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€ FEATURES

& High accuracy, less than 0.3% error over
dynamic range of 500 : 1

& Exactly measure the real power in the positi

orientation and negative orientation, calculate the intended

energy in the same orientation

& Two current monitors continuously monitor the¢

phase and neutral currents in two-wire distributig
systems. Uses the larger of two currents to bilgne
during a Fault condition

& A PGA in the current channel allows using small

value shunt and burden resistance

& The low frequency outputs F1 and F2 ca
directly drive electromechanical counters and tw
phase stepper motors and the high frequency out
CF, supplies instantaneous real power, is intended
calibration and communications

& Two logic outputs REVP and FAULT can be use
to indicate a potential orientation or Fault coiwgfit

&  On-Chip power supply detector

& On-Chip anti-creep protection

reference of 2.44¥ 8%
(typical temperature coefficient of 30ppf), with

& On-Chip voltage

external overdrive capability

& Single 5V supply

% Low static power (typical value of 15mW).
The

Management )

technology of SLiM (Smart—Low—current-
is used.

Interrelated patents are pending

€ DESCRIPTION
a The BL6501A is a low cost, high accuracy, high
stability, simple peripheral circuit electrical egg
e meter IC. The meter based on the BL6501A is
for two-wire

using in single-phase,

distribution systems. It can exactly measure tta re

b

power in the positive orientation and negative

n orientation and calculate the energy in the same
orientation.
The BL6501A

detection scheme that both warns of fault condgion

incorporates a novel fault

and allows the BL6501A to continue accurate billing
during a fault event. The BL6501A does this by
continuously monitoring both the phase and neutral

n
0
pufreturn) currents. Fault condition is indicated by
f PIN19 (FAULT), when these currents differ by more
than 12%. Billing is continued using the larger loé t
d two currents when the difference is greater tha#.14
The BL6501A supplies average real power
information on the low frequency outputs F1 (Pin23)
and F2 (Pin24). These logic outputs may be used to
directly drive an electromechanical counter and
two-phase stepper motors. The CF (Pin22) logic
output gives instantaneous real power information.
This output is intended to be used for calibration
purposes or interface to an MCU.

BL6501A thinks over the stability of reading
error in the process of calibration.. An internatlnad
threshold ensures that the BL6501A does not exhibit

any creep when there is no load.
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4 PIN DESCRIPTIONS
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Pin Symbol DESCRIPTIONS
1 DVDD Digital Power Supply (+5V). Provides the supplytage for the digital circuitry. |
should be maintained at 55% for specified operation.
2 Ac/DE High-Pass Filter Selt_ect._This Iog_ic ir_1put is usecehable the high pass filter in t
current channel. Logic high on this pin enablesHRé-.
3 AVDD Analog Power Supply (+5V). Provides the supply agé for the analog circuitry.
should be maintained at 55% for specified operation.
Inputs for Current Channel. These inputs are fdlfferential voltage inputs with
4,5 | V1AV1B | maximum signal level of+660 mV with respect to pin6 (VIN) for specifi¢
operation.
6 V1N Negative Input Pin for Differential Voltageduts V1A and V1B.
Negative and Positive Inputs for Voltage Channéiede inputs provide a fully
7,8 | V2N,V2P| differential input pair. The maximum differentiahgut voltage is*660 mV for
specified operation.
Reset Pin. Logic low on this pin will hold the AD@sd digital circuitry in a resq
9 RESET " . .
condition and clear internal registers.
On-Chip Voltage Reference. The on-chip referencseeghaominal value of 2.44\&
10 VREF | 8% and a typical temperature coefficient of 30pmAn external reference sour
may also be connected at this pin.
11 AGND | Analog Ground Reference. Provides the gdawference for the analog circuitry.
12 SCE Calibration Frequency Select. This logic input ged to select the frequency on fhe
calibration output CF.
Output Frequency Select. These logic inputs ard tseselect one of four possif
13,14| $S1,S0 | frequencies for the digital-to-frequency conversidhis offers the designer greajer
flexibility when designing the energy meter.
1516| G1.G0 Gain Select. These logic inputs are used to selexf four possible gains for currg
channel. The possible gains are 1, 2, 8, and 16.
17 CLKIN Clock In. An external clock can be provided at thigic input. Alternatively, a crystd
can be connected across this pin and pinl18 (CLKQWpyovide a clock source
Clock Out. A crystal can be connected across thispd pinl7 (CLKIN) as describg
18 | CLKOUT .
above to provide a clock source.
Fault Indication. Logic high indicates fault conalit. Fault is defined as a conditipn
19 FAULT | under which the signals on V1A and V1B differ byrethan 12.5%. The logic outp
will be reset to zero when fault condition is nader detected.
Negative Indication. Logic high indicates negatp@wver, i.e., when the phase an
20 REVP | between the voltage and current signals is gréasrd0. This output is not latche
and will be reset when positive power is once agatected.
21 DGND | Digital Ground Reference. Provides the gobteference for the digital circuitry.
29 CE Calibration Frequency. The CF logic output givestantaneous real pow
information. This output is intended to use foiilmation purposes.
23,24 F1,F2 Low-Frequency. F1 and F2 supply averagepeakr information. The logic outpu
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can be used to directly drive electromechanicahters and 2-phase stepper motor

UJ

€ PACKAGE DIMENSIONS

24 PIN SSOP
J28(8.20
l 3I8E.07) ’ 078(1.95}
) 068(1.73) “
m ':*“
£08(0.21) '
U .002(0.,05) 041(1.03)
A2856(0.65) TYD 025(0.63)
REARARRARNAT (
212¢5.38)  311(7.90
205(3.20)  .301¢7.65)
EEEE R S
1
e 0D150.,38)
A10{0.25)
¢ ABSOLUTE MAXIMUM RATINGS
(T=257T)
Parameter Symbal Value Unit
Analog Power Voltage AVDD AVDD -0.3~+7(max) \Y,
Digital power Voltage DVDD DVDD -0.3~+7(max) \Y,
DVDD to AvDD -0.3~+0.3 \%
Analog Input Voltage of Channel 2 to AGND V (V) | VSS+0.5<V(v) <VDD-0.5 \Y,
Analog Input Voltage of Channel 1 to AGND V (I) VSS+0.5X V(i) <VDD-0.5 \Y,
Operating Temperature Range Topr -40~+85 C
Storage Temperature Range Tstr -55~+150 C
Power Dissipation( DIP24) 15 mw
€ Electronic Characteristic Parameter
(T=25C, AvDD=5V, DVDD= 5V, CLKIN=3.58MHz)
" Measure | Min | Typical | Max )
Parameter Symbqgl Test Condition ) Unit
Pin Value | Value | Value
1 Analog Power Current albp Pinl1 2 3 mA
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2 Digital Power Current olop Pin3 1 2 mA
3 Logic Input Pins Pin2,
GO, G1, SCF,S0,S1, 9,12,13,14,
ACDC, /RESET 15,16
Input High Voltage A" AVDD=5V 2 V
Input Low Voltage v DVDD=5V 1 \Y
Input Capacitance o 10 pF
4 Logic Output Pins Pin23, 24
F1, F2
Output High Voltage Wh1 Ih=10mA 4.4 \Y
Output Low Voltage Y1 ILI=10mA 0.5 \Y
Output Current d1 10 mA
5 Logic Output Pins Pin22,
CF, REVP, FAULT 20,19
Output High Voltage Y2 Ih=10mA 4.4 \Y
Output Low Voltage Y2 ILI=10mA 0.5 \Y
Output Current do 10 mA
6 On-chip Reference Vref AVDD=5V Pin10 2.245 2.44 2635 V
7 Analog Input Pins Pin4, 5,6,
V1A, V1B, V1N, V2N, V2P 7,8
Maximum Input Voltage Yin +1 \%
DC Input Impedance 330 Kohr
Input Capacitance 10 pF
8 Accuracy
Measurement Error on Chanrel
land?2
Gain=1 ENL1 | Both Channels with Pin22 0.1 0.3 %
Gain=2 ENL2 | Full-Scale Signal Pin22 0.1 0.3 %
Gain=8 ENLS +660mV Pin22 0.1 0.3 %
Gain=16 ENL16| Overa Dynamic Pin22 0.1 0.3 %
Range 500to 1
Phase Error between Channels
Channel 1 Lead 37 Pin22 0.3 %
(PF=0.8Capacitive)
Channel 1 Lags Pin22 0.3 %
(PF=0.5Inductive)
9 Start Current ShaRT Ib=5A C=3200, Pin5 0.2%] A
cogh=1 b
\oltage Channel
Inputs£110mV
Gain of Current
Channel 16
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10 Positive and Negative Rejal ENP | Vv=+110mV,V(l)= Pin22 1 %

Power Error (%) 2mV, cog=1

Vv=£110mV,V(l)=
2mV, co®=-1

11 Gain Error Gain External 2.5V Pin22 +5 %

error Reference,Gain=1
V1=Vv2=500mV
DC

¢ TERMINOLOGY

1) Nonlinear Error

The Nonlinear Error is defined by the following faula:

eNL%= [(Error at X-Error at Ib) / (1+Error at Ib )]*100%

When V(v)=£110mV, co$=1, over the arrange of 5%Ib to 800%lb, the nomirerror should be
less than 0.1%.

2) Sart Current
When meter constant C=3200, 1b=5A, ¢o4, V(V)=£110mV, 5% Ib error in normal range, the
min AC current in current loop.

3) Positive And Negative Real Power Error

When the positive real power and the negative pealer is equal, and V(v)#110mV, the test
current is Ib, then the positive and negative paker error can be achieved by the following
formula:

eNP%=|[(eN%-eP%)/(1+eP%)]*100%)|

Where: eP% is the Positive Real Power Error, édlftie Negative Real Power Error.

4) Phase Error Between Channels

The HPF (High Pass Filter) in Channel 1 has a pleskresponse. To offset this phase response
and equalize the phase response between chanm@#issa correction network is also placed in
Channel 1. The phase correction network matchephhbse to within+=0.1° over a range of 45

Hz to 65 Hz and+0.2° over a range 40Hz to 1KHz.

5) Gain Error

The gain error of the BL6501A is defined as thefedénce between the measured output
frequency (minus the offset) and the ideal outpetjdiency. It is measured with a gain of 1 in
channel V1. The difference is expressed as a pagenof the ideal frequency. The ideal
frequency is obtained from the BL6501A transferchion.

6) Gain Error Match

The gain error match is defined as the gain emanys the offset) obtained when switching
between a gain of 1 and a gain of 2, 8, or 16s lexpressed as a percentage of the output
frequency obtained under a gain of 1. This givesghin error observed when the gain selection is
changed from 1 to 2, 8 or 16.
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7) Power Supply Monitor

BL6501A has the on-chip Power Supply monitoring BI6501A will remain in a reset
condition until the supply voltage on AVDD reachgsv. If the supply falls below 4 V, the
BL6501A will also be reset and no pulses will lsuisd on F1, F2 and CF.

¢ TIMING CHARACTERISTIC

t

k-
Fl J I_l

ty | | tg—
F2

L Ll
q:—t:]—)|

cr R M

i -
tq tg

(AvDD=DVDD=5V, AGND=DGND=0V, On-Chip Reference, CUK=3.58MHz, Temperature
range: -40~+8%C)
Parameter Value Comments

t1 275ms F1 and F2 pulse-width (Logic Low). Whee gower is low, thd
tl is equal to 275ms; when the power is high, deddutput
period exceeds 550ms, t1 equals to half of theubygeriod.

t2 F1 or F2 output pulse period.
t3 Y212 Time between F1 falling edge and F2 falkage.
t4 90ms CF pulse-width (Logic high). When the pougtow, the t4 is

equal to 90ms; when the power is high, and the utyperiod
exceeds 180ms, t4 equals to half of the outpubgeri

t5 CF Pulse Period. See Transfer Function section.

t6 CLKIN/4 | Minimum Time Between F1 and F2.

Notes:

1) CF is not synchronous to F1 or F2 frequency ustp

2) Sample tested during initial release and aftgrradesign or process change that may affect this
parameter.

4 THEORY OF OPERATION

€ Principle of Energy Measure

In energy measure, the power information varyinghwiime is calculated by a direct
multiplication of the voltage signal and the cutrsignal. Assume that the current signal and the
voltage signal are cosine functions; Umax, Imaxtheepeak values of the voltage signal and the
current signal; wis the angle frequency of the input signals; thasghdifference between the
current signal and the voltage signal is expreaséd Then the power is given as follows:

p(t) =U . cosnm)x1 . cosimt +¢@)
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If ¢=0:

p(t) = % [L+cos@wt)]

If & =0:
p(t) =V, cos@t) x| .. cos@t + d)

=U,,, cos@t) x|l coset) cos@®) + 1., sin(at) sin(®)]
= ULZI”‘E‘X[H cos@at)] cos@) +U .| max COSEL) SiN(t) SiN(D)

U _ | u_ I . .
= —maxz max 1+ cos@at)] cos@) + %SIH(ZM) sin(®)

= ULZIW cos(@®) + % [cosQaI) cos@) +sin(2at) sin(¢)]

U U .l
= —maxz - cos@) + —maxz T2 cos@at + D)

P(t) is called as the instantaneous power sigrd.ideal p(t) consists of the dc component and ac
component whose frequency i&2 The dc component is called as the average aptiver, that
is:
P - U maxl max COS@)
2
The average active power is related to the cosaheewof the phase difference between the voltage
signal and the current signal. This cosine valuealked as Power Factor (PF) of the two channel

VAL AL

| ‘-"li!':}«./ \\ V{I)*l L.I[“I)

114 —p Tl
a0’

Figurel. The Effect of phase
When the signal phase difference between the kgl current channels is more thaf, ¥e
average active power is negative. It indicatesuer is using the electrical energy reversely.

€ Operation Process

In BL6501A, the two ADCs digitize the voltage sigg&rom the current and voltage transducers.
These ADCs are 16-bit second order sigma-delta afittoversampling rate of 900 kHz. This
analog input structure greatly simplifies transduneerfacing by providing a wide dynamic range
for direct connection to the transducer and alsopbiying the antialiasing filter design. A
programmable gain stage in the current channehdurfiacilitates easy transducer interfacing. A
high pass filter in the current channel removes @mcomponent from the current signal. This
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eliminates any inaccuracies in the real power ¢afian due to offsets in the voltage or current
signals.

The real power calculation is derived from the anshneous power signal. The instantaneous
power signal is generated by a direct multiplicatid the current and voltage signals. In order to
extract the real power component (i.e., the dc aorept), the instantaneous power signal is
low-pass filtered. Figure 2 illustrates the instengtous real power signal and shows how the real
power information can be extracted by low-pasefiifiy the instantaneous power signal. This
scheme correctly calculates real power for nonsiidas current and voltage waveforms at all
power factors. All signal processing is carried iouthe digital domain for superior stability over
temperature and time.

current analog to high pass
I —> sampling [ digital | " filter d'} : L » CF
igital L
multipli- low pass | integral digital to —» F1
) filter frequency
Itage analog to high pass caton — F2
Vo Iy
V—> sampling [ digital | " filter
Vinstantaneous real :
---------------------- :___power signal

»

e . power signal p(t). 4
A

pO=i()*v(t)

v(t)=V*cos(wt)

VAl I R R LR (EEEEEEE] EEERCERE CEE i(t)=I*cos(wt)
/ p)="3~ [Lrcos(2wy)]

t

v

Figure 2. Sgnal Processing Block Diagram

The low frequency output of the BL6501A is geneatat®y accumulatingm this real power
information. This low frequency inherently meandoag accumulation time between output
pulses. The output frequency is therefore propoalito the average real power. This average real
power information can, in turn, be accumulated .(eby a counter) to generate real energy
information. Because of its high output frequeney dence shorter integration time, the CF
output is proportional to the instantaneous realgyo This is useful for system calibration
purposes that would take place under steady loaditbons.

¢ Offset Effect

The dc offsets come from the input signals anddhepart analog circuitry.

Assume that the input dc offsets on the voltag@ebband the current channel argdd and bses
and PF equals 1d(=0).

p(t) =[U coslut) +U e ] X[1 COS@t + D) + 1 4]

= % + 14U COSE) +U 4 | COSEL) + %cos@wt)
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A s
Voifs * loffs
va ... {T | e wery
2 & 2 & 7 4 F Y
Voffs * |
Voffs * |
loffs *
| | |
] W szreq 0 W 2w Freq 1] W 2w Frea
Effect of Offset=s on the The Offget on the The Off=zet= on the
woltage chanmel and the current chanmel current channel and the
current chanmle remawed voltage chanmel removed

Figure 3. Effect of Offset
As can be seen, for each phase input, if theresiargltaneous dc offsets on the voltage channel
and the current channel, these offsets contribide eomponent for the result of multiplication.
That is, the offsets bring the error ofdeX loset tO the final average real power. Additionally,
there exists the component of#d X 1+U Xl geet at the frequency ofw . The dc error on the real
power will result in measure error, and the comporought to the frequency ob will also
affect the output of the average active power wiiennext low-pass filter can't restrain the ac
component very completely.
When the offset on the one of the voltage and tiveent channels is filtered, for instance, the
offset on the current channel is removed; the teduhultiplication is improved greatly. There is
no dc error, and the additional component at thguency of © is also decreased.
When the offsets on the voltage channel and thesguchannel are filtered respectively by two
high-pass filters, the component at the frequericyo (50Hz) is subdued, and the stability of the
output signal is advanced. Moreover, in this csephases of the voltage channel and the current
channel can be matched completely, and the perfarenahen PF equal 0.5C or 0.5L is improved.
In BL6501A, this structure is selected. Thoughsitgiven in the system specification that the
ripple of the output signal is less than 0.1%,eal measure of BL6501A, the calibration output is
very stable, and the ripple of the typical outdghal is less than 0.05%.
Additionally, this structure can ensure the freguyecharacteristic. When the input signal changes
from 45Hz to 65Hz, the complete machine error duthé frequency change is less than 0.1%. In
such, the meter designed for the 50Hz input sigaalbe used on the transmission-line system of
electric power whose frequency is 60Hz.

¢ VOLTAGE CHANNEL INPUT

The output of the line voltage transducer is cotewd¢o the BL6501A at this analog input. As
Figure4 shows that channel V2 is a fully differahtioltage input. The maximum peak differential
signal on Channel 2 isEt660mV. Figure4 illustrates the maximum signal levéiat can be
connected to the BL6501A Voltage Channel.
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Vi

GAIN Maximun input differential voltage
+660mV

V2 | »
MWﬂput common-mode voltage
+100mV

Figure 4. \oltage Channels
Voltage Channel must be driven from a common-mazltage, i.e., the differential voltage signal
on the input must be referenced to a common mosieally AGND). The analog inputs of the
BL6501A can be driven with common-mode voltagesipfto 100 mV with respect to AGND.
However, best results are achieved using a comnuate raqual to AGND.
Figure5 shows two typical connections for Chann@l Yhe first option uses a PT (potential
transformer) to provide complete isolation from tmains voltage. In the second option, the
BL6501A is biased around the neutral wire and @stasdivider is used to provide a voltage
signal that is proportional to the line voltage.jégding the ratio of Ra and Rb is also a convenient
way of carrying out a gain calibration on the meter

B

A4
Phase Neutral AGND AGND

-660m\V.
GAIN

N
AGND

Ra CF

AGND

AGND > ry +660MV

Phase Neutral

AGND

Ra>> RF
Rb+Rv=RF

A4
AGND

AGND

Figure 5. Typical Connections for Voltage Channels

€ CURRENT CHANNEL INPUT

The voltage outputs from the current transducezscannected to the BL6501A here. As Figure6
shows that channel V1 has two voltage inputs, naf@lA and V1B. These inputs are fully
differential with respect to V1N. However, at anyeotime, only one is selected to perform the
power calculation.
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Vi

+660mV Maximun input differential voltage
+660mV

V2 |

Maximyin input common-mode voltage
+100mV
NV
-660mV AGND

Figure 6. Current Channels
The analog inputs V1A, V1B and V1N have same maxinsignal level restrictions as V2P and
V2N. However, Channel 1 has a programmable gainiienfPGA) with user-selectable gains of
1, 2, 8, or 16l. These gains facilitate easy traned interfacing. Figure illustrates the maximum
signal levels on V1A, V1B, and V1N. The maximumfeiéntial voltage ist=660 mV divided by
the gain selection. Again, the differential voltagjgnal on the inputs must be referenced to a
common mode, e.g., AGND. The maximum common-mogieasis =100 mV.
Figure7 shows a typical connection diagram for Qlea’vl. Here the analog inputs are being
used to monitor both the phase and neutral cutr@esause of the large potential difference
between the phase and neutral, two CTs (currensftsemers) must be used to provide the
isolation. The CT turns ratio and burden resis®b)(are selected to give a peak differential
voltage of =660 mV/gain.

‘ CT

. V1A
) . +
+660mV
RbT GAIN

CFT
'Pi TIN & J/ Vi
Rb | £660mMV cF -

% LGAIN T

Phase Neutral

‘ Ra CF

. |
\ { Ra >> RF
Rb AchD Rb+Rv=RF

v 660MV

AGND

IPL T|N 1 3 l =

‘ cr * * V1B

Rhi_GAIN

Phase Neutral

Figure 7. Typical Connections for Current Channels
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¢ FAULT DETECTION

The BL6501A incorporates a novel fault detectiohesne that warns of fault conditions and
allows the BL6501A to continue accurate billing idgra fault event. The BL6501A does this by
continuously monitoring both the phase and neuyteturn) currents. A fault is indicated when
these currents differ by more than 12.5%. Howesreen during a fault, the output pulse rate on
F1 and F2 is generated using the larger of thedwoents. Because the BL6501A looks for a
difference between the signals on V1A and V1Bs itniportant that both current transducers are
closely matched. On power-up the output pulsesathe BL6501A is proportional to the product
of the signals on Channel V1A and Voltage Chanlfi¢ghere is a difference of greater than 12.5%
between V1A and V1B on power-up, the fault indicg#@®AULT) will go active after about one
second. In addition, if V1B is greater than V1A BE6501A will select V1B as the input. The
fault detection is automatically disabled whenb#age signal on Channel 1 is less than 0.5% of
the full-scale input range. This will eliminatedaldetection of a fault due to noise at light loads

If V1A is the active current input (i.e., is beinged for billing), and the signal on V1B (inactive
input) falls by more than 12.5% of V1A, the faulticator will go active. Both analog inputs are
fitered and averaged to prevent false triggerifighis logic output. As a consequence of the
filtering, there is a time delay of approximatelyeosecond on the logic output FAULT after the
fault event. The FAULT logic output is independehtany activity on outputs F1 or F2. Figure 8
illustrates one condition under which FAULT becomaetive. Since V1A is the active input and it
is still greater than V1B, billing is maintained ®#A, i.e., no swap to the V1B input will occur.
V1A remains the active input.

V1A
4 V1B eerenae e S S
V1A —»o\c —> FAULT
V1B —»p current 5 10 ADC
ov —> VlNE sampling |

V1B < 87.5% V1A

Figure 8. Fault Conditions for Inactive Input Less than Active Input

Figure 9 illustrates another fault condition. If ¥is the active input (i.e., is being used forihj)
and the voltage signal on V1B (inactive input) brees greater than 114% of V1A, the FAULT
indicator goes active, and there is also a swap twvéhe V1B input. The analog input V1B has
now become the active input. Again there is a til@ky of about 1.2 seconds associated with this
swap. V1A will not swap back to being the activeuchel until V1A becomes greater than 114%
of V1B. However, the FAULT indicator will becomeaictive as soon as V1A is within 12.5% of
V1B. This threshold eliminates potential chattetmsen V1A and V1B.
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ViB
4 VIA e S S
V1A —»p —» FAULT
: O/C—P .
V1B —» current | : to ADC
ov f > . sampling | :
VIN ——»

V1A < 87.5% V1B

Figure 9. Fault Conditions for Inactive Input Greater than Active Input

¢ Power Supply Monitor

The BL6501A contains an on-chip power supply manifathe supply is less than 4¥5% then
the BL6501A will go in an inactive state, i.e. noeegy will be accumulated when the supply
voltage is below 4V. This is useful to ensure otrrdevice operation at power up and during
power down. The power supply monitor has built-yrsteresis and filtering. This gives a high
degree of immunity to false triggering due to naspplies.

The trigger level is nominally set at 4V, and tbketance on this trigger level is abott5%. The
power supply and decoupling for the part shouldbeh that the ripple at VDD does not exceed
5V 5% as specified for normal operation.

€ SLiM technology

The BL6501A adopts the technology of SLIM (SmartMourrent Management) to decrease the
static power greatly. The static power of BL650KAabout 12mW. It is half of the previous
product BL0O951 (about 25mW ).This technology alsxrdases the request for power supply
design.

BL65XX series products used 0.35um CMOS proces® f@liability and consistency are

advanced.

4 OPERATION MODE

€ Transfer Function

The BL6501A calculates the product of two voltaggnals (on Channel 1 and Channel 2) and
then low-pass filters this product to extract rgalver information. This real power information is
then converted to a frequency. The frequency inébion is output on F1 and F2 in the form of
active low pulses. The pulse rate at these ouipuilatively low. It means that the frequency at
these outputs is generated from real power infdomaiccumulated over a relatively long period
of time. The result is an output frequency thapiieportional to the average real power. The
average of the real power signal is implicit to thigital-to-frequency conversion. The output
frequency or pulse rate is related to the inputag® signals by the following equation. (use
3.58MHz oscillator)

_ 574xV(v)xV(i)xgainxF,

2
VREF

Freq

Freq——Output frequency on F1 and H22)
V(v)——Differential rms voltage signal on Channel 1 (Vplts
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V(i) ——Differential rms voltage signal on Channel 2 (vplts

Gain——1, 2, 8 or 16, depending on the PGA gain selectismg logic inputs GO and G1
Vref——The reference voltage (2.4488%) (volts)

Fz——One of four possible frequencies selected by uiadogic inputs SO and S1.

S1 SO Fz(Hz) XTAL/CLKIN
0 0 1.7 CLKIN/2721
0 1 3.4 CLKIN/2"20
1 0 6.8 CLKIN/2"19
1 1 13.6 CLKIN/2"18

€ Frequency Output CF

The pulse output CF (Calibration Frequency) isrid& for use during calibration. The output
pulse rate on CF can be up to 128 times the patgeon F1 and F2. The following Table shows
how the two frequencies are related, dependingnestiates of the logic inputs SO, S1 and SCF.

Mode SCF S1 SO CF/F1 (or F2)

1 1 0 0 128

2 0 0 0 64

3 1 0 1 64

4 0 0 1 32

5 1 1 0 32

6 0 1 0 16

7 1 1 1 16

8 0 1 1 8

Because of its relatively high pulse rate, the disepy at this logic output is proportional to the

instantaneous real power. As is the case with ElLF&) the frequency is derived from the output
of the low-pass filter after multiplication. Howaybecause the output frequency is high, this real
power information is accumulated over a much shdirige. Hence less averaging is carried out in
the digital-to-frequency conversion. With much lesgraging of the real power signal, the CF

output is much more responsive to power fluctuation

¢ GAINSELECTION
By select the digital input GO and G1 voltage (5WQ¥), we can adjust the gain of current
channel. We can see that while increasing the ¢gfaéninput dynamic range is decreasing.

Gl GO Gain Maximum Differentig]
Signal
0 0 1 +660mV
0 1 2 +330mV
1 0 8 +82mV
1 1 16 +41mV
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¢ ANALOGINPUT RANGE

The maximum peak differential signal on Voltage @l is = 660 mV, and the common-mode
voltage is up to 100 mV with respect to AGND.
The analog inputs V1A, V1B, and V1N have the sanagimum signal level restrictions as V2P
and V2N. However, The Current Channel has a prograoie gain amplifier (PGA) with
user-selectable gains of 1, 2, 8, or 16. Thesesgkiailitate easy transducer interfacing. The
maximum differential voltage ist660 mV and the maximum common-mode signaki400
mV.

The corresponding Max Frequency of CF/F1/F2 is shiovthe following table.

SCF| S1| SO | Fz Max Frequency CF Max Frequency (Hz)

of F1, F2 (Hz)

DC AC DC AC
1 0 0 1.7 | 0.68 0.34 | 128xF1,F2=87.04 128xF1,F2=43.52
0 0 0 1.7 | 0.68 0.34 | 64xF1,F2=43.52 | 64F1,F2=21.76
1 0 1 34 | 1.36 0.68 | 64xF1,F2=87.04 | 64F1,F2=43.52
0 0 1 34 | 1.36 0.68 | 32xF1,F2=43.52 | 32F1,F2=21.76
1 1 0 6.8 | 2.72 1.36 | 32xF1,F2=87.04 | 32F1,F2=43.52
0 1 0 6.8 | 2.72 1.36 | 16xF1,F2=43.52 | 18F1,F2=21.76
1 1 1 13.6| 5.44 2.72 16xF1,F2=87.04 | 18F1,F2=43.52
0 1 1 13.6| 5.44 2.72 8xF1,F2=43.52 8F1,F2=21.76

Notice Sample tested during initial release and afterradgsign or process change
that may affect parameter. Specification subjeathtange without notice. Please ask
for the newest product specification at any moment.
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