High Efficiency PAs for mm-wave Communication Systems

Berkeley : : - :
Wireless Research Center Yahia Ibrahim, Ali Niknejad, UC Berkeley

Adaptive Biasing

Continous Wave Measurements

[ d : s : ) 50 451 ' (@ Poak PAE | Ze =110
s ra c 1 b ::‘l:i:'asp?e’:gde PBO 4 0= 15
| ‘ - =i 0 = 40°

LM e %\ L ﬁ %

—

Gain (dB)
Psat (dBm)

-
N

Stage 7. — 33

J Modern  communication ~ systems  use ;
orthogonal .frequency division multiplexing Bl T i U L T =03 "-‘;T\9=30°
(OFDM) which has high peak to average power ‘ 0 - 5 > % 500// 20f

Freq (GHz) _ Driv

. : Stage

ratio (PAPR) -
Puyg = 12.1dBm, PAE = 17.5% Payy = 11.9dBm, PAE = 17.1% Puyy = 11.5dBm, PAE = 16% Payy = 11.3dBm, PAE = 15.3% o

D ° ° ° t t t JEVM 26.5dB, A(JI’R\ : ZS.l‘l)lft' JEVM 25 L.hlli. ,4CI'R’ 2 Z."T;Jllrl‘r JEVM 25dB, ACI"R L 29‘“-‘[;-. » EVM 24.5d8B, /l‘CI’R‘ : Z?qu.('

Thl S hl gh PAPR re qu1re S he Sys em O haVe Ty L — ym/s, 0.8Gb/s um'.. ~ 200Msym/s, 1.6Gb /s, S = 400Msym/s,3.2Gb/s, “mf — 800Msym/s, 6.4Gb/s

. g 2 ; aece P “|Adaptive bias voltage across Pin
high compression point. However, the system | ~ SRR " TR e 4 - = I ) L e
b 1 = - o . '. L

jAmplifiers

1T @ ; 1 3 ‘ " : adaptive |>° ' ,
requires high efficiency at the average output — | e ) e ] e [ =G L J SRR
10| | ot S = = - [ ‘ : 1 V), aux ‘ " nm "
power (6dB back-off) - WEEES {EEEE WWEESSSRESES BuEEsReicEt I . e ‘ T 1]
3 The proposed work shows measurement results il \ | . g = ‘ : 7y . Guaninings(ansiry

BWof adaptivebias  V main * I
Vy, aux |

115,Z,=12,0 = 30°

26

for a Doherty P A With nOVel adaptive biasing for Freq (GHz) : An(lipli ff'ers
. . a aPtlve
5 G Communlcatlon SYStemS as Well as the PVT variations for conventional PVT variations for proposed Measured vs simulated DC current |

. adaptive biasing output voltage adaptive biasing output voltage of the Doherty PA
measurement results for 90GHz 1solated e
combining PA

A N o N

\L12 F
] 12f FJ’ 2X11.52um f
-BW main = 6.5GHz 20
nm

'BW aux = 4GHz | M1 M1

Vb(dB20)

= Sy
N © & o

- s s -

Driver Stage(Main&Aux) ,

23-28 GHz Doherty PA with novel adaptive
biasing

: , Figure 2: Die Photo and Measured Results for the Doherty PA e Comfinous Wave A,leasur,e HESHS
J Doherty PA uses load modulation to provide d ;j: | [FGp=~PAE~DE—PAEGiup - PAEGimn

high PAE at 6dB BOF power.
 Differential combining 1s used to combine both
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1 The main amplifier is biased at class AB while the aux amplifier is
biased 1n class C. As the Pin increases the aux amplifier will start
working with the main amplifier.
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Figure 1: Block Diagram and Schematic of the Doherty PA c casured @6d , O , s considered C Shes
and proposed adaptive bias circuit compared to any work published in this frequency range

Figure 4: Chip Micrograph and Measurement Results of the proposed PA
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