Digital Phase Shifters

orch Microwave’s DP Series, Digital Phase Shifters,
are available for frequencies from 1 to 1000 MHz. These
phase shifters are composed of high performance GaAs
switches that have little power consumption, fast switch-
ing time, and extremely low switching transients.

All units are TTL compatible, with one control line per
bit. TTL high voltage state corresponds to zero phase
shift on standard units, but reversed logic may be
obtained if required. As a convention, all phase shifts are
negative.

Description

Figure 1 illustrates three distinct types of phase shifters,
namely: Type 1 (Phase Shifter), Type 2 (Time Shifter),
and Type 3 (Phase Inverter). They have quite different
performance characteristics, proper selection is gov-
erned by consideration of the system in which the shifter
is to be used.

Type 1 (Phase Shifter) uses special networks to obtain
any desired phase shift, shown as 0 degrees, 90 degrees
and 180 degrees in the example of Figure 1A. The 90
degree and 180 degree shifts have phase/frequency
slopes parallel to that of the initial insertion phase char-
acteristic, signifying constant time delay. The Type 1
Phase Shifter changes the phase of the incoming signal
while maintaining constant time delay, or group delay.
The delay is that of the initial insertion phase character-
istic. At all settings, the absolute insertion phase is pro-
portional to frequency, depending on the value of the
insertion delay, but the phase shift is not. This type of
device is inherently narrowband in nature. Wider band-
widths are obtainable, but at a higher cost because of
the complex networks required. Type 1 shifters should
be used only where special characteristics of constant
delay and frequency independent phase shift are
required.

1-1000 MHz frequency range

Up to a full octave bandwidth
0-360 Degrees phase shift
Integral TTL driver

1-8 bit control

Accuracy to % least significant bit

Time shifter or frequency
independence

FIGURE 1A
TYPE 1 (PHASE SHIFTER)
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Digital Phase Shifters

Type 2 (Time Shifter) is illustrated in Figure 1B, which
shows two sections, each with a ‘thru’ path of length L,
and a ‘line’ path of length 1. and l.. The length I is
assumed to be longer than l.. It is seen that the insertion
phase of the path Lo is linear with frequency, having a
slight slope, and curve 1. is steeper yet. Type 2 is a true
time shifter compared to the Type 1 Phase Shifter. The
phase characteristic is proportional to frequency at any
phase setting, with a slope proportional to frequency at
any phase setting. Group delay is constant for each
phase setting but proportional to phase shift as the set-
ting is changed. The zero degree phase setting corre-
sponds to the insertion phase, or delay; all other delays
are longer in time. The Type 2 device has an inherently
wide bandwidth, limited only by the switching circuits
used. Type 2 shifters are less expensive than Type 1, have
wider bandwidths with good transient response. They
are recommended for most applications, particularly
those in which time is in fact the variable desired, such
as antenna beam formers.

Type 3 (Phase Inverter) of Figure 1C is a special case and
consists of a simple phase-reversing transformer. It pro-
vides only two possible phase states, namely the inser-
tion phase, 0 degrees and 180 degrees. The phase/fre-
quency slope, or time delay, is approximately the same
for each state. The device exhibits wide bandwidth and
excellent transient response. It has limited applications,
and is the simplest and least expensive.
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FIGURE 1B
TYPE 2 (TIME SHIFTER)
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FIGURE 1C
TYPE 3 (PHASE INVERTER)
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Phase Shifters of Type 1 and Type 2 can be arranged to

give identical phase shift at a single frequency, e.g. foin Dlgltal Phase Shifters
Figure 1. It is when the frequency is varied that the dif-

ference between these two types becomes apparent. In

the case of Type 2, (Time Shifter), performance should

be specified in units of time delay. Common usage, how-

ever dictates the specifications of degrees of phase shift SUMMARY _ ) )

at a given frequency. Only at that frequency will the Parameter : Typel Type2 : Type3
device meet the phase specifications. In many instances, E——— [E— ofE broportional m; nverts Phase,
the frequency will be at the center of the bandwidth ; Frequency : Frequency i  0/180
specified. To resolve this difficulty, a OdatumO frequency is Group Delay | “Heguiney PPhase st . requaney
given in each case, that being the frequency at which the Bandwidth Narrowband Wideband Wideband
specified phase shifts occur. ’ : :

This catalog covers TTL compatible digital phase shifters

comprising of one or several shifters, usually in a binary COMMON BIT/PHASE SHIFT SEQUENCES
sequence as shown in Figure 2. In that example, six sec- BIT : LSB >  \MsB

tions are arranged in the sequence 5.625 degrees, 11.25
degrees, 22.5 degrees etc., with a total phase shift of
354.375 degrees, the next step returning to 0 degrees.
Thus a complete 360 degree of phase variation is
obtained, in nominal steps of 5.625 degrees. For conven-
ience, the nominal phase angles are rounded to one dec-
imal place, e.g. 5.6 degrees and 354.4 degrees, etc. Other
sequences and step sizes are available.
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TYPICAL PERFORMANCE SPECIFICATIONS

Pathumber § Type | #Bis © cem i BW Bt Sequence e s s

: : (MHz) ~ : : (Deg) g (Deg) @ (dB)

DP-1-6-30-5-75 1 6 30 ¢ 5 i 56, 11.2 225,45 90,180 20 i 60

DP-1-8-80-10-77 1 8 80 i 10 : 14,28,56,11.2, 225,45, 90, 180 10 i 80
DP-1-6-90-20-75 1 6 90 i 20 i 56, 11.2,22.5,45, 90,180 20 i 60
DP-1-3-95-20-72 : 1 3 95 i 20 i 45 90,180 i 20 i 35
DP-3-1-150-120-70: 3 1 150 120 : 180 : 10 i 15
DP-1-2-210-50-71 : 1 2 210 i 50 i 90,180 i 20 i 30
DP-2-8-215-2.77 | 2 8 215 i 2 i 14,28,56,112, 225, 45,690, 180 13 i 80

DP-2-4-290-10-73 : 2 4 200 i 10 i 225,45, 90,180 © 15 i 40
DP-2-5-350-3-74 : 2 5 350 i 3 i 11.2,225, 45, 90,180 : 15 i 50

DP-2-7-575-12-76 : 2 7 575 i 12 i 28,56,11.2,22545090,180 ! 15 : 70
DP-2-6-850-5-75 2 6 850 : 5 ! 56,112 22.5,45,90,180 i 28 i 65

Notes:

1) All standard digital phase shifters have the following common specifications:
DC power supply requirements: +5V @ 20 mA, -5V @ 20 mA,;
RF input power: +16 dBm max.;
Switching time: 100 nS max.

2) Please specify bit sequence, if other than standards.

3) Units with lower insertion loss are available for applications with RF input power of +5 dBm max.
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