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Reactance compensation load networks
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1 - reactance provided by series
resonant circuit
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2 - reactance provided by
parallel resonant circuit

3 — summation of both reactances with opposite slopes

To maximize frequency bandwidth:
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actance compensation technique
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Reactance compensation load networks Input load-network admittance

with parallel and series resonant circuits
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2 - susceptance provided by Equal loaded quality factors

1 - susceptance provided by
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parallel resonant circuit
3 — summation of both susceptances with opposite slopes
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2. Broadband parall
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Transmission-line parallel-
circuit Class-E GaAs HBT
power amplifier for handset
application: 1.75 GHz

50 Q, 16° 10 pF

» parameters of parallel
transmission line is chosen
to realize optimum inductive

Impedance at fundamental

Znet( )

» output matching circuit
consisting of series microstrip
line with two shunt capacitors

should provide capacitive
reactances at second and third

harmonics
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2. Broadband parallel-circuit Class E power arplifier

1.71-1.98 GHz handset Class-E InGaP/GaAs HBT power amplifier:
two-stage MMIC designed in 2001
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2. Broadband parallel-circuit Class E power amplifier

1.71-1.98 GHz handset Class-E InGaP/GaAs HBT power amplifier:
two-stage MMIC designed in 2001

T 0 O| P
Bias % Bias 55 .q 25
circuit circuit 50 7
Pin Pau s Ly Fh
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2
3600 um L PAE > 51 %
WCDMA at 27 dBm output power:
Die size:

0.9 x 1.0 mm?2 = T ACPR < -37 dBc
45 callica PAE > 38 %



3. Fully integrated broadband CMOS Class-E power amplifier

oot For LTE applications:
i | g 2.3-2.7 GHz
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3. Fully integrated broadband CMOS Class-E power amplifier

LTE test data: 16 QAM, 26.5 dBm, 2.5 GHz, V4=2.7V

RefLevel 21.30d8m  Offset 12.30 d8 ® RBW 100 kHz <
Att 16d8 SWT  50ms e VBW 1MHz Mode Auto FFT F L e R L e ARPET F
e mﬂﬂm . Mm-wm

M -qU. -
2.4872500 GHz 2.4872500 GHz|
10 d8m
1 Alt; Alt;
0 38m
1D dBr
2 - - dBm:
hannel Re |
-3 Bandwid g m m
i. Sq...
h bt Channel ]
t:, Channe! dj | e Bandwidth 4.515 MHz 1
Bandwidt| X Offset
3 Power 26.48 dBm A
.88 Channel Adi
e = Bandwidth 4.515 MHz -
Offset 5.000 MHz
Lower -37.60 dB
Upper -37.14 dB
Channel Altl
6 - Bandwidth 4.515 MHz m
Offset 10.000 MHz
Lower -50.86 dB
Upper -50.94 dB
K| — =
CF 2.5 GHz 1001 pt_s s Spm LF 2.5 GHz ts 2.55 MHz, 25.5 MHz

ET disabled ET enabled

35% overall efficiency
41.5% PA efficiency
ACLR1: 13-dB improvement
ACLR2: 7-dB improvement
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roadband Class-E power amplifier with series inductance

Reactance compensation load network with series inductance
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» useful for packaged devices with series lead inductance

» shunt inductance and capacitance can be replaced by short-
circuit and open-circuit stubs at microwaves 171
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4. Broadband Class-E power amplifier with series inductance

Cree GaN HEMT

CGH27015P
2.4V Vaa
a Power Amplifier
I||_| Subst: RO4360 |_||' :30::‘-%‘.:::11
H=20 mil cas:etzcazmomop
W =28.5 mil Er=6.15
L =360 mil Cond=5.1E+7 W =285 mil
L L =340 mil
TanD=0.003

ul

W =28.5 mil
L =150 mil

W =55 mil
L=450mil 50 pF

100 ©
W=100mil W=12mil W =250 mil

50 pF L =300 II’lll L=150 I[Ill L =400 Il’lll Bell Labs Research Alcatel Lucent 2011
— —
CGH27015F
W =285 mil 500
L =340 mil
85 85 45 17
o 80~ 80 E 43] Pout 15
575 ! s S T 7
g 707 70 4 g 4 ~13 g
) 65— 65 > g 39; ;11 &
£ 60+ —60 X 2 374 g 3
g n 5 LT 2
5 55 55 3 45 .8
50 50 ] i
45 T ‘ T ‘ T ‘ T ‘ T | T ‘ T 45 33 T [ T [ T [ T [ T I T I T 5
15 17 19 21 23 25 27 29 15 17 19 21 23 25 27 29
Frequency, GHz Frequency, GHz
» Bandwidth: 1.7-2.7 GHz » Power gain = 11#0.8 dB
» Drain efficiency = 7342% » Output power = 42+0.8 dBm
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Classical Doherty architecture

Carrier 50 Q

50 Q
PA J

M4

353Q

PO o P

Peaking 24 50 Q

24 ‘
‘ PA <\‘

50 Q

Impedance transformation
high-power region
(carrier and peaking PAs are ON):
50Q=25Q=50Q
low-power region
(carrier PAis ON and peaking PA is OFF):
100Q2=25Q=50Q

Impedance transformation ratio = 4

Loaded quality factor Q = v4-1 =173

nd parallel Doherty amplifier

Parallel Doherty architecture

Carrier 100 Q

4 ‘ 70.7Q
1 PA I
| 4
Pout
in O o S
Peaking 50 Q
‘ 50 Q 707 Q
PA { Sl e T
‘ Al4 M4
F’ 1000

50 Q

Impedance transformation
high-power region
(carrier and peaking PAs are ON):
50Q2=100Q=50Q
low-power region
(carrier PA is ON and peaking PA is OFF):
100 Q = 50 Q

Impedance transformation ratio = 2

Loaded quality factor Q = +v2-1=1
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Carrier

On | PA

Classical

Peaking

off | PA

On

Parallel

Off

Carrier

>

Peaking

100 Q2

50 Q2

A4

5. Broadband parallel Doherty amplifier

Low-power region (peaking amplifier is OFF)

— 353Q  Output Parallel Doherty PA
—
/4 50Q

0.0

Open

70.7 Q2

—0.2—

-0.4—

Magnitude S21 (dB)

-0.6—

Output -0.8

A—‘ 50 Q f/f0

Open Classical Doherty PA

Half-wave (1/4 + A/4) line translates open circuit
at peaking amplifier output to carrier path
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5. Broadband parallel Doherty amplifier

Parallel Doherty architecture based on broadband Class-E amplifiers
with 15-W Cree CGH27015P devices: simulation
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5. Broadband parallel Doherty amplifier

Parallel Doherty architecture based on broadband Class-E amplifiers
with 15-W Cree CGH27015P devices: test board

Broadband (2-4 GHz)
Anaren 3-dB coupler

dBM  Uncorrected 38.7dBm  Corrected 38.6dBm

2.4 | i
ars| T Single-carrier 5-MHz WCDMA signal, PAR = 6.5 dB:
Vg =28V
PeBw Ky VABNAOWE  eween200s Pout =39 dBm
o Gain =10dB
Drain efficiency = 45% (2.14 GHz) 40% (2.655 GHz)
2.14 GHz
10-MHz LTE Signal ACLR = -32 dBc -29 dBc
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6. Inverted Doherty amplifier architecture

Carrier amplifier Offset lines

Input Output g
AAAA matching matching - Pout
circuit j circuit
- Zo, A4
Input T Outppt
Pin O matching ma_tchl_r;g o

circuit circut ‘—‘

Peaking amplifier Spojeal

low power

» quarterwave transmission line is connected to output of peaking amplifier
if it is easier to provide short-circuit condition instead of open circuit
for peaking amplifier in low-power region

> offset lines are necessary to compensate for peaking device parasitics
and provide open-circuit condition seen by carrier amplifying path

in low-power region

» required 90° phase shift is provided in input circuit of carrier amplifier



6. Inverted Doherty amplifier architecture

Offset

25Q
lines
= . 50 Q L A4 Output
e — ——
circuit o 74
On F F o 3530
AL Zopt Zmalch on 50 Q
A4
Peaking " 50 Q
Matching
circuit S—
Off '_I “‘ o 4—‘
= Zout_off Zmatch_off Short

0Q 250"

Zmalchfoff

Zoutﬁoff

v’ carrier device should
see high impedance in
low-power region
providing by output
matching circuit

v’ offset line is necessary
to compensate for peaking device parasitics
and provide short-circuit condition at its
output in low-power region

v’ for three-stage inverted Doherty amplifier,
drain efficiency of 40% with power gain of 9 dB
achieved at 42 dBm (8.5 dB backoff) at 2.14 GHz

M.-W. Lee, S.-H. Kam, Y.-S. Lee, and Y.-H. Jeong, “Design of Highly Efficient Three-Stage Inverted Doherty Power
Amplifier,” IEEE Microwave Wireless Components Lett., vol. 21, pp. 383-385, July 2011
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7. Broadband inverted GaN HEMT Doherty amplifier

Low-power region (peaking amplifier is OFF)

Carrier
el ' 95 5 oot Inverted Doherty PA
On | PA — O
100 ©2 v 250 % SOQ
Classical 0.0
Peaking f
2 i
T 0.2
Off | PA T N i
z 1
Open o -0.4—
el ]
g’ 0.6
@] AT
¢ Inverted = ]
r’ 300 20 Output -0.8 I ™ AR, D e S
On | PA | I — = 02 04 06 08 10 12 14 16 1.8
pIz) A4 500
Ra ff0
g o Two-section output transformer
500
e (25Q - 50 Q)
A4

Short

Quarterwave line translates short circuit at peaking amplifier output
to open circuit seen by carrier path and extends bandwidth



7. Broadband inverted GaN HEMT Doherty amplifier

Circuit schematic using two broadband Class-E power amplifiers

for carrier and peaking amplifying paths

Two-section output

W =85 mil

transformer

W = 40 mil

W = 45 mil
L =550 mil

L=700mil L=670mil
B:H — 0 Pou

Open circuit

in low-power region

vV,
o Substrate: Vg
.||_| 20-mil RO4360 |—| I
W = 28.5 mil o
L =450 mil Carr’er anrrier W = 28.5 mil
il L = 500 mil
W = 45 mil
L = 130 mil pOBF
W = 100 mil W =300 mil I_
20 pF L = 400 mil L = 200 mil
o ﬁ H | CGH27015F
W =12 mil W = 28.5 mil
=N L = 130 mil L = 320 mil
Zpeaking
Pin O— —L
W = 28.5 mil
L =150 mil W =12 mil W =28.5 mil
L = 130 mil L =320 mil i
H i CGH27015F -
20 pF W = 100 mil W = 300 mil
L =400 mil L =200 mil l—
W =45 mil 50 pF
L =130 mil
i W =285 mil
W =28.5 mil Peakmg L =500 mil

L =450 mil
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7. Broadband inverted GaN HEMT Doherty amplifier

Inverted Doherty architecture based on broadband Class-E amplifiers
with 15-W Cree CGH27015P devices: simulation

Inductive impedance at
fundamental seen by
carrier device in low-

power region

) anrrier

S(1,1)

freq (1.800GHz to 2.700GHz)

S(L,1)

\Zmatch

S(1,1)

&

freq (1.800GHz to 2.700GHz)

peaking

freq (1.800GHz to 2.700GHz)

Low reactance seen

at peaking amplifier

output in low-power
region

High reactance
presented by peaking
amplifying path in
low-power region
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7. Broadband inverted GaN HEMT Doherty amplifier

Inverted Doherty architecture based on broadband Class-E amplifiers
with 15-W Cree CGH27015P devices: simulation

Small-signal S,,
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o
S
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37
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v Power gain ® Efficiency
15.0 80
2s] » I
o i 60 ¥
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T 100 | 5
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[} B | o
& 50 3
a 4 20 =
2.5 -
0.0 T 17T ‘ T 1T ‘ T 1T ‘ T 1T ‘ T T ‘ T T 0

14

19

24 29 34 39 44

Output power (dBm)
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¥ Power gain

@ Efficiency
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19 24 29
Pout, dBm

¥ Power gain

34

39

e Efficiency

44

2655 MHz
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5-MHz WCDMA signal
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7. Broadband inverted GaN HEMT Doherty amplifi

Inverted Doherty architecture based on broadband Class-E amplifiers
with 15-W Cree CGH27015P devices: test board

Broadband
(690-2700 MHz)
Anaren 3-dB coupler

Single-carrier
PAR = 6.5 dB:

Vq =28V
P, = 38 dBm
Gain =11 dB

Drain efficiency = 52% (1.85 GHz) 50% (2.15 GHz) 42% (2.65 GHz)
ACLR = -32 dBc -34 dBc -37 dBc
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