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Abstract

This document describes the design, software and operation of a versatile microprocessor-
based Frequency Counter, Inductance and Capacitance meter. The instrument is based on
NEC EV9835 microprocessor evaluation board and additional measuring circuit board. The
following features of the NEC microcontroller are highlighted: external event timer/counter,
interval timer, dot matrix LCD controller, interrupt subsystem, keypad controller, battery
power control. The instrument is intended for standalone use as a service tool, and also as a
data logger for the seismometer with an inductive displacement sensor. The instrument
contains minimum number of precision capacitors, and, if necessary, these elements may be
calibrated in the field. The calibration data is stored in the on-chip flash memory. The
unique resolution and capability to measure low inductance and capacitance values,
measuring deviation from the preset values and charting the deviation make this universal
instrument handy and suitable for many measurement and data logging applications.

Introduction

The need for automated measurement of various electrical and non-electrical parameters is
ubiquitous in today’s life, both in industrial and consumer applications. When a non-
electrical parameter (like temperature or humidity) is measured and logged, it is usually first
converted into an electrical value by an appropriate sensor. Many of physical parameters
may be converted to analog voltage or frequency or pulse duration.

However, frequency and time measurements are the most accurate due to the fact that they
may be performed by counting the periods of very accurate frequency source, like a crystal
oscillator, that does not depend on the battery voltage and other environmental conditions.
As the parameter is represented by pulses or pulse train, which are naturally digital, it is also
easy to send the output of the parameter-to-frequency converter to the measurement unit
over long wires or optical links without degradation of accuracy.

For that reason, the described meter is based on accurate frequency measuring, rather than
on other features like ADC, and the other analog measurements are performed as a side
product with the help of transducer. The design goal was to maximize the use of the on-chip
peripherals of the microcontroller, minimize the external circuitry cost and achieve
maximum versatility by implementing most of the high-level features in software, and do
only time-critical functions in hardware. To reduce the number of components, all glue logic
is combined into inexpensive FPGA (the design uses approximately half of XC9572XL
device).

The measurement circuit reconfiguration is performed without manual switches, to allow
software modify and sequence measurements. For instance, the period measurements are
preceded by rough frequency estimates to ban modes that will result in erroneous
measurements. The smart measurement automatically selects the most appropriate
measurement settings, and the output is represented in intuitive form (25.17256 MHz rather
than 25172560Hz, 3.452 nF instead of 3452 pF, etc). The relative, delta and mean/standard
distribution can also be supported.

The instrument should have a limited number (two) of accurate components, and should use
software calibration instead of tunable elements. The accuracy and calibration is discussed
below.



Measurement Capabilities
The instrument can operate in following modes:

e Frequency Counter A — in this mode, the frequency of input signal up to 100MHz
can be measured with the resolution of up to 0.5Hz.

e Period Measurement A — in this mode, period of input signal is measured with the
resolution of 200ns.

e Frequency Counter C — in this mode, the frequency of input signal in the range of
25-2500MHz is measured with the resolution of 10°.

e Duration A-B — in this mode, the time distance between the edges of signals applied
to inputs A and B is measured with the resolution of 200ns. Both rising and falling
edges on each input may be selected as a start and stop for the time measurement.

e Crystal Test — in this mode, the frequency of a fundamental mode of crystals can be
measured in the on-board oscillator circuit. The oscillator can operate within 100kHz
— 40MHz range.

¢ Inductance - in this mode, the inductance in the range of 10mH — 10nH can be
measured in a LC-tank setup with the resolution of ~0.1nH. This method is very
sensitive and suitable for measuring parts used in RF circuits.

e Capacitance Small — in this mode, the capacitance in the range of 50nF — 1pF can be
measured with the resolution of ~0.1pF in LC-tank circuit. This method is very
sensitive and suitable for measuring parts used in RF circuits.

e Capacitance Large — in this mode, the capacitance in the range of 1000uF — 1nF can
be measured in the dual-slope integrator circuit

In above mentioned modes, the relative (offset) measurements can be performed, for
instance, to eliminate the effects of stray capacitance or inductance, or to evaluate the
deviation and frequency drift. The microcontroller can store the reference measurement and
subtract it from the current measurement results before display. The difference may be
displayed as numerical value, or may be plotted as analog bar in the graphic display.

The instrument can be used as a data logger, for instance, to display the temporal variations
of the measured parameter. In one of the intended applications {not included in reference
design}, the pendulum seismometer with a displacement-to-frequency converter is used as a
frequency source, and the frequency deviations are displayed as a seismogram on a graphics
display.
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Figure 1. Meter’s Block Diagram

Prototype Construction

The prototype is build with two boards — one is the NEC’s EV9835 board and another is a 2-
layer SMD board which contains measurement circuits, power converter and input BNC
connectors (Figure 2). The board is connected to the NEC’s EV9895 board by a header
connector. The pin numbering corresponds to the expansion port connector found on the
evaluation board.

The measurement board schematic is shown in the Appendix 1, and the block diagram is
shown in Figure 1. The board has a CPLD with glue logic, implemented in VHDL, see
Appendix 2. The CPLD contains the simple measurement circuit, prescaler for frequency
measurement, SPI interface for loading configuration and SPI interface expander for
controlling other programmable devices, like PLL circuit LMX2336 used as a high-
frequency prescaler and crystal oscillator, and analog switch ADG714 used to reconfigure
the LC measurement circuit.
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Figure 2. Measurement Board Prototype

Measurement Circuits

There are two independent measurement circuits in the instrument — frequency/time path
and analog oscillators. Each is described in detail in next sections. Reader’s familiarity with
NEC uPD78F9835 microcontroller architecture and programming is assumed.

Frequency Measurement

The frequency measurement path block diagram is shown in the Figure 3. Part if it is
implemented in XC9572XL CPLD device. The circuit is configured by the microcontroller
via SPI interface, implemented as bit-bang software toggling ports P3.1..P3.3.

The source of the measurement can be InA, InC, Crystal oscillator and Analog oscillator.
The source is selected by the multiplexor MUX1. Since the frequency measurement will be
performed by the on-chip counter/timer 80, the maximum count frequency is limited to



5MHz, which is not sufficient for a decent frequency counter. If the frequency at the output
of MUX 1 is above 5 MHz, it can be divided by 64 in a 6-bit ripple counter. The measured
frequency is gated by the measurement interval strobe, that is generated by Gate Logic from
the reference frequency, obtained from the output of timer 82, and Gate_Enable signal
generated on pin P2.6 of the microcontroller by software.
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Figure 3. Frequency measurement circuit

The gate duration for frequency measurement in the instrument must be within 1ms — 100s,
and should be at least as accurate as one period of the max counted frequency (<200ns).
Since the microcontroller has very limited range of durations generated by 8-bit timers
directly, the gate logic and interrupt handler together assist in creating a very accurate
measurement gate. This gate enables propagation of the input pulses to the input of the timer
80 used in external event counting mode. The waveforms illustrating the operation of the
circuit are shown in Figure 4.
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Figure 4. Generating measurement gate and measurement pulse burst

The measurement is started when the microcontroller de-asserts Measurement Enable signal
(P2.7), enables operation of timer 82 configured as a square wave generator, and toggles
P2.6 high. At this time, the gate logic will sample P2.6 on the rising edges of TO82. On the
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falling edge, timer 82 will request interrupt, and the interrupt service routine will count
periods of TO82. In the example shown above, the interrupt handler was set to de-assert
P2.6 after three interrupts, and then, when the total duration of measurement gate will be
three periods of TO82. The interrupt latency must be at least shorter than half-period of
TO82, and it is practical to set TO82 period above 100us.

In this design, timer 82 is configured to use fx/1024 as a clock (fx=4.952MHz on evaluation
board), and count to 256 ticks, so the period will be ~ 2*53ms. With the 8-bit counter
extensions (N_Period) as shown in the text of the driver below, the maximum duration of
the measurement gate will be ~13seconds.

void Timer82_Interrupt(void)

{
N_Periods = N_Periods -1;
if (N_Periods ==0)
{ GATE_EN = 0; /* clear gate enable */
TMMK82 = 1;
};
TMIF82 = 0; /* Clear interrupt request */
b

The gated output is fed via TI180 pin to timer/counter 80. Since 8-bit counter is not sufficient
for accurate frequency measurement, it also has similar extension in the interrupt handler.
When the counter overflows, an interrupt handler adds 256 to the “virtual counter” and thus
the total counter width is 32-bits.

void Timer80_Interrupt(void)

{
Freq_Count = Freq_Count + 256; /* This is a 32-bit "virtual counter™ */

TMIF80 = 0; /* clear interrupt request */
}

The measurement starts when the gate goes high, and ended when falling edge is detected by
the interrupt port INTP1 (P2.4). At this time, any residual count in counter 80 is read out and
added to the “virtual counter”. Note that since the counter 80 cannot be reset, the initial
count is subtracted from the “virtual counter” for correct results.

void INTP1_Interrupt(void)

{
if (P2.4 == 0)
{
Freq_Count = Freq_Count+(OxFF&TM80) ;
Measurement_Done = TRUE;
STOP = 0; // Stop all counters
PMK1 = 1;
TMC82 = 0x03;
P2.7 = 0;
PIF1 = O;
}:
}

Period and Time Duration Measurement

The time duration is measured in a similar manner, however, the gate is provided by the
edge detection logic, and the pulse train is provided by the on-board 5MHz reference
oscillator. The measurement can start when P2.7 is set high in software. Then, the gate will
be enabled on a selected edge from Input A, and will be disabled on a selected edge on Input
B. Thus, the measured count N and time A-B will be related as:

Time A-B = 200ns*N



The waveforms illustrating the measurement process are shown in Figure 5.
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Figure 5. Measuring Time A-B

The period of the incoming signal is measured similarly, but incoming signal instead of
TO82 is routed to gate logic by MUX1 and MUX3, and 5MHz fixed frequency is counted
within the gate duration. Note that the period must be greater than the interrupt latency to let
this software/hardware method work, therefore the frequency of the incoming signal is
measured first to verify this condition. The period measurement will be allowed only when
the frequency is below 5 kHz. The period may be converted into frequency reading to make
accurate measurements at low frequencies with the resolutions higher than 0.5Hz (as in the
direct counting method).

Measurement Time Auto-Adjustment

For accurate measurements, the gate duration should be selected to allow the frequency or
time counter accumulate at least 10°..10° counts. On the other hand, the gate durations above
10 seconds are inconvenient. The measurement routine does two measurements to
automatically adjust gate interval. The first measurement provides the rough estimate of the
count over the interval of ~10ms. Then the desired gate time is calculated, and the second
measurement is made, now over a longer, automatically adjusted time interval. The time
interval is limited to ~10 seconds in all cases.

No Signal Condition

When the count does not change during frequency or time measurement, the “No Signal”
message is displayed on the screen at the end of the measurement interval rather than zero
reading.

Frequency Reading Calibration

The reference clocks for frequency and time measurements are provided by cheap on-board
crystals, which are not absolutely accurate and may have a tolerance of +/-50ppm. When
time and frequency is displayed, the accumulated counts are converted to real frequency,
using the (known) crystal frequency. However, the long-term stability of such crystals is
usually better than that number, therefore it may be beneficial to calibrate the instrument to
improve the accuracy. This operation is done by applying a known standard frequency
(10.0000000MHz) and entering calibration mode. The measured value will be used to adjust
the stored crystal frequency in Flash Memory, and used later for more accurate display.




LC Measurement Circuits

The instrument uses two different methods for measuring LC parameters in two ranges. For
small L and C, the sensitive LC-tank oscillator circuit is generating the frequency in 50kHz-
1MHz range, which can be used to calculate the unknown inductance or capacitance. For
large C, an integrator/comparator oscillator is used to convert capacitance into oscillation
period.

LC Oscillator

The LC oscillator’s simplified diagram is shown in Figure 6. It uses one half of LM833
OpAmp as a gain element, and an LC tank can be reconfigured by analog switches. The
microcontroller loads switch control word into the switch via SPI interface to select
measurement and calibration modes of the circuit. The oscillator is disabled when S8-S5 are
closed, and S4 is open.
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Figure 6. LC Oscillator (simplified)

The capacitance measurement circuit is configured when S7, S5 and S4 are closed, and
unknown capacitor Cx is connected to the test inputs in parallel to on-board inductor
(L_Ref~120uH). The oscillator’s output frequency will be approximately:

f, !

B 27[\/ Lref (Cdef +Cx)

When S7 is open, the oscillator’s frequency will be
1

f=— -
i 272.\/ I—ref Cdef

Therefore, Cx can be easily calculated from these two frequencies, because by solving these
equations we get:




It is possible to directly calibrate C_Def and store its value in flash memory. It is also
possible to have another, single calibration capacitor C_Ref on board. In this design, the
second approach is taken, and a calibration capacitor of 1.027nF is used as a reference. To
calibrate C_Def, S8 is closed and S7 is open, and similar calculations are used to determine
the value of C_Def from C_Ref, which now replaces Cx in above equation.

The LC oscillator reliably starts with the capacitors Cx up to 0.1uF, which determines the
measurement range of the circuit.

The inductance measurements are performed when S4, S6 are closed, and S5, S7 are open.
The unknown inductor is connected in series with the reference inductor, so that the total
inductance is L=L_Ref + Lx. The equations for frequencies are as follows:

1 Cf 1

f = y =
' 27[\/(Lref + Lx)Cdef ‘ 272.\[ Lredeef

From these equations, the unknown inductance may be found as:

1

2
L = 1, —1|- L, or, substituting L_Ref with L =———;
Az £,Cyy

1 £,
L= 7|
At Ch |\ T

It is clear that one of the components (L_Ref or C_Ref) can be used as a reference, while the
other can be calculated from the first one and the accurate measurement of the frequency.

In most cases the trace inductance is negligible compared with the measured inductance, so
the unknown inductor may be excluded from the circuit by simply closing S5. It is not
recommended to exclude Cx by controlling the switches, as the measuring circuit is
sensitive enough to see the stray capacitance.

LC Calibration

In this design, the inductance L_Ref is excluded from the equations, so the only component
that needs to be calibrated is C_Ref or C_Def. The value of these elements are used for all
calculations, and therefore the accuracy of all LC measurements depends on its accuracy. In
calibration mode, the unknown capacitor Cx is replaced by a precision capacitor (Ideally,
5000 pF} and a capacitance calibration mode is entered. In this mode, the software will
calculate C_Def and store it into flash memory for future use.

2
f
Cdef = 1{{?2} - 1] ) C5000 pF
1
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RC Oscillator

The RC oscillator is based on a traditional Integrator/Comparatior set up. The simplified
diagram is shown in Figure 7. The oscillator can be disabled by closing S1, and a reference
capacitor can be included in parallel to the unknown capacitor when S2 is closed. The
modes are controlled by the software via SPI interface. The comparator is built with a single
gate CMOS logic chip. The 2.5V bias on the integrator is supplied by the operational
amplifier used in LC oscillator, which in this mode operates as a voltage follower.
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Figure 7. RC Oscillator (simplified)

The frequency of this oscillator depends on the parameters of all components shown in the
figure, as well as on the power supply voltage that is not accurate. Therefore, at any given
time, the period of the oscillation will be

T, =kC, when Cy only is connected, and T, =k(C

equations, C4 can be found as:

+C,) when S2 is closed. From these

ref

Cx = |:-I-r_l_1} 'Crefl

2

The software will do two measurements back-to-back, and will eliminate the dependence on
supply voltage, comparator and OpAmp drifts, etc.

RC Oscillator Calibration

The accuracy of the RC oscillator depends on the slew rate and propagation delay in the
circuit, and the accuracy of the reference capacitor. The operational amplifier with slew rate
of >10-50V/uS should be selected. This will yield the delays within <1us, and to assure that
the measurements are accurate to 0.5%, the oscillator frequency should be less than 5kHz
with minimal measured capacitance. The software measures the oscillation frequency first
and does not allow measurement above 5kHz.

It is possible to use unknown (but stable, for instance, mylar) capacitor in place of C_Ref1.
In this case, the instrument can be calibrated by measuring the known capacitance,
calculating C_Ref1 from this measurement and then storing this value in Flash Memory.
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Analog Front End

The signals on analog inputs A and B are converted to logic levels by high-speed
comparators (MAX962). The normal sensitivity of the inputs is ~50mV. The comparators
have a positive feedback loop to add hysteresis of ~30mV. Normally, the sensitivity region
is centered around OV. The software may shift this level to ~+0.15V (or 0.5V —thd). The
inputs can have DC or AC coupling. The coupling mode is set manually on both inputs A
and B simultaneously.

The high-frequency prescaler is implemented in LMX2336, the circuit originally intended
for dual PLLs. The device has excellent sensitivity (-25dBm up to 2.5GHz) and contains
low-power, high speed prescalers that can be internally multiplexed to its output. It also
contains a crystal oscillator with programmable frequency divider. These capabilities are
used to support high frequency counting and testing the passive crystal resonators.

Power Supply

The meter is powered from two AA batteries (2.5-3V) or from a Lilon battery (3.0-3.8V).
The measurement circuit requires two voltages: +3V for CPLD and analog front end, and
+5V for RC oscillator. The on-board switched capacitor voltage converter takes the power
from battery and generates +5V. The converter can be enabled and disabled by the
microcontroller via P1.0 signal. When P1.0 is low, the converter is stopped and the power
from 3V line is turned off by Q1. This is a sleep state, which can be interrupted by pressing
power button. The latter is generating interrupt to the microcontroller. See description of
power on operation in the

Seismometer transducer

The optional seismometer transducer is a variable inductor which has a moving ferrite core
attached to a pendulum of a seismometer. The inductor is connected to an LC oscillator
circuit similar to that shown in Figure, and operating at ~3MHz. The output frequency from
this oscillator is fed into the input A of the instrument. The frequency varies depending on
the motion of the pendulum. Since the initial frequency is not tuned, the relative
measurements around average frequency are made, and the noise and drifts are removed by
simple digital filtering. The recorder and filtering is implemented in alternative software
image.

Software Implementation

The software is written mostly in “C” and compiled with NEC CC78 compiler. Since some
of the built in functions in <stdio> module in this compiler work incorrectly, 1/O routines
are rewritten. The LCD display functions are taken from the EVV9835 kit software. The
operation of software may be obvious from looking at the source code.

The operation of software is intuitive and is controlled by the keys located on the evaluation
board. The keyboard layout is shown in Figure 8. The keyboard is polled in the “main.c”
main loop between measurements (if measurements are running) or continuously. The
polling routine immediately calls configuration modules as they are fast. The selected modes
are also immediately displayed on LCD screen, providing user feedback. When the
measurement is selected and the inputs are configured, the user may start measurements by
pressing start key. The measurements will continue in the loop until new mode is selected.
The screenshot example is shown in
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At any time the “relative” measurement mode is selected. It does not alter measurement
circuit or behavior of the measurement routines, only the last measured value will be
subtracted from result before displaying it. This mode is used for sorting components or
watching at their temporal drift.

Power REIERG Shift
on Meas Key
On
Next
Mode
Input Start Input
B Sto A
Control P Control

Prev
mode

Figure 8. Keyboard Layout

The measurement functions are commented in the source. There are three basic subroutine
groups: control functions (SPI and text 10), measurement functions ( Measure frequency
and time) and display functions (plotter). The use of these subroutines should be rather
intuitive.

Summary

The prototype LCF meter was constructed and preliminary version of software was written
to demonstrate the main features and evaluate performance of the measurement algorithms.
The concept was proven to be operational. During debugging, some problems in compiler
and development environment were found, and workarounds were implemented. Future
work may include easier user interface by attaching a matrix scan keypad, improving the
automation of feature set.

As the recommendations to developers of commercial meter, the following improvements
could be advantageous:

1. Resolution on display should be increased to at least 40x80 dots to make the display
appealing. It is difficult to output meaningful graphics on a low-density screen.
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2. Backlight control circuit should be improved. The brightness of LCD is too low on
EV9835 board.

3. Keyboard should be 4x4 matrix. It was not clear how to turn off the edge detection
on P0.0-P0.3.

Disclaimer

The content of this document is intended as a submission to the EDN contest. The hardware
and software was developed in spare time, without any financial or technical support of or
association with any third party. The design is supplied “as is”, without any warranties for
completeness, being error free or suitability for any application. The content is may be used
as a source for application notes or other marketing activities with a written permission of
the author. It may also be converted into an article or design idea entry on request.

(C) Dmitrii Loukianov, dloukian@qwest.net tel. +1 480 705 4065

EDN
Cornelius Van Drebble Mad Design Contest
Attn. Matt Miller
Special Projects Editor
275 Washington St.
Newton, MA 02458
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Appendix 2. List of microcontroller features used in Design

1.

© ™

10.

11.

Timer/Counter 80 — used as an 8-bit external pulse counter. The pulse train is
generated by external gate circuit. The maximum count rate is 5MHz. The counter is
extended to 32 bits in software. Every time it overflows, the interrupt handler adds
256 to the “virtual counter”. Since the counter cannot be reset, we measure
difference between the start and end counts in it.

Timer/Counter 82 — used as the source of timebase for frequency measurement. The
counter operates in square wave generation mode. The software counts the periods of
the square wave by handling interrupts from falling edge of counter’s output.
Interrupt request port INTP1. The interrupt handler senses the end of the
measurement interval by responding to the falling edge of the signal on this port.
Key Sense port (P0O). Used with on-board switches to provide a user interface. The
intended use was to simply read the current state of switches with software
debouncing. I did not manage to turn off the edge detection and latch circuit on this
port even when writing into the control register 0 as described in the manual.
Therefore the key sense routine provides a “workaround” against the latches.

Port P2 — used for debugger and possibly for logging the measurements. Bits P24-
P27 are only used in the design to control the gate generation logic.

P3 bits — used as generic LED ports (development environment cannot set SW
breakpoints in the interrupt handlers, so two LEDs were temporarily used to check if
the program visits interrupt handler.

P3.1-P3.3 — general purpose output pins used to create an SPI interface to other
components on the board. The bits are controlled by software and the interface
follows the proprietary serial data format.

Crystal Oscillator — used as a timing source in frequency gate generation.

Flash Memory — used as a program store and also contains the (field-upgradeable)
calibration coefficients

Power control Pin/Interrupt — this feature is used to control additional power supply.
When the microprocessor is in sleep mode, the power supplies on the measurement
boards are turned off.

Originally, sound module was planned to be used to announce the termination of
measurements and out of range conditions. However, the sound appeared very
annoying and this feature was removed.
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Appendix 3. Design Condiderations

1. The design uses low-cost components which happened to be available at the time of
design. The newer components may be used as a replacement for LMX2335
(LMX33xx) and LM833 — other fast dual voltage feedback amplifiers can be used.

2. The CPLD contains the 100MHz prescaler. To run at 100MHz (if necessary),
XC9572XL-5 must be used.

3. The accuracy of the design depends on stability of C22 and C15 in the measuring
circuit. These capacitors must have lowest possible temperature coefficient.

4. Although microcontroller has many spare ports, most of them are assigned on the
evaluation board. Since the peripherals used have SPI, the communication with
measurement board will be SP1 as well, to save pins.

5. Gate for frequency measurement and period measurements are performed when
INTPO causes interrupts, and the gate is controlled by the interrupt handler. The
interrupt latency should be lower than the minimum period measured. To avoid
errors, the source frequency is measured before period is measured.
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Appendix 4. Software Flow Chart

Only conceptual flow chart is given here. The description of measurement process can be
found in the main text.

The execution starts with initialization that clears display, configures peripherals, initializes
calibration constants and proceeds to main loop.

The main loop scans keyboard and configures measurement circuit in response to key
presses. Then, if measurement is enabled, it calls measurement modules. The frequency and
period modules may be called directly and then the result may be displayed, or, frequency
measurement may be called indirectly as the step in measuring the inductance and
capacitance.

The measurement units are multi-layered. The lower layers are doing very primitive
counting operations, the next (wrapper) layer converts it to float frequency and time, and
then these units are called from the measurement modules. The measurement modules are
called from the main loop.

When the interrupts are involved, the hardware initializes the driver hardware directly (see,
for instance, Start_Freq_Counter(void)) and enable interrupts, and then waits for global
variables shared between the measurement unit and interrupt handler (Measurement_Done).
The interrupt handler sets such variables, and that unhangs the main loop and it proceeds
with display and goes back to scan keyboard. The figure below illustrates the concept...

Initialize hardware
print greeting on LCD

Scan Keyboard > Set up parameters

and update the mode SW and measurement
setting < board Interrupt
Handler for
* TI80
If any Measurement is
selected and start is
pressed, go measure Interrupt
Global Handler for
/ \ . variables TI82
Wait Loop™ (Freg Count
Measurement_Done)
~
Wait Loop
Capacitance Capacitance Period Frequency H:;Z:;ﬁtor
Measurement Measurement Measurment A\) Measureme INTP1

S S

Sorry, no more detailed diagram as it will quickly become very messy as the units call each
other.
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Appendix 1. Schematics of the Measurement
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