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Abstract

Group Delay Time Matched Microwave Envelope
Tracking Power Amplifier

Taesoo Moon

Department of Electronics and Information Engineering

Chonbuk National University

In this paper, according to tiny time mismatching between RF and

envelope path in the envelope tracking system, serious linearity

degradation for envelope tracking system is mathematically analyzed. To

solve this problem, wideband microwave group delay time adjustor

(GDTA) controlling 5 ns time variation was designed.

In order to design hybrid envelope tracking power amplifier (ETPA)

employing GDTA, wideband envelope amplifier and 20W class E RF

power amplifier were designed. Applied for envelope tracking system,

tendency of linearity change was observed and more than 7 dB



improvement of ACPR for 2 FA 5 MHz channel bandwidth signals was

obtained by varying 1 ns time step of group delay.

Key word: envelope tracking system, class E power amplifier, group

delay time adjustor, linearity, ACPR
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Utk SHAINE =& PAPR AEE o] &3 FAEA AR AAC] lojx A
d Bl Back—off gl a& TAZF LA webq FAEA Al A
A 7S B AYE AH|shs RFAHSE7] (Power Amplifier: PA) 9] 185
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H
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214 (Envelope) ol wel =1 uloloj Ayt Wxyo] o7tdAtHS 7k RFYE

1
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2—1. EER¥} ET 47
EERS 1% 219 #Zo] D/E H& FgFe A9ARE AHFTE7|e] AAel
AL At EERS 89 RFAE7F #vE (Limier) ol 9l&l =7] (Amplitude)
A AAEL 974 (Phase) JwE®E QI7bsE = FAE WX (Pulse Width
Modulation: PWM)Al & 2 W3¥ 31, Y24 7% 7] (Envelope Detector) o] 9]
a F=¥ xetdo] AYFEHT|e TEFH RF 4E840358 AdFate] =4
E_:]]

e Fxolth mEA HE &

A2 4n

/\/\ Envelope Amplifier
Envelope J
Detector "

EER

O—> Delay Line RF Output
RF Input
Switch Mode PA
V\WJVW Wﬂw (Class D, E)

9 2.1 EER AYFH7)9] 712 +x

Figure 2.1 Basic structure of EER PA.
3
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& AFgla, UviEE AR ET T2 sty

o
2

/\/-\ Bias Modulator

Envelope
Detector

o Delay Line
RF Input
Linear Mode PA
(Class A, AB, or B)
9 22ET AHFE7)9] 7|18 %

Figure 2.2 Basic structure of ET PA.

RF Output
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L 2
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Hybrid ET
(e + Delay Line
RF Input
Switch Mode PA
(Class D, E or F)

79 2.3 3folBEE ET(XEE EER) A8ZE7)9 712 3%

Figure 2.3 Basic structure of Hybrid ET (or EER) PA.

» RF Output
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Table. 2.1 Comparison among EET, ET and Hybrid ET.
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Figure 2.4 Error signal waveform according to time delay r.
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Figure 2.5 waveform of y(#) according to time delay r.
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Figure 2.6 IMD characteristics according to time mismatching for 2—

tone signal (5 MHz spacing).
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p= AA AN 283 0 ZAFgolth AA A EA4S o] &a}o]
ET Hi= EEROIAM A7) F A2 Afelg At #4ds 242 5 sloh. vl
AlgE ARbE 2AE] fsid s 7hE ARAE g b Q198 e 35S ol
gkl f1dmste] VerE 2EdeEN A AR 24T £ 9le IR
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3—2. vHEE folex=
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¥.3.1 2.14 GHzellA SMV1233 574
Table. 3.1 Measurement of SMV1233 @2.14 GHz.

Ve R; [Ohm] C [pFl] Required L [nH]
0.5 1.39 31 0.17
1 1.31 11.72 0.47
2 1.25 5.28 1.05
3 1.15 3.22 1.72
4 1.10 2.21 2.50
5 1.00 1.70 3.25
6 0.93 1.41 3.92
7 0.85 1.24 4.46
8 0.87 1.14 4.85
9 0.82 1.09 5.07
10 0.83 1.05 5.27
11 0.83 1.03 5.37
12 0.85 1.02 5.42
13 0.85 1.01 5.48
14 0.87 1.00 5.53
15 0.8 0.99 5.59
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¥. 3.2 SMV12339 dAEXHA=ZE(Zc=84°, 27°) 9 2.14 GHz &7
Table. 3.2 Measurement of SMV1233 with transmission line in series

@2.14 GHz (Zc=84°, 27°).

Vi R; [Ohm] L [nH]

0 1.30 3.00

1 1.24 2.31

2 1.18 1.70

3 1.11 1.03

4.4 1.08 0.03
% 3.1 214 GHz ol 54 SMV1233 rlEE 2 AAANEA SA A0
3 FRe] Aed dgEAS Yehdth, AHAIRAE 0.99~31 pF & I3tk

£ 1elMe) eTshe QEEAE T A whE dolese] AEHE
g Qaste] shd AFEE THSYL, B3t ol E3.29 2ol uhojol

LS wholojs Wsel] whE aleael W
°17] 9134 HHAFL(R) O] %I vpolo) o] mpeh wstege] K
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3—3. AtH FAA A =47

19 (3-1)& port reduction methodE YEN = 19 olt}, o] & o] &35}
(m+n) portd FZ2HAN m LESE TG A|FOZN LES AarAZd &
th 2 WO Z 4-port 32U At FAA AF 24 7]E 2—-port
2 faA7Id gg 3 o]l AR S—parameter A& 4& 5 g,

-1

[S]:Sil+81'2 [S[l_sézJ S'21 (3-2)

o7]eld s & FE= port®] S—parameter Ho|1l, S, = 4—port I =

e S—parameter©|t}.

n-port

a'1 é fa\n+1%

b= b

m-port | |: : m-port
d

a'y &~
I

7% 3.1 (n+m) portd ¢ port reduction WY

Figure 3.1 Port reduction method of (n+m) port network.
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79 3.2()% 280lA 7@ 7S E e 7Y
HE vkso] 52 Zloja, ¥d $X17]19 o AJ=rnRAE o] &ste] fen
AATF (T & T8 7 AUt

9 3.2() v # AFelA AlRbskE RRAMY FAA ARE 2479 IRE
°]aL 4—port 90° dtojH = A7|oA WHIXVZ 2709 port7t F&E7|
ol ¥ portel] thE S—parameter FHL v 2

E
(o]
nj

o

i

ok

u

ok
N,

N

ofl

(YoL) ~(e’LC-1)"  2Y,0L(1-@’LC)
[ = - +j . ; (3—-3)
(YooL)" +(&’LC 1) " (Y,oL)’ +(w?LC -1)
T O _
[SL]:[ 0 I_,RP:| (3—4)
o0— —0
RFIn RFout

L
-3

°ﬁ_ W ! L§" %?C C{r L

I ¢ L L

(a) (b

I 3.2 (a) AJFE HAME WE FR7)eF (b) wio] AR} WRANY FA|A A
7 XA 7]
Figure 3.2 (a) Reflective parallel resonator and (b) Proposed reflected

type microwave GDTA.
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[3]:[_ 0 _‘TRP} (3-5)

JTRP 0
e =—dd4821| = =4, (3-6)
O |y Yoo, L

A3t port reduction methodE #&3F7] §3l] 2 (3-3)3 (3—-4)F
M A2 2—port GDTAS] S—parameterE 2 (3—5) 8} #o] +& <

=S 1
0 1.5] O O e e e e Dt e e e O
(O) ]
1.0 [ B e I s s B s B e B e B e B = B e B

211 212 213 214 215 2.16 217
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Figure 6.4 Measured CCDF for WCDMA 1FA.
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¥%. 6.2 WCDMA 2FA A3 tjdt ACPR A% /A%
Table. 6.2 Performance of ACPR improvement for WCDMA 2FA

3

Mismatchin —10MHz — bMHz + 5MHz +10MHz
g time [ns] ACPR ACPR ACPR ACPR
[dBc] dBcl [dBc] [dBc]
+5 26.16 16.35 19.01 27.18
+4 27.13 19.79 19.69 27.33
+3 27.52 21.21 20.37 27.23
+2 28.03 22.69 22.71 26.75
+1 26.97 21.40 21.13 26.39
O (matched) 27.96 23.81 23.97 25.98
-1 27.65 22.16 22.79 26.44
-2 27.73 21.51 23.12 26.73
-3 27.86 21.34 23.00 27.61
—4 28.22 23.04 21.92 27.66
-5 28.37 21.94 19.67 27.58
3 6.2 &+ WCDMA 2-FA & o]&slo] sto]HeE|= ETPA & S54sto] 4
s /NA3Eelth 10 MHz ACPR olAd& & 4% #olE &0 + AR 5
MHz ACPR A5l dsix= Ao 7.46 dB o A5 /A 275 A 4

e,

52



7. A&

B ATl AL solngs T 4 AYFE/)H RF A9 LA
Bz A7k AT wE NG Aste] tste] AFATL, B AE
of el A W A A RRTE AFA Ak A F Pes A

Moz At o AAeks] A3l RF A=A vlAs 24 AZS

DAC

DSP LPF RF Output

Switch Mode

LPF
PA (CI E
e 0n —

O™ 7.1 HAE AzAFel dsd sleludgt kgl 4 JAHTEHY] &

v}

Figure 7.1 Block diagram of hybrid envelope tracking power amplifier with
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