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PLURAL CHANNEL ANALOG-TO-DIGITAL 
CONVERTER, METHOD AND METER 

EMPLOYING AN INPUT CHANNEL WITH A 
PREDETERMINED DIRECT CURRENT BIAS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to analog-to-digital convert 
ers and, more particularly, to meters employing analog-to 
digital converters for a plurality of alternating current poWer 
lines. The invention also relates to a method of analog-to 
digital conversion and, more particularly, to such a method 
that synchroniZes serially communicated output digital val 
ues from analog-to-digital conversions. 

[0003] 2. Background Information 

[0004] Whenever there are serial streams of data for a 
plurality of different channels, synchroniZation of the data is 
an issue. A typical mechanism for resolving this issue is to 
employ dedicated hardWare to provide a suitable synchro 
niZation signal. For example, if the starting point of a clock 
associated With one set of serial data for the different 
channels of an analog-to-digital converter is knoWn, 
then the dedicated hardWare can be employed to assure 
synchroniZation (and, thus, provide a subsequent starting 
point) for a subsequent second set of data for those different 
channels. HoWever, in the absence of such a synchroniZation 
signal, another mechanism is required. 

[0005] It is knoWn to provide an A/D converter having a 
plurality of input analog channels and a single addressable 
digital output. 

[0006] Channel synchroniZation can apply to any count of 
plural channels. For example, FIG. 1 shoWs, for six chan 
nels, the relative timing of serial data including a serial 
enable (SE) input signal 2, a serial data output frame sync 
(SDOFS) output signal 4, and a serial data output (SDO) 
signal 6 from a six-channel, serial outputA/D converter (not 
shoWn) for tWo successive sets 8,10 of six samples. Serial 
data is normally read from the A/D converter With simulta 
neously sampled channels appearing in consecutive order 
(i.e., samples 12,14,16,18,20,22 of the ?rst set 8; samples 
24,26,28,30,32,34 of the second set 10). This process is 
continuous until the sampling system of the A/D converter 
is reset or loses poWer. 

[0007] Alternatively, some A/D converters output one 
SDOFS output signal for only the ?rst of six samples. 

[0008] HoWever, other than the initial synchroniZation of 
the six channels via the SE input signal 2, there is no 
physical mechanism to verify that the sampled six channels 
are in the correct order (e.g., the correct samples 12,14,16, 
18,20,22 of one set, such as 8, versus, for example, samples 
16,18,20,22 of one set, such as 8, erroneously combined 
With samples 24,26 of a subsequent set, such as 10) in the 
SDO signal 6. For example, if noise or another malfunction 
results in extra or missing SDOFS output signal(s) 4, then 
the hardWare (not shoWn) doWnstream of the A/D converter 
(not shoWn) has no mechanism to detect this error. Hence, it 
is believed that only some hypothetical interpretation of the 
data (i.e., the samples 12,14,16,18,20,22 and/or the samples 
24,26,28,30,32,34) from the SDO signal 6 might reveal 
Whether the channel data is in the appropriate order for each 
of the sets 8,10 of samples. 
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[0009] There is room for improvement in analog-to-digital 
converters, meters employing analog-to-digital converters 
and methods of analog-to-digital conversion. 

SUMMARY OF THE INVENTION 

[0010] These needs and others are met by the present 
invention, Which introduces a unique direct current offset to 
one input channel, such as, for example, to one of the 
alternating current Waveforms input by a plurality of input 
channels of a serial output analog-to-digital converter. 
Hence, by determining the presence of the direct current 
offset on the proper input channel, lost data may be avoided 
along With the need to reset and resynchroniZe the A/D 
converter. 

[0011] As one aspect of the invention, an analog-to-digital 
converter apparatus comprises: a plurality of ?rst input 
channels, each of the ?rst input channels including an 
alternating current signal having a direct current value of 
about Zero; a second input channel having a predetermined 
direct current bias value, Which is different than Zero; means 
for biasing and scaling each of the ?rst and second input 
channels and providing a plurality of analog outputs; means 
for providing a plurality of analog to digital conversions for 
each of the analog outputs and outputting a plurality of 
digital values; means for serially communicating the digital 
values for a ?rst set of the analog to digital conversions 
before serially communicating the digital values for a sub 
sequent second set of the analog to digital conversions 
Without providing any synchroniZation of the digital values 
for both of the ?rst and second sets of the analog to digital 
conversions; and means for serially receiving the serially 
communicated digital values and saving the same. 

[0012] The second input channel may include a predeter 
mined direct current voltage. The second input channel may 
include an alternating current signal having a direct current 
value of about Zero, and the second input channel may be 
biased by a predetermined direct current value, Which is 
different than Zero. 

[0013] As another aspect of the invention, a method of 
analog-to-digital conversion comprises: employing a plural 
ity of ?rst input channels, each of the ?rst input channels 
including an alternating current signal having a direct cur 
rent value of about Zero; employing a second input channel 
having a predetermined direct current bias value, Which is 
different than Zero; biasing and scaling each of the ?rst input 
channels and providing a plurality of analog outputs; pro 
viding a plurality of analog to digital conversions for each of 
the analog outputs and the second input channel and out 
putting a plurality of output digital values; serially commu 
nicating the output digital values for a ?rst set of the analog 
to digital conversions before serially communicating the 
output digital values for a subsequent second set of the 
analog to digital conversions Without providing any syn 
chroniZation of the digital values for both of the ?rst and 
second sets of the analog to digital conversions; serially 
receiving the serially communicated output digital values 
and storing corresponding input digital values for each of the 
?rst and second input channels; and processing the input 
digital values. 

[0014] The method may further comprise averaging the 
input digital values for each of the ?rst and second input 
channels; and identifying from the averaged input digital 
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values one or more of the ?rst and second input channels 
having a direct current offset value, Which is greater than a 
predetermined value. 

[0015] The method may further comprise inputting a plu 
rality of alternating current line signals at the ?rst input 
channels; employing a line cycle With the line signals; 
selecting a time period corresponding to an integer count of 
the line cycle; and averaging the input digital values over the 
time period. 

[0016] The method may further comprise determining 
Whether one or more of the ?rst input channels has a direct 
current offset value, Which is greater than the predetermined 
value. 

[0017] The method may further comprise determining that 
the second input channel has a direct current offset value, 
Which is less than the predetermined value; determining that 
only one of the ?rst input channels has the direct current 
offset value, Which is greater than the predetermined value; 
and responsively rearranging the input digital values for the 
?rst input channels for the time period. 

[0018] The method may further comprise determining that 
none of the ?rst input channels has the direct current offset 
value, Which is greater than the predetermined value; deter 
mining that the second input channel has a direct current 
offset value, Which is greater than the predetermined value; 
and employing the input digital values for the ?rst input 
channels for the time period. 

[0019] The method may further comprise determining that 
more than one of the ?rst input channels has the direct 
current offset value, Which is greater than the predetermined 
value; and responsively discarding the input digital values 
for the ?rst input channels for the time period. 

[0020] As another aspect of the invention, a meter for a 
plurality of poWer lines comprises: a plurality of ?rst input 
channels, each of the ?rst input channels including an 
alternating current signal having a direct current value of 
about Zero, the ?rst input channels include a plurality of 
alternating current line voltage signals and a plurality of 
alternating current line current signals; a second input chan 
nel having an analog output With a predetermined direct 
current bias value, Which is different than Zero; a plurality of 
biasing and scaling circuits each of Which inputs a corre 
sponding one of the alternating current line voltage signals 
and the alternating current line current signals, and outputs 
a corresponding analog output; a plurality of analog to 
digital converters each of Which inputs a corresponding one 
of the analog outputs of the biasing and scaling circuits and 
the second input channel and outputs a corresponding digital 
value; a serial output circuit serially communicating the 
corresponding digital values for a ?rst set of analog to digital 
conversions before serially communicating the digital val 
ues for a subsequent second set of the analog to digital 
conversions Without providing any synchroniZation of the 
corresponding digital values for both of the ?rst and second 
sets of the analog to digital conversions; a memory; and a 
serial input circuit serially receiving the serially communi 
cated digital values and saving the same in the memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] A full understanding of the invention can be gained 
from the folloWing description of the preferred embodiments 
When read in conjunction With the accompanying draWings 
in Which: 
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[0022] FIG. 1 is a timing diagram of serial data including 
a serial enable (SE) input signal, a serial data output frame 
sync (SDOFS) output signal and a serial data output (SDO) 
signal of a siX-channel, serial output A/D converter for tWo 
successive sets of siX samples. 

[0023] FIG. 2 is a block diagram of a plural channel serial 
output A/D converter and system in accordance With the 
present invention. 

[0024] FIG. 3 is a block diagram of a siX channel serial 
output A/D converter and system in accordance With another 
embodiment of the invention. 

[0025] FIG. 4 is a block diagram in schematic form of an 
analog bias and scaling circuit for the poWer system voltage 
inputs of the A/D converter of FIG. 2. 

[0026] FIG. 5 is a block diagram in schematic form of an 
analog bias and scaling circuit including a direct current bias 
for the poWer system neutral input of the A/D converter of 
FIG. 2. 

[0027] FIGS. 6 and 7 are plots of voltage versus time for 
the circuits of FIGS. 4 and 5, respectively. 

[0028] FIG. 8 is a block diagram in schematic form of an 
analog bias and scaling circuit for the poWer system current 
inputs of the A/D converter of FIG. 3. 

[0029] FIG. 9 is a block diagram in schematic form of an 
analog bias and scaling circuit including a direct current bias 
for the poWer system ground current input of the A/D 
converter of FIG. 3. 

[0030] FIGS. 10 and 11 are plots of differential output 
voltage versus time for the circuits of FIGS. 8 and 9, 
respectively. 
[0031] FIGS. 12A and 12B combine to form a ?oWchart 
of softWare eXecuted by the processor of FIG. 2. 

[0032] FIGS. 13 and 14 are block diagrams of plural 
channel serial output A/D converters and systems in accor 
dance With other embodiments of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] Referring to FIG. 2, a plural input channel, single 
serial output analog-to-digital converter 40 and A/D 
converter system 42 are shoWn. The system 42 includes a 
plurality of ?rst input channels 44 and a second input 
channel 46. The ?rst input channels 44 include alternating 
current signals having a direct current value of about Zero. 
The second input channel 46 has a predetermined direct 
current bias value, Which is different than Zero. 

[0034] For eXample, the ?rst input channels 44 include a 
plurality of alternating current (e.g., 50 HZ; 60 HZ; 400 HZ) 
line voltage (e.g., 110 VAC; 220 VAC; 480 VAC; 600 VAC) 
signals VA 48, VB 50, Vc 52 and 53. In this eXample, the 
signals 48,50,52 are from a three-phase AC poWer source 
(not shoWn). The second input channel 46 includes an 
alternating current line voltage signal VN 54, Which, for 
eXample, corresponds to a neutral line (not shoWn) of the AC 
poWer source. 

[0035] The system 42 also includes a plurality of analog 
bias and scaling circuits 56,58,60,61 for biasing and scaling 
the signals 48,50,52,53 and providing corresponding analog 
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outputs 62,64,66,67, respectively. In accordance With an 
important aspect of this embodiment, the system 42 further 
includes an analog bias and scaling circuit 68 for biasing and 
scaling the signal 54 and providing a corresponding analog 
output 70. In this example, the alternating current line 
voltage signal VN 54 has a direct current value of about Zero, 
and the second input channel 46 is biased by a predeter 
mined direct current bias value, such as predetermined direct 
current voltage VDC 72, Which is different than Zero (e.g., 
a suitable percentage of the full scale range of the analog 
outputs 62,64,66,67,70). 

[0036] The A/D converter 40 includes a plurality of analog 
inputs 74,76,78,80,82 for the respective analog outputs 
62,64,66,67,70, and a serial data output (SDO) 84. As Will 
be described in further detail, beloW, in connection With 
FIGS. 3 and 14, the A/D converter 40 functions to provide 
a plurality of analog to digital conversions for each of the 
analog outputs 62,64,66,67,70 and to provide a plurality of 
corresponding digital values 83. In turn, in a similar manner 
as Was discussed above in connection With the SDO signal 
6 of FIG. 1, the A/D converter 40 functions to serially 
communicate those digital values 83 from the serial data 
output 84 for a ?rst set of the analog to digital conversions 
before serially communicating the digital values for a sub 
sequent second set of the analog to digital conversions, 
Without providing any synchroniZation of the digital values 
83 for both of the ?rst and second sets of the analog to digital 
conversions. Hence, the serial data output 84 includes a 
serial data stream 86, Which provides no synchroniZation of 
the sequential sets of the digital values 83 for the ?rst and 
second input channels 44,46. 

[0037] The system 42 further includes a suitable circuit, 
such as, for example, a processor (e.g., digital signal pro 
cessor (DSP) 88), Which serially receives the serially com 
municated digital values 83 from the serial data stream 86 
and saves the same. In this example, the DSP 88 includes a 
serial port 90, a direct memory access (DMA) controller 92, 
a memory 94 and a processor 96. The serial port 90 includes 
an input 98, Which serially receives the serially communi 
cated digital values 83 from the serial data output 84. The 
serial port 90 converts the serial data stream 86 to a sequence 
of digital values 99, Which are transferred by the DMA 
controller 92 for storage in the memory 94 as input digital 
values (in an array 267) for subsequent processing by the 
processor 96. In this manner, the serial port 90 and the DMA 
controller 92 move streams of serial data into the memory 
94. 

[0038] Although the DSP 88 is shoWn, any suitable pro 
cessor and/or digital circuit may be employed for serially 
receiving and manipulating the serial data stream 86. 

[0039] The A/D digital values 83 in the serial data stream 
86 are from the plural A/D channels (not shoWn) of the A/D 
converter 40. These values 83 stream through the single 
serial port 90, in order that the data from all channels 44,46 
is in consecutive memory locations in the memory array 
267. By employing DC offset keying With the single second 
channel 46, it is possible to determine if the data samples for 
the ?rst channels 44 are in their intended locations in the 
memory array 267. Furthermore, as Will be discussed beloW 
in connection With FIGS. 12A and 12B, because the data is 
in consecutive memory locations, a detected shift in the data 
samples may readily be corrected. 
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[0040] FIG. 3 shoWs an example of a six channel serial 
output A/D converter 40‘ including ?ve ?rst input channels 
100 and a second input channel 102. The A/D converter 40‘ 
in this example is a model AD73360L six-input channel 
analog front end marketed by Analog Devices of NorWood, 
Mass. The ?rst input channels 100, in this example, include 
a plurality of alternating current line current signals I A 104, 
IB 106, Ic 108 and IN 110, and an alternating current line 
voltage signal V A 112. These alternating current line current 
signals 104 and 106,108,110 correspond, for example, to the 
alternating current line voltage signal 112 and the alternating 
current line voltage signals 50,52,54 of FIG. 2, respectively. 
The second input channel 102, in this example, includes an 
alternating current line current signal IG 114, Which corre 
sponds to a ground line (not shoWn) of a three-phase AC 
poWer source (not shoWn). Here, the signal IG 114 has a 
direct current value of about Zero. 

[0041] Operatively associated With the ?rst and second 
input channels 100,102 are a plurality of analog bias and 
scaling circuits 116,118,120,122,124,126 for biasing and 
scaling the analog input signals 112,104,106,108,110,114 
and providing corresponding analog outputs 128,130,132, 
134,136,138, respectively. In turn, such analog outputs 128, 
130,132,134,136,138 are input by respective analog inputs 
140,142,144,146,148,150 of the A/D converter 40‘. The 
circuit 116 is similar to the circuit 152 of FIG. 4. The circuits 
118,120,122,124 are similar to the circuit 154 of FIG. 8. The 
circuit 126 is similar to the circuit 156 of FIG. 9. In 
accordance With an important aspect of this embodiment, 
that circuit 126 biases the second input channel 102 With a 
predetermined direct current bias value, Which is different 
than Zero. That bias value is determined by a reference 
voltage 202 from a buffer ampli?er 205, and by resistors 
230,238. 

EXAMPLE 1 

[0042] The AD73360L A/D converter 40‘ is a six-input 
channel, 16-bit, analog front end including six independent 
encoder channels corresponding to the six analog inputs 
140,142,144,146,148,150. As shoWn folloWing the analog 
input 140, each of these channels includes a signal condi 
tioner 158, a sWitched capacitor programmable gain ampli 
?er (PGA) 160, a sigma-delta analog-to-digital (A/D) con 
verter (ADC) 162 and a decimator 164. An on-board digital 
?lter (not shoWn), Which forms part of the sigma-delta ADC 
162, also performs critical system-level ?ltering. Each of the 
ADCs, such as 162, corresponds to one of the alternating 
current signals of the ?rst and second input channels 100, 
102. A serial I/O port 166 receives digital values from the 
decimators, such as 164, and provides a suitable interface 
167 to a processor (not shoWn) and/or another cascaded A/D 
converter (not shoWn). 

[0043] The interface 167 includes a RESET input 168, 
Which receives an active loW reset signal, in order to reset 
the entire A/D converter 40‘ including control registers (not 
shoWn) and other digital circuitry (not shoWn). A MCLK 
input 170 receives a master clock input from a suitable 
external clock signal source (not shoWn). A SCLK output 
172 provides an output serial clock, Which has a rate that 
determines the serial transfer rate to/from the serial I/O port 
166. The frequency of the SCLK output 172 is equal to the 
frequency of the master clock MCLK input 170 divided by 
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an integer number, Which is the product of an external 
master clock rate divider (not shown) and a serial clock rate 
divider (not shown). 
[0044] Similar to the SE input signal 2 of FIG. 1, the SE 
input 174 is an asynchronous input enable for the serial I/O 
port 166. When the SE input 174 is set loW, the outputs of 
the port 166 are three-stated and the inputs thereof are 
ignored. When the SE input 174 is set high, the control and 
data registers (not shoWn) of the port 166 are at their original 
values. Similar to the SDOFS output signal 4 of FIG. 1, the 
SDOFS output 176 provides the framing signal output for 
serial transfers on the SDO output 178. The signal of the 
SDOFS output 176 is one bit Wide and is active one SCLK 
period before the ?rst bit (i.e., most signi?cant bit in the 
example) of each output Word. This signal is referenced to 
the positive edge of the signal of the SCLK output 172. The 
SDO output 178 provides a serial data output for data (e.g., 
a serial stream of digital values) and control information to 
be output and clocked on the positive edge of the signal on 
the SCLK output 172 When the signal on the SE input 174 
is set high. 

[0045] Referring to FIG. 4, the analog bias and scaling 
circuit 152 is for a poWer system alternating current line 
voltage input, VIN 180, such as the input signals 48,50,52,53 
of FIG. 2 or the input signal 112 of FIG. 3. The circuit 152 
includes a divider 181 formed by resistors 182,184,186,188, 
190 and an output 192 de?ned by nodes 194 and 196. The 
node 196 is electrically connected to a suitable analog 
ground AGND 198. The circuit 152 suitably reduces the 
alternating current voltage of the corresponding alternating 
current line voltage input 180. Another resistor 200 is 
electrically connected betWeen the divider node 194 and the 
direct current reference voltage, Vref 202, Which biases the 
differential output 192 to be at least Zero volts. The output 
192 may include a ?lter capacitor 203, as shoWn. The 
incoming AC Waveforms of the input signals 48,50,52,53 of 
FIG. 2 or the input signal 112 of FIG. 3 have no inherent DC 
offset, in order that any long-term DC offset is assumed to 
be a measurement error. This is true for the AC voltage of the 
voltage input VIN 180, Which is measured through the 
voltage divider, 181, and for the AC current of the current 
input IIN 203 of the circuit 154 of FIG. 8. 

[0046] For example, as shoWn in FIG. 6, the signal 204 of 
the output 192 of FIG. 5 has a sinusoidal Waveform, Which 
ranges betWeen a peak full scale (FS) value 206 and a 
minimum value (0) 208. The average value of the signal 204 
is preferably selected by the circuit 152 (FIG. 5) to provide 
a mid scale (MS) value 210 of the corresponding A/D 
converter, such as 40 or 40‘. For example, if a 16-bit A/D 
converter is employed, then the minimum value (0) 208 is 
0000H, the mid scale (MS) value 210 is 7FFFH, and the 
peak full scale (FS) value 206 is FFFFH. 

[0047] As another example, as shoWn in FIG. 10, the 
signal 204‘ of the output 192‘ of the circuit 154 has a 
sinusoidal Waveform, Which ranges betWeen a peak full 
scale (FS) value 206‘ and a minimum value (0) 208‘. The 
average value of the signal 204‘ is preferably selected by the 
circuit 154 to provide a mid scale (MS) value 210‘ of the 
corresponding A/D converter, such as 40‘. 

[0048] FIG. 5 shoWs an analog bias and scaling circuit 
212 for a poWer system alternating current line voltage 
input, VN 214, such as the input alternating current line 
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voltage signal VN 54 of FIG. 2 for a neutral line of an AC 
poWer source (not shoWn). The circuit 212 is structurally 
very similar to the circuit 152 of FIG. 4, With one exception. 
In FIG. 4, the resistors 190,200 have about the same 
resistance values, in order that the signal 204 (FIG. 6) from 
the output 192 has an average value 211, Which is about 
equal to the mid scale (MS) value 210. In FIG. 5, the 
resistors 190,216 have different resistance values (e.g., the 
resistance of the resistor 216 is suitably greater than the 
resistance of resistor 190), in order that the signal 218 (FIG. 
7) from the output 220 has an average value, Which is 
suitably less than the mid scale (MS) value 210. For 
example, if a 16-bit A/D is employed, then the (MS) value 
210 is 7FFFH, and the average value 222 is about 45 % of the 
peak full scale (FS) value 206, FFFFH of FIG. 6, or about 
7332H in this example. In other Words, the divider output 
220 is biased to be a predetermined DC voltage. 

[0049] Preferably, relatively loW-amplitude AC signals are 
employed in the synchroniZation channel through an inten 
tional DC offset. Furthermore, a signal having Zero AC 
signal is most preferred, since it provides a DC measure that 
is independent of time. Another reason is that a DC offset 
having a relatively small AC signal Will not approach the 
minimum or maximum values of the A/D converter num 
bering system (e. g., Where, for example, for a 16-bit system, 
7FFFH is the mid scale (MS) value, Which is de?ned to be 
Zero). Since, for example, VN 54 (FIG. 2) and IG 114 (FIG. 
3) are usually about Zero, each is an example of a preferred 
synchronization channel. Furthermore, the DC measure over 
an integer number of cycles is determined by a frequency 
measurement at step 256 (FIG. 12A). If the frequency 
measurement is in error or delayed, then the DC component 
could be off by a signi?cant amount. 

[0050] In vieW of the types of the poWer line voltage signal 
VIN 180 and the neutral voltage signal VN 214 of respective 
FIGS. 4 and 5, the peak to peak value of the signal 204 
(FIG. 6) may be at or about the peak full scale (FS) value 
206, While the peak to peak value of the signal 218 (FIG. 7) 
is typically much less than the peak full scale (FS) value 206. 
HoWever, the average value of the signal 204 is essentially 
the MS value 210 or is essentially 50% of the FS value 206, 
While the average value of the signal 218 is intentionally 
biased to be different from the MS value 210 (e.g., about 
45% of the FS value 206). Although 45% is disclosed, any 
suitable percentage (e.g., Without limitation, 25%; 40%; 
48%; 49%; 51%; 52%; 60%; 75%) or offset above or beloW 
the MS value 210 may be employed. 

[0051] Referring to FIG. 8, the analog bias and scaling 
circuit 154 is for a poWer system alternating current line 
current input, IIN 203, such as the input signals 104,106, 
108,110 of FIG. 3. The circuit 154 includes a current 
transformer 224 having a primary Winding 226, a secondary 
Winding 228 and a burden resistor 230. The terminals 
232,234 of the burden resistor 230 are electrically connected 
in parallel With the secondary Winding 228. Also, the second 
terminal 234 is biased by a direct current reference voltage, 
Vref 202‘, Which may be the same as the reference voltage, 
Vref 202 of FIGS. 4 and 5. The reference voltage 202‘ 
biases the signal 204‘ (FIG. 10) of the output 192‘ of the 
circuit 154, in order that the average value of the signal 204‘ 
is the mid scale (MS) value 210‘ (FIG. 10) of the corre 
sponding A/D converter (not shoWn). The output 192‘ may 
include a ?lter capacitor 235, as shoWn. 
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[0052] FIG. 9 shows the analog bias and scaling circuit 
156 for the power system alternating current line current 
input, IG 236, such as the input signal 114 of FIG. 3. The 
circuit 156 is structurally very similar to the circuit 154 of 
FIG. 8, With one exception. The ?rst terminal 232 of the 
burden resistor 230 is electrically connected by a resistor 
238 to an analog ground 198‘, Which may be the same as the 
analog ground 198 of FIGS. 4 and 5. This biases the output 
of the circuit 156 to a predetermined voltage, Which provides 
a predetermined DC bias for the input 150 of the A/D 
converter 40‘ of FIG. 3. In FIG. 9, the resistors 238,230 
have different resistance values (e.g., the resistance of the 
resistor 238 is suitably greater (e.g., 10 times) than the 
resistance of resistor 230), in order that the signal 240 (FIG. 
11) from the output 242 has an average value, Which is 
suitably less than the mid scale (MS) value 210‘. For 
example, if a 16-bit A/D is employed, then the (MS) value 
210‘ is 7FFFH, and the average value 244 is about 45% of 
the peak full scale (FS) value 206‘, FFFFH of FIG. 10, or 
about 7332H in this example. In other Words, the circuit 
output 242 is biased to be a predetermined DC voltage. 

[0053] In vieW of the different types of the poWer line 
current signal IIN 203 and the ground current signal IG 236 
of respective FIGS. 8 and 9, the peak to peak value of the 
signal 204‘ may be at or about the peak full scale (FS) value 
206‘ of FIG. 10, While the peak to peak value of the signal 
240 is typically much less than the peak full scale (FS) value 
206‘. HoWever, the average value of the signal 204‘ of FIG. 
10 is essentially the MS value 210‘ or essentially 50% of the 
FS value 206‘, While the average value of the signal 240 of 
FIG. 11 of the output 242 is intentionally biased to be 
different from the MS value 210‘ (e.g., about 45% of the FS 
value 206‘ of FIG. 10). Although 45% is disclosed, any 
suitable percentage (e.g., Without limitation, 25%; 40%; 
48%; 49%; 51%; 52%; 60%; 75%) or offset above or beloW 
the MS value 210‘ may be employed. 

[0054] As shoWn in FIGS. 5 and 9, the respective bias 
resistors 216 and 238 introduce suitable DC offset voltages. 
For the application of measuring electrical behavior in 
three-phase poWer systems, for example, such a DC offset 
may be introduced to either an unused A/D channel or to an 
A/D channel that is not operatively associated With one of 
the three poWer-line phases. For example, the offset is 
introduced to VN 214 of FIG. 5, VNG (not shoWn) or IG 236 
of FIG. 9 rather than the phase voltage signals V A 48, VB 50, 
Vc 52, VAN (not shoWn), VBN (not shoWn) or VCN (not 
shoWn), or the phase current signals I A 104, IB 106, Ic 108 
or IN 110 of FIGS. 2 and 3. 

[0055] FIGS. 12A and 12B shoW a SyncProcess routine 
250 executed by the processor 96 of FIG. 2, although this 
routine is applicable to any of the A/D converter systems 
disclosed herein. The routine 250 starts, at 252, and initial 
iZes three variables, Sample, ChanSum (for each channel) 
and ERROR, to Zero, and variable “i” to one at 254. Next, 
at 256, the Line Frequency associated With the alternating 
current signals, such as the line voltage signals 48,50,52 of 
FIG. 2, is determined. For example, a predetermined fre 
quency value from memory 94 may be employed. Alterna 
tively, the average cycle time of the alternating current 
signals may be suitably determined and inverted, in order to 
obtain the average frequency value. 

[0056] At 258, a preferably integer count of cycles in a 
predetermined measurement period is determined based 
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upon the Line Frequency. For example, if the predetermined 
measurement period is selected to be 200 ms, then the 
integer count of line cycles (CyclesPer200ms) Would be 10 
line cycles at 50 HZ or 12 line cycles at 60 HZ. An important 
aspect of the routine 250 is the measurement of the DC 
component of the alternating current signals based upon an 
average over an integer number of line cycles. This may be 
accomplished, for example, by sampling at a suitably pre 
cise, predetermined count of samples per cycle (e. g., Without 
limitation, SamPerCycle=64,128,256 samples per cycle) or 
by using a relatively large count of samples per cycle, in 
order that one sample time results in a negligible error. For 
the purpose of DC offset keying based upon the DC biased 
signal 70 of FIG. 2, the precision is not critical. HoWever, 
for other purposes, accurate removal of the DC component 
may be desirable. 

[0057] For the ?rst input channels, such as 44 of FIG. 2, 
With typically Zero DC offset, the average value of the 
corresponding AC data is accumulated over the period of an 
integer number of line cycles. For example, the data is 
accumulated over the period of 200 ms to account for both 
50 HZ and 60 HZ applications (e.g., 10 and 12 cycles, 
respectively). 

[0058] At 260, it is determined Whether the variable, 
Sample, is less than the product of CyclesPer200ms and 
SamPerCycle. If not, then execution resumes at step 272. 
OtherWise, further samples are stored and accumulated. At 
261, the variable j is set equal to Zero. Next, at 262, it is 
determined Whether the variable j, Which Was initialiZed to 
Zero at step 261, is betWeen 0 and one less than the count of 
channels, NumChan (e. g., 6 as shoWn in FIG. 3; any suitable 
channel count). If not, then the variable, Sample, is incre 
mented, at 264, before step 260 is repeated. 

[0059] OtherWise, at 266, the variable SerialADCval is 
determined from a StoredSample array 267 in the memory 
94 of FIG. 2. For example, the array 267 may be a 
tWo-dimensional array, Array[i]D], Wherein “i” is the 
sample-time index (e.g., ranging from “i”=0 to the count of 
200 ms batches in the memory 94) and “j” is the channel 
number (e.g., ranging from “j”=0 to the count of channels 
less one). The StoredSample array 267 is indexed, at 266, by 
i*Sample+j. If there are samples for more than one mea 
surement period in the memory array 267 (e.g., a circular 
buffer), then “i” is suitably controlled outside of the routine 
250, in order to point to the corresponding measurement 
period of interest. Alternatively, the variable “i” need not be 
employed if samples from only one measurement period are 
in the memory array 267. Next, at 268, the variable Serial 
ADCval is added to an intermediate channel sum value, 
ChanSum?], for the current channel of interest, j. Then, at 
270, the variable j is incremented before step 262 is 
repeated. 

[0060] At 272, the variable j is re-initialiZed to Zero. Then, 
step 274 determines the average value, ChanAvg?] for the 
current channel of interest, j, based upon the ?nal channel 
sum value, ChanSum[j], from step 268, divided by the count 
of samples, Sample, from step 264. Next, at 276, it is 
determined if the ChanAvgD] for the current channel is 
greater than a predetermined threshold value (e.g., Without 
limitation, 5% of the full scale (FS) value). If so, then a ?ag 
for the current channel of interest, Flag[j], is set true at 278. 
OtherWise, or after 278, it is determined, at 280, if the 
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current channel of interest, j, is less than the count of 
channels, NumChan, less one. If so, then the variable j is 
incremented, at 282, before step 274 is repeated. 

[0061] Even steps 274-282 average the samples from each 
of the A/D channels. Step 276 identi?es all channels having 
at least a predetermined DC offset. In practice, all non 
intentional DC offsets are effectively cancelled by suitable 
calibration settings in the A/D converter 40, in order that the 
net DC offset on all channels is about Zero. If, hoWever, the 
samples for the different channels are shifted, then the 
purposefully offset synchronization channel 46 of FIG. 2 
and at least one other channel Will have a signi?cant DC 
offset (e.g., about 5% FS or greater) as detected at step 276. 

[0062] After all of the channels have been considered, at 
284, a count, NumOffsetChan, of the channels having a 
signi?cant DC offset is determined based upon a count (e.g., 
Zero, one or more) of the ?ags, Flag[], Which are true. At 
286, it is determined if NumOffsetChan is equal to one and 
if the Flag[] for the channel having the intentional DC offset 
(e.g., Flag[5] for channel 102 of FIG. 3, Wherein Oéj 25 for 
that six-channel system) is true. If so, since this is the 
normally expected situation, the variables OffsetSam and 
Error are reset to Zero at 288 and 290, respectively. 

[0063] OtherWise, or after 290, at 292, it is determined if 
NumOffsetChan is equal to one and if the Flag[] for the 
channel having the intentional DC offset is false (or if any 
one of the other Flag[] variables is true). Here, if only one 
channel has a signi?cant DC offset and it is the Wrong 
channel, then a shifted count of samples is knoWn and can 
be accommodated. For example, if the sixth channel (j=5) is 
the channel With the intentional DC offset and the third 
channel (j=2) appears to have a signi?cant DC offset, then 
the synchroniZation may be corrected by subtracting three 
(i.e. —3=2—5 for this example) from the memory pointer 
(e.g., i*sample+j), thereby rearranging the samples in the 
array 267 in memory 94. If the test at 292 is true, then there 
has been a synchroniZation error and, at 294, the variable 
OffsetSam is set equal to the variable FlaggedChan (e. g., the 
value of j such that Flag[i] is true) less the variable Sync 
Chan (e.g., 5 for channel 102 of FIG. 3). Then, at 296, the 
variable Error is reset to Zero. 

[0064] The folloWing describes hoW the variable Offset 
Sam may be used. If there are, for example, tWelve channels, 
then the array 267 of FIG. 2 normally contains the folloWing 
sequence of channel data: “0,1,2,3,4,5,6,7,8,9,10,11,0,1,2,3, 
4,5,6,7,8,9,10,11, . . . ”. If, as a further example, the channel 

#5 is the synchroniZation channel (i.e., having the normally 
expected DC offset), While channel #2 is the channel With 
the detected DC offset, then the channel sampling is off by 
three sample times. In other Words, OffsetSam =—3=2—5, for 
this example. Hence, the correct channel data is indexed by 
i*Sample+j+OffsetSam. 
[0065] OtherWise, or after 296, at 298, it is determined if 
NumOffsetChan (i.e., the count of channels, including the 
SyncChan, having an offset) is greater than one. If so, then 
either an extra sample or a missing sample has occurred 
Within the last measurement period (e.g., 200 ms). This 
means that a non-recoverable (e.g., not recoverable in real 
time With minimal processing resources) sampling error has 
occurred Within the last measurement period. As a result, all 
data in the StoredSample array 267 in the memory 94 for 
that period is responsively discarded at 300. Next, at 301, the 
variable Error is incremented. 
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[0066] OtherWise, or after 301, it is determined, at 302, if 
the variable Error is greater than a predetermined value, 
Limit (e.g., 0, 1 or more). If so, then the synchroniZation 
cannot be determined after one or more attempts, and the 
sampling A/D system (e.g., A/D converter 40) is reset at 304. 
OtherWise, or after 304, at 306, the routine 250 is repeated 
at 252. 

[0067] Under the normally expected operation, none of the 
?rst input channels (e. g., 44 of FIG. 2) Will have a DC offset 
value, Which is greater than the predetermined value at step 
276. Also, that step Will determine that the second input 
channel (e.g., 46 of FIG. 2) has a DC offset value, Which is 
greater than the predetermined value at step 276. In turn, the 
processor 96 of FIG. 2 employs all of the digital values in 
the array 267 for the ?rst input channels 44 for the previous 
time period (e.g., 200 ms). 

[0068] Under error conditions, Which result in the reset 
(e.g., through reset input 168 of FIG. 3) of the A/D converter 
system, the processor 96 restarts the A/D digital conver 
sions, the A/D converter 40 (FIG. 2) serially communicates 
the output digital values on output 84 for a subsequent set of 
the A/D conversions, the DSP 88 serially receives the 
serially communicated output digital values through the 
serial port 90, and the DMA controller 92 stores the corre 
sponding input digital values 99 in the memory 94 for each 
of the ?rst and second input channels (e.g., 44 and 46 of 
FIG. 2). 

EXAMPLE 2 

[0069] For a metering application, one or tWo of the single 
AD73360LA/D converter 40‘ of FIG. 3 may be employed 
to measure the voltages and currents in all phases of a 
plural-phase poWer supply (not shoWn). The simultaneous 
sampling architecture of the converter 40‘ is ideal for this 
application Where simultaneous sampling is critical to main 
taining the relative phase information betWeen the plural 
voltage and current phases. For example, tWo or more A/D 
channels may be employed to measure the voltages in each 
phase via the circuit 152 of FIG. 4. TWo or more A/D 
channels may be employed to measure the current ?oWing in 
each phase via the circuit 154 of FIG. 8. Alternatively, any 
suitable current-sensing isolation ampli?ers and/or Hall 
effect sensors may be employed. In turn, a suitable proces 
sor, such as the DSP 88 of FIG. 2, is employed to perform 
the mathematical calculations on the digital values provided 
by the A/D converter 40‘. 

EXAMPLE 3 

[0070] FIG. 13 shoWs an example meter 350 including an 
A/D converter 352 having 12 channels 354 for a three-phase 
poWer line 353. The channels 354 input three phase voltages 
V A, VB, Vc, one neutral voltage VN, three phase currents I A, 
IB, Ic, one neutral current IN, one ground current IG, and 
three additional phase voltages V AG, VBG, VCG, Which are 
referenced, for example, on the primary side of a trans 
former (T) 355. All of the channels 354 are associated With 
alternating current signals having a direct current value of 
about Zero. All but one or tWo of these channels 354 are part 
of ?rst channels 44‘, Which employ biasing and scaling 
circuits (BSCs) 356,357, Which input a corresponding one of 
the alternating current line voltage signals and the alternat 
ing current line current signals, and Which output a corre 
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sponding analog output. Preferably, one (or both) of the 
neutral voltage VN and the ground current IG are associated 
With a second channel 46‘ and biasing and scaling circuits 
(BSCBs) 358,359 employing a predetermined direct current 
bias value, Which is different than Zero. The A/D converter 
352 employs a plurality of analog-to-digital convert 
ers 360 each of Which inputs a corresponding one of the 
analog outputs of the biasing and scaling circuits 356,357, 
358,359 and outputs a corresponding digital value. The A/D 
converter 352 includes a serial output circuit 362 serially 
communicating the corresponding digital values for a ?rst 
set of analog to digital conversions before serially commu 
nicating the digital values for a subsequent second set of the 
analog to digital conversions Without providing any syn 
chroniZation of the corresponding digital values for both of 
the ?rst and second sets of the analog to digital conversions. 
A suitable serial input circuit 364 serially receives the 
serially communicated digital values 366 and saves the same 
in a memory (M) 368. 

EXAMPLE 4 

[0071] FIG. 14 shoWs another plural channel serial output 
A/D converter 370 and system 372. Here, the A/D converter 
370 includes a single analog-to-digital converter 374 
having an analog multiplexer 376 With a plurality of analog 
inputs 378, With each of the analog inputs 378 corresponding 
to one of the ?rst and second input channels 380,382. The 
channel 382 includes an alternating current signal having a 
DC offset. Aserial output (SO) circuit 384 outputs the digital 
values 366 to the serial input circuit 364. 

[0072] While speci?c embodiments of the invention have 
been described in detail, it Will be appreciated by those 
skilled in the art that various modi?cations and alternatives 
to those details could be developed in light of the overall 
teachings of the disclosure. Accordingly, the particular 
arrangements disclosed are meant to be illustrative only and 
not limiting as to the scope of the invention Which is to be 
given the full breadth of the claims appended and any and all 
equivalents thereof. 

What is claimed is: 
1. An analog-to-digital converter apparatus comprising: 

a plurality of ?rst input channels, each of said ?rst input 
channels including an alternating current signal having 
a direct current value of about Zero; 

a second input channel having a predetermined direct 
current bias value, Which is different than Zero; 

means for biasing and scaling each of said ?rst and second 
input channels and providing a plurality of analog 
outputs; 

means for providing a plurality of analog to digital 
conversions for each of said analog outputs and out 
putting a plurality of digital values; 

means for serially communicating the digital values for a 
?rst set of said analog to digital conversions before 
serially communicating the digital values for a subse 
quent second set of said analog to digital conversions 
Without providing any synchroniZation of the digital 
values for both of the ?rst and second sets of said 
analog to digital conversions; and 
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means for serially receiving the serially communicated 
digital values and saving the same. 

2. The analog-to-digital converter apparatus of claim 1 
Wherein said ?rst input channels include a plurality of 
alternating current line voltage signals. 

3. The analog-to-digital converter apparatus of claim 1 
Wherein said ?rst input channels include a plurality of 
alternating current line current signals. 

4. The analog-to-digital converter apparatus of claim 1 
Wherein said second input channel includes an alternating 
current line voltage signal. 

5. The analog-to-digital converter apparatus of claim 4 
Wherein said alternating current line voltage signal has a 
direct current value of about Zero; and Wherein said second 
input channel is biased by a predetermined direct current 
bias value, Which is different than Zero. 

6. The analog-to-digital converter apparatus of claim 1 
Wherein said second input channel includes an alternating 
current line current signal. 

7. The analog-to-digital converter apparatus of claim 6 
Wherein said alternating current line current signal has a 
direct current value of about Zero; and Wherein said second 
input channel is biased by a predetermined direct current 
bias value, Which is different than Zero. 

8. The analog-to-digital converter apparatus of claim 1 
Wherein said second input channel includes a predetermined 
direct current voltage. 

9. The analog-to-digital converter apparatus of claim 1 
Wherein said second input channel includes an alternating 
current signal having a direct current value of about Zero; 
and Wherein said second input channel is biased by a 
predetermined direct current value, Which is different than 
Zero. 

10. The analog-to-digital converter apparatus of claim 1 
Wherein said means for serially communicating includes an 
output having a serial stream of said digital values. 

11. The analog-to-digital converter apparatus of claim 1 
Wherein said means for providing a plurality of analog to 
digital conversions includes a plurality of analog to digital 
converters, With each of said analog to digital converters 
corresponding to one of said ?rst and second input channels. 

12. The analog-to-digital converter apparatus of claim 1 
Wherein said means for providing a plurality of analog to 
digital conversions includes a single analog to digital con 
verter having an analog multiplexer With a plurality of 
analog inputs, With each of said analog inputs corresponding 
to one of said ?rst and second input channels. 

13. The analog-to-digital converter apparatus of claim 1 
Wherein said means for serially receiving the serially com 
municated digital values is a digital signal processor. 

14. The analog-to-digital converter apparatus of claim 13 
Wherein said digital signal processor includes a serial port, 
a direct memory access controller, a memory and a proces 
sor. 

15. A method of analog-to-digital conversion, said 
method comprising: 

employing a plurality of ?rst input channels, each of said 
?rst input channels including an alternating current 
signal having a direct current value of about Zero; 

employing a second input channel having a predetermined 
direct current bias value, Which is different than Zero; 

biasing and scaling each of said ?rst input channels and 
providing a plurality of analog outputs; 
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providing a plurality of analog to digital conversions for 
each of said analog outputs and said second input 
channel and outputting a plurality of output digital 
values; 

serially communicating the output digital values for a ?rst 
set of said analog to digital conversions before serially 
communicating the output digital values for a subse 
quent second set of said analog to digital conversions 
Without providing any synchroniZation of the digital 
values for both of the ?rst and second sets of said 
analog to digital conversions; 

serially receiving the serially communicated output digi 
tal values and storing corresponding input digital val 
ues for each of the ?rst and second input channels; and 

processing said input digital values. 
16. The method of claim 15 further comprising averaging 

said input digital values for each of the ?rst and second input 
channels; and 

identifying from said averaged input digital values one or 
more of the ?rst and second input channels having a 
direct current offset value, Which is greater than a 
predetermined value. 

17. The method of claim 16 further comprising 

inputting a plurality of alternating current line signals at 
the ?rst input channels; 

employing a line cycle With said line signals; 

selecting a time period corresponding to an integer count 
of said line cycle; and 

averaging said input digital values over said time period. 
18. The method of claim 17 further comprising 

employing 200 ms as said time period. 
19. The method of claim 16 further comprising 

employing a full scale value associated With the alternat 
ing current signals of said ?rst input channels; and 

employing about ?ve percent of said full scale value as 
said predetermined value. 

20. The method of claim 16 further comprising 

determining Whether one or more of the ?rst input chan 
nels has a direct current offset value, Which is greater 
than said predetermined value. 

21. The method of claim 20 further comprising 

determining that the second input channel has a direct 
current offset value, Which is less than said predeter 
mined value; 

determining that only one of the ?rst input channels has 
the direct current offset value, Which is greater than said 
predetermined value; and 

responsively rearranging the input digital values for said 
?rst input channels for said time period. 

22. The method of claim 20 further comprising 

determining that none of the ?rst input channels has the 
direct current offset value, Which is greater than said 
predetermined value; 

determining that the second input channel has a direct 
current offset value, Which is greater than said prede 
termined value; and 
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employing the input digital values for said ?rst input 
channels for said time period. 

23. The method of claim 20 further comprising 

determining that more than one of the ?rst input channels 
has the direct current offset value, Which is greater than 
said predetermined value; and 

responsively discarding the input digital values for said 
?rst input channels for said time period. 

24. The method of claim 23 further comprising 

restarting said analog to digital conversions; 

serially communicating the output digital values for a 
subsequent set of said analog to digital conversions; 
and 

serially receiving the serially communicated output digi 
tal values; and 

storing corresponding input digital values in a memory for 
each of the ?rst and second input channels. 

25. A meter for a plurality of poWer lines, said meter 
comprising: 

a plurality of ?rst input channels, each of said ?rst input 
channels including an alternating current signal having 
a direct current value of about Zero, said ?rst input 
channels include a plurality of alternating current line 
voltage signals and a plurality of alternating current 
line current signals; 

a second input channel having an analog output With a 
predetermined direct current bias value, Which is dif 
ferent than Zero; 

a plurality of biasing and scaling circuits each of Which 
inputs a corresponding one of said alternating current 
line voltage signals and said alternating current line 
current signals, and outputs a corresponding analog 
output; 

a plurality of analog to digital converters each of Which 
inputs a corresponding one of said analog outputs of 
said biasing and scaling circuits and said second input 
channel and outputs a corresponding digital value; 

a serial output circuit serially communicating the corre 
sponding digital values for a ?rst set of analog to digital 
conversions before serially communicating the digital 
values for a subsequent second set of said analog to 
digital conversions Without providing any synchroni 
Zation of the corresponding digital values for both of 
the ?rst and second sets of said analog to digital 
conversions; 

a memory; and 

a serial input circuit serially receiving the serially com 
municated digital values and saving the same in said 
memory. 

26. The meter of claim 25 Wherein said alternating current 
line voltage signals have an alternating current voltage; and 
Wherein said biasing and scaling circuits for said alternating 
current line voltage signals include a divider having an 
output, Which reduces the alternating voltage of the corre 
sponding alternating current line voltage signal, and a resis 
tor betWeen the output of said divider and a direct current 
reference voltage, Which biases said output to be at least Zero 
volts. 
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27. The meter of claim 26 wherein said second input 
channel receives a voltage signal having a value of about 
Zero, said second input channel including a biasing and 
scaling circuit having a divider With an output, and a resistor 
betWeen the output of said divider of said second input 
channel and a direct current reference voltage, Which biases 
the output of said divider of said second input channel to be 
a predetermined voltage. 

28. The meter of claim 25 Wherein said alternating current 
line current signals have an alternating current; and Wherein 
said biasing and scaling circuits for said alternating current 
line current signals include a current transforrner having a 
secondary and a burden resistor With ?rst and second 
terrninals Which are electrically connected in parallel With 
said secondary, said second terminal being biased by a direct 
current reference voltage. 
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29. The meter of claim 28 Wherein said second input 
channel includes a biasing and scaling circuit for an alter 
nating current line current signal having a value of about 
Zero and a current transforrner having a secondary and a 
burden resistor With ?rst and second terrninals Which are 
electrically connected in parallel With the secondary of the 
current transforrner of said second input channel, said sec 
ond terminal of the burden resistor of said second input 
channel being biased by the direct current reference voltage, 
the ?rst terminal of the burden resistor of said second input 
channel being electrically connected by a resistor to a 
ground, Which biases the analog output of said second input 
channel to a predetermined voltage. 


