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TECHNICAL FEATURE

DESIGN OF A MICROWAVE
GROUP DELAY TIME
ADJUSTER AND ITS
APPLICATION TO A
FEEDFORWARD POWER

AMPLIFIER

This article presents a design method for a microwave group delay time adjuster (GDTA) and its
application to a feedforward (FEW) power amplifier (PA). The GDTA consists of a variable capacitor
and a variable equivalent inductor. The variable equivalent inductor is realized using a high impedance
transmission line terminated with a variable capacitor. These components are controlled by two separate
bias voltages. The group delay time can be adjusted by varying the capacitance and inductance while
keeping a fixed resonance frequency. The proposed GDTA is fabricated for the Korean RFID frequency
band (908.5 to 914 MHz). A group delay time variation of approximately 3 ns is obtained with satisfyjing
transmission flatness. When the proposed GDTA was applied to the base station FEW PA system, the
loop group delay time matching was much easier and required less effort and time, while achieving an ,

excellent linearization result compared to the conventional FFW PA system.

s linear modulation and demodulation
Ais adopted in communication systems

for spectrum efficiency. the system per-
formance is limited due to nonlinearity, partic-
ularly in the power amplifier. The nonlinearity
of a system can be explained as AM-AM, AM-
PM, intermodulation distortion (IMD) and
adjacent channel leakage ratio (ACLR). Sever-
al linearizing techniques have been intro-
duced to overcome these nonlinearities.! 3
When a digital/analog predistortion or a FFW
technique is applied to the nonlinear system, a
group delay time matching as well as mnphw
tude and out-of-phase mdtchmg are critical.
While a variable attenuator and a phase shifter
are widely used for the magnitude and phase

i

control, there are few circuits available for

control of the group delay timne.1 -
Moreover, a feedback receiving signal, orig- l

inating from the transmitter (Tx) antenna of

the same site, deteriorates the performance off
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the received (Rx) signal and results in
co-channel interference in the re-
peater system. The delay time of the
co-channel interferer from Tx to Rx is
different, case by case, and due to en-
vironmental conditions. The ampli-
tude, phase and electrical delay time
of the correction signal should be ad-
justed to effectively cancel the broad-
band interlerer.56

Until now, there have been few
microwave circuit GDTAs. A GDTA,
consisting of different paths havmg
different physical length, was intro-
duced.” However, it could not control

'\ Fig. 1 Shunt resonant circuit.

A Fig. 2 Measured capacitance of the Sony
1T362 varactor diode.

A Fig. 3 A virtual variable inductor using a
transmission line.

A Fig. 4 Transformation from a capacitive
to an inductive characteristic.

920

the group delay continuously. In this
article, a microwave GDTA is pro-
posed that is capable of continuous
group delay time control. The pro-
posed GDTA is expected to play a
key role in a number of applications
where group delay time compensa-
tion is critical for broadband signal
cancellation. To show its validity, a
GDTA and base station FFW PA sys-
tem were designed, fabricated and
measured, using the proposed GDTA

as an app]ication example.

ADJUSTABLE GROUP DELAY
THEORY

A group delay gives the measure
of how long it takes a signal to propa-
gate thmu;_,ll a system. In general, the
rate of change of the total phase shift
with respect to angular frequency is
called the group delay (GD), and is
defined as®

do
3 L2 1
10 @

where

dé = total phase shift

® = angular frequency

Also, the group delay flatness in the
operating frequency band is an im-
portant parameter for observing the
phase linearity of a receiver system,
transmitted signal and so on.

To find the method to control the
group delay, it is necessary to analyze
a shunt resonance circuit, as shown in

Figure 1. The input admittance of

the resonance circuit is expressed as

kg 1
Y]]_g}-i-'](m—(DLJ (2)

and the transmission characteristic
can be expressed as

2%
J4YO +

wC—1/ L)
exp| j| tan

I\J

1 1=-0"TC 3
20LY,

If the particular resonance fre-
quency, w5LC = 1 of the parallel res-
onator is maintained, the magnitude
and the phase coefficient would be
kept constant. Then GD, the differ-
ential phase component of the trans-
mission coefficient with respect to

TECHNICAL FEATURE

the angular frequency, can be derived
from Equation 4 at the particular res-
onance frequency, by using Equa-
tions 1 and 3.

2&},L(1+m2LJC) ‘
GD=——
40 1Y) +(1- mLC)L
p1C=1
s Sl (4)
- =C .
0y YL

From Equation 4, the group delay
time increases proportionally to the
capacitance. On the contrary, as the
inductance increases, the group delay
time decreases, proving the inverse
proportionality to the inductance.
Keeping the resonant frequency
fixed, the group delay time can be ad-
justed by several combinations of a
capacitance and an inductance.

IMPLEMENTATION AND
MEASUREMENT OF THE GDTA
Varactor Diode Measurement

A varactor diode is a semiconduc-
tor device that is widely used in many
applications where a variable capaci-
tance is required. The operation of
the varactor diode is based on the
fact that a reverse biased PN junction
acts as a variable capacitor. The diode
capacitance versus reverse voltage of
the Sony 1T362 device used has a
variation of approximately 2.3 to 100
pF. as shown in Figure 2.

Variable Equivalent Inductor
and the GDTA Unit

There are few variable inductors in
microwave devices. Even though
there is an active inductor using a gy-
rator structure that can change the in-
ductance, the quality factor (Q) is not
high enough and changes according to
the control voltage 10 For that rea-
son, the active inductor is not yet
widely used. The series combination
of a lumped inductor and varactor
diode can be used as a variable equiva-
lent inductor. Since it is difficult to
fabricate high Q inductors with a small
tolerance, however, the combination
of varactor diode and lumped inductor
is not suitable. A transmission line of
characteristic impedance Z, terminat-
ed with a varactor, can also be used as
a variable inductor, as shown in Fig-
ure 3. A transmission line characteris-
tic shifts from capacitive to inductive,
as shown in Figure 4. However, the
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physical length of a transmission line is
too long in case of a low operating fre-
quency.

In this work, a high impedance
transmission line, terminated with a
varactor, is used to implement the
variable inductor. Figure 5 shows the
lumped element equivalent circuit of
the transmission line, where Z, and 0
2,0 en

i

A Fig. 5 A high impedance transmission
line and its equivalent circuit.

A Fis. 7 Equivalent circuit of the unit GDTA using a high
impe(lfmcc transmission line.

TABLE |
MEASURED RESULTS AT 911 MHz
FOR THE UNIT GDTA
2468 145 1630
3,479 290

— GDTA |—

| GDTA |

A Fig. 8 Block diagram of the balanced
GDTA using two unit GDTAs.

TECHNICAL FEATURE

are the characteristic impedance and
electrical length of the tramission
line, Iespe(,hvvly The values of the
equivalent lumped elements are

& 7, sin 0

; ® L Zlmsine

_ 1-icas@ 5

S

Using the varactor diode and the
proposed variable equivalent induc-
tor, the GDTA unit shown in Figure
6 was designed. The varactor diode is
operated as the variable capacitor,
and the high impedance transmission
line terminated with the varactor
diode is operated as the variable
equivalent inductor.

The transformation procedure of
the variable equivalent inductor is de-
picted in Figure 7. The capacitor C,
denotes the variable Ldpd(ihn'l(e and
C, is used for the variable equivalent
inductor with the high impedance
transmission line, respectively. The
high impedance transmission line was
replaced with the lumped element
equivalent circuit.
& Since Cgy shares
node A with C,, and
Cy slldles node B
with C,, these pairs
of capacitors can be
substituted with C'
and Cot+ C,. Finally,
C;+ C; can be rep-
resented as C'" and
the series connec-
tion of L, and C'
can be substituted
with L', Equation 6
shows the equivalent reactance of the

transmission line terminated with the -

varactor diode. As long as the equiva-
lent reactance (X|) is positive, it has
an inductive characteristic. There-
fore. as C' is varied, a variable induc-
tance can be obtained.

20 v
% (n[,Irl.(j- =4 (©)
0,C’

A Fig. 9 The fabricated balanced GDTA.
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TABLE Il
MEASURED RESULTS FOR THE BALANCED GDTA

Group Delay (ns) o v j::;;o(lv)
908.5 911 Max (dB) >
MHz & L
1.005 L0417 1.025 —0.65 —0.64 —0.64 —25.65 25.0 0.0
2.000 2010 1.970 ~1.36 =1.37 -1.39 —26.74 1(5.(1 14.4
3.051 3077 2986 196 - 195 @ -105 -o4ma 8.3 17.5
4.021 3938 399 el IoaR. o) aad 7.0 19.8

The values of the variable capaci-

;E‘; 3 i tor and inductor are controlled by
E = g gg o two separate bias voltages that must
>3 1—p» 10 satisfy the fixed resonance condition.
é“;‘_? ] _185 The measured results of the pro-
nr & Micrﬂwa"e gﬂjf- :gg_é'; posed GDTA Lll.]if_ tested at 97‘]1
50|l.|ti0n5 ] wg _;g' .M.HZ' are shown in Tawe I el 1 B
e S T T is increased, the reflection character-
§ §' § E 'E g;" istics are getting increasingly worse,
s FREQUENCY (MHz) due to the Pdld*ﬂf.l(_ Lomponent of the
FEISt () ; varactor diode.

Flexible T . o The Balanced GDTA
. SRTaC a0 In order to obtain better reflection
For youl. £ 2| 20 = characteristics of the GDTA, a bal-
gi-'— 7 s anced GDTA structure is proposed
¥ ;&-;#:: :;gg and shown in Figure §8. It is com-
o & 3 5 posed of two hybrid couplers (RF
Whether it's custom g ot —40 Power, SO3A888N1) and two unit
filters or stock components, v -5: R e 3—50 GDTAs. The overall circuit size is 79
you need solutions tailored SIS ST X 39 mm, as shown in Figure 9. The

FREQUENCY (MHz) implemented GDTA was tested in
the Korean RFID frequency band
(908.5 to 914.0 MHz). The group de-

for your unigue requirements. (
And you need them fast.

o
—

r 1 e . Z 3 ig lay measurements of the proposed
w / : .
At Trilithic, innovation is gy 30 balanced GDTA are shown in Table
about more than engineering 8.5/ it 2 and Figure 10.
and technology. It's about 5‘—:_“’ e Although a group delay time vari-
listening to your needs B2 -20 £ ance greater than 3 ns could be ob-
and expectations. § :.E :‘Eﬁ tamt‘d the transmission and the
S h e e ey group de lay time flatness in the high
RERgEtneE e con cranls Al Sote Can IRl bt i group delay time region are in a
1 o o (-3 o (-] (-
solutions that work for you - . trade-off 1(‘L1U()11\lnp so that there
FREQUENCY (MHz)
today and tomaorrow. (<) was no choice but to limit the actual
variation range to 3 ns. In that case,
T s 50 the magnitude flatness is less than 0.1
R 2 dB in the pass band and the maxi-
s 3 7 A} 30 | o : ;
TRILITHIC FE f Vi N fg w mum reflection coefficient is approxi-
INNOVATIVE ENGINEERING g: 1] 0 = matelv —-24.4 dB Theqe Hdt]QIdCTOI\
ad e results can be applied to systems
& -3 - 30 where the group delay time matching
. 2 [=l=] 5 with good flatness is critical.
To find out more, call C) R T e =
(800) 344-2412 or g e R B & BASE STATION FFW PA DESIGN
visit wwwi. trilithic.com. (d) FREQUENCY (MHz) USING THE PROPOSED GDTA
A Fio 10 Eleotrical charactzristicsof the _To obtain broadband glgllal cancel;
balanced GDTA at 1 ns (a), 2 ns (b), 3 ns (c) lation, broadband amplitude, out-of-
and 4 ns (d). phase and group delay matching are

924 Visit http://mwj.hotims.com/16338-153 MICROWAVE JOURNAL ® FEBRUARY 2008 5/
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l:-]'[||1uu'tl FFW PA

e i E}’ 7 O ysing the GDTA
PA and the I.":.I'll.l.l group
||i'|.'|.'l. xi'_[l'.;|| Call-
LYY DEIEJAH = celler. GDTA 1 is
o 6_ Al® ]‘_-l;‘, hebween t|'|x' le-
(a) lay 1 and signal can-
celler, and GDTA 2
a | o | Q o is inserted in front
L DELAY 2 of the error power
PA ;L:||l1|i1"il-| EPA
DELAY 1 EPA [ _~;|1;..||_~.'_ the group
o = () GDTA 1 Ale |- oAz delay matching iy
time-consuming
(1) and re-

A Fig. 11 Block diagrams of the conventional FFW PA {a) and the

_rhl'r.lI:lrJM'r.ll FFW PA using (ITA {1x).

CH1 CHZ CH3
. ! i
20.34 - :
— 19341 —
3_ 18.34}— T 4
E 12.34|—— +—
2 1634 T _T--=-==:r£ : -
S 15.34=r s =
= 14.34 _|_:.__.. 2 . ' ——T
E '3_3.‘_!__....- — 11
12.34— =
11.34—— '
B&9 874 879 8B4 889 894
(a) FREQUENCY (MHz)
E ]
| |
~ 1717 | T -
E 167 ; ——
1517 i +—t
E 1417 — —
@ 1317 — —
E 1217 ::—_-'H-L-:—"—_-Imi-
11'1 ? m__— — 1 l
£ 1017 - 11T
9.17 —1—-1 -
8.17 : -
869 BT4 BT9 8BB4 BBY B&Y4
(b) FREQUENCY (MHz)

‘ Fig. 12 Carvier canoe Hation I'rmju Frouge
e F{”.II rr:f]'r.l'-.rml i process (a) he an (AT A
|'r”1r|r1-' el (F ) the TMDY cance |I|r-!'J|IJ-I-'.|| |'ll'-'l'1||'.l

essential, and must be matched si-
multaneously. Due to the fact that
the conventional sienal canceller can-
not satish the nl:i-c:-l'-]nh:lr-;v and equal
group e ].ﬂ ||!m.1£|!|ili*..{ at the
time inhere n!h an 1 c:lm] group del; 1\
signal canceller has been propose 1T

To prove the validity ol the pro-
pose «d GDTA. an FFW PA for the
digital cellular band using a balanced
GDTA and equal group delav signal
canceller was implemented, The per-
formance of the ||||[1lc mented lin-
earization svstem with a commercial
power .l1||]].|i|.il'| of 120 W PEP for
base station use was measured H.f.{-

Sel 1INEE

ure 11 shows the block diagrams ol
the conventional FFW PA and of the

process
quires much ettort
to obtain wideband
sienal cancellation,
Hllq of the several advantages of the
IDTA is that the group delay time
|:|\11L]|||1_[ is much easier to achieve [n
just adjusting the control voltages.
" Figure 12 shows the group delay
time matching process of the carrier
cancellation |-:m|1 and IMD cancella-
tion loop. After finishing the coarse
tuning using a coaxi: J cable, the fine-
tuning is done very e asilv with ‘\I'IIII_'I]l
voltage controls. The blue
the amount of the time delav of the

;i|||l1|:_|"u-|' |1:.ll]l. and

|I'IH S odle

main and error
the OTEeeh and red lines |'L']J1'1*.-L-nﬂ the
time del: 1\ before and after the fine-
l;ulunfﬁ respe Clive |x The mismatch of
the carrier cance llation Imnh due to
the poor group de Ll_'-. |-|.Ll|u ss of the
Iain ;lrn]u[iﬁl-:'.

Figurf 13 shows the signal cancel-
lation |m:|‘_| SUppPression results, using
the ]:t'crE:-ur-e'tl GDTA, measured with a
network analyzer, The proposed can
celler { ancels the i nput signal bv more
than 23 dB from 869 to 894 M Iz. The
MDD L'il]li't']]:itl-:lll characteristic using
the lu'u]‘.um:w] GDTA is also shown.
The input signal is cancelled by more
than 30 dB within 880 +50 MHz. The
frequency bandwidth,
_'-.'i'!_l:[]:qt 15 l;':Ll_]ll'.'l_'”l:'I,l more than 20 dB. is
greater than 160 M Hz.

For experime ntal verification, the

in which the

:m!]ml power a[nt‘ltll density of the
FFW PA was measured Ht11|l and
without the FFW loop, using a tor-
ward-link CDMA 15-95A four-carrier
signal for the digital cellular band.
These measurement results are shown
in Figure 14. The ACLRs at 3.125
and 1..3'._5 VMIHz oftset ar
t|||'n|14_{|1 the output l|_'~|l:|-’:lit' range,
and the measured power '-a'[H't'11';L|
cdensiby of the i|||]1|1-||u-|1lm| FF'W PA

‘Qlli!".‘."ll
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at an average output power of 40
dBm is shown before and after can-
cellation. The ACLR at a 3.125 MHz
offset is —=52.12 dBc, improved by ap-
proximately 17.2 dB by the cancella-
tion. The amount of improvement is
smaller than expected from the re-
sults shown on the network analyzer
because of the limitation of the mea-
surement setup. The proposed system
shows excellent linearity throughout
the output dynamic range.

CONCLUSION

A new GDTA unit was designed
that can control the group delay time
of a signal using a parallel resonance
circuit. Keeping the resonance fre-
quency fixed, the group delay time
can be adjusted by the combination
of values of capacitance and induc-
tance through a simple voltage con-
trol. The fabricated balanced GDTA
improves the poor reflection charac-
teristics of the single GDTA unit and

GOT QUESTIONS? NEED QUICK ANSWERS?

Visit our website or contact our applications engineers for fast solutions te your component gquestions.
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offers a group delay time variation of
approximately 3 ns. Also, the validity
of the proposed GDTA was estab-
lished by applying the circuit to a
feedforward linearization. The pro-

A Fig. 13 Carrier cancellation loop
suppression of the FFW PA using the GDTA
(a) and IMD cancellation loop (b).

WITHOUT FFW (3.125 MHz)
WITH FFW (3.125 MHz)
WITHOUT FFW (4.375 MHz)
WITH FFW (4.375 MHz)

ig. 14 Measured ACLR characteristics
over the dynamic range (a) and power
spectral density of the FEW PA using GDTA
(b), with and without the FFW loop.
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