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SUMMARY
A sigma delta modulator is provided having an integrator with a first input for
coupling to an analog signal and a second input for coupling to a reference voltage. A
25  comparator is provided having a first input coupled to an output of the integrator and
a second input for coupling to the reference voltage. The comparator produces signal
having a logic state in accordance with the relative magnitude of signals at the first
and second inputs thereof. The logic state is latched at the output of such comparator
during latching transitions in a seties of latching pulses fed to the comparator. A one-
30  bit quantizer is provided for storing the logic state of the output of the comparator at
sampling transitions of a series of clock pulses fed to the one-bit quantizer. The series

of clock pulses and the series of latching pulses are synchronized one with the other.
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DESCRIPTION OF DRAWINGS
20 FIG. 1 is a block diagram of a sigma delta modulator in accordance with the

invention; and
FIG. 2 is a timing diagram useful in understanding the operation of the

modulator of FIG. 1.
Like reference symbols in the various drawings indicate like elements.

25 DETAILED DESCRIPTION
Referring now to FIG. 1, a second-order sigma delta modulator 10 is shown
having a pair of integrators 12, 14, a one-bit quantization section 16, a voltage

regulator 18 and a timing unit 20. The one-bit quantization section produces a pair of

trains of bits at outputs Q and Q. One of the pair of trains is the compliment of the

30  other one of the pair of trains. One of the trains of bits (i.e., here the train at the O
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connection with FIG. 2. Suffice it to say here, however, that comparator 32 produces

a binary signal having a logic state in accordance with the relative magnitude of
20 signals at the non-inverting (+) and inverting (-) inputs thereof. That is, the
comparator 32 quantifies as a logic 1 or logic 0 whether the integrator 12, 14 is above
or below the reference zero, here Vrgr/2. Further, the produced logic state is latched
at the output of such comparator 32 during latching transitions in a series of latching
pulses fed to the comparator on line NOT_LATCH by the timing unit 20 in a manner
25 to be described in more detail in connection with FIG. 2.

The one-bit quantizer 34, here a D-flip/flop, stores the logic state of the output
of the comparator 32 at sampling transitions of a series of clock pulses fed to the one-
bit quantizer by the timing unit 20 in a manner to be described in connection with
FIG. 2. As will be shown in connection with FIG. 2, the series of clock pulses and the

30 series of latching pulses are synchronized one with the other. Further, each one of the
latching transitions occurs prior to a corresponding one of the sampling transitions.

Thus, the one-bit quantizer 34 is clocked at 192fs from the PLL 42 and provides the



coupled to ground through a pair of serially connected
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coupl ed to the second reference voltage VREF/ 2, as
shown. The conparator 32 is fed by a signal on line
NOT_LATCH produced by the timng unit 20 in a manner
to be described in connection with FIG 2. Suffice it
to say here, however, that conparator 32 produces a
bi nary signal having a |logic state in accordance with
the relative magni tude of 20 signals at the
non-inverting (+) and inverting (-) inputs thereof.
That is, the conparator 32 quantifies as a logic 1 or
l ogic O whether the integrator 12, 14 is above or
bel ow the reference zero, here VREF/ 2. Further, the
produced logic state is latched at the output of such
conparator 32 during latching transitions in a series
of latching pulses fed to the conparator on |ine
NOT_LATCH by the timng unit 20 in a manner 25 to be
described in nore detail in connection with FIG 2.
The one-bit quantizer 34, here a D-flip/flop, stores
the logic state of the output of the conparator 32 at
sanpling transitions of a series of clock pulses fed
to the one- bit quantizer by the timng unit 20 in a
manner to be described in connection with FIG 2. As
will be shown in connection with FIG 2, the series of
cl ock pul ses and the 30 series of latching pul ses are
synchroni zed one with the other. Further, each one of
the latching transitions occurs prior to a
correspondi ng one of the sanpling transitions. Thus,
the one-bit quantizer 34 is clocked at 192fs fromthe
PLL 42 and provides the 3 WD 2004/ 008643

PCT/ US2003/ 015846 negative feedback current to bal ance
the charge injected into the integrators 12, 14 by



the i nput signal. 4 WO 2004/ 008643 PCT/ US2003
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Referring now to FIG. 2, the top timing diagram shows the train of pulses at
the frequency 384 fs produced at the output of the PLL 42. Note that the train of
pulses has four phases, T1, T2, T3 and T4. The second from the top timing diagram
shows pulses at the frequency 192fs produced at the Q output of the D flip/flop 44.

25 The next lower diagram shows the signal on the NOT_LATCH line. Note that there
is only one pulse for every four phases of the pulses at the frequency 384fs produced
at the output of the PLL 42. More particularly, there is one pulse on line
NOT_LATCH during the phase T4. During each one of the pulses on line
NOT_LATCH the comparator 32 is enabled. However, only the decision of the

30 comparator 32 (FIG. 1) at the falling edge of the pulse on line NOT_LATCH is
Jatched at the output of the comparator 32. Thus, the falling, or trailing edges of the
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logic 0. This latched logic 0 remains at the output of comparator 32 until the next

decision phase T4 prior to latching transition time as the process continues.

25 As noted above in connection with FIG. 2, the pulses produced Q output of the
D flip/flop 44 at the frequency 192fs are fed as clock pulses to the one-bit quantizer
(here D flip-flop 34). The D flip flop 34 responds to the Jeading or rising edges of the
pulses produced at the Q output of the D flip/flop 44 at the frequency 192fs (shown in
the second from the top timing history of FIG. 2). Thus, the D flip/flop 34 responds

30 to clock pulse, or sampling, transitions at times TQ1, TQ2, TQ3, ... shown in FIG. 2.
The Q output of the D flip/flop 34 becomes the logic state of the latched output of the
comparator 32 at the sampling transitions times TQ1, TQ2, TQ3, ... as shown in FIG.
2. Thus, in this example, a logic 1 is produced at the Q output of the D flip/flop 34 at
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comprise the voltage reference. Any analog or digital clock noise present on this
voltage translates to in-band noise. The regulator and buffers provide analog and
digital noise isolation. The quantity of the charge delivered to the integrators 12, 14

25 from the one-bit quantizer 34 is the reference value. Not only is this charge a function
of the buffer output voltage, but also of loop timing. To prevent variations in the loop
timing, the comparator 32 is also clocked. The comparator 32 is enabled for a
controlled period of time and then the result of the comparison is latched in the
comparator output. A four-phase clock is generated by timing unit 20 to control both

30  the one-bit quantizer 34 and the comparator 32. The comparator 32 is enabled during
phase 4 (i.e., T4) when the latch signal is a one. The result of the comparison is held
at the end of phase 4 and clocked into the one-bit quantizer 34 at the beginning of
phase 3 (i.e., T3). All of this logic here is implemented in a Field Programmable Gate
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this . reason, the, feed ' r i s generated
by FbeRgregers BnagRe Aot IR Abw b AARS, | ° BFI0 & O
jot he buffers 24, 28. The regulator 18 and the buffers
24, 28 conprise the voltage reference. Any anal og or
digital clock noise present on this voltage
transl ates to in-band noise. The regulator and buffers
provi de anal og and digital noise isolation. The
guantity of the charge delivered to the integrators
12, 14 25 fromthe one-bit quantizer 34 is the
reference value. Not only is this charge a function
of the buffer output voltage, but also of |oop timng.
To prevent variations in the loop timng, the
conparator 32 is also clocked. The conparator 32 is
enabl ed for a controlled period of tine and then the
result of the conparison is latched in the conparator
output. A four-phase clock is generated by timng unit
20 to control both 30 the one-bit quantizer 34 and the
conparator 32. The conparator 32 is enabled during
phase 4 (i.e., T4) when the |latch signal is a one. The
result of the conparison is held at the end of phase
4 and cl ocked into the one-bit quantizer 34 at the
begi nning of phase 3 (i.e., T3). Al of this logic
here is inplenmented in a Field Programmble Gate 7
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WD 2004/ 008643 PCT/ US2003/ 015846 Array (FPGA). The
density of the 192fs bit stream at the output of the

one-bit quantizer 34 approxi mates the input sj
WR2e04008kh| is normally sent to a digital fiP?ltl‘al%%O’j/OlSSM
A

(i.e., decimation filter) in an ADC application.
nunber of enbodi nents of the invention have been

desgfiAaes cCERIMEPAIR| €, 5 the conparator 32 has an
internal |atch, the conparator can be latched with a

separate Idghch ﬂi sﬁ%osed beltlvyeen the out put of such a
cortpah e defipmefaton SORPUAE he quant i zer  34.

Never 4 1valeBffor havinga lfirst eputifed esrtling ¢ arhvaplogaigneland a second
nmodi fications may be made wi t hout departing fromthe
spiirput fersqueling se @ srterepe YOR%ht i on. Accordingly, ot her

embodj E@ﬂ%a?at&f v ieta Rt ihpR co@MEto@h olifpet ¢fahé imtwigragor and
clain. 10 8 WO 2004/ 008643 WHAT |
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PCTetss@0nsit 6 seuming tq the seferegerviags 4 8mp81iagolr ’producmg signal

conpr i iari?%ic &afdin LOHLREKE! With ke Yélativeandgnitde dfisfembls othe first
co I'Rg an anal og signal and a second 3 |npo:§1t f.or
coumdisegnt dnpatsrtbéreofosuch lagis stete being laiched atthe QUBR 41 50 g
a first input. c le Al ; HYe: e Bddab @K

andCoRPgralr AIHRe {%ﬁcg’fﬁgqf%rgngﬁokd g Ildits%gstogiatt‘la Eﬁg r%f erence
vol §ogfaratstich conparator produci ng signal 6 having a

| ogic state in accordance,wth Lat i i
7 g b R GRS B RN B
SUCEH ik Grafititing ob& bdigs belodkeshises fadhe thewmptbit qupntizgsand

8 conparator during |atchin ansiti A 1.eS
of 1 avaraihpesrise  plagk pseed 1§ Sityol otk RISEEe
one- i ' ‘QhdNg the logic state of at
thes)g‘ﬁ%'rggiigﬁﬂetzﬁgh %‘gbthgf’at or at, 11 sanm [

) lin .
t r ansivthiecais eash oae afthf éaching FANSHRNSRACYE P ‘P’é@g“[cé) rpypgnding one of
one-bit anti r:. and 12 wherein the series of clock
pul g’éﬁa'gﬁlgngt aé%lglg?sl'es of latching pul ses are

5 The modulator recited in claim 1 including a buffer coupled between an output

of the quantizer and the first input of the integrator.

3. The modulator recited in claim 2 including a voltage regulator, such regulator
producing a voltage to power the buffer and wherein the reference voltage is a

fractional portion of the voltage produced by the regulator for the buffer.

4. The modulator recited in claim 1 including a second integrator having a first
input coupled to the output of the first integrator, a second input for coupling to the

reference voltage, and an output coupled to the first input of the comparator.

5. The modulator recited in claim 4 including a second buffer coupled between an

output of the quantizer and the first input of the second integrator.



13 synchroni zed one with the other; and 14 wherein

each one of the latching transitions occurs prior to a
correspondi ng one of 15 the sanpling transitiaons, 1

WO 2q04808¢bHul at or recited in claim 1 includi nd’Cél‘/lﬁa?“P@}Ss“
coupl ed between an output 2 of the quantizer and the
first input of the integrator. 1 3. The nodul at or .
recit 'er}n§&u%t8? <itdaGh URinn Y irtludirig the eoltagy tgatatr pradyeing 2
regul at produci ng a voltage to Rower . {0 buf € Eractional
andohhgrteipoweitthe sesprd anyVpeigia thegrelereiicp YaaEF Sna
portion qf, the vo t60/fot the sécopd baffer f or
thé’omogp?evftﬁ.geﬁlhg&%gggﬁgﬁg% ecited in claiml
including a second integrator having a first 2 input
coupl ed to the output, of ,t ' ' Ak&Hond Buffers are
second: ﬂh%ﬁ?d?lﬁprﬁgﬁﬁq ﬁnﬁglgaglpg ‘%%géﬁgie?terfﬁgt?ence vol.t age,
ande ROl ek §RU R Gdrgeahe first dndsetond insegralgrs, fepRPCUVELy
conparator. 1 5. The nodul ator recited in claim4

i ncluding a second buffer coupled between an 2 output

of the quantizer and the first input of the second
integrator. 9 WD 2004/ 008643 PCT/ US2003/ 015846 1 6.

The nodul ator recited in claim2 including the voltage
regul ator producing a 2 voltage to power the second
buffer and wherein the reference voltage is the
fractional 3 portion of the voltage produced by the
regul ator for the second buffer. 1 7. The nodul at or
recited in claim8 wherein the first and second

buffers are 2 CMOS inverters used to charge the first
and second integrators, respectively. 10
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