US006529080B1

a» United States Patent (o) Patent No.:  US 6,529,080 B1
Seymour et al. 45) Date of Patent: Mar. 4, 2003
(54) TOI AND POWER COMPRESSION BIAS 5,590,411 A * 12/1996 Sroka et al. .......ccccco..... 455/78
NETWORK 5678226 A * 10/1997 Lietal. ...
5,710,523 A * 1/1998 Kobayashi
(75) Inventors: David J. Seymour, Plano, TX (US); 6,275,687 B1 * 8/2001 Lloyd .......ceouvvvinnnnn.
Randy L. Cochran, Sachse, TX (US);
Timothy M. Gittemeier, Plano, TX OTHER PUBLICATIONS
(Us) “An HBT MMIC Power Amplifier with an Integrated Diode

. . . . Linearizer for Low—Voltage Portable Phone Applications”,
(73)  Assignee: Sirenza Microdevices, Inc., Sunnyvale, By: Toshihiko Yoshimasu et al., IEEE Journal of Solid-State

CA (US) Circuits, vol. 33, No. 9, Sep. 1998, pp. 1290-1296.
(*) Notice: Subject to any disclaimer, the term of this * cited by examiner
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days. Primary Examiner—Robert Pascal
Assistant Examiner—Henry Choe
(21) Appl. No.: 09/951,686 (74) Attorney, Agent, or Firm—Christopher P. Maiorana,
(22) Filed: Sep. 11, 2001 Pe
67 ABSTRACT
(51) Int. CL7 oo HO3F 3/04
(52) US.CL ... ... 330/296; 330/288 An apparatus comprising an amplifier and a circuit. The
(58) Field of Search ..............cccccccoo....... 330/149, 288,  amplifier may be configured to amplify an input signal. The

330/296 circuit may be configured to (i) control the amplifier, (ii)
compensate for non-linear characteristics of the amplifier,
(56) References Cited (iii) increase third-order intercept (TOI) and (iv) increase the

output 1 dB compression point (P1 dB).
U.S. PATENT DOCUMENTS

5,517,688 A * 5/1996 Fajen et al. ......c.......... 455/333 19 Claims, 5 Drawing Sheets
100 N
102N |
|
I
| MW 1 i
, R1 : 106
: AN Q1 ,
| C1 R2 I
| ) ’_I | '—D VCC
| | 1084
| L1 :
I MAIN
Q2 —NVW—
: R3 R4 | A | AMPLIFIER
| C2 | <104
| |
| !
I !
| }
L i



U.S. Patent Mar. 4, 2003 Sheet 1 of 5

10~

{]vCcC

MAIN
N | AMPLIFIER

FIG. 1

US 6,529,080 B1

20
N
NN [ vce
R1
AN Em
c1 R
“‘*7 — vee
a2 1w AN -
“1  R3 R4 N
MAIN
R5§ AMPLIFIER




U.S. Patent Mar. 4, 2003 Sheet 2 of 5 US 6,529,080 Bl

100~
e~ o |
| |
| ANV
: R1 106
| MN l:?1 |
' R2 |
| o | L vee
| . | 108y
| N ! MAIN
| Q2 —-MVv W11 | AMPLIFIER
| R3 R4 |
| C2 : $104
| |
1 ®s |
T !
| |
| = |
e e e
100
!
______________ 102
A n
| AN ,
| R1 |
! |
| —'\N\:—EM '
| <
| R2 R6 : 1 vee
|
, c1 C3J__ :
: I T D1 |
- |
| [P MAIN
| Q2 S AASE AMPLIFIER
| R3 rRa ||
| | C1o4/
! |
| s |
! |
! |
| _ |
L o e e —_——— e



U.S. Patent Mar. 4, 2003 Sheet 3 of 5 US 6,529,080 Bl

i
100"
102"
it 1
| AN ,
| R1 ,
! |
|
| ANV EM ! +—{] vce
| R2 ,
! C1 |
| o :
|
AN : ' MAIN
: e B Re L2 | AMPLIFIER
| : 104"
| Rs3 |
|
| |
I = |
L e
mn
100"
102
- - - - - - - - - - - == i
1 AN —T Y Y Y
| R1 ca L3
. I |
| |
[ Q1 |
) R2 R6 l
| |
3 e pee
| \ﬂ 1 S [P man
| |
Q2 W A
| A R3 Ra || | AMPLIFIER
| C2 I 104"
| |
| R5§ |
| = |
| |
| = |
e e — J



US 6,529,080 B1

Sheet 4 of 5

Mar. 4, 2003

U.S. Patent

POWER_POUT1_dBm

sd
vz 0z o1 ) 8 b 0 - g-
8
/M// \\‘\\
L0E0 Lg=WgP™ 11NOd ¥IMOd AN \\\ o
06.'Gl=Sd \\\ e
SN —— 7/ v ¢l
..vﬂ >‘. N -— = \\\\ »
NO 3A0W V113a / pl
296'0-=NIVD ¥3aIMOd /4 N
052 ¥2=Sd Y/ o
o ) /4
. _ / 8l
¥25'21=NIVO d3IMOd %
000'6-=Sd 7
en / 0z
Y
0,6'6Z=Wwgp” L 1NOd \\ zz
000'71=Sd /
o / vz
/
NO 3AOW v113a
P10’ L-=NIVD Y %
000°€2=5d \
N \mw,_ ge
P10°SL=NIVO ~ 0¢
0006-=Sd ==
m ze
\og}

GAIN

POWER_GAIN
POUT1_dBm



U.S. Patent Mar. 4, 2003 Sheet 5 of 5 US 6,529,080 Bl

~ ()]
[{o] [@)]
< ®
g >
o o
2% 81U
Sg g MAG(Vbe[x,0])
] 1]
Sed So9 MAG(POWER_Vbe_|x,0])
(] o] [{e] < [aV] [an] [+ 0] [{e] <t N o
o ~ ~ ~ R ~ © o © © O
(e ] (=] o [aw] o o o o o o o
Te)
e} N
7( \\ //
\ 7
N\ / o
\ o
\\ o)
\&E 7o)
\\ﬁ b und
\\ S
\\ g O
\ CTE
\ (]
o
=)
Of- (e} [aw] O (o] (] (=] [en] (o] (] o [an]
by Ty ] [an] Te] o N o w [e] wH (e} Tp]
& [{e] [{e] Tp] Tp] <t <t (y2] [op] (] N -

POWER_Ic2_mA
Ic2_mA












