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Frequency counter evolution

r New millennium

1980’s
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Evolution - 1970’s

HP 5328A

e Conventional Counters
e Frequency resolution 2-8 digits/s
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Conventional counting

O—Input stage s | AND Counter and register
gate

1s
J LI 1 ‘ -
10 MHz Main gate J\/L
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Conventional counting

Exactly 1s
Gate time [
Input signal  JFLMUUL UL
Counted CyCIeS_!Li'LilI'L!'Lﬂ.,_

NOT an integer number of cycles!
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Conventional counting-

Relative resolution
(numlper of digits)
9 Meas. time=10s
8T Meas. time=1s
7T Meas. time=0,1s
6 ——
5 ——
4 ——
3 -
2 ——
1 i | | | | | | |
| | | | | | | | > Frequency
10 100 1k 10k 100k 1M 10M100M (Hz)
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Evolution - 1980’s

PM 6645C

e Reciprocal counters
e Improved frequency resolution 7-9 digits/s
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Reciprocal counter -
or period meter

AND- Counter 1
Input stage gate input cycles D
—
5| Time base anaannan AND- Counter 1 D pro-
=T oscillator N gate clock pulses cessor
Synchronization and J
control logic

g
8888658

|!|'III'"1I|""JII'H,"I"'I“"'“lll"" A LA AL pendulum
I ”' | L T - .



Reciprocal counting

1 |

| Approx 1 s
Synchronized I ‘
Gate signal
Clock pulses .f'Lf'\JJ'LI'IJ'U'LI'IJ'U'LI'\J'LFU‘U‘LI‘IJ.I‘I_
t + |
Time counts —_— o

n clock pulses

An integer number of input cycles!
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Reciprocal counting -
resolution

Relative resolution
(numPer of digits)

. 10 MHz clock frequenc
g ( g Y) Meas. time = 10 s
7 Meas.time=1s

6 Meas. time = 0,1 ¢

w
|
1T 1T 11

| | | | | | | | > Frequency

| !
10 100 1k 10k 100k 1M 10M 100M (Hz)
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Evolution - 1990°s

- Interpolating reciprocal counters
- 9 -11 digits/s frequency resolution
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Interpolating counting

~

Ay

=3 Input stage

o
<
I
N

Time base
oscillator

0]

Interpolators —\|
3 AND- Counter 1 o
| gate input cycles —/|
Micro-
s/ AND- || Counter 2 ::> pro-
gate clock pulses cessor
.| Synchronization and
| control logic
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Interpolator circuit

Charge pulse I Constant current generator
Input signal ‘
trigger I Q I1 A\ Analog voltage
A »
. | ] Discharge control
Clock -.I'LI'I .\‘ '—I L
pulses b :2 —1
1400
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Start

Interpolator timing diagram

trigger

Stop
trigger

Clock

pulses

Interpo-
lator

Analog
voltage
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Evolution - 2000’s

* | Frequency A: Meas

4 1.000 026 964 215 B mi-

CNT-90  TIMER H COUNTER/ ANALYZER 100ps / 300MHz

- Continuously timestamping counters
- 10-12 digits/s frequency resolution
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Continuous Timestamping

Interpolators :'\;/
N
AP AN Fast
JLILILL Memory
_Jlnput stage | > Qounter1 :>
4| inputcycles
10 MHz
r:"l Time base AN Counter 2 :>
T oscillator clock pulses
J Micro-
Time stamping pro-
control logic cessor
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Continuous Timestamping

Start-stop Counting

dead- dead-
measuremen t time time measuremen t time time measuremen t time
L L~ ~]- L

| — T e S I~

T T T
Gl RS

start stop start stop start
trigger trigger trigger trigger trigger
(0’ 0) (Eia TI) (0’ 0) (Ei+1! Ti+1) (0’ 0)

Continuous Time-stamping Zero dead-time
rgger ANIARAAARAAARAARARRARRARRAAARASARARARLAARARS
TV W VT Ty

1
Timestamp Timestamp Timestamp Timestamp Timestamp
(E, T) (Eiyps Tipt) (Eiyo Ti2) (Eiyz Tiia) (Eiro Tira)
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Start-stop counters

Freq = (Number of Events) / (Meas. Time) = N/MT

0 100000 200000 300000 400000 500000 600000 700000 800000 900000 1000000
Events (N)
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Uncertainty start-stop counting

Start time (#,= 0) uncertainty: t_.
Stop time (¢, = MT) uncertainty: t_.
Event count uncertainty (N): zero
Relative frequency uncertainty =

Relative period uncertainty =

: 2 . 2
\/ (Start time uncert.)” + (Stop time uncert.) _ Ireg ﬁ
Meas time MT
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Time stamping counters

Regression line fitting
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Uncertainty timestamping counters

Period = Regression line (f = a + bE) slope b
ZE =Y E D> 4
ny E;- (> E )

Each time stamp (¢,) uncertainty: ¢

res

Each event count (£,) uncertainty: zero

2
. . t
Period uncertainty = s°(b) =— s )
s (E)-(n—-2)
s(t) =t,,,, but what is s(E)?7?
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Uncertainty timestamping counters

What is s(E)???

For n>>1 approximate a rectangular distribution for {E}:

(E distribution between E, and E,+ N, E, =E;+ )
sS(Ey=0=—=
2\/5
Relative period uncertainty:
stb) _s(M) () e _2:413:1,,

b T  T-s(E)yln M. Mn MT-n
(Period T'= MT/N)
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Statistical improvement of
Resolution

e Traditional start-stop (measuring time = MT)

e Resolution is V2. I RES
MT

e Linear regression (n>>1)

e Resolutionis 237z

MT -In

— trgg 18 rms-uncertainty of each time stamp value

J6 245
* Improvement: 777
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Use regression line method for
stable frequencies only!
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Timestamping advantages in CNT-90

| 1.000 026 964 215 6 wir

CNT-90  TIMER/ COUNTER / ANALYZER 100ps / 300MHz pendulun B
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- Increased frequency resolution (regression analysis)
- True back-to-back frequency (correct Allan deviation)
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Allan Deviation

N frequency samples f, (f;...fy) over T seconds each, starting at
time t,_,. Zero dead-time means: f,,, =, +T ort, =k-T+1,

Allan dev 0, (7)= \/%<(y(tk +7)— y(t, ))2>

Je = f
Vg = < )
fref
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Allan Deviation (T=1s) back-to-
back with timestamping counters

—
o
|

In CNT-90 the sample time T is set via internal pacing /

/
b, =te+T /
N
/ te,s N
/ — ket Mt
/
/
/

0 1000000 2000000 3000000 4000000 5000000 6000000 7000000 8000000 9000000 10000000

time (s)
o — N w BN ()] » ~ (o] ©

events
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Allan Deviation calculation with
timestamping counters

Allan deviation can be calculated from pair of frequency values
or triplets of time stamp values

Fractional time error:  x(¢,) =t, (actual)—t,(ref)

1 k=n—1
0}(0) = 5y 2D =y
1 k=n—-2
x(t, +27)=2x(t, +7) + x(¢
=27 2V + 20 = 2x(0 + D)+ x(0))
Ii'|||'|li'-||||'| A Al ll!lllﬁ",l'IIIiIJ!IIi,'I'I.'.'.I.'F!ulu!l'|'l',|'J’l"l'|"lll',lll' -I!I,'I'; ;'I', i ' . pen dulum

1] TR N TS -
111 L]
| I * s 5 0o @



CNT-90 Timer/Counter/Analyzer
Continuously timestamping counter

| Frequency A:

o 1.000 026 964 215 6 «

Meas
Hz

- Increased frequency resolution (regression analysis)
- True back-to-back frequency (correct Allan deviation)
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