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Abstract: Newer generation liquid crystal TFT (thin-film-

transistor) E-Mirrors (electronic display mirror) generally 

employ the use of reflective polarizer technology to 

improve the light transmission efficiency in the display 

mode, while at the same time providing reflection 

properties when operated in the mirror mode. Due to the 

inherent reflective property of OLED (organic light-

emitting diode) displays, the use of an active circular 

polarizer technology is explored to provide an OLED E-

Mirror. 

Keywords: OLED; display; active; circular; polarizer; E-

Mirror  

1. Introduction 
In the automotive market, rear view mirrors with electronic 

displays are becoming more prevalent because more 

inclusive images can be presented to the driver with 

reduced or no blind spots caused by the vehicle design. 

However, there is a need to have traditional reflective 

mirrors as backup in the event that the cameras or other 

image processing electronics become non-operational. 

Although not required, it is also desirable to have the 

feature of automatic luminance control when in the display 

mode and auto dimming when in the traditional mirror 

mode. The general construction of an electronic mirror is 

shown in Figure 1-1. 
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Figure 1-1. Electronic Display Mirror Assembly 

There are many methods to produce an E-Mirror that can 

operate either in the traditional mirror mode or in the 

display mode with a rear mounted camera. The “secret 

sauce” towards providing an E-Mirror function resides in 

what is labeled as the “Lens Assembly” in Figure 1-1 

which serves as a mirror and as a shutter to switch from 

mirror mode to display mode. In addition, different display 

technologies may be utilized such as liquid crystal TFTs or 

OLEDs.  

2. Background/Objective 
The current state of the art for electronic mirrors uses an 

electrochromic (EC) element together with a 

semitransparent mirror as depicted in Figure 2-1. 
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Figure 2-1. Electrochromic E-Mirror System 

As shown in Figure 2-2, benchmarking measurements of a 

General Motors Cadillac electrochromic E-Mirror element 

show that in order to obtain the most display transmission, 

the drive voltage is set to zero. However at zero drive volts, 

the reflectance rate of the system is also at its highest rate 

which causes the viewer to see a reflected image together 

with the display image. 
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Figure 2-2. Gentex EC Element Measurement Data 

Because the reflectance of about 46% cannot be reduced in 

the display mode, the EC mirror incorporates a mechanical 

“toggle” mechanism to tilt the mirror towards the headliner 

so that the reflected image luminance is decreased. The 

toggle lever as shown in Figure 2-3 is further described in 
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reference [5] that “the reflected field of view from the glass 

element 12 is directed toward a headliner of the vehicle and 

away from the eyes of the operator” [5, paragraph 0051]. 

Even with directing the mirror towards the headliner some 

problems occur when the reflected image includes a 

sunroof. 

 

 
 

Figure 2-3. Mirror Toggle Lever Depiction [5, Fig. 2] 

Another problem with the use of a half mirror in the EC 

element is that the display transmission rate is very low at 

about 38% per Figure 2-2 and therefore extraordinary high 

display luminance values are required to be properly able to 

see the display. In order to address the problem of low 

transmission rates, reflective polarizers are being utilized as 

the reflective element(s). There are at least four known 

configurations that employ reflective polarizers to improve 

the display transmission: 

1. Reflective polarizer alone in front of the display 

2. Reflective polarizer plus EC element 

3. Reflective polarizer liquid crystal (LC) shutter element 

4. Two reflective polarizers used in conjunction with a 

LC rotator and LC active polarizer 

2.1 Configuration 1 – Reflective Polarizer Alone 
The configuration where a reflective polarizer is used alone 

in front of a display is shown in Figure 2.1-1. In this 

configuration, the reflection rate is always about 50% and 

not controllable and therefore auto-dimming is not possible 

with this configuration. Therefore with the exception of no 

dimming capability, it approximates the performance of an 

EC E-Mirror system. 

Reflective Polarizer

TFT Display Front Linear Polarizer

TFT Display  

Figure 2.1-1. Reflective Polarizer Only Configuration 

2.2 Configuration 2 – Reflective Polarizer plus EC 
Element 
When a reflective polarizer is utilized in conjunction with 

an EC element as shown in Figure 2.2-1, the transmission 

rate of the system is dramatically increased and is 

approximately doubled. 
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Figure 2.2-1. Reflective Polarizer plus EC Element 
Configuration 

2.3 Configuration 3 – Reflective Polarizer plus 
Liquid Crystal (LC) Shutter Element 
An LC shutter configuration in conjunction with a 

reflective polarizer is shown in Figure 2.3-1. The LC cell 

basically serves to rotate the polarization state by 90°. The 

simplest type of rotator cell is a twisted nematic cell shown 

in Figure 2.3-2, although other LC cell types are possible. 

This configuration has high display transmission (i.e. about 

90%) and can also be dimmed. In addition, it is a true 

“bimodal” configuration where the reflectance rate is 

reduced when the display transmission is increased. 

However, the limitation of this topology is that the 

reflection rate is limited to about 42% primarily because a 

front linear polarizer must be utilized which absorbs about 

60% of the incoming light. 
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Figure 2.3-1. Reflective Polarizer plus LC Shutter 
Configuration 

 

Figure 2.3-2. Twisted Nematic Liquid Crystal Cell 

2.4 Configuration 4 – Two Reflective Polarizers 
used in conjunction with a LC Rotator Cell and LC 
Active Polarizer  
The next level of performance improvement can be 

obtained per the AlphaMicron configuration [1] by 

changing the linear polarizer on top of the LC rotator cell 

shown in Figure 2.3-1 to an active polarizer and add an 

additional reflective polarizer to reflect the “X” (horizontal)  

component of light in the mirror mode. One such possible 

method to achieve a bi-modal mirror element which greatly 

exceeds the minimum reflectivity requirements per 
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reference [4] is outlined in reference [1], as shown in 

Figure 2.4-1. Measurements performed on an operational 

sample are shown in Figures 2.4-2 and 2.4-3. 

Because a front active polarizer is utilized, much higher 

reflectance rates of greater than 70% are possible compared 

to previous configurations in the range of 45%. In addition, 

relatively high TFT transmission rates are maintained. 

 

Non-Energized Reflective State 

 

Energized Absorptive State 

  

Energized Display Transmission State 

Figure 2.4-1. Mirror Element Operational Principle per 
AlphaMicron Configuration [1,Fig 3, 4, 6]. 52=Active 

polarizer, 54, 58=Reflective Polarizers, 
56=Polarization Rotator 
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Figure 2.4-2. Operational Reflectance Profile based 
on samples designed by AlphaMicron Inc. DBEFQ is 
using a 3M reflective polarizer.  Wire Type is using a 

wire grid polarizer from AsahiKASEI. 

0

10

20

30

40

50

60

70

80

0 1 2 3 4 5 6 7 8 9 10 11 12 13

P
o

la
ri

z
e

d
 T

ra
n

s
m

it
ta

n
c

e
 (

%
)

Differential Voltage (v)

DBEFQ

WireType

 

Figure 2.4-3. Operational Transmission Profile based 
on samples designed by AlphaMicron Inc. DBEFQ is 
using a 3M reflective polarizer.  Wire Type is using a 

wire grid polarizer from AsahiKASEI. 

3. Technology Comparison 
A comparison of the various mirror technologies is useful 

to see the advantages and disadvantages of each. In 

addition, it is instructional to determine the relative amount 

of matrix scatter that occurs with the different technologies. 

The standard upon which every technology should be 

compared against is the current industry leader Gentex with 

the first E-Mirror system as was launched in the Cadillac 

CTS. A comparison of the various technologies is 

presented in Table 3-1. The technologies as shown in Table 

3-1 are generally used in conjunction with a liquid crystal 

based TFT display. However, the technologies could also 

be utilized with an OLED display. Since OLED displays 

are reflective in nature, this reflective property may be 

employed to create a new E-Mirror configuration that 

utilizes active circular polarizer technology. 
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Table 3-1. E-Mirror Technology Comparison 

Lighting 

Condition 

TFT or 

Mirror 

Mode 

Parameter 

Half Mirror 

+EC 

(Gentex) 

Reflective 

Polarizer 

Alone 

Reflective 

Polarizer 

+EC 

Reflective 

Polarizer +LC 

Shutter 

 

Reflective 

Polarizers 

+Rotator 

+Active 

Polarizer 

(AlphaMicron) 

Daytime Mirror Reflectance 45.5% 44% 44% 44% 74% 

Daytime TFT 
TFT Polarized Light 

Transmission 
38.6% 90% 90% 90% 75.4% 

Daytime or 

Nighttime 
TFT 

Ghost Image 

Reflectance 
45.5% 44% 44% 4% 10% 

Nighttime Mirror 
Dimming Reflectance 

Range 
6.3%→45.5% 44% 6%→44% 4%→42% 10%→74% 

 

4. Active Circular Polarizer OLED Mirror 
The use of an OLED which can operate as a mirror and a 

display is not new. At the 2017 SID exhibition in Los 

Angeles California, LG Display demonstrated a mirror 

OLED as shown in Figure 4-1 with the specifications as 

shown in Figure 4-2. As can be seen, the reflection rate was 

always 75% and could not be controlled. Therefore when 

the display image was presented, the reflection rate was 

still 75%. This is an unacceptably high reflection rate even 

if the display reflection is tilted towards the headliner with 

the toggle mechanism as shown in Figure 2-3. Therefore 

there is the need to adopt a reflection control method. In 

addition, it is desirable to use auto-dimming to be able to 

reduce the reflection rate of headlights in the mirror mode 

under night time driving conditions. 

 

Figure 4-1. LG Display OLED Mirror at 2017 SID 
Exhibition 

 

Figure 4-2. LG Display OLED Mirror Specification at 
2017 SID Exhibition 
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As can be visualized from Figure 4-3, the OLED is 

generally very reflective in nature due to the use of a metal 

anode or cathode structure and is quite different than a 

color TFT display which is very absorbing in nature due to 

the color filter structure. Generally, the rear side of the 

OLED structure is designed to be reflective in nature to 

increase the output efficiency of the OLED device by 

reflecting the light emitted from the EL 

(electroluminescent) layer towards the viewer which would 

otherwise be lost. 

As shown in Figure 4-4, a circular polarizer is generally 

affixed to the front surface of an OLED display to cancel 

out the ambient lighting reflections. However, the circular 

polarizer also reduces the light output from the OLED by a 

factor of around 60% (i.e. 40% transmission). 

The idea of this disclosure is to change the normally 

passive circular polarizer structure such that the OLED 

display may be operated in the low reflection display mode 

and a high reflection mirror mode. 

Typically OLEDs have not been considered for rear view 

mirror applications because the EC dimming element in 

front of the display is not bimodal in nature and in the 

highest transmission mode the OLED would have the 

highest reflectivity. The EC operation is only absorptive in 

nature and therefore is not suitable for reducing the 

reflectance while transmitting maximum luminance from 

the OLED. 

OLEDs are very desirable since they are extremely thin and 

well suited for mirror applications and because the video 

image is continuously changing thus minimizing image 

burn-in. 

 

Figure 4-3. OLED Reflection Diagram [10] 

 

Figure 4-4. OLED Circular Polarizer Diagram [11] 

The two new active circular polarizer configurations that 

are possible are: 

1. Passive Retarder/Active Polarizer 

2. Active Retarder/Passive Polarizer 

4.1 Configuration 1 – Passive Retarder/Active 
Polarizer 
The best configuration consists of using an active polarizer 

in conjunction with a passive retarder in front of an OLED 

display as shown in Figure 4.1-1. 

Active Polarizer

λ/4 Retarder

OLED Display
 

Figure 4.1-1. Active Polarizer Configuration 
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Active polarizer technology is relatively unknown, but was 

previously reported at the 2018 SID conference in Los Angeles, 

California [12], [13] and based on active polarizer technology [16] 

provided by AlphaMicron. Testing was performed on the active 

polarizer cell as shown in Figures 4.1-2 and 4.1-3. 

 

Figure 4.1-2. Unpolarized Light Transmission 
Measurement (no reference polarizer) 

 

Figure 4.1-3. Polarized Light Transmission 
Measurements (with reference polarizer) 

As shown in Figure 4.1-4, the unpolarized light 

transmission ranged from 80% down to 54% as a function 

of drive voltage. As shown in Figure 4.1-5, parallel 

polarized light transmission does not change as a function 

of drive voltage and remains constant at 80%. On the other 

hand, the transmission of cross polarized light changes 

from 80% down to 28% as a function of drive voltage. 
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Figure 4.1-4. Un-Polarized Light Transmission based 
on samples designed by AlphaMicron Inc. 
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Figure 4.1-5. Polarized Light Transmission based on 
samples designed by AlphaMicron Inc. 

Transmission – Since the OLED light is unpolarized in 

nature, the transmission rate is 54% because in the display 

mode the active polarizer drive voltage will be maximized 

to reduce the mirror reflection rate. 

More accurate transmission rates for the active polarizer 

can be obtained by taking the glass to air reflection rates 

into consideration. Due to the index of refraction interface 

mismatch, the Fresnel Equation 4.1-1 may be used to 

estimate the reflection rate at each glass to air interface 

using 1 and 1.52 as the indexes of refraction for air and 

glass respectively. 

2 2

1 2

1 2

1 1.52
4.3%

1 1.52
R

 

 

   
     

   

 (4.1-1) 

Using a first order reflection model as shown in Figure 

4.1-6, the output luminance, LO, may be calculated by 

multiplying the input luminance, LI, by factors as shown in 

Equation 4.1-2 where T is the transmission of the active 

polarizer. 
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Figure 4.1-6. Active Polarizer Transmission Model 

   1 0.04 1 0.04O IL L T      (4.1-2) 

The measured transmission, TM, is the quotient of LO/LI and 

therefore Equation 4.1-2 may be manipulated to yield 

Equation 4.1-3. 

2 2

1

0.96 0.96

O M

I

L T
T

L

  
   

  

 (4.1-3) 

An important observation associated with active polarizer 

technology is that the parallel polarized transmission, T║, 

does not change as a function of drive level whereas the 

cross polarization transmission, TX, changes dramatically 

as a function of drive level. At the drive extremes, the cross 

polarization transmissions may be defined as follows: 

TX_OFF – cross polarization transmission with zero drive 

TX_ON – cross polarization transmission with maximum drive 

Also note that an interesting observation regarding active 

polarizer technology is that the cross polarization 

transmission with zero drive is equal to the parallel 

polarized transmission per Equation 4.1-4 because when 

the dye molecules are vertically aligned there is no 

preferential polarization axis. 

TX_OFF = T║ = Constant (4.1-4) 

Therefore Equation 4.1-3 may be utilized to determine the 

effective active polarizer transmission rates per Equations 

4.1-5 and 4.1-6. 

_ 2

0.8
0.868

0.96
X OFFT T  P

 (4.1-5) 

_ 2

0.28
0.304

0.96
X ONT    (4.1-6) 

Figure 4.1-7 shows a simulation of the Off and On 

transmissions to perpendicularly polarized light as a 

function of different dye doping levels.  As can be seen, the 

best operating point is around the 80% Off state 

transmission at the peak of the Toff-Ton curve.  Therefore 

at this point the active polarizer transmits 80% of 

perpendicularly polarized light in the Off state (i.e. the 

active polarizer is in the non-polarized state). However 

when voltage is applied to the active polarizer, the 

transmission of perpendicularly polarized light drops from 

80% in the Off state to about 13% in the On state (i.e. the 

active polarizer is in the polarized state). 

 

 

Figure 4.1-7. Transmission Simulation Curves as a 
Function of Dye Doping Levels 

Reflection Maximum – Assuming an OLED reflectance 

rate, ROLED, of 75% and an active polarizer transmission 

rate of T║=TX_OFF =0.868, the maximum reflection rate in 

the un-driven state may be determined per Equation 4.1-7 

using Figure 4.1-8. The retarder will have no effect in this 

scenario since no polarization occurs in the active polarizer. 

LI 0.04LI

0.96xTx0.75xTx0.96xLI

T
Active Polarizer

λ/4 Retarder

OLED Mirror

(75% Reflection)
 

Figure 4.1-8. Active Polarizer Reflection Model in 
non-Polarized State 

 

2 2

2 2

0.04 0.96

0.04 0.96 0.868 0.75 0.56

MAX OLED

MAX

R T R

R

 

  

 (4.1-7) 

Reflection Minimum – The analysis for the minimum 

reflection case occurs when the active polarizer is driven 

with maximum voltage. Since there are different 

transmission rates for the parallel and crossed polarized 

light components per Figure 4.1-5, the analysis must 

consider both the x and y polarization components of light. 

Note that each component that is transmitted by the active 

polarizer undergoes a 90° rotation when reflected back to 

the active polarizer due to the function of the λ/4 retarder. 

Therefore the analysis results in a symmetrical reflection 

rate for each component per Equations 4.1-8 and 4.1-9. 

Note that the 0.5 factor is due to separating the total light 

into its x and y polarization components. 
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2

_0.5 0.04 0.96 0.75Y X ONR TT   P
 (4.1-8) 

2

_0.5 0.04 0.96 0.75X X ONR T T   P
 (4.1-9) 

Due to symmetry, Equations 4.1-8 and 4.2-9 may be added 

together to provide the total reflection rate per Equation 

4.1-10. 

   

2

_

2

0.04 0.96 0.75

0.04 0.96 0.868 0.304 0.75 22%

X ONR TT

R

 

  

P  (4.1-10) 

OLED Transmission at Minimum Reflection – The 

transmission rate of the OLED in the minimum reflection 

state may be estimated per Equation 4.1-11.  Note that the 

0.96 factor is to account for the front surface reflectance 

loss. 

   

_ _

_

_

0.5 0.5

0.5 0.868 0.96 0.5 0.304 0.96

56.2%

OLED MIN X ON

OLED MIN

OLED MIN

T T T

T

T

 

 



P

 (4.1-11) 

OLED Transmission at Maximum Reflectance – If a toggle 

mechanism is used to direct the reflected image to the 

headliner or some other low reflectance object, the OLED 

may be operated in the maximum reflection rate condition 

thereby maximizing luminance or reducing OLED output 

luminance to minimize burn-in artifacts. The active 

polarizer offers this flexibility of activating or not 

activating the circular polarizer. The maximum OLED 

transmission may be determined per Equation 4.1-12. 

   

_ _

_

_

0.5 0.5

0.5 0.868 0.96 0.5 0.868 0.96

83.3%

OLED MAX X OFF

OLED MAX

OLED MAX

T T T

T

T

 

 



P

 (4.1-12) 

As active polarizer technology matures, the ultimate limit 

may result in the following parameters: 

_ 0X ONT   (4.1-13) 

_ 0.9X OFFT T P
 (4.1-14) 

As OLED technology progresses, the reflectivity may 

increase to: 

90%OLEDR   (4.1-15) 

Therefore as technology matures, the following ultimate 

limits may be realized which will result in great 

performance for an E-Mirror application. 

  
22 90% 0.9 72.9%MAX OLEDR R T  P

 (4.1-16) 

   _ 90% 0.9 0 0%MIN OLED X ONR R TT  P
 (4.1-17) 

   _ 0.5 0 0.5 0.9 45%OLED ONT     (4.1-18) 

It should be noted that during nighttime conditions, the 

OLED transmission may be increased according to 

Equation 4.1-19 resulting in less image burn-in. 

_ _ 90%OLED OFF X OFFT T T  P
 (4.1-19) 

Further verification of the active circular polarizer concept 

was accomplished by laminating a λ/4 retarder from ZEON 

Corporation (ZeonorFilm® ZD14-141158-A1330) to the 

rear side of an active polarizer cell with the slow axis 

oriented at 45° relative to the polarizing axis. A mirror 

consisting of a polished silicon wafer as shown in Figure 

4.1-9 was placed behind the active circular polarizer with 

an air gap and reflectance measurements were made. 

 

Figure 4.1-9. Polished Silicon Wafer Reflector 

Figure 4.1-10 shows the active polarizer in the un-driven 

(off) condition, while Figure 4.1-11 shows the active 

polarizer in the driven condition. 

AP + RetarderActive Polarizer ONLY

 

Figure 4.1-10. Active Polarizer in Off Condition 
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AP + RetarderActive Polarizer ONLY

 

Figure 4.1-11. Active Polarizer in On (Driven) 
Condition 

As a baseline, the mirror (Si wafer) reflectance was 

measured along with a number of other reflector elements 

with the results as shown in Figure 4.1-12 with the 

associated data as shown in Table 4.1-1. Note that the Si 

wafer was used because it had a low SCE comparable to 

black glass, but with a higher reflectance rate of 35.22%. 

 

Figure 4.1-12. Reflective Mirror Data 

Table 4.1-1. Reflective Mirror Data 

ID SCI (Y) x y L* a* b*

Black Glass STAN-SSL 4.09 0.3095 0.3269 23.97 -0.22 -0.49

Polished Si Wafer 35.22 0.2985 0.313 65.92 0.4 -6.29

Half Mirror (side A) 43.58 0.3083 0.3471 71.95 -8.45 4.6

Half Mirror (side B) 45.69 0.3094 0.3487 73.34 -8.74 5.3

Front Mirror 92.45 0.312 0.3302 97 -0.91 0.3

Black Acrylic 4.12 0.3063 0.3238 24.06 -0.27 -1.11

Plain Glass 8.13 0.308 0.3266 34.24 -0.56 -0.8
D65 Illuminant / CIE 1931 2° Standard Observer (unless otherwise specified)  

Using the Si wafer, the reflectance as a function of drive 

voltage was measured as shown in Figure 4.1-13 with the 

associated data as shown in Table 4.1-2. 
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Figure 4.1-13. Active Circular Polarizer (ACP) 
Reflectance versus Drive Voltage. 

Table 4.1-2. Active Circular Polarizer Reflectance 
Data 

ID

ACP

SCI (Y) x y

AP_RET_MIR_00v 32.76 0.3047 0.3239

AP_RET_MIR_01v 32.77 0.3047 0.324

AP_RET_MIR_02v 32.76 0.3047 0.324

AP_RET_MIR_03v 32.76 0.3047 0.324

AP_RET_MIR_04v 32.75 0.3047 0.324

AP_RET_MIR_04.5v 32.68 0.3048 0.324

AP_RET_MIR_05v 31.4 0.3051 0.3239

AP_RET_MIR_05.5v 28.41 0.306 0.3236

AP_RET_MIR_06v 25.98 0.3066 0.3231

AP_RET_MIR_07v 22.38 0.307 0.3216

AP_RET_MIR_08v 20.12 0.3068 0.3202

AP_RET_MIR_09v 18.5 0.3065 0.3187

AP_RET_MIR_10v 17.75 0.3063 0.318

AP_RET_MIR_11v 17.05 0.306 0.3173

AP_RET_MIR_12v 16.6 0.3058 0.3168

AP_RET_MIR_13v 16.26 0.3057 0.3164

AP_RET_MIR_14v 15.91 0.3055 0.316

AP_RET_MIR_15v 15.72 0.3054 0.3158

AP_RET_MIR_16v 15.55 0.3053 0.3157

AP_RET_MIR_17v 15.36 0.3052 0.3153  

Analysis of the data starts with reflectance models for the 

off state and for the on state. Figure 4.1-14 is a first order 

model of the tested configuration (air gap to mirror 

reflector) for the off un-driven state. In the un-driven state, 

the active polarizer does not have any polarization effects 

and therefore the retarder has no effect and a singular 

transmission factor, T, may be utilized. 
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LI 0.04LI

0.96xTx0.04xTx0.96xLI

T
Active Polarizer

λ/4 Retarder

Si Wafer Mirror

(35.22% Reflection)

Air Gap

0.96xTx0.96x0.3522x0.96xTx0.96xLI

 

Figure 4.1-14. Un-Driven State Model 

Equation 4.1-20 describes the measured reflection rate, RM, 

from all of the components shown in Figure 4.1-14. 

2 2 4

_0.04 0.04 0.96 0.3522 0.96M X OFFR T       
 (4.1-20) 

Using the off transmission rate of 86.8% calculated per 

Equation 4.1-5, Equation 4.1-20 yields Equation 4.1-21. 

2 2 40.04 0.868 0.04 0.96 0.3522 0.96

29.3%

M

M

R

R

      



 (4.1-21) 

Compared to the measured value of 32.7% per Table 4.1-2 

there is a discrepancy of 3.46% which warrants further 

investigation. It is conjectured that the error is due partially 

to the order of the model and due to the use of a non-

perfect retardation film which has λ/4 retardation value of 

approximately 140nm. The model reflectance value is low 

since two of the 0.04 surface reflectance components will 

be reflected at approximately a T2x 35% rate for a total of 

2.1%. 

For the driven on-state condition Figure 4.1-15 is a first 

order model for the tested configuration with an air gap 

between the retarder and the reflecting mirror element. 

LI 0.04LI

0.96xT||x0.04xTX_ONx0.96xLI

T
Active Polarizer

λ/4 Retarder

Si Wafer Mirror

(35.22% Reflection)

Air Gap

0.96xT||x0.96x0.3522x0.96xTX_ONx0.96xLI

 

Figure 4.1-15. Driven State Model 

Equation 4.1-22 describes what should be the expected 

measured reflection rate, RM, in the driven state. Note that 

due to symmetry, the concepts developed for Equation 4.1-

10 are utilized. 

2 4

_ _0.04 0.04 0.96 0.3522 0.96M X ON X ONR TT TT  P P
 (4.1-22) 

Using the T║ and TX_ON values from Equations 4.1-5 and 

4.1-6, the driven reflectance value can be determined per 

Equation 4.1-23. 

   

   

2
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0.04 0.04 0.868 0.304 0.96

0.3522 0.868 0.304 0.96

12.8%

M

M

R

R

 





 (4.1-23) 

Note that once again the measure value of 15.36% per 

Table 4.1-2 is 2.56% higher than the calculated value by 

2.56% mostly likely caused by the simplistic first order 

model and a non-perfect retardation film. 

A rough estimate of the actual OLED performance can be 

accomplished by: 

1. Subtracting 4% front surface reflectance from each of 

the values in Table 4.1-2 

2. Rescaling by the factor 75%/35.22% 

3. Adding the 4% front surface reflectance back. 

The resulting reflectance performance estimation is shown 

in Figure 4.1-16. 
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Figure 4.1-16. Estimated OLED SCI Performance 
with an Air Gap System 

As seen in Figure 4.1-16, the reflectance is relatively high 

in the driven mode. If the dye concentration is increased, 

the driven state reflectance can be decreased, but at the 

expense of the also decreasing the off-state reflectance. 

However, it should also be recognized that this is with an 

air gap compared to the 22% driven state performance 

estimated earlier for an optically bonded system. 

4.2 Configuration 2 – Active Retarder/Passive 
Polarizer 
This configuration consists of using an active retarder in 

conjunction with a passive polarizer in front of an OLED 

display as shown in Figure 4.2-1. 

Passive Polarizer

Active Retarder

OLED Display
 

Figure 4.2-1. Active Retarder Configuration 

The most common type of active retarders are based on 

liquid crystal technologies as shown in Figure 4.2-2. 
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Figure 4.2-2. Active Retarder Cross Section from 
THORLABS [14] 

Equation 4.2-1 governs the retardance of the LC cell when 

not driven for the cell construction as shown in Figure 4.2-

2.  Note that compensation methods are possible to ensure 

zero retardance in the driven mode such as the use of 

another passive retarder as shown in Figure 4.2-3. However 

a vertically aligned structure is also possible where the 

retardance is approximately zero when not driven. It is 

desirable to have zero retardance in the undriven mode so 

that the default unpowered mode is in the mirror mode. 

 

2

v

d n





  (4.2-1) 

δ = retardance in waves 

d = thickness of LC material 

Δn = birefringence of the LC material 

 

 

Figure 4.2-3. Residual Retardance Compensation 
Utilizing a Passive Retarder [14] 

The active retarder configuration analysis starts with the 

passive polarizer data as shown in Figure 4.2-4.  The single 

plot (blue) corresponds to a high transmission type 

polarizer although a regular high extinction ratio polarizer 

may also be utilized. 

 

 

 

Figure 4.2-4. Polatechno SKW-18245T High 
Transmission Polarizer [15] 

Transmittance – the polarizer will reduce the transmission 

from the OLED to 40% 
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Reflectance Maximum (0 retardance) – Assuming a 71% 

OLED reflectance rate, the overall reflectance will be 

0.4*75%*(0.4/0.46) = 26% which does not include the 

front surface reflectance of about 4% for an untreated glass 

surface. This analysis shows that the use of a passive 

polarizer may not meet the FMVSS 111 [4] requirement of 

>35% reflectance unless the OLED reflectance is increased 

to about 90%. 

Reflectance minimum (λ/4 retardance) – The minimum 

reflectance would be approximately the front surface 

reflectance of about 4%. This assumes good cancellation by 

the circular polarizer. 

Similar to the analysis done for the active polarizer, the 

active retarder analysis starts with the following passive 

polarizer definitions and approximate values: 

TX = 0 (transmission of cross polarized light) 

T║ = 0.86 (transmission of parallel polarized light) 

Assuming a perfect retarder, Equation 4.2-2 is the 

maximum OLED transmission under the minimum 

reflection condition. When it is necessary to view the 

OLED under ambient lighting conditions, usually a low 

reflection (retarder is turned on for λ/4 retardation) 

condition is utilized. Note also that the 0.5 factors are due 

to resolving light into the x and y polarized components. 

_ 0.5 0.5 0.5OLED ON XT T T T  P P
 (4.2-2) 

Similarly, when the retarder is turned off (high reflectance 

mode), the OLED transmission is defined by Equation 

4.2-3. Therefore unlike the previous active polarizer 

method, the OLED transmission does not vary as a function 

of the retarder drive level. 

_ 0.5 0.5 0.5OLED OFF XT T T T  P P
 (4.2-3) 

Equation 4.2-4 governs the maximum reflection rate when 

the retarder is in the zero retardance drive condition. 

       0.5 0.5MAX X OLED X OLEDR T R T T R T  P P
 (4.2-4) 

However, since the cross polarized transmittance is 

approximately zero for passive polarizers, Equation 4.2-4 

can be simplified to Equation 4.2-5. 

  
2

0.5MAX OLEDR R T P
 (4.2-5) 

Using the values above, the maximum reflectance with a 

state of the art 90% reflectance OLED is calculated per 

Equation 4.2-6. This shows the major weakness of using 

any solution with a front passive polarizer in comparison to 

Equation 4.1-10 where the front active polarizer becomes 

essentially clear for both axes of polarization. With 4% 

more for the front surface reflection, this method may be 

able to meet the FMVSS requirement of >35% reflectance 

for rear view mirror applications. 

  
2

0.5 90 0.86 33.3%MAXR  
 (4.2-6) 

The minimum reflectance may be determined according to 

Equation 4.2-7. 

0.5 0.5 0MIN OLED X X OLEDR T R T T R T  P P
 (4.2-7) 

In this case since TX is approximately zero, the minimum 

reflectance becomes zero and is the strength of this system. 

Due to the unacceptably low maximum reflectance rate, 

samples were not pursued. 

4.3 Configuration Summary  
A summary of the various configurations is shown in Table 

4.3-1. This shows that the best performance compromise is 

obtained with the Active Polarizer configuration. This 

configuration meets the FMVSS requirement of more than 

35% transmission and the reflectance can be dimmed to 

22% (18% with AR) with current state of the art and will be 

decreased as improvements are made. Additionally, the 

viability has been demonstrated and is much more 

production capable than any of the other design options. 

Considering that a normal OLED display has a circular 

polarizer transmission of only 40% (600 cd/m² X 0.4 = 

240 cd/m²), the active polarizer is a very attractive option. 

The active circular polarizer based on active polarizer 

technology demonstrates that a successful OLED E-Mirror 

is possible. 

Table 4.3-1. Configuration Summary 

 

OLED 

w/o 

Circular 

Polarizer 

Active 

Polarizer 

Active 

Retarder 

Transmission 100% 56.2% 40% 

Luminance 

(cd/m²) 
600 337 240 

Max 

Reflectance 
75% 

56% 

52% (AR) 

30% 

26% (AR) 

Min 

Reflectance 
75% 

22% 

18% (AR) 

4% 

0% (AR) 

Cost Lowest Medium Medium 
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