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EN 60444-1:1997/A1:1999

Foreword

The text of document 49/442/FDIS, future amendment 1 to IEC 60444-1, prepared by
I[EC TC 49, Piezoelectric and dielectric devices for frequency control and selection, was
submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as amendment A1
to EN 60444-1:1997 on 1999-10-01.

The following dates were fixed:

— latest date by which the amendment has to be implemented
at national level by publication of an identical
national standard or by endorsement {dop) 2000-07-01

- latest date by which the national standards conflicting
with the amendment have to be withdrawn (dow) 2002-10-01

Endorsement notice

The text of amendment 1:1999 to the International Standard |[EC 60444-1:1986 was
approved by CENELEC as an amendment to the European Standard without any modification.
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FOREWORD

This amendment has been prepared by IEC technical committee 49: Piezoelectric and
dielectric devices for frequency control and selection.

The text of this amendment is based on the following documents:

FDIS Report on voting

49/442/FDIS 49/445/RVD

Full information on the voting for the approval of this amendment can be found in the report on
voting indicated above.
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Add, after appendix A, thé new annex B as follows:

Annex B
(normative)

Updating of some formulae of appendix A

B.1 Purposes

In this annex some formulae of the appendix A are updated, taking into account the modified
calibration procedure of the Tenetwork with a reference resistor R, = 25 Q instead of a short.

The formula relating R, to the measured voltages is derived for arbitrary values of the
reference resistor R,,. The error of R, is taken into account in the error analysis for R,.

The formula for current and drive level of the crystal in the T-network is given. The phase slope
of the crystal inserted in the T-network is derived and the formula for Qg is corrected.
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B.2 The tenetwork terminated by Z =50 Q (with power splitter according to

figure 5a)
Power splitter
(see figure 5a) Ze
z Z Ry |_| R7
a 1 1 1 | | 1
L L L ”_“ L 'S
-
v Vo' [‘] z | Var VA Ve

IEC 1019/99

Figure B.1 — Terminated T-network
B.3 Voltage transfer factor of the terminated T-network

In the following an elementary derivation of the voltage transfer factor is presented to provide a
more comprehensive formula.

1
Let Rg = Rg | | Z:ERLJréE
6

v Re
Then —B- = — % - k_ =03649 (B.1)
VB Re +R7

-1

) r r 1 1 H
Define Rs =Rs | | ERg +R7E= 5—+————5 =R =125Q

%Q ﬁ HRs  Re *+R; 0

where Ry, is the termination resistance at the output of the m-network as seen by the crystal.

[ ]

R
Then Vi = (B.2)
VA R5 + ZC

-1

. / ' 1 1 H
Define Ry :R3|| s +Z. 0= p— t————
ﬁ‘? CE ER3 Rs +ZCE

Then VA,, = (B.3)
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1 H_l

- , of
Define R, :R2||ﬁf\>3 +R4ﬁ: B+ — =L
72 Rz +R4[

Then, for a power splitter according to figure 5a and disregarding the cables:

Va __Ra (B.4)

Vo Ry +Z

and Va _2z_ 2 (B.5)
Vo  Z

The voltage transfer factor Vg / V, is obtained by multiplying formulae (B.1) x (B.2) x (B.3) x
(B.4) x (B.5):

o B Va Va Va

Va g A Vo Vo Va
After some substitutions_and rearrangements it can be shown that

B _ R2R112 ZRyaRe o 1 (B.6)
Va  (2(Ra + R4)+ RaR4)x (Z(R + R7)+ RsR7)  Zc + Ryy + R

where
i i
0 L L 0
RlegR—+ —1% =1250
o3 Ry + 1 +1E O
0 0
0 2 Z0 0
and
1
RTZ = i 1 = 12,5 Q

1

+
o [ o o o e o

O
O
s ]
0 R7 + Bi + iB
0 HRe  ZH
V!V, is symmetric with respect to the input and the output of the t-network and splits into a

factor which depends only on Z and the resistance values of the m-network and a factor which
depends on the crystal impedance Z; loaded by the termination impedances of the t-network.
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_ 1
= K(Ry....R7, Z)

VA ZC + RT

where RT = RTl + RT2 =25 Q.

Thus far, no approximations have been made. Equation (B.6) holds even if the resistors are
assumed to have complex impedance.

The value of Vg/V, forZ,=0Q is
K/IRy = 0,0333
corresponding to an attenuation of 29,6 dB.
B.4 Calibration with reference resistor R,=25Q
As K does not depend on Z., application of formula (B.6) yields:

for a reference resistor R, inserted.in the Tenetwork

Ven __ K (B.7)
Van  Rnt+Ry
for a crystal with impedance:Zginserted in/the mnetwork
Ve . K (B.8)
Vac Zc*+Ry
By dividing (B.7) by (B.8) and solving the equation for Z, one obtains
Vi %
Ze :ﬂxi(’:"n"'RT)_RT (B.9)

VAn VBc

At the resonance frequency f, the crystal impedance Z. is equal to the resonance resistance
R,, which gives

O
R, = B\/ﬁxvﬁﬁR—”ﬂH— 10RT (B.10)
Ban  Vie HRr g

For R, = Rt = 25 Q the above equation results in the formula used in 6.2.2.7.
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