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ABSTRACT

This thesis presents three novel circuits for
frequency, period and phase measurements, respectively,
using sampling techniques.

The frequency. measuring circuit has
theoritically zero output ripple and very fast response
as well as simple structure. The circuit for phase
measurement between two input signals at a same
frequency evaluates phase difference through the sampled
extractions from the sum of two output voltages from two
integrators at the appropriate time interval. The
circuit has low - ripple DC output with 1lead - lag
indication and fast response. The period measuring
circuit employs a very small number of active components.
It has very fast response for the system response can
get into steady state within only one iteration step.
All of these circuits can easily be modified to switched
capacitor versions. Therefore the presented c;rcuits
are superior to those of an earlier system in éo many
aspects.

The realization of the circuits are obtained
by experiments. They are obviously corresponding to

the theory.
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E National
Semiconductor
Corporation

LM2907/LM2917 Frequency to Voltage Converter

General Description

The LM2807, LM2917 series are monoiithic frequency to
voltage converters with a high gain op amp/comparator de-
signed 10 operate a relay, lamp, or other load when the input
frequency reaches or exceeds a selected rate. The tachom-
eter uses a charge pump technique and offers frequency
doubling for low ripple, full input protection in two versions
(LM2807-8, LM2917-8) and its output swings to ground for a
zero frequency input

Advantages

8 Output swings to ground for zero frequency input

8 Easy to use; Vout = fin X Voo X R1 x C1

8 Only ona RC network provides frequency doubling

8 Zener regulator on chip allows accurate and stable fre-
quency to vollage or current conversion (LM2917)

Features

8 Ground referenced tachometer input interfaces directly
with variable reluctance magnetic pickups

8 Op amp/comparator has fioating transistor output

B 50 mA sink or source 10 operate releys, solenoids, me-
ters, or LEDs

& Frequency doubling for low ripple

m Tachomseter has built-in hysteresis with either differgn.
tial input or ground referenced input

u Built-in zener on LM2917

B 10.3% linearity typical

m Ground referenced tachometer is fully protected from
damage due 10 swings above Veg and below ground

Applications

® Over/under speed sensing
8 Frequency to voitage conversion (tachomaeter)
B Speedometers

B Breaker point dwall meters
8 Hand-held tachometer

® Speed govermnors

& Cruise control

8 Automotive door lock control
n Cluich control <<~

8 Hom control

B Touch or sound switchas

Block and Connection Diagrams Dual-in-Line and Small Outline Packages, Top Views

v

[] 1 - [} i) [] {]
thangg %
o
o N =T
7 |
1 I: 3 ] ) ll 'a 0
TUH/TSaZ=1 TI/H/T542-2
Order Number LM2907N-8 Order Number LM2917N-8
See NS Package Number NOSE See RS Packsge Number NOSE
v 3 L 3 . .
" J Il lu Lx In 1" 19 L 'l
L
t] L] H
Il
TL/H/TM2-3
Order Number LM2507N Order Number LM25 17M or LM2917N -
See NS Package Number N14A See NS Package Number M14A or N14A

v

5-198
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—3t Miilary/Aerospace specified devices are required,
“ contact the Nationa! Semiconductor Sales Office/
“_Dmrlbulon for avaliabllity and specifications.

Voltage 28V
Current (Zener Options) 25mA
o Voltage 28V
| Differential Input Voltage
'5 Tachometer 28V
F;Op Amp/Comparator 28V
; Input Voliage Range
; | Tachometer LM2807-8, LM2817-8 $ 28V
4 },. . LM2807, LM2817 0.0Vio + 28V
i L. Op Amp/Comparator 0.0V 10 +28V
I

Electrical Characteristics vee = 12 Vpc. Ta = 25°C, ses test circut

Power Dissipation

LM2907-8, LM2817-8 1200 mW
LM2007-14, LN2917-14 1580 mW
(See Note 1)
Operating Temperature Range —40°Cto +85°C
Storage Temperature Range ‘~—65°C10 +150°C
Soldering Information .
Dusal-in-Line Package
Soldering (10 seconds) 260°C
Small Outline Packege
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C

- Soe AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
{ace mount devices.

" gymbol | Parameter | Conditions | win | typ | wax | units
TACHOMETER , ~
- - Input Thresholds ViN = 250mVp-p € 1kHz(Note2) | +10 | 225 + 40 mv
1 Hysteresis ViN = 250 mVp-p € 1 kHz (Note 2) 30 mvV
e Otfset Voliage ViN = 250 mVp-p € 1 kHz (Note 2)
< LM2907/LM2817 35 10 mv
e LM2907-8/LM2817-8 5 15 mv
yr Input Bias Current Vin = 150 mVpe 0.4 1 A
"Vou' | Pin2 Vin = + 125 mVpg (Note 3) 83 v
VoL Pin2 Vin = =125 mVpe (Note 3) 23 v
., Output Current V2 = V3 = 6.0V (Nots 4) 140 | 180 240 pA
fag Leskape Current 2=0V3=0 0.1 pA
? Gain Constant (Note 3) 0.8 1.0 1.1
£ Linearity fpy = 1 kHz, 5 kHz, 10kHz (Note 5) | —-1.0 | 03 +1.0 %
OF/AMP COMPARATOR 8
{ ¥os Vin = 6.0V 3 10 mv
* s Vin = 6.0V 50 500 nA
e input Common-Mode Voltage 0 Veo-1.5V v
; Voliage Gain 200 V/mV
e Output Sink Current Ve =10 4 | so mA
o Output Source Current Vg = Vo ~2.0 10 mA
e Saturation Voltage 15Nk = 5mA 0.1 05 v
Isink = 20 mA 1.0 \'
Ising = 50 mA 1.0 1.5 v

5-187
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Electrical Characteristics vee = 12Vpe, Ta = 25°C. see test circuit {Continued)

Symbol l Parameter l Conditions Min ] Typ ] Max L
ZENER REGULATOR
Regulator Voltage Rorop = 4700 7.56 v
|
Series Resistance 10.5 15 1] i
————
Temperature Stability +1 mvrec |
TOTAL SUPPLY CURRENT . as ] mA '

NouI:thopurnomnMx!mnwumzs‘c.mmwumwdwonn150’meﬂwcmnlmmW|wW
of 101°C/W juncoon 1o ambrent for LM2907-8 ang LM2917-6, and 78°C/W junction 1o ambient for LM2907-14 and LM2§17-14. T
Note Z Hysteres 13 the sum +Vm—(-vn.o,oﬂu(volmq¢ht?~dvﬂm.5ulmm ‘
Notol:\’o.‘n-q.nnoi/.xvc;-1V3;.V0Lb-qano'/.xvx—IVggm-rv!onvou-VOL-VWZTMMW.VM-VQ_,MNWQ*“ |
12713, ar8 the two 1actors That Causs the tachometer gain constant to vary from 1.0, i
Mtcd:&wnmm&mmmmmmxCtmlmhwmtmwmﬁ@twwwnanunbuwmhxR1.Th.
masmur vakos for A1 is imited by the output resstance of pin 3 which is graater than 10 MA typically.
uons:wua«ﬁn-dummmde(cpna)tutm- § kHz from & svagM line Gefined by the Yo @ 1 kHz and Vout @ 10 kHe.
C1 = 1000 pF, A1 = 88k and C2 = 0.22 mFd. v F

General Description (Continued)

The op amp/comparator is fully compatible with the ta-
chometer and has a floating transistor as its output This
teature allows either a ground or supply referred load of up
to 50 mA. The collector may be taken above Voc up to a
maximum Vcg of 28V.

The two basic configurations offered include an B-pin device
with a ground referenced tachometsr input and an internal
connection between the tachometer output and the op amp
non-nverting input. This version is well suited for singie
speed or frequency switching or fully buffered frequency to
voltage conversion applications.

Test Clrcuit and Waveform

TACHOMETER

'
nryt i Ionas 'u--l
LA ™8
i
TACHOMET R ' or awe
SECTION ' stCTion
1
N ]
I
CHARGE H
PUMP '
1
|
]
]
)
|
T
SN
é .
TACHOMETER l....‘ '!»-tll
L1 L m:: a

TUNR/Te42-8

The more versatile configurations provide differential ta-
chometer input and uncommitied op amp inputs. With this ~
version the tachometer input may be floated and the op
amp becomes suitable for active-filter conditioning of the
tachometer output.

Both of these configurations are available with an active
shunt requlator connected across the power leads. The reg- =
ulator clamps the supply such that stable frequency to volt- _
age and frequency 10 current operations are possible with
any supply voltage and a suitable resistor. 8§

t_' l

Tachometer Input Threshokd Measurement -~ S

n —
nicaTIVE / roTIVE
eyr
THALSHOLD THRISHOLE
Vi TACHOWMETER .
T/HTHZ-T
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Typical Performance Characteristics
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of 100m was used which needs 10 W peak power. The power
required is obviously reduced for longer loop lengths but for

3
§
L
i
+
i
3

Fig. 3 Sampled output of gain swiiched DF B laser

this application complete switching of the signal is not neces-
sarily required because partial switching still gives a faithful
sampling of the signal. This results in a lower output power
but, as already stated, a high gain low bandwidth amplifier
can be used to recover the signal. This means that with the
advent of higher power semiconductor lasers these devices
may be used to replace the Nd : YAG laser as a sampling
source. .

In conclusion we have demonstrated an all optical sampling
device capable of displaying signals having nanosecond
periods on millisecond time scales. The final resolution of such
a device depends upon the width of the optical sampling pulse
which could be in the femtosecond regime. The resolution is
also affected by any difference in group delay between the
sampling and sampled signals. This effect may be virtually
eliminated by ensuring that the two wavelengths are spaced
equally either side of the zero dispersion wavelength. This
means that when using conventional fibre the wavelength
range over which the measurement can be made is limited by
the fibre dispersion. For example, standard fibre would limit
the range to 20nm for a resolution of 7ps, regardless of the
width of the sampling pulse. However, if we employ dispersion
flattened fibre* the wavelength range can be extended to
around 200nm while maintaining a resolution, due to disper-
sion, of 100[s.
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SIMPLE FREQUENCY/VOLTAGE
CONVERTOR WITH LOW OUTPUT RIPPLE

v Indexing terms: Circuit theory and dcsignl Convertors, Feed-
back

A frequency/voltage convertor with theoretically zero output
ripple is presented. It has a simpler structure and four times
faster response than an earlier system. Moreover, it may
casily be modified to a switched-capacitor version, if so
desired.

A frequency/voltage convertor with low output ripple has
recently been introduced by Reynolds.! The circuit works on
sampled closed-loop feedback principles and produces nomin-
ally zero ripple on the output, any residual ripple being due to
component imperfections. .

However, the circuit proposed by Reynolds has a compli-
cated configuration and slow response because of the com-
bination of four-way switches and a 2 bit binary counter. It
takes four input signal periods for each iteration step.

In this Letter, a simpler frequency/voltage convertor circuit
with low output ripple is reported. It uses a zero crossing
detector to generate two-phase pulse trains from the input
signal to activate the appropriate CMOS switches, instead of
the 2 bit binary counter. Therefore, the response time is
improved, and becomes four times faster. The new circuit
adopts a Miller integrator in place of VCCS in Reynolds’s
circuit, so it is not necessary to set the current switches to
commutate the capacitors or to sink the output current of the
VCCS. Consequently, the new configuration can easily be
modified to a switched-capacitor version, if so desired.

The circuit diagram of the new system is shownin Fig. 1. It
comprises three major parts: a Miller integrator, a charge

Fig. 1 Circuit diagram

integrator and zero crossing voltage comparators. The zero
crossing voltage comparators A, and 4, produce square wave
outputs @, and @, as a nonoverlapped two-phase clock at the
rate of the input frequency. The voltage integrator A, inte-
grates the output ¥, of 4, and clock @, activates the switches.
Then, at the end of the time that @, is active, the charge 0, on
C,issettobe

C,V,T

2RC, )

Q041 =

where i is the iteration number «nd T is * «¢ period of the
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C =92~

input signal. Meanwhile, the reference voltage, — V., sets the
charge 0, on Cyto be -
Os.i01=—C, VnI 2

After this, @, is active, the charges on C, and C, are forced
by the opamp A, to transfer to C,. Therefore the charge
integrator output voltage is updated to be

'} .
Vier =¥ — z(.::n_‘_QsC:u )

Substitution of egns. 1 and 2 end f= 1/T into eqn. 3 yiclds

G G
Hor= (1 ey i+ & Vo @
—where f is the input signal frequency.

It should be noted that each iteration step completes in
only ene input signal cycle instead of in four cycles as it does
in Reynolds's circuit.

The solution to the recurrent formula, egn. 4, is as follows:

YRC\CoVoy YRC, GV,
2

4
2

G, Y -
x (l T V..;) ©)

where V,, is an initial output voltage.

The first term on the right band side of eqn. § is the steady-
state response, whereas the last term determines the transient
response of the system.

Thus the steady-state response of the system meets the con-
vertor requirement that it should be proportional to input
frequency and should theoretically have: mo ripple. The
voltage-to-frequency sensitivity (gain) of fthe system is
2RC,C, V,,,/C,V/Hz which may easily be”adjusted by the
capacitance ratio instead of the absolute capacitance value as
was done in Reynoldss circuit.

Eqn. 5 shows that there is no transient response at the
nominal centre frequency:

G
fo=3rcc, ©

It means that if there is a step change in input frequency to be
Jo, the output voltage of the system can be in a steady state in
only one iteration step.

o -

T

oy
[
hY

A Y

»

N MNP TSP BRI S
0 10 20 30 40
frequency, kHz

Fig. 2 Comparison of theoretical and experimental values of frequency-
to-voltage transfer characteristic

- - -~ theoretical

Q90O experimental values when V,,, = 1-0V

AAA experimental values when ¥, = 0-8V

++ + experimental values whea V,,, = 0-6 V

000 experimental values when ¥, = 04V

x x % experimental values when ¥,,, = 02V
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It should also be noted from eqn. § that the system will be
unstable if the input frequency is lower than C,/2RC,C, or
Sol2.
The system was built with C; = 10*pF, Cy = 2 x 10*pF,
Cye=01uF, R=165kQ2 and Voc= +55V. Wg used IC
1.M318 as comparators 4, and 4, and IC LF35] as opamps
Ay and A,. The measured responses are shown ‘in Fig. 2
together with the theoretical characteristics. It is obvious that
the experimental results agree well with predictions. -

It is important to report that if the on resistance of the
CMOS switches is not negligible, the ripple on the output
voltage is minimum when C;, and C, arc discharged with the
same time constant, that is, C, is equal about 2C,. The mea-
sured ripple voltage, when C, = Cy = 10*pF, Cy= 2€, =2

x 10*pF and C, = 4C, = 4 x 10*pF, and sensitj%ity (gain)
was adjusted to be 13 x 104 V/Hz, are shown in Fig. 3.

In summary, the frequency/voltage convertor with low
output ripple reported here has not only simpler configuration
but also four times faster response than that of Reynolds's
system.! The output sensitivity (gain) of the new system may
easily be adjusted by capacitance ratio together with reference
voltage, —V,,,. Because of a simpler circuit construction, it
may easily be modified to a switched-capacitor version as

50
40 . .
g : - hd
e L]
1 S .
[ g . ‘o
2‘ : & Y .
.
.8.20.— - [ s
- L . a
10:-_: 1
F‘ " s s = s " L
a5
c LA i i |4 a9 TT A PYNEEN Y i 2
.0 10 20 30 £ 40
frequency, kHz @

Fig. 3 Output ripple when the sensitivity (gain) of system wg:; adjusted
tobe 1-3 x 10~* V/Hz by adjusting —V,,, ™~ U
D00 €y =€, = 10*pF .
x x x Cy=2C,=2x 10°pF
BAA Cy=4C, =4 x 10°pF 3

generator

-
Fig. 4 SWitched-capacitor version of circuit shown in Fig. 1

shown in Fig 4, whereas clock ® =&, and the clock fre-
quency is much higher than the input frequency. :

W. KIRANON 26th November 1990
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