIELECTRICS 

Current needs f o r  d i e l e c t r i c s  i n  touch switches a r e  t o  i n s u l a t e  the 
swi tch t a i l  from the environment and f o r  c o n s t r u c t i o n  of  crossovers.  The 
d i e l e c t r i c  compositions must meet c e r t a i n  performance standards. They must 
cure t o  f l e x i b l e ,  ab ras ion - res i s tan t  f i l m s ,  w i t h  good adhesion t o  bo th  
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the subst rate and t o  the conduct ive inks.  They must be f r e e  o f  p inholes,  
have a low d i e l e c t r i c  constant, h igh  i n s u l a t i o n  res is tance and h igh  break- 
down vo l tage.  

Several d i f f e r e n t  approaches can be used t o  process a polymeric 
d i e l e c t r i c  which inc lude a i r - d r y ,  heat-cure and bV cure.  UV cure systems 
o f f e r  several  advantages - very r a p i d  cure a t  near ambient temperature, 
no so lvent  emissions and excel  l e n t  e l e c t r i c a l  p roper t i es .  

UV c u r i n g  i s  the process by which a l i q u i d  changes t o  a s o l i d  under 
the a c t i o n  o f  UV l i g h t .  To accomplish t h i s ,  p h o t o i n i t i a t o r s  a re  used. 
These become a c t i v a t e d  by absorpt ion o f  the UV energy, and i n  t u r n ,  i n i t i a t e  
the photopolymerizat ion o f  the monomer and ol igomer, the main c o n s t i t u e n t s  
o f  the UV curable formulat ion.  The monomers and ol igomers a re  se lected so 
t h a t  the cured polymer has the des i red phys ica l  and e l e c t r i c a l  p r o p e r t i e s .  

As w i t h  conductors, optimum phys ica l  and e l e c t r i c a l  p r o p e r t i e s  o n l y  
w i l l  be obtained i f  the d i e l e c t r i c  i s  processed c o r r e c t l y .  UV l i g h t  output  
and exposure t ime a re  the p r i n c i p a l  va r iab les  which govern cu r ing  e f f i c i e n c y .  
Du Pont 's 5011, a recen t l y  developed UV curable d i e l e c t r i c  meets the 
membrane swi tch i ndus t r y  p roper t y  requirements i f  p roper l y  cured. 

243 







OHlGlNAL PAGE ;g 
OF POOR QUALITY 

5005 Silver Resistivity vs Drying Conditions 

5005 Silver Conductor Crease Resistivity vs Drying Conditions 
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Resistance vs Coverage of 5007 
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Blend Curves of 5007-5006 vs Graphite Dried at 1 2OoC 10 min 
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Key Industrial Property Requirements 
for Polymer Thick-Film Conductors 

Physlcal Test 
Sheet ReSiSt iV i t~ :  Expressed mn/sq/mil 
Adhesion: ASTM 03359-78 
Abrasion: ASTM 03363-74 
Flexibility: ASTM D2176-69 
Circuit Temperature Limit Tg (DSC) 

Con tact Resistance: Mil Std-202, Method 307 

Environmental Test 
Thermal Shock 

Salt Spray: 
Silver Migration: 
Sulfur: 

Life a t  Elevated 
Tempera tures: 
Boiling Water: 
Humidity: 

~ ~~ 

Mil Std-202F, Method 1070, 
Test Condition A 
ASTM B117 
1000 h r / l V  DC/mil gap a t  4O0C/9O% R H  
1000 hr, 500 mg S in 9 liter chamber, 
45"C/90% R H  

IO00 hr/8S0C 
2 hr 
Mil Std-202E, Method 102 (1000 hr, 
60" C/95% RH) 



Performance of PTF Conductors 

Process ino Du Pont 5OCS Du Pont 5007 
Screening e a u i m n t  High SDWd, lOW temp. Semi -automat i c 
Substrates Polyester. uolvimide, e w x y  glass, Dolvcerbonate 

Prwerries on plylor?. Film GoverPed by time and tmerature 

Dry Cona!t Ions: 9O'C/5 min. 120'C/5 min. 
Initial Sheet Resistivity, m;/sc/Pil -15 5 
Resistivity After Crease Test 90 40 
AShes!on (Cross-hatch) looz DOSS 100% DOSS 

Abrasion 3esistance :2H y2  H 
circuit Tmoerature Limit ~70'C r7O'C 

Environmental Results of 5007 Conductor: 
Initial Circuit Resistivity = 14.4 ohms 

Test 
Elevated Temperature no00 hrl 

Sulfur iim hrl 

Humidity rim hr) 

Pg Mlgratlon [io00 hr) 

Boiling water (2 hri 

Salt Spray ism hrl 

Thermal Shock IS CYCIW 

- __ __ 

Sheet Resistivity 
AFter l e s t  (II) - _- 

15.7 
14.3 
10.2 

No migratlon 
14.0 
13.9 
14.7 

% - Change 
-2.1 
- .7 
-1.4 
N/A 
-2.8 
-3.5 
-2.1 
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ORIGINAL PAGE E 
OF POOR QUALIW 

Membrane Touch Switch Termination Tail Encapsulant 

ines 
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ORIGINAL PAGE ig 
OF POOR  QUAL^^ 

Membrane Touch Switch Insulator to Allow Conductor Crossovers 

Dielectric E- 

Switch Tail 

Connector 

Advantages of UV-Curable Dielectric 

Processing 
Rapid low Temperature Cure 
No Solvent Emissions 
Equipment: 
- Minimal space Requirements - Low Energy Cost 

Physical Property 
Pinhole-Free 

0 No Solvent Diffusion into Conductor 
Excellent Electrical Properties 

- ~ - -  

253 



OR1GIMAL PAGE 29 
OF POOR QUALllV 

Key Industry Requirements for Polymer Thick-Film Dielectric 

Physical 
Abrasion: 
Flexibllitv: 
Ad heslon: 
Pinhole-Free 
Screen Prlntable 
low Temperature. Rapld Cure 
Elect r lCal  
Breakdown Voltage: 
Dielectric Constant IK): 
Surface Reststivlty: 
Disslpatlon Factor: 

- Test - 
ASTM 03363-74 
ASTM D2176-69 
ASTM 03359-78 

Test 
ASTM DlSO 
ASTM Dl50 
ASTM D257 
ASTM Dl50 

Test E~itonmental - 
Mil Std-202F, Method 107D. 
Test Conditlon A 
1000 hr185"C 

Thermal Shock: 

Llfe a t  Elevated Temperature: 
Humidlty: 

salt r-*7y: 
Ag MIL. .tlon: 

Sulfur: 

Mil Std-202E. Method 102. ~1ooO hr. 
OO"C190Y. RHI 

ASTM B1 17 
1000 hr; 1 V  DClmll gap a t  40"Cl 
90% RH 
lo00 hr. 500 mg flower of S In 
9 liter. 45"C/90% RH 

Effect of Proper vs Improper Cure of Dielectric 

Correct I y 
Cured 
Print 

Incorrectly 
Cured 
Print 
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ORlGlNAL PAGE $9 
OF POOR QUALIW 

Performance Results of Du Pont UV-Curable Dielectric 501 1 
(Properties of Mylar Film With 5007 Conductor) 

Physical 
Abrasion Reslstance: 
Flexlblll ty: 
Adhesion - (Tape Pull1 

DlelKMC to Polyester: 
Conductor to Dielectrlc: 

Odorless 
Electrical 
Breakdown Voltage: 
DleleCtrlc Constant: 
Surface Resistlvlty: 
DlSSlpatIOn Factor: 

22H 
NO Cracklng 

Excellent 
Excellent 

>600 V/mll 
<Sat l K H Z  
>lo" Qlsq 
1.2% 

Envlrcnmental 
Thermal Shock f5 cycles) 
Humldlty rlooO hrl 

Salt Spray (240 hrl 

Ag Mlgratlon ~1000 hrl 

Sulfur ti000 hr) 

. Surface Reslstlvlty Decreases 
10 to 100 a/sq 

'capacitance. OF. Adhesion 
and Hardness, Show No Change 

'NO Ag Mlgratlon 
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DISCUSS ION 

QUESTION: What is the ratio of inorganic constituents to constituents? 

NAZARENKO: It has less than 1% -- well, I think it is an inorganic -- it is a 
pigment to give it color. That is the only reason it is there, and it 
could be organic. I am not sure exactly what the composition of the 
pigment is. We have a clear version also, which is 5012, which has no 
inorganics in it at all. 

ROYAL: I think I heard you say that the silver migration problem that 
apparently went away because there were no ionic impurities that came 
out -- is that the solution to silver migration? 

NAZARENKO: That is one of them, and when I use the term ionic impurities, I 
am comparing i: with a fired system where we have glass frits, and there 
you have a lot of ionics, which are needed to initiate the silver 
migration mechanism. In this system we don't use glass frits so we have 
avoided one potential problem. The other difference is that in fired 
systems you burn off the organics so you have just metal, sintered metal 
that is really ready for moisture penetration and reaction. Here we 
have polymer as a barrier, and because of those two factors we 
explained, the absence of migration. 

WONG: Do people in this area, the thick-film polymer conductor area, usually 
use thermoplastic polymer? 

NAZARENKO: Yes. There are thermoplastics and thermosets. Here we are 
using thermoplastics because we need flexibility, and thermosets which 
are crosslinking materials, usually result in a brittle or inflexible 
product. Thermoplastics are usually more flexible. 

WONG: How about from a processing point of view? 

NAZARENKO: Also from processing -- crosslinking materials are usually one 
parts, two parts. The problem with two parts is that they have short 
pot life. One part usually takes longer to cure than the times that we 
are indicating here. The industry is driving to faster processing. 
That is where they see a saving. 

WOLF: I noticed that the conductivity in your films is 1/20th of bulk 
conductivity. It seems the glass-frit, high-temperature-fired inks give 
you about 1/3 of part conductivity. 

NAZARENKO: No. We are talking about 10 to 15 milliohms per square per mil -- 
WOLF: That makes about 1/20th of bulk conductivity. If you used a bulk 

conductor you would have 0.6 milliohms. 

NAZARENKO: We have polymer in here. So we are never going to achieve the 
type of conductivity that you are going to get in bulk or fired. 

WOLF: I just wanted you to be aware of that. 
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NAZARENKO: That's right. 

WOLF: With solar cells, very high conductivity is necessary. 

SOMBERG: People talked earlier about the silver migratiol; problem and people 
mentioned that possibly what is needed is a coating for  the base-metal 
systems. 
system might be applicable to coating a glass inorganic bystem? Would 
that be applicable? 

Would you suspect that the polymers you are using in your 

NAZARENKO: Possibly. Yes. We have tested the silver migration up to 1000 
hours at 60OC/90% RH. 
application but we feel confident that that silver migration is not a 
pr ob 1 em. 

I don't know if that is long enough for your 

LANDEL: I didn't get the conditions of that test. What is the voltage 
applied there ? 

NAZARENKO: Voltage is applied according to the spacing between the conductive 
We did one where the spacing was 8 mils so 
In another pattern we had a 301nil spacing 

lines. So we did two cases. 
we applied &volt potential. 
so in that kind of pattern we used 30 volts. 
particular separation. 

So it is applied to the 

GALLAGHER: You showed an adhesion test, and you had in parentheses 
cross-hatched. I am not familiar with that. Could you explain that? 

NAZARENKO: This is an ASTM test. It is a Scotch-tape test. But you can 
semiquantit.ate it by cutting squares into it, you just lightly etch, 
say, a grid of 100 squares all the way through, then you put the tape 
on, and then you pull it off, and then you could count how many squares 
you pull o f f .  
difficult to define what is a pass-test and what is a fail-test. 

So you can now talk to someone -- otherwise, it is 

GALLAGHER: What size are the grids? 

NAZARENKO: It depends on your pattern. If you have -- 
GALLAGHER: Is there any set pattern? 

NAZARENKO: N o .  You just want segments. 

HOGAN: Has anyone been successful in utilizing the polymer in thick-film 
conductor for solar cells? 

NAZARENKO. No. I haven't heard of any. The polymer thick-film -- one'of the 
problems with it is that it has poor solderability. Because you have a 
barrier; you have a layer of organic above the silver particles, say, to 
wet those silver particles, the silver has to diffuse and get up above 
this barrier to accept the solder, and that is a problem. 

HOGAN: Is there also a barrier at the interface? At the surface -- at the 
top surface? 
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NAZARENKO: Yes. A t  t he  top  su r face .  So t h e r e  are  ways -- we have a program 
now going on t o  t r y  t o  so lve  t h i s  problem t o  make t h e s e  m a t e r i a l s  
so lde rab le .  I t h i n k  you can add t o  the  material system t o  move t h e  
s i l v e r  up t o  the  s u r f a c e .  

BLAKE: Could you g ive  u s  a rough idea  of the c o s t  per gram of the  s i l v e r  
polymer? 

NAZARENKO: Again, i t  depends on the market p r i ce , ,  but  a t  $10 f o r  s i l v e r ,  
i t ’ s  between 40 and 45 c e n t s .  


