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Agenda

¢ Introduction to the AD7606 Data Acquisition System
e Key features and functions
e Design hints
e Typical applications

¢ ADI PLM demo

¢ Case studies
e Hardware related issues
e Software related issues
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AD7606 16 bit, 8 channel Data Acqwsmon System

Features Rel eas %Q,, AVCC REFCAPB REFCAPA
8 simultaneous sampling channels vt o} TomR} A } m_%. mo m
Single 5V supply operation e ——
+-10V +-5V bipolar input o Lo 33\:* AD7606 I vl
Analog input clamp protection wafy Lo %* qos2
1Meg Resistor input impedance wonad - . Lk* =
2"d Order Analog Anti-Alias Filter A Do xR e |
Flexible Digital filter gl SR g ke e [e—oT
2.5V reference and reference buffer| el - Lo e
Serial and Parallel interface. g © 0 Pl -

+ 64 lead LQFP Package : ¢ =1l L [ e L

Performance e I I I ovee

¢ 90dB SNR @ 200k AGND DGND CONVSTA CONVSTB RESET REGCAP

+ 96dB SNR @ 12.5k (digital filter)

+ 100mW Power + As per AD7606 except

+ INL +/- 2 LSB, 16 Bit NMC *4,6 channel

¢ Input Clamps to +-16.5V + As per AD7606 except

+ NFS/PFS Code 8 LSB @ 25 * 18-Bit S.E. / 18-Bit Diff

+ NFS/PFS Code 32 LSB max + As per AD7606 except * preliminary

* 14-Bit
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Single 5V supply

saves on negative Fewer Decoupling

Caps simplify PCB

1MQ Analog

supply rail : .
Inputs saves on design, improve
external buffers performance and
REGCAP C REFCAPB REFCAPA reduce BOM

2.5V
LDO

Fis Or;\_

LPF

5

v

AD7606 2

REF

SNR 96dB!

Input Clamp
protection
to + 16.5V

Y

ndadal

—16-BIT | www

SAR _Nmcimay [-PARALLEL/
FiLTER | | SERIAL
_'IINTERFM.‘-E

MUX
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@oiiﬁgtl-ahas oosd [T | UE +12 LSB <<
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L
2 ordh ||t CONTROL LOGIC
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O—C
AGND DGND CONVSTA CONVSTB RESET REGCAP

~Same power as
AD7656 - plus 2
more channels and
integration!

Digital Filter
64-ld LQFP

Package




AD7606 Front End Integration

+/-100V
>
50/60Hz

P XFmr

Using AD7656/ AD7656-1

+/-10V

3|IE

Previous PLM front end

M__l_

T

Passive OP1177

RC Filter

ADTE56
ADTE56-1

V1

Current PLM Front End

Using AD7606 - 1 Channel Shown

FOCUS: ONE INPUT CHANNEL OF AD7606

I
Over- :
I

I

| [
! |
: V1 | Voltage TMQ
| | : I{Protection [N\
| I
| R I ' 1| Over- fimmdAA/A
| Voltage IMQ

|

|

I
1|Protection|:
I

Overvoltage Protection

:Input will clamp to +/-16.5V

RrB

—AAA—

s

1%
—AAA

2nd ORDER
Low Pass Filter :>

40dB Attn
@ 100kHz

MUX

RrB
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AD7606 Analog input Clamps

+ AD7606 clamps to £16.5V in fault
condition.

¢ Input current must be limited to
+-10mA for fault voltages > +-
16.5V.

+ ESD performance on Analog
Inputs 7kV HBM

INPUT CLAMP CURRENT (mA)

8 8

AVee, Vprive = SV
Ta = 25°C

10

-15

=10

5 0 5 10 15 20 %
SOURCE VOLTAGE (V)

AD7606




Analog Iinput impedance

YA

3

AD7606 analog input
Impedance is fixed at 1 MOhm.

The input current (uA) required
to drive the AD7606 is fixed
regardless of Fsample.

Capacitive input - impedance is
dependant on the Fsample
As Fsample increases the

current required to drive the
analog inputs will increase.

Example shown where ADC X
iInput current is a function of
Fsample.

Regardless of Fsample the
AD7606 does not need an input
buffer.
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Input current vs Fsample
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—_ Ta
m  -10
=
=
5 -15 N
<
=z 20 |[+10v RANGE | 0.1dB | 3dB t\-
E -40 | 10,303 | 24,365Hz i
= 25 +25 | 9619 | 23,389Hz T
+85 | 9326 | 22,607Hz
=30 |5y RANGE | 0.1dB | 3dB
—40 | 5225 | 16,162Hz
—35 +25 | 5225 | 15,478Hz
+85 | 4932 | 14,990Hz
—4“ uw
100 1k 10k 100k 5
INPUT FREQUENCY (Hz) E




AD7606 Usmg external reference

AD7606 AD7606 AD7606
REF SELECT REF SELECT REF SELECT
REFIN/REFOUT % REFIN/REFOUT % REFIN/REFOUT %

FWUHF I—‘Lg 00nF EWUHF
ADR421 __.L

$D.1|.IF

(B4TGE-040

+Where absolute gain PFS error is important an external
reference should be used for multiple ADCs

¢ ldeal code = VIn/10V * 2715

¢ Actual code = Vin/10V * 2" 15*

¢ Choose atight tolerance reference with low drift when
absolute gain error is important.

| ANALOG L




AD7606 Using Internal reference

AD7606 } AD7606 AD7606
REF SELECT REF SELECT REF SELECT
REFIN/REFOUT REFIN/REFOUT % REFIN/'REFOUT %

Eﬂ]pF FWDHF EWDHF

+Where PFS error matching is important the internal ref on one
AD7606 can be used as the ref for other AD7606 devices.

¢ If the same reference is used for multiple AD7606 devices
ANY channel on ANY AD7606 device will always be within 32
codes of any other AD7606 channel (irrespective of
temperature)

0a478-038
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AD7606 Digital Filter

e Easy to use -> Pin driven
+0S52,051,0S0

e Oversampling ratio
* 2X, 4%, 8X, 16, 32X, 64X

e Digital Filter is a sinc filter
+ simply accumulates, averages and decimates

e Features of Digital Filter
+ Improves SNR by 3dB for every doubling in oversampling ratio
+ decreases thruput by 2X by every doubling in oversampling ratio
+ Reduces analog input 3dB bandwidth by increasing oversampling ratio

e AD7606 analog anti-alias filter, ADC and digital filter is the
complete Data Acquisition System.

; 7T F— [E—) — T T T '




Digital Filter

os SNR5VRange | SNR10V Range 3dBBW 5V Range | 3dBBW 10V Range Maximum Throughput
0S[2:0] | Ratio (dB) (dB) (kHz) (kHz) CONVST Frequency (kHz)
000 No OS 89 90 15 22 200
001 2 91.2 92 15 22 100
010 4 92.6 93.6 13.7 18.5 50
011 8 94.2 95 10.3 11.9 25
100 16 95.5 96 6 6 12.5
101 32 96.4 96.7 3 3 6.25
110 64 96.9 97 1.5 1.5 3.125
111 Invalid

EANALE G| |

+ SNR improves as OS rate increased

+ 3dB Bandwidth reduces
+ Maximum allowed CONVST sample rate reduces
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N AVgc = 8V AV =5V 4 : -
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Benefit of

0
AVce, Vprive = 5V
20 INTERNAL REFERENCE
- +10V RANGE
FsampLe = 200kSPS
—40 Fiy = 1kHz
16,384 POINT FFT
— 80 SNR = 90.17dB
a THD = -106.25dB
w
o] —B0
=
=
o -100
: ol
< _120 i}
-140
—160 N | [ L [ v LI L I LI
-180

0 10k 20k 30k 40k 50k 60k TOk

INPUT FREQUENCY (Hz)

No Oversampling
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B0k 90k 100k

Ja4ra-0m

AMPLITUDE (dB)

Oversampling

=10

-100
=110

120 |

=130
=140
—150
=160
-170
=180

AVce, Vprive = 5V
INTERNAL REFERENCE
+10V RANGE

FsampLe = 11.5kSPS

Ty = 25°C

Fiy = 133Hz

8192 POINT FFT

OS BY 16

SNR = 96.01dB

THD = -108.05dB

i

0 05

1.0 1.5 20 25 30 35 40 45 50 55
FREQUENCY (kHz)

Oversampling x 16

OE47031



HUMBER OF OCCURENCES

-

HO OVERS AMPLING
Fyampye = 200K5PS

AVgg = 5V
Voape = 25V

=
o

NUMBER OF OCCURENCES
- BB E BB BZ2BE

-3 -2 -1 0
CODE (LSB]

Figure 49, Histogram of Codes—~No 05 5ix Codes)

1400
OVERSAMPLING BY &
FaampLe = 25K5PS
1200 |AVee = 5V
Vorne = 25V
1000
800
600
400
200
a [F] o 2
-3 -2 -1 [}

CODE [LSE)

Figure 52. Histogram of Codes—05 » & {Three Codles)

HUMBER OF OCCURENMCES

1400
OVERSAMPLING BY 2
Fraupie = 100KSPS
1200 |AVgog =5V
Vigemes = 2.5V
o
#1000
=
¥
o B0
2
5 e
; 400
=
200
0 0 15
o
-3 -2 2
CODE (L3B)
Figure 50. Histogram of Codes—05 » 2 (Four Codes)
A S VERSAMPLING BY 18
Faamre = 12.5K5PS 1433
1200 | AVpg = 9
Yorve = 2.5Y
1000
800
£00
400
200
0 0 0
0
- -2 -1

CODE [LSB)

Figure 53. Histogram of Codes—05 = 16 {Two Codes)
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HUMBER OF OCCURENCES

1400

OVERSAMPLING BY £

Frampoz = SUKSPS 1262

1200 | AV = SV
Voave = 2.5V

-

g

NUMBER OF OCCURENCES

g &

0 0 19
-3 -2 - o 1
CODE (LSB)

Figure 51. Histogram of Codes—05 » 4 (Four Codes)

3

1800
OVERSAMPLING BY 32
FapmpLe = 6. 125K5PS
1400 | AN ge = 5V
Vorne = 2.5V
1200
1000
]
&00
400
200
¢] 5] 5]
0
-3 -2 -1 o 1

CODE [LSB)

Figure 54. Histogram of Codes—05 = 32 (Two Codes)
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DYNAMIC RANGE (dB)

100

98

S

w
k3

& 8 E & & 8

+10V RANGE — 1 =
— e ii"'"'_-
.--""f
/..-‘" +5V RANGE
"
_{;

AVeer Vorive = SV
Ta =25°C
INTERNAL REFERENCE
FsampLe SCALES WITH OS RATIO

OFF ©0S2 0S4 ©0OS8 0S16 0S32 0S64
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Current Interface Solution (AD7606-OS off)

500 us (2 ksps)

CONVST
BUSY 4us 4us
CSIRD ]
L _Data processing ) _Data processing
DOUT ] ) .

could be up to ~ 495 us processing time.

CONVST can idle high or low

All channels are read after the BUSY high time.
Depending on the number of ADC devices on the boards,

But with the AD7606, aread is allowed during conversion and

ANALOG




BUSY

DATA:
DB[15:0]

0647R-045




AD7606 over sampling solution

500 us (2 ksps) /OS X 64

CONVST ] | /

BUSY 319us ¢ 1319°us

c——— ] ————————————— [

DOUT [ Data processing ] Data processin
] )

CONVST rising edge could be used to trigger aread from the
AD7606 during conversion.

A read of all 8 AD7606 channels is ~ 240 ns.
CONVST rising edge will start a new conversion.

This method of using the AD7606 will have little effect on data
processing time.
It will yield benefits in noise performance and code spread.

ANALOG | | ' |
DEVI T — —— — p— | | -y —




Substation Automation Design Examples

¢ Purpose of examples
e Compare AD7606 versus traditional bipolar input ADC (ADC X)
e How to best use AD7606 analog and digital filters.

+AD7606
e 1Meg resistor input, impedance fixed with thruput.
e Integrated 2"9 order anti-alias active low pass filter
e Integrated digital sinc low pass filter

+ ADC X (other bipolar ADCs e.g. AD7656)
e Capacitor input, impedance varies with throughput
e No on chip analog anti-alias filter
e No on chip Digital Filter




e AD7606 -> using internal 2"d order active analog filter, digital filter

disabled (no external circuitry required)
e ADC X -> with external 2"d order RC

vin

AD7606

| Vi / 50 50

50

(' socx
N\

n
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Example 1: Need a 22kHz -3dB bandwidth

ADC X with external 2nd order RC -3
AD7606 with no external RC

2
o ADC X with 2"d order RC
iy 3db Freq = 22kHz
2 N 0.1db freq = 3.4kHz
-4 \\\ Attenuation @100kHz = -15dB
-8 \ \ AD7606 with internal filters
-10 \ 3db Freq = 22kHz
1o \ 0.1db freq = 10kHz
. \ Attenuation @100kHz = -30dB
-6 External R-C filter has
-18 attenuation in pass band.
-20
oo AD7606 internal filter is 2nd
\ order active which is optimised
-24 . .
\ for gain flatness in pass band
—26 and good roll off at higher
—28 frequencies.
P00 le3 led le5

— freq, from 100 to 100000 by 10, Hertz

Daue W — T R R —
B bl L L I T T 1T | | L




¢ AD7606 -> using internal 2"d order active analog filter and internal

digital filter enabled (OS 16)
e ADC X -> with external 2"d order RC

vin

AD7606

| VIT/ 100 100

100

(' socx
\

n




Example 2: Need a 5. 5kHz -3dB bandwidth

ADC X with external 2nd order RC -3
AD7606 OS 16

° ADC X with 2nd order RC
-3 N 3db Freq = ~5.5kHz
-10 \ \\ 0.1db freq = 830hZ
45 \ .\\\ Attenuation @100kHz = -35dB
\ '\
-20
e ‘ \\ AD7606 with internal filters
\ 3db Freq = ~5.5kHZ
~30 \ 0.1db freq = 1100hZ
-35 \  Attenuation @100kHz = -55dB
-40
a5 AD7606 digital filter reduces
3dB frequency and improves
S0 _ SNR.
-55
_60 1 For more rejection align
65 CONVST sample frequency on

divisions of internal sampling

—70 frequency (200ksps). This
-75 example optimum is 12.5kHz
. _ (200k/16)

100 1le3 le4 le
freq., from 100 to 100000 by 10, Hertz ”
.Ilikl.‘iiiﬂ-ﬂ-—dn_i 7 Fr— —) [— T — — l“_i_uJ-ﬂ-i I.i#..‘.".l‘llﬁ.l




Example 3: Need a 550hZ -3dB bandwidth

¢ AD7606 -> using internal 2"d order active analog filter, internal
digital filter enabled (OS 64) and external 15t order RC

e ADC X -> with external 2"d order RC

vin 100

1uF —/——

vinghd —— 100

| VI 1k 1k




Example 3: Need a 550hZ -3db bandwidth

ADC X with external 2nd order RC -3

AD7606 0OS 64 with external 1st order RC

0 |

N

\

V4

-95

-100

-105

-110

100

I freq, From
[ | I I I

1e3
100 to 100000 by 10, Hertz

led

1 T

ADC X with 2" order RC

3db Freq = 550hZ

0.1db freq = 80hZ

Attenuation @100kHz = -75dB

AD7606 with internal filters
3db Freq = 550hZ

0.1db freq = 80hZ

Attenuation @100kHz = -110dB

AD7606 digital filter reduces
lowers 3dB frequency and
improves SNR.

For more rejection align
CONVST sample frequency on
divisions of internal sampling
frequency (200k). This example
optimum is 3.125kHz (200k/64)

PR R — e

le5




ADC X needs an opamp per analog input

e AD7606 gives a better filter response
+ More gain flatness in pass band for wide bandwidth applications
+More anti-alias rejection at higher frequencies

e How to improve filter response of ADC X

+ Increase external filter to 3" order,
e More attenuation in pass band using 3" order RC.

e Need to be careful with ADC X, external R impacts acquisition time, charging input
cap. Can also affect distortion.

e Need to switch to active filter -> Which means using an op-amp

e Sample at higher frequency
+ ADC X analog impedance varies with throughput.

o ISampling at 100ksps requires an op-amp on the analog input as impedance is
ower

e Op-amp
+ Need dual supplies on the board for the op-amp.
+ Op-amp adds noise, power, offset and gain errors and drift to the system.

¢ Increased BOM Cost (8 op-amps) and design challenge to obtain best
performance




AD7606 vs Competition

1 Mohm input impedance and Integrated input amplifier
Fixed analog input impedance regardless of Fsample.
+16.5V input over voltage protection

Integrated AA Filter and Digital Filter

AD7606 AA and Digital filter eliminates the need for complex
external filtering circuitry

Wide Dynamic range with Digital Filter
Up to 98 dB dynamic range
Superior INL, THD and power specifications

AD7606 is 33% smaller board solution and 83% cheaper
decoupling solution compared to competitor 8 channel
solution.

Pin compatibility from 14 to 18 bits.

ANALOG .
A : 1] i ——— L i . | | | | | |
C Dofvics | T ————




amily of DAS Solutions

Single- True Number of

Ended Differential | Simultaneous
Resolution | Inputs Inputs Sampling Channels
18 Bits AD7608 AD7609 8
16 Bits AD7606 8

AD7606-6 6

AD7606-4 4
14 Bits AD7607 8




Function
Converter Evaluation Generator

)
~ 3 &) ) ) @
& Development Board DRRRE

Power Supply:
+7.5vDC @ 2A
(Provided)

High-speed USB 2.0
cable (provided)

PC Running Windows
2000 or XP with 1 free
USB pnrt

ANALOG |

ADC Evaluation Board




Layout Guidelines

CNO0148 - Layout Considerations for an Expandable Multichannel Simultaneous
Sampling Data Acquisition System (DAS) Based on the AD7606 16-Bit, 8-Channel

ANALOG
DEVICES

Circuit Note
CN-0148

Circuits

Circuit Designs Using Analog Devices Products
Apply these product pairings quickly and with confidence. | AD7606-6

" For more information and/or support call 1-800-AnalogD
from the Lab (1-200-262-5643) or visit www.analog.comfcircuit.

Devices Connected/Referenced

8-Channel DAS with 16-Bit, Bipolar,
AD7606 Simultaneous Sampling ADC

G-Channel DAS with 16-Bit, Bipolar,
Simultaneous Sampling ADC

4-Channel DAS with 16-Bit, Bipolar,

ADTS Simultaneous Sampling ADC

Predsion, Low Moise XFET® Violtage

ADR421 rence

Layout Considerations for an Expandable Multichannel Simultaneous Sampling
Data Acquisition System (DAS) Based on the AD7606 16-Bit, 8-Channel DAS

CIRCUIT FUNCTION AND BENEFITS

In power line measurement and protection systems, there is a
requirement to simultaneously sample large numbers of current
and voltage channels of multiphase power distribution and
transmission networks. In these applications, the channel count
«can vary from as few as six channels to greater than 64 channels.
The AD7606 8-channel data acquisition system (DAS) with
16-bit bipolar simultaneously sampling SAR ADCs with on-
chip overvoltage protection greatly simplifies signal condi-
tioning circuitry and reduces the overall parts count, board

real estate, and cost of the measurement and protection board.
Even with its high level of integration, each AD7606 requires
only nine low value ceramic decoupling capacitors.

In measurement and protection systems, simultaneous

sampling capability is needed to maintain the phase informa-
tion between the current and voltage channels on multiphase
power line networks. The wide dynamic range capability of the
ADT606 makes it ideal for capturing both under voltage/current
and over voltage/current conditions. The input voltage range is
pin-programmable for either +5 V or £10 V.

This circuit note describes details of the recommended PC
board layout for applications using multiple AD7606 devices.
The layout 15 optimized for channel-to-channel matching and
part-to-part matching and will help reduce the complexity of
calibration routines in high channel count systems. The circuit
provides the ability to use the AD7606 2.5 V internal reference

i

:

two devices yields a level of integration, channel density, and
accuracy that is unsurpassed in the industry.

CIRCUIT DESCRIPTION

The AD7606 is an integrated, 8-channel data acquisition system
with input amplifiers; overvaltage pratection; second-order
analog antialiasing filters; analog multiplexer; 16-bit, 200 kSPS
SAR ADC; and a digital filter—all inchuded on-chip. The cirouit
shown in Figure 1 consists of two AD7606 devices configurable
with the ability to use cither the internal 2.5 V reference or an
external 2.5 ¥ ADR421 reference. When the REF S8ELECT pin
15 connected to a logic high, the internal reference is selected.
‘When the REF SELECT pin is connected to a logic low, the
external reference is selected.

The power supply requirements are as follows: AVec =5V,
Veave = 2.3 V to 5 V (depending on external logic interface
requirements).

This circuit note describes the layout and performance

of an evaluation board that contains two AD7&06%,

making a 16-channel data acquisition system. Complete
16-channel DAS PC board documentation is available at
www.analog.com/CN0O148_PCE_Documentation.
Symmetrical layout around the analog input channels and
device decoupling is important for good channel-to-channel
matching and part-to part matching. Data is shown to support
the matching performance obtainable with the 16-channel ADC




Decoupling for the AD7606

REFIN/REFOUT, REFCAPA, REFCAPB and REGCAP pins are
critical caps for the AD7606 performance.

Ideally these caps should be placed on the same side of the
board as the AD7606 device. 0;3"3 AN

% Lf? \
Analog Inputs

Multiple vias
to connect to
GND plane

Parallel Bus

Low impedance
path to GND -
Pins grounded
to the north and
south of pin

ANALOG
Ll DEVICES
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Bottom layer decoupling for the AD/7606

Use the bottom layer for power supply decoupling caps.
AVCC and VDRIVE decoupling located on bottom layer.

Can share
decoupling
cap if placed
close to pins
(37,38)

Multiple vias
used to
connect to
the supply
track/plane

ANALOG
Ll DEVICES
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Power Supply routing

Use large traces for the
supply tracks.

Ideally use a power plane.

Layer 3 is dedicated to
supply and reference
routing and also ground.

AVCC supply runs to the
right of the device.

VDRIVE track runs to the
left of the device.

Reference ADRA421 is
located between Ul and
U2.

The reference voltage
track runs north to Ul and
south to U2

ANALOG
DEVICES
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Grounding for the AD7606

Use large area ground planes for low impedance return paths.
Dedicate at least 40 % of connector pins for ground.

In a 4 layer board, at least one layer should be dedicated for
the ground plane.

In a greater than 4 layer board multiple layers should be
dedicated for ground planes and these should be evenly
distributed throughout the layer stack.

Layer 1. components, signal
routing and grounding

Layer 3: power/ground plane and
ref routing

Layer 4. signal routing and
soldering

—




16 Channel Histogram

Optimised Channel to Channel Matching

Histogram Graph Final
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Smart Grid Applications and Trends

Transmission &
Distribution:

e Increasing grid measurement &
control

e New vs. upgraded infrastructure
e Advanced sensing technologies

Smart Meter:

e Communications — RF or PLC
e Flexibility vs. cost

e High regional variation

Solar/Wind Enerqy:

e Central inverters vs. micro
inverters (solar)

e Government subsidy
dependence

e Energy storage

“Smart Grid”

Transmission ,....‘__l -
Suhsh:l’rian
=

Distribution
Substation

() DISTRIBUTION

BDISTRIBUTIDH
AUTOMATION
DEVICES




Power Line Monitoring Market
- Voltage Segments

Voltage Classification Front-end Processor
level Needs Needs

4 N N N D

Category

/ Fast response \
Minimal latency
Power Bus Functionally the
Mid-End <110 kV, same as high-end, Floating point &
Monitoring Reduced performance Fixed Point math
VOItageS >3 5kV compared to high-end
) Multiprocessing in
\ / \_ ) K / k / \ some cases /
-~ )
Power Line 4 A h
. . Multiplexed 14/16 Typically Fixed
I\‘/O‘;\; End =35 KV | bit-ADC Point DSP
oltages / Protection Connectivity
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Substation Automation

+ Power grid — becoming more complex
e Developing economies, upgrading, SMART grid

+ Higher kV transmission

¢ Customers require increased monitoring and protection
e Continuity of supply
e Power Quality -
e Fault Detection e.g. Lightening strikes e ﬂ H H ..'5.1”5”*.]
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“Relay Protection & Measurement” - 35kV to 500 kV
+ Preserve phase information — time stamp data
+ Sample | & V to capture over/under | & V conditions.
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+ 16 bit resolution requirement to provide wide dynamic /\\/W\ o

over/under Current and Voltage conditions AVARN HRanon .;;‘3 =y

+ Bipolar ADC capability Faul E =
Event
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channel sample with voltage and current
monitoring of neutral line
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Next-Gen
AD7865 ‘ Concepts
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Analog Front Ending Circuit

Topology 1 Pro: most popular, :

simultaneous sampling
Con: ->cost high, moré
components

+/- 10V
+/- 5V

PT/CT
£

AD7656 !
AD7865 !

Pro: cheap, less components

Topology 3 Con: not simultaneous -> not
+-10V suitable for some application,
+- 5V reliability issue, phase delay

PT/CT =
£ AD7685

Bl sl

Topology 2

CT——

Topology 4

€ +-5V

PTICT —
£

relative cheap

Con: not simultaneous -> not
suitable for some application,
additional error caused by MUX.
phase delay

AD7685

Pro: single chip — least components

Simultaneous sampling, single +5V

power supply, OVP feature, optional
digital filter...

Industry next
standard
solution




Typical application in power

Fault protection

Over current protection

Under/Over voltage protection

Frequency deviation detection and protection
Unbalance/phase sequence error protection
Earth-fault detection and protection

u
u
u
u
u
u

Power quality monitoring
Current/Voltage RMS value measurement
Frequency measurement

Harmonic content measurement
Active/Reactive power measurement
Power factor measurement

Fault record

Substation device status online diagnose

C 0O 0O 0000 D
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Main Challenges & System Considerations

¢ Robustness and reliability

+ Wide signal dynamic range and high system accuracy

¢ Multi-channels measurement

¢ Variant system communication and synchronization interface
¢+ Challenge from IEC61850

¢ Cost sensitive in some low/middle voltage application
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Select the ADC for power line application

2 High resolution (>=14 bits ADC) w — A

\|
§

. 2 —f
2 High accuracy o
Good DC performance 4
INL, DNL typical value below 1 LSB
Small gain and offset error
Good AC performance
Low distortion (THD < -80dB)
High SNR and SINAD

/

\ /I
N /

[ s 5 i ). |
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2 Multi-Channel with min. channel to channel difference and high
channel to channel isolation

2 High sample rate
2 High input signal range (+/-10V; +/-5V; +/-2.5V)...

1 High PSRR...

ANALOG |




Select OPAMP for 'power line application

2 High open loop gain (>100db)
o Low Vos (<500uV) and low Vos temperature drift

2 Low Input bias current (Ib < 2nA, los <1nA)

POSITIVE SUPPLY

0 Low noise (<20nV/\Hz and 1/f Vp-p< 1uV)

2 Big power supply span (>=24V)

a ngh CMR’ PSR (>100db) NEGATIVE SUPPLY

2 Input voltage rang, no output phase reversal

2 Unity gain stable

ANALOG = |
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Select the voltage reference for power line
application

2 High initial accuracy (0.1%)

2 Good temperature coefficient (below 3ppm)

2 Small time drift

o Low noise

2 Drive capacity (6mA, 10mA...) for multi-components
2 Load/Line sensitivity

o Low output impedance %

1 High PSRR




AC/DC
110Vv/220V

+/- 10V
+/- 5V

PT/CT:

AC/DC

= i
DIDO | | t DAC
solation
ADI Proposal
Amplifier ADC Reference Processor Isolation Interface Power Management DAC

Bipolar Simultaneous Voltage Fix point DSP Power Isolation | RS485 LDO +/-5/10V & 4~20mA
OP2177/4177 | AD7606/7607, reference | ADSP-BF512 ADuM5000 ADMA4S7E ADP125 output
ADA4077-2, Non-Simultaneous | ADR43x )
Single Supply| AD7327/7323 ADR34xx AIDSP BI.:518 Signal Isolation RS232 AD:D.1612’ADP2301
AD8606/8608 | AD7490, AD7927 ADSP-21489 Isolated CAN | ADP5034

Metering AFE ADM3053 Power supervisor

ADE7878 ADMG6710
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Internal ADC solution

AC/DC

110Vv/220V

3t

Fmmmmmmm e e e e e e e e e M e — e — o

AC/DC

Power Management

Amplifier Reference Processor Isolation Interface Power Management DAC
Single Supply Voltage Fix point DSP Power Isolation RS485 LDO +/-5/10V & 4~20mA
AD8602/8604 reference ADSP-BF506F ADuM5000 ADMA487E ADP125 output
AD8606/8608 ADR34xx ADuM54xx ADM2587E DC/DC AD5422
AD8618
ADB8666 ARM Signal Isolation RS232 ADF.1612’ADP2301

ADuC702x ADUM141x ADMB3251E Multi-output (PMU)
Isolated CAN ADP5034
ADM3053 Power supervisor
ADM6710
ALOG |
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Monltorlng (PLM)
eference Design
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AD7606

DSP
processing
GOOSE/SV
/IEEE1588
FFT

FIR filter

EBIU

Link Port
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uClinux
/IEC-
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SYSTEM CONTROL

System Protection
(SPL)

Dual CRC

Dual Watchdog

Events & Faults (SEC)

Trigger Routing (TRU)

BF CORE O

BF CORE 1

L1 SRAM

148kB + Parity

L1 SRAM
148kB + Parity

A A

\4 \ 4

]

System Debug (SDU)

Watchpoints (SWU)

System Crossbar and DMA Subsystem

ADSP-BF607/6 Block Diagram

[ Part of Safety Concept

PERIPHERALS

2x TWI

8x Timers

1x Counter

1x CAN

\ 4

2x UART

Reset Control (RCU)

Power Management
(DPM)

v

$d

L3 MEMORY INTERFACES

Clock Generation (CGU]

Thermal Diode

NALOG
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L DEVICES

DDR2
LPDDR1

ASYNC
(SMC)

{s

$d

L2 MEMORY

L2 SRAM
ECC

256kB BF607
128KB BF606

L2 ROM
32kB

A

\ 4

\ 4

2x SPI

3xX SPORT+ACM

v

1x EMMC/RSI

v

3x ePPlI

Y

4x Link Port

A 4

2x EMAC 1588

INId X9 + OIdD XZTT

1x USB OTP MP
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A picture of PLM demo (BF606)
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Picture of DSP/ADC board

5P NOR DDRZ?
AC input FRAM FLASH FLASH DI Do BF60x

------

.......

...................

12V DC
LCD
|moos e == : R ] FPGA
kE}fﬂad I - 51 3 s . . g ; : i-::-l:ﬂiﬁzlrzlﬂqul” il
reset
FPGA Confiy
RTC
FPGA AS
BF60x g A ':qh ——1 e : -
- E L - - - 3 r L iy
JTAG i L'm | ! Im;'.:;._ i'rl'FrH'luI‘ 'I-.{IHI'I:FI ﬁ '_‘ 1l o FPGA ITAG
BFG0x
Boot ETH3
Mode
RS232 -USB
R%232 USE CAN R5489 ETHD ETH1 ETHZ HAND FLASH
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PLM Reference Design (CPU parts)

PF

DDR2

128MB

SDRAM

NAND P PSM
Flash
Nor Flash > Coms
RAM
LED ¢ EBIU
20 Ch Input s -
20 Ch Output <Gumm
FPGA
BF606
‘ Linkport
e

HANALE G| |

PPI
— — — —

TFT- LCD
640*480

_ UART

A
A

| RS485

12C

A 4

Ethernet

KeyBoard
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Software structure on BF606

/—EFEEE

MMS Server Application

Other Apps......

SISCO MMS-Lite Library

LDI Aplication
Framework

LDI Run-time Environment For BF60x

CDILAF R {2 BF6OX NI ROEE
RHR/HZEN |, ECore# 1{UTTHERY
KX J3uCLinux OS TFRIPIHZIEED |,
fECore#2{{F I 5—EHFea/NF

N H= X5,
POSIX.1-2001 E45%iEH I
r—giﬁﬁﬁ . YN
BF60x uCLinux OS I
|
Core Data Ineter |
uCLinux HW Drivers Change Layer .RW Chip Run-Time Env
(CDIL) :
|
|
|
|
Core#l . Core#2
BF60x Hardware Platform
\




Software Code onBF606 .

» NN IER
- BITOBRTNRER
- CANOERARIZF
- BEE(ERLERETRINIZERF
- P4 OB ERF
- LED¥ZHIMIX T2 Fr
- EHWatchDogilliX 2R

i J.‘_\l. ¢Aﬁ:
- HERENFRIEEINIERGE (RIPEERRE. BRSO E X LHAE
??EETI&IJ'#)
- IEC61850 MMSHRZZ#RsCE
- GOOSE Publ ishScIR
- ¥r/EBIModbus Master/SlaveSCIf

- WETESE4EIFARSS (FTik)




BF60x Dual-Core Portfolio Summary (prelim)

BF607

BF606

Industrial
& GP

Industrial
& GP

500

400

148K/core

148K/core

256K (Ecc)

128K (Ecc)

External Memory:
16-bit DDR2-500

3x ePPI
(Camera/LCD/Parallel)
USB2.00TG HS multi-pt,
CAN2.0, 2x Ethernet
(w/1588), RSI/EMMC,
6Xx ¥2SPORT, 2x SPI,

2x UART, 2x PWM,

4x Link Port

19x19mm
0.8p
CSP-BGA

85°C
70°C

85°C
70°C



AD7606 Functional Block Diagram

FUNCTIONAL BLOCK DIAGRAM
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Key features on new PLM design

¢Dual-core processor (400/500MHz per core);

e The Blackfin core-A -- OS (uClinux);
e The Blackfin core-B — GOOSE/SV/DSP processing;

+Supporting 2 Ethernets port on-chip;

e Two independence MAC address;

+Supporting IEC61850 protocol,
+0One-Chip solution (OS and DSP in single BF606);

+Supporting up to 16-Chs Simultaneous
Sampling ADCs (16-bit/16Chs ADC — AD7606);

+Supporting IEEE-1588v2 (optional);
¢Supporting TFT-LCD (optional);
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Software tools for PLM solution

+ADI/NTICCES 1.0.1 FEIFEE:

oUbuntu 10. 043FEE  (LinuxéRIZFTFEE) .

+Bui ldrootEFl 48
oA X %k bfin-toolchain
eUboot
eUCLINnux kernel 3.3.0 + ulmage/rootfs

oMMS Lite E{Fa;

- ANALOG | — T —— —
“ﬁ% — T e — — T —— “




File Actions

Options

- [dQ 19
= Addre

- T= Data
==

..
- | -
e | i [

—
4

®
g BEEEA

+

Update Report

+IIPI.InI-IJ
+ DS Data

Help

(& OpenSCL = ESaveSCL Q Discover + « Check Model = G Goose Dut G€

[B] Messoges MMININEIIT Ml Al

| ﬂ Data Wisw

File Edit

Help

Tros Evpansion Level [0

File Edit Help

132,168 61.105: Iniiate Rezponze, status SLCCESS

192162 E1.105: Requasting daman gobal names for Serer
132.16861.105: GetM zmeList iezponse; domain global names for Server
132.168.61.105: Requesting named anatle rames for Logical Device TEMPLATEER
132.168.61.100: GetM amelist iesponse; namedy aiiable names for Logical Device TE
192 1E2E1.105: R equesting narmedWanable rames for Lagical Deviee TEMPLATERF
13216861105 GetM ameList iesponse; namedY anable narmes far Lagical Device TE
LLMO.RP.urcbkeaszure01.IntgPd
192.16851.105: Regquesting namedY aniable rames for Logical Device TEMPLATEBR
132,168 61.105: GetMamelist iesponse; namedyanable narmes for Logical Device TE
LLM0.RP urcbheazureld RptD
132165 61,105 Requesting namedy ariable rames for Logical Device TEMPLAT EGH
192 1B2E1 . 105: Geth zmelizt iezponse: namedWariable narmes for Logical Device TE
WE T b1, CF PF. pheC nitz
132.168.61.105: Requezting namedy ariable rames for Logical Device TEMPLATEER
132.16861.105: GetM amelist iesponze: namedY anable names for Logical Device TE
ME T CF W pheB units
132,168 61.105: Requesting namedy anatle rames for Logical Device TEMPLATEBR

MET W= M phel. instCYal mag f
132168 61,105 Requesting namedy ariable rames for Logical Device TEMPLATERR
13216861105 GetM ameList iezponse: namedyaniable narmes for Logical Device TE
M E Tr b=l M= PHW. phizd. chval
192 1ER E1.105: Requeszting namedy anable rames for Logical Device TEMPLATERE

132.168.61.105: Requesting named anatle rames tor Logical Device TEMPLATEER
19216861, 105: GetM amelist imsponse: ramedyanable nares for Logical Device TE
FEYFIPTOCT.DC. MamPlt. confaF ev
13216861105 Requesting namedy anable rames far Logical Device TEMPLATEBR
FBGGICT.CO.SPCS0058 Oper.onigin.oildent

192 162E1.105: GetM zmelizt iezponse: namedvariable narmes for Logical Device TE

[la ) L Bl B nlm sl L ] -

132.16861.105: et amelizt iezponse: namedYarniable narmes for Logical Device TE.

19216861105 Geth zmelist iesponze: namedyariable nares for Logical Device TE

-

-
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+SCH of PLM Ref. design; W

+PCB of PLM Ref. design:; "‘Ia,,
¢Drivers on BF60X:

+Stack on BF60Ox (TCP/IP, GUI, FAT32...);

+Materials in Chinese (F3r&H)
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o ADI B RO EE: 4006-100-006 (24/)NBF[EIE)

o B S H ALY B AR T H: china.support@analog.com

o IRARSCHERDSPH R FF: processor.china@analog.com

o ADIHCE: http://www.analog.com/zh/index.html

o ADI YE AR SZ RO P

http://www.analog.com/zh/content/ADI_CIC index/fca.html

+ ADIFE AR5 http://bbs.ednchina.com/ADI/

+ ADI BRI IR (FEIE) : http://ez.analog.com/index.jspa
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