ACMe (AC Meter) Safety Review Documents
3/31/2010

Steven Lanzisera, LBNL, smlanzisera@lbl.gov
Fred Xiaofan Jiang, UC Berkeley, fxjiang@eecs.berkeley.edu

Overview of safety evaluation request:
LBNL and UCB are performing joint research on the energy use of miscellaneous and electronic electrical loads in residential and commercial buildings. The ACMe device is a wireless AC power meter developed at UC Berkeley and redesigned for the purposes of this study to improve safety and reliability (see figure 1). We plan to deploy approximately 500 of these devices at LBNL in B90, and we further plan to deploy devices at offsite locations. We would like EH&S electrical safety approval to use these devices on the LBNL site. Because of the large number of devices planned for field use, we would like to submit one device for review and be granted approval to use identical devices without individual approval. 
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Figure 1. Photograph of ACMe device

The ACMe device has been tested in a laboratory setting in the following ways:
· Device functionality: we have determined the submitted device performs as expected
· Electrical continuity of power and ground connections
· Electrical isolation between power and ground connections
· High load thermal performance: device has been exposed to >12A constant current for >1hour without significant heat build up
· Burn in testing: device subjected to 75W load for >24 hours without issues

Summary of important device characteristics:
· Internal power consumption <0.5W (not including resistive loss due to high load current)
· Maximum internal dissipation due to load current < 2W
· Fuse dissipates less than 1.5W (datasheet)
· Copper traces dissipate less than 0.5W (calculation)
· Less than 50°C temperature rise expected at 15A
· Dissipation due to terminal connectors not included
· 15ARMS maximum current (limited by 15A fast acting fuse with ᴙᴜ (US) file number E20624)
· Flame retardant ABS plastic housing (UL 94V-0)
· Plastic housing secured closed by 4 screws
· ACMe main board manufacturer by Advanced Circuits 
· Advanced Circuits UL certification for their manufacturing process E122342
· Board produced on FR4 with min. trace width/space of 0.006in (0.15mm) (UL Type M4)
· 2 oz copper (2.8mils, 0.07mm thickness)
· Epic daughter board
· No direct connection to line voltage
· Very low power consumption (< 0.1W peak)
· Board produced on FR4 with min. trace width/space of 0.004in (0.10mm) (UL Type MSA)
· 1 oz copper (1.4mils, 0.035mm thickness)
· Internal power supply rated for up to 1A at 5V (<100mA input current at 120VAC)
· Live line voltage connected to only seven components by design (see bill of materials)
· Neutral line voltage is used as reference (electronics ground) throughout design 
· Earth ground is isolated from components but provides connectivity between outlet and load
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Figure 2: Interior photo of populated ACMe with major components labeled



Schematic of ACMe x2 Rev C. 
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Bill of Materials 
The following table shows all of the components that are used in the ACMe. Parts shown in red directly contact the live line voltage (120VAC). Other components connect to the neutral line voltage, but voltages >5VDC are not expected to be across any pair of terminals on any devices not shown in red.  
	ITEM
No.
	CUSTOMER P/N
	QTY 
	REF
	DESCRIPTION
	VALUE
	PACKAGE
	MFR.
	MGR. P/N
	Device Documentation

	1
	ADE7753ARSZ-ND
	1
	ADE7753    
	IC METER 20-SSOP
	 
	SSOP20
	Analog Devices
	ADE7753ARSZ
	http://www.analog.com/static/imported-files/Data_Sheets/ADE7753.pdf

	2
	399-1249-1-ND
	3
	C1, C3, C6
	CAP .10UF 50V CERAMIC X7R 
	100n
	C1206
	Kemet
	C1206C104K5RACTU
	http://www.kemet.com/kemet/web/homepage/kechome.nsf/vapubfiles/F3102_X7R.pdf/$file/F3102_X7R.pdf

	3
	PCE3310CT-ND
	1
	C2
	CAP 220UF 6.3V ELECT VS SMD
	220u
	
	Panasonic - ECG
	ECE-V0JA221WP
	http://www.panasonic.com/industrial/components/pdf/PIC_VS_SERIES.pdf

	4
	478-1625-1-ND
	2
	C4, C5
	CAP CERM 10UF 10% 10V X7R 
	10u
	C1210
	AVX Corporation
	1210ZC106KAT2A
	http://www.avx.com/docs/Catalogs/cx7r.pdf

	5
	PCC1762CT-ND
	4
	C7, C12, C15, C16
	CAP .1UF 16V CERAMIC X7R 
	0.1uF
	C0603
	Panasonic - ECG
	ECJ-1VB1C104K
	http://industrial.panasonic.com/www-cgi/jvcr17pz.cgi?E+PZ+2+ABJ0001+0+WW

	6
	PCC  1834 CT-ND
	4
	C8, C9, C17, C19
	CAP 33000PF 50V CERM X7R 
	33nF
	0805
	Panasonic - ECG
	ECJ-2VB1H333K
	http://industrial.panasonic.com/www-cgi/jvcr17pz.cgi?E+PZ+2+ABJ0001+0+WW

	7
	P11186-ND
	1
	C11
	CAP 560UF 10V ELECT FC RADIAL
	560UF
	E5-6
	Panasonic - ECG 
	EEU-FC1A561
	http://industrial.panasonic.com/www-cgi/jvcr13pz.cgi?E+PZ+3+ABA0022+EEUFC1A561+7+WW

	8
	PCC220CNCT-ND
	2
	C13, C14
	CAP 22PF 50V CERM CHIP SMD
	22p
	0805
	Panasonic - ECG
	 ECJ-2VC1H220J
	http://industrial.panasonic.com/www-cgi/jvcr17pz.cgi?E+PZ+2+ABJ0001+0+WW

	9
	 PCC1849CT-ND
	2
	C20, C21
	CAP 1UF 16V CERAMIC Y5V 
	1uF
	0805
	Panasonic - ECG
	 ECJ-2VF1C105Z
	http://industrial.panasonic.com/www-cgi/jvcr17pz.cgi?E+PZ+2+ABJ0001+0+WW

	10
	CSA-1VG-SO
	1
	CSA-1V      
	single-axis hall effect sensor
	 
	SOIC8
	 
	CSA-1VG-SO
	http://www.gmw.com/magnetic_sensors/sentron/csa/CSA-1.html

	11
	1N5819DICT-ND
	1
	D1
	 40V 1A DIODE SCHOTTKY 
	 
	DO41-10
	 Diodes Inc
	1N5819-T
	http://www.diodes.com/datasheets/ds23001.pdf

	12
	EPIC-CORE_A
	1
	EPIC
	EPIC-CORE_A
	 
	EPIC-LCC68
	 
	 
	Custom component

	13
	POWER SUPPLY
	1
	GND, NTL, PHA, VCC, VCC5
	Power Supply
	 
	WIREHOLE-SMALL 
	 
	 
	Same power supply as in Apple USB Power Adapter

	14
	 
	1
	JP3
	Standard 2 pin connector
	 
	1X02
	 
	 
	 

	15
	240-2389-1-ND
	1
	L3
	FERRITE 1.5A 40 OHM 0805 SMD
	 
	0805
	Steward
	MI0805K400R-10
	http://www.steward.com/web_info/CADPrints/Sales/MI0805K400R-10.pdf

	16
	404-1017-1-ND
	1
	LED1
	LED RED 0805 SMD
	Red Clear
	CHIP-LED0805
	Stanley Electric Co
	BR1112H-TR
	http://www.stanley-components.com/en/search/pdf_download.cfm?pdf_file=1112h_e.pdf

	17
	404-1021-1-ND
	1
	LED2
	LED GREEN 0805 SMD
	Green Clear
	CHIP-LED0805
	Stanley Electric Co
	PG1112H-TR
	http://www.stanley-components.com/en/search/pdf_download.cfm?pdf_file=1112h_e.pdf

	18
	404-1028-1-ND
	1
	LED3
	LEDCHIP-LED0805
	Blue Clear
	CHIP-LED0805
	Stanley Electric Co
	DB1112H-TR
	http://www.stanley-components.com/en/search/pdf_download.cfm?pdf_file=1112h_e.pdf

	19
	EPIC-PROG-PORT
	1
	PROG
	EPIC-PROG-PORT
	 
	HEADER 2X3X2MM
	Molex
	87758-0616
	http://www.molex.com/pdm_docs/sd/877582816_sd.pdf

	20
	RHM1.00KAECT-ND
	1
	R1
	RES 1.00K OHM 1/4W 1% SMD
	1K
	R0805
	Rohm Semi
	ESR10EZPF1001
	http://www.rohm.com/products/databook/r/pdf/esr10.pdf

	21
	RHM499KCRCT-ND
	1
	R2
	RES 499K OHM 1/8W 1% SMD
	499K
	R0805
	Rohm Semi
	MCR10EZPF4993
	http://www.rohm.com/products/databook/r/pdf/mcr10.pdf

	22
	RHM220HCT-ND
	1
	R3
	RES 220 OHM 1/10W 1% SMD
	220 Ohm
	R0603
	Rohm Semi
	MCR03EZPFX2200
	http://www.rohm.com/products/databook/r/pdf/mcr03.pdf

	23
	RHM470HCT-ND
	1
	R4
	RES 470 OHM 1/10W 1% SMD
	470 Ohm
	R0603
	Rohm Semi
	MCR03EZPFX4700
	http://www.rohm.com/products/databook/r/pdf/mcr03.pdf

	24
	507-1059-2-ND
	1
	R5
	FUSE 15A 125V 6125 FAST SSQ
	FUSE
	R5025
	Bel Fuse Inc
	 SSQ 15
	http://www.belfuse.com/Data/Datasheets/SSQ.pdf

	25
	P100KGCT-ND
	1
	R10
	RES 100K OHM 1/10W 5% SMD
	100K
	0603
	Panasonic - ECG
	ERJ-3GEYJ104V
	http://industrial.panasonic.com/www-cgi/jvcr13pz.cgi?E+PZ+3+AOA0001+ERJ3GEYJ104V+7+WW

	26
	P10.0CCT-ND
	1
	R11
	RES 10.0 OHM 1/8W 1% SMD
	10 Ohm
	R0805
	Panasonic - ECG
	ERJ-6ENF10R0V
	http://industrial.panasonic.com/www-cgi/jvcr13pz.cgi?E+PZ+3+AOA0001+ERJ3GEYJ104V+7+WW

	27
	RHM100HCT-ND
	1
	R14
	RES 100 OHM 1/10W 1% SMD
	100 Ohm
	R0603
	Rohm Semi
	MCR03EZPFX1000
	http://www.rohm.com/products/databook/r/pdf/mcr03.pdf

	28
	541-10.0KCCT-ND
	1
	R19
	RES 10.0K OHM 1/8W 1% SMD
	10K
	R0805
	Vishay/Dale
	CRCW080510K0FKEA
	http://www.vishay.com/docs/20035/dcrcwe3.pdf

	29
	P1.00KFCT-ND
	3
	R50, R51, R57
	RES 1.00K OHM 1/4W 1% SMD
	1k
	R1206
	Panasonic - ECG
	ERJ-8ENF1001V
	http://industrial.panasonic.com/www-cgi/jvcr13pz.cgi?E+PZ+3+AOA0001+ERJ3GEYJ104V+7+WW

	30
	MCP1700T3302ETTCT-ND
	1
	REG3.3      
	IC LDO REG 200MA 3.3V 
	 
	SOT23
	Microchip Technology
	MCP1700T-3302E/TT
	http://ww1.microchip.com/downloads/en/DeviceDoc/21826b.pdf

	31
	A1912-ND
	1
	SL1
	M04PTH,  header, white
	 
	1X04
	Tyco Electronics 
	 640452-4
	http://documents.tycoelectronics.com/commerce/DocumentDelivery/DDEController?Action=srchrtrv&DocNm=640452&DocType=CD&DocLang=EN

	32
	POLYCASE
	1
	U$4
	DUALPLUG-V3
	
	DUALPLUG-V3
	Polycase
	 
	

	34
	1285-STK-ND
	3
	U$6
	POWER TERMINAL .046"DIA .187" 
	
	QC-TAB
	Keystone Electronics
	1285-ST
	http://www.keyelco.com/pdfs/M55-prod38.pdf

	36
	X079-ND
	1
	Y1
	CRYSTAL 3.579545 MHZ 17PF 49US
	3.579M
	HC49/S
	 ECS Inc
	ECS-35-17-4
	http://www.ecsxtal.com/store/pdf/hc_49us.pdf

	37
	240-2418-1-ND
	2
	Z3, Z4
	FERRITE 300MA 150 OHM SMD
	1806
	 
	Steward
	LI1806C151R-10
	http://www.steward.com/web_info/CADPrints/Sales/LI1806C151R-10-D.pdf

	38
	ACMEX2 FAB
	1
	 
	ACMEX2 FAB
	 
	 
	Advance Circuit
	 
	Custom component

	39
	POLYCASE Box
	1
	 
	 
	 
	 
	Polycase
	 
	http://www.polycase.com/item/pm2314.html
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