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1.2 GHz MULTIFUNCTION FREQUENCY
METER
PART4 (FINAL):
THE PC LINK
(CONTINUED) AND
MEASUREMENT
PRINCIPLES

Design by B.C. Zschocke

The pe may not transmit characters to
the counter while this is busy execut-
ing the command string. Any charac-
ter, in particular US, has the same
effect as pressing the BREAK key on
the instrument: tt halts the execution
of the command strtng. and takes the
counter back to its start state (de-
fault). This may. of cour-se. be used to
break off a measurement on purpose.

By transmi tting a DCa character.
the pe prompts the counter to trans-
mit the contents of aJI rcgtstcrs
(Fig. ion.

Contral function DC4 ts used by the
pe to read the current command
stored in the counter (Fig. 10j). The re-
tum transmission starts with the first
function contamed in the command
strtng. An ACK code indicates that the
campiete command has been trans-
mitted. lf the DC4 is followed tmmedr-
ately by ACK, the command memory ts
empty.

All functions contained in a com-
mand mayaIso be executed directly.
one by one (Fig. lOk). This is achieved
by having the computer send the func-
uon to the counter (in connect mode).
This is particularly useful when toggle-

,

type settings such as buzzer on/off are
to be changed.

A command string consists of a
number of functions arranged as a se-
quence. On changing to command
entry mode (STX), a polnter in the
counter points to the first function in
the command string (Ftg. lOi). Any
funcuon sent to the counter ts then
added to the command string at the
pomter position. Next, the potnter is
increased by one. To check thts load-
ing process, the counter returns a
copy of the stored character to the PC.
If the command memory ts full, the
next function recetved is not stored,
and a GS code is sent to the PC.
Contral function HT causes the func-
tion at the pointer position to be re-
turned to the PC, and increases the
pointer by one wtthout storing the
function. Control function CAN moves
the pointer back one Iocation, and
transmits the character at the new 10-
canon.

The counter returns a NAKcode If it
recetves anything it can not interpret
(I.e., any unknown control character or
funcüon) - see Fig. 10m.

The RS code allows the PC to reset
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III l L L 6th. parameter (setting: period analysis on)
5th. parameter (setting: single)

4th. parameter (start on: START key)
3rd. parameter (gate time: 1 s)

2nd. parameter (gate: gate time)
1st. parameter (input: channel A)

L. function: frequency measurement
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Fig.11, Example of a command string sent to the frequency meter by the pc.

the counter (Fig. IOn). Tlus function is
equivalent to switching the counter off
and on agatri. After a reset, all register
contcnts are undefined.

A US code, finally, causes the
counter to revert to its start (defauIt)
state (break, Ftg. 100). At the same
time, it Ieaves the connect or corn-
mand entry mode.

Commands
A command consists of a number of
individual indicators. The pe should
build the command string in accor-
dance with the structure of the menu
overview shown tn Ftg. 8 (part 2). That
is, from the top (reset) to the bottom
(exit and start), with the functions Prc-
ceding the parameters. As already
mentioned, the relevant codes may be
found in the boxes shown in Ftg. 8.
Table 3 lists all Iuncticns and assocr-
ated codes.

An example is in order at this point
to illustrate how a comrnand string
may be buHt. Let us ass urne that the
following measurement is required.

Type:
Gate time:
Start on:

frequency on channel A;
1 s;
STARfkey.

The strtng is shown analysed in
Ftg. 11. Also refer back to Ftg. 8 to un-
derstand how the PC follows the menu
structure. The two-position hexadeci-
mal numbers are transmitted to the
counter as one byte. The number of
bytes per command is not fixed, since
tt ts possible. as shown by the exam-



TEST AND MEASUREMENT

Start measurement on detection ot signal
Start measurement/puJse generator on detection of
signal on channel A
Start meesurement/pulse generator on detection of
signal on channel B
l-i-te-L signal transition on channel C starts measure-
ment/pulse generator
t-to-H signal transition on channel C starts rneasure-
ment!pulse generator
Start key starts measurement/pulse generator

ITable 4. Function descriptions--------------------------~I

MAIN FUNCTIONS
Frequency: frequency measurement
l/Frequency: frequency rneesurement. reclprocet indication
Revolution couoter: frequency measurement, indication in rev./min
Frequency measurement requires the following pararneter functicns:
- Chennet.cünput!
- Gate ... (measurement dura1ion)
- Gate time ... (gate time, including 'gate time measured')
- Start ... Istart of measurement)

Pulses: count pulses
Parameter functions requtred:
- Channel...(inpuU
- Gate ... trneasurement duration)
- Gate time ... {gate time, only with 'Gate preset')
- Start ... (start of measurement)

Time: time measurement
Parameter tuncttons requtred:
- Gate on key oressed or stert/stoo key

Timer: timer device
Parameter tunctfons requtred:
- User def. period (loads time to be seu
- Start {starr of meesuremenr)
- Pulse (pulse on output)

Pulse generator
Parameter functions required:
- Preset period duranon or preset pulse/pause
- User def. period or
- User def. duration and user det. pause
- Start (Start)
- End tStop)
- User def. pulse (with 'end on number of periods')

Zero counter
Zero counter/manua! counter
Parameter functions required:
- Start vatue ... (start vatue}
- Channel C l-H or channel C H-L (input)
- Actlve ... or pulse on EOO or count pulse (output)
- Start 00 ... [Start]

PARAMETER FUNCTIONS

Signal input
Channel A signal Input:
Channel B signal Input:
Channel C signal input:
Channet C H signal input:
Channel C l signal Input:
Channe! C H-L signal Input:
Channel C L-H signal input:

channelA
channelB
channelC
channel C, actlve high-phase
channel C, active low-phase
channel C, acttve Herc-L edge
chenne! C, active L-to-H edge

Gate time (Gate)
Gate time 0.1 s
Gate time 1 s
Gate time 10 s
Gate time 1 min
Gate time user def.

Lead qete time register with 0.' sec.
load gate time register with 1 sec.
load gate time realster with 10 sec.
Load gate time register with 1 min.
Gate time to equal contents of gate time reg-
ister
Gate time measured
Gate time increases with each measurernent

Gate time meesured
Gate time rising

Preset times for pulse generator
Preset period duration Period duration is oreset (in pertod durerlen

register)
Pulse eurenon and pulse pause are preset in
corresponding registers
Load period register
Load pulse duration register
Load pulse/pause register
load register with number of putses

Preset pulse/pause

User def. period
User def. duration
User def. pause
User det. pulse

Start value
Start value nought
Start value user def.

Preser starr value register with 0 and load.
Load start vatue register

Measurement duration (Gate)
Gate preset Gate time defined by gate time register
Gate channel C high Gate time defined by high pulse on chanriet C
Gate chennel C low Gate time defined by low pulse on channel C
Gate channel C H-l Gate time defined by H-to-l transmon on channel C
Gate channeJ C L-H Gate time defined by L-to-H transition on channel C
Gate key pressed Gate time as long as START kev pressed
Gate start/stop key Gate time starts on START kev, and ends on STQP

key
Start on (Start)
Start immediately Start measurement/pulse generator Irnmediatetv
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Output IManual/Zero counter!
Active when NEO Output ecttve as lang es count e 0
Acttve when EQO Output ecttve as lang es count e 0
Pulse on EOO Output pulse when counter reaches state 0
Count pulse One output pulse per count pulse

Start on signal
Start on stqna! A

Start on signal B

Start on channel C H-l

Start on chenne! C l-H

Start on START key

End on IStop)
End on no. of pertods
End on channet C H-L
End on chennet C l-H
End cn STOP key

Output (Timer!
Pulse on start/end
Pulse on start
Pulse on end
Pulse f. starr to end

End etter predetermined number of pertcds
End on H-to-l transition on channel C
End on L-to-H trensttion on channel C
End when STOP kev pressed

Output pulse on starr and end
Output pulse on stert
Output pulse on end
Output ecttve from start to end

Measurement order

The following functions may be executed directly or as parameter functions:

REGISTER DESIGNATIONS lall values unsigned!
Direct register. IR1•.•., Rn!
Rl Prequencv measurement: real measurement (gate-) time in ~IS (after

meesurernentl
Pulse counter: real rneasurement (gate-) time in us (after measure-
mentl
Time measurement: measured time in us
Pulse generator: oreset pulse duranon in us
Timer: remaining time in u.s

R2 Pulse generator: period duration (if oresetl in us
Timer: preset time ln us
Manual/Zero counter: start velue

R3 Frequency rneasurernent: number of pulses counted, Iorescaier ig-
nored). Measured frequency computed from: R3/R1
Pulse counter: number of pulses counted {prescaler ignoredJ
Pulse generator: preset pulse pause duration in us
Manual/zero counter: counter state

R4 Reserved
R5 Pulse generator: number of pulses to be generated

Indirect registers (l1. .ln)
11 Reserved
12 Frequency measurement: resutt (as on lCD readout] without expo-

nent
13 Reserved
14 Reserved
15 Frequencv measurement: preset time in ~IS

Continuous
Single

Buzzer

Beep on
Beep off

Intermediate velue

With interm. result
Without interrn. result

Period anafve!s

Period analysis on
Period analysis off

Pulse potartrv
Pulse polarity pos.
Pulse polarity neg.

Inacttve tevet
Inactive leve! low
tnactlve level high

Main Break
Reset
Aun command
Buzzer

Change from 'continuous' to 'single' and the other
wsv areund.
Continuous se ries of measurements
Single measurement

Toggle buzzer on/off

Switch on buzzer
Switch off buzzer

Swttch between 'interm. result dlsptaved' and 'In-
term. result not displayed' (toggleL
Switch on intermediate resutt display tunenon
Switch off intermediate result display tunerlen

Change between 'Period analysis on and 'Period
enelvsls off' Hoggle)
as is
as is

Change pulse poJarity
Pulse polarity ls positive
Pulse po!arity ls negative

Change pulse inactive Ievel
Pulse tnactlve lever is low (0 V)
Pulse lnactive Ievel Is high (+5 V)

Do BREAK (counter changes to baslc mode/settings)
00 RESET
Execute command
Beep!
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'm eas. 0 Ef:t1 counter t I" ~
I display

~~I CCLR = reset counterb... I to zero

I gate time generator
Start

2. pulses

Input signal

gatellme

pulses
)I ~ounled

lpulsu time

Fig.12. The 'classic' digital frequency meter counts the periods of the input signal for a
predetined time.

pIe. that more than one parameter is
required to complete the settings.

The counter executes the command
from lhe nght to the left. i.e.. the set-
tings before the functions.

You may not use parameters that
are shown withou t a box code (Fig. 8).
or that are marked with an asterisk in
Table 3. Since the counter does not
run a 'plausibility check' on received
command strtngs, the user must make
sure that these consist of meaningful
parameters. This is not difficult ta en-
sure by vtrtue of a useful trick that
may be used öurtng program develop-
ment: simply use manual control to
gtve the Instrument the desired set-
ttngs. and then read out the string
ustng the DC4 command.

Thefrequency
measurement principle
In an earlier tnstalment of this article
it was stated that aseparate instal-
ment was to be devated to the fre-
queney measurement prmciple used
by the instrument. The divtston of the
complete article into instalments hav-
ing taken a slightly different form than
ortgtnally planned. we have dectded to
include this Information in the present
(final) instalment.

The usual way of measuring Ire-
quencies ts to count the number of
pulses that occur within a predefined
gate time. Although this ts not the
most accurate method, it is by Iar the
simplest. The number crunching
power of a microcontroller or mtcro-
processor, however, allows us to devtse
much more advanced measurement
methods. of which practical applica-
tions may be found in Refs. 1 and 2.
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Although the same measurement prin-
ciple is used for the frequency meter
function of the 1.2-GHz multifunction
frequency meter, this instrument
ma.kes even more use of combined
software and hardware possibilities of-
fered by the microcontroller. Also,
there are now two counters instead of
one counter and a programmable di-
vider (of whtch the setting rs deter-
mined beforehand by running a
'sample' measurement). The second
counter replaces the programmable di-
vider (in digital dcstgn. dividers and
counters are often considered identical
components). The ntce thtng about
this new setup is that the sampie mea-
surement is no Ionger requtred. whtch
results in a shorter measurement
time. To understand how this works, It
may be useful to recap the operatfon of
the pulse counting principle used in
'classic' frequency meters.

The classic approach
To refresh your mernory, Ftg. 12 shows
the architecture of the classic, pulse
countlng. frequency meter. A clock cir-
cutt supplies a gate stgnal that serves
to connect the Input signal to the
counter for an accurately determined
time, T. The number of pulses N
counted during the gate time T thus
gtves the input stgnal frequency
(F=N/7l.

The accuracy of the measurement is
detennined by two factors: first, the
aecuracy of the gate time, and, sec-
ondly, the number of pulses counted.
The latter factor is responsible for the
relatively low accuraey at low frequen-
cies. As illustrated by the timing dia-
gram in Frg. 12, there may be an error

of one in the number of pulses
counted. As shown, it a11depends on
how the gate time, T, cotnctdes wtth
the pertods of the input stgnal. The re-
eulttng absolute error. 6.abs' ts ca1cu-
lated from

"'ab, = 1 (pulse) / T (S) (Hzi

Consequently, the measured fre-
quency may have an error of 1 Hz at a
gate time of 1 s, and 10 Hz at a gate
time of 0.1 s. Thts error becomes
sma11er as the frequency increases,
when the rnain cause of errors is in-
creastngly on aecount of gate stgnal
devtaüons. The table below shows the
effect of the counting error at a gate
time of 0.1 s:

j 6.abs 6.rel

10 Hz
10 Hz
10 Hz

0.0010/0
1%
1000/0

1 MHz
1 kHz
10 Hz

Frequencies lower than 10 Hz are not
gtven simply because they can not be
measured at a gate time of 0.1 s.
Inevitably, lower Jrequenctes require
langer measurement times, which
brings us to another disadvantage of
the classtc frequency measurement
prtnctple: measuring low Jrequenctes
accurately takes a lot of time.

Ratio-based
measurements
A measurement prmctple that is emi-
nently sutted to mtcroprocessor trnple-
mentation ts shown in Ftg. 13. The
beste prtnciple is very simple. A eer-
tain time ts reserved to measure the
penods of the input signal and those of
the reference frequeney. Dividing the
two gtves the ratio of the input fre-
quency and the reference frequency.
Multiplying this ratio wtth the refer-
ence frequency then ytelds the fre-
queney of the input stgnal.

Ifwe say ':a certarn time", thia has to
be taken ltterally. sinee the gate time ts
really only an auxiliary stgnal in thts
setup. The Input stgnal frequency ts
calculated exclusively on the basis of
the counter states N :

j=j,.,r(Nr/N2).

Bear in mind, however, that the mea-
surement has to run for at least one
pertod of the Input signal,

The fact that the gate time is an in-
dependent parameter, opens up the
possibility to use the cornpu ter for 'ftne
turung' of the result, or , in other
words, make the rneasurement a Itttle
more accurate. This Is necessary any-
way because both counters make an
error of one pulse if the gate time were
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- Table 3. Function/code overview. I
Main functions Start on signal B 062H
* First Number 020H Start on channel C high-ta-Iow 063H
* Measurement function 020H Start on channel C low-to-hiqh 064H
Frequency 021H Start on START kev 065H
l/Frequency 022H
Rev counter 023H .. End 066H
Pulse counter 024H
* Reserved 025H End on no. of periods 067H
• End on channel C hiqh-to-low 068H
" Reserved 028H End on channel C low-to-hiqh 069H
Time 029H End on STOP key 06AH
Timer 02AH
Pulse generator 02BH "* Output 06BH
Zero counter 02CH
Manual counter 02DH Pulse on start/end 06CH

Pulse on start 06DH
Parameter functions Pulse on end 06EH
* Input 02EH Pulse trom start to end 06FH
ChannelA 02FH Active when NEO 070H
Channel B 030H Active when EGO 071H
Channel C 031H Pulse on EQO 072H
Chan ne I C high 032H Count pulse 073H
Channel C low 033H
Channel C hiqh-to-low 034H Counter setting functions
Charme! C low-ta-high 035H "* Miscellaneous 074H

"* Ratio 036H Measurement order 075H
Period duration 037H Continuous 076H

Pause period 038H Single 077H
Pause duration 039H

Buzzer 078H
* Gate time 03AH Beep on 079H
Gate time 0.1 sec 03BH Beep off 07AH
Gate time 1 sec 03CH
Gate time 10 sec 03DH Intermediate value 07BH
Gate time 1 min 03EH With interm. result 07CH
Gate time user def. 03FH Without lnterrn. result 07DH
Gate time measured 040H
Gate time ri5in9 046H Period analysis 07EH
Preset period duration 047H Period analysis on 07FH
Preset pulse/pause 048H Period analysis off 080H
User def. period 049H
User def. duration 04AH Pulse polarity 081H
User def. pause 04BH Pulse polarity pos. 083H
User det. pulse 04CH Pulse polarity neq. 084H

"* Number of perlods 04DH Inactive level 085H
Inactlve levellow 086H

"* Reserved 04EH lnactive level high 087H

•
.0; Reserved 052H "* Reserved 088H

.. Start value 053H Remaining functions
.. Input 089H

Start value nought 054H
Start value user def. 055H "* Reserved 08AH
.. Gate 056H . "

.. Reserved 092H
Gate preset 057H Main Break 093H
Gate Channet C high 058H Reset 094H
Gate Channel C low 059H
Gate Channel C hiqh-to-low 05AH * System 095H
Gate Channel C lew-te-high 05BH
Gate key pressed 05CH * Reserved 096H

Gate START -STOP 05DH 1> Reserved 097H
Run command 098H

"* Start of measurement 05EH Buzzer 099H
.. Reserved 09AH

Start immediately 05FH
Start on signal 060H .. = not significant for pe control
Start on signal A 061H
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indeed arbitrary. This potential prob-
lem is solved by having the computer
adjust the gate time such that
counter 1 processes a whole nuruber of
pertods. This rules out errors in the
number of pulses counted by
counter I. The timing diagram in
Ftg. 13 shows what happens. After the
gate time T has elapsed. the system
keeps counting for a time L1i".so as to
include the Input signal period thal
has just started. Unfortunalely. the
above 'trick' can not be appUed to
counter 2. That is no tbtng to worry
about. however. provtded the counter
is fed with a great rnany pulses. If this
ts so, the error introduced by the stn-
gle misstng pulse ts considerably re-
duced, as already explained in the
seetion on the classtc frequency meter.
The number of pulses to be counted by
counter 2 depends on the reference
frequency (J;ef)and the gate Urne. The
reference frequency being fixed
(500 kHz in the case of the mulUfunc-
tjon frequency meter). tt will be obvi-
ous that we must mamtam a
reasonably long gate time (the shortest
gate time that can be set on the instru -
ment. 100 us, is just about accept-
able). /

AJthough an error of one pulse is in-
herent in the operation of counter 2,
there ts still a means of increasing the
accuracy of the measurement. To
begtri wtth, we have the computer pro-
vtde a fixed legte level (for instance, 0)
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at tbe input of the counter wben the
gate time starts. This ts achieved with
a software-controlled inverter. In this
way, we are certain that the first (al-
ready running) perrod of the reference
signal is included in the count as lang
as possible. Also, we can have the
computer check the logrc level ofher at
the end of the gate time. In fact, this
produces an errar that is smaller than
one pulse. All in all, we can safely as-
surne an error of one pulse for the
error calculation. The relative error
made by counter 2 is ] / N2. Ta ensure
the smallest possible relative error, N2
rnust be as large as possible. Thrs can
be achieved by making.J;ef and/or lhe
gate time as large as possible,

Returning to the measured fre-
quency calculation. f = fcer!N! / N2). you

I.
display

F meas. U-,r--------+"o-1l---l counter 1 I-t--,

Inverter

F <Cl @--t--rl
~--'

..,...+;f;:;:::t--j-J counler 2 I-t---'

synchronlzatlon

2 RCLK
CCl.R

III 920095· U· 12

Start Laich Stop

In!lu!signal

"all~ble gate time

lpe.locb

-F=~-=,--==-==.comple!e pe.lodscounted

'mo

Fig. 13. Sy virtue of the dual-counter approach, a computer-based frequency meter achieves
greater accuracy than a 'classic' design (compare Fig. 12).
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may spot another source of errors: tbe
reference frequency. The relative error
In this frequency ts deternuned by the
quartz crystal used to generate tbe ref-
erence clock. The total measurement
error thus becomes:

~'rel :: 6J ref + ] / N2.

To calculate the error. it is easier to
write.J;ef (T + M) instead of N2, because
her is known, T 1S set on the instru-
ment, and Lll ts negligrble at relatively
high frequencies. and easily calculated
at low frequencies on the basis of the
measurement result. In addition, the
more extensive notation indicates
clearly that the relative accuracy of the
measurement depends exclusively on
(1) the reference frequency. (2) its sta-
bility, and (3) the time reserved for the
measurement. instead of on the mea-
sured frequency.

So, what does it alt do in the case of
the instrument described? Assuming a
measurement time of 0.1 sand a refer-
enee frequency aecuracy of, for in-
stance, 100 ppm (0.01%), the relative
error is as small as

dee!= 0.01% + 100%/(500 kHz x 0.1 s)
= 0.012%

or 120 ppm. Obvtously. the relative
error Is even smaller if the stability of
the reference frequency is better, and
the measurement time langer.

The functions indicaled in Ftg. 13
are not easily found back in the circuit
diagram of the instrument (Fig. 2 in
part 1). In fact, only lhe gate stgnal (on
connector K5) and a ptece of counter 1
are obvious. the rest is tmplemented
by the hardware contained in the ml-
croeontroller. •
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