1 21 JUL 200 | MPROVED | NTERFACE BETWEEN DI G TAL AND ANALOG CIRCUI TS 5

BACKGROUND OF THE INVENTION 1. Field of the Invention The preszeijI

i nvention relates to electronics circui fs. More part icularly, éubméent

invention relates to novel and inproved nmethod and circuit for 10

providing interface signals between integrated circuits. |l. Description of
the Related Art Many el ectronics systens are inplenented using nultiple

integrated circuits (I1Cs) that interface together to provide the required
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provi ded by digital signals hawl (e.g., high and low) to
express digital values. Dgit | ar for interface because
of thei® ease of inplementation and robust i mmnity to noise. Special
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Digital 1Cs E ? nPre efficient and cost ective I npl ementing digital
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Special challenges arise when interfacing a digital IC with an analog IC.

20 Digital ICs are more efficient and cost effective for implementing digital

functions such as digital signal processing and the like. Analog ICs are used to

provide linear functions such as signal amplification, buffering, filtering,

modulation, mixing, and so on. In many designs, the interface between the

digital and analog ICs is implemented using digital signals. Within the analog

25 IC, the digital signals are buffered, converted to analog signal(s) if necessary,
and provided to the analog circuit(s).

 The use of digital signals to interface digital and analog ICs is

undesirable in some applications for several reasons. First, digital signals
typically have large signal swing and sharp transition edges, thereby
30  generating large switching noise. This noise can degrade the performance of
the analog circuits, which typically operate on smaller signal swing. The
amount of noise can be reduced, to an extent, by using separate power supplies
and circuit grounds for analog and digital circuits within the analog IC.
However, the reduction may not be adequate for some applicatons. Second,
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because each digital signal typically provides one bit of data, multiple
(c.g. eight) digital signals are necessary to concurrently provide
multiple (e.g., eight) bits of data. In addition, one or more clock

signals are typically provided to latch the data bits at the receiving



(e.g. eight) digital signals are necessary to concurrently prozi1m 2000
multiple (e.g., eight) bits of data. In addition, one or nore

signals are typically provided to latch the data bits at the receiving 2 1
JUL 2004 2 IC. A large nunber of signal2lines, and a correspondi ng nunber
of device pins, may thus be required to interface the I Cs. Moreover,
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includes a reference circuit, an interface circuit, and a circuit element. The
reference circuit provides a reference signal. The interface circuit is
implemented on the first integrated circuit, operatively couples to the reference
circuit, receives the reference signal and a data input, and generates the
25  interface signal. The circuit element is implemented on the second integrated
circuit, operatively couples to the control circuit, receives the interface signal,
and provides an output signal.
-In an embodiment, the interface circuit includes a current mirror coupled
to a switch array. The current mirror receives the reference signal and includes
30 two or more mirror paths. The switch array receives and decodes the data
input and directs current from a selected set of mirror paths to an output of the
switch array.
The reference signal can be a voltage signal or a current signal (ie.,
generated based on a voltage reference), and can be generated with a reference
35 circuit implemented on the first or (preferably for some applications) the
second integrated circuit. In an embodiment, the interface signal is a
differential current signal having multiple (e.g., four, eight, or more) bits of
resolution and filtered with a RC network. The interface circuit  may be
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Each interface circuit receives a respective digital baseband signal and provides
an analog baseband signal. Each analog baseband signal has at least four bits of

25  resolution and is implemented as a differential current signal. The modulator is
implemented on a second integrated circuit, operatively couples to the first and
second interface circuits, and receives and modulates the analog baseband
signals with a carrier signal to provide a modulated output signal. The
transmitter can also include a reference circuit that provides a reference signal.

30  The interface circuits then receive the reference signal and generate the analog
baseband signals based, in part, on the reference signal.

Yet another embodiment of the invention provides a method for
providing an interface signal from a first to a second integrated circuit. In
accordance with the method, a reference signal is generated at either the first or

35 second integrated circuit and provided to the first integrated circuit. A data
input is also received in the first integrated circuit and is used in conjunction
with the reference signal to generate the interface signal. The interface signal is
then provided from the first to the second integrated circuit. A circuit element



signals with a carrier signal to provide a nodul ated out put signal E
transmtter can also include a reference circuit that provides a N@f@‘ence
signal. 30 The interface circuits then receive the reference signal and
generate the anal og baseband signals pased, in part, on the reference
signal . Yet another enbodiment of the invention provides a nmethod for
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FIG. 5 shows a schematic diagram of a specific embodiment of the
20  interface and circuitry shown in FIG. 4; and
FIG. 6 shows a block diagram of an embodiment of circuits used to
generate a control signal in accordance with the invention.

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS
25 The invention can be implemented in various electronics circuits and
systems. For clarity, the invention is described for a specific implementation in

a transmitter of a cellular communications system.
FIG. 1 shows a simplified block diagram of an embodiment of a
quadrature transmitter 100. A digital processor 110 generates data, encodes the
30 data, and converts the digitally processed data into inphase (I) and quadrature
(Q) baseband signals. The baseband signals are provided to baseband (BB)
buffers 122a and 122b that buffer the signals and provide the buffered signals to
a modulator 124. Modulator 124 also receives a signal (e.g., a carrier sinusoid)
at an intermediate frequency (IF LO), and modulates the buffered baseband
signals with the IF LO to generate an IF modulated signal. Modulator 124 can
be a single sideband or a double sideband modulator. For a single sideband
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modulator, one or more phase shifters may be used to generate [F LOs having
the proper phases. The IF signal is provided to an IF variable gain amplifier (IF



- DETAI LED DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS 25 The invention can be

i mpl enented in various electronics circuits and systens. For cl drli §iyL, 2068ihe
invention is described for a specific inplenmentation in a transmtter of a
cel lular conmuni cations system FIG 1 shows a sinplified block di agram of
an enbodi ment of a quadrature transmtter 100. A digital processor 110
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FIG 1), shownin FIG. may not be used in some embodiments. Moreover, the elements
within the signal path can be arranged in different order. In addition, the
variable gain in the transmit signal path can be provided by VGAs (as shown in
25 FIG. 1), variable attenuators, multipliers, other variable gain elements, or a
combination of the above. Also, a direct upconversion can be used in which the
baseband signals are directly upconverted to RF.
Transmitter 100 can be used in many communications applications, such
as cellular communications systems. Examples of cellular communications
30 systems include Code Division Multiple Access (CDMA) communications
systems, Time Division Multiple Access (TDMA) communications systems, and
analog FM communications systems. The use of CDMA techniques in a
multiple access communications system is disclosed in U.S. Patent No.
4,901,307, entitled “Spread Spectrum Multiple Access Communication System
35  Using Satellite or Terrestrial Repeaters,” and U.5. Patent No. 5,103,459, entitled
“System and Method for Generating Waveforms in a CDMA Cellular
Telephone System,” both patents assigned to the assignee of the present

invention and incorporated herein by reference. CDMA systems are typically



Various nodifications can be nade to the transmtter enbodi nent 20 shown
in FIG 1. For exanple, fewer or additional filter, buffer, and anplifier
stages can be provided in the transmt signal path. Sone of the ﬂ)ﬂ@ﬁg@nts
shown in FIG may not be used in some énbodi nrents. Moreover, the el
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FIG 15 trfEGbl)asraawma'rtbﬁtrbbs:m&Oére of the elenents in the transmt signal

path can be adjl by gain
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128b may %ﬂgeﬂ}%ﬁges,gppﬁ%agit@gra?ecg@i.&fhiﬁoﬁﬁglmﬁeirﬂgélsignals are provided
for the baseband signals from the digital processor and the (e.g., gain and bias)
control signals from the control circuits.
25 In FIG. 1, the I and Q baseband signals may each comprise multiple bits
of resolution. This can result from, for example, filtering a two-level digital
- signal with a digital filter. Thus, muitiple signal lines may be required to
interface the digital processor to the analog circuitry.
In one conventional design, each of the I and Q baseband signals has
30 eight bits of resolution, and the interface comprises eight data lines and two
clocks lines. The data lines are time shared between the I and Q signals. The
clock lines provide two clock signals that are (e.g., 180 degrees) out-of-phase
with respect to each other. The data lines are used to provide the I signal on
one phase of the clock and the Q signal on the other phase of the clock. In this
design, the data and clock lines generate noise that can degrade the
performance of the analog circuits in the transmit signal path. Moreover, the
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(ten) data and clock lines require a corresponding number of {ten) device pins
on both the digital and analog [Cs.



112 that may conme fromdigital processor 110 (as shown by thehﬁ?ﬁﬂ 2@“
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approximately twice the reference current I,
A switch  array 318 couples to transistors 314b through 314n. Switch
25  array 318 also receives and decodes the data input and activates a set of
switches within the array that selectively steer the current from transistors 314b
through 314n to the output of the array. The data input can be the I data or the
Q data shown in FIG. 2. In an embodiment, switch array 318 includes
circuitry that generates a differential current signal I,,., as the output of
30  interface circuit 312.

The use of interface circuits 312 to provide the I and Q baseband signals
to the analog IC provides many advantages. Some of these advantages are
described below.

First, only two sets of different signal lines (i.e., four lines in all) are

35  required to provide the differential current signals for the I and Q baseband
signals. In contrast, eight digital data lines and two clock lines are required by
one conventional design. Fewer number of signal lines reduces the number of
device pins required to interface the ICs.



buffered signals are provided to a nodul ator 224. 10 FIG 3 shows a
schematic diagram of an enbodi nent of an interface circuit 312. 20ngy| 200
interface circuit 312 can be used to inplenent each of interface circuits
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For many integrated circuits, variations in the manufacturing process
make it difficult to generate accurate component values (e.g., accurate resistor
and capacitor values). However, component matching is typically quite good

25  since the entire IC typically experiences similar process conditions. Thus, while
it may be challenging to fabricate a resistor having a value that is accurate to
within £ 30 percent of a targeted value, it is often feasible to match two
resistors to within a few percent .

Even with the manufacturing process variations, circuits within the

30 analog IC are required to perform to specifications. To provide consistent
performance from IC to IC, the circuits can be designed to operate in
conjunction with a reference signal (or a reference value) that can be accurately
generated on the IC. For electronic circuits, a bandgap reference circuit can be
designed to provide a (relatively) accurate reference voltage (even over process
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variations). Moreover, the bandgap reference voltage is typically stable over
time, power supply, and temperature variations. The bandgap reference
voltaze can be used to generate other reference voltages and currents used by
various circuits within the IC.



transition edges. The differential current signals thus generate nuch | ess
noise 5 than the digital signals. Third, the differential currént gl §éal s
can reduce circuit conplexity at the source and destination ICs. For

i nproved performance (e.g., w de bandwi%dth, Ilinearity, and so on) nany

hi gh-speed analgg_circuits are designed to operate on different current

Si gnal s. By pr O\F?@ hghawdi 4 blackndiagrars of ranethesi emboditrent hoé a.’hOmréAceg | C

(i.e., as mm&aﬂaa bﬁ@tct:awaﬁaaaaahmdgrlcdmfo? é RPOase 4ig and

voltageto ur,r ent ersi II‘CUI not equire |nthe
anal og ﬂl? H%Wf“yla gﬁt spfé?é%ﬁsa‘?v#{@%ﬁl pyastiden bcl'llﬁiartaf’éicﬁaforms to

| S-95- A speiatar tocmlterfam cireaith4tda arb412b, aesppeivkdy a Ehdlsirdedfade divlig 400 1. 2288

Mops. 13 Egpecflp@dktaaﬁg fﬂ?taareférgn eﬁgﬁ%’lt ere?fglfnegr{ d f' l tered

(e.qg., Wlthlnt roces O _provi

respect i veICVC‘-“Itt4 é”‘%ﬁ@vlﬁ: tcog‘é?fésr the datadp amanaleg élglials(lgnaJSMg,om sarrpl ed

?at a pr oducpest theagsrente §1§ﬂalSIQBFb| and @rovidey th@xﬁﬁs% aDgh slsaffbr and Q gat a
e.g., are pushed ency by

t he over sa gi;&g% wr‘% C 2 ;}??%Dﬁ_} A °?‘n$sa SERAbTe é‘% “;(50 afﬁa fffﬁ&nfﬁ tering

of the i mag@al At ialsoebe mtﬂ@éwmnpfare@pe tienit #ageo buffer bedfi | tered

by 2 SiOP! enddGLAGH B b iR6cAlEs Byithedabiaiaihe, For many infegrated circuits,

variations in uf act u ocess i.fficu 0

accur at e corrponiﬁ? n%%ﬁi’ég ?@%%5%@?@%%%?099{“% ¥alinge @c& Yal ues).
However, cbandgrnteferetohivoliages oryprafeehye quitest. ngcprEatmgnidne ihteefaeatire | C

typical |y eXaerLRAGRS rSodih: HASEE B85 SRR AR ng@ﬁgnaﬂw&‘\és@ circhjtfmy be
challengln fabrlc te a re5|st&§F8aV|n a va

g S, accurate to
Wi n30°pbPe RrEned 1o Hack ERLUoar G5t PP BAriAHonP SRSHBITGSRRSCHER ch t vo
resi stdws i@)s wé tiesanibad fhelowper cent Even wi th the manufacturing process
variations, cf e sRbhAld skhifinadld UIARR0 ot G Sp&iACUHTRELS BELALT M 1O
ol eu t s cionieeel GRSHEY ST aa it Elrrb p?arﬁ?wa FOFiG p erak & e si gna
(or a ref ershedesvaal uegrfadeattucwm]:ﬂet}m(mupteslty a geferenad eitcuin S5EhandG  For
el ect (rjom cnfadmwa 524 @lmqgagaro%fzgm%&bf&% kirCGP 59E mfé?éw&?anE 0
provtdega L1l s YeL AL ol ate relalcnee VoL age LoNCl BYer Brdgee oo
over ti neanpowstulatappldy respactivayyin®®Gut.e vari ati ons. The bandgap reference
vol tage can be mSgd ehihodBReRAlereriier cifciies BNERINRL LRSS AN G E§Nt s Used
by vari O CI ¢ L{I ta% cvgr;emtnmgrggr |5 4. In an embodiment, current source 532
prov1de5 a reference current I_REF generated by providing a bandgap reference
25  wvoltage across a resistor. The resistor can be an external (i.e., discrete) resistor
or an internal resistor fabricated on IC 502, with the choice being dependent on
the desired circuit characteristics and functionality, as described below. The
reference current I_REF is provided to the reference path (i.e., via a N-channel
transistor 534a) of current mirror 534. The current through the mirror path (ie.,
30 via a N-channel transistor 534b) comprises the reference current I that is
provided to IC 500. Generally, [, is proportional to I_REF, with the
proportionality factor being determined by the ratio of the size of transistor
534b to the size of transistor 534a.
Within IC 500, the reference current I, is provided to interface circuit
35 512, In an embodiment, interface circuit 512 comprises a current mirror 542
coupled to a switch array 544. Specifically, the reference current [, is provided
to a reference path (i.e., via a P-channel transistor 542a) of current mirror 542.
Since the gate-source voltage of transistors 542a through 542n are
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baseband signals. As shown in FIG 4, a digital processor 410 within IC
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digital to analog conversion. Specifically, a capacitor 552 is coupled between
the differential current signal I, that further couples to one end of resistors
25 554a and 554b. Capacitor 552 and resistors 534 can be external (i.e., discrete)
components or internal components implemented within the ICs (i.e., IC 500 or
502, or both). In an embodiment, capacitor 552 is an external component (i.e.,
having a value that is larger than that which can be practically implemented
within an IC) and resistors 554 are internal components implemented within IC
30 502
The other ends of resistors 554a and 554b couple to current sources 558a
and 558b, respectively, of modulator 524. In an embodiment, each current
source 558 provides a bias current I; that is related to the reference current
[_REF, as described below. Modulator 524 further includes a pair of differential
35 amplifiers. The first differential amplifier comprises transistors 562a and 562b
having their emitters coupled together and to current source 558a. The second
differential amplifier comprises transistors 562c and 562d having their emitters

coupled together and to current source 558b. The bases of transistors 562a and



- Wthin I C 500, the reference current IREF is provided to i nt er fla il ui t
35 512. In an enbodinent, interface circuit 512 conprises a current mrror
542 coupled to a switch array 544. Specifically, the reference current | M-
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where o, is the scaling factor associated with current mirror 534.

Interface circuit 512 generates the differential current signal I, .,, which
is a scaled version of the reference current ... The scaling factor is determined
by the data input and the particular design of current mirror 542 (i.e., the sizes

- of transistors 542a through 542n). Specifically, the ratio in sizes of each of
transistors 542b through 542n to transistor 542a determines the amount of
current to be switched for each current path. The data input determines which
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ones of the switches within switch array 544 are activated and-thus the current
path(s) to be directed to the switch array output. The current signal I,,;, can
30  theoretically be expressed as:

_ o, . VREF . ix(n) . h(f - nT) =Kes(t), Eq (3)

- REF  n=0

where x[n] is the value of the data input, h(t) is the zero order hold response of
the DAC, N is the number of bits for the data input, ¢, is the scaling factor
associated with current mirror 542,



within an 1 C) and resistors 554 are internal conponents inplementeg| Wi hin

IC 30 502. The other ends of resistors 554a and 554b couple to current

sources 558a and 558b, respectively, of nodulator 524. In an enbodi nent,

each current source 558 provides a bigs current |8 that is related to the

reference current | _REF, as describel bel ow. Mdul ator 524 further

includes a pair gof %S f Bipntia) 35 anplifiers. The first differential
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anplifier conprises<iransistors 562c and 562d having their_emtters
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to within a few percents) by exercising good circuit layout techniques.

Typically, the bandgap reference voltage V.. and the external reference resistor

Reer can also be accurately set.
As noted above, the value of internal resistor R, cannot typically be set
20 with a high degree of accuracy, and can vary by 30 percents or more from IC to
IC due to process variations. Thus, the voltage signal V,,, can vary widely
from IC to IC. However, the voltage signal V  is typically converted to a
current signal I, for use by a subsequent circuit, and the V-to-I conversion is
achieved by providing V. across another internal resistor R,. The current

25  signal I, can be expressed as:

M:Ao%os(t) ) Eq. (8

1 1

Loy (t)=

From equation (8), it can be noted that the current signal I, ; is a function of the
ratio of internal resistors R_ to R,, which can typically be set to an accuracy of
within one percent by following good circuit layout guidelines.

30 For implementations in which the voltage signal V_; is used directly
(i.e., without a V-to-I conversion), an accurate V, over process variations can
be generated by using an internal reference resistor R.,,. Referring to equation
(7). the voltage signal V. is dependent on the ratio of resistors R, to R, which



Interface circuit 512 generates the differential current sig gﬁ@
which 1is a scaled version of the reference current |I. The sc I|n actor
is determined by the data input and the particul ar design of current
mrror 542 (i.e., the sizes 25 of trangjstors 542a through 542n).
Specifically, the ratio in sizes of each of transistors 542b through 542n
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(typi cal | yon positive I,;, excursions. The performance (e.g., bandwidth, linearity, and
s0 on) of the differential mixer can degrade due to the smaller bias current.
In an embodiment, to reduce performance degradation due to changes in
20  the reference current [, the bias current I, is designed to be proportional to the
reference current I, (e.g., I, = 2I,., or some other values). This can be achieved
through the use of a current mirror, with the reference current I, being
provided to the reference path of the current mirror and the bias current I,
being provided from the mirror path.

25 The specific embodiment shown in FIG. 5 provides many advantages.
First, only five signal lines are required to provide interface for the I and Q
baseband signals (i.e., four lines for the I and Q signals and one for the
reference signal). Thus, fewer number of device pins is required to interface the
ICs than for the conventional design that uses ten signal lines. Fewer device

30  pins resultin a smaller package, thus reducing the size. Second, the differential
current signal I,., drives a low impedance resulting in reduced signal swings
at the interface, thus resulting in less noise being generated by this signal. The
low impedance also reduces interference. Third, the differential current signal
can reduce circuit complexity in the digital and analog ICs. As shown in FIG. 5,

35  interface circuit 512 (by its nature) generates a current signal that can be
provided directly, without a signal conversion, to the analog IC. Modulator 524
receives and can directly operate on the differential current signal. Thus, I-to-V
and V-to-I conversion circuits are avoided by providing current interfaces.



to within a few percents) by exercising good circuit |ayout techniques.
Typically, the bandgap reference voltage V',F and the externah Lqmﬁnce
resistor R F can also be accurately set. As not ed above, the va ue of
internal resistor RL cannot typically hg set 20 with a high degree of
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si gnal | aATA i nTheasesntiec dus ebeeh aéscnr&eﬁemethenmt&eac@eéﬁartmqeaxcdjrQ ent

| REF, baseband signals from the digital IC to the analog IC. The invention can also be
used for control signals such as the bias and gain control signals shown in FIG.
1. The bias current and gain of the circuit elements in the transmit signal path
25 are typically controlled, if at all, in increments. For example, the IS-95-A
standard requires adjustment of the transmitter output power level in 0.5 dB
increments. A multi-level control signal is typically used to provide gain
adjustment in 0.5 dB increments, as required by IS-95-A specifications.
As with the baseband signals, a multi-level control signal can be
30 provided by using multiple digital signal lines. However, this is generally not
desired because of the large number of required device pins, large amounts of
generated noise, and other reasons. An analog control signal generates less
noise and can provide multiple levels of control using fewer device pins.
The gain of a gain element (e.g., a VGA) is dependent on various factors
35 such as the design of the gain element, the component values, the
characteristics of the active devices, and others. Many of these factors are
dependent on the process used to manufacture the IC, and process variations

typically cause component values to differ widely. For example, resistor values



15 then the anpbunt of current through the differential m xer decreases
correspondingly if the bias current Ig is fixed, resulting in the m xer
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Vari ous nodifi cgt hcbgb%cﬁ@nexﬁgo ¢! erbRBcS Q?r@hft'@ﬁmgitl@?ﬁt ShQ in FIG
5. For exar’{P 1ref ce cifcuit 522 can H’g)e nt ed (P %lta 1C 500,
rerit based on 4 bah gap reference voltacr A 'tesstor,  Intdriace
circuit 614 then generates the control signal I o o that is a scaled version of the
25  reference current. The scaling is determined, in part, by the control input. The

control current signal can be expressed as:
L conrror = K ® Lgzr # yin] , Eq. (9)

whertein y[n] is the control input and K is the overall scaling factor that takes

into account the scaling factors for the reference and control circuits (e.g., the

30  current mirrors within the reference and control circuits). The control current

signal is buffered by buffer 624, and the buffered signal is provided to circuit

element 626. Circuit element 626 can be, for example, a VGA, a mixer, a PA
driver, or other circuit elements.

FIG. 6 shows a specific embodiment for the interface of a control signal

35 between ICs. The invention can be applied to the generation of control signals

for cellular telephone transmitter and receivers, and for other circuits. For

example, analog control signals can be generated in accordance with the

present invention to control, for example, attenuators, mixers, power
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reference signal can be provided and shared by the circuits. 5 FIG 6 shows
a bl ock di agram of an enbodi nent of circuits used to generatglgycepsr ol
signal in accordance with the invention. The control circuit is

i npl emented on an IC 600 and the circui fselenent to be controlled is

i npl emented on an IC 602. 1 C 602 includes a reference circuit 622 that
generates a reference signal REF. The reference signal can be a bandgap 10
volta-e reference or a reference current based on, for exanple, a bandgap
vol tage. The reference signal REF is provided fromIC 602 to IC 600. Wthin
| C 600, the reference signal REF i sChuAlMSed by a buffer 612 and provi ded
to a control circuit 614. Control circuit 614 also receives a control

i nput and gener at gs control signal based_.on the ffered reference signal
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control circuits (e.g., the 30 current mrrors within the reference and
control circuits). The control current signal is buffered by buffer 624,
and the buf f er ed 3ileatirquitry of¢laiadl i whereincthetrefespagagircdbis. implemented on
el enent GRE seddhdBmtedrafedVimiai. €. a VGA, a mixer, a PA driver, or other
circuit elenents. Fl 6 shows a specific enbodinent for the interface of a
control signal 35 between ICs. The invention can be applied to the
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4. The circuitry of claim 1, wherein the interface signal represents an

analog inphase (I) or quadrature (Q) baseband signal in a quadrature
transmitter.

5. The circuitry of claim 1, wherein the reference signal is a voltage
related to a bandgap voltage.

6. The circuitry of claim I, wherein the reference signal is a current
generated from a reference voltage and a resistor.

7. The circuitry of claim 6, wherein the output signal is a voltage signal,
and wherein the resistor is external to the first and second integrated circuits.

8. The circuitry of claim 6, wherein the output signal is a current signal,
and wherein the resistor is implemented on the second integrated circuit.



2 1 JUL 2004 16 anplifiers, oscillators in phase | ock |oops, adjustable
filters, and other circuits. The invention is particular advant agetilis when
the circuit to be controlled is fabricated on a first integrated circuit
having a first set of characteristics apg the control circuit is
fabricated on a second integrated circuit having a second set of 5
characteristics that can vary independently with respect to those of the
first integrated circuit. Some enbodi ments of the invention have been
described with circuitry inplemented using BJTs and MOSFETs. The invention
can al so be inplenmented wth other circuits including FETs, MESFETs, HBTs,
P-HENffs, and others. Also, P-MOS 10 and N-MOS can be used to inplenent the
i nvention. As usédt Thercdichitry ot elaim & whereig thecinfestace girenit épdudes any active
circuit, and is notufréml m@dor Sorfightdd 26 rdESHrEThe rdferehoé siiwiaNand € pEdwideon

of the prtef erred_enbodi rregﬁs i5 provided to enable any person skilled in
the art t8 KOG THELT B spra ent invention. Various n~ddifications to

t hese enbodi ments wil$witeh razeayi icpupledatcerthe t curtdndsmindr,sitiel Iseitching laeragir t |,

and the i | nci i iaN: i r.
bt meschrfedld BEeE nd FebARE REURSIBR A8 (BRftdckRubnr HoMtn set of
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is to be accorded the wi dest scope consistent with the principles and

novel features di c—h&s ILB. . 4 CGLreyLthy to
generate an int eﬁ ace s?g‘ﬁgﬁﬁ’gg?\%%% g’hlﬁés* mlzﬁ-%e‘ghr}tétﬁe;hﬁ{ clxlgﬂjtpﬁllstgs f?\ghétsrt
second i rf@'é"gblﬁt‘éﬁe&‘i’lﬂbgil-t conprising: a reference circuit configured to

provide a reference signal; an interface circuit inplenmented on the first
i ntegrated circuijt d .operativel pled to.the reference circuit he
interface circui e |_8ﬁ$‘8 t%f/glp}éggﬁtewﬁ?{gu} g}ee&aetﬁdgpgﬁ &?@PH #dgta lﬁ%ﬁtta
i nput angight bitsredrasadutib i nterface signal in response thereto; and a

circuit element inplenented on the second integrated circuit and
operatively coup i the.circuit, .el ement

| h f. i i |
configured to r égﬁﬁ%c{rﬁﬁt&ﬁ e“lr’l"luggi’ %hé%%ﬂtﬁfWi%“gHSQUFW@?%hél in

r esponse an oversampling ratio of two or greater.

13. The circuitry of claim 12, wherein the oversampling ratio is 16 or
greater.

14. The circuitry of claim 1, wherein the circuit element is a variable gain
amplifier (VGA).

15. The circuitry of claim 1, wherein the circuit element is a modulator.

16. The circuitry of claim 15, wherein the modulator includes a
pair of current sources coupled to the interface signal, and
a pair of cross-coupled differential amplifiers, each differential amplifier
coupled to a respective current source, the differential amplifiers
configured to receive a carrier signal and to generate the output signal based,
in part, on the carrier signal and the interface signal.

17. The circuitry of claim 16, wherein each current source in the
modulator provides a bias current that is related to the reference signal.



wherein the interface signal is a differential signal. 2. The circuitry of
claim1l1, wherein the reference circuit is inplenented on the Zs‘egmnm[]a
integrated circuit. 3. The circuitry of claim1, further conprising: at

| east one capacitor coupled between theqglifferential current signal. 4. The
circuitry of claiml1, wherein the inter%ace signal represents an anal og

I nphase (1) or quadrature (Q baseband signal in a quadrature transmtter.
5. The circuitry of claim1, wherein the reference signal is a voltage
related to a band§ap volA agmsnfitteT vengpricinigtthy cfcuitryi of dlaimhérei n t he
reference signal is a current generated froma reference voltage and a
resistor. 7. Thejgircuityy 6. |

voltage & 19; vt Hrispe®t Tata CORIA' Eothller IEPhbnd Hibrinite Boe
second |ﬁ’trg'é'$[§t%f§@m uits. 8. The circuitry of claim®6, wherein the output
si.gnal is a current signal, and wherein the resistor is inplenented on the
second i nt egrat e@(ci rcw(}irctﬂtrjkldalﬂ-dgsﬁﬂ@ekékﬁn sn’{gre circuit ry of cl al m 6,

vvherelnthelntef I, r
receive the ref éﬁgglﬁ%gﬁg‘% Egﬁﬁ? ‘ﬁ’%g%g’ﬂ‘ge? &f %ﬂ {Wtr%éréﬁﬁ 1’8\% hts
a swi t chilgsty 3%%9@91 FONFIGUELH [ Keceiys Aotrst idda dnpyican gr%\flflw Irst
conf|gurd@ffcr@ntleb@wenmgnaieendie the data input and to direct current from
a set of sel ectadnodnlatwr mplementedioncasecindointegratedrvcirchit amdagperafivelihe
CI rcui ”)éo @pled! B tRelfirsthifte@fdtet it the | MBGElat @IV FAfed to! RBEIve fHRUFirdt tS

resol y f}-]'ntlja:} cu-f%tﬁétléxgl tér{&' Pce;aéf;l%f" lsjfgn]a@ ’an?hl% %ﬂérﬁf&em‘fi%hf’pdtorb?gﬁ?l

conprlses SO e clrcuitry

wher ei n Fﬁ@“?ﬁ?gP?sH% circuit is oversanpled by an oversanpling ratio of
two or greater. 13. The circuitry of claim 12, wherein the oversanpling
ratio is 16 or greater. 14. The circuitry of claim1l, wherein the circuit

element is a varigble g cu%‘irlm'jr b efajth \%8Murtiler co Ghscuitry of claiml,
wherein the circyik 6§kt tace c?rcrﬁ?tdﬂﬁteﬁ{ented on tl??;i';lrst ?ntegrated circuit,
the second interface circuit configured to receive a second data input and provide a
second differential current signal,
wherein the modulator is further configured to receive the second
differential current signal and to generate the output signal in response to the
second differential current signal.

22, The circuitry of claim 21, wherein the first and second data
inputs correspond to inphase (I) and quadrature (Q) baseband signals in a quadrature
transmitter.

23. The circuitry of claim 21, further comprising:

a capacitor coupled between each of the first and second differential current signals.

24. The circuitry of claim 21, wherein each of the first and second
data inputs has eight or more bits of resolution.

25. The circuitry of claim 21, wherein the first and second interface
circuits are operated at an oversampled rate relative to a rate of the first and
second data inputs.



16. The circuitry of claim15, wherein the nodulator includes a pair of
current sources coupled to the interface signal, and a pair ofg JUL 7004
cross-coupled differential anplifiers, each differential anplifiéer "coupled
to a respective current source, the difdgrential anplifiers configured to
receive a carrier signal and to generate the output signal based, in part,

on the carrier sigpal a e 7 ' | .Of . I m
16, wherein each % rren%%gﬁgg%' éﬁﬁﬁﬁn?ﬁﬁ?ﬁ’% %@g@%%{é ‘%&Pﬁ%ee
that is rOF &% o the reference signal. 21 JUL 2004 19 18. A transnitter
conprising the circuitry of claiml. 19. Atransmtter in a CDVA cellular

t el ephone conpri sikhAg the’l‘h?bfr@fg’i‘tﬁ;ﬁ%’fﬁ%n‘fb@' firthe r%gm S{%l try in a

transmtter conpr|5| ace circ (?n af rst
integrated c r]ffrcw e?%@“??r%‘fcqlhtl spented, og; c&f"ﬁ g:[' e e%‘f"\}
first dat &ODAPIHIE n@EFQ)‘(/'l dgea sefSrEBEe S§gRaler ent i al current signal ; and a

modul at or i npl emewthetkinrthe faest antgrface egrmmtedolmlctmmttharrdfeygmmmrvmt yand is
coupl ed t dutther ¢drfiduredte récive the @iérencé bignaband & generanf thgUiiretldifferestiali ve
the first cydieht ﬁgﬁ&tt&@kd%irfa?ﬂtonsth%@fer&ﬁ@ ?%ﬁqr rier signal and to generate

an out put signa respo se thereto Ci rcwtry of claim 20,
further conprisin nd.interfagce cGir nte on the first

i ntegrated circui 28 t he 'gﬁ?:cﬁ‘\’é?uilm’e? §J:3é“b%r u‘lvbn'](% rederenge rdgmal 5 2
second daparrﬁnb@enampqob@@dm arefereaee yolags.er ent i al current si gnal ,

wherein the nodulator is further configured to receive the second

differential curregt siglad dfshitty il €8 heherHil Uthes fgstalinteffadee GaRnRe
to the E&QP differential current signal. 22. The circuitry of claim 21,
I'rs

wherein t t and s?cond datf. ts corr d tQ . lg:naa@%l%; V}%
quadrature (Q ba8edatid SHEHaI© nlﬁ“ﬁ"r&g Reeeie, e PEfRIecR, vie fvide

ci rcui t ry P QF|TAPTR BUITOF pa eAMonprising: a capaci tor coupl ed between each
of the first and gewﬂ@hdamaer eonpked ttmrtg@n@urgcghans*romtherrséntqlrmm array of
claim 21, wuerfeguredaohreotivehend destdeatise Siestodata idptinandpotdirdrasuergghtfran

nmore bits of sdt@¥akMktedmirror paths to an output of the switch array.

30. A method for providing an interface signal from a first integrated
circuit to a second integrated circuit comprising:
generating a reference signal;
providing the reference signal to the first integrated circuit;
receiving a data input in the first integrated circuit;
generating the interface signal in the first integrated circuit based, in
part, on the data input and the reference signal;
providing the interface signal from the first integrated circuit to the
second integrated circuit;
receiving the interface signal at the second integrated circuit; and
generating an output signal from a circuit element in the second
integrated circuit, wherein the output signal is based at least in part on the
interface signal or ratios of resistors.

31. The method of claim 30, wherein the reference signal is a current

generated from a reference voltage.

32. The method of claim 30, wherein the interface signal is a
differential current signal.



25. The circuitry of claim 21, wherein the first and second interface
circuits are operated at an oversanpled rate relative to a ratesy W?ﬁ'ﬂ
first and second data inputs. 2 1 JUL 2004 20 26. The ci rcurtry o+ ér m
25, wherein the oversanpled rate is srx& en or greater. 27. The circuitry
of claim 20, further conprising: a reference circuit inplenmented on the

second integrated cigguit afgh mefffd SrH1%ith 39, MFAY inpridiRger ence signal ,
wherein the first |nh rface circyt couples to the re erence circuit and is

further configured t&lteangithe mtpdacesighahce signal and to generate the
first differential current signal based, in part, on the reference signal.

28. The circuitry of 3gl ai m{s m\éﬂﬁfd&jﬂb]&ﬁﬁ3ﬂ)%ﬁh@p&ﬁn§ﬂgﬁg| Is a current
generated based on a ref, rence v i;\ ﬁrg ‘The circul t1 m 28,
wherein the first inPEMS0E Eb?lg{'} qqﬁq:% JOHPTERLS Baha #ﬁ%?lrﬁlgﬁf i gur ed to
recei ve the elimeertaedareimtie auwigput élgﬂﬁi\}ﬁ durtheygengrapast basads i paghomstheang

a swi tch arr signabnepdted to thet teference signali rror, the switching array
configured to receive and decode the first data input and to direct current

from a set of sel ec ) to t h tch array. 30.
A et hod for providi ghan [ Q efql'ﬁ%[%";ﬂhgn?g?&rp et at eg circuit
to a second integrat adigital (ﬂﬁ?‘éesé st intpegated capu @pds; gnal ;

provi ding t heonﬁgmeerto@re‘rldnaﬂligltai ll.‘lpleasﬁr( d quaé!galurfe@):bascbamd signalsei vi ng
a data input in the firstsdnd s¥cegd dhetface roincuits ipptemaited ontthe first itégrated

signal in theirfii ahdicdl Hardatberﬁe(&lgi%l' probésef, edch infafdce coftulth®rdiiuged nput
and the ref ehf rk%%?ﬂeg areslﬂ{c?w ilt%f'%as Jas(ignz?l' Qlﬁﬁl g%ﬂ'?i‘et be Ehél%%

tegrat ed
|t or ' ace 1 s Stgal BSHRIR, el LGl nalie Dishan g iagy at

output si gnaleast dapa ity ofi lteséluéiﬁ,ihtaﬂﬁinlst h@PE‘@BW thtde gt F%ed‘talr‘c‘m?m

wherei n the signplytandi gnal is based at least in part on the interface

signal or ratios of rggioguldtér implemented on a second integrated circuit and
operatively coupled to the first and second interface circuits, the modulator
configured to receive and modulate the analog baseband signals with a
carrier signal to provide a modulated output signal.

36. The transmitter of claim 335, further comprising:
a reference circuit implemented on the second integrated circuit and

configured to provide a reference signal,

wherein each interface circuit couples to the reference circuit and is further
configured to receive the reference signal, and wherein the analog baseband
signals are further generated based, in part, on the reference signal.

37. A device comprising:
an interface circuit formed on a first integrated circuit (IC) for
generating a differential current signal responsive to a reference signal and to
a digital data input; and
a circuit element formed on a second IC for generating an output signal
on the basis of the differential current signal.

38. The device of claim 37, wherein the device is a transmitter.
39. The device of claim 37, wherein the device is a CDMA
telephone.

40, The device of claims 37, 38 and 39, wherein the reference
signal is generated by a reference circuit on the second IC.



31. The nethod of claim 30, wherein the reference signal is a cHf M@0
generated froma reference voltage. 32. The nethod of claim 30, wherein the
interface signal is a differential current signal. 2 1 JUL 2004 21 33. The
nethod of claim30, further conprising:,,filtering the interface signal.
34. The nethod of claim 30, further conprising: providing a signal related
to the reference signal to the circuit el enent, wherein the output signal
is further generated based, in part, on the signal related to the
reference signal. 35. Atransmitter in a cellular tel ephone conprising: a
digital procgssor Hmpl i - | gt | | figured
to provide digg'i tal Tﬁ%p‘%ﬁ% ?Efﬁgﬁg %ﬂggrazﬂdqu'?% E ES} aﬂ%@%%lgﬂgé&a%ﬁgflg&n first
and second iW@Fli&féﬁlerﬂmg@eifﬁfﬂr%ﬁlgﬁalon the first integrated circuit
and coupled to the digital processor, each interface circuit configured to
recei ve a regpectjve digital basebagpd.,gi gnal d provide an gnal o
baseband si g§§+, th?etdé‘f’%eeatr?? n??’zég al%aﬁﬁras‘:gg'&’ﬁ'&m& ahj}easéo rises at
| east four bicapacitor ceapledibetweemthe differguitialnentrent signal. di fferenti al current
signal; and a nodul ator inplenmented on a second integrated circuit and
operatively coupled to the first and second interface circuits, the
modul at or ~ cé3f i glheedevies pRelaime3 Bi®, ABawhenein the dligitad daig iBpulEis #hieast gnal s
with a carrdmefofah@nalo tiﬂgﬁ&s@(i)céﬁdaqmdmmem) budepuiid sigaial . 36. The
transmtter of claim 3§, urther conprising: a reference circuit
I npl emented on the second integrated circuit and configured to provide a
reference signal , Thhdn@deofadsim 3 Hivdefeis thedransmitterdoa ghadrature tramsmigtker ence
circuit and is further configured to receive the reference signal, and
wherein the anal og baseband signals are further generated based, in part,
on the referdgnce Hiegdevice . clAinded7,c38, Whphiesiimghe aeference signak isarmliage
formed on ar@fé'réﬁceisf(i;é}%ir ated circuit (1C for generating a differential
current signal responsive to a reference signal and to a digital data
i nput; and

46.  The device of claim 45, wherein the voltage reference signal is generated on the

basis of a bandgap reference voltage.

47. The device of claims 37, 38, 39 wherein the reference signal is a current
generated from a reference voltage and a resistor.

48.  The device of claim 47, wherein the output signal is a voltage signal and the
resistor is external to the first and second ICs.

49.  The device of claim 47, wherein the output signal is a current signal and the
resistor is implemented on the second IC.

50. The device of claims 37, 38, 39, wherein the interface circuit includes a current
mirror for generating at least two mirror paths using the reference signal and a switch
array for decoding the digital data input and for directing current from selected ones of
the mirror paths to generate the differential current signal.

51. The device of claims 37, 38, 39, wherein the digital data input is at least a four
bit digital data input.

52. The device of claims 37, 38, 39, wherein the digital data input is an
oversampled digital data signal.



acircuit elenent formed on a second I C for generating an out put fiﬁﬁﬁ@ on
the basis of the differential current signal. 38. The device of % 3 %,
wherein the device is a transmtter. 39. The device of claim 37, wherein
the device is a CDVA tel ephone. 40. Th?3device of clainms 37, 38 and 39,
wherein the reference signal is generated by a reference circuit on the
second IC. 2 1 JUL 2001 22 41. The device of clainms 37, 38 and 39, further
conprising a reference circuit for generating the reference signal. 42.
The device df3.cl él"hﬂsd&?ipe 3, claitns 37y 38,e39,cohpreirs ihrey circuil ebanherinie anyapiagi t or

led b et : | f cl
37738, 39, PARRIORIR L (VB HILET ind SRS apfinec A fRIVGT T 20010

i nphase (1) and a quadrature (Q baseband signal. 44. The device of claim3
8 wherein t 9. t r aTEEHEViEE of SlainsBABRABYWhérkiantBOtiridt eledfent Eemeévare. of
clainms 37, 38, 39 wherein the reference signal is a voltage reference
signal. 46. The device of claim45, wherein the voltage reference signal is
gener at ed or55t he Hawmidevide af blaim fdp whetein dhe enoduldtagncluties aTpair o€ cinrentof
clainms 37, t e urr g from
a reference Mol 0%8 é’&g’iegf a r@g &?fe? C%egpﬁe%a%e%ﬁ fE:I al mo&&%\,\% glﬂer(\i t he
out put si gnali fr:s:n@alx@nmérg“@rsl e@ﬁmdlﬁfmrﬁn& amplifiesicoupled e gespertive cumnt
first and seggpd 'tﬁé dnﬁ%ren-ﬁaﬁ a‘ﬁﬁMif?&s Qﬁpe?zitﬁi%'“t67recé‘ib€ra?'dﬁrﬁé}es@ﬂhp%dStlogna|

is a current signal, and t | st.or I'S |1 enent e he ,second 1 C.. 50
The devi ce @NERL e evrtpuéglgnebﬁasmepbpﬁm T (0, CaF R siehel Ao the Chdersaid o
current m rouerent signglenerating at |east two mrror paths using the
reference signal and a switch array for decoding the digital data input
and for directing current fromselected ones of the mrror paths to
generate thé6di f f Ehedevied ofclaineds, vgiqﬁaleaciﬁdurrénheolde@/imtbe@mcglﬂ@mmosrdps 38,
39, wherein i a four bit digital data
i nput. 52. 'Phe devi ceﬁgﬁﬁegﬁt@%ekéfg&h %ﬁgﬁv\ﬂerei n the digital data input
is an oversanpled digital data signal. 21 JUL 2004

57. The device of claim 54, wherein the modulator performs direct up

conversion.

58. A device comprising:

an interface circuit for generating a differential current signal, responsive
to a reference signal and to a digital data input and adapted for external capacitive
filtering between the differential current signal; and

a circuit element for generating an output signal on the basis of the
differential current signal.

59.  The device of claim 58, wherein the device is a transmitter.
60.  The device of claim 58, wherein the device is a CDMA telephone.

61. The device of claims 58, 59, and 60, wherein the digital data input is at least
one of an analog inphase (I) and a quadrature (Q) baseband signal.

62. The device of claim 59, wherein the transmitter is a quadrature
transmitter.

63. The device of claims 58, 59, and 60, wherein the interface circuit includes a
current mirror for generating at least two mirror paths using the reference signal and
a switch array for decoding the digital data input and for directing current from
selected ones of the mirror paths to generate the differential current signal.




23 53. The device of clains 37, 38, 39, wherein the circuit elenent is any
of a variable gain anplifier (VGA), mxer, and power anplifiﬁg (ﬁw%WE
driver. 54. The device of clains 37, 38, 39, wherein the circ (R nt is
a nodul ator. 55 . The device of cIaimSQ4 wherein the nodul ator includes a
pair of current sources coupled to the“differential current signal, and a
pair of crosscoupled differential anplifiers, each differential anmplifier
coupled to a respective current source, the differential anplifiers
operating to receive a carrier signal and to generate the output signal

b d, i t, t he. ' ' | t | f 4 ' | .
36- The dev e’ ofthedRViRal s e 19, afff B0, Whiertn' b€ ciOlit Blemeplt i & 054 01
provi des a viaiiablecgain amplifiea€VGA)r mixareand poweramplifierdPde drivgal . 57. The

device of claim 54, wherein the nodul ator perforns direct up conversion.
58. A device conprising: an interface circuit fqor generating a differential

current sigdl, rdgpdendre of ¢laims (38 3% rand §0gmereln dthe oCiscudly glemant 4¢3,

i nput and adpmhfsiobor external capacitive filtering between the
differential current signal; and a circuit elenent for generating an out put
signal on the basis of the differential current signal. 59. The device of
cl ai m 58, w6l ei THehdeviey of eldim 65,t whersin theemodéltor Tineludesy a qrinHf cluxents 58,

wherein the Lce | t e 2 deyjc : | 9,
and 60, whorBies houfied, (M aRAGIC o, SBfy (BHUCE S S hcplipled

i nphase (1) differeatigliamplifierse cach differentialamplifien coupled tma respeeidee errentaj m
o9, wherein Bﬁf‘cefr ﬁiﬁ%&ﬁial SandplHEE T Pethtng ith AResive! £lcarrfes - sidid® s@Vioce Of
clai ns 58, g , ahd_ 60, erein.the i.nterface circuit.,in Iuggqs1 ?jéﬁcurée]nt
mrror for @SRRI thePulput signal based. dn magy op the cammier signef, and dhe dufierentaly
and a sw t grrefitsigndlor decoding the digital data input and for directing
current from selected ones of the mrror paths to generate the

differential current signal. 2 1 J UL 2004 24 64. The device of clainms 58,
59, and 60, 6dher dihe démdce iafcelaim diée mehereins eaghy curent sosied aib| the gapdulator

anpli {1 e ( Yeiedt HEL cuflft (RAMEFeIAURYS fHeReretGRL sflnayer . 65. The device of

r.
cl ai ns 58, a erein the circuit elenent i1s a

68. The device of claim 66, wherein the modulator performs direct up
conversion.

69.  An analog integrated circuit (IC) adapted for use in a transmit signal path of
a communication device, and responsive to an input differential current signal
generated externally as a function of a reference signal and a digital data input, the
analog IC comprising:

a reference circuit for generating the reference signal; and

a circuit element for generating an output signal on the basis of the
differential signal.

70.  The analog integrated circuit of claim 69, wherein the reference signal is a
voltage reference signal.

71. The analog integrated circuit of claim 70, wherein the voltage
reference signal is generated on the basis of a bandgap reference voltage.

72.  The analog integrated circuit of claim 69, wherein the reference signal is a
current generated from a reference voltage and a resistor.



nodul ator. 66. The device of claim65, wherein the nodul ator inchg?%ﬁ 2@&
pair of current sources coupled to the differential current signal, 5 a
pair of crosscoupled differential anplifiers, each differential anplifier
coupled to a respective current sourceycthe differential anplifiers
operating to receive a carrier signal and to generate the output signal
based, in part, on the carrier signal and the differential current signal.
67. The device of claim66, wherein each current source in the nodul ator
gr ovi desf a Fﬁ3§s glgfef &idlog !imbgfhmed ega?ied;ftoqainh?z,rwhereﬁmlm supntkign@Bis The
evice of clajm er.ei n_t nodul at rfornme direct .up. conversion.
69. An anal d’é)'h?%‘? @5?%@@8%@? 'feélf’fcfr ¢ F%fmégé%&‘g&“%SE ‘Btgé‘[“lf%‘f%ﬂ’t?‘%tansm t signal
path of a comuni cation device, and responsive to an input differenti al
current signagl e : . < WNG4 | f tcomal
and a digi t?@ ' da?lg_{% i é\%}lfgg uﬁﬁé& %gﬁuqﬁﬁg%é%%ﬁ’sﬁﬁe@maﬁ}i?‘é‘?gﬁc i %llsirscﬂi t
for gener at icuyentragnal pad grrctssistagimimplemgntgd on,the praleg exegrated Girchiner at i ng
an out put signal on the basis of the differential signal. 70. The anal og
integrated cjrcuit of claim®69, whereip the reference signal,is a. voltage
reference si‘gnal . f?mﬁﬁéngﬂﬁﬁgﬁC?WPEQEQ?@%6Q$W'ﬂFF‘ ¢ %Q?ﬁk?ﬁp?ﬁﬂﬂ9bin
t he vol t age offa6faeiablicgnin afiplifier $V @R ndkead and poiver amplifien(PA) davetgap
ref erence voltage. 72. The analog integrated circuit of claim69, wherein
the reference signal is a current generated froma reference voltage and a
resistor. 276JUL Theoanalsg igegrated cirauitoof tlaine $9amdigrein ihecircwit elamgnhiya,
wher ei n thelﬂ&hﬂébrsignal Is a voltage signal and the resistor is externa
to the analog integrated circuit. 74. The analog integrated circuit of
claim72, wherein the output signal is a current signal and the resistor
i's inplementad omHehghaddpa itegrafetiedfoaitest elhint Ji6) whékein The nevdalagr incheigs at ed

arpl 11 er (RO sirat Sourkes sl BF G Ee TR Aprigh) Rl S & pkl 4fdegs 0 "
i nt egr at ed wioupledt differentil rantsljfievse eaimdifferential amplifi¢reeasipled t arespeetiveat or
77. The anal ogehPLEREALGE difrbEiidl fhplfidts Fpéfitinphs rédelve A GarR dighhPind to

i ncludes a . : o . _
generate the output signal based, in part, on the carrier signal and the differential

current signal.

78.  The analog integrated circuit of claim 77, wherein each current source in the
modulator provides a bias current that is related to the reference signal.

79. The analog integrated circuit of claim 76, wherein the modulator
performs direct up conversion.

80.  An integrated circuit (IC) comprising:

a digital processor generating a digital data input; and
at least one interface circuit responsive to a reference signal for generating a
differential current signal responsive to a reference signal and to the digital data
input.

81. The integrated circuit of claim 80, wherein the at least one interface
circuit includes a current mirror for generating at least two mirror paths using the
reference signal and a switch array for decoding the digital data input and for
directing current from selected ones of the mirror paths to generate the
differential current signal.



pair of current sources coupled to the differential current signal, and a
pair of cross- coupled differential anplifiers, each di fferﬁgﬂﬁ i@PI ifier
coupled to a respective current source, the differenti al

operating to receive a carrier signal agd to generate the output signal
based, in part, on the carrier signal and the differential current signal.

79 e anal g8, | PHESNLEHE LS b0 BT LSRRl B0

si gnal . 79 foheburiagica] datd aguat ed circuit of claim 76, wher ei n the

nmodul ator perfornms direct up conversion. 80. An integrated circuit (1C
conprising: a digital processor generating a digital data input; and at

| east one i fBerf iptegrated cisgorfsilein B3, whersin thendigits) %&Im}?ldrls gener at i ng
a differ entdﬁfsa%ﬁggm lﬁﬂgﬂﬁj&%ﬁ‘,‘ﬂponﬁ ve to a reference signal and to the
digital data i nput 8J§ he inTegrated circuit of claim80, wherein the at
| east one |nterface circuit includes a current mrror for generating at

| east two mg4r or ma{dﬂsod,rajmmgﬂi@ reference signal and a switch array for
decoding the digital data igaput and directing current from sel ected
ones of the nirr & FAHAS ALELANE SR ’the differential current signal. 21 J
UL 2006 26 82. Tmevidingthe atferénce signaktoaffirst cirawit81, wherein the digital
data input is at r nput. 83. The integrated
circuit of clai mtj§§ %%%mgllpq{ta*@d“ﬂg&?wéﬁé is . an aqversanpled
digital data si gr@neregmga,ad F?E@lilhgﬂsﬁ riaf er ence

si gnal ; provpﬂ Bﬂﬂ{e}]ﬁgﬁﬁfcﬁfa ﬁaﬁumefér@n@si agt circuit; receiving a
digital dat a i nput t circuit atin adlfferentlal current
i ohal in the f1epeiingBedifigafl difen be&rﬂetfmnﬂrrgﬁlar qiftodht a i nput and
t he ref er enecendjtiatuit; pr oviding the differential current signal fromthe

f! rst circuit to (ﬁﬁgrc ?feféh‘ﬂgfcwfeﬁfﬁg%féﬁgthte%c&{df&%ﬁﬁ% aI current

signal at the secon ignal froma
circuit el enent |g¢n¢mensemutpue isigmal from a circuit element in the second circuit,

the output signal being based at least in part on the differential current signal.

85.  The method of claim 84, wherein the reference signal is a current
generated from a reference voltage.

86.  The method of claim 84, further comprising filtering the differential current
signal

87. The method of claim 84, further comprising providing a signal related to the
reference signal to the circuit element, wherein the output signal is further
generated based, in part, on the signal related to the reference signal.

88. A system comprising:

means, formed on a first integrated circuit (IC), for generating a
differential current signal responsive to a reference signal and to a digital data
input; and

means, formed on a second IC, for generating an output signal on the basis
of the differential current signal.



t he output signal being based at least in part on the differential current
signal . 85. The nethod of claim84, wherein the reference signab1i g a3
current generated froma reference voltage. 86. The method of claim 84,
further conprising filtering the differgptial current signal 87. The

met hod of claim84, further conprising providing a signal related to the
reference signal to the circuit elenent, wherein the output signal is
further generated based, in part, on the signal related to the reference
signal. 88. A systemconprisjpg: neans, formed on a first integrated
circuit (1C)89-forASEHINLOMMWISHIE di fferential current signal responsive to a
reference signal maghst foragehadhtirnl addifferentind Udurrend sigiedn sespbasivedoon a

second IC, fo ener at i out puyt .si | .on the bagi of t

di fferential®™® 3}%@1@15%{1%{1 t%la\]ilf)lgltﬂl)g%%?fnggt apd é?piﬁﬁl c%’ﬁp&f‘%‘.“ﬁé; means
f or gener at icagaaitiet fffl terimgt beveen theedif fesenpred Icurneas gignsl; apdt o a  ref erence
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an output sisggm@l. on the basis of the differential current signal. 90. An
analog integrated circuit (1C) adapted for use in a transmt signal path of
a comuni catdon deyi E i i i t
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reference s'r%}ﬁ@ﬂated_ ARANE 4 AincA6ROF A'réfBinad sighil bl asdighal dan inhe, Brsi s of
the differe |ft| fﬁgna ..’ 91. An integrated circuit (IC) conprising: neans
for gener at 38898 & GPTRISHE: a i nput; and at | east one interface circuit
means responsi ve rhéard foegateeating the aefatentesignaleand ating a differenti al

current signal T &3pONSLY o Baithgl &1 GBSz SRhe BRT it Bitrerllie Sinatiat 2

i nput .

91.  Anintegrated circuit (IC) comprising:

means for generating a digital data input; and

at least one interface circuit means responsive to a reference signal for
generating a differential current signal responsive to a reference signal and to the
digital data input.



