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€ FEATURES

& High accuracy, less than 0.1% error over
dynamic range of 500 : 1
& Exactly measure the real power in the positi

orientation and negative orientation, calculate the for

energy in the same orientation

& 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

& The logic outputs REVP can be used to indicatsg
potential orientation

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

Management )

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

&  On-Chip power supply detector

& On-Chip anti-creep protection

reference of 2.42¥ 8%
(typical temperature coefficient of 30ppfY), with

& On-Chip voltage

external overdrive capability
& Single 5V supply
& Credible work, working time is more than twent

years

Interrelated patents are pending

€ DESCRIPTION

a The BL6503 is a low cost, high accuracy, high
stability, simple peripheral circuit electrical egg

e meter IC. The meter based on the BL6503 is intended
using in single-phase, two-wire distribution
systems.

The BL6503 adopts the oversample technology
and digital signal processing technology. It can
n exactly measure the real power in the positive
0 orientation and negative orientation and calcutate
putenergy in the same orientation. Moreover, BL6503
f supplies the negative orientation indication on2Bin

(REVP). Therefore, the meter using the BL6503 has
a great capability to avoid fault condition.
The BL6503 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.

The BL6503 adopts the technology of SLim and
decreases greatly the static power. This technology
also decreases the request for power supply.

BL6503 thinks over the stability of reading
error in the process of calibration.. An internatlnad
threshold ensures that the BL6503 does not exhibit

any creep when there is no load.

¢ BLOCK DIAGRAM
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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 5¥5% for specified operation.
2 AC/DC High-Pass Filter Select. This logic input 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 &g for the analog circuitry.
should be maintained at 5¥5% for specified operation.
4 NC Reserved.
Inputs for Current Channel. These inputs are fdlfferential voltage inputs with
56 | V1P\VIN . :
maximum signal level of+660 mV
Negative and Positive Inputs for Voltage ChanndieSe 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 resg
9 RESET " . .
condition and clear internal registers.
On-Chip Voltage Reference. The on-chip reference &haominal value of 2.5\&
10 VREF | 8% and a typical temperature coefficient of 30ppmAn external reference sour
may also be connected at this pin.
11 AGND | Analog Ground Reference. Provides the giawfierence for the analog circuitry.
12 SCF Calibration Frequency Select. This logic input &ed to select the frequency on {he
calibration output CF.
Output Frequency Select. These logic inputs ard trseselect one of four possii
13,14| $S1,S0 | frequencies for the digital-to-frequency conversidhis offers the designer greajer
flexibility when designing the energy meter.
1516/ GL.GO Gain Select. These logic inputs are used to setexbf 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 tbigic input. Alternatively, a crystd
can be connected across this pin and pinl8 (CLKCQbpyovide a clock source
Clock Out. A crystal can be connected across thispd pin17 (CLKIN) as describg
18 | CLKOUT .
above to provide a clock source.
19 NC Reserved.
Negative Indication. Logic high indicates negatp@wver, i.e., when the phase an
20 REVP | between the voltage and current signals is greasero0. This output is not latche
and will be reset when positive power is once agatected.
21 DGND | Digital Ground Reference. Provides the grbteference for the digital circuitry.
29 CF Calibration Frequency. The CF logic output givestantaneous real pow
information. This output is intended to use foiilm@tion purposes.
2324| FLF2 Low-Frequency. F1 and F2 supply average real panfermation. The logic output

vJ

can be used to directly drive electromechanicahters and 2-phase stepper motorg.

UJ
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€ ABSOLUTE MAXIMUM RATINGS

(T=257)
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 AVvDD -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) 400 mw
€ Electronic Characteristic Parameter
(T=25C, AvDD=5V, DVDD= 5V, CLKIN=3.58MHz )
. Measure| Min | Typical | Max )
Parameter Symbagl Test Condition ) Unit
Pin Value | Value | Value
1 Analog Power Current aJop Pinl 2 mA
2 Digital Power Current olop Pin3 1 mA
3 Logic Input Pins Pin2,
GO, G1, SCF,S0,S1, 9,12,
ACDC, /RESET 13,14,
15,16
Input High Voltage \"A AVDD=5V 2 V
Input Low Voltage i DVvDD=5V 1 vV
Input Capacitance o 10 pF
4 Logic Output Pins Pin23,
F1, F2 24
Output High Voltage Wh1 Ih=10mA 4.4 \Y
Output Low Voltage Y1 [L.=10mA 0.5 \Y
Output Current d1 10 mA
5 Logic Output Pins Pin22,
CF, REVP, 20,19
Output High Voltage Y2 ly==10mA 4 \Y
Output Low Voltage Y2 [L=10mA 0.5 \Y
6 On-chip Reference Vref AvVDD=5V Pinl10 2.3 2.5 27V
7 Analog Input Pins Pin 5,6,
V1P, V1N 7,8
V2N, V2P
Maximum Input Voltage Win +1 V
DC Input Impedance 330 Koh
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Input Capacitance 10 pH
8 Accuracy
Measurement Error o
Channel 1 and 2
Gain=1 ENL1 Pin22 0.1 0.4 %
Both Channels with
Gain=2 enLz | Full-Scale Signal ™ g,57 01| o4
+660mV
Gain=8 ENL8 | OveraDynamic |  pijn22 0.1 0.4 %
Range500 to 1
Gain=16 ENL16 Pin22 0.1 0.4 %
Phase Error betwegn
Channels
Channel 1 Lead 37 Pin22 0.1 0.3 %
(PF=0.8Capacitive)
Channel 1 Lags Pin22 0.1 0.3 %
(PF=0.5Inductive)
9 Start Current SrarT Ib=5A C=3200, Pin5 0.2%l A
cogh=1 b
\oltage Channel
Inputs+110mV
Gain of Current
Channel 16
10 Positive and Negative ENP | Vv=+£110mV,V(l)= | Pin22 0.4 %
Real Power Error (%) 2mV, co=1
Vv=£110mV,V(l)=
2mV, co®=-1
11 Gain Error Gain External 2.5V Pin22 +10 %
error | Reference,Gain=1
V1=V2=500mV
DC
12 Gain Error Match Pin22 0.2 1 %
13Power Supply Vaown | Power Supply vary Pin22 3.9 4 4.1 V
Monitor Voltage from 3.5V to
5V,and Current
Channel with
Full-Scale Signal

¢ TERMINOLOGY

1) Measurement Error
The error associated with the energy measuremeunle nbg the BL6503 is defined by the
following formula:
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Energy Registered by the BL6503- True Energy x100%
True Energy

Pencentage Error =

2) Nonlinear Error

The Nonlinear Error is defined by the following riaula:

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 no@lirerror 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 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) Gain Error

The gain error of the BL6503 is defined as theedéhce between the measured output frequency
(minus the offset) and the ideal output frequeticis measured with a gain of 1 in channel V1.
The difference is expressed as a percentage addéhéfrequency. The ideal frequency is obtained
from the BL6503 transfer function.

5) Gain Error Match

The gain error match is defined as the gain emunys 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.

6) Power Supply Monitor

BL6503 has the on-chip Power Supply monitoring BI&503 will remain in a reset
condition until the supply voltage on AVDD reacle¥. If the supply falls below 4 V, the BL6503
will also be reset and no pulses will be issuedbnF2 and CF.

¢ TIMING CHARACTERISTIC
t

s Sl

t4 ts
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(AvDD=DVDD=5V, AGND=DGND=0V, On-Chip Reference, CUK=3.58MHz, Temperature
range: -40~+8%C)
Parameter Value Comments

tl 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 %12 Time between F1 falling edge and F2 falkage.
t4 90ms CF pulse-width (Logic high). When the pougfow, the t4 is

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

t5 CF Pulse Period. See Transfer Function section.

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

Notes:

1) CFis not synchronous to F1 or F2 frequency utstp

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, Imaxthespeak values of the voltage signal and the
current signal; @ is the angle frequency of the input signals; thaseghdifference between the
current signal and the voltage signal is expreaséd Then the power is given as follows:

p(t) =V, COS@) X I, COS(M + )
If &=0:
u_ I
p(t) = %[“ cos(2wt )]
If & -+0:
p(t) =U . COSEt) X1, cOSEt + D)
=U . cos@t) x [I max COSEL) cos@) +1 .., sin(ax)sin(db)]
= U"‘E";I“W [1+cosRat)] cos) +U .| max COSEL) SiN(ct) Sin(@P)

= % [1+ cosQat)]cos@) + %Sin(ﬂd) sin(®)

= % cos) + ULZI"W [cos@at) cos) +sin(2at) sin(@)]

= U ma;l max COS@) + U ma;l max COSQ&I + CD)
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P(t) is called as the instantaneous power sigrad.ideal p(t) consists of the dc component and ac
component whose frequency i®2 The dc component is called as the average aptiveer, that
is:

P - U maxl max COS@)
2
The average active power is related to the cosahgevof the phase difference between the voltage
signal and the current signal. This cosine valuealted as Power Factor (PF) of the two channel
signals.
Pt &

R
NN AA

141 — L
(F1}

Figurel. The Effect of phase
When the signal phase difference between the w@ltagl current channels is more thaf, 30e
average active power is negative. It indicateauder is using the electrical energy reversely.

€ Operation Process

In BL6503, the two ADCs digitize the voltage sigh&lom the current and voltage transducers.
These ADCs are 16-bit second order sigma-delta afthoversampling rate of 900 kHz. This
analog input structure greatly simplifies transduneerfacing by providing a wide dynamic range
for direct connection to the transducer and alsopbfying the antialiasing filter design. A
programmable gain stage in the current channeéhdurfacilitates easy transducer interfacing. A
high pass filter in the current channel removes @nyomponent from the current signal. This
eliminates any inaccuracies in the real power dafimn 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 multiplicatad the current and voltage signals. In order to
extract the real power component (i.e., the dc anrept), the instantaneous power signal is
low-pass filtered. Figure 2 illustrates the instemgous real power signal and shows how the real
power information can be extracted by low-pas®fifty the instantaneous power signal. This
scheme correctly calculates real power for nonsiiglag current and voltage waveforms at all
power factors. All signal processing is carried iouthe digital domain for superior stability over
temperature and time.
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current analog to high pass
I —> sampling [ digital | " filter d'} : L » CF
igital .
multipli- low pass | integral digital to —» F1
) filter frequency
Itage analog to high pass caton — F2
Vo Iy
V—> sampling [ digital | " filter
Vinstantaneous real :
I instantaneous ... powersignal.._;

e power signal p(t). 4
A

pPO=it)*v(t)
v(t)=V*cos(wt)

AVl [ EEEEEES CEREEREE (EREEEE] EEREERER SRR i(t)=I*cos(wt) Py
/ p)="3~ [Lrcos(2wy)] .

> “t
t

Figure 2. Sgnal Processing Block Diagram

The low frequency output of the BL6503 is generatyd 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 frequency dence shorter integration time, the CF
output is proportional to the instantaneous realgro This is useful for system calibration
purposes that would take place under steady loaditons.

¢ VOLTAGE CHANNEL INPUT

The output of the line voltage transducer is cotetedo the BL6503 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 levétat can be
connected to the BL6503 Voltage Channel.

Vi Maximun input differential voltage
+660mV + 660mV

V2 >
-660mV

Maximun input common-mode voltagao
+ 100mV

Figure 4. \oltage Channels

Voltage Channel must be driven from a common-mamtage, i.e., the differential voltage signal
on the input must be referenced to a common mosieally AGND). The analog inputs of the
BL6503 can be driven with common-mode voltages pftes 100 mV with respect to AGND.
However, best results are achieved using a comnuoate raqual to AGND.

Figure5 shows two typical connections for Chann@l Yhe first option uses a PT (potential
transformer) to provide complete isolation from timains voltage. In the second option, the
BL6503 is biased around the neutral wire and ast@sdivider is used to provide a voltage signal
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that is proportional to the line voltage. Adjustitige ratio of Ra and Rb is also a convenient way
of carrying out a gain calibration on the meter.

RF
CT
n n ———{vep— |
CF
Ti 660mV $
RF
AGND -
< V2N
CF
. 1
Phase Neutral AGND AGND
° \<
|
Rb
AGND
"%
AGND rv £ 660MV
< Fvop |
+
Phase Neutral
AGND RF
V2N -
CF
Ra >> RF <~ $
_ AGND
Rb+Rv=RF e

Figure 5. Typical Connections for Voltage Channels

€ CURRENT CHANNEL INPUT

The voltage outputs from the current transducees @nnected to the BL6503 here. The
maximum differential voltage on Current Channeb24i660mV. The maximum common-mode
voltage is =100mV.

¢ Power Supply Monitor

The BL6503 contains an on-chip power supply monitfothe supply is less than 4%5% then
the BL6503 will go in an inactive state, i.e. noesgy will be accumulated when the supply
voltage is below 4V. This is useful to ensure cdrmdevice operation at power up and during
power down. The power supply monitor has built-ysteresis and filtering. This gives a high
degree of immunity to false triggering due to nasypplies.

The trigger level is nominally set at 4V, and thketance on this trigger level is about5%. The
power supply and decoupling for the part shoulgbeh that the ripple at VDD does not exceed
5V 5% as specified for normal operation.
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€ SLiM technology

The BL6503 adopts the technology of SLIM (Smart Lowrent Management) to decrease the
static power greatly. The static power of BL650&l®mut 12mW. It is half of the previous product
BL0955 (about 25mW ).This technology also decrefisesequest for power supply design.

BL65XX series products used 0.35um CMOS proces® idiability and consistency are
advanced.

4 OPERATION MODE

€ Transfer Function

The BL6503 calculates the product of two voltaggals (on Channel 1 and Channel 2) and then
low-pass filters this product to extract real powdgormation. This real power information is then
converted to a frequency. The frequency informatsoautput on F1 and F2 in the form of active
low pulses. The pulse rate at these outputs isivela low. It means that the frequency at these
outputs is generated from real power informationuawlated over a relatively long period of
time. The result is an output frequency that ipprdonal to the average real power. The average
of the real power signal is implicit to the digitatfrequency conversion. The output frequency or
pulse rate is related to the input voltage sigralsthe following equation. (use 3.58MHz
oscillator)

_ 834xV(v)xV(i)xgainxF,

2
Veer

Freq

Freq——Output frequency on F1 and H22)

V(v)——Differential rms voltage signal on Channel 1 (vplts

V(i) ——Differential rms voltage signal on Channel 2 (vplts

Gain——1, 2, 8 or 16, depending on the PGA gain selectisimg logic inputs GO and G1
Vref——The reference voltage (2.424v8%) (volts)

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

s1 S0 Fz(Hz) XTAL/CLKIN
0 0 1.7 CLKIN/2721
0 1 3.4 CLKIN/2720
1 0 6.8 CLKIN/2719
1 1 13.6 CLKIN/2718

€ Frequency Output CF

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

Mode | SCF s1 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 2048

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

instantaneous real power. As is the case with LR the frequency is derived from the output
of the low-pass filter after multiplication. Howayd&ecause the output frequency is high, this real
power information is accumulated over a much sidirige. Hence less averaging is carried out in
the digital-to-frequency conversion. With much les®raging 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

€ ANALOG INPUT RANGE
The maximum peak differential signal on Voltage el 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 sanaaimum signal level restrictions as V2P
and V2N. However, The Current Channel has a prograiple gain amplifier (PGA) with
user-selectable gains of 1, 2, 8, or 16. Thesesgtinilitate easy transducer interfacing. The
maximum differential voltage ist660 mV and the maximum common-mode signatid00
mV.

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

SCF| S1| SO0 | Fz

Max Frequency
of F1, F2 (Hz)

CF Max Frequency (Hz)

DC AC DC AC
1 0 0 1.7 | 0.72 0.36 | 128xF1,F2=92.16 | 128F1,F2=46.08
0 0 0 1.7 | 0.72 0.36 | 64xF1,F2=46.08 64F1,F2=23.04
1 0 1 34 | 144 0.72 | 64xF1,F2=92.16 64F1,F2=46.08
0 0 1 34 | 144 0.72 | 32xF1,F2=46.08 3%F1,F2=23.04
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1 1 0 6.8 | 2.88 1.44 | 32xF1,F2=92.16 3%F1,F2=46.08
0 1 0 6.8 | 2.88 1.44 | 16xF1,F2=46.08 18F1,F2=23.04
1 1 1 13.6| 5.76 2.88 | 16xF1,F2=92.16 18F1,F2=46.08
0 1 1 13.6| 5.76 2.88 | 2048<F1,F2=11.8K| 2048xF1,F2=5.9K

¢ Package Dimensions

1. DIP24
E1
[ [T i
i T T
I
; 3]
D
OO0l r]n
:
]
: e T ————————————— —p— — —— — . T
O I I
STIZE (faat)
STGH STIZE (mm)
MIN MAX MIN MaX
A aro 4310 0.146 0.170
A1 0.510 0.020
a2 3.200 3.600 0.126 0.142
B 0360 0560 0014 onzx2
B1 1.524(TYP) 0.060(TVP)
c 0.204 0.350 0.008 0.014
o 258250 29850 1.152 1.175
E 6.200 6.600 0.244 0.260
E1 7 EZO{TYE) 0.300(TVP)
e 25ATYR) 0A0TYP)
L 3.000 3800 0118 0.142
E2 2.200 9.400 0.323 0.370
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2. SSOP24
128(R.23 .
31R(8.07) 078¢1.99} ‘
‘ D68(1.73) o
, ‘ |
=TT - :
008(0.21)
_ 002(0.05) 041(1.03)
N2S6(0.65) TYD D25(0.63)

RARAAAARRARA f

212¢3.38)  311(7.90)
205(3.20)  .301¢7.65)

i

HUHHHHHHHH_J_M_L“

e 31510.38)
AN060,25}

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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