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FEATURES

& High accuracy, less than 0.1% error over
dynamic range of 500:1

& High stability during calibration, the fluctuation|
of output CF is less than 0.1%.

& Low drift, the gain variety is less than 0.19
when input frequency changes from 45Hz to 65Hz
& Single 5V Supply, Static Power 25mW(typical)
Power solution only with Resistor & Capacitor can 4
adopted.
& The Low Frequency Output (F1, F2) can drivj
motor directly;

& The High Frequency Output (CF) can be used
calibration and data processing.

& Selectable between the arithmetic sum of th
three-phase active energies and the absolute vg
sum of these energies.

& Measure positive active power and negati
active power.

& Anti-Fault, the Logic Output REVP indicates g

Potential Miswiring or Negative Power for each

phase.

& On-chip Creep Protection.

&  On-chip Power Supply Monitoring.

& On-chip Reference 2.42¥ 8%,with External
Overdrive Capability.

& SOP24 package.

GENERAL DESCRIPTION
The BL0952A/BL6513/BL6511 is the chief IC of

the three-phase electrical meter and a high acgurac

a

energy measurement IC. With low power design,
static power is only 25mW. Based on the featurel suc
as superior accuracy,
peripheral circuit, the BL0952A/BL6513/BL6511 is

compatible with 3-phase 3-wire and 3-phase 4-wire

high stability and simple

e configurations.
BL0952A/BL6513/BL6511 is based on digital
processing. BL0952A/BL6513/BL6511 can

measure positive active power and negative active

signal

in power; can select the way to calculate the sunihef t
three-phase active powers, between the arithmetic
e sum and the absolute value sum.
lue  The high frequency output CF can be used in
calibration and data processing. The low frequency
e outputs F1 and F2 can be used to drive a pulsermoto
or an electromechanical counter. In this way, the
L power can be measured and the energy can be
recorded.

The internal phase matching circuitry ensures
that the current and voltage channels are phase
matched.An internal no-load threshold ensures that
the BLO952A/BL6513/BL6511 does not exhibit any
creep when there is no load.

The BL0O952A/BL6513/BL6511

emphatically the need of stability during caliboati

consider

the measure data of mass products show that the

Interrelated patents are pending

output pulse ripple of CF is less than 0.1%.
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PIN FUNCTION DESCRIPTION

=)

4%

1%

2

=

Pin No. Mnemonic Description

1 CF High frequency calibration logic output. The outpinequency is
proportional to the average active power.

2 DGND This provides the ground reference for the digiteduitry .

3 VDD Power supply. This pin provides the supply voltdge the digital
circuitry. The supply voltage should be maintairetd5V + 5% for
specified operation.

4 REVP This logic output will go logic high when negatipewer is detected o
any of the three phase inputs, i.e., when the phagée between th
voltage and the current signals is greater than 90°

5,6; IAP,IAN; Analog inputs for current channel. These inputs fatly differential

78 IBP.IBN: voltage inputs with maximum differential input sanlevels of

9,10 | IcpicN | *00MV

11 AGND This pin provides the ground reference for the @maircuitry.

12 REF This pin provides access to the on-chip voltageregfce. The on-chip
reference has a nominal value of 2.42V + 8% angpeal temperature
coefficient of 30ppm/°C. An external reference seumay also be
connected at this pin.

13,14, VN,VCP Analog inputs for the voltage channel. This chanséhtended for use

15.16 VBP VAP | With the voltage VBP, VAP transducer and is refeeghas the voltag
channel in this document. These inputs are singie@ voltage inputs
with maximum signal level of +500mV with respect WN for
specified operation.

17 ADDSEL | The logic input is used to select the way the tlareteve energies from
the three phases are summed. This offers the dasige capability tg
do the arithmetic sum of the three energies (ADD$d&lic High) or
the sum of the absolute value (ADDSEL logic low).

18 SCF Select Calibration Frequency. This logic input sed to select the
frequency on the calibration output CF.

19 CLKIN Master clock for ADCs and digital signal processiAg external clock
can be provided at this logic inp8t58MHz

20 CLKOUT | A crystal can be connected across this pin and GLE$ describeq
above to provide a clock source.

21,22 S0,S1 These logic inputs are used to select one of fassiple frequencie
for the digital-to-frequency conversion. This offéhe designer greate
flexibility when designing the energy meter.

23,24 F1,F2 Low Frequency Logic Outputs. F1 and F2 supply ayereal power
information. The logic outputs can be used to diyecdrive
electromechanical counters and two-phase stepprsno
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PACKAGE DIMENSIONS

24 PIN SOP

24-Lead Standard Small Outline Package [SOIC]
Wide Body
(RW-24)

Dimensiens shown o millimeters and (inches)
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Fig.2  Package of BLO952A/BL6513/BL6511

Absolute Maximum Ratings

(T=25C )
Item Symbol Extremum Unit
Power Voltage VDD VDD -0.3~+7(max) \%
Input Voltage to AGND \Y/ -VDD+0.5<Vy<VDD-0.5 V
Input Current to AGND \ -VDD+0.5<V,<VDD-0.5 V
Operating Temperature Range Topr -40~+85 C
Storage Temperature Range Tstr -55~+150 C
Power Dissipation( SOP2% 80 mw
Electronic Characteristic Parameter
(T=25C, VDD=5V, CLKIN=3.58MH2z)
Parameter Symbol Test Condition Megsure Min Typical | Max Unit
Pin Value | Value | Value
1 Power Current vbp Pin3 8 mA
2 Logic Input Pins Pinl7,
SCF,S0,S1, ADDSEL 18,21,22
Input High Voltage \"A VDD=5V 3 \%
Input Low Voltage \A 1 \/
Input Capacitance (o 10 pF
3 Logic Output Pins F1/F2 Pin23,24
Output High Voltage W1 Ih=10mA 4.4 V
Output Low Voltage Y1 ILI=10mA 0.5 V
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Output Current d1 10 mA
4 Logic Output Pins )
REVP, CF Pinl.4
Output High Voltage Y2 [h=10mA 4.4 Vv
Output Low Voltage Yo [L.=10mA 0.5 Y,
Output Current d 5 mA
5 On-chip Reference Vref VDD=5V Pin12 2.472 \%
Temperature Coefficient 30 ppmFC
6 Analog Input Pins Pin5,6,7,
IAP,IAN,IBP,IBN,ICP,ICN, 8,9,10,13
VN,VCP,VBP,VAP ,14,15,16
Maximum Input Voltage \(N +500 mV
DC Input Impedance 330 Kohm
Input Capacitance 6 10 pF
ADC offset Voff 115 mv
7 Accuracy
Measurement Error o Input on the Pinl 0.1 %
Current Channel voltage chanre
CFA,CFB,CFC,CF +500mVrms
The dynamic
range 500:1
Phase Error between
Channels
Channel 1 Lead 3T Pinl 0.1 Degrees
(PF=0.8Capacitive)
Channel 1 Lags 6C Pinl 0.1 Degrees
(PF=0.5Inductive)
8 Start Current ShaRT Ib=5A Pin5,6,7, 0.2%lb A
C=800cosh=1, | 8,9,10
Voltage Channe
Inputs
+110mVrms
9 Positive and Negative ENP Vv=+110mVrms| Pinl 0.1 %
Real Power Error (%) V()=50mVrms,
cosp=+1
10 Gain Error Gain Internal Pinl 5 +9 %
error reference.
11 Power Supply V down Power Supply 4 \%
Monitor Voltage vary from 3.5V
to 5V, and
Current Channe
with Full-Scale
Signal
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¢ TERMINOLOGY
1) MEASUREMENT ERROR

The error associated with the energy measuremeni¢ tmathe BLO952A/BL6513/BL6511 is
defined by the following formula:

Energy Registered by the BL6513— True Energy x100%

Pencentage Error =
True Energy

2) NONLINEAR ERROR

The Nonlinear Error is defined by the following riula:

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

When V(V)= £110mV, co$=1, over the arrange of 5%lb t0500%Ilb, the nonlineaor
should be less than 0.1%.

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 negatat power error can be achieved by the following
formula:

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

Where: eP% is the Positive Real Power Error; eN#teédNegative Real Power Error.

4) START-UP CURRENT
When 1b=5A,C=800,cds=1,\Voltage Channel Input110mV rms, 36lb error in normal
range, the min AC current in current loop.

5) GAIN ERROR

The gain error of the BLO952A/BL6513/BL6511 is defil as the difference between the
measured output frequency (minus the offset) aedidbal output frequency. The difference is
expressed as a percentage of the ideal frequery.ideal frequency is obtained from the
BL0952A/BL6513/BL6511 transfer function.

6) POWER SUPPLY MONITOR

BL0952A/BL6513/BL6511 has the on-chip Power Supplynonitoring The
BL0952A/BL6513/BL6511 will remain in a reset condit until the supply voltage on VDD
reaches 4 V. If the supply falls below 4 V, the BEQA/BL6513/BL6511 will also be reset and no
pulses will be issued on F1, F2 and CF.

Timing Characteristics

(VDD=5V, AGND=DGND=0V, on chip Reference, CLKIN=38&Hz, Tyn t0 Tyax =
-40~+85C)
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Fig.3 time characteristics of CF, F1 and F2

Parameter Value Description

T1 145ms Pulse-width (Logic High) of F1 or F2. Atall load, the pulse-widths @
F1 and F2 are specified as 145ms. When the powglis the outpu
periods of F1 and F2 is less than 290ms, and thsepuidths of F1 and
F2 equal half of the F1 period.

=3

T2 The low output pulse period. (see the formdilapzration)
T3 1/2 t2 | Time between F1 Rising Edge and F1 Rising Edge.
T4 90ms CF Pulse-width. At small load, the pulsdtviof CF is specified as

90ms. When the power is high, the output periodCBfis less thar
180ms, and the pulse-width of CF equals half of@keperiod.

T5 CF output high frequency. (see the relativevbeh CF and F1, F2)
T6 CLKIN/4 | Minimum time between F1 and F2 pulse.
Notes

1) CF is not synchronous to F1 or F2 frequency astp
2) Sample tested during initial release and aftsr r@design or process change that may affect
this parameter.

BASIC THEORY OF OPERATION

¢ ENERGY MEASURE THEORY

In energy measure, the power information varyinghwime is calculated by a direct
multiplication of the voltage signal and the cutreignal. Assume that the current signal and the
voltage signal are cosine functions; Umax, Imaxtaeepeak values of the voltage signal and the
current signal; W is the angle frequency of the input signals; thase difference between the

current signal and the voltage signal is exprease¢7 . Then the power is given as follows:
p(t) =U o COsfvt) x 1, cosfut + @)

it §=0: pt) = —mex max maxz' max 1 + coS@W)]
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If @#0:

=U,,, cos@t) x|l . coset) cos@®) +1 ., sin(at) sin(@)]
= U”“‘%[H cos@at)] cos@) +U ] max COSEL) Sin(ct) sin(d)

= Y max male max 1+ cos@ut)] cos@) + %Sin(ﬂd) sin(®)

_u maX2| mex cos(d) + ULZI"W[COSQCJ) cos(®) + sin(ZaI)sin(CD)]

I I
= Yimad max maxz X cos@) + Yimad max ”‘a; T2 cos@at + P)

p(t) is called as the instantaneous power signal. Tealip(t) consists of the dc

component and ac component whose frequendhis. The dc component is called as the average
active power, that is:

P = U maxI max COS@)

2

The average active power is related to the cosithgevof the phase difference between the
voltage signal and the current signal. This cosilee is called as Power Factor (PF) of the two
channel signals.

/ Pit)
L3

Wit) Wity =
o Sl |+|_[T)
an’

Pt

Fig.4  The Effect of phase

When the phase difference between the voltage Istgnathe current signal is more than 90
° , the average active power is negative. This aadieates the user is using the electrical energy
reversely.

The main function of the three phase measuremens I€alculating the sum of the three
phase active power (the arithmetic sum or the absalalue sum), and supplying the frequency
signals proportional to the active powers.

If the BLO952A/BL6513/BL6511 is configured to exéeuthe arithmetic sum of the three
active powers, the sum of the three-phase povwealésilated as follows:

Prora =Pat P+ R
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When one phase power of three phases is negatiweyalue will counteract the other
positive terms.

If the BLO952A/BL6513/BL6511 is configured to exéedhe absolute value sum of the three
active powers, the sum of the three-phase povweaicsilated as follows:

Prora :|PA|+|PB|+|PC|

€ THE OPRATION PROCESS OF THREE PHASE ENERGY MEASURE SIGNAL

Tl e e ]
- Vo vxl
Wit = M= Ixcostat) . -
iy ;@rl 4205 [2iatl]
IHSTANTANEOUS
TIME FOWER SIGHAL THSTANT AREOUS

Pt EEAL POWER SIGHAL VA=A + VBxIB 4 VOxIC
2

THETANTANEOUS TOTAL
FOWER SIGHAL

DTGITAL-TO-FEEQUERCY

DIGITAL-TO-FEEQUEHCY

Fig.5 Signal Processing Block Diagram

In BLO952A/BL6513/BL6511, the six voltage signalsorh the current and voltage
transducers are digitized with ADCs. The instantaisepower signal P(t) is generated by a direct
multiplication of the current and voltage signafseach phase. In order to extract the real power
component (i.e., the dc component), the instantam@ower signal is low-pass filtered on each
phase. Then, The total real power information éntbbtained by adding the individual phase real
power (the arithmetic sum or the absolute value)sum

The output of three-phase power sum is sent tadlitfital-frequency module. In this module,
the total real power is accumulated during the mjithme, and converted to the periodic frequency
output which is therefore proportional to the ageraeal power. Because of its high output
frequency and therefore, shorter integration tinlee CF output is proportional to the
instantaneous real power. This pulse is usefulsf@tem calibration purposed that would take
place under steady load conditions.

By dividing the high output CF, F1 and F2 can btated. The outputs F1 and F2 operate at
a much lower frequency, which can drive the 2-phaiepper motors by eight kinds modes. The
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output pulse is given to the counter motor outhef ¢hip, and then the counter value proportional
to the consumed energy is obtained.

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

Assume that the input dc offsets on the voltagensbhand the current channel alk

and | 4, , and PF equals 1= 0°).

p(t) =[U cost) +U g ] X[I COSEt + @) + 1 15 ]

Ul Ul

=—+1 4U cos@t) +U 4, | coseut) +7cos(2a1)

F Y A F Y
Voffs * loffs

A T . B S Ll B
2 A 2 F 2 & [y
Voffs *|
Vofis * |

loffs * V.

a W szreq 0 w 2w Freq 0 W 2w Freq
Effect of Offsets on the The Off=zet on the The Offsets on the
woltage chanmel and the current chanmel current chanmel and the
carrent chanmle remowed woltage channel removed

Fig.6  Effect of different offset cancellation rhets

As can be seen, for each phase input, if theresianaltaneous dc offsets on the voltage
channel and the current channel, these offsetsribotg a dc component for the result of

multiplication. That is, the offsets bring the erod U ., X | 4, to the final average real power.

Additionally, there exists the component b, x| + 1 4, XU at the frequency ofw. The

dc error on the real power will result in measureore and the component brought to the
frequency of wwill also affect the output of the average activevpr when the next low-pass
filter can’t restrain the ac component very congliet

When the offset on the one of the voltage and tineent 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 thgufency of W is also decreased.

When the offsets on the voltage channel and thesictichannel are filtered respectively by
two high-pass filters, the component at the fregyesf W (50Hz) is subdued, and the stability
of the output signal is advanced. Moreover, in daise, the phases of the voltage channel and the
current channel can be matched completely, angp¢hiermance when PF equal 0.5C or 0.5L is
improved. In BL0O952A/BL6513/BL6511, this structui® selected. Though it is given in the
system specification that the ripple of the outpiginal is less than 0.1%, in real measure of
BL0O952A/BL6513/BL6511, the calibration output isryestable, and the ripple of the typical
output signal is less than 0.05%.
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Additionally, this structure can ensure the frequeoharacteristic. When the input signal
changes from 45Hz to 65Hz, the complete machina ere to the frequency change is less than
0.1%. In such, the meter designed for the 50Hztisfgnal can be used on the transmission-line
system of electric power whose frequency is 60Hz.

€ Current Channels

The voltage outputs from the current transducerse atonnected to the
BL0952A/BL6513/BL6511 current channels, which aultyf differential voltage inputs. 1AP, BP,
and ICP are the positive input for IAN, IBN, andNCrespectively. The maximum peak
differential signal on the current channel showdddss thant 500mV (353mV rms for a pure
sinusoidal signal) for the specified operation.

Fig.7 shows a typical connection diagram for the oarrent channel (1A).

J RF
CcT
\ 4 IAP

T
" L 7T

PHASE NEUTRAL AGND AGND

Fig.7 Typical Connection for Current Channels

€ Voltage Channels

The output of the line voltage transducer is coteteto the BLO952A/BL6513/BL6511 at
this analog input. Voltage channels are a pseuffiereintial voltage input. VAP, VBP, and VCP are
the positive inputs with respect to VN. The maximpesk differential signal on the voltage
channel is £ 500mV (353mV rms for a pure sinusoidal signal) for the specifipération.

B
T

PHASE NEUTRAL  AG\ AGND

RF

‘ 41500mv ) “ i

PT

VAP

Ra

—=a
T

AGND

frenD > py 500mV

PHASE NEUTRAL

AGND

CF

Ra>> RF
Rb+Rv=RF

7
AGND
AGND

Fig.8 Typical Connections for Voltage Channels

Notes: Because of the various external devicesctinent channel and the voltage channel
may have the phase match error (mainly due tordiifeRC constant and different phase delay).
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By adjusting the external capacitor Cf, the phasar €an be corrected. The phase error will affect
the system gain when PF is 0.5, and bring error.
The process of BL0O952A/BL6513/BL6511 can ensurecthesistent compensatory value.

€ Power Supply Monitor

The BL0952A/BL6513/BL6511 contains an on-chip powapply monitor. If the supply is
less than4V £5% then the BL0952A/BL6513/BL6511 will go in an inaet state, i.e. no
energy will be accumulated when the supply voltageelow 4V. This is useful to ensure correct
device operation at power up and during power dolre power supply monitor has built-in
hysteresis and filtering. This gives a high degoéemmunity to false triggering due to noisy
supplies.

The trigger levelis nominally set at 4V, and the tolerance on thigger level is about
+ 5% . The power supply and decoupling for the part &hbe such that the ripple aty does
not exceed5V + 5% as specified for normal operation.

€ Digital-To-Frequency Conversion

After multiplication, the low-pass filter is used to attenuate the acpworents at the line
frequency and its harmonics. Then the three pheakpowers are sent to the adder, and the
arithmetic sum or the absolute value sum (seleethplthe pin ADDSEL) can be obtained. The
power sum is passed to the digital-to-frequencyedsr. In the digital-to-frequency, the power
signal is integrated over time to produce an oufiguency. This accumulation of the signal will
suppress any non-dc component in the instantarrealipower signal. Because the average value
of a sinusoidal signal is zero, the frequency geteer by the digital-to-frequency is proportional
to the average real power.

Figure 9 shows the calculating process of the du@u

ADDEEL

Digital-
g ‘( i Frequency

Digital-
Frequency

FREQUENC

F
i

C
g
w
=1
&
@
i

Fig.9 Real Power-to-Frequency Conversion

As can be seen in the diagram, the output frequélieys generated by accumulating the
instantaneous real power signal over a much shiomer, while converting it to a frequency. Due
to the short accumulating time, there are stilpigpin the CF. This will not be a problem in the
application. Where CF is used for calibration psgsy the frequency should be averaged by the
frequency counter. This will remove any ripple. éftthe output frequency CF, by other
digital-to-frequency converter, the lower outputduency F1 and F2 are obtained. Because the
outputs F1 and F2 operate at a much lower frequenegh more averaging of the instantaneous
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real power signal is carried out. Thus the stahilftthe output frequency is ensured.

€ Mode Selection of the Sum of the Three Active Energies
The BL0952A/BL6513/BL6511 can be set to executedtithmetic sum of the three active
energies,

Wh =Wn¢A +\/\/‘n¢B +Wh¢C

Or the sum of the absolute value of these energies,

M=Wm\+m\+ww\,

The selection between the two modes can be madettgg the ADDSEL pin. Logic high
and logic low applied on the ADDSEL pin correspdodthe arithmetic sum and the sum of
absolute values, respectively.

€ Anti-Creep Threshold

In BLO952A/BL6513/BL6511, when the rms of curremidathe rms of voltage are 500mV,
the anti-creep threshold is set as the 0.0020 peatdull-scale power. There are anti-creep logics
in three phase circuits.

SCF| SO | S1| Min Freq On F1/F2| Min Freq On CF For
For AC inpuf{Hz] AC input[Hz]
1 1 1 9.76E-06 1.56E-04
0 0 0 1.56E-05 2.50E-03
1 0 0 1.95E-05 1.56E-04
0 0 1 3.13E-04 5.00E-03
1 0 1 3.13E-04 2.50E-03
0 1 0 6.25E-05 1.00E-02
1 1 0 7.81E-05 1.25E-03
0 1 1 1.25E-03 1.00E-02

OPERATION MODE

¢ FORMULA of OPERATION
In the BLO952A/BL6513/BL6511, the output frequermypulse rate is related to the input
voltage signals by the following equation:

_1325x(UAPx|A+UBPx|B+UCPx|C)x Fs

2
VREF

Freq

Freq = Output frequency on F1 and F2 (Hz)

Uap, Ugp, Ucp = Differential rms voltage signal on voltage chdsr{golts)

I Ig, andlc = Differential rms voltage signal on current chdsr{golts)

Vet = The reference voltage (2.42 ¥ 8%) (volts)

F1.5 = One of five possible frequencies selected bygutie logic inputs SCF, SO, and S1.

€ Sdlecting the operation mode
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Three—phase Active
Energy Meter

Femis

SHANGHAI BELLING

= BLO9524/BL6513

In BLO952A/BL6513/BL6511, the different operatiorodes can be selected by the input
SCF, S0 and S1. Table | shows how the two freqesranie related, depending on the states of the
logic inputs S0, S1, and SCF.

SCF| SO | S1| Fi1-5 Max Freq On F1/F2 CF vs. Max Freq On CF For
For AC inpuf{Hiz] F1/F2 AC input[Hz] @

1 1 1 0.575 0.488 16 7.8

0 0 0 0.921 0.781 160 125
1 0 0 1.150 0.976 8 7.8

0 0 1 18.42 15.625 16 250
1 0 1 18.42 15.625 8 125
0 1 0 3.683 3.125 160 500
1 1 0 | 4.604 3.906 16 62.5
0 1 1 73.67 62.5 8 500

@ The frequency of output CF when input current dolage are + 500mV AC signal.

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