ALCT Measurement Principles
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Current-based Measurements

At a basic electronics level, a liquid crystal sample cell may
be modeled as a combination dynamic capacitor and resistor
in parallel. As such, the majority of ALCT measurements are
based on electric current response. Figure 1 illustrates a
simplified version of the current measurement circuit used by
the ALCT.

The current /, is proportional to the measured voltage ¥, and
can be found according to the equation below:

RG (1)

To increase experimental flexibility and sensitivity, Instec’s
ALCT systems have available eight values of sensing resistors
R_and four possible gain values G, giving a total of thirty-two
unique selectable measurement ranges.

To begin with, it is always helpful to examine the limiting cases
of any proposed model. In a typical experiment with the ALCT
a triangle wave is applied to the sample while the response
current is measured.

In the case where the sample is a pure resistor (R>0, C=0), the
I-V curve shows a linear relationship (Figure 2) governed by:

I== @

In the case where the sample is a pure capacitor (R=~, C>0)
the I-V curve shows a hysteresis (Figure 3) governed by:

[ 4O _dr

_ — 4V C
g S T ®)

Al =8 f¥,C (4)

where Q is charge, C is the capacitance, fis the frequency of
the applied triangle wave and V¥ is the amplitude of the applied
triangle wave.

Combining the two, yields the I-V curve for a sample that is
both a resistor and a capacitor (R>0, C>0, Figure 4).

[:K+d_Q
R dt
=I,+1.

V dv
=—+C (5)

Figure 1: Current Measurement Schematic.

V' = Applied voltage. R_= Precision sensing resistor,
G = electronic amplification (gain), V', = Measured
voltage signal, C = sample capacitance, R = sample
resistance

A

— \Y

Figure 2: I-V curve for a sample that is a
pure resistor
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Figure 3: I-V curve for a sample that is a
pure capacitor
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Figure 4: I-V curve for sample that is both
a resistor and a capacitor
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Figure 5: I-V curve for sample made of a resistor and a capacitor in parallel (measured using an Instec ALCT)

In a real liquid crystal sample, there are of course additional
contributions to the current due to the change in capacitance as
the LC molecules change orientation. The total current becomes:

[:K+Cd_V+Vd_C (6)
R dt dt

C
where Vd_ is the contribution from the rotation of the LC

molecules in the applied electric field.

lons

When ions are present in the sample, an additional term is added
to the current equation, making the total electrical current:

I:K+Cd_V+Vad_C+£ (7)
R dt dt dt

The last term of Equation 7 represents the current contribution
from ion charge. To show the ion bump traditional methods apply
a triangle wave to a real LC sample cell, at frequencies as slow as
0.01Hz to give the best chance of separating the ion current bump
from the NLC switching bump.
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Figure 6: The I-V curve for a real liquid crystal
sample shows a current bump from change in LC
orientation.
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Figure 7: When lons are present in an LC sample,
there is an additional (smaller) current bump as the
ions migrate to the electrodes
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LC molecule stand up
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Figure 8: I-V curve of a liquid crystal sample recorded using an Instec ALCT showing the ion bump as measured by
traditional technique. New lonSpec (patent pending) method does not require ALCT operator to manually identify the
ion bump.

New lonSpec Method

It can be difficult to identify the electric current response due only to ions in FFS/IPS panels (complex electric fields):
the ion contribution is spread out and obscured by the liquid crystal switching in the traditional measurement methods.
Instec’s lonSpec (patent pending) is a new measurement technique created to eliminate the guesswork and provide
repeatable ion charge measurements regardless of the display type. lonSpec enables the user to quantify the ion
charge without needing to manually identify the ion current bump (saving time and eliminating errors) and gives precise
measurements in normal capacitor-style, IPS, and FFS/IPS displays and test cells.

The lonSpec test equipment can be configured with up to 8 simultaneous measurement channels for high throughput,
and the driving electronics providing sine or triangle waves with amplitudes both above and below threshold voltage V.
(lonSpec measurement works well in all cases). Charge measurements made with the Instec lonSpec method align
closely with prior methods and theory, but make the measurement process universal across sample types and eliminates
potential for operator errors.

Please contact Instec technical sales to ask about lonSpec measurement details and for sales inquiries.
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VHR
v

For VHR measurements the applied voltage ¥, is made to be a : SW1
square wave. The measurement procedure comprises two steps: ] Jq_L - oV,
Charging time, ¢,: During this period, switch SW1 is closed causing __]_

H R [
V' to be applied to the sample. Sample % T
Holding time, ¢,: During this period, switch SW1 is open and the

sample voltage V', is recorded as a function of time. V' () decays v
due to moving ions and the finite resistivity of LC materials.

) Figure 9: Measurement circuit for VHR
VHR is calculated from the sample voltage measured at the end of

the holding time according to the equation:

v AV
VHR = 79 , V. measuredatt=t¢, (8) PAC

a

When the sample is a resistor and a capacitor in parallel, VHR can
be calculated according to the equation:

VHR = &™/* ®
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where R is sample resistance and C is sample capacitance. ]
Resistor and capacitor standards are included as accessories to SW1
the ALCT-VHR system, so that users may do a quick measurement t

to confirm the above equation. B . "
h

)
L4

For example, with a C=1nF capacitor in parallel with a R=1GQ
resistor, a 1 second holding time would result in VHR=36.788%.
Typical high-purity liquid crystal samples have VHR values much
closer to 98-100%.

Measuring these small changes in sample voltage requires
sensitive electronics with extremely low leakage. To achieve this,
any VHR instrument must have a high internal resistance and a \
low internal capacitance. The leakage current of the measurement
circuit in Instec’s ALCT-VHR is on the order of 0.5 pA (depending
slightly on sample characteristics and V), yielding accurate and
repeatable VHR data.

_/———____
For high-throughput in industrial testing, Instec offers 8 channel ] ] ]
ALCT-VHR test equipment by request. Figure 10: The applied voltage V (top), switch
SW1 position (middle) and measured voltage V (2)
(bottom) during a VHR measurement
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RDC - sw1

The electronics of the residual DC (RDC) measurement can be
represented by the circuit in Figure 11. There are three steps to
the RDC measurement: Sample \ swe

Figure 11: Measurement circuit for RDC

Soak: With switch SW1 closed, and switch SW2 open, a soak
voltage V is applied to the sample for time 7 (from 0 mS to 10
hours). Positive and negative ions migrate towards the PI layers
under the influence of the electric field. During this step ions may
become trapped at the PI layer.
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Figure 12: During the soak phase, voltage is
applied across the ITO electrodes (pink) and

Discharge: With SW1 open, and SW2 closed, the applied voltage lons migrate towards the Pl layers (gold)

is removed and the free charges are allowed to discharge from
the ITO electrodes for a duration tds harge" The discharge time

on the ALCT-RDC can be selected in a range from 1mS to a

few seconds. This time is long enough for free ions to move but
short enough that the “trapped” ions remain stuck at the LC-PI
interface. Note that in order to balance charges and achieve a net
zero voltage on both sides of the cell, some electric charge must
remain in the substrate electrodes to balance the electric fields
generated by the trapped ions.

Figure 13: During the discharge phase, the
applied voltage is removed, however some
ions remain trapped at the LC-PI interface

Hold: With SW1 and SW2 both open, V is measured for time ¢ .
The hold time on the ALCT-RDC can be selected in a range from
a few seconds to 10 hours. During this time, the “trapped” ions
are slowly released and V', . increases from 0V to a maximum
voltage, as the balancing effect of the trapped ions is slowly lost.
Finally V. will start to decrease due to the mix of RC discharge
and ion neutralization. Voltage is measured at all times during

discharge.

The key to an accurate RDC measurement is to have an
extremely small leakage current in the equipment. The ALCT-RDC Figure 14: During the Hold phase, V

has a leakage current of less than 0.5 pA. measured as trapped ions are releaggcci
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Liquid Crystal Resistivity Measurements

TFT displays require very pure, very high resistivity LC materials, making measurements
of LC material resistivity crucial for displays research and development. Instec’s ALCT-HR
system derives resistivity p, from the resistance R, using the equation:

p =R(A/d)Qcm) (10)

together with known values of 4, the active area of the cell and d, the cell gap. Well-defined
values of d and A can be had by using empty Instec LC test cells or our specialized sample
holders (pictured on the right) for resistivity measurements.

Instec offers measurement systems with up to 16 simultaneous channels, for high-throughput
testing in industrial quality control applications.
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va |50 % Delaytime  50.000 s
Cunent measurement
Post Gain «l ) SensingR esistance 10R - 5/ 6404 & C_estimated 1000 oF
Results
1A RiQ) plQrem)
4.8334e+00 " 1.00124e-09
Channel Sample ValW] Delay Timefs) 1) *CurentMultiplier R(Ohm] Rha[0hm*om] Rs.G .k Soaking Time Whalance Mote Time -
1 5 50,000 4.6411e+00 1.00124e-09 1.0447e+10 E.6501e+11 10R.x1.64.04 -5.0000e+00 2016-05-0517:28:58
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Figure 15: Resistivity measurement software interface for multichannel operation (test up to 16
samples simultaneously for time savings!).
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ALCT Measurement Principles

CV Measurement

For an anti-parallel rubbed LC cell, the extended theoretical expression for capacitance as a function of applied voltage is:

c 2 ———V, (% [(1+ysin’0)(1+xsin’ )
a——1/1+ysm 0, 7.[90\/ do (1)

n sin” 0, —sin’ 0

| =

2 ) O 1+xsin* 6
_;,/1+ysm 0’”.[90 \/ do (12)

(1+ysin®@)(sin’ O, —sin* 0)

=~

h

where C'is the sample capacitance, C, is the initial cell capacitance (V, = 0), y is a ratio of the dielectric anisotropy, Ois
the tilt angle, Qois the pretilt angle at the substrate, Gm is the tilt angle at the middle of the cell, « is a ratio of the elastic
anisotropy and ¥ is the threshold voltage.

Instec’s ALCT accurately measures sample capacitance as a function of applied voltage and fits the measured data,
C (V), to the above expression. Using Equations 13-15, the parallel component of the dielectric constant &) the

perpendicular component of the dielectric constant ¢,, the splay elastic constant K, , and the twist elastic constant K, are
then derived.

L
N |
80|A8| (13)
K33
K—K—ll—l (14)
_¢ 1
7/_<9| (15)

In equation 13, A¢ is the dielectric anisotropy and ¢, is the permittivity of free space.

Figure 18 shows empirical CV data measured by an ALCT (red), overlayed with data generated from the fitted model
using the calculated physical properties which are then available to the ALCT user (gold). The fit is very close to
experiment, showing both precise electrical measurements and an accurate model.

With an eye towards enhancing productivity for our industrial customers, Instec offers ALCT systems with up to four
channels of simultaneous CV measurement.

5

L n =(sin6,0,cos0)
: forp =0

X
Figure 16: The tilt angle, 6, is the angle the liquid crystal director makes with the x-axis, which can be defined by the rubbing
direction in the plane of the substrate (XY plane). This model assumes LC molecules to rotate in the XZ plane (¢ = 0),
giving the simplified expression for the director above.
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Figure 17: Orientation of LC molecules as applied voltage increases (from left to right)
during a CV measurement
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Figure 18: CV curve measured data (red) and calculated (gold) data generated using the Instec ALCT model.
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K22 from IPS cells

The twist elastic constant K,,, is a very important parameter for both IPS and FFS-IPS display development. Instec’s
measurement pairs precise optical transmittance measurements with a specially designed IPS cell. The optical setup is
similar to that used for electro-optic response measurements, described later in this catalog. A sample made of a filled
IPS LC cell (with anti-parallel rubbed PI) is oriented so that with no applied electric field minimum light is transmitted (dark
state). A high electric field is applied to the cell (IPS finger electrodes) to drive the cell to a maximum light transmittance
state, after which the electrical field is removed. The transmittance as a function of time 7(¢), decreases and is measured
as the liquid crystal is allowed to relax.

The transmittance 7() as this process occurs is entirely based on the azimuth angle ¢(z,?) of the liquid crystal director. In
Instec’s K, measurement, the transmittance curve is processed to give a time-dependent azimuth angle ¢(z,z) which then
is input into the relation below, yielding K,

% _k

Vi 2V’0 (16)

The same method may be used for both negative and positive dielectric anisotropy NLC materials. For more
measurement details, please do not hesitate to contact Instec Sales.

Figure 19: Liquid crystal orientation in IPS cell due to electric field
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Figure 20: Transmittance of IPS cell as LC material relaxes during a K,, measurement

Electronics (left) and optical setup for transmittance measurements (right) also used in K,, measurement
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B

Measuring Rotational Viscosity vy, in Positive Dielectric Anisotropic NLC

To measure the rotational viscosity y,, a voltage step function is applied to a sample in an anti-parallel rubbed LC cell, and
the response current is measured.

The effective dielectric constant for a tilted LC layer can be expressed as:

£=(g, +Aesin’0) (17)

where 6 is the liquid crystal tilt angle as defined in figure 16 and ¢, is the component of the dielectric constant
perpendicular to the liquid crystal director.

The current is:

I(t):d—Q:Vd—c:ZAEAgsichosQﬁ (18)
dt dt dt
and the torque equation is:
7 49 _ kvo-pxE
dt
=KV?0 - E*Agsinf cosf (19)

where Q is charge, V'is voltage, C is sample capacitance, 4 is the active area of the cell or parallel plate capacitor, E is
the electric field and ¢ is the dielectric constant, K is the bulk elastic modulus and P is induced polarization.

By fitting the current /(r) measured by the ALCT with the equations above, y, for positive dielectric anisotropic NLC
materials is calculated.

1.283e+00

1{uA)

-B.4059e-03

0.2 Time[ms) 1.000e+0

Figure 21: Current /() measured by an ALCT system as part of a rotational viscosity measurement
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Measuring Rotational Viscosity v, in Negative Dielectric Anisotropic NLC

To measure the rotational viscosity for nematic LC with negative dielectric anisotropy, a voltage is applied to a sample

ina

vertically aligned cell for a soak time of up to 8 seconds. Then, at { = 0 ms, the voltage is removed and the capacitance as

function of time C(¢) is measured.

The effective dielectric constant for a tilted LC layer can be expressed as:
£ =(g, +Aesin’ 0)

The capacitance is given as

(21)

£,e(0)A
C _ 20
-(2) e (22)

_ &4
c@y= dz

I £(0) (23)
The torque equation is, with the applied electric field is £=0.
g(0)=K, sin’0(z,1)+K;, cos’ 0 (z,1) (24)
00 8°0(z,t) 1dg(©)[00(z,0)T 1 .

N = 2(6) PR S —anAsEz(z,t)sm 20(z,t) (25)
The measured capacitance C(?) is fitted with the ALCT software to give the calculated C(?), yielding y,

Substrate Substrate Substrate
T o o
——————= 1 vy vy b
——————F NNNNNNEL ]
- — — = — — N A N S WA .
N I I O I I O I

Substrate Substrate Substrate

t=0,V=5Vu t =1 after voltage is removed t = o after voltage is removed
Figure 22: Rotation of LC molecules within a cell on application of V 2 5-V, (left), after removal of the applied voltage
(center) and in their relaxed state (right)
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Figure 23: C(¢) curve measured by an Instec ALCT as part of a rotational viscosity measurement for negative dielectric
anisotropic NLC

Transmittance (Electro-optic) Measurements

Liquid crystals reorient in the presence of an electric field, and in doing so produce an optical response. Instec's ALCT can
be paired with a standard cross-polarized optical measurement system to measure a device's voltage-transmittance curve
and optical switching time/switching performance.

The sample is placed between polarizer and analyzer in the configuration below, and the ALCT applies a driving waveform
to the sample, gradually changing voltage while recording transmitted light with a high-performance photodetector. The
driving voltage may be a square wave or user configurable waveform with different amplitudes and customizable soak
times. The resulting raw data available then for further performance analysis (V10 and V90 available in software GUI).

The light source used can be white light or single wavelength laser light. For maximum range the photodetector has
four gain modes (1x to 1000x), high resolution 16-bit ADC, and minimum response time as low as 0.5us available. For
samples with polarizers integrated as part of the device, Instec's polarizing and analyzer optics can be easily removed
by the user. Instec's ALCT optical systems can be configured with many different options: please contact Instec Sales if

interested in making 7(V) or NLC switching time measurements.

Photodetector

Analyzer

Polarizer
Applied Voltage

Light Source

Figure 24: The LC cell is positioned at 45° to the polarizer and analyzer, and driven by ALCT
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Figure 25: T(V) for a 90-degree twisted nematic cell

1.064e+00

transmittance

1.073e-02

5.000e-04 Time[mS] 2.000e+02

Figure 26: NLC optical switching time measured with fast photodetector (<1us response time) ek
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