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‘1.0 INTRODUCTION

NADC recognized that the versatility of the Navy's
overall Multiplatform Transceiver could be enhanced by
including an electronically programmable attenuator for N
covert communications operation. Such an attenuator could
limit the transmitted power to the minimal level necessary
for communications between two or more locations. NADC
also recognized that system complexity and cost could be
minimized by including the programmable attenuator in the
transmit/receive switch presently intended for the trans-
ceiver. ECI was selected by NADC to study the feasibility
of an electronically programmable attenuator u31ng PIN '
diodes as the controlling elements. :

In the course of this effort various circuit configurations
for PIN dicde attenuators and diode drivers were investigated.
Tests were conducted on these circuits and the results
reported monthly throughout the program. After studying the
results of these tests and studying the electrical design
goals, a breadboard programmable attenuator was constructed.
Tests conducted on the breadboard have confirmed that an
electronically programmable attenuator is feasible for
operation in UHF transceivers.

Various problems and operational limitations were
investigated during this program. Most of these problems
were resolved by trade-offs made to reduce the effects on
overall performance. The most significant of these problems
were harmonic output at high attenuation settings and the
ability of the attenuator to maintain the desired attenuation
as frequency and temperature is varied. Electrical para-
meters such as VSWR, attenuation stability, harmonic output,
switching speed, isolation, and frequency response, can ..
be adjusted for a particular redquirement as trade-offs
are made to reduce circuit complexity and cost. o L

Consideration was also given to thermal problems and
packaging approaches. Thermal problems do not exist with
large packages but if the package size is reduced, a heat
sink must be provided to dissipate the heat- from the
attenuator. The breadboard attenuator was construced with
discrete components to facilitate testing; however, Micro-min
circuits could be used to significantly reduce the size of
‘the unit. Additional study into Micro-min packaging of the

. programmable attenuator. could result in improved performance,
smaller size, and minimum cost for high duantities.

- 1_




PROGRAM DESCRIPTION

This report documents the investigation, construction and —

test of a programmable RF attenuator. The attenuator
regulates UHF Transmitter output power to the minimum
required for secure communication. Attenuation levels

. are in discrete steps which are electrically selected by
digital signals from a separate control unit.

This investigation was to study the feasibility of an
electronic programmable attenuator and to determine its
operating characteristics and limitations.

A number of technical characteristics needed definition.
The required thermal dissipation was not known. The
switching speed was a function of diode size, but how this
affects the operation of an attenuator was not known. The
attenuation range, flatness with £frequency, insertion loss
and interface requiresments required definition for proper

'specification of a realizable attenuator.

After the operating parameters were determined a model .

attenuator was needed to demonstrate the capabilities
defined during the investigation phase. The model was to
be suitable for further laboratory evaluation -and capable
of performing the functions of both an attenuator and a
transmit-receive RF switch. '

This report details three main topics pertaining to the
attenuator. They are: RF attenuation, driver circuits, and
packaging. Expansion of these topics include basic require-

“ments of each, investigations, and design of the engineering -

breadboard. Conclusions and recommendations follow the
basic text. ' ’




3.0

3.1

3.2

RF_ATTENUATION - . /

RF Impedance Consideraticns .

Per formance Requirements

i Design goals were set to describe the specific elec-
trical requirements for a programmable attenuator. The

most important of these were:

225 to 400 MHZz

] Operating Freduency

Power Handling - 100 watts (at minimum
o attenuation setting)

® Transmit to Receive

Isolation : - 25 dB
e . Antenna to Receive
' Insertion Loss - 0.3 dB
e Transmit to Antenna _
Insertion Loss - 0.3 dB .
e Transmit Port VSWR - 1.2:1
'J'o Receive Port VSWR - 1l.2:1
o Switching Time '
" 1. Transmit to _ _ IR
- Receive - 100 ps - S ¢
2. Receive to k
Transmit - 10 Ps

Besides the basic electrical specifications, a number
of general characteristics were desired. The RF attenuator
was to be as simple as possible for simplification of the
driver circuit design. Components in the RF signal path

were to be minimized to reduce insertion loss, and power

dissipation was to be 1ow for simplicity of coollng and
packaging. ' -

Constant input impedance over the entire range of
attenuation and frequency is required to maintain proper
loading of the power amplifier driving the attenuator. .

Many attenuator circuits maintain a constant input 1mpedance

for different attenuation levels (Figure 1l). The programmable

attenuator has an additional impedance requirement. The
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impedance presented to the antenna port must be nlgh when

‘the attenuator is in receive mode. This is to prevent loadlng

of the receive signal. There are a number of ways to do

- this, such as adding another diode in series with the

attenuator circuit (Figure 2) or designing the attenuator
to have constant input impedance and an output impedance
which increases with attenuation. Designing the attenuator
for high output impedance at high attenuation has the
advantage of simplifying RF circuitry for this type appli-
cation. This is not considered a major problem if the
antenna impedance is primarily resistive.

. The impedance presented to the receiver does not have
to be maintained at 50 ohms when the attenuator is in the
transmit mode. In the receive mode, the receive port
should connect to the antenna unattenuated and with a low
input VSWR. A simple switch consisting of a PIN diode
provides such characteristics when the amount of required

-transmit mode attenuation is not more than 15 dB. This

is approximately the limit of isolation obtainable from a
single series power PIN diode. :

éﬁtenuation of PIN Diodes

The limiting factors of diode attenuation range are
diode capacitance and series resistance. Typically, diodes
having high on-to-off ratios have high shunt capacitance.

A power PIN diode has inherently more shunt capacitance and
lower switching speed (see Figure 3). For dissipation
capability of 10 to 20 watts and any combination of capa-
citance, resistance, and on-to-off ratio, a best case
attenuation range of=15 dB in a 50 ohm system is. obtalnable'

with a single diode.

The programmable attenuator has a minimum attenuation
design goal of 20 dB. This was considered sufficient for
secure voice operations. For 20 dB attenuation, the
attenuator needs as a minimum, two PIN diodes, one shunt,
one series (Figure 1A). Such an attenuator can be biased to
provide a constant input impedance, but the output impedance
approaches some small value («<50 ohms) as the attenuation
is increased. :
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Series
,.Diode Total Resistance | Carrier :
‘Number Capacitance (100 mA) Lifetime Remarks
" Unitrode o Type used in
UM 7000 0.9 PF 1.0 ohms™ 2.5 psec Attenuator
Unitrode . Same size as
UM 7200 2,2 PF 0.2 ohms - 1.5 psec above diode
Unitrode | Higher powver
_ UM 4900 3.0 PF. 0.5 ohms 5.0 psec rating than UM
7 7000 series
%‘ HP 5082-3080 0.4 PF 2.0 ohms 2.0 psec|Gen. purpose
! ' : ' low power diode
HP 5082-3202 0.32 BF | 0.8 ohms 0.01 psec|High Power diode
HP 5082-3003 0.3 'PF 1.5 ohms 0.01 psec|Low Power diode
3 Micro. Assoc. ’ 1 j :
. . -MA-47084 ' 3.0 PF 0.5 ohms 15.0 ps |High Power diode
N
X
gg
FIGURE 3
Table of PIN Diode parameters -
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3.3 - Contd.

3.4

3.5

To minimize the dissipation requirements of the PIN
diodes, a fixed resistor can be added to the basic design-
(Figure 4). When the attenuator is in maximum attenuation
mode, the resistor absorbs the incident power. Also, over
the attenuation range the first series diode does not
dissipate more than half the incident power. Lower
dissipation allows the use of smaller series diodes having
higher switching speed.

Attenuator Speed

The switching speed of a PIN diode is limited by the
minority carrier lifetime of the diode and the speed of
the driving circuit. Drive line bypass capacitance is needed
for RF isolation. By keeping the bypass capacitance to a
minimum, the affects on driver speed can be reduced. The
minority carrier lifetime then has the most effect on
switching speed. The larger the diode, the slower the
switching speed, because more time is needed to recombine
minority carriers. . This effect is not easily controlled.
Iarge diodes are necessary for power handling, but for
higher switching speed small diodes must be used. Any means
such as splitting and combining, adding fixed resistors, or
lowering incident RF power will allow the use of smaller
diodes resulting in faster switching.

RE Attenuation Variation with Frequency

The impedance of a PIN diode is not constant with respect
to frequency. PIN diodes are represented by a model
consisting of series lead inductance, capacitance, and
variable resistance (Figure 5). Ths inductive and capacitive
components are responsible for attenuation variation with
frequency. Lead inductance can usually be kept small
by proper circuit layout. At 225 to 400 MHz lead length
in excess of 1/8 inch (=1 to 2 NH) is significant. Diode"
capacitance is more difficult to control. The intrinsic
capacitance of the diode generally increcses with the size,
power dissipation, and minimum series resistance. Any
relaxation of these requirements can be traded for lower
diode. capacitance. The remaining capacitance can often be
resonated with added circuit inductance to form a low pass
network (Figure 6), or incorporated in the circuit so that '
it will not affect the band of interest.

-8-
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3.5 - Contd. ' ' ' /

3.6

2

Signals with frequency periods on the same order of
magnitude as the minority carrier lifetime of the dicde do

not pass without some rectification and production of harmonic

products. For PIN diodes, this frequency is usually much

“less than the frequency of operation and rectification is

usually not a problem.

Transmit~Receive Switching

To switch the antenna port to a third port for signal
reception, another PIN diode switch section is necessary.
The complexity of this switch is dependent on the amount of
isolation necessary to protect the receiver from the high
RF power of the Transmitter. Receiver inputs of from
10 to 100 milliwatts can usually be tolerated without
special protection depending on the design of the receiver
front end.

Addition of a shunt diode on the receiver input or on
the receive port of the attenuator can increase the receive
isolationr by 20 to 30 dB.

When the antenna switches to the receive port, the
transmitter port must be isolated from the antenna port. To

‘accomplish this the attenuator between the transmitter and

receive port must present a high impedance to the antenna
port.' For a constant impedance attenuator, this can be done
by adding an additional diode in series between the antenna
port and the attenuator or the attenuator can be tailored
to present a high impedance to the antenna and a constant
impedance to the transmitter port.

Miniaturized RF Circﬁitry

The 1imit on size reduction is set by thermal require-
ments, and the availability of miniature components capable

of withstanding RF 1evels of 10 watts or more.

PIN diodes capable of dissipating,severai watts are

available in chip form, but the manufacturers do not guarantée

the dissipation performance if not bonded +o a package by

them. Some investigation and evaluation of bonding power

PIN diodes directly to a hybrid substrate is needed before
a practical hybrid attenuator can be built.

-12-
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3;7 - Contdo

3.8

Other components required for the attenuator i.e.
capacitors and inductors are available in forms suitable for
hybrid design and capable of handling moderately high power.
With hybrid construction it is possible to reduce the size
of the attenuator to about 1/2 to 1/10 the volume of a
discrete attenuator.

RF Section of the Final Breadboard Attenuator

The final RF breadboard was designed and built to meet
the specified performance goals utilizing the simplest and
most economically compact, discrete component, construction
technique available. To maintain a constant input impedance,
the attenuator was designed with a modification of the
bridge "T" attenuator. This modification allows constant
input impedance with a high output impedance at. maximum
attenuation (Figure 7). The tracking of the series and
shunt diodes is made easier by calculating the redquired
impedance for each attenuation setting with coristant input
impedance (Figure 8). The calculations show that the shunt-
and series diode current are close to inversely proportional
for constant impedance. This means that the input impedance-

-remains fairly constant if both the shunt and series

impedance are varied the same (linearly) but out of phase.
The shunt diode is biased on as the series diode is biased
off. The input impedance and attenuation range is controlled
by setting the shunt diode turn-on point and adjusting the
maximum shunt diode current. This simple alignment method
maintains the VSWR at less than 1.5:1 over all conditions.
Further improvement can be made by resonating the intrinsic
and stray reactances in the attenuator.

 Tests of the attenuation range, insertion loss, and
port isolation gave acceptable results (Figure 9 through
14) . The receive port isolation was not much greater than-
20 dB at any point in the 225 to 400 MHz band. The amount:
of isolation obtained was as expected from one diode with
large capacitance and high power handling capability. .
Additional isolation may be obtained by installing a shunt
diode at the receiver input port. )

-13-
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Port | Port Atten. Freq. (MHz) -
From To status 225 275 325 375 400
Min. _
PA Ant. Atten. 0.38 10.40) 0.38 10.43 {0.40
Min. .
Ant. { Rev. Atten. 0.2910.311 0.2710.33 10.25
Max.
PA | Ant. Atten. 38 36 34 32 31
Min. Atten. »
Ant. | Rev. | PA to Ant. 24 22 21 19.2 | 19.8
oo Top View of
Atten.
PA Recv.
Ant. L. - _:?
o f
FIGURE 11

Attenuation versus Frequency Characteristics

of the Breadboard Attenuator

Atten. (dB)

_185¢v§




Atten. Power Power
Setting In Test Time ‘ Out
(-dB) (watts)| (Minutes) | (-dB from Input) Remarks
8 10.0 Turn on - 7.9
" " 5 Min. - 8.0
" ] 10 n - 8-0
n 1 30 ” - 8.0
15 10.0 Turn on -15.0
" " 5 Min. -14.5
" n 10 " __14 . 5
20 dB}| 10.0 Turn on -20.0 Excessive
" " A 1 Min. -15.1 Drift
25'dB 10.0 Turn on -24.0
" " 5 Min. -25.0
1] " 10 . 113 ) _25.0

+ .. 'FIGURE 12
Attenuation Drift with Time

for the Breadboard Attenuator -19-.
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B

Power Power
port | Port | Atten. Time in Out
"From| To status | (Hrs.) (Watts) (Wa;ts)
PA Ant. Min. Turn on 100 93.3
Atten. |
PA | Ant.| Min. 1 Hr. 100 94.4
Atten.
Power Dissipation Test @ 300 MHz
of Breadboard Attenuator
Atten. Power
Setting | - In Fred, (MHZ)
-(ds) (Watts) 225 275 325 375 400
2210.0 10.0 | -10.4 |-10.5{-10.5}-10.1|- 9.9
~225.0 |* 10.0 |-27.0 |-25.9 | -24.6| -24.5 | -24.0

o

Kevina

++enuation Variation with Frequency

FIGURE 13

of Breadboard Attenuator

Power Dissipation and Frequency Variation
Test Data for Breadboard Attenuator

P

-20~

PPN -

PA to
Ant.
Atten.

B T



Input | Atten. | Level
Port | Port | Level | Status j2f, Below
From TO dBm - (dB) Input -(dB) |- Remarks
PA | Ant. + 40 8 -54
‘ll n [}] 15 _55
" " m: " 20 — Varying Level
" "o " 25 ~57 .
" " + 50 Min. -54 3f, down
-64 dB

Measurement of Harmohic Products of Breadboard
Attenuator at Various Attenuation Settings

Input ‘ - Iswitching
Port | Port | Level|] Switching Time Freq.
From} To (dBm) States (us) (MHZ)
FA Ant. + 40}{Min. to Max. 5 300
PA Ant. + 40]|Max. to Ming 5 300

. Measurement of Worst Case Switching Speed
of Breadboard Attenuator

ek

. FIGURE 14
Harmonic Output and Switching Time Test
Data for Breadboard Attenuator

-21-




Measurement of attenuation variation with freduency
showed that for small attenuations (-10 dB) the amplitude
ripple across the 225 to 400 Mz band is on the order of
1 d@B. For large attenuation settings (-10 dB), the effect
of diode capacitance is sufficient to cause a large variation’ -
of attenuation (Figure 13). resonating the diode capacitance
with parallel inductance minimizes this affect but complicates
attenuator tuning. ‘

The attenuation stability is acceptable for both large
and small attenuation settings. For intermediate attenuation
(15 to 20 dB) the stability may not be sufficient for some
applications. This is due to the dependence of the attenuation
on small bias currents. When the change in resistance of
the series or shunt PIN diodes has an appreciable affect
on the diode attenuation '

i.e. %AORdiode > 10-2 ,

ABttenuation (dB) dB

the diode bias current must be much larger than the diode
rectification current, larger than the change in current
due to change in forward diode voltage, and, greater than
1% of the maximum forward diode current. With small diode
currents, the changes due to circuit and diode time and
temperature variations cause significant attenuation changes
(3 aB) (Figure 15). '

When the attenuator attenuation increases, the harmonic
. content of the attenuated signal increases. The increase

in harmonic power is not significant for most applications.
‘Measurement of the second harmonic output of the attenuator
with an incident power of 10 watts shows increases typically
_ from ® -70 4B with no attenuation to~ -55 4B below the

input signal with full attenuation (Figure 14).

The amount of harmonic power relative to the incident
10 watts did not change appreciably this implied that the
harmonic power was not produced or enhanced by the attenuator
diodes but simply passed through by the diode shunt
" capacitance. . . : ;

—22-

g ey g ey



6 7 8 910

5

J 8 .91

F

5

4

04 .5 .06 .97.08,09 30

-8

.2

s .
T T = H T T
NN —f- O O I g R O It HHF - B D ]
Y B ) A B 4 e 4 1 W {14 =1 b1 4 -1 4 -
- 434 | =} EEER - fe b - e t 4
SUI B O ol ko I O O - - o . 6 6 B G D Wl oy L - LE
It 0 0 AEuk - Ny =T 1 DI 8 0 I I o oy g AR R
. &l T ’ ¥ T I il lats .
4T 3 o st g [ P 158 0 O 10 g ) o e o L - i A
S8 15 bef ol N B . B o 08 S e Sl I i % o oy oy g ) 4 H - o x huly
R i Indunan T ol Rag A R T
I U Ot | | IR 0% 19 I I i 1] L v
i -1 B H 5 RER L RERARNN L1 1)
RIS I REN [ f i AR —{— r [ ||
F-1-1- - -1—1— o L - 5 . - - -+ L i - FH-
R s 1= 4 44 B 4
L aeRiERERlINiENEERER =S == s RERES L : LA 1
105 10 208 V) A St 9 T I 00 1o gt Sy 0 W (9 G ot g o o g A e o
I ) B o T BN b Ol it NI i A oy q
-~} J -4 — -}~ B 0 B A RPN N S a o8
B0 R O O ) R N | = H AR AR I 0 A B A O o O 2 . N S~ R uNEN
SN 0 1 REN ) I It SAENN N AL TR
BRI O O i -+ I O 0 O O DY -1 NR NS I O N A .
r
ikt it e g I # i e o 3. z o ot ekl o S A== i o o U vt iy el et I s e B ok R o
B b A S e e e - AREEEEEREY v g -t T
B g N RN B 0 0 o A I Y A O Dy Oy By 0 00 I O 7 B [ s i 13 V149 - N
O A o s N 0 e 1 5 O I b FEEER LA A N
RRgNm. I I ot X R B - B 90 00 o by N T SRR D
L L1 R IR DO O RA jan B o 0 o REN L
RERN H- L RN B . 4 N It | (]
J44- n ANEN IS A e ER N NN - J LIS O LL L1
7
o 1 %.. TEA G 1
Ao et 4 A - L - SERES
EERRNEEN i i i AU i i i
o § - —f -4 -1 - b - . - -5 - b S B el =i -1 -+-{ 4= §—+4- 1~ rIlA
ARNN N ARREANE - 4 -4 NpRnN 1
ERNNANEN L IR O N NRON | RRRRNEN
== e bt - - p-4- A1 4| 4 41
-4 B 1 Sl g 3 8 el 0 ol e il I 8 ot g 1= 334 13 [ o el o 3 HE
1 Y N el SO o - I O 5 gt et - mh 1 T 1
O 0 e e .uﬁ: - . i I B Z - e
S e THAI A0 HRN RARS S S R RN H
4 I -] - S . [ O B S . - A4 -1 - o of 4t
i 4 -t -1 A oAb b dn fa] - |-{- - -
S Rk EA G s i B 3= Bt o Bt S s S8 1 s 173 ] 1
- T Ay G g o g 0 I o g g e T
1 s PO ik i o SR 0 It \HHN.HMH. T o - o SENERENEN
B -1+ \N - N -y} - N 1- SRy -
S b3 -t~ o A-b -1 -1 - |- - | —{ -} . — | O -1t -1
- ERRRENNNN 1] U 00 - - - T FETFEN T
-1 B R 2 14 4.4 1 L

&

¢

q

O.0 0 I~ W
-

+

(swio) zomvtsisay

8

a® o~ © o

‘0D UABEA W MALANAN

CURRENT (MA)

DiobD£E

FOWARD

-23-

.’

DICLE RESISTANCE VS [Fr/AS

LN

700 6
AT UVRFE FREQUENCIES

UNtTRoDE

CVRRFENT ..




3.8 - contd.

‘To test this hypothesis a single PIN diode was tested.
Using a signal source with low harmonic content, a diode
was set at various series attenuation settings (Figure 16),
and the harmonic ccntent of the output measured. The ‘
amount of harmonic power increased relative to the £,
output power and incident power as the attenuation was
increased. The greatest increase occurred when attenuations
changes from minimum (lowest resistance) to 3 dB {edqual to
load resistance) attenuation. The PIN diode was not a
perfectly linear resistance at UHF frequencies.

3 Oother than the stability and harmonic limitations

- mentioned, no difficulties were encountered with the
remaining design goals. ~Switching speed, attenuation range,
power handling capability, and VSWR were within acceptable
limits.
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470 PF 7006 470 PF

Input Outpﬁt

(10° W) F—e—tl—o I o )50 chms
- 0.22 uH 0.22 ul —
F(lOOO PF 1000 PF
{ 22 ohms 1/2 W
= TEST CIRCUIT
(Harmonic output given in dB below input signal)
Atten. Setting —>| Min. Atten. 3 dB 10 4B Max. Atten.
Freq.=—> 225 MHz > =60 >-60 -49 -56 | -45 | >-60| =45 | =57
250 * >-60 | >-60 -47 ~571-45 | >-601| ~45 | ~-56
275 " >-60 | >-60 | =50 >-60}-46 | =-58| -461} -55
300 " > -60 >-_.6VO‘ =50 >-60 | -46 -56 | -46 | -54
325 " >-60 | >-60 | =52 >-60| ~-47 | =54} -47 ] -53
350 " | >-60|>-60 | -52 | >-60|-47 |' -53|-47| -53
375 " >-60 | >-60 | -53 | >-60| -48 | -53| -48| -52
400 " | >-60 | >-60 | -55 | >-60] -50 -54 | -50 | -52
- FIGURE 16

Harmonic Power Measurements -of a Single Diode Test Circuit

’
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4,0 DRIVER CIRCUITRY . /

4.1 Interface Requirements

Ideally a programmable attenuator should be directly
addressable by a digital code delivered in parallel binary
format. The number to line drive logic is not considered

‘to be a part of the attenuator. The attenuator programmable

inputs are designed as lines switchable from off to on by
going from a low to high logic state (220 to 4 VDC). Each
line addresses one specific attenuator setting or switches
the attenuator from transmit to receive.

The driver circuit must translate the logic level into
the proper amount of current and voltage bias for each
attenuation setting and maintain the bias over time and
changing ambient conditions.

Development of Driver Circuitry

Reverse bias of PIN diodes was necessary in the past
to insure high enough isolation and to prevent diode break-
down. With many PIN diodes available today, it is possible
to isolate high power RF signals without reverse biasing.
The need for reverse biasing makes driver circuitry complex.
A simple circuit such as shown in Figure 17 can drive an
attenuator from a single voltage. The major drawback to
this circuit is the high current requirement in the low
attenuation mode. This occurs because Resistor R1 must be
small enough to insure that the current through the shunt
diode will not raise the potentlal across the series dlodes
to 0.6 VDC. - S

A more complex constant current driver in conjunction--——--m-

with other voltage sources (Q3 and Qs in Figure 18)

- overcomes the dissipation problem by reverse biasing the

series diodes in the maximum attenuation mode. The
disadvantage of this circuit is the complexity. The !
number of semiconductors involved makes time and temperature
stability difficult to maintain. :

By using a negative and positive supply voltage, the .

driver circuit can be simplified to a configuration which

provides some reverse bias without additional circuit
complexity. This compromised driver circuit is limited in
ability to provide high bias current to the shunt diode
independent of the turn on point of the diode (i.e. >100 mA).

-26-




Rz

F),c?'- | ‘;f- 

CoNTROL
- Ri VoLTAGE .
_ » . 7?5 /QV'TJQVF

UVATo R

__}/Qg ._;.__rQq. ’

x | \ " . ~A..‘.

RS = R7 -
%1?6; . ;§138 ; Lo s

| | G A | o
ATTEN. SELECT LINES B Coe T

FIGURE 17

FOWARD B/AS ~ ATTENU ATOR DRIVER CIRCUIT

-27~




+12oc

ConNnTROL VcL?w%GE

At rm s |

}37’Téavzb%72#e‘

N\
N

ATTENVATION SELECT LINES

CoNSTANT CURRENT AT TENUATOR

Flg URE 1%

R16

= | é@zz
L

~28-

DRIVER CIRCUIT

R

!




/

y

Driver Circuit Time and Temperature Stability

The attenuator driver must provide stable current and
voltage over a wide range of temperature and long time
periods. Attenuation will vary otherwise. The amount of
attenuator variation depends on the percentage change of
current and voltage applied to the attenuator diocdes. '

‘Differential change of diode resistance with bias current

increases as the diode current decreases. The most
difficult diode operating point to maintain over time and
temperature is the small current condition (i.e. <1 mA).
As can be seen by Figure 15, there is a large variation in
diode impedance as the diode current varies from O to 1 mA.
If a simple voltage source resistor arrangement is used to
bias the diode, a small variation in diode drop can result
in a large diode impedance change. The dicde forward voltage
typically varies 2.0 mV . If incident power raises the

o

C
temperature or if ambient temperature varies then the diode
impedance varies. Attenuation stability at specific settings
over a large temperature range can be a troublesome design
problem if not recognized.

Miniaturized Driver Circuits

Because the driver circuit consists primarily of
semiconductors and resistors it is readily reduced in size
by being built as a hybrid or possibly as an integrated
circuit. The limiting factor is power dissipation. The
current required to bias the PIN diodes is on the order of
100 mA for a specific supply voltage; the amount of power
dissipated in the driver circuit as a minimum would be,

Pdriver circuit = (Vsupply — Vdiodes)Idiodes * Plogic stages

where Vgjodes is typically 0.6 VDC. The pjogic stages 1S
usually negligible when compared to the total driver power.
This power is dissipated either in circuit resistance or-in
semiconductors. Lower supply voltages would lower the
circuit dissipation but make the PIN diode bias potential
(22 0.6 VDC) a significant percentage of the total supply
voltage which makes control of voltages and dlod° currents

“more temperature dependent.

Discrete driver circuitry occupies approximately 2 to
3 times the volume of the attenuator. An integrated circuit
performing the same function would take about 1/6 the volume
of a discrete driver, assuming adequate heat sinking.
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Final Breadboard Driver Circuit

/

The driver circuit designed for the final breadboard
is a compromise between the simple single polarity approach
and the two polarity approach (Figure 7). Positive and
negative current is supplied to the attenuator. The PIN
diode current for the series and shunt diodes is supplied

by the positive supply. The negative supply is used as a

bias supply for the driver transistor Q10. Using a negative
supply reduces the dissipation requirements on R4 to :
manageable levels (-0.5 w). The higher total supply voltage
(24 VvDC) also improves the current stability through the
diodes by making the diode drop a smaller percentage of

the available voltage.

Digital interface to.the driver transistor is implemented
by logic compatible switching transistors (Q4 through Q9)
which set the base voltage of Q10, the PIN diode drive
transistor. A positive voltage of approximately 1.2 to
5 VDC on any of the switching transistor base leads will set
up an appropriate bias voltage on the emitter of Q10 and
therefore, a current through CR1 and CR2. Shunt diode
CR3 begins to turn on when the emitter voltage of Q010 drops
beiow the emitter voltage of Q3 minus the diode voltage

~ drop. Connections and adjustments for the driver circuit

are shown on Figure 19.

The stability of this driver circuit is acceptable but
improvement could be made in delivering low bias currents.
A temperature stabilized operational amplifier makes a more
stable current source when biased with precision resistors.
The cost of a more elaborate driver may be higher than . -
desired for a throwaway module.
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PACKAGING CONSIDERATIONS

PIN Dicde Mounting

 The attenuator package must carry away the power
dissipated bv the PIN diodes. The diodes are designed to
dissipate power in excess of 5 watts and must be mounted to
a heat sink. This is usually accomplished by a threaded
stud or flanges on the diode package. To get the heat away
from the diodes, the diodes must be connected to the attenuator
and the package mounted to a heat sink. This presents a
problem with stud mounted diodes because if the stud protrudes
through the package wall, then the package cannot be
fastened to an external heat sink without the diode studs
interferring. Mounting the diodes on an inside wall would
suffice if the thermal gradient of the wall is small.

RF Considerations

To minimize RF loss and increase isolation, the
dimensions of the RF circuitry should be as small as :
possible. With discrete components the minimum attenuator
size is limited by the size of the components. This means’
that the RF performance of a discrete attenuator is generally
not as good as a physically smaller circuit built with
hybrid components. A smaller hybrid attenuator would have

" lower lead inductance and lower shunt capacitance. The

package must provide a good common ground for input, output,
and control lines. The cover and seams of the package should
be sufficiently close fitting to contain RF radiation.

RF gaskets can be used if necessary. Package material

would preferably be solderable to facilitate bonding of
tuning elements and bypass capacitors. Wall thickness is

_of minor importance unless the power diodes must use the

walls as a thermal path.

Driver Considerations

The driver circuit should be electrically isolated
from the RF attenuator circuitry. A conductive wall
facilitates bypassing and eliminates capacitive coupling.
The driver circuitry dissipates enough power to warrant
heat sinking if a supply voltage in excess of 20 VDC is
used. Diode curreéents of typical 0.1 amps will easily
produce 2 or more watts of drive circuit heat. Other than
size and heat dissipation the driver circuit does not
dictate any major additions to the overall attenuator
package, A _
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- 5.4 Final Breadboard Package

.3 The final package is a milled brass block with sheet
metal covers over the circuit cavities (see Figures 20 and 21).
All wall thicknesses are 0.125 inches which is necessary to
g ' carry the diode heat to an external heat sink. The RF
circuits are mounted in one end of the case with feedthrough
A capacitors, and dump resistor soldered to the case between
. the RF circuit and the driver circuit. The series diodes
CR1 and CR2 are mounted to the inside wall by their studs,

;3 and coaxial connectors are mounted one on each outside

- _ wall. Feedthrough capacitor interconnect the RF and driver
circuits through the inside wall. The driver circuit is
mounted on a double clad PC board suspended in the package
by spacers mounted on one cover. Approximate overall
dimensions for the attenuator excluding the connectors are
1.25" x 1.25" x 2.75".

5.5 Improvement of the Attenuator Package

The breadboard attenuator package could be reduced in
size by a factor of 3 primarily by miniaturizing the driver,
and attenuator circuitry. Milling the package from brass is
adequate for small quantities. For large quantity production,
a casting would lower cost. Wall thickness can be reduced
if the diodes are mounted to the outside wall of the
package. Connections through the package to the driver
circuit should be made by feedthroughs. ' A connector would:
increase the overall size of the package by at least 1/3.
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6.0 CONCLUSIONS | /

/
/

'The concept of using PIN diodes as variable attuator
elements is promising. However, there are some basic
‘design limitations summarized by the following:

a)

b)

c)

d)

The PIN diodes produce some harmonic power.
Harmonics can be filtered or allowed to pass,
depending on the application.

Attenuator setting stability is controlled by
the stability of the driving source and the
characteristics of the PIN diodes.

For up to 10 dB of attenuation range, good
setability is attainable with a simple attenuator
configuration. Higher attenuation ranges are
practical with more complex attenuators.

The fredquency response of PIN attenuators must be
tuned to optimize attenuation flatness and VSWR.

Simple driver circuits suffer from high dissipation,
high diode current variation and poor temperature

stability, but all of these factors can be improved - - .
by increased circuit complexity. :

The final configuration, selected for a particular
application, would be suited to Hybrid Micro-min
Packaging Technidues for low cost batch process1ng
in productlon dquantities.
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