
United States Patent (19) 
Jeckeln et al. 

US006072364A 

11 Patent Number: 6,072,364 
(45) Date of Patent: Jun. 6, 2000 

54 ADAPTIVE DIGITAL PREDISTORTION FOR 
POWER AMPLIFIERS WITH REAL TIME 
MODELING OF MEMORYLESS COMPLEX 
GAINS 

75 Inventors: Ernesto G. Jeckeln; Fadhel M. 
Ghannouchi, both of Montreal; 
Mohamad A. Sawan, Laval, all of 
Canada 

73 Assignee: Amplix, Montreal, Canada 

21 Appl. No.: 08/877,479 
22 Filed: Jun. 17, 1997 

(51) Int. Cl. .................................................. HO3F 1/26 
52 U.S. Cl. ............................................. 330/149; 332/103 
58 Field of Search ............................. 330/149; 332/103, 

332/107,123, 159, 160; 375/297; 455/63, 
126 

56) References Cited 

U.S. PATENT DOCUMENTS 

4,291,277 9/1981 Davis et al. ............................ 330/149 
4,700,151 10/1987 Nagata ...................................... 332/18 
4,985,688 1/1991 Nagata . ... 332/123 
5,049,832 9/1991 Cavers ...... ... 330/149 
5,113,414 5/1992 Karam et al. ............................. 375/60 
5,119,040 6/1992 Long et al. ... ... 330/149 
5,148,448 9/1992 Karam et al. ............................. 375/60 
5,237,288 8/1993 Cleveland ..... ... 330/107 
5,262,734 11/1993 Dent et al. ................................ 330/52 
5,396,190 3/1995 Murata .................................... 330/149 
5,404,378 4/1995 Kimura ......... ... 375/296 
5,420,536 5/1995 Faulkner et al. ... 330/149 
5,491,457 2/1996 Feher ............ ... 332/103 
5,524.285 6/1996 Wray et al. ............................. 455/126 
5,524,286 6/1996 Chiesa et al. ........................... 455/126 
5,568,088 10/1996 Dent et al. ... ... 330/151 
5,598,436 1/1997 Brajal et al. .. ... 375/297 
5,650,758 7/1997 Xu et al. ....... ... 330/149 
5,699,383 12/1997 Ichiyoshi. ... 375/297 

OTHER PUBLICATIONS 

E.G. Jeckeln, F.M. Ghannouchi and M. Sawan, “Adaptive 
Digital Predistorter for Power Amplifiers with Real Time 
Modeling of Memoryless Complex Gain", IEEE MTT-S 

- -------------- 

PREDISTORTER -4. 

TABLE 
PULSE 
SHAPING 
FILTER 

14 

16QAM 
SOURCE 

a m was - a-- - - 

International Microwave Symposium, San Francisco, Jun. 
1996. 
E.G. Jeckeln, F.M. Ghannouchi and M. Sawan, “Adaptive 
Digital Predistorter for Power Amplifiers with Real Time 
Modeling of Memoryless Complex Gain", IEEE Transaction 
on Microwave Theory and Thechniques (submitted, Mar. 29, 
1996). 
J.G. Proakis, “Digital Communications”, McGraw Hill, 
1983. 
J.H. Mathews, “Numerical Methods”, for Computer Sci 
ence, Engineering, and Mathematics, McGraw Hill, 1989. 
“Adaptive Linearization of Power Amplifiers in Digital 
Radio Systems’” Saleh et al., The Bell System Technical 
Journal, vol. 62, No. 4, Apr. 1983 pp. 1019–1033. 

(List continued on next page.) 
Primary Examiner Robert Pascal 
Assistant Examiner Khanh Van Nguyen 
Attorney, Agent, or Firm-Griffin, Butler, Whisenhunt & 
Szipl, LLP 
57 ABSTRACT 

In an adaptive method and device for predistorting a signal 
to be transmitted, Supplied by a signal Source to an input of 
a power amplifier having a output for delivering an ampli 
fied output Signal, the following Steps are conducted: pre 
distorting the Signal to be transmitted by means of cascaded 
predistortion amplitude and phase look-up tables interposed 
between the Signal Source and the input of the power 
amplifier, producing a first feedback signal in response to the 
predistorted Signal, producing a Second feedback signal in 
response to the amplified output signal from the power 
amplifier, delaying the first feedback Signal for eliminating 
any time lag between the first and Second feedback Signals, 
and real time modeling the predistortion amplitude and 
phase look-up tables in response to the first and Second 
feedback signals in order to update these two tables. The 
position of the delay circuit (delaying step), that permits the 
use of the real time modeling procedure, eliminates the 
convergence time and the requirement for any iterative 
algorithms. 

18 Claims, 4 Drawing Sheets 
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