©
L

a2 United States Patent

US006230000B1

(10) Patent No.:

US 6,230,000 B1

Tayloe 5) Date of Patent: May 8, 2001
(549) PRODUCT DETECTOR AND METHOD 2294169 9/1995 (GB) HO03D/7/00
THEREFOR 9110283  12/1990 (WO) ... ... HO3D/3/00
9602977 7/1995 (WO) ... .. HO4B/1/26
(75) Inventor: Daniel Richard Tayloe, Phoenix, AZ 9838732 2/1998 (WO) HO3D/7/00
(US) OTHER PUBLICATIONS
(73) Assignee: Motorola Inc., Schaumburg, IL (US) Article entitled “A 1.5 GHz Highly Linear CMOS Down-
conversion Mixer” published in IEEE Journal of Solid—State
(*) Notice: Subject to any disclaimer, the term of this Circuits, vol. 30, No. 7, Jul. 1995.
patent is extended or adjusted under 35 Article entitled “Recent Advances in Shortwave Receiver
U.S.C. 154(b) by 0 days. Design” by Dr. Ulrich L. Rohde in QST, Nov. 1992.
Atrticle “Asymmetric Polyphase Networks” by M.J. Gingell
(21) Appl. No.: 09/173,030 in Electrical Communication, vol. 48, No. 1 and 2, 1973.
. Aritcle entitled “High—Performance, Single—Signal Direct—
(22) Filed: Oct. 15, 1998 Conversion Receivers” by Rick Campbell —QST Magazine
(51) Int. CL7 oo HO4B 1/26; H04B 1/00 ~ (Jan. 1993).
(52) US.CL .. 455/323; 455/303; 455/304; * cited by examiner
455/313 ) )
(58) Field of Search ... 455/302, 303, ~ Primary Examiner—Dwayne Bost
455/304, 324, 338, 339, 313, 318, 323; Assistant Examiner—Raymond B. Persino
375/323 329 332. 327/1’13 4’5. 32’9/304 (74) Antorney, Agent, or Firm—Dana B. LeMoine; Timothy
’ ’ ’ T J. Lorenz; Frank J. Bogacz
(56) References Cited (57) ABSTRACT
U.S. PATENT DOCUMENTS A product detector for converting a signal to baseband
4,847,860 *  7/1989 RODEIt oo 375/136 includes a commutating switch which serves to sample an
4,878,029  10/1989 Saulnier et al. ....ccccvvvrvnnnee. 329/341 RF waveform four times per period at the RF frequency. The
5,150,124 9/1992 Moore et al. 342/68 samples are integrated over time to produce an average
5,339,459 . 8/1994 Schiltz et al. .....ceviiinnne 455/333 voltage at 0 degrees, 90 degrees, 180 degrees and 270
?zgg’ég; 18/ }ggé \Iil(?]z]i'ik """""""" ;‘ggg?g degrees. The average voltage at 0 degrees is the baseband
5761615 * 6;1998 Ja&eljms e 455;3 14 in-phase signal, and the average voltage at 90 degrees is the
5'305.003 9/1998 H cilkila o al. baseband quadrature signal. Alternatively, to increase gain,
5.838,675 * 11/1998 RaUSCher ...o...oocoroomrre 370343 the O degree average can be differentially summed with the
5:999:574 R L R R — 375/326 180 degree average to form the baseband in-phase signal,
6,073,001 * 6/2000 SOKOIEr ..oovvvveieerereereenreinns 455/323 and the 90 degree average can be differentially summed with
6,088,581 * 7/2000 Bickley et al. ..ocveueceevecenee. 455/131 the 270 degree average to produce the baseband quadrature
FOREIGN PATENT DOCUMENTS signal.
0691733 6/1995 (EP) .oeerevvcrereirereceenenen HO03B/21/00 14 Claims, 3 Drawing Sheets
BIAS
NETWORK
T 50
34 4f rmm——de——y
40 ! W 1 BaseBAND
VAP I LN || INPHASE 62
J_)__. Lo / 1 7 558 g
| 44 500 WL 1 54 - 60
RF1iTeR A o L{_ 90 f1-fo
f; | 46 0 r——————— 1 PHASE
s 36 ol 180 [ I—W | [lpELAY
U AAA '
a_ |48 2700 — WO e Y
S _L'—'-w—-/ | BASEBAND
b e e - = d
SIS IS IS 52
72 |74 |76 | 78

CK

A R

E

T
M

T L. 1004

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent May 8, 2001 Sheet 1 of 3 US 6,230,000 B1
f1-fo.fo-f1
f1
10 1. 17
fo - PRIOR ART -
@
fo—1t
¢ | SIGNAL 90° | —{prAsEN fof10R fi-fo
1 SPLITTER DELAY » DELAY| |-~
20
Iy, 2
- PRIOR ART -
f7
162 158  BASEBAND
Xc l’ > INPHASE
f1 —w <V o y—> BASEBAND
152 151 164 —— N, 160 QUADRATURE
!
e I 157j=: 156
FIG. 5 ®°

DOC KET

_ ARM

Find authenti

icated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

"Wod"Wie|el}a)d0p je syJewldalem JNoYliMm sjuswndop 14Nn0d pajedijuayine puly

W H VT
13IN00

EJ SJ a QJ
A%
FUNLVHAYNO — g 8¢
aNvg3sve , _.Aopl
\ 002
Taall ¥ m.w . L
o o 9 o] 431714 _,m
- Fom— o= 1 06 ' Y 4
wm _ 7 " | P
G ' :
ISVHINI | | 1wy o0 ww_lﬁl
aNVEISYE | . 0p
i Ri be
0s {
MHOMLAN

Svid

IPR2022-00245 Page 0( D <


https://www.docketalarm.com/

U.S. Patent May 8, 2001 Sheet 3 of 3 US 6,230,000 B1

4f,
_L| 171 180
o vg\’V‘ > (°
|
oO—/'VYW » 9()°
fi j | 1727 173 184~ 182°
o > 180°
T\178 T\m T‘ﬁs TV 75
FIG. 6 0
202
{ 210
{4 po
4:1 . > gQ°
fi —W— ANALOG - ¢
| — 212
MUX N N
204 206 208
o s L1
o —— o
214
D; D 200

USB/LSB ——{Up

294 2-BIT
DIGITAL 220 FFI1(GE. 7

COUNTER
4f1——
222

\'4

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

D
A

US 6,230,000 B1

1

PRODUCT DETECTOR AND METHOD
THEREFOR

FIELD OF THE INVENTION

This invention relates in general to radio receivers and, in
particular, to the converting of signals in frequency.

BACKGROUND OF THE INVENTION

Direct conversion receivers are desirable in part because
they convert signals of interest directly to baseband (or near
zero hertz) from a radio frequency (RF) or an intermediate
frequency (IF). Simple direct conversion receivers, such as
receiver 10 shown in FIG. 1, suffer from multiple draw-
backs. The RF signal f; is mixed with the local oscillator
signal f,, and the signal of interest f,-f, is produced at
baseband at the output. Unfortunately, superimposed on the
signal of interest is the image f,—f,. The “image problem” of
simple direct conversion receivers is well known in the art
of receiver design, the solution to which has been the subject
of scholarly study for decades.

Image reject mixers, such as mixer 20 in FIG. 2, have
been developed in response to the image problem suffered
by simple direct conversion receivers. The operation of
image reject mixers, including the mathematical basis upon
which they operate, is described in detail in “High-
Performance, Single-Signal Direct-Conversion Receivers”
by Rick Campbell, published in the January, 1993 issue of
QST magazine. Image reject mixers utilize two local oscil-
lator signals, each differing from the other by 90 degrees in
phase. Image reject mixers also require the use of two
separate mixer elements. Image reject receivers represent a
complex and expensive solution to the image problem of
direct conversion receivers.

Both simple direct conversion receivers and image reject
mixers nominally exhibit a loss of 6 dB because half of the
signal is converted to fy+f;, the sum of the RF frequency and
the local oscillator frequency, and then discarded. In
practice, the loss is often greater than 6 dB because con-
ventional mixers are typically implemented with diodes
which exhibits a finite amount of loss themselves. Typical
conversion loss in prior art image reject mixers is 7-8 dB.

What is needed is a low-loss method and apparatus for
simply and inexpensively overcoming the image problem of
direct conversion receivers.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows a prior art direct conversion receiver;
FIG. 2 shows a prior art image reject mixer;

FIG. 3 shows a direct conversion receiver in accordance
with a preferred embodiment of the present invention;

FIG. 4 shows a waveform in accordance with a preferred
embodiment of the present invention;

FIG. 5§ shows a product detector in accordance with a
preferred embodiment of the present invention;

FIG. 6 shows a product detector in accordance with an
alternate embodiment of the present invention; and

FIG. 7 shows a product detector in accordance with an
alternate embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

The method and apparatus of the present invention rep-
resent a simple and inexpensive product detector which
facilitates the conversion of a signal to baseband without the

nnnnnnnn ted imace fram interforina A comrmutating cariteh dc

OCKET

LARM

10

15

20

25

30

35

40

45

50

55

60

65

Find authenticated court documents

2

used in combination with capacitors to integrate portions of
the input signal. The in-phase and quadrature signals that
result represent the signal of interest at baseband.

Turning now to the drawings in which like reference
characters indicate corresponding elements throughout the
several views, attention is first directed to FIG. 3. FIG. 3
shows a direct conversion receiver in accordance with a
preferred embodiment of the present invention. Direct con-
version receiver 30 includes resistor 32, bias network 34,
commutating switch 38, capacitors 72, 74, 76, and 78,
summing amplifiers 50 and 52, phase delay 58, and sum-
ming amplifier 60.

In operation, an RF or IF signal f, is received at resistor
32. Resistor 32, as is more fully discussed below, forms a
filter when taken in combination with capacitors 72-78.
After passing through resistor 32, the input signal is received
by commutating switch 38 at input 36. Commutating switch
38 switches input 36 to outputs 42, 44, 46, and 48. The rate
at which commutating switch 38 operates is controlled by a
signal present at control input 40. In the preferred embodi-
ment as shown in FIG. 3, the control signal input to control
input 40 is substantially equal to four times the local
oscillator frequency that would exist in a simple direct
conversion receiver. As a result, input 36 is switched to each
of the four outputs substantially once during each period of
the input signal f;.

In a preferred embodiment, commutating switch 38
remains closed at each of the four outputs for substantially
90 degrees at the frequency of the input signal. In alternate
embodiments, commutating switch 38 remains closed at
each of the four outputs for less than 90 degrees.

During the time that commutating switch 38 connects
input 36 to output 42, charge builds up on capacitor 72.
Likewise, during the time commutating switch 38 connects
input 36 to output 44, charge builds up on capacitor 74. The
same principle holds true for capacitors 76 and 78 when
commutating switch 38 connects input 36 to outputs 46 and
48 respectively. As commutating switch 38 cycles through
the four outputs, capacitors 72—78 charge to voltage values
substantially equal to the average value of the input signal
during their respective quadrants. Each of the capacitors
functions as a separate integrator, each integrating a separate
quarter wave of the input signal. This principle is described
more fully with respect to FIG. 4 below.

Output 42 represents the average value of the input signal
during the first quarter wave of the period, and is termed the
0 degree output. Output 44 represents the average value of
the input signal during the second quarter wave of the
period, and is termed the 90 degree output. Output 46
represents the average value of the input signal during the
third quarter wave of the period, and is termed the 180
degree output. Output 48 represents the average value of the
input signal during the fourth quarter wave of the period, and
is termed the 270 degree output.

The outputs of commutating switch 38 are input to
summing amplifiers 50 and 52. Summing amplifier 50
differentially sums the 0 degree output and the 180 degree
output, thereby producing baseband in-phase signal 54.
Summing amplifier 52 differentially sums the 90 degree
output and the 270 degree output, thereby producing base-
band quadrature signal 56. Baseband in-phase signal 54 and
baseband quadrature signal 56 are input to phase delay 58
which shifts the phase of baseband quadrature signal 56 by
90 degrees relative to baseband in-phase signal 54. The
resulting signals are then summed by summing amplifier 60
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