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H 64608

NOTES AND CAUTIONS

ELECTRICAL SAFETY PRECAUTIONS

This equipment is protected in accordance with LEC Safety Class 1. It has been
designed and rested according to 1RC Publication 348, 'Safery Requirements tor Electronic
Measuring Apparatus', and has heen supplied Lo a safe candition. The follewing pre-

tautions musl bhe observed by the user to ensurc safe operation and to retain the equip-
ment in a safe condition.

Defects and abnormal stresses

Whenever it is likely that prorection has been impaired, for example as a result of
damage caused by severe conditions of transport or storage, the equipment shall he made
inoperative and be secured agalnst any unintended operation.

Removal of covers

-
-

Removal of the covers o Iile
have been taker i+ 3
shall be disconnzoies -

v expose live parts although reasonable precautions
ipment to shield such parts. The eguipment
cofere carrying ont any adjustment, replacement or
maintenance and repair £ the equipment shall be opened. if any adjustment,
maintenance or repa’r o : is inevitable it shall only be carried out by a
skilied person who is aware o7 —he hazard involved,

1

Note that capacitors inmsilie soc cquipment may still be charged when the equipment
has been disconnected from :: tpnly. Before carrying out any work inside the equip-
ment, capacitors connectes :. voltage points should be discharged; to discharge
mains filter capacitors, i° “zZz2c, short together the L (live) and N (neutral) pins of
the mains plug.

Mains plug

The mains plug shall oniv be i-s
earth contact, The protecrive arzic
lead without protective conduc:
or outside the equipment is 1ikx

izserted in a socket outlet provided with a protective

zcu shall not be negated by the use of an exrension
Any interruption of the protective conductor inside
s ~ake the equipment dangerous,

Fuses

¢ in boch the live and neutral wires of the supply

acwlé rupture, certain parts of the equipment could

]

[

Note that there is a supply ¢
lead. 1f only one of these fuses
remain at supply potential.

i

To provide protection against breakdown of the supply lead, its comnectors, and
filter where fitted, an external supply fuse (e.g. fitted in the connecting plug) should
be used in the live lead. The fuse should have a continucus rating not exceeding 6 A,

Make sure that only fuses with the required rated current and of the specified type

are used for replacement. The use of mended fuses and the short-circuiting of fuse
holders shall be avoided.

Feb. 78 Page (1i1)
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GENERAL INFORMATION

CONTENTS

Para.
1 Introduction
3 Composition of equipment
5 Fealures
10 Specification
17 Accessories
i9 tft power head characteristics

Table
1 6440 series of tft power heads ‘o - cen -
2 64720 series of tfr power heads . o cu - .
Fig.
I tft powermeter system . . “ue ‘s ‘o

H 64608

Fig. 1 tfi povermetear systan shawing lype 6460/1 with front cover,

power head, 20 dB attenuator and -coaxtal-to-wav eyuide transformer

Feb. 78

Chap. 1
Page 1



H 64608

INTRODUCTION

1, Powermeter System 64605, Wattmeter Absorption CT596 and Wattmeter Set
6625-99-541-6389 comprise three specific collections of instruments and acces—
sories, as detailed below, selected and tested for military applications.
These equipments measure power in the range 300 oW to 1 W in a frequency range
of 10 MHz to 18 GHz and meet the envirommental requirements of Joint—Services
Specification REMC/2G/FR (Tss. 6) Cat. III.

2. They are based on the tft Powermeter #460/! which, in conjunction with a
series of tft (®* Power Heads, can provide a total measuring range of 30 nW
to 3 W from 10 MHz to 40 GHz,

COMPOSITION OF EQUIPMENT

3. The three equipments in this range comprise the following items as
indicated by asterisks under the appropriate column heading.

Nato ref. no. Lquipment
ooy
ty o |
2o,
S
o L o
(1) Powermeter type 6460/1
complete with storage covers ... cen 6625-99-637-9583 * kK
{including mains lead, 3 m long,
part no. 2400-035 .. ces ee- ce 6625-99-637-9586) L
(2) tft Power Head type 6440N . ce 6625-99-637-9584 * ok
(3) tft Power Head . ees R v 6625-99-643-8693 X
(4) 20 dB Attenuator type 6534/4 ... v 5905-99-520-8780 0k %
(5} Coaxial-to-waveguide Transformer
type 6237/1, 12.4 to 18 GHz ... . 5985-99-637-9587 * ®
(6) Coaxial-to-waveguide Transformer
type 6237/3, 8 to 12.4 GHz .o e 5985-99-637-9585 *
(7) Battery Pack part no. 2200-186 v.e.  B6140-99-645-4905 * A
4. Apart from the above differences in composition the three equipments have
detailed differences in performance as shown on pages 3 and 4.
FEATURES
5.  Type 6460/] Powermeter in conjunction with the 6420 and 6440 series of
tft Power Heads, is a highly accurate instrument which measures radio fre-
quency power over an extremely wide freguency and power range. It measures
and indicates the average power absorbed by the power head in use, and accepts
amplitude and frequency modulated, pulsed and c.w. signals. Tables 1 and 2

list tft power head characteristics.

* Thin film thermoelectric device made under licence from
General Microwave Corp., USA.

Chap. 1
Page 2 May 80 (Am. [)



H 64608

6. The powermeter features automalic scales selection, which ensures that
only the scale corresponding to the sensitivity of the power head in use is
activated. Other features include a swilch which cnables Lhe selection of
either normal or fast amplifier response time, output terminals for measure~-
ment systems using external recorders or digital voltmeters and two paralleled
Input connectors which permit power head connections at the [ront or rear of
the 6460/1.

7. An o Interaal D0 Mile v.of. calibrator is +itted. This produces three pra-
sett power levels of | mW, 10 mW or 100 mW depending on the power rating of the
power head being used. The calibrater automatically supplies the correct

ouLput to power head.

8. The 6460/1 is suitable for use in a wide variety of applications, in-
cluding portable and field use (when used with the optional rechargeable
battery pack) fixed stations and laboratory bench set-ups. Since all tft
power heads will operate with the 6460/1 a single instrument with different
power heads can be applied to a wide variety of measurement applications.

The type 963R Junction Box, which permits simultaneous connection of up to
five power heads, facilitates many applications. Junction boxes can be cas-
caded to permit operation of an even greater number of power heads.

9. By using the proper rack adapter the 6460/1 can be rapidily rack-mounted

by 1itself, with any other MT Sanders unit packaged in this half-rack configu-
ration or with 198 mm (7 25/32 in) wide half-rack units of other manufacturers.

SPECIFICATION

10, Frequency range

Type 64605 & (THEE
and 6625-39~541-6385 : 10 MHz to 18 GHz.
Type B460/1 : 10 MHz to 40 GHz depending on tft paower

head in use.

11, Power range

Type 64605 & CTH98 0.3 uW to 10 oW {(-35 dBm to +10 dBm) in
and 6625-39-541-63285 : 1-3-10 range steps.
With 20 dB Attenuator 6534/4, range is
extended to 1 W (+30 dBm).

Type 6466/1 : 0.03 uW to 3 W (=45 dBm to +35 dBm),
: depending on tft power head in use, in
1-3~10 range steps.

Accuracy : t1,5% of f.s.d, on all ranges from 0°C
to +55°C.
Noise and drift : Less than 1Z of f.s.d. on lowest range,

and correspondingly less on higher
ranges, {(except for the highest sensi-
tivity position where it may rise to 27
peak) at constant ambient temperature.

Chap. 1
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Temperature caoefficient

Response time

Recorder output

RF calibrator

Power output

Temperature coefficient:

Input connectors:

Meter

Power requirement

Dimensions and weight

Type 646085 and (T636
and 6625~99-541-6383 :

Type 6460/1

4

H 64605

Less than 0.1% per “c using any tft
power head.

100 ms approx. or less than 1 s,

Proportional to indicated power.

v I-0=00d panges:

Output at full-scale is -1 ¥V #0.5% of
f.s.d. or adjustable from 0 to =1 V.
O d=a =20 pangas:

Output at full-scale 1s -0.3 Vv +0.5% of
f.s.d. or adjustable from 0 to -0.3 V.

Outpuc trpedanee @0 100 Q.

Internal 50 MHz oscillator with type N
female connector on front panel. Power
level corresponding to tft power head
automatically preset.

1 mW, 10 mW or 100 mW depending on tft
power head connected to powermeter,

Power level factory set to *0.77%;
traceable to national standards.

o
tO.IZiO worst case (0 to 55°C);
+0.05%/ € typical.

Two provided, one on front panel and
one at the rear.

115 mm (4} in) mirror scale, taut-band
suspension.

115/230 Vv a.c. *10%Z, 50 to 400 Hz, 5 W.
Mains connector to CEE 22 (BS 4491},

Height: 200 mm (8 in)
Width : 222 mm (8% in)
Depth : 358 mm (i4 in) over contrels
480 mm (18 7/8 in) with covers
Weight: 8.3 kg (18 1b)
Battery : !.3 kg (27 1b)

Height : 185 mm (7i in)
Width ¢ 200 wm (8 in)
Depth : 350 mm (i3} in)
Weight : 4 kg (9 1b)

May 80 (Am. 1)
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ACCESSORIES

Code no.

I7. Supplied accessories

Mains lead, 3 m (JO ft) long 2400-035

i8. Optional accessories

DC Calibrator type 3058 - Provides all required calibration voltages
tar type 46071,

Rechargeable Battery Pack 2200-186 - Permits portable or {ield use of
type 6460/1, Provides up to 12 heurs operation.

Junction Box type 936R ~ Each permits operation of up te five tft power
heads_with one type 6460/1, They can be cascaded.

Rack Adapter (19 in) 3850-00i - Permits rack mounting of the type 6460/1
by itself, or with any other MI unit packaged in the half-rack configu-
ration,.

tft POWER HEAD CHARACTERISTICS

}9.  Powermeter System 6460S uses Power Head 6440N only. The CT596 uses the
6440N/1 only; this head is identical to the 6440N except for its conpecting
cable which has a low temperature (*QOOC) operating capability,

20. Powermeter 6460/1 can use any of the power heads listed, but only the

6440N and N/! will fitr in the storage compartments of the powermeter systems.

TABL: 1 GGG SERIES OF tft POWER HEADS

The Type 6440 Series are coaxial thermoetecine Power Heads with coaxial connectars in type N, witra pracision APC7 and miniature SMMA, These
Fower Heads extend the operating frequencies o 18 GHz

Max. Energy Pulse

hiaxw peak Por Pulse Duoration figid
Freg. Range Average Power Range(') pulse pawer  at =25°C  at +25°C Replacement RE

Type {GHz) Fram To at 124°C W -psec. ws {max) ax. VEWR tlt element Connector
1'5:1 Irom

6440 0-01-18 001 00015 GHz SMA-male

0-3uwy 10mw 1-35:1 krom TL—4A

64408 00118 -35dBm +10dBm W B 5 1015 to 10 GHz Type N male(?)
1-8:7 fram

6440P 0-01-18 101018 GHz APC-7

Temperature Coerficient.  Less than O-1% per deg. C. whan used with any tft Powermeter

Oéimensions: 65440 2:667L x1-28" Dia. (67.6 x32.5 mm) (%
6440N 3-427L x1-28" Dia. {86.9 32,5 mm) (9
G440P 32371 #1-28" Dia. (82.0x32,5 mm) (%
Mett Weight: Approx. 3 0z. {86 g}

2
13)

for MI Sanders Powarmeter Type 6555 the lower power limit is increased by 2048
and Type 65608 the lower power limit is increased by 1GdB. Overload Rating
300% While the heads will take overloads for shorl penods of time, extended
perads of operation at overload levels may result in permanent change in the
element charactenstics or even burn out faximum care snould be excrorsed to
avond such an acrourrence

Precision type N 40 Q male o MIL-C-39012

saximum. mcluding rl connertor but excluding cable and mubl-pro connedctor.,

Chap. }
Oct. 83 {(Am. 2) Pape 5



in coaxial and waveguide.

Type  Freq Range
{GHz)

G4

6423 3-01-12 4

6422

6423

€423,5  001-2:0

6426 82-124

Gd2h 12:4-180

GATT TLN-2G G

ERT 265400

TABLE 2

Average Power Bange

Fram

3w
- 354Bn
Juw
- 75dBm

003uW
-45dBm
Q- 3mw
-5dBm

0 3wy
-5dBm

O 3w
=380Bm

1o

TLhmv
+10dBEm

100mw
+33dBm

Ty
OdBm
3w
+35dBm
aw
+35dBm

10m
+10dBm

6420 SERTES OF tft POWER HEADS

Max. Peak
Pulse Power

3wy

30w

03w

s0wW

60w

Max, Energy
Per fulse
W -usec

34

180

500

500
25
25

10
10

{1} Except i1 the range 10MHz to 15MHz where VSWR may rnse o 1-76.1

()
Meatt Weights

6423/5 2Ib 3oz Tky
6426, 6426, 6427. 428 11b 10nz 800g

Chap. 1
Page 6

Except 6423 where VSWR from 11 10 12°4 GHz may rise to 1-7 1

6420, 6421, 8422: 11b 20z 505¢g
6423 2Ip 20z 975 9

Pulse
Duration
uS(max)

11

6

tdax. VSWR

100MHz 10 1CHz 1 11
10MHz t¢ BGH2 1 2k
{1}
5GHz t0 12 4GH7 1-4°1
{11}

TOOMHz to 1GHz 1 1.1
10MHz 10 2GHz 1-3:1

i-5

Fietd
Replacemant
tft
Elamant

TL-0rA

TL-1A

TL-2A

TL-3

TL-3

TL-X0-A

TL-UO-A

TL-KO-A

TL-AD-A

H 64608

Cannector

Provision
Fype N
S0 male
10

MIL-2-
38012

Spinner
7416, 5040

R100WRAO
uGassu

R14C WRE?
uGa g/
R220wWnHaz
UGEbas/U
H320WR28,
UGhog9/L

Feb. 78
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Chapter 2

INSTALLATION

CONTENTS
Para.
I General precautions
3 Rack mounting
4 AC mains supplies
GENERAL PRECAUTIONS
I. With the exception of those in para. 4, there are no special precautions

to be observed when installing or using a 6460/1 Powermeter and rft power
heads other than the normal good practices associated with accurate measure-
ment procedures, and the usc and handling of microwave component s, In par-
ticular, the following precautions must be observed.

(1) The flange or connector of the tft power head should be handled with
care to avoid scratching or marring the surfaces and connecting parts,
and should be covered with.a protective cap when not in use to prevent
accumulations that can affect performance.

(2) The power ratings of the tft power heads should never be exceeded
since permanent damage to the tft element may result. Although the
power ratings are conservatively applied, the margin of safety should not
be deliberately narrowed.

2, It it is desired to use a recorder to obtain a plot of power output ver-
sus time, or to comnect a digital voltmeter to the amplifier output for in-
creased accuracy, use the QUTPUT connectors. For details, see Chap. 3,
para. 6.

RACK MOUNTING

3. If it is desired te rack-mount the 6460/1, use an MI Sanders Rack Adapter
type 3850-001, which can be used to mount any one or two half-rack coanfigu-
ration units, Some half-rack units of other manufacrurers can be mount ed
with a 6460/]1 or the type 6460/1 can be mounted into some rack adapters of
other manufacturers. It is suggested that the MI Sanders factory be con-
tacted regarding the use of other manufacturers' equipment in conjunction with
MI Sanders rack adapter.

AC MAINS SUPPLIES

4, If a.c. mains power is to be used check the position of the MATINS veltage
selector on the rear panel. The instrument is normally disparched set for a
nominal mains input of 230 V. To change to the nominal 115 v setting remove

the locking plate, reset the switch, reverse the plate and refit.

. Chap. 2
Feb. 78 Page |



H 64605

5. The two mains fuses are 160 mA slow-blow types for either value of mains

input voltage.

6. Connect a 3-pin supply plug to the free end of the mains supply cable
observing the correct colour coding:-

Earth Green/yellow
Neutral - Blue
Live ~ Brown
Chap. 2
Feb., 78
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Chapter 3

OPERATICN

CONTENTS
Para.
|  pPreparation for use
2 Operating procedure
3 Multi-point testing
5 Controls and connectors
7 Power measurement accuracy
8 Mismatch uncertainty
10 RF losses
11 Instrumentation accuracy
12 Effective efficiency
Fig. Page
i Front panel e .- .- e ces i  a 3
2 Rear panel e . P 4

PREPARATION FOR USE

owing preliminary steps.

1. Before using the instrument carry out the foll
indicators are identified

(The front and rear panel controls, connectors and
and described in Figs. | and 2.)

first check the setting of the

Make connection to the power
The associated indicator

(1) If a.c. mains power is to be used,
MAINS voltage selector {see Chap. 2).
source and depress the mains power ON button.

lamp should glow.

(2) 1If battery power is to be used, check the battery condition using
the BAT CHK button, and depress the BAT ON button. The 6460/1 can be
operated for about 12 hours on a fully charged battery, and the charging
cycle is about i6 hours for a complete charge. Refer to the manufac—
turer's literature for complete battery data.

(3) Connect the tft power head to either the front or rear INPUT con-
nector.

(4) Allow a warm-up period of about 5 minutes for circuit stabilization.

OPERATING PROCEDURE

2. To make a measurement proceed as follows:—
(1) Depress the lowest RANGE button and zero the meter using the ZERO
control.
Chap. 3
Page |
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(2) Depress the highest RANGE button. Adjust the Z EFF comntrol on the
power head to 100Z. Then connect the power head to the CAL output con—
nectorx. Switch to CAL ON at the rear panel.

(3) Adjust the CAL ADJ control to make the meter read full-~scale. The
powermeter and power head sensitivity are now calibrated.

(4) Switch to CAL OFF at the rear panel when on battery operation.

(5) Determine the effective efficiency from the graph mounted on the
power head and set the 7 EFF control on the power head to the value
obtained.

(6) Depress the desired RANGE button, connect the power head to the
source of r.f. power to be measured and read the power on the meter.

(If the power to be measured is not approximately known, use the least
sensitive power head available, depress the upper RANGE button and, after
application of r.f. power, reduce the power range and/or change power
heads as required.)

(7) To turn off, depress the mains power OFF button. This step applies
equally to instruments using battery power or a.c. mains power.

MULTI-POINT TESTING

3. Since the tft power heads are r.f. power—-to—d.c. voitage transducers, it
is possible to successively connect a number of different power heads to a
6460/1 thereby enabling measurement of power at different points in an r.f.
network, without readjustment of the powermeter. There is no danger of up-
setting the network characteristics under these conditions, since the power
heads retain their matched characteristics, even when not connected to the
powermeter.

4. To facilitate the use of a number of power heads, a five-inmput junction
box, type 963R, is available. Switching is performed by a front-panel
mounted low-noise rotary switch. By cascading junction box units, a larger
number of power heads can be used in conjunction with one 6460/1, (Remotely
Programmable Junction Box type 963R-4 is avatlable to special order.)

CONTROLS AND CONNECTORS
5. Front panel

(1) RANGE, An eight—position push-button switch which permits selection
of the desired operating power range. Fifteen different ranges in four
overlapping scales are available, and the scale corresponding to the sen—
sitivity of the tft power head in use is automatically activated. The
overlay markings are given in both watts and dBm, and are full-scale
values. Only those markings corresponding to the scale in use and the
manually selected range are illuminated.

(2) METER ZERO. This potentiometer is used to electrically zero the
instrument. Once set, it need not be adjusted when changing ranges.

(3) CALIBRATGR. A calibrated 50 MHz r.f. output is provided at this
connector at levels matched to the tft power head connected to INPUT (4).

Chap. 3
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£ tft PoWERMETER TYPE 6860- 1 7y

Rangge

L]
gi
s
b

Front panel

(4) CAL ADJUST. This potentiometer is used to set the calibration of
any tft power head and powermeter combination. The control should he
adjusted to produce a meter indication of 10 when the power head is con-
nected to the CAL sccket.

{5) POWER. A five-position push-button switch which energizes the 6460/1
using either a.c. mains power (ON button) or optional battery power (BAT
ON button). It also permits the condition of the batteries to be
checked (BAT CHK button), and permits the batteries to be charged (BAT
CHG buttom}. When in the mains ON position, a trickle charge is applied
to the batteries, and when in the BAT CHG position, the a.c. mains power
is completely diverted for battery charging purposes. The associated
indicator lamp will glow only when one of these two buttons is depressed.

(6) INPUT. This ten—pin connector provides all inter-connections with
the tft power head in use. An identical connector, wired in parallel,
is located at the rear of the 6460/1. Either may be used.

Chap. 3
Feb, 78 Page 3
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Rear panel

(1) 115 v - 230 V MAINS. This switch permits the application of either
115 V or 230 V a.c. power. Ensure that the switch position is properly
set prior to the application of power to avoid equipment damage. if
replacement of either the live or the neutral FUSE becomes necessary,
ensure that the replacement conforms with the description given in

Chap. 6.

{(2) OUTPUT. This pair of terminals provides either a calibrated
analogue output of the measured r.f. power (1 V d.c. full-scale} for
digital voltmeter use, Or an adjustable d.c. outpul (0 to -1 V full-
scale) for recorder use.

(3) OUTPUT ADJUST. This potentiometer controls the voltage available

at the OUTPUT terminals. When set to its fully clockwise position and
with a full-scale indication on the 10 meter scale, a -1 V d.c. cali-
brated analogue voltage 1s provided at the OUTPUT terminals. (A ~0.3 V
d.c. calibrated analogue voltage is provided with a full-scale indication
on the 3 meter scale.) When the control is not in the fully clockwise
position, an adjustable linear 0 to -1 V d.c. voltage proportional to

the measured r.f. power 1s provided at the OUTPUT terminals.

(4) RESPONSE. This switch controls the amplifier response time (and
noise level}. When in the NORM position, the response time of the
amplifier will be less than | s, and in the FAST position, about 100 ms.
(Note, however, that the noise will also increase when in the FAST
position, particularly in the lower ranges.)

RESPONSE
FAST NOR

Chap. 3
Page 4 Feb. 78
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(5) INPUT. This connector is wired in parallel with the INPUT con~-
nector on the front panel. Either may be used for interconnection with

the tft power head in use.

(6) CAL ON/OFF. This switch controls the power supply to iaternal
50 MHz calibrator and should be switched off when not in use.

POWER MEASUREMENT ACCURACY

7. A number of factors affect the overall accuracy of power measurement.
The major sources of dncertainty are mismatch, r.f. losses and instrumentalion

error.

Mismatch uncertainty

8. In practical measurement situations, both the source and the power head
have a v.s.w.r. and the source is rarely matched to the power head unless a
stub tuner 1is used. This mismatch loss depends both on the source and power

head v.s.w.r. The impedance that the source sees is a function of the actuatl
power head impedance, the electrical length of the line and its characteristic
impedance, Z. Generally, neither the source or the power head have the

specified nominal impedance, and the actual impedances are known only as re-
flection coefficients, or v.s.w.r., which lack phase information. As a
result the power delivered is known-only as lying somewhere between two limits.
This uncertainty increases with increasing v.s.w.r. and is the main reason why
designers strive to reducc the v.s.w.r. of microwave power measuring instru-
ments. :

9. Limits of mismatch loss can be determined from the mismatch limits
graphs, included in each tft power head handbook.

RF losses

10, Any power that enters the power head, but is not dissipated in the tft
load, can be ccnsidered as an r.f. loss. This may be in the walls of a wave-
guide mount, the centre conductor of a coaxial head, the capacitor dielectric,
or due to radiation or poor electrical connection within the head. The
effective efficiency data provided with each tft head permits compensation for
these r.f. losses.

Instrumentation accuracy

Il. This is the ability of the power meter to accurately measure and interpret
the information available at the power head output. In specifying the accu-
racy of a powermeter, the instrumentation error is the figure generally given.
For the 6460/1 the instrumentation error is #1.5% of f.s.d.

Chap. 3
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Effective efficiency

12. As previously stated an exact correction for mismatch error canmot be
applied, since it depends on both the power head and source Vv.s.w.r. However,
the efficiency errors, due to r.f. losses in power head and d.c.-to-microwave
conversion efficiency variation with frequency, can be corrected unambiguously.

13. The 'effective efficiency' correction factors, at various frequencies,
are marked on the power head and the contreol on the head should be set to the
value given. Powermeter 6460/1 will then automatically correct for and
eliminate this efficiency errvor.

Chap. 3
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Chapter 4

TECHNICAL DESCRIPTION

CONTENTS
Para.
Il Functional description
10 Circuit description
to DC amplifier
20 Power supplies
23 Control and compensation
28 RF calibrator
Fig. Page
P Block diagram of tft Powermeter 6460/! ... . v - 2
2 Block diagram of r.{. calibrator... - P e ce 6

FUNCTIONAL DESCRIPTION

l. The type 6460/1 is basically a d.¢. amplifier with the atributes of very
low noise, high gain and high gain stability, with a self—contained meter to
indicate its output signal. Because of the extremely low d.c. signals in-
voived (less than |.5 pV full-scale on the most sensitive range), a chopper-
carrier system is employed to avoid drift.

2. Fig. 1 is a block diagram of the overall unit. The d.c. input signal
from the tft power head is applied to the modulator. The square wave output
signal of the modulator is stepped up by the input transformer and applied to
the low-noise pre-amplifier. The square wave signal 1s amplified in this
circuit and coupled to the filter amplifier, where much of the noise and other
spurious signals are filtered out.

3. The resulting sine wave signal is then amplified and coupled to the
phase splitter. This circuit provides the phase splitting action required to
provide the demodulator input. The full-wave demodulator, which is syn-
chronously driven with the modulator, recovers the input d.c. signal at a
greatly amplified level.

4, The output of the demodulator is applied to the integrating amplifier.
This circuit provides additional signal gain, and also reduces the amplifier
bandwidth to the degree required consistent with the selected response time
(and noise level). The output of the integrating amplifier is coupled back
to the modulator and input transformer circuit through a RANGE switch network.
This feedback path provides a high degree of degeneration and, thus, gain
stability, and at the same time provides a means of accurate control of the
overall amplifier gain.

Chap. 4
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5. The output of the integrating amplifier is also applied to the compen-—
sation network in the power head, where compensation is made for the sensi-
tivity of the power head, and for its inefficiency at the frequency of the
signal under measurement. The return from the power head compensation net-—
work is applied to the inverting amplifier, and the output of this circuit
drives the front-panel meter through a second RANGE switch network. The
output of the inverting amplifier is also made available at the recorder/
digital voltmeter OUTPUT terminal.

6. Two identical 8 V regulated power supplies arc included in the 6460/1.
One provides a positive output, and the other a negative. In addition, pro-
visions are contained for mounting an optional rechargeable battery pack to
power the unit.

7. The r.f. calibrator provides three precision power levels of | mW, 10 mW
and 100 mW at a frequency of 50 MHz. These power levels are programmed auto-
matically depending on which power head is connected. If no power head is

connected then the I mW output level is produced by the calibrator.
8. Automatic scale selection 1s provided in the 6460/1. The operation of
this network is controlled by the various interlock combinations associated

with pins 4, 5 and 6 of the power head connector.

9.  The modulator/demodulator drive circuit is a conventional free-running
multivibrator which provides the required 110 Hz signal.

CIRCUIT DESCRIPTION

DC amplifier

10. Modulator and input transformer. The input signal to the 6460/1 is
applied to the moving arm of modulator Gl-A, which is one half of a mechanical
chopper. The d.c. amplifier feedback signal and the d.c. offset voltage from
the meter ZERO control R23 are applied to the centre-tap of the primary of

input transformer TI. -Therefore, the difference between the input and feed-
back/d.c. offset signals is alternately applied to each half of the trans—
former primary, producing a full-wave signal (square wave). The signal is

stepped up in the transformer and applied to the low-noise pre-amplifier.

I1. To eliminate thermal e.m.f's in the input circuit, copper leads e
employed throughout, and all connections are soldered with low-thermal e.m.f.
solder. The modulator and input transformer also employ copper leads, and
the transformer is carefully shielded to minimize hum pick-up. The input
connecto ' employs special pins for the signal lines.

12. Low—noise pre—amplifier. The square wave signal from the modulator and
- input transformer is amplified in the VT! and AR2 stages, and coupled to the

filter amplifier. The gain of the AR2 stage is controlled by resistor R12,

R14, R16 or R18, and is determined by the RANGE switch setting.

I3, Filter amplifier. The square wave signal from the low-noise pre-
amplifier is amplified in the AR3 stage, which is an active band-pass ampli-
fier/filter network centred at 110 Hz. Fine tuning for the stage is provided
by means of potentiometer R39. The resulting 110 Hz filtered sine wave sig-
nal is then coupled to the phase splitter and demodulator.

Chap. 4
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14. Phase splitter and demodulator. The signal from the filter amplifier
is applied to the VIZ stage, which, together with the VI3 stage, drives the
demodulator. The full-wave demodulator is synchronously driven with the
modulator at a 110 Hz rate. Therefore, much of the non-synchronous noise
and spurious signals present in the carrier are eliminated.

15. Integrating amplifier. The output of the demodulator is applied to the
AR4 stage which, together with VT4 and feedback resistor R57, and by virtue
of the feedback capacitar (€32 or €33}, forms an integrating amplifier. The

integrating amplifier stage feedback capacitor determines the bandwidth of the
d.c. amplifier, and is controlled by the setting of the RESPONSE switch 52.
When in the NORM position, the response time of the 6460/]1 is less than i s
and the noise is less than +1% peak-to—peak of full-scale on the most sensi-
tive raunge. When the RESPONSE switch is set to FAST, the response time de-—
creases to approximately 100 ms, but the noise may increase above the t1Z
specification, particularliy in the lower ranges.

16. Feedback network. The integrating amplifier d.c. output provides the
feedback signal around the entire d.c. amplifier. The magnitude of the feed-
back signal and, therefore, the d.c. amplifier gein is determined by the ratio
of the sum of resistors RI1, RI3, RI5 and R17 {(changed by the RANGE switch
setting), and the value of resistor R26.

17. The presence of spurious d.c. signals at the input to the d.c. amplifier
must be anticipated because of thermal e.m.f's as well as any slight unbalance

that may be present in the power head. Accordingly, to correct for these
offset signals, a small adjustable d.c. voltage is introduced with the [eed-
back sigral. This voltage is derived from the positive and negative power

supplies and is controlled by the setting of the meter ZERO potentiometer R23.

18. tft power head compensation network. The integrating amplifier d.c.
output is also applied to the power head compensation network, where compensar
tions for the sensitivity and efficiency variations of the pewer head are
made. Since both the absolute sensitivity and efficiency of all power heads
differ, the 6460/1 gain must be varied with each power head employed. This
is accomplished by the calibration potentiometer in the power head, which is
adjusted as part of the calibration procedure for the power head, and by the
efficiency potentiometer, also located in the power head, which is adjusted by
the operator to compensate for the power head inefficiency at the particuiar
frequency of the r.f. signal under measurement. This permits the 6460/1 to
be used, without adjustment, with any tft power head.

19. Inverting amplifier. The compensated return from the power head is
amplified and inverted in the ARl stage. Potentiometer Rl is a d.c. offset
ad justment for the stage. The output of AR], which is an analogue voltage
varying from 0 to -1 V as a function of the measured r.f. power level, is
applied to the meter MI and the OUTPUT terminal SK4. Full-scale meter
adjustments are provided by means of potentiometers RI9 {(for readings on the
3 scale) and R21 (for readings on the 10 scale). The signal level at the
OUTPUT terminal can be conveniently adjusted for recorder use by means of the
ADJUST potentiometer R25, or alternatively, can be maintained at a -1 V full-
scale level for d.v.m. use or calibration purposes by rotating the ADJUST
potentiometer fully clockwise. The meter is diode protected against overload

damage by CR50, 51 and 52.

Chap. 4
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Power supplies

20. Two identical regulated 8 V power supplies are included in the 6460/1.
One provides a positive output and the other a negative. The positive supply
consists of VI9 and VRI, and associated components. The full-wave vectified
output of CR6 and CR7, at about 18 V, is applied to current booster stage vT9
when the mains power ON button is depressed. The output of the VT9 stage is
applied to the voltage regulator stage yR1, and the regulated 8 V output of
rhis stage is made available Lo the 6460/ as required. The negative powcer
supply consists ol VIO and YR2, gl associated components. The full-wave
rectified output of diodes CR8 and CR9 is similarly applied to this power
supply through the mains power switch.

21. The {8 V rectified outputs of CR6/CRT and CR8/CRY are made available
through the power switch to the {optional) batteries. When Lhe main supply
0N button is depressed, the batterics receive a trickle charge by means of
resistors R80 and R82, and when the BAT CIG hutton is depressed, the batterics
receive a full charge by means of resistors R81 and R83. The condition of
the batteries can easily he chccked by means of the BAT CHK button, which
places the batteries in series, with each other, the meter, and limiting
resistor R79.

92, Resistor R97 simulstes the loading of the powermeter cCircults. Diodes

CR53 and 54 prevent unwanted hattery discharge Lf the mains ON switch 15 not
cancelled when the mains supply 1s removed Irom the instrument.

Control and compensation

23. Automatic scale selection network. This network consists of transistors
VT1] to VII3 (corresponding to the series 6422, 6420, 6421 and 6440 tft Power
Heads, respectively), transistor VTi4 (corresponding to the type 6423 tft
Power Head), emitter—follower VT15, and associated circuitry. Transistors
yT11, VT12 and VT13 are normally biased 'on', thereby establishing a potential
at their collectors which is essentially at ground level. When a series
6422, 6420, 6421 or 6440 tit Power Head is connected to the type $460/1 two

of the three interlock pins (4, 5 and &) are grounded, since the correspond ing
pins are grounded in the power head. These grounded pins bias the associated
two transistors 'off'. Since the collectors of the three transistors are
connected to the corresponding rows of indicator lamps (vertical), only that
row of lamps which corresponds to the appropriate power head remains activated
(by means of the ground potential). When a RANGE button is depressed, a
positive potential is applied to the row of indicator lamps corresponding to
the selected range (horizontal), and therefore, only the single lamp corres-
ponding to both the selected range and scale will go on since it is the only
one which receives both the ground and positive potentials.

24. Transistor VTl4 is normally biased 'off' when a series 6422, 6421, 6420

or 6440 tft Power Head is connected due to the clamping actien of two grounded
diodes CRY3, CR14 and/or CRIS. When a type 6423, which has no grounded inter-—
lock pins, is connected to the 6460/1 transistor VT14 will be biased 'on' since
none of the diodes is grounded. This establishes the activating ground poten—
tial at the collector of VIl4, and therefore, on indicator lamps DS26 to DS32.

9%. This also establishes a negative potential at the base and emitter of VTI5,
which, in turn, clamps the bases of VT11, VT12 and VT!3 at a negative potential,
thereby biasing them 'off'. This removes the activating ground potential from
the other three scales and ensures that only the scale corresponding to the

Chap. 4
Feb. 78 Page 5




H 64605

type 6423 vremains activated. (Note that if no power head is connected to
the type 6460/1 none of the interlock pins is grounded, and the display is
identical to that of the type 6423.)

26. Modulator/demodulator driver. This circuit 1s an astable multivibrator.
The values of resistors R66, R67 and Ré68 and capacitors €39 and C42 establish
operation at about 110 Hz. The variable resistors R68 permit the exact set-—
ting of the operating frequency to 110 Hz. The output of the multivibrator
is applied directly to the chopper energizing coil.

27. Type 6423 compensation network. This network consists of diode CRS,
relay Kl and resistor R45, When a type 6423 is connected to the type 6460/1
and the 3 W RANGE button is depressed, relay K! is energized, and the compen-
sation network reduces the gain of amplifier ARlI. The circuit parameters
are such that compensation for the non—~linearity of the type 6423 resuits.

RF calibrator

28. The r.f. calibrator provides three precision power levels of I mW, 10 mW
and 100 mW at 2 frequency of 50 MHz. These power levels are programmed auto-
matically depending on which power head is connected. If no power head is
connected then the | mW output level is produced by the calibrator. The
basic schematic of the calibrator, consisting of five main blocks, is shown

in Fig. 2.

29. The action of the circuit is such that the input voltage to the 50 @
source resistor is maintained at a constant level, regardless of load (i.e.

a change in detailed ocutput causes the comparator to increase or decrease the
oscillator cutput to maintain the detected level constant). This then con-
stitutes a zero source impedance.

COMPARATOR POWER CALIBRATOR

oc
VOLTAGE AMP 500 QUTPUT eft
REFERENCE G .
- - o> —O( POWER |——(
~ 1’-“ HEAD
SOMHz =
L1
LA

Fig. 2 Block diagram of r.f. calibrator

Chap. 4
Page 6 Feb. 78



H 646085

30. DC reference. This forms the basic power reference for the calibrator
and ‘therefore bhas a very low temperature coefficient and ageing rate,

31. Comparator. This has a very large open loop gain to maintain both input
and detected outputs equal, The loop may be considered as a servo system
with the reference as input and 1007 feedback applied from output detector
back to comparator input. The bandwidth of the comparator is kept low to
avoid spurious oscillations (i.c. amplitude jitter or modulation).

32. Oscillator. This is a 50 Milz L-C cscillator. Long term amplitude
stability is not important here as any change is divided down by the loop
gain of the control loop.

33. Power amplifier. This is a class A amplifier that can deliver 200 mW
into a2 100 @ load (i.e. power head + 50 @ series resistor). Any change in
gain or amplitude is again divided down by the overall loop gain.

34. Detector. This, in effect, is an a.c./d.c. converter converting 50 MHz
a,c., into a d.c¢. control voltage. As any change in detector efficiency with

time or temperature causcs a direct change in power output, this device is
carefully selected.

35. Detailed circuit description. The calibrator consists of a Colpitts
oscillator, TR! and associated components, feeding into power amplifier TRZ.

In operation the output from TR2 is peak detected via D6 and applied to the
operational amplifier IC2. Here it is compared with a preset voltage fromone
of the two potential divider chains. This amplified difference voltage is
then used to control the current through the series diodes D4 and DS5. This,
in turn, varies their dynamic resistance and causes the output of the oscil-

lator TRl to vary in sympathy,

36. Because of the very high gain of IC2, the detected output of TR2 and
hence power level, is kept at substantially the same level relative to the
derived d.c. level. Thus power into the 51 Q source, in series with a load
(powermeter tft head), is kept substantially constant.

37. Temperature effects are minimized by incorporation of D3 on ) wW range to
offset the change in detector efficiency of detector diode D6 with temperature,
Diode Dé is, in fact, overdriven by the series l.c. circuit 13, 4 and C15, 14,
thus tending to swamp the changes in detector efficiency of D6 with temperature.
This obviates the need for D3 as compensation on the 10 mW and 100 mW ranges.
Both 10 mW and 100 wW share the same reference chain, the 100 mW range being
obtained by dividing down the output of Dé.

Chap. 4
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Chapter 5
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INTRODUCTION
l. Standard readily available components are used in the manufacture of
MI Sanders instruments whenever possible. Such parts can usually be obtained
from a local supplier. Special or modified parts, as determined by an entry

in the last column of the Table of Replaceable Parts in Chap. 6, are available
from MI Sanders.

REMOVAL OF CASE

2. To gain access to the interior of a 6460/1 remove the a.c. mains lead
and the four screws at the rear of the unit, and carefully remove case covers.
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TEST EQUIPMENT REQUIRED

3. sz the resl cquipment listed in Table | or cquivalents For the test and
calibration procedures. T addition, to facilitate Lhe performance of the
procedures, a d.o, cadlihratar is reguiced, For this purpose the usc of an

ML Sanders type 30508 DC Calibraler, or the jip shown in Fig. 1 is rocommnended.
L the yig is constructed, use Lhe components listed In Tahle 2 or cquivalents.

BOLG. ..

Winen making rests e verlfy thal Lhe insreament seets its stated per-
Formance limits allowance must alwavs be made for the uncertainty of rhe
Lest equipment osed,

ST,

(1) DO NOT MAKE RESTSTANCE CHECKS ON INPUT TRANSFORMER T1.

(2} A1l circuits nso epither transistors or inteprated circuils. Do not
make resistance checks usinog Lhe lower olumeter ranpes.,

(3) Because uf the very low d.c. voltages invelved, repair of the type
6460/ 1 mist he romdecled wich special cara, All conueclions to che
input oivoull mess he pade with anly copper leads, and all solder con-
e Lions mist be made wich low-thermal solder using a saldering iton
which has been eaploved with only that type of solder, a lengLh of which
is furnished wics cach HABOJ .

EFISN A TEST RO TEMENT RSN IRED

Daaorinsion Mo foastbupar Model

Oscilloscope, gerneral purpose

DL wvoltmerer Marconl Instrumonts TF 2606
Electronic counter Marceni Instruments TF 2430
Multimeter SEI Seloctest
Variable auto-transfeormer Variac '
Calibhrator powernotor Bhode & Schwarers NES

{sbandardized against
Neiiongl Standard)

TABLE = CRLInAAv N TESD JIG (DO CALIEBESIIR) COMEONENTS

CdrcutE
I raf. Deacription L

Pl Connector; M[ Sanders part no. 3850-043

;4 Resistor, variable WW, 25000 8, 2 W, 10 turn

B2 Besistor, wvariable, 500 2 #22, [.5 W, 5 turn

R3 Resistor, fiwed, WW, 9%.8 k2 10.025%, 750 mi¥

R4 Resistor, fixed, WW, 200.2 § 0.0257, 750 oW

RS Resistor, fixed, WW, 199.8 ki £+0.02%%, 750 oW

Rb Resistor, fixed, WW, 200 11 +0.025%, 750 mW (To be wound of Evanohm
: wire with enamelled copper leads. All internal conuections to be
! made with low rthermal solder).

R7 Resistor, fixed, WW, 100 51 $0.05%, 750 oW

51 Switch, toggle, s.p.s.t.

32 Switch, togegle s.p.s.tk,
; =3 Switch, rotary, 2-pole, 4 W {hreak beforec make)

Chap. 5
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FERFORMANCE TESTS

Before applying a.c. power, depress the mains OFF butilon, and make cc

Linuity checks Lo ensure that neither the live or neturazl sides of the mai

dre connected to the instrementc chasszis,

(1) Mechanically zero the moter, if necessary, and conncet the varia
Auto-transformer {Variac) to o source of MS w/230 ¥, 33 to 400 Hz po

(21 Sel the Lype GHGDS1 115 V2o W 2inTNS swireh Lo 230 ¥ amd Lhe
RESPONSE swiich to NORM. Counect the 646041 tou Lhe variahle auto-
transformer and set the mains voltage to 240 % usiog the a.oc. voltmel,

(3} Coonect the d.c. calibrator (or test jig - see para. 1) to eithe
TNPLT connector and set the calihrator cenirels as follows

BANGE =witch 1 0.3 e 1O oW
INFUT swictch : QOFF

It is important ihat this remains connected during the following tests

(4} Depress the msing ON butteop. The asseciated indicator lsmp shou
20 on. Allow a filve-minute Wirm-up poriod beforo rrocesd (g,

4.

Lead

Sensi
ﬁ; 5.

Power

tivity seloccion lopic test
To check the operatien of the RANGE switching proceed as follows :

(1} Depress the 3 W RANGE bution and verify that che appropriate
indieator lamp goes on.

(2) Sequeatially depreas the | W ro 3 wW RAXGE huttons and verify
that the appropriate indicator lamps go on.

Supply tesrs

6, +8 V power supply regularion rests

(1} Adjust the mains voltage to 220 V,

{(2) Using the d.c. volrmeter, verify that the voltage between TP4(+)
and ground is between 7.5 and 8.4 Vo,

{3) Adjust the line voltage to 260 v,

indicates herween 7.5 and 8.4 V.

{4) If the wnir under test has a charged type 2200-186 Rattery Pack
insralled, depress the BAT ON button and verify that the d.c. voltmeter
indicates between 7.5 and 8.4 V. Depress the mains ON buttaon.

Chap,
Page 4
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7. —B V power supply regularion toscs

{1} Connect the d.v. voltmorer between TRI{-) awl groumd, and verify
that it indicates belween =7.5% and -84 W N

(2 Adjust the lipe valtage to 220 V, and verify that rthe d.c. wolr-
met o indicales between -7.5 and —8.4 V.

(33 1 the unir under cest has . charged Cypue 2200-186 Balloery Pack
mstalled, repeat above choeck wil Pt rery.,
8. lower supply ripple teses

(1} Using the oscilloscope, veriiy Lhat the peak~Lo-peak ripple bectween
TP4 und ground dees nor cxceed 10 mv.

(2) Repeat uperation at TI3.

Carricr frecuency tests amd adjnstments

9, Chopper drive (roquency Fosts

(1} Adjusr rhe mains voltage Lo 240 V.
{2} Using Lac electronic counter, verify that the period of the chopper

drive signal berween TP2 aud ground is § ms. If not, adjust B6D to
obtain the proper trequency. Remove the electronic counter.

10, Filter adjuscment

{1} Depress the mains OFF button and remove integrated circuit AR4 from
its sockok,

(2} Conpnecr the oscilloscope betwean TEI and nround.
(i} Depross the mains ON button and adjust petenciometer R39 for a
symmervical, negative-going, full-wave rectified sime wave {as shown om

circuit), Depress the OFF button and replace AR4. Depress the ON
button.

Meter calibration

1. D zero ad jusiment

{1} Comnecct the d.c. voltmeter to the OUTPUL connectors.
(2} Rotate the OUTPULT ADJUST control Eully clockwise,

{3} Depress rhe upper RANGE bulton (no indicator lamp should go on) and
adjust poLentiometer RI for a 0 #0.3 mV indication on the d.c. voltmeter,

(4} Deprcss the .01 W RANGE bution and adjust the meter ZERO control for
a {5 @y indication on the d.c, veltmerer.

Chap. 5
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{4) Continue to repeat above steps until mo additional adjustments are
requlired.

Meter sensitivity calibration

(11 Depress che upper RANGE buLctovn.

(2) On the d.c. calibrator {or test jig — sec para. 3), set Lhe tNPUT
switch o % and adjnse the WOLTAGHE contreis to ebrain an indleation oo
the d.¢. woltmeler of —1.000 V.

{4y Adjust porentiometer R21 fer ab indication of 10 on the 1) scale ol
Lhe GB4BUJ1 merer.

(4) Adjusl the VOLTAGE contrals on the d.c. calibratey for an indication
on the Jd.o. volimeter of -300 mV.

{5} Depress the 3 W RARGE button.

{6 Adjust the VOLIAGE conlrols on the d.r. valibrator for an indication
of —316.2 mV.

{¥) Adjust porentiometer RI% Lox an indicarion wf 10 on the 0 scale of

the 646071 merer.

Range daccurany Lests

13,

Chap.
Page b

Ta check the calibration on each vange procesd as follows.

(1) Depress the upper RANGE buttan,

(2) Connect the d.c. veltmeter LO the VOLTMETER terminzls of the d.c.
calibralLor (or test jig — =ee para. 3) and adjust the VOLTAGE contrals
for an indication om the d.c. voltmeter of 4.312 ¥ x0.010 V.

{1) Adjust the CAL contrvol to produce full-scale deflection on the
B4H0 1 wmetor.

(47 Adjust the d.c. calibrator rontrols in accordance with the tabula-
ticn given belew. AL each range setting, recheck the 6460/1 zero.

Then adjust the d.c. calibrator VOLTAGE controls for an indicatiem of 10
on the 10 scale of the 646071 meter. Verify that the d.c. volrmeter
indication for each secting is within the iimits, indicated in the rhird

coluatn .

Mote. ..

The internal t.f. calibrator should be gswitched off during this test

5
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R I
g omld

Ad just the doe. callbrarar VOLTAGH conlrols Lor an
the % scale oo Lhe fr'onr-lmnu‘u

Nolse Lest

4. To check the indicat eod

(1) Set Lhr d.c. ralibralor NPT switeh rto DFF.
BANGE Dolron on orioe nype BIR0/F1 [ s deprassed.

L NORMAL,L

(2] Adjust the seler Z2ERD contvol for au ind
of the tvpe 6240070 morer,

Ler0 carry-over [est

AR

HutATH et ey

03— 140 W
3= 10 W
D% 1) ml
LI B VT A
i o L NS
o=t g
3

=100 Gl

oAy
Patann g

[N

Frioem

i.3130
(. 4280
0.135z2
21,739
H. 767
Aol g
67140

noize level aroceed om follows.

1.386
0.45344
0.1375
21,755
fL.B73
d.197

6985

indication of 3 an
werer for this slep onlw,

Ensure thar Lho 4 m

Set the RESMNSE swierh

ication af 5 an the [0 scale

Verify Lhar the noise as seen on Lhe meter 1s
less than 22 of 7ill-scgle {onte small division peak-1 n—-peak},

I5. Lo eheck the mecor verc indication proeceed as follows.

(1) Adjust the meter ZERO control For an indieation of © ou the tvpo

8460/ 1 meter.

(2} Sequentiaily dopress eac
thal rhe Lypc 846071 merer

Response rime test

k al the remainiug RANGE buttons and verify
indicates ¢ ac all positions,

16, To check the acrion of Lhe RESPONSE switch proceed as [ollaws.

f1) ConnectL the nseillosrope ro the QUTPUT terminals.

{2) Depress the 3 mW RANGE button.

(7) Ou the d.c. calibrator set the LNPUT swirch to 0¥ and adjust rhe

VILTACE controls for an indicat iun of 10 on the

846071 meter,

i scale of the type

{4) Set Lhe oscilloscope sensitivity and sweep rate to 0.! Viem and

0.5 sfem respectively.

(5} Sel the d.p. calibraror INPET awireh Lo OFF and adjust Lhe weter

AER{] rontrol for o 0 indication i Lhe eype A4607] moetor,

I'e. 78

r

Chap. &

Pape 7



H G4605

(6) UWhile sbserving the oscilloscope, sel the d.ec. calibrator THRUT
switch to ON aud verify that the rise time {104 to 90Z) of the waveform

is hetween 0.5 and 1.5 s.

._,.-
S B

{7} Set the RESPONSE switch to FAST and repcat Lest.

(8 The Tite Lime should be between 50 aud 58 ms. Set rhe RESPONSE

switch o WNORM.

Qutpur ad just test

7. To check tne operation of the ADJUST QUVAIT control proceed as follows.

{b) Depress the upper RANGE button.

(2) On the d.c. calibrator, ser the range switch Lo 0.3 - 10 mi and
adjust Lhe VOLTACE coutrels tor an jndication of 10 vo the 10 scale of
the A4R0/ 1 merer.

{3} Rotate the ADJUST OUTPUT contrel counter—-clockwise and verify that
the indication om the oscillescope varies from -1 ¥ ta (.

Lamp matrix Lest

8. To rhack Lhe operarion of the RAKGE lamps praceed as folluws.

(1} Depress the upper RANGE hution and ser the LaM¥ MATRI¥ switch on
the d.c. calibrator ta | mh. Coerk tnat the | wW (N52) lamp is 1ilu-

L .
El minatod.

{2} Sequentialily depress all RANGE buttons and chock that zli lamps
are fupctionzal in the | nW column (DS2-DS9).

£3) Repeat step (2} for the 10 wW, 160 aW and 3 W colunns Tespectively.

RF calilbrator calibracion

. . . . o
9. This calibrator check should, fur optimum accuracy, becarried out at 0.

(1) Connect the d.c. calibrator for test jipg - sce para. 3} Lo the power-—
meter and use it Lo simulate the coonection of | md, [0mb, OO mW and 3 W
tft power heads by using the range scale control (LAMP MATRIX switch]l.

{2} Connect rhe calorimetric powermeter (with best absolute accuracy
available apd 100 oW power measurement capahility) to the CAL ourput
socket . Select the top range on #4601 and using the range scale con-
trel switch in the 3 W range. The calerimetric powermeter should indi-
cate 10D oM 10.7% (+ uncertainty of Lhe calorimetric powermeter).

(3) 1[ the indication is vutside this tolerance adjust R2 cn the B4ENS]
internal r.i. calibrator box.

(4} Repeat this procedure on the 0 mW vange {adjust RI&)Y and the 1 mW
range (adjust RI7).

Chap. &
Fragre 8 Feh, 78



{5)

ol Lhe r.f, calibraror heox.
logic "1 = apen circuil.)

I bsged

The logic switchiong ol rhe various
applying Lhe tollawing logic tovel
{(Lopic '0) =

Chef o b . frpnet AT Jrinit BT Teipmpd Nt
’ CRLNTH e oy . ; )
(FPAL) W i ]
I mls I m ! ! I
10 mly 10wl ] I 0L
T mb (NN 0 I 1
[0 mly W [l ] |
78

H 84605

power levels is produced by
# to the pin connectors A, B or
short civcuit to (W

Chap. &
Page Y4/010
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Chaprer &

REPLACEABLE PARTS

CONTEMT =

Pav,

Tk revedar L Lan

£ rdering
Y Conporneand s
3 Fowermer er
& RF caltbrator
INTRODUCTION
1. Cumputient s are Lisced o alphavurerical acder of civenit reference and

the fellowving abbreviacions are used.

oLl : carbon Film
Lz : rcomsonr part available [rom a number of manufacturers
Mop.d.l. @ douhle-pole double-throw
m.L. : melal film
s.p-d.t. : single-pole double-thiaw
W 1 wiTowound
t : value selected in calibration
ORDEE ING
2, When ordering parts, please address your order to

Marconi Instrumeants Ltd.,
Sanders Diwvision,
funnels Wood Road,
Rtevenage,
Hertlordshire,
andd lodicate the following for each component :
{1} Type aml serial number of inscrument.

(2) Circuir referonce,

{3} Descriptivn, manufacturer and parl number. .

Chap. &
Ooce. B3 (am, 29 Page |1



COMPDONENT S
3. Puwatﬂggff_

frrcutd
* -
ref. Degepiption

AR -4 Amplifier, IC; twpe 7410 Minidip

BT, Rartery, rochargeable {oplicual)
CE =4 Semiconductor diode;  type [HATAS
CRA Semicondiclor diader: TH33G0

CRE-12 Semiconducrar Jdiocde; 194004 or equiv.
CR12-5% Same as CRI

CR49 Not used

CR50-52  Same as CRE

CR53-54 Same as CRI

I Capacitor, [ixed, cerawmie, 0.14F, 30V

c2 Mot wsed

C3 Nat used

Cé Capacitor, fixed, ceramic, 0.0t.F, 1007

C5 Noc used

Ch Same as C4

) Capacitor, {ixed, tantalum,
BEuF, 15V, 20%

cé Same as L1

co Capacitor, fixed, tantalum
1 50uF, 6¥, 207

clo Nob used

cCll Capacitor, fixed, tantalum,
22uF, [0V, 10%

clz2 Capacitor, fixzed, tantalum,
470F, 10V, 207

ci3 Same as Cé

Cl4 Same as 4

Cl5 Mot used

cle Mot used

C17 Same as C4

ClB Same ag (4

cl1s Capacitor, fixed, wmylar,
Q.1 uF  10%, 250V

c20 Kol wsed

Chap. 6

Fage 2

Toer

e

1=

0

L.

M1 Handers
omm,
Fairehil
or ocquiv.
Camm.
Comm.
Comm .,

ITT

or oquiv.
ITT

or equiv.
ITT

or equiwv,
ITT

or eqitiv.
WiMA MES
or equiv,

sacd  Mored Pae burer

H 64605

Poart Jia.

2200-18¢

Tag
BES1S

Tag
150/6

Tap
22K140

Tay
47706

Feb.

74



-‘F. "
P ]

i

paei,

C2i
22
023
024
2
26
27
1)
29
oAl
C3l

[
Ll
I~z

L3

CH
(135
a6
C37
Ca8
C39

Cé4é

C45
Cab
C47
Ch48
49

T4
3l

Fal,

7h

feserini dow

Same as CI9
Nol used
Mot usged
Same as G4
Besl 1rmend
Sawe as G
Same as 04

Caparitor,. [ixed, mylar,
luF, +E0E, 100

Samec: a5 CZE
Nor gl

Capacitor, ftixod, cevamic
D087l , 30V

Capacitor, Tiwed, ranlalom,
1, FIGF, Gy

Capacitor, Sixed, raatalum,
sapl, —10E, Ty

Same as L4

Hotl uvsed

Hor esed

Notr used

Same as A

Capacitor, fixed, tantalum,
4.7 pF, 357,107

Nol wsoed

INTE T E e |

Same as 39

Capacitor, Fixed, eleciralyeic,

4700F, 25V

Capavitor, fixed, electrolytic,

1000uF, 407
Kot used
Same asz C44
Mol used
Nor nged

Capacitor, [ixed, ceramic,
OG0 F, 00V

Same gz Cf

Same as (50

Yk ol £

parod

H wiGL0s

Mervgidvnoe o per Frepd My
WAIMA TP
or eguiv.
Looomm .
ITT ThA
ar equiv, FRA5A
Lrr Taa
or equiv. FIEI108
T TaAM
or equiv. A-TK358
Ml laxdd, 18— 16471
Erie or A HG2=-100-
equiv. Od /[ —(T=02 510
Mullard 07 1=-17102
or equiy,
Comm .

Lhap. &

Page 3



b

Oy il

v,
ch2
53

b5l
Ee-42

Fi
Cl

PLI & 2
.

Rl
R2
B3
R

RS
B&

1
ks
E9
RI1D
E!ll
R1Z
RIZ
El4
EIS
Rif
R17
Bra
RIS

Chap. 6
Page 4

Dascriphion

Fealer L

el

Mrgre Foes Laam cen

Same as Cl4

Caparitor, fixed, tantalum,
30T, 10V, 208

Meon I1ndicator, clear

Larr, Ineandeseons

Fuse, [GUmA
Chapper, <leoctronilc

Relay

Meloer

Connector, socket, electrical

Applianee inlet, mainsg electrical,
LEC twype 330

AC vord set, moulded, % care, & A,

dav, CEE22
Resistor, variable cermer, 10k, r20%

Xor usead
fixed, £ilm, 6810,411Z,1/8W
fixed, wircwonnnd, 2k, =0_05%F

Resistor,

Resistor,

Fesistor, firxed, wirewound, Ik, 10.05%

Resistoe, variable cermet, TO0G, 2203
Hat isod

Resistor, fixed, film 47k, £17%,1/8W

Same as RA
Resistor, [ixed, [ilm 3010,+1Z,1/8W
Resistor,

Resistor, fixed, m.f., |00ki,*27,1/4W

Resistor, [ilzed, film, 20.94%02,20.1%,1/8W

Resistor, fixed, m.f,, POGE,+27,1/4W

Resistor, fixed,
m-f., Ik, £2Z,1/4W

Film 2.094M0%, 10,18, 40

Resistor, fixed,

Resistor, fixed,
1005, +2%, 1/4W

505, +207

Besislor, fixed, o f.,

Resistor, wvoariable rermer,

fixed, film 2.317ki,+0.1Z,1/8u

Film, 209 4L, 40 1%, 1/8Y

1

L3

Iz

ITT

ArcolectTic

Duhino or
Chicapu win

Comm .
MI

ERLC
or oquiv.

1l
MT
MT

M1

Bourns

Comm,

Mann
Lompnc s,

Mann
fompnt 5.

Bourns

Comm .

Cot.

Comm .

Lot .

Comm.

(. oo .

Boutrns
or equiv.

H 64605

PRy FEI T

TAG
3310

STA WY,

ClLadNaR?
CM/-1R2

18 30-04 0F

P T =M F
Li-gi

BE5=-011
AB78-00Y
830034

2400-0735

33394

HE1TS
AR1TE

3006-Y-
[=101%

24773-3211
2773297
24FT3-273A

24TFE-240]
I006E

Fubh. #4 {am. 9
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H B4605

|Ir .\f Ir Y’ I{ .'r:':' -:. -

el Hasrepipindon ired M fas tuyer
R Kesisror, Fixed, fiim PEDu,iIE,]ESN ] {2 ame B
RZ| Resistor, variabl]e cormet, 200, 1208 I Bourns HMRp
OF oqirly,
k32 Beststor, {ixed, film ELELCT N b S - TW ] Comm.
B3 Resistor, wvariable 25k ! NI Banders, LB KY
R Resistor, {ixed, Wy, BZU 0 (47 ! Mann AXT7H
Cunipn b,
RZ25 Basistor, varishle ww, ki, 20, iw ] Belianeo M
O eguiv,
K2R Resislor, fixed, 100 I ML Sarders AB50-034
B27 Resisror, {ixed, m-Foy ThkG,+27 1704 I 24T 3=-3020
HZ8 Same y RE
kg Besistor, Fived, Film, 245N, L1T, L /AW f Comm .,
B30 Hot osed
Hit Same as B2
R3Z Samc as EI7
R31 Mol wsed
R34 Restator, [ixed, m Loy 22008, 207 1440 ] 24T73=326T
R3S Resistor, fixed, ww, 68i,2202,3W | Wolwyn W2I,068 03
Bia Mot usged
R37 Resistor, fixed, m.f,, 470k, 225, 1741 I 24771-337R
t38 Resistar, Yized, Eitm, doMakie, LIZ, 178 | Conwn.
R34 Resistor, variabla cermel, 5001, 120% ] Bourns 33291
RA{ Resistor, [ixed, film, 1/8W ! Comm,
fSelect valuc at Lest
E&41 Same as ®i2
R&42 Resisrtor, [ixed, Eilm, &34k, 112,178y Coftum .
R4 Xor usod
R44 Not uzed
R45 Resistor, Sixed, film, 1/8W l Comm,
Select value ar rest
R4t Besistor, fixed, m.f., BEEL, +27 71/4% ] 24775-317N
R&47 Resistor, fixed, mf., 240, £2% 1740 ' 24773-3068
R4H Resistor, fixed, L., LL7kQ, 2T 1040 4 24773-289y
R4 Same as R4d
RSO Resislor, fixed, mefo, 7%, 2T 1740 3 24773-313H
R51 Resistor, Fixed, moE., 3.03k0, 2221740 1 24773-285F
R52 Rezistor, fixed, m-f., A9k, £2% 1741 ) 24T73-287V
R53 Same aa B3
Chap. 6
Page 5

Feh., 8& (am. 49
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B55
R56
R57
1t 58

R85
RB6
R&7
H88
R8Y

Chap., 6
FPage B

Desop it Lon

Same as RIZ
Same aa Rl14
Same as RS0
kesisror, fixod,

sistor, fix
Kegiator, Tixed,

Nor used
Regisror, fixed,
Besister, fixed,
Resistor, fiwed,
Resistoer, fixed,
Same as RI1B
Same as K48
Eesistor, fixed,
Same as Re6

Same as Rag

m. ., 4. 7M, 22F, 1400

PRki, E2TL AL

Lo,

met., 15, £27,1/4W
m.E., B2k, 22T, 174
m.£., Sli, £2%,174W

m.f., 2005, t2Z,1/44

Pilm, .3k, x5, /8%

Resiscor, wvariable cermet, 20060, 220F

Resistor, fixed,
Eesistor, fixed,
Resistor, fixed,
Resistor, fixed,
Resistor, fixed,
Same as R70
Besistor, fixed,
Same as R74
Same ac RV6
Resistor, fized,
Reststor, fixed,
Same as REZ
Same as RBO
Same as R8I

Resistor, fixed,
Resistor, fixed,
Same as R5Z
Same as Ro&
Samc as R52

m.f., S6R, £2%,1/4%
mE,, 200, t27,1/4W
m.E., 1,2 G, 22,1740
m.f., 3.3%, £2Z.1/4%
Film, 1k, +1%,1/84

film, 8.45ki, x5, 1/8W
m.f,, 43k7, *2%T,1/4W

m.f., 1.5ki,£2Z, 1 4W

ww,, 0BG, 15%,1.5HW
m.f., 2ki,*x2%,1/4U

H G4diis

Tobal
used  Momwfaotwrer  Part So.

1 PLITI-2NTT
] 287732957
1 2ET73-2425
i 24T75-2565

i

] fourns 3329H

2 243FT73-2419H

] 2417 3-232K

2 24TT3=203R
FATTE-2130

2 Comm .

2 (oo

| 25773-3122

2 2ATT3-2770

2 Comm.

1 Paignton MV 14

4 243732800

Feb- B:" i::"-_m. 9 j
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H 64608

el Fagerription Maviuactanen Pard Bo,
890 Same as REBG
RE] Same as 52
92 Game ag RL7
RO Same as REA
194 Saae an TR
94 Besistor, fixed, m.[., 6.2k0, 422 174 2ATFTI=-290W
KAk Reststar, Lixed, m ., FO0U, 22F 1741 207 T3-270R
RY7 Resigror, fixed, o.f., 2205,+53,2W Coman .
R9B8 Resistor, fixed, m.f., sclect at test, Coms:.
1/aw
R&9 Ruesistor, fixed, m.f., select at test, Comm.
LA
5l Switcl, pushhurren, & station HT IB50-038
52 Bwikteh, Jdop.rc.o. MI A BT 16 1Y
53 Switeh, d.p.c.o. ME 23467-1R1U
54 Switch, pushbutton, 5 station ML IB7B-035
53 Switch, d.p.c.o. MI 23467-1611
8R4 Binding post assembly, BLK & RED Eeliing Lee  LI563/1I
Or cguiv,
TI Transformer, a.f, MT 3850-0130
T2 Tranulormer, POWEEr step-down ML 3250=-046
Yri-3 Transistor 2NSF38 or PN 4250 i .
VT4 Transisior 2N5133 or 202222 C o,
VT5-8 Same g5 VTI
yTo, 1 Transistor BDI32 Comm,
VT11-t7 Transistor 2M5135 or PH 5135-05 Com.
VEI1,2 Voltage regulalor, IC; 723C DI Fairchild
or equiv,
4, KF calibrator
(B Eresatt
ref. Desor (Dt ion Hemufactiur  Pavi No.
Cl Capacitor, fixed, ceramic, 0.Q1pF, 100V Cootue .
(o Capacitor, fixed, polystyrene, Comm,
G 001uF, 25V, 7%
Chap. &
Feb. 87 (Am. 5) Fage 7



Coren it
raf.

&7

Ch
co
Cl
11
i1z
i3
Cla
cl5
Cl
c17
iR
cle
Cz0
c2l
£22
C23

DI
D2
B3
D4
b3
b6
D7

IC!
IC2

Bl
RZ
R3

Chap. 6
Page 8

H 63605

Dearpint fon used  Mamfasturer  Saed Mo,
As O
As C1
As 42
Capacitor, [ixed, polystyrene, i Cumm.
Yalpl, 23
Capacicer, fixed, polystyrene, z Cou.
1 5pF . +1pF
Capacitor, alr spaced trimmer,3=11.5pF 1 M1 2681 6=-214
4s Cl6A
As C2
4s {01
As CI
Capacitor, fixed, polystyrene,2ipF, HIpF ! C v
Capaciter, fixed, mica, SOpk, tIpF 1 o,
Capacitor, fixed, mica, 27pl,+ipF ] Colm .
Capacitor, fized, ceramic, O.0HGF & {omm.
Az Cl6
As (1
As C1
As C1
As ClI
As (la
A= C7
Semiconductor diode HGLOOS 2 BAT &5
Diode, Zener, BYX79 C5V1 I MI 2B37i=401Y
Diode, Schoctky, HP5082-2800 2 HF
Diocde, IN4I148 1 Conm.,
Diode, 15920 1 MI 28336—138T
As D3
As D!
Iﬁtegrated cirevit F400K ! Comm .
Op.amp. M3556 [ MIT 28461-311
Resistor, [ived, w.f., 1200Q,2%,1/8W I Comm.
Resistor, variable, cermer, 50k, 103 i MT 25748-5090
Resistor, fixed, m.f., 33k4,2%,1/8W 3 Comm.

Fel». A7 {Am. 5)



iy
LIg
Rl
B2
.R]1
RL4
Rl13
R4
BI7
B4
i
R20
k21
K22
R21

RELA

ELEB

TRI
TRZ

Fel:,

Y

Heaeranr ok

Ay B3

Resistor, [ixed, m.[.,

BRO, 2E 1R

Resistor, fixed m.f., 6.8k0, 2%, 1/8W

Resistor, [lxed, m.0.,
Resisror, fixed, m.i.,
Kesistor, Fixed, m.f.,
Resistor, fixed, m.f.,
Resistor, [ixed, m.f.,
Registor, fixed, m.f,,

Resistor, fixed, m.[.,

PLBRG, 22, 1/8W
B8, 2E, 1R
20k, 2T, 178
G0N, 2R, 18
1L, 2, 1 /80
S, 2%, 1/8W
e, 2T, 1/78W

Resistor, variahle, cermet, Iki, |07

As RG

Resistor, [ixed, m.f.,
As Rl4

Resislur, fized, m.f.,
As R3

Ecsistor, fixed, wm.t.,
Resistor, {ixed, m.£.,
Resistor, fixed, m.f.,

As HZZ

Feed relay

Axs RLA

Tranzistor LBCIOZR
Transistor RFWIAA

LW, PE, 1AW
1.5k, 2%, 1 /38U
2200, 2%, 178W

I 2kE, 2%, 1 /BwW
125,2Z,1 /8W

'“"'1".::' ;

Ty

i REO0S

Mepnjacturer  Pard 8o,

|

Comm.

Comn.

Conue .

CoaTant .

Comm.

Conm.

Comm,

Comm.

Comm,

Ml Sanders 257485040

Comm,

Cogim .

Comm.

Cormm.

Cormn .

Clare FEME
1500548

Comm.

Comm,
Chap., £
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Chapter 7

SERVICING DIAGRAMS

CONTENTS

Circiuit notes

Powermerer ‘e -
Powermater range switching
B¥ culibrator ... ‘un

CIRCUIT NOTES

(1)

(2}
(3)
{4)
{3}
(6)

Feb.

FL] and PLZ are front and rear
in parallel.

panel Iopul connectors and are

D NOT MARL RESISTANCE CHECES ON TRANSFORMEs TI.

Junctione marked A ucilize low thermal solder.

H a4h0s

Page
s 3/4
- 976
78

connes ted

Waveform observed when AR4 is removed and top RANGE bulton is depressed.

Circuit pesitions marked E}rand wirh identical letters are interconnected.

Unless otherwise specified:-~

Resistances are given in obms and are rated 1/8 W unless shown on

circuit diagram.

73

Capacitances are given in microfarads.

Chap. 7
Page 1/2
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General information

1.1 GENERAL DESCRIPTION

The Type 6440 Series of tft (R)* Power Heads, in conjunction with the
compatible Power Meter, are designed to measure mean r.f. power from ~35dBm
to t10dBm (0.3uW to 10mW) at frequencies from 10MHz to 18GHz (22GHz with the
Type 6440).

R.F. connectors in Type N or SMA with 50 ohm impedance are available — see
Table 1.

These tft Power Heads are compatible with the Power Meters Types 6460,
6550B and 6555.

The Calibration Factor and Effective Efficiency data is given on a label
attached to each tft Power Head.

* Thin film thermoelectric 1
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2 Operation

2.1 OPERATING INFORMATION

To place the tft Power Head into use, first connect it to o tft powermeter
and zero the instrument to balance out residual thermal emf's. {The detailed
operating procedures for the Type 6460, 6555 and 65508 are given in the Operating
and Service Manuals supplied with those instruments.) If correction for Effective
Efficiency or Calibration Factor is desired, transfer the correction from the approp-
riate graph attached to each tft Head to the control at the rear of the mount. The
tft Power Head should then be connected to the r.f. system under test and the
mean power will be indicated on the tft Powermeter.

2.2 OPERATING INSTRUCTIONS

The operating instructions for the tft Power Heads applies to the maximum
allowable RF input power.

The absclute maximum RF signal level that may be coupled to the 6440
Series Ht Power Heads is given in Table 1.



TABLE 1

6440 SERIES TFT POWER HEADS

The 6440 Saries are thermoelactric Power Heads with coaxial connactors in Typa N and miniature SMA. These Power
Heads extend the operating frequancy to 18GHz in coaxial line. 6440N/1 is intended for use with Powermater System
B460S and differs from 6440N only in its type of connecting cabla.

SPECIFICATIONS

Type | Freq. Range-[ Avernge Power |Max, peak |Man.Energy!Fulse Max. d¢ Field RF
(GHz) Range (1) pulse power | Per Pulse [Duration |voltage| Max. VSWR Replacement [Conrestor
at ¥25°C  at *25°C  |at +25°C tft element
From Ta W—Lisec |us (max)

6440 | 0.01-22% 1.5:1 from SMA-male
0.01 to C.015GHz
1.35:1 from

440N | D.01—18  [D3LW | 10mW W 5 5 10 0.015 to 10GHz TL—4A  |Type N male'®

and —35dBm | +10dBm 1.6:1 from

—N/1 10 to 22GHz@)

R.F. Impedance: 50N nominal
Temperature Coefficient: Less than 1% per deg. C. when ysed with any tft Powermeter

Mimensions: 6440, 2,66 L x 1,28 Dia. (67,6 x 32,5 mm)*3)
6440N, 3.42 L x 1.28" Dia. (86,9 x 32,5 mm)")
Weighe: Approx. 3 oz. (35,1 gm)}

N For Powermater Type 6555 the lower power limit is increased by 20dB
and Type 65508 the jower power [imit is increased by (OdB

(2) Upper Fraquency limit for 6440N is 18GHz. Standard 6440 nas upper freqguency
limit of 1BGHz with operation up to 22GHz available to special order.
{3) Maximum, including r.f. connector but excluding cable and multi pin connector.

(4) Precision type N 5001 male to MIL-C-39012




Chapter

2 Operation

Figure 1 expresses the absoiute maximum energy input in graphical form.

: |
E |
£ I
v |
g |
< |

0.0 I ]

| 1

0 ! 1

0 5 500 psec

Pulse 'ON’ Time
Figure 1T Allowable Energy Input to 6440 Series Power Head
2.3 CAUTION

While the tit Power Heads will take overloads of up to 300% for short
periods, the levels given in table 1 should not be exceeded or damage may result.

2.4 RF INPUT CONNECTGORS

The input connectors on the tft Power Heads are precision connectors
produced to Mil-C-39012 or IEEE Standard. When assembled with mating connec-
tors to the dimensions shown in Figure 2, the optimym impedance match is achieved.

4
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2 Operation

MATING FEMALE OONNECTOR MALE CONNECTOR ON

0.207" Mex. 0210 Wi, +t POWER MEAD.

Type N Connector

MATING FEMALE CONNECTOR MALE CONNECTOR ON
Qo7 1 POWER HEAD, 8440

0.078".

ADDAAMAAA_

_l L2 SMA Connector

INSULATOR
—p02

002 Men.
PROTAUSION

e REFERENCE PLANE

Interface Dimensions to Mil-C-38012
for Optimum Parformance

Figure 2



Chapter

3 Technical description

3.1 PRINCIPLES OF OPERATIONS

The tft Power Heads incorporate a thin film metallic load, which acts as
a well-matched 50 ohm termination and absorbs the incident r.f. power. The load
contains thermoelectric junctions which absorb the r.f. power and generate a
proportional d.c. voltage. The d.c. output is coupled to the power meter amplifier
and displayed as true mean power.

3.2 SCURCES OF ERROR

There are two primary sources of error that are common to most power
measuring devices. These are best described by the terms mismatch and efficiency
errors.

3.2.1 Mismatch errors

The ideal power sensing device would be completely reflectionless, ab-
sorbing all the power that is incident upon it. Although all models of coaxial tft
Power Heads are very well matched over an extremely broad band of frequencies,
there may still be a significant amount of power reflected at some frequencies.

In order to account exactly for the mismatch error, one must know the com-
plex impedances of both generator and load. In most circumstances, it is not
convenient to measure these quantities. Nevertheless, with a knowledge of the
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magnitude of these two quantities, it is possible to establish an upper limit on
this error with the use of the following equation:

0- [ Teva-|TLl2)
02| TgTL| 2

Mismatch errer =

fl

where _Pg

—rl.l. the load reflection coefficient, and

17 _ VSWR-1
VSWR+1

the generator reflection coefficient.

Figure 3 is a graph of the limits of mismatch error as a function of gen-
erator and load VSWR,

3.2.2 Efficiency errors

Although the usual definitions of mount efficiency as applied to barretters
and thermistors do net apply to tft Power Heads, since these devices do net
depend directly upon substitution power to effect a measurement, an equivalent
error exists which is o result of the frequency dependent response of the unit. As
described beiow, calibration of the tft Power Heads can be performed at audio
frequencies and this is one of the factory procedures employed.
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Technical description

Ideally the Joule heating effect of the audio power used in calibration and
the r.f. power to be measured should be the same, giving rise to the same thermo-
electric emf, in practice, some of the r.f. power absorbed by the mount is lost in
the metallic conductors, dielectric supports of the mount, the r.f, bypass capacitors
and cc;n)tcrcfs of the tft element. This error is corrected by the Effective Efficiency
factor (i},

Every tft Power Head is individually calibrated using standards fraceable
to the most accurate available, and which have British Calibration Service (BCS)
approval,

VEWR of 6440 SERIES tr HEADS

—~— Siec Limit -

1 i ¥ T T T T 1 1
8 10 12 L] 18 .’ 20 2z

Frequency (GHz}
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Q
°
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ﬂ Technical description

A calibrated control on the tft Head permits for correction of its variation
in efficiency with frequency. This efficiency is essentially 100% up 1o 2GHz and
a calibration chart on the tit Head gives correction in terms of EFFECTIVE
EFFICIENCY :nd aiso CALIBRATION FACTOR ™ at higher frequencies. With
the CAL. FACTOR correction, the powermeter and tft Power Head will, when
used with a 50 ohm matched generator, measure power corrected for all errors and
mismatch uncertainties, except those resulting from the uncertainty of the basic
Standard and its transfer. With the EFF.EFF.correction, the powermeter, when
used with a conjugate match generator, will similarly eliminate all major losses
and uncertfainties.

(i) EFFECTIVE EFFICIENCY is the ratio of audio reference power to r.f.
power dissipated within the tft Head for the same dc output voltage.

(ii) CALIBRATION FACTOR is the ratio of audio reference power to r.f.
power incident on the tft Head for the same dc output voltage.

10



H Maintenance

4.1 GENERAL MAINTENANCE

Except for replacement of tit elements, maintenance should not be required
for tft Power Heads.

Field Servicing of the microwave assembly section (Male connector assem-
bly and lower housing, see diag. fig. 4) is not possible and if any part of this
becomes defective, the unit should be returned to the factory.

4.2 FAULT FINDING

The information given below is intended to help isolate a problem to o
particular part of the tft Head.

4.2.1  Powermeter will not zero

With the tft Power Head connected to a Powermeter, but without r.f. input
io Power Head, the Powermeter cannot be zeroed with relevant Powermeter control,
proceed as follows:-

{a} Remove Power Head cable from Powermeter. With suitable multimeter
check tft element.

tft element check

(b} Verify that the resistance between pins 1 and 3 on P1 is approximately
200 ohms. DO NOT USE R = 100 OHMMETER RANGE

1
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(c) If resistance is in excess of 250 chms element should be replaced,
see Section 4.3.

Isclation Check

(d) Using R x 100 scale verify that an open circuit exists between pins 1
and 2, and between 3 and 2 on Plug P1.

(e) Ifresistance is not infinite checktft element assembly. See section 4.3.2.

If all the above checks show the tft Power Head to be working to specification
then the tft element is satisfactory and the fault may be in the other circuits of
the Power Head. Proceed to checks 4.2.2,

4.2.2  Powermeter will not indicate power

If the tft Power Head has been satisfactorily checked to tests 4.2.1 and
the Powermeter indication still remains at zero, even if r.f. power is applied to
the Head, or is erratic, then proceed as follows:-

(a) Remove Power Head cable from Powermeter. Using suitable multimeter
(ochms R x 1 range)

Feedback resistance check

(b) Using multimeter check that resistance between Pins 8 and 9 on plug
P1 is between 30 and 200 ohms.
If the measured resistance lies outside this range the dc components
inside the tft Power Head are defective. To isolate the specific com-
ponent continue as below.

13



Maintenance

{(e) Vary Eff.Eff/.Cal.Factor control on Power Head. The measured resis-
tance should vary correspondingly.

(d) The angular rotation of Eff.Eff./Cal.Factor control should not exceed
270 degrees of arc. If the control can be rotated continuously in one
direction and the resistance reading is erratic the variable resistor R3
{see Circuit fig. 8) is defective and should be replaced.

RF input assembly check

e} Measure input capacitance at r.f. connector by measuring between
centre conductor and connector cuter diameter. This measurement can
be made with any suvitable capacitance bridge. Input capacitor when
measured should be greater than 200 picofarads. If a lower capacitance
is measured then the r.f. input assembly is defective and the complete
tft Power Head should be returned to Marconi Instruments Limited.

4.3 tit POWER HEAD SERVICING

4.3.1 Factory repair facility

To obtain a factory replacement of ift elements for your tit Head, please

return units to:
Marconi Instruments Limited,

Service Division (Microwave},
PO Box 10,

Six Hills Way,

Stevenage,

Herts SG12AU

England.

14



“ Maintenance

4.3.2 Field replacement of tft element

As the tft elements used in the tft Power Heads are field replaceable,
a spare parts kit can be supplied for servicing carried out by users.

When spare tft elements are required for field replacement they should be
ordered in accordance with the following:-

Type No. Type No.

tft Power Head tft Power Head
6440 TL-4A
6440N TL-4A

tft element replacement procedure

Proceed as follows for field replacement of TL-4A elements. The use of
the special tool {U-Jig) furnished with each replacement element is required.

1. Loosen setscrew and remove dial from dial shaft (See diagram, fig.4)

2. Remove the three screws which secure the enclosure to the Power Head
assembly. Slip the enclosure along the cable away from the power head
assembly.

3. Hold the U-jig bevel side up and slide it between the two snap rings of
Plunger A and B and the Housing upper.

15
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10.

11.

12.

13.

Maintenance

Loosen each screw fixing housing upper to lower housing one furn.

Then remove screw (without black wire attachad) lockwasher and flatwasher.

Then remove other screw, lockwasher and earth tag with black wire.
Carefully lift the upper housing straight away from the lower housing.
Remove the cover sheets and element from the guide pins on the upper housing.

Clean the mounting surfaces of the upper and lower housing with a soft pipe
cleaner using acetone or ancther residue-free cieaning agent. Donotallow
the cleaning agent to make contact with the two plastic pins in the upper
housing, or the two bellows, stripline or cavity area near the siripline in
the lower housing. After cleaning, inspect the two surfaces to verify that all
foreign particles have been removed.

Clean the replacement tft element with a dry soft pipe cleaner to remove all
dust and lint. Do not clean with any cleaning agent. The tft element should
be carefully handled with tweezers, ensuring that the tweezers do not touch
the film area of the element.

Carefully install replacement element (with cover sheet on both sides) over
guide pins on upper housing, aligning the two larger heles in the element with
the two mounting holes in the upper housing, and aligning the cut-out in the
element with the corresponding cut-out in the upper housing.

Clean the replacement cover sheet with acetone. Dry it thoroughly before
instaliation.

Install a new cover sheet over the element. Do not use the old cover sheet.

16



14,

15,

16.

17.

18.

19.

4.4

Maintenance

Carefully align the upper housing guide pins with the corresponding holes
in lower housing and bring the blocks together.

Install first screw, lockwasher and flatwasher, and second screw, lockwasher
and earth tag with black wire. Ensure that the flat surface of the flatwasher
faces the upper housing. Tighten both screws one turn at a time until the two
blocks are firmly secured.

Remove the U-Jig and check for proper element installation by verifying that
the resistance between pins 1 and 3 on the multipin connector P1 is nominally
200 ohms. Use the R x 100 scale. Then check that an open circuit appears
between pins 1 and 2, and between 3 and 2. Use the R x 100 scale. If not,
there may be a foreign particle in the Power Head. If this occurs, the mount
should be disassembled, cleaned as described above, and reassembled.

1f the above checks show that the tft element has been correctly replaced,
refit the enciosure over the Power Head assembly, and secure.

Rotate the dial control shaft fully clockwise, set the dial to read 100%, and
secure,

Perform the recalibration procedures described below.

CALIBRATION

To recalibrate the tft Power Head as part of a periodic calibration prog-

ramme, it is acceptable to use either of the two following procedures.

17
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4.4.1 Audio Calibration

If this procedure is employed, frequency of between 400 and 1000Hz is
best so that mount efficiency errors can be ignored.

PIN 1
tft HEAD
UNDER TEST
PIN3
RMS
VTVM
APPROXIMATE AC
TEST VOLTAGES
E EL
1.0 ufd 2000
1 kHz '_'
AUDIO +0.1%
GENER.
The foll g i or suitable eq
are recommended for use in this procedure:
AUDIO GENERATOR  MI TF 2102M
DC RMS VTVM FLUKE MODEL 931A
VTVM DC VTVM FLUKE MODEL 821A
DANA 5330

Figure 5 Test Set-Up for Audio Calibration

18
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(@) Connect the tft Power Head as shown in figure 5. Be sure to observe proper
ground connections to avoid spurious ground loops. To check for this, prior
to connecting the tit Power Head, observe the d.c. voltmeter as the a.c.
generator output is varied. There should be no reading under these conditions.
Disconnect the d.c. voltmeter and observe that there is no change in the
a.c. voltmeter reading.

(b)  Adjust the output of the 1KHz generator to the voltage indicated Fig.5
(approximately 10% below the maximum rated power of the head). Measure
the rms audio input voltages (E and EL) and the d.c. output voltage Eg. and
comput the sensitivity (5) as follows:

E
DC
s = EQUATION (1)

(E-E )

gl

Compute the required value for the calibration resistance from the formula

R = 97 EJATBS-O. lﬁiﬂ

Connect a precision resistance bridge between pins 8 and 9 of P1 and adjust
R3 to produce the desired resistance.

19
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Figure 6 Circuit Diagram for Type 6440 Series
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4,42 R.F. Calibration

With an r.f. standard, a known level of power from a well-matched source
{(VSWR less than 1.02) should be established. A level, close to the maximum
rating of the tft Power Head, is best to minimize drift and noise. The YSWR of the
tft Power Head should be measured at the calibration frequency and the return
loss computed. With the tft Power Head connected to the tft Power meter (e.g.
6460} and the efficiency control set to 100% apply the r.f. signal and adjust the
the calibration potentiometers R1 (see figure 8.) to produce the desired reading
including correction for the return loss. The calibration potentiometer is available
at the rear of the Power Head housing by removing the metal plug.

4.4.3 Efficiency Determination

For recalibration when replacing tft elements, the mount should first be
tested in accordance with the audio calibration procedure described above. RF
Effective Efficiency can then be determined by measurement againstr.f, standards
and the new efficiency factor marked on a new calibration plate and attached to the
mount.

4.4.4 Calibration with Extension Cables

When using tft POWER HEADS in conjunction with extension cable as-
semblies, such as types W967, W970 and W972, it is necessary to compensate for
the resistance of the extension cable assemhblies. Towards this end, it is accep-
table to use any of the methods given below. (If the total length of the extension
cable assemblies does not exceed ten feet, then the resistance can be ignored).

21
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(a)

{b)

4.5

Perform either the 4.4.1 or the 4.4.2 procedures described in this Instruction
Manual, with the extension cable assemblies attached to the tft Power Head.

Perform the described audio calibration procedures and change the calibration
formula in equation (1) as necessary from R= { YtoR={( )~X; where
X= the resistance of the cable assemblies at 1 ohm per 20 feet.

Perform the described r.f. calibration procedures and adjust the CAL poten-
tiometer X ohms lower (See (b} above) than the value to which it would
normally be adjusted. Make this adjustment af the conclusion of the des-
cribed procedures.

ACCESSORIES AVAILABLE

TOOL KIT PART No. 3850 TK-1 is essential for repairing any of the tft

Power Heads.

The Tool Kit consists of :-
{a) Assy. Jig
(b) Screwdriver
{c} Tweezers

{d) Allen Key

22



Chapter
1

Replaceable parts

Ref. Sym. Description Part Number | Mfr. |Quantity used per
tft Power Head
tit Element Kit TL-4A Ml 1
Cable Sp. elect. . 3853/11¢9 Ml 2 Metres
{or 3881/102
for 6440N/1)
Dial. 3881/006 Ml 1
C1, C2, C3| Capacitor (part of
microwave assy.) - Ml
P1 Conn. Plug Elec. 3853/120 Ml 1
R1 Res. Var. WW 100{) 3329P-1-101 | Bourns 1
R2 Res. Fxd, Film 39.2Q0 Comm. 1
2% 1/8W 100ppm
R3 Res. Var. WW 3853/012 Ml 1

Comm. — Common part available from a number of manufacturers.
M - Marconi Instruments Ltd.

. 80B/04788
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