











couple. Below 1 GHz, precision fixed at-
tenuators have VSWRs in the order of
1.05,

3. Use slide screw tuners® to calculate the
mismatch correction factor, both magni-
tude and phase.

Let’s look at each of the first two methods more
closely.

1. Known detector VSWR: The table below
shows the new measurement error limits
when the 8640A/B is calibrated with a
power measurement system whose maxi-
mum VSWR is 1.05.

Worst Gase
Output | 8640A/B 8481A Measurement
Level VSWR VSWR Error
+19 dBm
to <2 <1.05 < =£0.07 dB
—7 dBm
—7 dBm
to <13 <1.05 <+0.03 dB
—145 dBm

2. Inserting a 6 dB or 10 dB attenuator be-
tween the 8640A/B and power detector
as shown in Figure 8.

A 10 dB attenuator with an accuracy of *0.05
dB and a VSWR of 1.05 is inserted as shown
above. In this case, multiple mismatch results
and total worst case error is <0.10 dB (£0.072
dB *+0.028 dB). Adding the accuracy of the attenu-
ator, we have a worst case measurement error of
<=0.15 dB. This compares to <=*0.4 dB with the
attenuator out, i.e., an improvement of *=0.25 dB.

Mismatch error is present in every measure-
ment, we cannot completely eliminate it. The best
we can do is to actually measure the reflection
coefficient of the 8640A/B and the load, both
magnitude and phase, and use slide screw tuners
to. calculate a correction factor, taking into ac-
count the tuner loss. This is not a one-time
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measurement, however, it must be repeated for
every load.

E. =1 dB Step Attenuator Error: The 8640A/B
output level control is designed so that in the top
two positions (2 V and 1 V ranges), the step at-
tenuation elements are not in the RF output path.
For these two positions, VSWR is <2. Starting
with the third position, the step attenuator is in
and VSWR improves to <1.3. Because of this
feature, the step attenuator error does not affect
output levels above —7 dBm. The attenuator itself
consists of five step attenuators (10 dB, 2 each
20 dB, 30 dB and 60 dB elements) which are se-
lected and summed in the correct sequence to
yield a 10 dB to 140 dB of attenuation. Each of
these elements is manufactured to an accuracy of
+0.3 dB or better. Thus, total cumulative error
may be as much as *=1.5 dB.

We reduce the cumulative error to <=1 dB,
however, by compensating the level meter at two
output levels; once where the 60 dB element is
first switched in and again where the 60 dB and
30 dB elements are switched in together for the
first time. With the vernier at its uppermost posi-
tion, the 680 dB element is switched in for the
first time when the output level is a —67 dBm?®.
At this level a variable resistor is adjusted to
reset the level meter and cancel the cumulative
errors of the previous seven attenuation steps.
Likewise, at —97 dBm?® where the 60 dB and 30
dB elements are switched-in together for the first
time (they remain switched-in for all levels be-
low), another variable resistor is adjusted to reset
the meter and cancel the previous cumulative at-
tenuation errors. These adjustments are made at
50 MHz, but they can be made by the user at any
frequency of his choice.

F. £0.5 dB Output Level Vernier Error (only
for lower 8 dB Vernier Range): The vernier has
approximately 18 dB of range. In the top 10 dB
(the thick white area indicated in the output
level control), the vernier error contribution is
negligible and is already included in item C above.
In the lower 8 dB range, however, the vernier
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Figure 8. Reducing mismatch with a fixed, highly accurate 10 dB attenuator.

#See HP Application Note 64, pp 3-11 to 3-13.

3This level is measured with an accurate IF substitu-
tion technique.




may add up to #=0.5 dB to the overall accuracy.
This additional 0.5 dB is due to slight deteriora-
tion in the detector linearity, a larger temperature
coefficient and increased metering error. Thus,
it is always recommended that the vernier only be
used in the top 10 dB of its range and the step
attenuator be used for greater attenuation. The

top 10 dB range can be used to set all levels
down to —137 dBm. From —137 dBm to —145
dBm, the lower 8 dB of the vernier must be used.
Thus far, we have discussed the worst case
specifications. Let's see how we can get the best
level accuracy.

3. BEST LEVEL ACCURACY

We can obtain the best level accuracy by cali-
brating the RF output with a power meter at a
fixed frequency, fixed vernier setting and a rela-
tively constant ambient temperature. This ap-
proach eliminates four sources of error:

1. Flatness

2. Variations with temperature
3. Detector and meter linearity
4. Vernier error

However, the accuracy obtained depends on
the VSWR of the thermistor/thermocouple and
the absolute output level. This discussion as-
sumes that we use a 1.05 VSWR* thermocouple.

In the top two positions of the Output Level
Control, i.e., from +19 dBm to —7 dBm using all
18 dB vernier range, the best level accuracy we
can obtain is <==0.07 dB. This error consists
entirely of the measurement error (primarily from
mismatch). From —7 dBm® to —145 dBm, the best
level accuracy we can obtain is <==1 dB; this
error, however, consists mostly of the step at-
tenuator cumulative errors,

Calibration with a power meter is a very simple
matter. From +19 dBm to —7 dBm, simply con-
nect the 8640A/B directly to the power meter and
set desired output level, as shown in Figure 9.
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Likewise, from —7 dBm to —145 dBm, connect
the 8640A/B directly to the thermocouple. Set
the vernier in the top 10 dB of its range,® and set
the Output Level Control to —10 dBm? and the
power meter to the best resolution position. Ad-
just the vernier so that the power meter reads
the least significant digit of the desired output
level and attenuate the required number of steps.
For example, if the desired output level is —73
dBm, adjust the vernier so the power meter reads
—3 dBm, i.e., output level is —13 dBm; now leave
the vernier in position and attenuate six steps to
get —73 dBm ==1 dB. Likewise, if —128 dBm is
desired, adjust the vernier so that the power
meter reads —8 dBm.? Attenuate twelve steps
to get —128 dBm ==1 dBm.

Within the range of —7 dBm to —145 dBm,
output level accuracy after calibrating with a
power meter is substantially that of the step at-
tenuator. Typical attenuator accuracy is <+0.9
dB and mismatch error is <=+0.03 dB.

Summary: By eliminating the above sources of
error a useable accuracy of =1 dB is achievable
down to —145 dBm.
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Figure 9. Calibration with a power meter.

4]f detection element VSWR is 1.2 or more, use a pre-
cision 10 dB attenuator to reduce mismatch as de-
scribed earlier.

9In the range overlap from +5 to —7 dBm, accuracy
is better with step attenuator out of the signal path.

%Below —137 dBm, lower 8 dB must be used.
TActual output level from —7 to —17 dBm.

88640A/B level meter reads +2 dBm.
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