The present invention, generally speaking, provides inproved nethods of

generating clean, -precisel y-nodul ated waveforns, at |east pg#fshy using
digital techni . In accv%&gbance Wi th one aspect of the i kg8 on, a

"di ff erence egﬁg' i s provi Ge0 T iimmprd e ROANZATIY t al  si QM@ I epr esent i ng
the fredNTERNATEONAL APRICYERON PUBLIRRED GNDER CoBBERLADRIRED Y-
The TEBIER g Y. e o gt-tafHyHhrtegratea—to—proguc al

Pne o Faedeaton "o " The | di {06} TetraationstRyblisetionNamblye | nc IVOOIGESIT3

_represegideﬁg _ (

into|a “where the anal og freqiéfd t i gnal of a YCO
of te—PtE—brreect—roeH atign ofq h gﬂﬁﬁﬁ‘gﬁfﬂﬂ'&%&’ﬁ“ﬁ%%%mg%mgww
NUITEY (20 itdrytionB)Apiiicattbn Miknbep! OV i HEwAEkodhR7s? 1ikt) pbsidhntea SEAEL WAL O t E

per f ){zgiln al ivgl{rI ation between the dir aegt)i omm%mkgm%%ﬂcg%g ﬁe%%,m’
auxi | FArY OGP B pat h!6 MAskipPAG9800 :hara% GB: 6. G, GHaGM, 138, Hi alLANGS] JH, { om
| oop|bandwi dt h constraints. In particufar, }hgd NI LS T, Wrisd
may bE® gt ‘%ggflow as_to reduce spurs [usua$D, yE 86SSHEKASLETS, T, T "UA. UG,
t echhi ques) to an ar BMELPPIATOIBy | eV . A&%%‘g“i Y, A, Z9, ARIPQpapit (GHyaM, KR
real |zed in digital form Using a digifal |35y kel BELD

E(AM,
. . 3 P t{AT,

requf R A "‘g&’,%‘ sedred i ggmmm‘mm. \/ar i OBBs CH.eYhDE, . EIJ R, m&a r
reduti nggﬁﬁéﬁ,e @é}a'i%&gzﬁg? B e, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM,

[®)

ot f 1 he“ﬁ,’) , GW, ML, MR, NE, SN, TD, TG).
(72) Inventors; and ’
15) Invgt;&rslApplicg;:csl(for US only): SANDER, Briun [US/US); | Published
Perugia Circle, San Jose, CA 95138 (US). SANDER. Without international ;
;g;:;gcl(!u g)JS/US]; 112 Harwood Court, Los Gatos, CA upon :eceiptroft}‘:d re;:zch report and io be republished

(54) Title: DIRECT DIGITAL FREQUENCY SYNTHESIS ENABLING SPUR ELIMINATION

PHASE ERROR
MODULATED D*IFFERENCE__'z CHARCE

FREQUENCY ——L__ENGINE _ |™| PUMP _L F L9
ANALOG ' - L 1VM el |
FREQUENCY DAC -

(57) Abstract

. The present invention, generally speaking, provides iy i i
1 prese ; Z, proved methods of generating clean, isely-modul
partly using digital techniques. In accordance with one aspect of the invention, a "diffemn:eg engine'?il:)rovgded matﬁd:;:e:%?;ist;?;i:na:;

representing' lhe frequency error between a numeric frequency and an analog frequency, The frequency error may be digitally integrated to




