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A rchitects have long dreamt of buildings with 
windows and glass façades that can let in 
controlled amounts of light and heat1. Th e 

materials that could allow this are oft en referred to 
as ‘chromogenic’2. Th e optical change can be induced 
by diff erent stimuli in diff erent materials, leading to 
photochromic, thermochromic, gasochromic and 
electrochromic (EC) materials, amongst others. EC 
materials are easy for the user to control through an 
electrical voltage and therefore have the widest range 
of applications3. Th ey can be used not only for ‘smart 
windows’ in buildings, but also in cars and trucks, 
information displays, ski goggles and motorcycle 
helmet visors, to name just a few applications. 
Th e 2005 Fall Meeting of the Materials Research 
Society (MRS), which took place in Boston, 28 
November to 2 December, gave broad coverage to 
the current and future scientifi c and technical status 
of electrochromism.

Figure 1 shows a prototype fi ve-layer EC device 
structure on a transparent substrate or between two 
transparent substrates3. In the centre is an electrolyte, 
usually a polymer layer or a thin fi lm of a hydrous 
oxide. To the right of this layer is a thin fi lm of an EC 
material, typically an oxide (WO3 is widely used) or 
a suitable organic fi lm. On the opposite side of the 
electrolyte is a thin fi lm that provides ion storage, 
with or without electrochromism. Again one can 
use an oxide (NiO or IrO2 are two candidates with 
good combinations of optical and electrochemical 
properties) or an organic fi lm. Th in fi lms of a 
transparent and electrically conducting material (such 
as indium tin oxide, ITO) act as electrodes on the 
two sides of the central three-layer stack. Applying 
a voltage of only 1–2 V d.c. across the ITO fi lms 
moves charge into or out of the EC fi lm, changing its 
optical absorption. If everything else in the device is 
transparent, or if the ion storage material darkens at 
the same time as the EC fi lm, then the transparency of 
the whole device changes. Th e device has open circuit 
memory, that is, the voltage only needs to be applied 
to alter the optical absorption, and the device retains 

its properties until another voltage is applied. Th e 
change takes place, typically, over a few seconds in a 
device of square centimetre size and over minutes for 
square metre size.

Papers presented at the MRS conference 
showed many recent advances in EC multicolour 
displays based on organic materials4,5, such as 
PEDOT-PSS [poly(3,4-ethylene-dioxythiophene)–
poly(styrene sulphonate)]. John Reynolds and 
co-workers (University of Florida in Gainesville, 
and Loughborough University) reported new 
organic polymers that enable a wide range of colours 
to be achieved. Combining these advances with 
developments in transparent electrical conductors6 
and in matrix addressing7, it seems that full-colour EC 
displays on fl exible substrates may not be far off .

Organic EC devices have limited lifespans under 
ultraviolet exposure outdoors, but for improved 
durability under such conditions one can use 
inorganic oxide-based EC materials. David Pender 
(Saint Gobain Sekurit in Herzogenrath) presented 
EC coatings deposited on large, strongly curved glass 
substrates, which has resulted in EC car roofs that 
are now available on a limited commercial scale on 
the new Ferrari Super America, a model limited to 

Electrochromic materials have been around for more than 30 years and have 
found some applications in niche areas. Now, thanks to new electrochromic 
materials and manufacturing procedures, electrochromism may become a 
household word.
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Figure 1 Electrochromic 
device design, showing the 
movement of ions under an 
externally applied electric fi eld.
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550 cars. With these roofs it is possible to combine 
the feeling of space aff orded by a glass roof with the 
protection from overheating in bright sunlight. Th e 
cost of the present roof may be prohibitive for all but 
a small group of wealthy enthusiasts, but new EC 
materials and manufacturing techniques may well 
turn EC car roofs into common products within the 
15 years it normally takes to go from the extreme high 
end of the automotive sector to standard cars.

Cheap production of EC devices is certainly a 
must if the technology will be used beyond narrow 
niche markets. As I reported at the MRS meeting, 
my colleagues and I (at Uppsala University and 
also at ChromoGenics Sweden) have developed EC 
technology making it possible to produce devices on 
fl exible polymer substrates so that continuous roll-to-
roll manufacturing becomes feasible, particularly as 
there is now the possibility to insert and extract charge 
in the EC material and in the ion storage layer using 
facile gas treatments8. A pilot plant for polyester-
based EC foil is being set up by ChromoGenics. Th e 
foil uses the design in Fig. 1 with WO3 as the EC fi lm 

and a NiO-based fi lm9 for ion storage. Th e centrally 
positioned electrolyte also serves as lamination 
material. Using a polymer-based foil, rather than 
glass, opens new applications for EC devices. One of 
them is illustrated in Fig. 2 — a visor with variable 
transmittance that gives a biker the comfort provided 
by a dark visor in sunlight and the safety provided by 
a clear visor in the dark10. Th e colour change takes 
place in a few seconds. Th e clear-state transmittance 
was deliberately set to 50%, although new EC 
materials9 can give more than 80% transmittance.

So electrochromism seems to be advancing into 
fi elds such as displays, visors and goggles, and car 
roofs. But what has happened to ‘smart windows’ 
for buildings? So far they have been rather elusive 
— available on a ‘semi-commercial’ scale for 
limited periods of time. But Sage Electrochromics 
(in Faribault, Minnesota) is now introducing EC 
roof windows. Most people in the EC fi eld believe 
that this is only a small beginning. Roll-to-roll 
coating of EC window foil, as mentioned above, 
may truly open new vistas.
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Figure 2 Motorcycle 
helmet with visor based on 
electrochromic foil, in dark and 
transparent state.
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