16bit A/D

ALL COLUMNS HAVE THIS

No RC here because A/D 20K ohm input Z (G=16)

| MainAmplifier_Vout

form an error (e.g. 10ohm Rseries and 20K form| 1/2k error)
0 to 3.3V measurement A
U90
" Master vCal BUFF No RC here because A/D 20K ohm input Z (G=16) A-to-D: MCP3461TEST, 16bit, 150Ks-sec, prog gain, TSSOP-20
form an error (e.g. 10o0hm Rseries and 20K|form| 1/2k error)
0 to 3.3V measurement MCP3461 A/D 16bit
COLUMN #1 ONLY 3V / 16bit = 46uV LSB
Factory DVM 10 ppm linearity, $1.50
Measures Calibration
Voltages 5 | CHo SDO 12 1 NAN 8 . ToFPGA_AtoD _SDO
3 6 SCK = 15 FPGA_AtoD_SCK
O > CH1 SDI = 13 FPGA AtoD SDI
O 7 *CS [ 18 5 = FPGA_AtoD _CS
O IZERO_ZOmA MCLKIN  [z= AYA% ToFrom_FPGA_AtoD_MCLKIN
Tgeoader, 3X1, 100m|lS, SMT, GOld, 3AmpS, TSM-103-01-L-SV 3.3V 3 REFIN- *IRQ/MDAT 17 3 ANN 6 } TOFPGA_AtOD_lRQ_MDAT
ov 4 REEIN+ FPGA, LVC 3.3V, 2mA
L 3.3Vref drives a/d Ref Input Pin (dynamig Load, changes w/ time) 7 Protection, 3V/300ohm = 10mA
3.3Vref_Buff_B_Col N3350y Place cap close 1o uP IC | $ o [ ? <i RN9OA  Resd: 3300hm 50V 5% .06W 1206ve
Each column has one of these. NG 4 9 X RN90B Res4: 330o0hm 50V 5% .06W 1206ve B
C90B Cap: 10uF 10V 20% 125C 0805_— NG 5 10 X RN90OC Res4: 330ohm 50V 5% .06W 1206ve
C90A Cap: 0.1uF 25V 20% 125C 0603 NG 6 11 X
ZERO_20mA| . . NC 12—
380 avoo o 120
: DVDD DGND
C90D Cap: 10uF 10V 20% 125C 0805
C90C Cap: 0.1uF 25V 20% 125C 0603
. MCP3461 A/D 16bit AVDD (analog power)
SUOY_LAP] 3.6V +-0.1V Place cap close to uP I(\ZA‘ 1
ACOM| AGND (analog GND) . )
C90E Cap: 0.1uF 25V 20% 125C 0603
C90F Cap: 10uF 10V 20% 125C 0805 C
| MCP3461 A/D 16bit DVDD (digital power)
SO I 3.3V +-0.1V Place cap close to uP IC? 1
ACOMI DGND (Digital GND) )| )\

D
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DC-to-DC Converter, 24..84V Input, 10V/200mA/2W, Output (MOSFET Gate Power)
ALL COLUMNS HAVE THIS
DESIGN FILES
SUMMARY > Simulation: 24..84Vin-to-10Vout 2W 200mA LM5163 Tina vb5a.TSC
24..84V in to 10V/0.2A/2W out DC-to-DC Converter, > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "DESIGN: 24..84V in to 10V/2A/2W out..", "
Non-Isolated, Regulated and Voltage Range Strategy...", and "300W Component Characteristics As Noted in Datasheets"
> TI Reports: "24..84Vin-to-10Vout 2W 200mA LM5163 QuickstartCalculator.xlsm" and A
"24..84Vin-to-10Vout 2W 200mA LM5163 WebBenchReport.pdf"
Input Power Filter, 24..84Vin
ALL COLUMNS HAVE THIS RN73A L73 $0.10 RN73C
Res4: 2.2ohm 50V 5% .06W 1206vex Ind: 33uH 0.4A 0.70hm 4x4x1mm Res4: 2.2ohm 50V 5% .06W 1206vex
(84mA A 2) x 2 ohm = 16mW, 160mV (84mA * 2) x 0.7 ohm = 5mW (84mA A 2) x 2 ohm = 16mW, 160mV
L 1 8 2 7 Y Y 3 6 <100V
Rseries = 2.2 ohms AL PG| AN 1 AN 1 i I AN
This helps to filter input and reduce rfi emissions. 24V..84V Input (from Solar PV panel) RN73B
2Watts: 85mA/24V to 25mA/84V Res4: 2.2ohm 50V 5% .06W 120pvex C73D
2W 48Vin: 1/24 A, (1/24)"2 x 2.2 = 4mW / 84mV PV_Pwr is from solar PV Panel j Cap: 2.2uF 100V 20% 125C 1210
>> 3 R's x 4mW =12mW total J— C73B J— J— J—
C73A Cap: 2.2uF 100V 20p6 125C 1210
2W 24Vin: 112 A, (1/12)*2 x 2.2 = 15mW / 160mV Cap: 2.2uF 100V 20% 125 1210 C73C
>> 3 R's x 15mW = 45mW total Reduce Rfi Emissions Cap: 2.2uF 100V 20% [125C 1210
4.40hm x 2.2uF = 9uSec, 2(QKHz
1W 24Vin: 1/24 A, (1/24)"2 x 2.2 = 4mW / 84mV R73G
>> 3 R's x 4mW = 12mW total Res: 220mOhm 5% .06W .5A 300ppm 0603
I N\ This R moves pole to avoid osc at
AR | 4 1 ¢ switcher input. B
10Amps flows from solar panel 1
PV-to PCOM, via 1mOhm Shunt PCOM
Buck Converter, 24..84Vin TO 10Vout Conversion, DC-to-DC
ALL CQLUMNS HAVE THIS R74G $0.01
ura Res: 220mOhm 5% .06W .5A 300ppm 0603
Switch vReg: LM5163Q1, 100Vin 0.6Aout SO8PowerPad Cap: 2200pF 100V 20% 125C 0603 Reduce osc, Filter clock noise, measure mA w handheld DVM
100-V input, 0.5-A synchronous buck DC/DC, $1.42 C74A (0.8 + 0.2200hm) * 20uF = 20uSec, 8KHz Fc
Ind: 470uH 0.6A 0.8ohm 12x12x6mm 1W: 0.1A x 0.22 ohms = 22mV, 2mW
| 2 VIN SW 8 | | 1W: 100mA x 770mOhm = 77mV, 8mW burned inside L (0.8%) 2W: 0.2A x 0.22 ohms = 44mV, 10mW 10V +-0.5V Output
R74A <100V <100V | | 2W: 200mA x 770mOhm = 154mV, 30mW burned inside L (1.5%) 200mA, 2Watts
Res: 1Mohm 150V 1% .1W 100ppm 0805 3 7 L74 Y $0.26 I
<TIVEOR <25v | EWUVLO - BST <700V 1 C74D I) Tov+o05vY VY } JEEUaR
5 | | _Cap: 2200pF 100V 20% 125C 06 C74G Cap: 10uF 25V 20% 125C 1206
o A <6V R7aD” VY | ] C74F Cap: 10uF 25V 20% 125C 1206
GND PGOOD 6 Res: 1Mohm 150V 1% .1W 100ppm 0805 | | There are more Caps elsewhere
EPAD 1 = Gate Pw[ Ok 25V to be extra safe
C74E R74E
16 thermal vias to GND Cap: 47pF 100V 5% npo 125C 0603 ResTF: 732Kohm 75V 0.5% .Q6W 25ppm 0603 C
Plane, 10mil dia 10V x 100K / (100K+732K) = 1.2V
R74B ALL COLUMNS HAVE THIS Compensation parts suggested by TI WebBench Report 114mOhm @ 10K, 13mOhm @ 100KHz,
Res: 330Kohm 150V 1% .1W 100ppm 0805 3mOhm @ 1MHz, 3mOhm @ 10MHz
R74C R74F
ResTF: 130Kohm 75V 0.5% .06 W 25ppm 0603 . 3.3V DP Place FB parts close ResTF: 100Kohm 75V 0.5% .g6W 25ppm 0603
Set clock frequency. -~V _LPWT to FB pin, not load. (1
q Yy pin,
PCOM Set lower than recommended by web bench RN75A
to increasg efficiency (166KHz instead of 300KHz) Res4: 33Kohm 50V 5% .06W 1206vex
10V x 2500 / 150Kohm = 166KHz Clock Pull-Up Resistor (pulls to 3.3V) PCOM
EN/UVLO i 2 7 Rfb2 = (1.2 / (Vout - 1.2)) * Rfb1
Vin (on) = 1.5V * (1 + 1.0 / 0.3 ) |= 6.5 v Vv L e N S D Rfb1 = Rb2 / (1.2 / (Vout - 1.2))
Vin (off) = 1.4v * (1 + 1.0 / 0.3 )|= 6.0V RN75B LVC 3.3V, Input To FPGA, 1 = GatePwr ok Vout= (1.2 *Rfb1/Rfb2 )+ 1.2
Res4: 33Kohm 50V 5% .06W 1206vex
T on uSec Series Resistor (protects digital input) Rfb1 =Rfb2 /(1.2 / (Vout - 1.2))
= Ron(kohm) / (vin * 2.5) 733k =100k / (1.2/(10 - 1.2))
=100/ (24Vin x 2.5) = 1.6uSec
=100/ (84Vin x 2.5) = 0.5uSec - 9.984V = (1.2* 732K/ 100K) + 1.2
D EnableGatePwr Mosfet
N-Ch
1 M74
|_FPGA_EnableGatePwr G \ MOSFET: N-ch DMG2302UK 20V 90mOhm SOT23 .
LVC 3.3V, 2mA, 0 = turn ON GatePwr DMG2302UK, N-Chan, Sot23, 20Vds, 12Vgs, 90mO, 1Vgs th,
S 130pF Ciss, 10uA Idss/Igss, Built In Zeners, $0.05 Title www.Manhattan2.org
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Create 3.3Vreference (buffered and unbuffered versions)
COLUMN #1 ONLY
DESIGN FILES
SUMMARY > Simulation: "3.3Vref OpAmpBuffer...TSC" and "vCalibration Circuit...TSC"
> Convert 4.3V (Analog Pwr) to 3.3Vreference > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "Calibration System", "vRef IC Accuracy", "Power .
> Buffer 3.3Vreference (drives dynanic loads such as a/d vRef input pin) Voltage Range Strategy...", "Component Characteristics As Noted in Datasheets"
> Ma2 Solar RD PLAN.pdf / "Power Supply and Voltage Reference" A
Create 3.3Vreference (unbuffered)
COLUMN #1 ONLY > vRef IC datasheet wants 0.1uF on filter pin and output pin
> vRef has op amp output and we do exactly what they suggest since we
R66A do not want to destabilize op amp
Res: 10o0hm 75V 1% .06W 100ppm 0603 > downstream we have RC low pass filters before op amps that do further
4 6 I
4.3V_APwr|—\/\/\, ¢ IN OOLlJJ_I'_I'_SFeor:gg 5 I . 33V - 10mV 13.3Vref_Unbuffered
C66A - Drives static loads (e.g. resistor ladders), TmA typ
Cap: 10uF 10V 20% 125C 0805 J— J— COLUMN #1 ONLY
> Filter isolates vRef |IC from 4.3V fluctionations 3 | EN (1=on) Filter - 1 Ce66D
> 0.5mA x 10ohm = 5mV drop, 0.1mW | Cap: 0.1uF 25V 20% 125C 0603
> 100hm x 10uF = 100uSec, 1600 Hz Fc AGND . 2 This does not need initial accuracy
Ce6B since it is measured at factory and
ry
Cap: 0.1uF 45V 20% 125C 0603 stored in eeprom. We do want it to
not change over time and
U66 l temperature since that will result in
vRef: MAX6070BAUT33, 3.3Vout 0.08% 8ppmC max 10mA SOT23-6 a gain error.
ACOM
B
C
D
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DC-to-DC Converter, +3.3V Input (3.3V_DPwr), -1V/30mA/30mW Output (-1V_APwr)
COLUMN #1 ONLY We need to make larger to support more columns.
SUMMARY DESIGN FILES
>3.3V+-0.1Input TO 1V +-0.05V (30mA/30mW) Output, DC-to-DC Converter, Non-Isolated, Regulated > Simulation: 3.3Vpwr to -1Vpwr Conversion QuickSim SIMPLE CAPS Pnp v2a
> 15mA x 2V drop = 30mW wasted power, 33% efficient. > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "DESIGN: +3.3Vin to
> Accuracy: +-85mV = 8.5% x 1V =1% (Op Amp 10mVos, 0.01V/1V =1%) + 2% (1% + 1% shunt resistors) + -1VvDC...", "Power and Voltage Range Strategy...", and "300W Component Characteristics As No
1% (TLV431 shunt) + 4.5% (0.30 x 15mA = 45mV, 45mV/1V = 4.5%) in Datasheets" A
> Cost: $0.74 = 0.32 + (3 * 0.035) + (0.025) + (0.01 *2) + 0.08 + 0.13 + 0.03 + 0.024
. . COLUMN #1 ONLY .
Flylllg CapaCltOF Inverter (+3-3V to '3V) We need to make larger to support more cqumnElltera SKHZ RN70B
Res4: 3.3ohm 50V 5% .06W 1206vex
__FPGA -1V_APwr_Enable Cap: 10uF 16V 20% 125C 0805 > 20mA x 3.30hm = 66mV drop, 2mW
From FPGA, LVC 3.3V, 2mA, 1 =-1V_APwr QN C70G Flying Capacitor, 16V to increase longevity > 3.3ohm x 10uF = 33uS, 5KHz Fc
1 8 5 6 -3V Unregulated (-2.6V .. -3.1V) 2 7
3.3V_DPwr| Vv ? i <& CET 1 1 A ? "3V Unregulated (-2.6V .. -3.1V)
3.3V +- 0.1V Input 1=0N 1 SIMULATION OBSERVATION -3V_Unregulated:
Regulated 2 | ou gng- 3 |PCOM T~ > 871uVpp 600KHz flying cap clock at
2.931VDC (no timer, constant 15mA load)
C70A J— S
16V to increase longevity J— C70C
Cap: 10uF 16V 20% 125C 805  U70A $0.32 C70B Cap: 10uF 10V 20% 125C 0805
Charge Pump: LM2664M6 Doubler-Inv 40mA SOT23-6 Cap: 10uF 16V 20% 125C 0805
Output capacitor, 16V to increase longevity
RN70A °
Res4: 3.3ohm 50V 5% .06W 1206vex 10uF/16V Cap: 111mOhm @ 10K, 11mOhm @
> 20mA x 3.3ohm = 66mV drop, 2mW PCOM 100KHz, 3mOhm @ 1MHz, 6mOhm @ 10MHz B
> 3.3ohm x 10uF = 33uS, 5KHz Fc
-3V Unregulated (-2.6V .. -3.1V)
LUMN NLY COLUMN Z1 ONLY .
'3V tO 'IV reference We need to make larger to support more columns. POWEI' OUtPUt Buffer We need to make larger to support more columns. OUtPUt CapaCltOF
. . 0 Volts (wrt COM)
0 Volts (wrt COM)
ResTF: 20K¢hm 75V 0.5% .06W 25ppm 0403
PCOM u70B R70A u70C
Shunt: TLVH431B 1.24V 0.25% SOT23-3 OpAmp: LMV321A 1ch 1MHz 5mVos 85nA 65dB Pin4dout SOT23-5
$0.08 $0.13 o
o~ § V+
S -1.0V referencd, accurate to +-3% (30mV) 1 ™
1\ i 4 ~-16V
J— L = 3 | LMV321A/324A/358A, 1MHz, 1uS Rec, 5mVos OT, 5pF,
k) "o = C70E | 85nA mx 85°C (ST datasheet), 1V/uS, 65dB min OT,
1.24v % TIE2 8 Cap: 1uF 16V 20% 125C 0603 V- In -0.1 to (Vce-1.4), Out 0.15V to (Vee-0.15V),
C70D > 5kohm x 1uF = 5mSec, 30Hz Fc ~ $0.12/4ch, Ti "A" version is different from others
Cap: 14F 16V 20% 125C 0603 Place filter cap near op amp input.
> 5kohm x 1uF = 5mSec, 30Hz Fc R70B C
Dramat]cally reduces noise from flying cap. ResTF: 4.p9Kohm 75V 0.5% .06W 25ppm 0603
)| 1.24V 1.24V x (A0K/(20K+4.99K)) = 0.992V
N~ © (o)
47K /[ 47K /1 4.7K = 1.6K -1 Volts (wrt COM)
Shunt sets voltage after the 1.6K ohm to 1.24V C70F
RN18D Res4: 4.7Kohm 50V 5% .06W 1206vex Cap: 10uF 10V 20% 125C 0805
S N RN18C Res4: 4.7Kohm 50V 5% .06W 1206vex 10uF * 0.3ohm = 3uSec, 50KHz FC
RN18B Res4: 4.7Kohm 50V 5% .06W 1206vex
Fast load transients draw from this cap.
ol ~-17V T70 PCOM —— There are more Caps elsewhere
Trans: 1ch PNP MMBTA92 300V 300mA 300W 100hFE SOT23
270uA flows toward shunt RC before shunt stops noise from flying cap. $0.03 10uF/10V Cap: 64mOhm @ 10K, 10mOhm @
(2.6V - 1.25V) / 200e-6A = (5k+1.6K)< RN18A Res4: 4.7Kohm 50V 5% .06W 1206vex R70C $0.01 100KHz, 5mOhm @ 1MHz, 8mOhm @ 10MHz
100uA min current for regulation. Res: 330mOhm 5% .06W .4A 30Pppm 0603
Shunt will oscillate if you connect Reduce osc, Filter clock noise, measure mA w handheld DVM
“| directly to cap. We use cap & 5Kohm i (15mA * 2) x 0.3 ohm = 70uW, 5V
to filter noise from flying cap ic. 5mV drop across here causes -1Ypwr to drop 5mV
~ -3V -3V Unregulated (-2.6V .. -3.1V) | 3 uf} 2—1Vr‘egulated AN ® |-1V_APwr_SOURCE
No Clock noise since drives sensitive analog 1.1V +- 85mV (+-8%), Regulated D
30mA x 2V drop = 60mW burned in PNP (max) 15mA Typical, 30mA Max
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Power Filter At Input of Isolated 18..36VDC-to-SVDC Converter, 10Watt Isolated 18..36VDC-to-5VDC 10Watt Converter
Reduces RFI emissions, reduces current/voltage fluctuation on bussed 32V Array Power
COLUMN #1 ONLY
COLUMN #1 ONLY
............0.0..........................0.0........................O..........................0.0............' A
. U94  COLUMN #1 ONLY s
. R94A R94B R94C DcToDc: 32V_to_15V, 10W*1.5kV Isolated Regulated 39x21x6mm SMT
: Res: 330mOhm 5% 1W 400ppm 2512 Res: 330mOhm 5% 1W 400ppm 2512 Res: 330mOhm 5% 1W 400ppm 2512 Isolated, Regulated, 18..36\ input, 5V output
5 (300mA #* 2) x 0.3 ohm = 30mW (300mA # 2) x 0.3 ohm = 30mW (300mA A 2) x 0.3 ohm = 30mW $8.80 o
. 0.3A x 0.3ohm = 0.1V, $0.10 0.3A x 0.3ohm = 0.1V, $0.10 0.3A x 0.3ohm = 0.1V, $0.10 °
122V_ColumnPwr+| A% ¢ A% Y'Y YA * * A (1)840304\>/ v\\;vr?CEgrl\slh GAD 11 Vin+ Vout+ -2 |5V_RowPwr_Regulated_SOURCE+
: 18V...34V wrt Earth GND | L94 5V +- 0.15V
5 10W / 30V = 300mA Ind: 33uH 1.1A 0.30hm 6x6x3mn} J— 2 Control Trim 5 N Regulated
J 0..400V wrt COM (150mA * 2) x 0.28 ohm = 6mW, 42mV C94E ON: Ctrl to Vin- 10W, 2Amps
: #NR6028T330M, 33uH, 1.1A, Cap: 2.2uF 100V 20% 125C 1210 ’
o Reduce Rfi Emissions 0.28ohm, $0.14, 6x6x3mm 3 . 4 |
o = ’ ’ Vin- o Vout- 15V_RowPwr_Regulated_SOURCE-
: 0.3ohm x 4.4uF = 1.4uSec, 100KHz $0.14 RouE .
J C94A Cap: 2.2uF 100V 20% 125C 1210 co4C Cap: 2.2uF 100V 20% 125C 1210 Res: 1ohm 75V 1% .06W 100ppm 0603 .
. C94B Cap: 2.2uF 100V 20% 125C 1210 C94D Cap: 2.2uF 100V 20% 125C 1210 This R moves pole to avoid osc at .
o switcher input. .
82V_ColumnPwr-| . \ .
o 0..400V wrt COM Need >= 33uH to keep L in continuous conduction Reduce Outgoing RFI & LC gain peaking :
. 100mA x 0.3ohm = 30mV drop, 3mW . B
o 100V Caps to be extra safe with bussed common power (to reduce failure rate). 150mA x 0.3ohm = 45mV drop, 6mW :
: 2512 Resistors to be extra safe w/ common power. 300mA x 0.3ohm = 90mV drop, 30mW o
5 (0.3 x4) ohm x (2.2 x 5uF) = 13uS, 10KHz Fc o
° 10w/32v/0.3A: O0.3A"2 x 0.3ohm = 30mW, 0.3A x 0.3ohm = 0.1V :
: TW/32V/0.2A: O0.2A"2 x 0.3ohm = 12mW, 0.2A x 0.3ohm = 0.06V °
° 3W/32v/0.1A: 0.1A"2 x 0.3ohm = 3mW, 0.1A x 0.3ohm = 0.03V :
: 10w/24v/0.4A: 0.4A"2 x 0.3ohm = 50mW, 0.4A x 0.3ochm = 0.12V :
. TW/24V/0.3A: 0.2372 x 0.3ohm = 30mW, 0.3A x 0.3ohm = 0.1V +-400V wrt PCB COM .
:....................................................................................3.2\./_.A.rr.ay.PyV£-.iS.ClO.Se.tp.Eglth.G.N.D.....o
C
D
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DC-to-DC Converter, 48V Input, SV/2A/10W Output Convert 48V-Array-Power TO SV-String-Power
DESIGN FILES
SUMMARY > Simulation: 48Vin-to-5Vout 10W 2A LM76003 v9a.TSC
> 48V (36..56V) Input TO 5V/2A/10W Output DC-to-DC Converter, Non-Isolated, Regulated > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "DESIGN: 36..56V in to 5V/2A/10W..", "Po
> Convert "48V-Array-Pwr" to "5V-String-Pwr" and Voltage Range Strategy...", and "300W Component Characteristics As Noted in Datasheets"”
> TI Reports: "48Vin-to- 5VOut 10w 2A IM76003 SIMULATION RESULTS & DESIGN NOTES.xlsx" and
"48Vin-to-5Vout 10W 2A LM76003 TlWebBenchReport pdf"
> Ma2_Solar_RD_PLAN pdf / "48V-Array-Power and 5V-String-Power" and "Array of 300W Converters" A
Input Filter, 36..56Vin, reduces radiated RFI and provides power to converter. +-400V wrt PCB COM
e 0o 00 ® 0 0 o ® O 0000600606006 000 00 0 0 00 (] ® 06060 0 0 O ® O 000000000000 000 000 0000 0° OO OO0 OO OO OO OO OO O OO OO OCOPOO OO OO OCOPO O OO PO OO PO OO PO OO PO O OO OO PO VPO QO OPO QN .4-§V.—'.Ar;ra.yf)wr.ls. C‘IO.S? t.O.E.ar;th. (-.;[\.l e 0o 00
o "+-200V wrt PEB EOM R76A $0.0 .
® 48V _ArrayPwr is close to Earth GND Res: 100mOhm 5% .12W 1A 300ppm 0805 Ind: 15uH 1.6A 0.120hm 6x6x3mm .
. (300mA * 2) x 0.1 ohm = 10mW (300mA ~ 2) x 0.12 ohm = 12mW :
R 48V_Array_Pwr+] NN/ AV 76 $0.14 ~~ o * 36V..56V .
. 36V.. 56V Input (48V_Array Pwr) Res: 100mOhm 5% .12W 1A 300ppm 0805 C76F .
* 10Watts: 180mA/56V to 280mA/36V C76A R76C $0.01 Cap: 2.2uF 100V 20% 125C 1210 .
. Cap: 2.2uF 100V 20% 125C 1210 .
e Rseries (0.1 ohms) helps to filter input and reduce rfi J— .
. emissions. Reduce Rfi Emissions .
. 0.20hm x 2.2uF = 0.5uSec, 300KHz :
* 10W: 0.2A x 0.1 ohms = 20mV, 5mW 0.3ohm x 10uF = 3uSec, 50KHz R76D $0.01 .
+ 15W: 0.3A x 0.1 ohms = 30mV, 10mW C76B Cap: 2.2uF 100V 20po 125C 1210 C76E Cap: 2.RuF 100V 20% 125C 1210 Res: 100mOhm 5% .12W 1A 300ppm|0805 :
e 20W: 0.4A x 0.1 ohms = 40mV, 16mW R76B $0.01 C76C Cap: 2.2uF 100V 20po 125C 1210 C76D Cap: 2.RuF 100V 20% 125C 1210 This R moves pole to avoid osc at 5
: Res: 100mOhm 5% .12W 1A 30Qppm 0805 switcher input. J
e 2.2uF/100V Cap ESR: 177mOhm @ 10K, .
~ 33mOhm @ 100KHz, 22mOhm @ 300KHEY-Array_Pwr-| VNV ¢ K S ¢ § . B
ot Ignore This Schematic -- It Is not used =
> [ | °
- ¢ :
. S .
: Buck Converter, 36..56Vin TO ST/ZA/ 10W Conve.qu]DC tg .
° R :
; gnhore lLhis.Schematic -- It Isshot used. .
. ur9 $2.92 Reduce osc, Help filter clock noise, measure mA w handheld DVM .
o Switch vReg: LM76003, 60Vin 3.5Aout 30WQFN L79 $0.48 O 018+0 0050hm) * 50uF = 1uSec, 160KHz Fc .
. H 4m 18mO 0x10 C79F 1.4A x @.005 ohms = 7mV :
: 3.3V internal power created byl internal LDQ/8 | /. I g IN' Igohs hre rxma t‘ﬁ elat | S mm ugedy 5V +-0.1V Output :
: N ils on com tio 2 - 2A, 10Watts .
: 7oA 1 0V.98Y 20 1 PVIN_2 SW4 o 5V_StringPwr+ o
. ETY PVIN_3 SW_5 .
o Cap: 1uF 16V 20% 125C 0603 22 PVIN SW 5 :
° C79C °
. 18 | oy Cap: 0.47{iF 100V 20% 125C 1206 R79F 1 1 .
. CBOOT 6 <66V || ResTF: 100Kohm 75V 0.5% .06W 25ppm 0603 .
4 PGOWOD is high (3.3V) if poyeris good , 3V 16 PGOOD | Res: 10ohm 75V 1% .06W 10Qppm 0603 .
. N 9 5VDC R79D 5V * | C
. BIAS £ AV .
« | Cap:[0.01uF 50V 10% 12500608 || 3V 11 | oo 7r 1T Ll .
¢ | 0.01¢-6/2.2e-6 = 4.5mSec|startup timkl - —_C79D .
. C798 10 RT Cap: 1uF 16V 20% 125C 0603 .
: FB 12 ~1.2V | 1uF x 10ohm = 10uSec, 16KHz Fc ya R79G C78A Cap: 10uF 25V 20% 125C 1206 .
o R79B SYNC MODE N ResTF: 24Kohm 75V 0.5% .06 W 25ppm 0603 C78B Cap: 10uF 25V 20% 125C 1206 :
o Res:|56Kohm 75V 1% .06\ 100ppm 0603 - AGND 2 13 Place FB parts close C78C Cap: 10uF 25V 20% 125C 1206 o
: Set ¢lock to 700KHz. NC b7 AGND 3 14 to FB pin, not load. C78D Cap: 10uF 25V 20% 125C 1206 o
. THIS IS CRITICAL. NC_p19 AGND 15 C78E Cap: 0.1uF 25V 20% 125C 0603 :
: 500KHz does NOT WORK. NC_p23 25V to be extra safe (instead of 16V or 10V) .
. 56 (kKohm) = 38400/ ( 700 -|14.33) NC_p 24 1wWw: 5V, 0.22, 25ohm loa Rfb2 = (1.006 / (Vout - 1.006)) * Rfb1 If string pwr goes down then that is bad. °
P27 PGND_2 =55 I Rfb1 = Rfb2 / (1.006 / (Vout - 1.006 :
: NC_p28 PGND 3 2W: 5V, 0.47A, 12ohm (1. (Vout - 1.006)) .
— — 26 Vout = (1.2 * Rfb1/ Rfb2 ) + 1.006 10uF/25V Cap ESR: 114mOhm @ 10K, 13mOhm @
J NC p29 PGND 5W: 5V 1A 5ohm .
. NC_p30 . ! ! 100KHz, 3mOhm @ 1MHz, 3mOhm @ 10MHz .
. — PAD |31 10w: 5V, 2A, 2.50hm Rfb1 = Rfb2 / (1.006 / (Vout - 1.006)) 5
. 20W: 5V, 47, 1.2ohm 100k = 24.0e3/ (1.006 / (5.2 - 1.006)) R79K $0.05 :
o 3.3V 16 thermal vias to GND Res: 5mOhm 5% .12W 5A 300ppm 0805 o
: Plane, 10mil dia Measure current flow via handheld DVM o
. o|a8y A | oV oV oV , .
. _Array_Pwr-—= * g * g N\ ——]5V_StringPwr- .
. RN78A .
. Res4: 33Kohm 50V 5% .06W 1206vex e ' D
: Pu”-Up ReSIStor (pu"S to 33V) ' ® © 000000000000 000 000 000 O OO0 OO 0O OO OO O OO OO OCO OO OO OO PO OO OO O OO OO OO OO OO PO DO OO O OO VPO PO VOO ..
. -~ uProcessor/FPGA cannot read this since it is not wrt PCB COM (it is wrt ArrayPwr-) : www.Manhattan2.org
: |5V SU7E] = C1OOID) LB L (AR : Title Material contained in this file can be Used, Shared or Modified; for any purpose; at no charge.
° RN78B * | Size: Letter Number: Revision: This material is governed under the Creative Commons Attribution 4.0 Int'l license:
: Res4: 33Kohm 50V 5% .06W 1206vex +-400V wrt PCB COM o ' ) ' https://creativecommons.org/licenses/by/4.0/
% o e 0 oo o26ries Resistor (protects digital NPUt) 0 0 0 e e e ceceooeeseee sV AmayPwriscloseto Earth GND, | o | Date: 11/30/2020 Time: 12:12:17 PM Sheet  of This material is provided "As Is", without warranty of any kind, express or implied.
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Filter Between DC-to-DC Converter Output, and Analog Power Generate 4.3V Analog Power with linear vReg IC
COLUMN #1 ONLY COLUMN #1 ONLY
We need to make power supplies larger to support more columns. We need to make larger to support more columns.
Reduce noise from DC-to-DC converter that enters Analog Power
Observed on Sim: Converts 20KHz 200mVpp square wave from Dc-to-Dc output into a 5mVpp sinewave and takes out higher frequencies. vReg: AP2202K-ADJ 2% 150mA SOT23-5
2.8% Total Accuracy = (2% max over temp) + (0.5% for load) + (0.3% for 2x 0.1% Resistors) A
R92D 1.25Vref x (1 + 16.9K/ 6.9K) = 4.311V Res: 330mOhm 5% .06W .4A 300ppm 0603
R92A Res: 330mOhm 5% .06W .4A 300ppm 0603 vReg prefers 0.5V headroom, i.e. Vin > 4.8V Reduce osc, Filter clock noise, measure mA w handheld DVM
Res: 330mOhm 5% .06W .4A 300ppm 0603 (40mA * 2) x 0.3 ohm = 0.5mW, 12mV uo2 (40mA * 2) x 0.3 ohm = 0.5mW, 12mV
5V_RowPwr_Regulated+ 222! AA— Y, — AN 1 Vin Vout 2RI AN — 14.3V_APwr_SOURCE
48V .. 7V,e.g. 40mA  L92 #NRS4018T101, $.10 3 | _ 4 4.3V +-0.12V (3%), < 40mA
Ind: 100uH 0.3A 1.70hm 4x4x2mm | I 1 __FPGA 4.3V_APwr_Enable Emffi=em) s Sig sees 100uVpp de-to-dc clk on 4.3Vpwr
——  FromFPGA, LVC 3.3V, 2mA, 1 = +4.3Vpwr ON  GND
N ~ ResTF: 16.9Kohm 75\ 0.1% .06W 25ppm 0603
0.3ohm reduces Oscillations & LC gain peaking R92F 1.25V
> 100mA x 0.3ohm = 30mV drop, 3mW )\ )\ )\ C92E
> (0.3 + 0.3 + 1.7)ohm x 30uF = 60uS, 3KHz Fc Cap: 10uF 16V 20% 125C 0805 ResTF: 6.9Kohm 75V §.1% .06W 25ppm 0603 | |
C92A Cap: 1(quF 16V 20% 125C 0805 R92G
R92B C92B Cap: 1quF 16V 20% 125C 0805 R92C COLUMN #1 ONLY — C92K Cap: 10uF 10V 20% 125C 0805
Res: 330mOhm 5% .06W .4A 300ppm 0603 C92C Cap: 1qQuF 16V 20% 125C 0805 Res: 1ohm 75V 1% .06W 100ppm 0603 C92L Cap: 10uF 10V 20% 125C 0805
L C92D Cap: 0.luF 25V 20% 125C 0603 This R moves pole to avoid
D O |NCIEZe VNV 16V t0 be extraJ safe, DC-to-DC might go to 7V oSG at switcher input, We expect 15mV drop across Rout Co2H ¢ C92N Cap: 0.1uF 25V 20% 125C 0603
(assuming 40mA load), therefore, we can s€tap: 100pF 100V 5% npo 125C 0603 0.3ohm x 20uF = 6uS, 30KHz Fc
ACOM output to be 15mV Higher than 4.3V. 10K ohm x 100pF = 1uSec, 166KHz Fc
B
Generate 3.6V Analog Power with linear vReg IC 3.45V_Clamp (current sink)
COLUMN #1 ONLY COLUMN #1 ONLY
We need to make power supplies larger to support more columns. We need to make larger to support more columns.
DESIGN FILES DESIGN FILES
> Simulation: 5Vpwr to smaller Vpwr SlowSim PRECISE CAPS ...TSC > Simulation: "3.45V Clamp Via Shunt...TSC"
> Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "DESIGN: 5Vin to > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "Analog Clamping
4.3V/3.6V...", "Power and Voltage Range Strategy...", and "300W Component Characteristics A Protects A/D IC Input from over-current"
Noted in Datasheets”
Res: 3.3ohm 75V 1% .06W 100ppm 0603
Shunt oscillates w/o this.
Res: 330mOhm 5% .06W .4A 300ppm 0603 Rin filter helps keep 4.3V_APwr stable when 3.6V_APwr load changes; and help | 4.3V ~ A 3.45V R93D 3.45V +- 50mV (1.5%)
(20mA A 2) x 0.3 ohm = 0.1mW, 6mV keep 3.6V VReg IC Input stable when 4.3V ripples due to it's load changing. E'BV—APVW R93A ! VIV ! 1 [ ClEm SIOG Neis
0.3ohm x 30uF = 3uS, 50KHz Fc Res: 3.9Kohm 75V 1% .06W 100ppm 0603 N _|3 6V APWr
R75A Res: 330mOhm 5% .06 W .4A 300ppm 0603 3.9k pull-up = (4.2V - 3.45V) / 200e-6 Amps Shunt: TLYH431B 1.24V 0.25% SOT23-8 =
Reduce osc, Filter clock noise, measure mA w handheld DVM 100uA min current for regulation. uo3 COLUMN #1 ONUY @)
(20mA ~* 2) x 0.3 ohm = 0.1mW, 6mV $0.08 £
1 . 5 R75B I R93B O 3 < C
S AT R vt VIV 13.6V_APWI_SOURCE  posTF: 10Kohm 75V 0.5% .06W 25ppm 060 C93A —— 3
4.3V +-0.12V (3%) 3 | En (1=on) NIC | 4 N 0.3ohm x 20uF = 6uS, 30KHz Fc| 3.6V +-0.09V (2.5%), <20mA  1.24 x ((10+5.62) / 5.62) = 3.446V 5 Cap: 10uF 1pV 20% 125C 080
< 20mA i o < fast transien{s draw from here |<
J— GND 3 D93
C75A ~ u75 COLUMN #1 ONLY R93C Schottky: 2x Series BATH4S 30V 5nS SOT23-3
Cap: 10uF 10V 20%]| 125C 0805 vReg: TLV70036DDCR 2% 3.6Vout 200mA SOTZ35 — — — ResTF: 5.62Kohm 75V 0.5% .06W 25ppm 06
TLV70036 Accuracy: 2.4% max over temp and : Keep clamp‘> -0.3V and < (3.6V APWrA&&M
load = (2% max over temp at 10mA) + (15mV | !
change from load (.015/3.6=0.4%)) C75B Cap: 10uF 10V 20% 125C 0805
ACOM C75C Cap: 10uF 10V 20% 125C 0805
C75D Cap: 0.1uF 25V 20% 125C 0603
D
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DC-to-DC Converter, SV/100mA Input, 3.3V/150mA Output (500mW, 3.3V Digital Power)
COLUMN #1 ONLY
We need to make larger to support more columns.
DESIGN FILES
SUMMARY > Simulation: TPS561201 5V to 3.3V _17Vin SlowSim PRECISE CAPS v3a.TSC.TSC
4V to 7V Input TO 3.3V +- 0.1V (0.15A/500mW) Output DC-to-DC Converter, > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "DESIGN: 5V in to
Non-Isolated, Regulated 3.3V/130mA/500mW...", "Power and Voltage Range Strategy...", and "300W Component Characteristics As A
$0.68 = (.035*3) + (.14) + (.16) + (.14) + (.01*2) + (.02*6) in Datasheets"
Input Filter, 4V to 7V Input
COLUMN #1 ONLY L71A
We need to make larger to support more colufes: 330mOhm 5% .06W .4A 300ppm 0603 Ind: 33uH 1.1A 0.3ohm 6x6x3mm
(0.1A* 2) x 0.3 ohm = 3mW, 30mV 150mA x 0.28ohm = 42mV drop, 6mW
(0.2A " 2) x 0.3 ohm = 12mW, 60mV Need >= 33uH to keep L in continuous conduction
5V_RowPwr_Regulated+} R7A  $0.01 A% Y'Y YA * <7V
Rseries = 0.33 ohms
4V to 7V input (from 5V DC-to-DC output) This helps to filter input and reduce rfi emissions. C71D
> input voltage depends on load 0.33ohm reduces current surge when power on Reduce Rfi Emissions Cap: 10uF 16V 20% 125C 0805
> 5V/100mA/500mW from 1K Amps to 3A (to charge C_in) 1ohm x 20uF = 20uSec, 8KHz —
> This is typically driven by isolated DC-to-DC | | 10uF/16V Cap: 111mOhm @ 10K, 11mQhm @
Converter Output, which is unregulated. C71E Cap: 10uF 16V 20% 125C 0805 100KHz, 3mOhm @ 1MHz, 6mOhm @ 10MHz
> Our output is regulated. C71F Cap: 10uF 16V 20% 125C 0805
R71C
16V to be extra safe Res: 1ohm 75V 1% .06W 100ppm 0603
(DC-to-DC converter might go to 6.5V) This R moves pole to avoid osc at
Res: 330mOhm 5% .06 W .4A 300ppm 0603 switcher input. B
5V_RowPwr_Regulated-| REEE. (10| S\
PCOM
Buck Converter, 4V to 7Vin Tj; 3.3Vout Conversion, DC-to-DC R71H
COLUMN #1 ONLY Res: 100mOhm 5% .12W 1A 300ppm 0805
We need to make larger to support more columns. Reduce osc, Filter clock noise, measure mA w handheld DVM
Cap: 0.1uF 25V 20% 125C 0603 (0.3 + 0.10hm) * 30uF = 12uSec, 10KHz Fc
C71K 330mW: 0.1A x 0.1 ohms = 10mV, TmW
L71B 990mW: 0.3A x 0.1 ohms = 30mV, 10mW
3 6 | | Ind: 33uH 1.1A 0.3o0hm 6x6x3mm $0.02
1 W vEsU v 1| 1 0.5W: 150mA x 0.3mOhm = 50mV, 7mW burned inside L (1.4%)
2 EN sw |2 — YN AA ¢+ 13.3V_DPwr SOURCE
Must always be enabled LriSen; VEB 4 Need >= 33uH to keep L in continuous conduction 3.3V Digital Power
since 3.3V_DPwr drives 1.2V Datasheet suggest 3.3uH yet 33 seems better on sim. 3.3V +- 0.1V (+-3%)
FPGA and uProcessor. GND 1 150mA, 0.5Watts
R71F
O—H—
ResTF: 33Kohm 75V 0.5% .06W 25ppm 060 C
ur $0.16 There are more Caps elsewhere
Switch vReg: TPS561201, 17Vin 1Aout SOT23-6 Place FB parts close to FB pin, not load.
IC rated for 1A, SOT23-6, $0.16 R71M Cap: 10uF 10V 20% 125C 0805
If 500mW and 90% efficient then this IC R71P Cap: 10uF 10V 20% 125C 0805
will disipate 50mW (gets a little hot) R71T Cap: 10uF 10V 20% 125C 0805
COLUMN #1 ONLY R71G
ResTF: 10Kohm 75V 0.5% .06W 25ppm 060 10uF/10V Cap: 64mOhm @ 10K, 10mOhm @
100KHz, 5mOhm @ 1MHz, 8mOhm @ 10MHz
Vout = (1 + Rfbt / Rfbb) x 0.768
3.302V =(1+33/10)x0.768 PCOM 10V to be extra safe
OBSERVED ON SIMULATOR
> Ripple from 20KHz previous Dc-Dc Converter:
500uVpp given 200mA stable load. This ripple is from
20KHz +-100mV square wave added to input voltage in this simulation.
> Ripple from this DC converter 30KHz own clk is 200uVpp
> Ripple from load 100mA / 200mA 4KHz load change is 60mV
(i.e. this is startup destabilization) D
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Power Filter At Input of Isolated SVDC-to-5VDC Converter Isolated SVDC-to-5VDC Converter
Reduces RFI emissions, reduces current/voltage fluctuation on bussed 5Vpwr.
. R72A $0.01 R72C $0.01 ur2 $2.31 .
o Res: 330mOhm 5% .06 W .4A 300ppm 0603 R72B $0.01 Res: 330mOhm 5% .06W .4A 300ppm 0603 DcToDc: 5V_to_5V, 1W 2kV Isolated Unreg 12x10x7mm SMD8 A
. (150mA A 2) x 0.3 ohm = 7TmW Res: 330mOhm 5% .06 W .4A 300ppm 0603 (150mA * 2) x 0.3 ohm = 7TmW Isolated, Unregulated, 4.8V .. 7V output
° . | ~Y Y\ 5V +- 0.5V wrt Earth GND 2 . G 5 |
e 5V_StringPwr+| NN * NN * * YAYAY: Vin+ Vout+ {5V_UnRegPwr+
° 5V +- 0.5V wrt Earth GND L72 $0.14 4.8V to 6.5V (depends on load) from
. 5V-String-Pwr Ind: 33uH 1.1A 0.30hm 6x6x3mn} J— < 8 NG Isolated DC-to-DC Converter Output
. (150mA ~ 2) x 0.28 ohm = 6mW, |42mV
. #NR6028T330M, 33uH, 1.1A, C72E
. C72A Cap: 10uF 25V 20% 125C 1206 0.28ohm, $0.14, 6x6x3mm Cap: 10uF 25V 20% 125C 1206 1 . 4 I
. : Vin- . Vout- 15V_UnRegPwr-
: C72B Cap: 10uF 25V 20% 125C 1206 79D .
J Reduce Rfi Emissions Res: 1ohm 75V 1% .06W 100ppm 0603 .
. 0.3ohm x 2.2uF = 0.6uSec, 300KHz Cr72C Cap: 10uF 25V 2(Q% 125C 1206 This R moves pole to avoid osc at :
. 0.3ohm x 10uF = 3uSec, 50KHz C72D Cap: 10uF 25V 2(0% 125C 1206 switcher input. o
: 5V_StringPwr-} ¢ * .
o Need >= 33uH to keep L in continuous conduction Reduce Outgoing RFI & LC gain peaking .
: 100mA x 0.3ohm = 30mV drop, 3mW :
. 25V Caps to be extra safe with Bussed Common 150mA x 0.3ohm = 45mV drop, 6mW o
: +-400V wrt PCB COM Pwr (also, pwr might go to 7V) 0.3ohm x (10+10uF) = 6uS, 30KHz Fc  +-400V wrt PCB COM o
] .5.V.—§tﬁlrlg.Pwr.l§ qlqs.e IOO .agtl‘l (‘;NQ ® © 000000000000 000 0000000000 OO0 00O O OO OO OO OO OPO OO POO OO POEO OO O OO POOPOPO PO OO VPO O VOO .5.\/._§t|;|n9.PV.Vr.|S.C.|O.S§ t.O.E.ar;th.gN.Q
B

Ignore This Schematic -- It is not used.
Ignore This Schematic -- It is not used.
Ignore This Schematic -- It is not used.

C
D
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3.3V Buffered, for uProcessor ref input
ALL COLUMNS HAVE THIS 250 ohms = 750 // 750 // 750, 180mW = 60mW x 3
4.3V APwr This fb circuit enables us to connect caps to ouput and drive dynamic loads.
Res: 2.2Kohm 75V 1% .06W 100ppm 0603 "~ "— RN67A Res4: 750o0hm 50V 5% .06W 1206vex
R96A RN67B Res4: 7500hm 50V 5% .06W 1206vex Drives uProcessor a/d Ref Input Pin (dynamic Load, changes w/ time)
i . o : .
3.3Vref_Unbuffered| ~ 3.3V +- 10mV . RN67C Res4: 7500hm 50V 5% .06W 1206vex We place cap at A/D input pin A
1 A2 7 3.3V - 10MV 13 3vref_Buff_A_Col_N
3.3V +-10mV Cap: 1uF 16V 20% 125C|0603 2 7 I~ — — —_ 7= Schottky diodes clamp to 0V/3.45V, which
COLUMN #1 ONLY C96B M | Each column has one of thesekeeps op amp output between -0.300V
— N S (AR and +3.700V, which protects downstream
ACOM —— CerC O D96A IC's powered by 0V/3.6Vpwr. It is Very
> 2kohm x 1uF = 2mS, Fc = 80Hz Low Pass Cap: 100pF 100V 5% npg 125C 0603 Schottky: 2x Series BAT54S 30V 5nS SOT23-3 rare for this protection to turn on. 4.3V
Filter 1 250 ohm x 100pF = 25nSgc, 5SMHz 3 < BAT54S: 2uA max 25V/25C, 35uA typ 10V/85°C, max power supply and 250o0hms limits
> 1uF less likely than 10uF to pick up RFI, ACOM )\ 4 ANAN 5 @) 0.4Vf max 10mA/25°C, 0.15Vftyp TmA/85°C current to 16mA.
place cap close to op amp
> 85nA x 2kohm = 170uV drop (1 part in 20K, Res4: 7500hm 50V 5% .06W 1206vex < > Keep VRef output > -0.25V and < (3.45V + 0.25) = 35MA x 250 ohm = 1.1V, 5 mW
we want this stable with time and temperature, U96A RN67D - > |f 3.6Vpwr to a/d goes down we want OpAmp (with 10mA x 250 ohm = 2.2V, 20 mW
85nA is Max and only occurs at 85C) OpAmp: LMV324A 4ch 1MHz 5mVos 85nA 65dB TSSOP14 ACOM| 4.3Vpwr) that is driving analog ic's output to go down.16mA x 250 ohm = 4V, 64 mW
> LMV32xA needs 1.4V headroom so we pwr it LMV32xA: 1MHz, 1uS Rec, 5mVos OT, 5pF, 85nA mx 85°C (ST
with 4.3Vpwr datasheet), 1V/uS, 65dB min OT, In -0.1 to (Vcc-1.4), Out 0.15V to
(Vee-0.15V), $0.12/4ch, Ti "A" version is different from others
3.3V Buffered, for 16bit a/d ref input
Similar to above circuit 250 ohms =750 // 750 // 750
ALL COLUMNS HAVE THIS This fb circuit enables us to connect caps to ouput and drive dynamic loads.
RN68A Res4: 750o0hm 50V 5% .06W 1206vex
RN68B Res4: 7500hm 50V 5% .06W 1206vex Drives 16bit a/d Ref Input Pin (dynamic Load, changes w/ time) B
RN68C Res4: 7500hm 50V 5% .06W 1206vex We place cap at A/D input pin
3.3V +-10mV A A 7 3.3V - 10MV 13 3vref_Buff_B_Col_N
M ~ 13.45V_Clamp Each column has one of these.
— Co68 O
u96B Cap: 100pF 100V 5% npq 125C 0603
OpAmp: LMV324A 4ch 1MHz 5mVQgs 85nA 65dB TSSOP1f 250 ohm x 100pF = 25nSgc, 5SMHz 3 < D96B
4 ANAN 5 O Schottky: 2x Series BAT54S 30V 5nS SOT23-3
Res4: 7500hm 50V 5% .06W 1206vex <
RN68D - | ACOM
2.81V Buffered, offset for main amplifier
4.3V_APwr
2.81Vref_Unbuffered —— AN I 7 | 5
COLUMN #1 ONLY Many measurements are wrt this 2.81V JESVIRILIBEARERNED) ] N
RO6E Do not load this w/ a capacitor Each column has one of these.
Res: 2.2Kohm 75V 1% .06W 100ppm 060
ACOM ACOM
C96E
Cap: 1uF 16V 20% 125C 0603
2K x 1uF = 2mSec, 80Hz Fc uo6C
Place cap near op amp input OpAmp: LMV324A 4ch 1MHz 5mVos 85nA 65dB TSSOP 14
Unused Op Amp
4.3V_APwr
Unused op amp
Acomp—12
9
— D
“L—]acom
OpAmp: LMV324A 4ch 1MHz 5mVos 85nA 65dB TSSOP ‘iltle www.Manhattan2.org
ugeD Material contained in this file can be Used, Shared or Modified; for any purpose; at no charge.
B . 88 g This material is governed under the Creative Commons Attribution 4.0 Int'l license:
Size: Letter Number: Revision: _ ,
https://creativecommons.org/licenses/by/4.0/
Date: 11/30/2020 Time: 12:12:17 PM Sheet  of This material is provided "As Is", without warranty of any kind, express or implied.
File: C:\Users\glenn\Documents\GWI\gwi_Dev\iNet-4xx 2004 DesignDesigoierm@tiddaintebVARgo1arPOBEIm100 SchPcb CurrentWorkingFiles\Schematics\m100 Specific\m100_ Buffered Vref.SchDoc
1 2 3 4




Bypass Mosfet Control Circuit DESIGN FILES
COLUMN #1 ONLY > Simulation: "ByPass Mosfet v3a.TSC"
> Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "GatePwr (10V) AboveMe Circ
Output Power+ (e.g. 75V) IVout_Pwr + A
If Vout > 91V (+-6V), then this turns Bypass T« z46A
mosfet ON to protect all components that are SZ Zener: 13Vz 5% C .2W 100pF SOT23-3 Note that "B" version is 2% accurate and "C" is 6% accurate
rated for 100V. This is tricky, since if you have ol© BACKWARDS - 13Vz, 6% 'C' Not Accurate and we have two B versions that are 43V. There is also a 13V
a source of 100V and it can put in 2A, then you C in the other direction, so that current does not flow if Vout is
will put 200W into Bypass MOSFET. We - between OV and 10V.
assume this occurs for only a moment. There O Z46B
are other circuits that detect overvoltage and 7< Zener: 43Vz 2% B .2W 35pF SOT23-3
then FPGA opens up Hi/1Lo1/Hi2/Lo2 as < Forward - 43Vz, 2% 'B' Accurate $0.03
needed, yet that is different. The string of 3 a
zeners turns on when you put >88V or < -13V -
across it O Z46C
7N Zener: 43Vz 2% B .2W 35pF SOT23-3
it Forward - 43Vz, 2% 'B' Accurate $0.03 Diode: 3x Array BAS16 100V 4pF 6nS SOT363
DN40B
RN46B ARRAY_ELEMENT_TOP
. (0]
" GatePwr_MeOrAboveMe 2A HCS Res4: 22Kohm 50V 5% .06W 1206vex N
My GatePwr (10V) or PCB above me's GatePwr (14V). ™ 10 Volts / 22 K ohm = 0.5mA, 5mW across 22K resistor
R46A Typically 10V yet max could be 28V while configuring. 6V x (330K/(22K+330K)) = 5.6Vgs Drain
Res: 220o0hm 75V 1% .06W 100ppr 0603 If my GatePwr is up then this signal is (GatePwr - 0.4Vdiode); 330K is part of A/D vMeasurement ALL COLUMNS HAVE THIS MOSFET B
otherwise, this is PCB above me's GatePwr minus 10V / 22K = 500uA, 5mW Bypass Mosfet
his diode + 100 ohm + Mosfet. ~ 20V / 22K = 1mA, 20mW | Shorts element Top to Bottom. Only engaged when
)| > this DC-to-DC converter is being bypassed --
If Vout >91V then this turns on and you might Controls Bypass MOSFET, which shorts element when occurs when it is OFF for some reason.
see 0.1mA flow here as Vout regulates at 90V Top to Bottom when DC-to-DC is OFF.
(MOSFET could burn much pwr). If A/D can measure this ctrl voltage via 330K resistor at vMeasure Bank #5 GATE_BypassMosfet Source
ByPassTurnOff is ON, then you will get 2mA Controls Bypass MOSFET, which
here and 2mA x 43V = 90mW across 43V We drive Bypass MOSFET Gate via shorts Element Top to Bottom (dc-to-dc OFF)
zener. GatePwr_MeOrAboveMe and this occurs even N/
if there is absolutely no power on this PCB (no
3.3Vpwr, no GatePwr, no PV). ARRAY_ELEMENT_BOTTOM
R46B
ResTF: 1Kohm 75V 0.5% .06W 25ppm 0603
BypassTurnOffSwitch MOSFET If GatePwr_MeOrAboveMe is at 20V and | want
N-Ch Bypass MOSFET off, then 20V x (1K/ 22K) = 1V
/’ applied to Gate, which is OFF.
| FPGA_BypassTurnOff o G1
uP MUST force ByPass MOSFET OFF 1 = Force Bypass Mosfet OFF © - \
BEFORE it puts any voltage at VOUT, 0 = Allow Bypass Mosfet to be ON O M46A C
otherwise it will dump 300W into ByPass LVC3.3V, 4mA ZX « MOSFET: N-ch BSS123L 100V 6ohm SOT23
Mosfet (short out vout). << BSS123L, N-Chan, Sot23, 100V, 60, 3Vgs th fully on,
if uP power is off, this ByPassTurnOff - T
MOSFET will be OFF via 20K (and then )\ Z46D
Bypass MOSFET will get turned ON viRN46C Zener: 13Vz 5% C .2W 100pF SOT23-3
GatePwr_MeOrAboveMe) Res4: 22Kohm 50V 5% .06W [206vex
20uA Leakage x 20K = 400m
2.5V /20K = 125uA, 0.5mWCOM
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Generate Master Calibration Voltage (switchable)
SUMMARY DESIGN FILES
> create master calibration voltage which is switchable > Simulation: "vCalibration Circuit...TSC"
> these do not need to be accurate since 16bit a/d measures them when we power up > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "Calibration System", "vRef IC Accuracy", "Power .
calibration. we want them to be stable After power up cal. Voltage Range Strategy...", "Component Characteristics As Noted in Datasheets"
> Ma2 Solar RD PLAN.pdf / "Power Supply and Voltage Reference" A
Select Master Calibration Voltage
Calculations: GWeinreb_Manhattan2_ResearchNotes.xls / SolarRoof / "Calibration System"
COLUMN #1 ONLY
NLAST, 5nA, +-1Vheadroom, Vee pin makes Din is easy 250 ohms = 750 // 750 // 750, 180mW = 60mW x 3
5nA x 10K ohms = 50uV 43V APwr This b circuit enables us to connect caps to ouput and drive dynamic loads.
Mux: 8:1, NLAST4051, 5nA +-1Vhead 5.5V, 0.8/2V, 8pF 46ohm TSSOP16™ " — RN60A Res4: 750o0hm 50V 5% .06W 1206vex
UG0A RN60B Res4: 7500hm 50V 5% .06W 1206vex
o (o)
3.1VcaI_BUFF|—4' Y7 oOUT 3 Master_vCal_Unbuffered 3 1RNESOC 8Res4. 7500hm 50V 5% .06W 1206vex
4 A AN * * ' Master_vCal BUFF
12 ERAAANTR 0V .. 3.1V calibration voltage
1.5VcaI_Unbuffered|— Y6 N y COLUMN #1 ONLY B
——C60 —|3. 5V_Clamp
S5 | Cap: 100pF 100V 5% npg 125C 0603 @) D60
750mVcal_BUFF| Ve 250 ohm x 100pF = 25nSkc, 5MHz Schottky: 2x Series BAT54S 30V 5nS SOT23-3
14 6 L srca vz | s S AT 2un mas v A e 1oV
380mVcal_Unbuffered————— Y4 < AVimax 10m » O-1oVIyp Im
- B 10 MasterCal M1 | Res4: 750ohm 50V 5% .06W 1206vex
RN60D < Schottky diodes clamp to 0V/3.45V, which keeps op
2 L9 ue0B amp output between -0.300V and +3.700V, which
180mVcal_Unbuffered| Ve R MasterCal MO | 5o Arb: TLV9061 1ch 10MHz 2mVos 25pA 80dB 750uA-ch Pinfout SOT23-5 e (i protects downstream IC's powered by 0V/3.6Vpwr. It
From FPGA, LVC 3.3V, 2mA TLV9061, $0.22, SC70-5, 10MHz, 0.1uS Rec, 2mVos max OT, R61A is Very rare for this protection to turn on. 4.3V max
15 | 4pF, 25pA typ 85C, 6V/uS, 81dB, Res: 33ohm 75V 1% .06W 100ppm 0603 power supply and 2500hms limits current to 16mA.
85mVcal_Unbuffered| e In 0.1 to (Vce-1.4), Out 0.15V to (Vee-0.15V) 33 ohm helps op amp drive diode pF
Low = On 5SmA x 250 ohm =1.1V, 5 mW
1 =i _0 This op amp moves quickly, stabilizes quickly, has low cmmr error, and low uVos drift. 10mA x 250 ohm = 2.2V, 20 mW
13chaI_Unbuffered|— Y1 ENABLE 16mA x 250 ohm = 4V, 64 mW
ACOM
ZERO_20mA——2— vo. 2
> O >
N~ [ee] ©
- C
AV_APWI—, J 4.3V 14.3V_APwr
ACOM
D
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Create 3.3Vref, Buffer 3.3Vref, Create Calibration Voltages
SUMMARY DESIGN FILES
> create calibration voltages > Simulation: "vCalibration Circuit...TSC"
> these do not need to be accurate since 16bit a/d measures them when we power up > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "Calibration System", "vRef IC Accuracy", "Power .
calibration. we want them to be stable After power up cal. Voltage Range Strategy...", "Component Characteristics As Noted in Datasheets"
> Ma2 Solar RD PLAN.pdf / "Power Supply and Voltage Reference" A
Generate 3.1Vcal Buf & 750mVcal Buf
COLUMN #1 ONLY
> 1K ohm x 1uF = 1mS, Fc = 160Hz
3.3Vref Unbuffered R63A > 11K ohm x 1uF = 11mS, Fc = 16Hz
' - ResTF: 1Kohm 75V 0.5% .06W 25ppm 064{):3 > 1uF less likely than 10uF to pick up RFI
oV_APwr
3.3V +- 10mV — > place cap close to op amp
3.081V .. 3.091V > 85nA leakage from op amp does not effect vout since it
3.1V 3 3.088V = target spreads evenly into resistor ladder
Place cap|near op amp ifput 3.1Vcal BUFE > LMV32x needs 1.4V headroom so we pwr it with 4.3Vpwr
Cap: 1uF |16V 20% 125C|06B8sTF: 11Kohm 75V 0.5% .06 W 25ppm 0603 2 ' -
C63A R63B I =
J— OpAmp: LMV324A 4ch 1MHz 5mVos 85nA 65dB TSSOP14
UB3A ~L—jacom
750mV 4.3V_APwr|—<r
V4 749mV .. 769mV
12 761mV target
REE 750mVcal_BUFF
J— ResTF: 3.6Kohm 75V 0.5% .06W 25ppm 0603 13 - LMV32xA: 1MHz, 1uS Rec, 5SmVos OT, 5pF, 85nA mx 85°C (ST
. datasheet), 1V/uS, 65dB min OT, In -0.1 to (Vcc-1.4), Out 0.15V to B
C63B OpAmp: LMV324A 4c \{MHZ 5mVos $5nA 65dB TSSOP14 (Vece-0.15V), $0.12/4ch, Ti "A" version is different from others
. 0 AT
ZERO_ZOmAI )| )| Cap: 1uF 16V 20% 125C 0603 u63B
Generate Unbuffered Ref Voltages (94mV, 220mYV) Generate Buffered Ref Voltages (2.81V)
Calculations: GWeinreb_Manhattan2_ResearchNotes.xls / SolarRoof / "Calibration System" Calculations: GWeinreb_Manhattan2_ResearchNotes.xls / SolarRoof / "Calibration System"
COLUMN #1 ONLY COLUMN #1 ONLY
3.3Vref_Unbuffered| 3.3Vref_Unbuffered RG4E
3V /(11K // 11K) = 500uA R64A R64C 3V /12K = 250uA ResTF: 1.74Kohm 75V 0.5% .06W 25ppm 0603
ResTF: 10Kohm 75V 0.5% .06W 25ppm 0603 ResTF: 10Kohm 75V 0.5% .06W 25ppm 0603 3.3 10000/ (1740 + 10000) = 2.8109 V
3.3 294 /(294 + 10000) = 94.250 mV 3.3*715/ (715 + 10000) = 220.2 mV 5nA x 10K ohms = 50uV
5nA x 10K ohms = 50uV
94mVref_Unbuffered 220mVref_Unbuffered %&Mm&_&p%ﬁﬂed
R64B R64D R64G
ResTF: 294ohm 75V 0.5% .06 W 25ppm 0603 ResTF: 7150hm 75V 0.5% .06W 25ppm 0603 ResTF: 10Kohm 75V 0.5% .06W 25ppm 0603
Place 1uF cap near Destination ! Place 1uF cap near Destination !
10K x 1uF = 10mSec, 16Hz Fc 10K x 1uF = 10mSec, 16Hz Fc ZERO_20mA C
ZERO_20mA|
Generate Unbuffered Calibration Voltages (13mV, 85SmV, 180mV, 380mV, 1.5V)
Calculations: GWeinreb_Manhattan2_ResearchNotes.xls / SolarRoof / "Calibration System"
COLUMN #1 ONLY e |750chaI_BUFF 21y
- 3.1Vcal_BUFF
R64P
R64L ResTF: 5.36Kohm 75V 0.5% .06W 25ppm 0603/ R64H
ResTF: 2Kohm 75V 0.5% .06W 25ppm 0603 ResTF: 4.99Kohm 75V 0.5% .06 W 25ppm 0603
5nA x 10K ohms = 50uV
|380mVcal_Unbuffered |85mVcal_Unbuffered
368mV .. 373mV 82mV .. 83mV leatEE] Blilatuiaise
R64M R64S
ResTF: 1Kohm 75V 0.5% .06W 25ppm 0603 ResTF: 560ohm 75V 0.5% .06W 25ppm 0603 1.533V .. 1.553V
R64J
o o)
|180mVcal_Unbuffered |13mVcal_Unbuffered RESUIS AU v Wity U Zeleleian OO D
174mV .. 178mV 11.3mV .. 11.6mV
R64N Title www.Manhattan2.org
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ISOLATED CANbus Transciever, Connect Elements in 1st Array Column

COLUMN #1 ONLY

C50A Cap: 10uF 10V 20% 125C 0805 C50C Cap: 10uF 10V 20% 125C 0805 A
C50B Cap: 0.1uF 25V 20% 125C 0603 C50D Cap: 0.1uF 25V 20% 125C 0603
5V_ColumnPwr+} o . o o |3.3V_DPwr
Regulated 5V from BASE row (at earth gnd). ©
5V +- 0.15V
RN50A
L Us0 Res4: 33Kohm 50V 5% .06W 1206vex
SV_ColumnPwr-} — ‘CANBus Tevr: ADM3050EBRIZ Isolated 1500V So8-10mmWide ! PULL UP RESISTOR KEEPS HIGH
8 | vbp2 vDD1 PCOM -
CAN_HI_ArrayColumn_wrt_EarthGnd * g CANH TXD g FPGA CANBus_ArrayColumn_Transmit|
CAN_LO_ArrayColumn_wrt_EarthGnd * CANL RXD From Fpga, 3.3V logic, 4mA
COLUMN #1 ONLY 5 GND2 GND1 4 If uProcessor or FPGA does not boot we want this to be at 3.3V
0..400V wrt COM 1 = recessive (logic 1, termination puts 0V across canbus wires)
0 = dominant (logic 0, drive 2V across canbus wires)
; HEOl " ToFPGA_CANBus_ArrayColumn_Recejve
8_ 2 X 120 ohm Termination at each end of cable To Fpga, 3.3V logic B
o 1 Each Resistor: 3V / 120 ohm = 25mA, 75mW 1 = recessive (logic 1, termination has 0V across canbus wires)
2x Resistors: 3V / (120 /2) ohm = 50mA, 150mW 0 = dominant (logic 0, somone is driving 2V across canbus wires)

R50
Res: 120o0hm 200V 1% .25W 100ppm 1206

J50
Header, 3x1, 100mils, SMT, Gold, 3Amps, TSM-103-01-L-SV

C
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NON-ISOLATED CANbus Transciever, Connects elements within one horizontal row
ALL COLUMNS HAVE THIS
A
C95A Cap: 10uF 10V 20% 125C 0805 C95C Cap: 10uF 10V 20% 125C 0805
C95B Cap: 0.1uF 25V 20% 125C 0603 C95D Cap: 0.1uF 25V 20% 125C 0603
5V_RowPwr_Regulated+| o o o o |3.3V_DPwr
Regulated 5Vpwr, wrt PCOM ~
5V +- 0.15V wrt PCB COM
RN50B
)\ U95A Res4: 33Kohm 50V 5% .06W 1206vex
CANBus Tevr: TJA1057GT/3, Vio Support, 5Mbps Not-Iso SO-8 | PULL UP RESISTOR KEEPS HIGH
3 1 vee VIo 2 S0l ~
CAN_HI_OneArrayRow _wrt COM ¢ g CANH TXD 1 FPGA CANBus_ArrayRow _Transmit |
CAN_LO_OneArrayRow_wrt COM> CANL RXD From Fpga, 3.3V logic, 4mA
2 8 If uProcessor or FPGA does not boot we want this to be at 3.3V
GND S _CTRL - . . N !
— 1 = recessive (logic 1, termination puts OV across canbus wires) B
0 = dominant (logic 0, drive 2V across canbus wires)
PCOM
3
O+————=< I
2 120 ohm Termination at each end of cable ‘ .
g 1 Each Resistor: 3V / 120 ohm = 25mA, 75mW '~ ToFPGA_CANBus_ArrayRow_Receive
2x Resistors: 3V / (120 /2) ohm = 50mA, 150mW To Fpga, 3.3V logic
1 = recessive (logic 1, termination has 0V across canbus wires)
R95 0 = dominant (logic 0, somone is driving 2V across canbus wires)
Res: 120o0hm 200V 1% .25W 100ppm 1206
S0 FPGA CANBus_ArrayRow S Ctrl |
Header, 3x1, 100mils, SMT, Gold, 3Amps, TSM-103-01-L-SV
From Fpga, 3.3V logic, 4mA
0 = transmitter enabled, 1 = receive only
C
D
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Column Connectors -- Connect together Multiple PCB's Between Rows (i.e. on a column)
Db25-Top
A
CAN_HI_ArrayColumn_wrt EarthGnd———¢—¢ 80:: Jmm ﬁ:: 8h::$
CAN_LO ArrayColumn_wrt EarthGna QLY
4
coLbungt oy ALL COLUMNS HAYE|THIS Vout_Pwr+
HiPwrOn_OneColumn_OPTO+ | (ElementTop, also we have 4-40 Post + heavy wire)
Used by all columns
000 J10A
Header, 3x1, 100mils, BMT, Gpld, 3Amps, TSM-103-01-L-B\ ALL COLUMNS HAVEITHIS
ElementBottom
— || (Also we have 4-40 Post + heavy wire, similar to PCOM
5V_RowPwr_Regulated+| [ & S5V_ColumnPwr+ COLUMN 1 zﬁLY Used by all columns
L 5V ColumnPwr- COLUMNI#1 Y
SN RO NSNS 1 Power is supplied By Nlagter orjtrollgr ? B
olale and is routed to Colunn 1 elpnjents|
(5V Power Supply Column >= 2 elementq d¢ not|sef thig.
Close to EarthGnd) 5545 ] vioB EarthGnd_SENSE
0..400V wrt COM Header, 3x1, 100mils, BMT, Gplq, 3Amps, [SM-103-01-L-5\ | COLUMN #1 ONUY
0..400V wrt CQM
Eart nd_SENSE (no current flow, GFP)
TP12
J11A Used by all columns
A QPP | Header, 3x1, 100mils, BMT, Gbid, 3Atps, TSM-108-01-L-5\
32Vpwr+ TP1 1A J
— N[
32V_PowerSupply+| 32V_ColumnPwr+ COLUMNE#1 ONLY L 1
3V PowerSusgiv.| 32V_ColumnPwr- S nome 1] EarthGnd_Shield
- PPIy-| Power is supplied By Nlagter Qortroller ) COLUMN #1 ONLUY
0..400V wrt COM olale and is routed to Column K1 elpments 0..400V wrt COM
o)1 Column >= 2 elementd d¢ not|sef thig. Eart nd_Shield (shield RFI)
32Vpwr- TP11B| 5 & (') J11B TP13
Header, 3x1, 100mils, BMT, Gpld, 3Amps, [SM-103-01-L-BM Used by all columns
C
J12A
PP QP | Header, 3x1, 100mils, BMT, Gpld, 3Amps, TSM-103-01-L-5V
~ Nﬂ
GatePwr AboveMe GatePwr AboveMe BUS] COLUMN j#1 ILY
" GatePwr_BelowMe GatePwr BelowMe BUS| COLUMN j#1 4y
M |N [
6 6 6 J12B
Header, 3x1, 100mils, BMT, Gplq, 3Amps, I'SIIVI-103- D1-L-5\
Db25-Bottom
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RFI Filter Differential Amplifier (g =2.3 x 2.4 =5.44)

R84A

Current Measurement (via 1m ohm shunts) High Gain Fast Amplifier (G = 20) Clamp to protect uProcessor

For simulation, see "CurrentShunt_DiffAmp, v12a.TSC" 345V CI
For analysis, see GWeinreb_Manhattan2_ResearchNotes.xls / SolarRoof / "DESIGN: DIFFERENTIAL AMPLFIER Measures -4 to 15mV across Rshunt..." ResTF: 6.9Kohm 75V 0.1% .06W 25ppm 0603 R84B us4 Aaov_Liamp
ALL COLUMNS HAVE THIS OpAmp: TLV9064 4ch 10MHz 2mVos 25pA 80dB 750uA-ch TSSOP14 3.3V * (102 / (102+6900)) = 0.04807V ResTF: 102ohm 75V 0.1% .06W 25ppm 0603 OpAmp: LMV793 1ch 88MHz 2mVos 25pA 75dB Pin1out SOT23-5 R84F
U82A 3.3Vref Buff B Col NI 48mVcal LMV794, 2Ch, $0.82, 88MHz, 1.6mVos mx OT, Res: 33ohm 75V 1% .06 W 100ppm 0603
ACOM C82A . S, aE N 3.3vDC 25pA max OT, 28V/uS, 75dB min OT, In 0 to 33 ohm helps op amp drive diode pF
ALL COLUMNS HAVE THIS Cap: 3pF 50V 5% npo 125C 0603 Each column has one of these. Place R's near op amp IN+ (Vce-1.3V), Out 0.3V to (Vce-0.3V) Protect Xmc4200 from overvoltage
50nA, pin 7 n/c, pin 10 = A, 19%/25% Din, Drive w 10k // 10K divider & -1Vpwr, $0.15 —
50nA x 500 ohms = 25uV C84B 4.3V APwr D84
Mux: 2x 4:1, TMUX1309, 45nA +-1Vhead 5.5V, 19%/25%, 11pF 2200hm TSSOP16 RN82A  Res4: 3300hm 50V 5% .06W 1206ve p— Cap: 1uF 16V 20% 124C 0603 © N Schottky: 2x Series BAT54S 30V 5nS SOT23-3
uso RN82D Res4: 330ohm 50V 5% .06W 1206ve Place cap near op amg IN+ LV BAT54S: 2uA max 25V/25C, 35uA typ 10V/85°C,
b o o o
[ vMeas_Shunti_InputPwr+ 12<“> 1A OUTA <W>13 T 1 8 S1 IN+ Sl OUTs SggBF 1600hm 755;/101\11A) .06W 25ppm 0603 48mV DC 3 iy w0 0.4Vf max 10mA/25°C, 0.15Vftyp 1mA/85°C
A1 ut M
i easure_7x_CurrentShunts_1.5MHz_BW
[ VMeas_Shunt1_InputPwr- e 1B outB =2 4 2 REE ACOM 41— R84E
IN- ResTF: 383ohm 75V 0.1% f06W 25ppm 0603 LA Res: 220o0hm 75V 1% |06W 100ppm 0603 Measure current (1.5MHz BW)
R83A g =383/160 =2.393 ~ V- protect Xmc4200 from jovervoltage Input: -5mV to +15mV (-5A to 15A w/ 1m ohm shunt)
15 ResTF: 1020hm 75V 0.1% .06W 25ppm 0603 1V /220 = 5mA, 5mW - rare Gain = 115, BW = 1.5MHz (obs on sim)
[ vMeas_Shunt2_PvPwr+ gy 27 g=1+2x(102/160) = 2.275 4V APwr 4V /220 = 18mA, 70m{ — very rare Output: 0 to 3.3V
. 2 1 8 Low Resistors Reduces Coupling of Noise = : ALL COLUMNS HAVE THIS
[ vMeas_Shunt2_PvPwr: S 2B CurrentMeas_Bank8 M1 | ResTE: 3830hm 75V 0.1% 0BW 25ppm 0603 L-1V_APwr
From FPGA, LVC 3.3V, 2mA 1/(6 * (330+220) 147e-12) = 7 MHz 6 R84C
14 9 7 2 I Cap: 47pF 100V % npo 125C 0603 7 S2 OUT S3 IN-
[ vMeas_Shunt3_Buck+ <> 3A B {-1V_APwr Cane L= R83B 5 =TT G4
VMeas Shunt3 Buck- 5<“> 3B A 10 RN8OA Res4: 10Kohm 50V 5% .06W 1206vex ResTF: 160ohm 75V 0.1% .06W 25ppm 06003 ResTF: 7.68Kohn 75V 0.1% .06W 25ppm 0603
Pinl0=A RN80B Res4: 10Kohm 50V 5% .06W 1206vex g =-7680/ 383 =|-20.05, GBW = 88MHz, BW = 3MHz
| |
4.3V_APwr
11 us2c - c84D ||
[ vMeas_Shunt4_Boost+ i P e 3 6 cororiisas Baka i | OpAmp: TLV9064 4ch 10MHz 2mVos 25pA 80dB 750uA-ch TSSOP14 Cap: DNP 0603
[ vMeas_Shunt4_Boost- iu> 4B ENABLE 6 R83C Possibly need this to avoid gain peaking (high gain at Fc frequency)
a From FPGA, LVC 3.3V, 2mA ResTF: 102ohm 75V 0.1% .06W 25ppm 06003
a 5) 4 1.1V APwr ResTF: 383ohm 75V 0.1% .06W 25ppm 0603
g 3 ¢ -1V S1_OUT- S2 IN- R83G . -
RN8OC Res4: 10Kohm 50V 5% .06W 1206vex SIIN- RE3F 1 Low Pass Filter (Fc = 16KHz)
o o RN80D Res4: 10Kohm 50V 5% .06W 1206vex ResTF: 160ohm 75V 0.1% .06W 25ppm 0603 ACOM us2Db
- OpAmp: TLV9064 4ch 10MHz 2mVos 25pA 80dB 750uA-ch TSSOP 14
- R8SA 4.3V_APwr
ResTF: 10Kohm 75V 0.5% .06W 25ppm 0603q_ =
R 1 -1V 4.3V o] C82B 1/(6 x 10e3 x 1000e-12) = 16KHz
1V_APwr} 14.3V_APWr CurrentMeas_Bank8 ENABLE | | Cap: 3pF 50V 5% npo 125C 0603 S4 LP IN+
Provide +-1V headroom via -1V/4.3Vpwr From FPGA, LVC 3.3V, 2mA, 0 = ON ACOM 8 S4 LP OUT I
19% / 25% digital inputs receive: 7 2 1y APwr C85A RE5B8 . Measure_7x_CurrentShunts_16KHz_BW
Logic 1: 1.96V wrt pin8 > [ 25% x (4.3V - -1V) = 1.38\{ ] = Cap: 1000pF 50V|10% 125C 0603 Res: 2200hm 75V 1% .0§W 100ppm 0608KHz version of current shunt output
Logic 0: 0.66V wrt pin8 <[ 19% x (4.3V - -1V) = 1.05\{ ] RN81A Res4: 10Kohm 50V 5% .06W 1206vex us2B Protect Xmc4200 from oervoltage
RN81B Res4: 10Kohm 50V 5% .06W 1206vex OpAmp: TLV9064 4ch 10MHz 2mVos 25pA 80dB 750uA-ch TSSOP14
TLV906x, 10MHz, 0.2uS Rec, 2mVos max OT, 4pF, AV APwr
25pA typ 85C, 6V/uS, 80dB min OT, In -0.1 to —
(Vce-1.4), Out 0.15V to (Vee-0.15V), 750uA/ch, $0.49 ACOM
ALL COLUMNS HAVE THIS
50nA, pin 7 n/c, pin 10 = A, 19%/25% Din, Drive w 10k // 10K divider & -1Vpwr, $0.15
Mux: 2x 4:1, TMUX1309, 45nA +-1Vhead 5.5V, 19%/25%, 11pF 220ohm TSEOP16
us1
[ vMeas_Shunts_Cout+ 12,0 1A OuTA 13 |
[ vMeas_Shunts_Cout Lo 1B ouTB 2|
Vout Voltage Monitoring (3MHz BW) Clamp to protect uProcessor
15 For simulation, see "100Vmeasure - vDivider to Op Amp -- 300K and 7K, v1a.TSC
[ vMeas_Shunt6_BypassMosfet i 27 Calibration: measure here & also via main amp inverter to determine ratio of vDivider R's SAoVACIamp
R86G
[ VMeas_Shuni6_Bypasshiosfet—2o| 28 Res: 330hm 75V 1% .06W 100ppm 0603
R86A ResTF: 150Kohm 75V 0.5% .06W 25ppm 0603 33 ohm helps op amp drive diode pF
- 14 9 R86B ResTF: 150Kohm 75V 0.5% .06W 25ppm 0603 Protect Xmc4200 from overvoltage
[ vMeas_Shunt7_String+ <> 3A B 80V / 30063 = 250UA, 25mW
: D) 10 50V / 300e3 = 160uA, 8mW D86
IR AV : R N R86D _ Schottky: 2x Series BAT54S 30V 5nS SOT23-3
Res: 2200hm 75V 1% .0§W 100ppm 0603 ACOM
. 0,
st sca_suee o e EHCHme Poet X200 fom ofonlage
Created by Column #1 4 &0‘1 6 3 6 ) ) Primary Do-to-Dc Converter Outout { Measure_Vout 5MHz_BW
48 ENABLE CurrentMeas_Bankd_ENABLE | ry p S " P
ZERO 20mA a easure Output Voltage
- o From FPGA, LVC 3.3V, 2mA, 0 = ON Cap: 100pF 100V 5% npo 1R5C 0603 ALL COLUMNS HAVE THIS
S5 2 L5 A~ ap T
LA R86C If you look at 300K ohm x 2pF at pin you see 0.2MHz BW. Yet we
~ o © ResTF: 7.68Kohm 75V 0.1% .06W 25ppm 0603 are doing much more. This is due to gain peaking (according to
- Place close to OpAmp Input RBEE sim) which offsets these other things. For details, see sim file
PCOM Res: 2.2Kohm 75V 1% .0BW 100ppm 0603 e gs- i
("100Vmeasure - vDivider to Op Amp -- 300K and 7K, v1a.TSC").
-1V 4.3V C86E [
SANLART] LR Cap: 1000pF 50V 10% 125C 0603

Provide +-1V headroom via -1V/4.3Vpwr Control Gain Peaking
19% / 25% digital inputs receive:

Logic 1: 1.96V wrt pin8 > [ 25% x (4.3V - -1V) = 1.38V ]
Logic 0: 0.66V wrt pin8 <[ 19% x (4.3V - -1V) = 1.05V ]

use

OpAmp: TLV9061 1ch 10MHz 2mVos 25pA 80dB 750uA-ch Pin1out SOT23-5
TLV9061, $0.22, SC70-5, 10MHz, 0.1uS Rec, 2mVos max OT,

4pF, 25pA typ 85C, 6V/uS, 81dB,

In-0.1 to (Vcc-1.4), Out 0.15V to (Vcc-0.15V)
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FPGA Power Conversion
ALL COLUMNS HAVE THIS
For FPGA pin assignments, see file "FPGA_Solar_Array_Signal_Routing.xlsx"
A
ma00_BypassMosfet_Control.SchDoc COLUMN #1 ONLY U3E m1oo_PowerVoltage_Monitoring.SchDoc ALL COLUMNS HAVE THIS
FPGA_BypassTurnOff | FPGA_t 1 USE
1 = Force Bypass Mosfet OFF | ToFPGA Overvoltage PvPwr FPGA v 1
0 = Allow Bypass Mosfet to be ON PV Power+ (solar panel out)
LVC3.3V, 4mA Open Collector Output (low if in+ > in-)
Connect to FPGA w/ internal pull-up
TEOCL(CETEATEL ENEEEmIEs S 20E GRIEENIN A G | ToFPGA_Overvoltage Vout Pwr FPGA_v_2
FPGA LoadDown MeOrAboveMe FPGA t 2 Primary Dc-to-Dc Converter Output
1 = fpga loads down MeOrAboveMe via 20K ohm Open Collector Output (low if in+ > in-)
FPGA TumOff10VaboveMe | FPGA t 3 Connect to FPGA w/ internal pull-up
LVC 3.3V (logic 0 = 0.4V, logic 1 = 2.8V) | ToFPGA_Overvoltage_FiltrOut_Pwr FPGA v 3
1 = Fpga turns OFF GatePwr_AboveMe Filter Output (after PV Input)
0 = Fpga turns ON GatePwr_AboveMe Open Collector Output (low if in+ > in-)
_ Connect to FPGA w/ internal pull-up
m1oo_GateDrive_Left.SchDoc ALL COLUMNS HAVE THIS " ToFPGA Overvoltage_InductorLeft_Pws FPGA v 4
FPGA GateDrive_Left_Hi FPGA t 4 grirgﬁg;ngggfro l:tptlljtt 3?\; fine > i) B
FPGA_GateDrive_Left_Lo FPGA_t 5 P pu
—— Connect to FPGA w/ internal pull-up
From FPGA, LVC 3.3V, 2mA : Dipse
ey e Y [ fe | ToFPGA_Overvoltage_InductorRight P FPGA_ v 5
‘ Primary Inductor Output Side
FPGA_BleedCurrent_Left ! FPGA t 6 Open Collector Output (low if in+ > in-)
3V: turn on 33K ohm load Connect to FPGA w/ internal pull-up
FPGA programmed for 8mA output, 3.3V LVC " ToFPGA_UNDERvoltage PvPwr FPGA v 6
FPGA_GatePullDown_Left LO ! FPGA t 7 PV Power+ (solar panel out)
3V: short Left_Lo gate to OV (hold it down) Open Collector Output (low if in+ > in-)
FPGA output set for 16mA with 3.3Vpwr Connect to FPGA w/ internal pull-up
FPGA_GLB_Control | FPGA_t 8 | ToFPGA_UNDERVvoltage Vout Pwr FPGA v 7
3V: turns on GLB mosfet via GLBD & GLBU Primary Dc-to-Dc Converter Output
and connects gate driver to Left_Lo gate Open Collector Output (low if in+ > in-)
0V: turns off mosfet (isolate Left_Lo Gate from Gate Driver) Connect to FPGA w/ internal pull-up
m100_GateDrive_Right.SchDoc ALL COLUMNS HAVE THIS | ToFPGA_3.6V_APwr_GOOD ARG E
. . . hi if analog pwr is good FPGA_Solar Array Signal Routing
FPGA_ GateDrive_Right Hi FPGA t 9 ! ) = = = =
FPGA_GateDrive_Right Lo FPGA t 10 Connect to FPGA w/ internal pull-DOWN C
From FPGA, LVC 3.3V, 2mA
1 =turns on Right_Lo / Right_Hi mosfet
FPGA_GatePullDown_Right Lo | FPGA t 11
3V: short Right_Lo gate to OV (hold it down)
FPGA output set for 16mA with 3.3Vpwr
FPGA_BleedCurrent_Right | FPGA_ t 12
3V: turn on 33K ohm load FPGA Solar Array Signal Routing
FPGA programmed for 8mA output, 3.3V LVC
D
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FPGA System
ALL COLUMNS HAVE THIS
For FPGA pin assignments, see file "FPGA_Solar_Array_Signal_Routing.xlsx"
m1oo_Xmc_uProc_|O.SchDoc ALL COLUMNS HAVE THIS m1oo_Calibration_System.SchDoc COLUMN #1 ONLY U3D A
u3cC
. . MasterCal_M2 FPGA p_1
S ERICORY hibernate i/o FPGA w_1 MasterCal_M1 FPGA p 2
MasterCal_MO FPGA p 3
RESET# uP has internal pull-up resistor, 0 = reset FPGA_ w 2 From FPGA, LVC 3.3V, 2mA
maoo_sVstringPwr_TO_LowVoltage_PowerSupply.SchDoc COLUMN #1 ONLY
ADG_EMUX 00 Mux Channel Selection FPGA_w_3 FPGA 4.3V _APwr Enable FPGA_p_4
ADC EMUX 01 FPGA w 4
ADC EMUX 02 - — From FPGA, LVC 3.3V, 2mA, 1 = +4.3Vpwr ON
FPGA w 5
ADC EMUX 11 FPGA w 6
ADC EMUX 12 FPGA w 7 m100_3.3V_TO_-1V_30mA_PowerSupply.SchDoc COLUMN #1 ONLY
- FPGA_-1V_APwr Enable | FPGA_p 5
FPGA to uProcessor SPI Interface From FPGA, LVC 3.3V, 2mA, 1 =-1V_APwr ON
SPI FPGA Interface SCLK FPGA w 8
SPI FPGA Interface MOSI EPGA w 9 m100o_24to84V_TO_10V_2W_PowerSupply.SchDoc ALL COLUMNS HAVE THIS
SIFl AP IHiEaes Wliso FPGA_w_10  ToFPGA GatePwr_GOOD FPGA p_6
SPI_FPGA Interface CSO FPGA w 11
SPI FPGA Interface CS1 — = LVC 3.3V, Input To FPGA, 1 = GatePwr ok
FPGA w_12
FPGA_EnableGatePwr | FPGA p 7 B
LVC 3.3V, 2mA, 0 = turn ON GatePwr
uP_P1.2 FPGA to uProcessor DIO Interface
FPGA w_13
uP P15 " ma10o0o_CANbus_Notlsolated.SchDoc ALL COLUMNS HAVE THIS
FPGA w_14
uP P3.0 l
FPGA w_15 FPGA_CANBus_ArrayRow S_Ctrl i FPGA p 8
uP PO0.1 From Fpga, 3.3V logic, 4mA
uP PO0.3 Eggﬁ—w—lg 0 = transmitter enabled, 1 = receive only
uP_P0.4 W
uP P0.5 Eggﬁ—a—]g m100_Discovery_Communication.SchDoc ALL COLUMNS HAVE THIS
— FPGA w_20 FPGA_Dout_ToAdjacentElement | FPGA p 9
uP_P0.10 SR W 2 From FPGA, LVC 3.3V, 2mA
FPGA w 22
uP_P0.11 FPGA w 23
— = Recieve goes to A/D, not FPGA
U s FPGA w 24
ub P2.6 FPGA w 25 . .
" m100_HiPwrOn_TmitAndRcv.SchDoc COLUMN #1 ONLY
e FPGA_w_26 | ToFPGA_HiPwrOn_OneArrayRow RECEIVE FPGA _p_10
HiHeatAlarm FPGA w 27 C
- - To Fpga, 3.3V logic, All Elements in One Row in Parallel
FPGA_ Solar Array Signal Routing 1 = HiPwrOn is not powerd (i.e. DC-to-DC is OFF)
0 = HiPwrOn has power (i.e. DC-to-DC is ON)
0 = HiPwrOn has power (i.e. DC-to-DC is ON)
A A G S T 27 a AL GOIEELINS [aWE T FPGA_HiPwrOn_OneArrayRow_TRANSMIF FPGA_p_11
:Temp Monitor: TMP302C, 90 to 105C trip OC out, SOT-563 From Fpga, 3.3V OpenCollector
Place in middle of DC-to-DC converter All Elements in One Row in Parallel
HiHeatAlarm 3 | . 1 | 1 = shutdown is off (we do not tell others to turn pwr OFF)
0 = excess temperature, 1= ok 5 V%UT $E:E§Eﬁ 6 | 105°C JES DI 0 = shutdown is on (we tell others to do emergency shutdown)
fpga adds pull-up, TMP302 pulls down 2 GND HYSTSET 4 | ACOM
5°C I maoo_HiPwrOn_Source.SchDoc MASTER CONTROLLER O
| . = (outside of array)
3.3V_DPwr {ACOM FPGA MasterCtlr_TurnOn_HiPwrOn_SOURGE FPGA p 12
FPGA w/ GND pin = circuit COM  From FPGA, LVC 3.3V, 2mA FPGA_ Solar Array Signal Routing
MASTER CONTROLLER Only, Outside Array
. 1 = turn ON HiPwrOn source (set to 5V, master reset functional)
fpga power’ C OC (, Spl , etC’? 0 = turn OFF HiPwrOn source (set to 0V, master reset = ON)
. ,? D
fpga power, clock, spi, etc”
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FPGA Voltage Measurement
ALL COLUMNS HAVE THIS
For FPGA pin assignments, see file "FPGA_Solar_Array_Signal_Routing.xlsx"
A
m100_Mux_Inverter1.SchDoc ALL COLUMNS HAVE THIS U3A mz100_Mux_Follower6.SchDoc ALL COLUMNS HAVE THIS U3B
MuxIinv_Bank1 M2 FPGA vy 1 MuxFollower_Bank6_M2 FPGA z 1
MuxIinv_Bank1 M1 FPGA vy 2 MuxFollower_Bank6_M1 FPGA z 2
MuxInv_Bank1_MO FPGA vy 3 MuxFollower_Bank6_MO FPGA z 3
From FPGA, LVC 3.3V, 2mA From FPGA, LVC 3.3V, 2mA
MuxInv_Bank1_ENABLE | FPGA vy 4 MuxFollower_Bank6_ENABLE | FPGA z 4
From FPGA, LVC 3.3V, 2mA, 0 = ON From FPGA, LVC 3.3V, 2mA, 0 = ON
Eggﬁ Em \Ffs/mva\),\rAiH Eﬁgﬁ—g—g m2100_Mux_Follower7.SchDoc ALL COLUMNS HAVE THIS
FPGA_EN_FiltrOut_Pwr+ FPGA y 7 MuxFollower Bank7 M2 FPGA_z 5
FPGA_EN InductorLeft Pwr+ FPGA vy 8 MuxFollower Bank7 M1 FPGA z 6
FPGA_EN InductorRight Pwr+ FPGA vy 9 MuxFollower Bank7 MO FPGA z 7
Dout Control from FPGA, 1 = enable From FPGA, LVC 3.3V, 2mA
\
m100_Mux_Inverter2.SchDoc COLUMN #1 ONLY egel oo e RSN B ‘ ehze
Muxinv Bank2 M2 FPGA_y 10 From FPGA, LVC 3.3V, 2mA, 0 = ON
Mﬂﬁm—gzxg—m Eggﬁ—y—g m1oo_Current_Measurement.SchDoc ALL COLUMNS HAVE THIS B
o CurrentMeas_Bank8 M1 FPGA_z 9
SO [FHER [BUE Sl i ‘ CurrentMeas_Bank8 MO FPGA z 10
MuxIinv_Bank2 ENABLE i FPGA y 13 From FPGA, LVC 3.3V, 2mA
PRI [AHE, BUE iy ik, U 1Y CurrentMeas_Bank8_ENABLE FPGA z 11
ENABLE_EarthGndSense_wrt_ COM FPGA y 14 CurrentMeas_Bank9 ENABLE FPGA z 12
ENABLE_MainPowerBus- FPGA y 15 From FPGA, LVC 3.3V, 2mA. 0 = ON
Dout Control from FPGA, 1 = enable
ma1oo_MainMeas_Amplifier.SchDoc ALL COLUMNS HAVE THIS
m100_Mux_Inverter3.SchDoc ONLY ROW #1, COLUMN #1 ONLY FPGA_EN_MainAmp_VoltageFolloweF FPGA z 13
MuXInY_Banicd_M2_olTRow] Eggﬁ—y—]g From FPGA, LVC 3.3V, 2mA, G=1 (1), G=Rfb/Rg (0) A ok Ay el R
Muxlnv:Bank3:M0:CoI1 Row1 FPGA:y:18 SR €LY
From FPGA, LVC 3.3V, 2mA
Muxinv_Bank3 ENABLE_Col1Row1 | FPGA y 19
From FPGA, LVC 3.3V, 2mA, 0 = ON
C
m100_Mux_Inverters.SchDoc COLUMN #1 ONLY
Muxinv_Bank4 M2 PwrSupply FPGA y 20
MuxInv_Bank4 M1_PwrSupply FPGA y 21
MuxIinv_Bank4 MO_PwrSupply FPGA y 22
From FPGA, LVC 3.3V, 2mA
Muxinv_Bank4 ENABLE_PwrSupply | FPGA y 23
From FPGA, LVC 3.3V, 2mA, 0 = ON
m100_Mux_Inverter5.SchDoc COLUMN #1 ONLY
MuxIinv_Bank5 M2 Diag FPGA vy 24
MuxIinv_Bank5 M1 _Diag FPGA y 25
MuxInv_Bank5 MO Diag FPGA y 26
From FPGA, LVC 3.3V, 2mA
Muxinv_Bank5 ENABLE_Diag | FPGA y 27
From FPGA, LVC 3.3V, 2mA, 0 = ON FPGA_Solar Array Signal Routing D
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Gate Drive: Left of Main Inductor (i.e. drive gates of Left Lo and Left Hi mosfets)

For simulation, see "Gate_Drv_Testing UCC27282_2xFet_Switch_v14f.TSC" Attach Inductor Left to COM via 33K ohm to bleed caps and measure mosfet Ron
For simulation, see GWeinreb_Manhattan2_ResearchNotes.xls / SolarRoof / "Buck Converter Math" Boot Cap: Establishes voltage 10V higher than Mosfet source InductorLeft Pwr+
ALL COLUMNS HAVE THIS Z37B  Zener: 15Vz 5% C .2W 100pF SOT23-3 Limit gate current to improve longevity. =
C37B  Cap: 0.47uF 100V 20% 125C 1206 Diode helps us turn off faster than turn on. GLLD Mofset bleeds current from node to left of R37G
Input Filter HB Left R37C Res: 100mOhm 5% .12W 1A 300ppm 0805 inind . h his i d Res: 33Kohm 200V 1% .25W 100ppm 1206
0.3 ohm x 10uF = 3 uSec, 20 KHz Fc R37B — D37C  Schottky: PMEG10010, 100V 8Vf-1A 4nS 70pF SOD123Wide PvPwr_Input main inductor to COM via 33K ohm. This is use 75V / 33K = 2.3mA, 170mW
PEAK: 0.3A x 0.3 ohms = 100mV, 30mW Res: 2.20hm 5% 1W 400ppm 2512 to measure Cin capacitance, measure Left_HlI 50V /33K = 1.5mA, 75mW
AVG: 0.2A x 0.3 ohms = 66mV, 12mW U7 1V/2.2ohm = 0.5A, 1W for 100nSe 1C'||§]A2 Ron, and measure Left_LO mosfet Ron. This
R37A  Res: 330mOhm 5% .06W .4A 300ppm 0603 {Gate Driver: NCP81075MTTXG Half Bridge 200V 4A WDFN10 ) Drain mosfet is turned on rarely. NCh @ GLLD Mosfet
C37A  Cap: 10uF 25V 20% 125C 1206 J L T ) /
GatePwr} . GatePwr Left 10V, 100 to 200mA | vop HO 2o HORTeft |GATE_Left_Hi Source A lillbaeEiEs [ FPGA BlesdCurrent Lefi -
10Vpwr HB 2 R37D Res: 1.50hm 200V 1% .25Vy 200ppm 1206 3V: turn on 33K ohm load \\
85V R37E Res: 1.50hm 200V 1% .25Vy 200ppm 1206 FPGA programmed for 8mA output, 3.3V LVC ~ M37
[ FPGA GateDrive_Left Hi >—) 8 LA Hs 2 N |InductorLeft_Pwr+ MOSFET: N-ch BSS1231. 100V 6ohm SOT23
| FPGA GateDrive Left Lo 2 7 ] 8 | 85V BSS123L, N-Chan, Sot23, 100V, 60,
LO 10 LO Left 3Vgs th fully on, $0.04
PCOM From FPGA, LVC 3.3V, 2mA 9 5 EgOV 1
1 = turns on Left_Lo/Left_Hi mosfet ° ™[ xgg BAD N"(‘g B R37F PCOM
- Res: 49.9Kohm 75V 1% .06W 100ppm 0603
RN37A  Res4: 330ohm 50V 5% .06W 1206ve Safety -- keep mosfet off if GateDriver pwr is down
RN37B  Res4: 330ohm 50V 5% .06W 1206ve
330 protects IC if digital pwr appears before Vdd. Lo
330 x 5pF =2nS, 3V /330 = 10mA, 30mW
3V /33K = 100uA, 0.3mW
PCOM . .
RNG5B  Resd: 33Kohm 50V 5% .06W 1206vex Isolate mosfet Left Lo's Gate from it's Gate Driver so we can measure Measure Left Lo mosfet gate leakage current
RN65A  Res4: 33Kohm 50V 5% .06W 1206vex el For simulation, see "Gate_Drv_Testing_UCC27282_2xFet_Switch_v14f.TSC"
If both FPGA ctrl signals are 1 then you will short out PvPwr! it's leakﬂge current For analysis and documentation, see > Analysis: GWeinreb_Manhattan2_ResearchNotes.xls / SolarRoof / "MOSFET Gate Leakage Current Mgasurement"
This gate driver does not have lockout, which means you can GLB Mofset isolates Gate Driver from Left_Lo Gate, which enables us to measure the Left_Lo Gate y | P eakage X " dth !
turn on both mosfets at same time and short Pv to ground leakage current, which enables us to know how long it will last. If you set MasterCal to 2500mV and Left_Lo gate leakage is 100pA, then you will get 200UV (100pA x 1M) across R_sense (1M) and then you w
db ‘ Al hi get 22000V across R_gain (22M) and you will see 1502.2mV at op amp output and you will see 1499.9mV at R_sense input. Also, if you feed thjs
el Pm out mostets. Also, t (5 XIS 1) (=T DI . . . into Main Amp input follower then you can compare this with 1500mV at 16bit a/d In+/In- differential input and multiply 2.2mV difference by 4/d
experiments such as measuring mosfet Ron by shorting them We put 0.0 Volts drop (Vds) across GLB mosfet so gate leakage across it is 0.0, so it does not effect our G=16 and see 2.2mV x 16 = 33mV different at A/D.
when sun is low. Or measuring gate leakage current. measurement of Left_Lo gate leakage.
GatePwr If you set MasterCal to 1500mV and Left_Lo gate leakage is 10nA, then you will get 20mV (20nA x 1M) across R_sense (1M) and then you will get
o~ 220mV across R_gain (22M) and you will see 1720mV at op amp output and you will see 1490mV at R_sense input. Also, if you feed this into Main
M38B pwr Amp input follower then you can compare this with 1500mV at 16bit a/d In+/In- differential input and multiply 22omV difference by a/d
MOSFET: N/P Array DMC3400SDW 30\ 500mOhm SOT363 - G=1/2/4/8/16 as needed.
I need DCV 10V above src to Keep Mosfet always on (from gatepwr above) DMC3400SDW: 3Vgs th, 50pF Ciss, 104A Idss/Igss, $0.06
GLBU Mosfet: turns on GLB mosfet RN38B We use 1500mV since we want to have Left_Lo mosfet Vgs to be as large as possible. We use 16bit a/d differential input since it gets us G =
< !
| need DCV 10V above src to Keep Mosfet always on (from gatepwr above) Res4: 100Kohm 50V 5% .06W 1206vex TG, Ve e Sy P RS s (R BT
S This R turns off GLBU mosfet by pulling Vgs to 0V
| need DCV 10V above src to Keep Mosfet always on (from gatepwr above) )
5|G N TLV2333 is very low leakage.
GLBU mosfet \z== =
p-Ch For analysis and documentation, see > Analysis: GWeinreb_Manhattan2_ResearchNotes.xls / SolarRoof / "MOSFET Gate Leakage Current
P) This R helps turn offf GLB mosfet by pulling it's gate to 0V Measurement"
) 10V / 330K = 30uA, BOOUW
~| Res4: 330Kohm 50Y 5% .06W 1206vex
RN64B ©
2 ) GLBD mosfet
SZ -Ch
Q U42A
<_FPGA GLB_Controj
DN38B © N REECAYGIBRCON1l OpAmp: TLV2333 2ch 350KHz 16uVos 125pA 102dB SO8
Diode: 3x Array BAS16 100V 4pF 6nS SPT363 3V: turns on GLB mosfet via GLBD & GLBU TLV2333, 2Ch, $1.12, 350KHz, 15uVos mx 25C,
S and connects gate driver to Left_Lo gate 125pA typ 120C, .16V/uS, 102dB min,
o~ PCOM - 0V: turns off mosfet (isolate Left_Lo Gate from Gate Driver) In-.1V to (Vcc+0.1V), Out 100mV to (Vcc-100mV), SO-8
M38A
RN63B MOSFET: N/P Array DMC3400SDW 30V 500mOhm SOT363 R42B
Res4: 10Kohm 50V 5% .06W 1206vex | DMC3400SDW: 3Vgs th, 50pF Ciss, 10uA Idss/Igss, $0.06 Res: 1Mohm 75V 1% .06W 100ppm 0603
10V / 110K = 90uA, 0.9mW N PCOM GLBD Mosfet: turns on GLBU mosfet If you set MasterCal to 0.1V and leakage is 10pA
then you will get 100pA x 1M = 100uV across 1M
3 6 ~1.5V
RN38C GLB isolates Gate Driver from Left_Lo's Gate, so that we can R42A
Res4: 100Kohm 40V 5% .06W 1206vex measure Left_Lo Gate Leakage Current. GLB is always ON, Res: 22Mohm 150V 1% .1W 200ppm 0805 4.3V APwr
except when you loose GatePwr (10V) or when Left_Lo is on Gain =-22M / 1M = -22.0 B
| for 10mSec or when you are doing Left_Lo leakage current
C38A ] testing. 3
Cap: 0.01uF 50V 10% 125C 0603 S o Master_vCal BUFF_|
Limit gate current to improve longevity. When doing leakage current testing, GLB is closed, and GLHD 9 1.5V..3.0V 2 ~1.5V calibration voltage
Diode helps us turn off faster than turn on. ) 1A\ C3 | (hold down) is off. oV ..3.1V This sets voltage at OpAmp IN- and IN+ pins
R40C Res: 100mOhm 5% .12W 1A 300ppm 0805 Z38 Proportional to Left_Lo gate leakage current
D40A Schottky: PMEG10010, 100V .8Vf-1A 4nS 70pF SOD123Wide Zener: 13Vz 5% ¢ .2W 100pF SOT23-3 -1V APwr R42C
M39 Calibration: short Gate_left_Lo to gnd, se? - Res: 1Mohm 75V 1% .06W 100ppm 0603
1 'I/] 2 MOSFET: N-ch DMN6075S 60V 85mOhm SOT23 vCal to 100mV and look at op amp output. This keeps Rsource same at IN- and IN+ Left_Lo Mosfet
cINA o = DMNB6075S, 3.5Vgs th fully on, 20Vgs max, $0.06 For details, see .xls / "MOSFET Gate
GLB Mosfet ; GLB Mosfet: switches in GateDrive signal for Left_Lo mosfet. Leakage Current Measurement". Drain
_ : : . ]
) |GATE_Left_Lo s
R40A Res: 1.50hm 200V 1% .25W 200ppm 1206 PCOM
R40B Res: 1.50hm 200V 1% .25W 200ppm 1206 R40D
Res: 49.9Kohm 75V 1% .06W 100ppm 0603 PCOM
Safety -- keep mosfet off if GateDriver pwr is down
Pull Down mosfet Left L.O's gate to keep from lifting when Maintain 0V ¢lts across GLB mosfet during Left Lo leakage test (to spt GLB leakage to O)pA) Supply HO_Left Gate Power when Buck is OFF and Boost is ON
o e . For simulation, see "Gate_Drv_Testing_UCC27282_2xFet_Switch_v14f.TSC"
Left_HI mOSfet turns on. ThlS 1S done dlll‘lllg EVERY CONVERSION CYCLE- For analysis, see: GWeginreb_Manhattan2_ResearchNotes.xls / SolarRoof / "MOSFET Gate Leakage Current Measurenment"
GLHD Mofset holds down the Left_Lo RN41A (Vout + 10V) (Vout)
GLHD Mosfet : \ Res4: 47Kohm 50V 5% .06W 1206vex U428 HB_Right Vout_Pwr+
nch b Gatewhile Left_Lo's Source moves fast Max: 10V / 50K = 2q0uA, 2mw OpAmp: TLV2333 2ch 350KHz 16uVos 124pA 102dB SO8
/ (dV/dT) and pushes current into Left_Lo's Note: if op amp goes high by 0.6V it will turn on GLB internal diode. VERY LOW LEAKAGE OP AMP
[ FPGA_GatePullDown_Left LO T Gate and lifts it, and turns it on. D37R  Diode: BAS21 200V 5pF 50nS SOT23-3
3V: short Left_Lo gate to OV (hold it down) 4.3V APWr D37S Diode: BAS21 200V 5pF 50nS SOT23-3
FPGA output set for 16mA with 3.3Vpwr S The GateDvr pulls down gate via 3.0 ohm — = BAS21L, $0.02, 1x, sot23, 250V, 5pF, 50nS, 0.2uA/100V/85C
R40E N Rseries (which limits gate current). This 5 3 6
Res: 1000hm 75V 1% .06W 100ppm 0603 mosfet is after those R's, we hold it down 2 7 7 RN41C
100 ohm protects circuit from over-current. A1 via oom ohm RN41B 6 Res4: 47Kohm 50V 5% .06W 1206vex
1.4nC / 16mA = 1.4e-9 / 16e-3 = 90nSec PCOM 9 : Res4: 47Kohm 50V 5% .06W 1206vex (10V-5V) / 50K = 100uA, 0.5mwW R37S
3V / 16mA = 187ohm Rsource from LVC 3.3V Max: 10V / 50K = 200uA, 2mW 50pA x 50K = 50e-12 x 50e3 = 2.5uVos Res: 100Kohm 200V 1% .25W 100ppm 1206
(1000hm + 1870hm) x 130pF = 37nSec time constant This mosfet is OFF during leakage test. It AAV_APwr 50V / 100K ohm = (ESmA, 25mwW
This lifts to 0.6V when GLHD Drain moves (due to Drain . . .. C41A C41B 2K pF x 100K ohm = 200uSec TC
to Gate capacitance), which turn on (100mA drain is only on for a moment while Left_Hiis Cap: 1000pF 50V 10% 125C 0603 Cap: 0.01uF 50V 10% 125C 0603
current for 7nSec) yet this is a short time. slewing (turning on). 50K, 50K and 1nF enable op amp to drive capacitive loads] Reduce noise from uProcessor
PCOM 50k x 10nF = 500uS, 350Hz HB_Right
M40
MOSFET: N-ch DMG2302UK 20V 90mOhm SOT23 This op amp is ONLY used to help measure leakage current of Left_Lo mosfet's gate. Also, this op amp ONLY does one thing, Example:
DMG2302UK, N-Chan, $0.05, Sot23, 20Vds, L. . . . . * Buck Converter OFF, Boost Converter ON
12Vgs, 90 mO, 1Vgs th, 130pF Ciss, 10uA which is detects mosfet GLB Drain voltage and then drives GLB Source with that same voltage. This cause Vds (voltage across * Vin = 30V
Idss/Igss, Built In Zeners mosfet) to be 0.0V. This causes leakage current across GLB to be 0.0pA. This means measured leakage is only coming from * Vout = 60V = Inductor Right
a a * =
Left_Lo gate (and not it's driver). ; Gatebwr = 10V

HB_Right = square wave 10V to 70V
* Inductor Right = square wave OV to 60V (Right HI Mosfet Source)
* 100K ohm Path from Vout (60V) and HB Right (70V), to Mosfet HI Left Gate
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Gate Drive: Right of Main Inductor (i.e. drive gates of Right Lo and Right Hi mosfets)

For simulation, see "Gate_Drv_Testing_UCC27282_2xFet_Switch_v14f.TSC"

For simulation, see GWeinreb_Manhattan2_ResearchNotes.xls / SolarRoof / "Buck Converter Math"
ALL COLUMNS HAVE THIS

C43B Cap: 0.47uF 100V 20% 125C 1206

Boot Cap: Establishes voltage 10V higher than Mosfet source
Z43B Zener: 15Vz 5% C .2W 100pF SOT23-3

Limit gate current to improve longevity.
Diode helps us turn off faster than turn on.

Attach Inductor Right to COM via 33K ohm to bleed caps and measure mosfet Ron

InductorRight_Pwr+

GRLD Mofset bleeds current from node to right R43P

Input Filter ) R43C Res: 100mOhm 5% .12W 1A 300ppm 0805 . . .. Res: 33Kohm 200V 1% .25W 100ppm 1206
0.3 ohm x 10uF = 3 uSec, 20 KHz Fc R43B HB_Right " D43C  Schottky: PMEG10010, 100V 8VF-1A 4nS 70pF SOD123Wide of main inductor to COM via 33K ohm. This is 75V 1 33K = 2.3mA, 170mW
PEAK: 0.3A x 0.3 ohms = 100mV, 30mW Res: 2.20hm 5% 1W 400ppm 2512 o used to measure Cin capacitance, measure 50V /33K = 1.5mA, 75mW
AVG: 0.2A x 0.3 ohms = 66mV, 12mW 043 1V/2.2ohm = 0.5A, 1W for 100nSec _ £ 1C'||§]A2 Right_Hi Ron, and measure Right_LO mosfet
R43A  Res: 330mOhm 5% .06W .4A 300ppm 0603 Gate Driver: NCP81075MTTXG Half Bridge 200V 4A WDFN10 ) - Ron. This mosfet is turned on rarely. e « GRLD Mosfet
C43A Cap: 10uF 25V 20% 125C 1206 ) /
GatePwr} - GatePwr Right 10V, 100 to 200mA 1 vop HO (2o HO Right |GATE_Right_Hi [ FPGA_BleedCurrent_Right =
10Vpwr HB 2 R43D Res: 1.50hm 200V 1% .25Vy 200ppm 1206 3V: turn on 33K ohm load \\
85V R43E Res: 1.50hm 200V 1% .25Vy 200ppm 1206 FPGA programmed for 8mA output, 3.3V LVC ~ M43B
[ FPGA_GateDrive_Right Hi g ; HI Hs 2 — N |InductorRight_Pwr+ 'g"gg';%[ ',‘\'l'ccthSS; 22'5 11083’\/6%%"‘ 50T23
| FPGA_GateDrive_Right Lo LI . o INREIETI, 82, 0 &%
LO 10 LO_Right 3Vgs th fully on, $0.04
PCOM From FPGA, LVC 3.3V, 2mA nl @ 9 VSS NC 5 EgOV R43F 1
1 = turns on Right_Lo / Right_Hi mosfet 11 VSS PAD NC2 6 L Res: 49.9Kohm 75V 1% .06W 100ppm 0603 Induct 2 Vout PCOM
— Safety -- keep mosfet off if GateDriver pwr is down nductor Source Drain
RN37C Res4: 330ohm 50V 5% .06W 1206ve
RN37D  Res4: 330ohm 50V 5% .06W 1206ve Limit gate current to improve longevity. . .
< Diode helps us turn off faster than turn on. Right_Hi Mosfet
330 protects IC if digital pwr appears before Vdd. R43G Res: 100mOhm 5% .12W 1A 300ppm 0805
330 x 5pF =2nS, 3V /330 =10mA, 30mW D43E Schottky: PMEG10010, 100V .8Vf-1A 4nS 70pF SOD123Wide . o .
3V/ 33K = 100UA, 0.3mW Supply HO_Right Gate Power when Buck is ON and Boost is OFF
PCOM 1112
RN65C  Res4: 33Kohm 50V 5% .06W 1206vex CL\]A
RN65D  Res4: 33Kohm 50V 5% .06W 1206vex Drain
If both FPGA ctrl signals are 1 then you will short out PvPwr ! Right_LO Mosfet (Vin + 10V) (Virj)
|GATE Ri HB_Left PvPwr_Filtered+
. 5 ) | _Right_Lo s
This gate driver does not have lockout, which means you can . OLICE
both £ . dsh p d R43H Res: 1.50hm 200V 1% .25W 200ppm 1206
turn on both mostets at same time and short Pv to groun R43L Res: 1.50hm 200V 1% .25W 200ppjn 1206
and burn out mosfets. Also, this means you can run PCOM D43R  Diode: BAS21 200V 5pF 50nS SOT23-3
: . : D43S Diode: BAS21 200V 5pF 50nS SOT23-3
experlmer?ts such as measuring mosfet Ron by shorting them 'ﬁ/\/\/—|R43 PCOM BAS21L, $0.02, 1x, 50123, 250V. 5pF, 50nS, 0.2UA/100V/85C
when sun is low. Or measuring gate leakage current. Res: 49.9Kohm 75V 1% .06W 100ppm 0603
Safety -- keep mosfet off if GateDriver pwr is down
Pull Down mosfet Right Lo's gate to keep from lifting when R43S
. . o o . Res: 100Kohm 200V 1% .25W 100ppm 1206
Right Hi mosfet turns on. This is done during EVERY CONVERSION CYCLE. 50/ 100K ohm = 0.5mA, 25mW
2K pF x 100K ohm = 200uSec TC
GRHD Mosfet G'RHD McIstet holds down the RightLo Gate while
G2 Right_Lo's Source moves fast (dV/dT) and pushes g
D HB_Right
N-ch current into Right_Lo's Gate and lifts it, and turns
I need DCV 10V above src to Keep Mosfet always on (from gatepwr above) - 1 ) Example:
[ FPGA_GatePullDown_Right Lo g it on. 5w
uck Converter ON, Boost Converter OFF
| need DCV 10V above src to Keep Mosfet always on (from gatepwr above) 3V: short Right_Lo gate to 0V (hold it down) k * Vin = 60V
FPGA output set for 16mA with 3.3Vpwr S P i * GatePwr = 10V
I need DCV 10V above src to Keep Mosfet always on (from gatepwr above) Wir2 Eeiiz 2 ol 5 eonm e e B0 elim Reades * HB_Left = square wave 10V to 70V
R43M ~ (which limits gate current). This mosfet is after * Vout = 20V = Inductor Right
Res: 1000hm 75V 1% .06W 100ppm 0603 those R's, we hold it down via gom ohm. * Inductor Left = square wave OV to 60V (Left HI Mosfet Source)
100 ohm protects circuit from over-current. 1 * 100K ohm Path from Vin (60V) and HB Left (70V), to Mosfet HI Right Gate
1.4nC/ 16mA = 1.4e-9 / 16e-3 = 90nSec PCOM ) ) ) )
3V /16mA = 1870hm Rsource from LVC 3.3V This mosfet is OFF during leakage test. It is only on
(1000hm + 1870hm) x 130pF = 37nSec time constant for a moment while Right_Hi is slewing (turning
This lifts to 0.6V when GRHD Drain moves (due to Drain -
to Gate capacitance), which turn on (100mA drain on).
current for 7nSec) yet this is a short time.
M43A
MOSFET: N-ch DMG2302UK 20V 90mOhm SOT23
DMG2302UK, N-Chan, $0.05, Sot23, 20Vds,
12Vgs, 90 mO, 1Vgs th, 130pF Ciss, 10uA
Idss/Igss, Built In Zeners
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1 2 3 4
Manage GatePwr in Stl'lllg of PCB's Q GatePwr in PCB above me in string (higher voltage) ~ DESIGN FILES
COLUMN #1 ONLY This is 10V (GatePwr) + my Vout > Simulation: "ByPass Mosfet v3a.TSC"
15V DC-to-DC Converter at end of entire string > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "GatePwr (10V) AboveMe Circ
/\ CIRCUIT OBJECTIVES
> If no power appears in this array element, GatePwr (e.g. 10V) from Above element in string powers bypass MOSFET, which puts 0.004 ohms across string (instead of broken
| GatePwr_AboveMe string).
0 to 100V (VOUt + 10\/) (1 00 // 100) + (1 00 // 100) = 100 ohms total > If there is no PV power to entire string, then 5V-to-15V dc/dc converter at end of string (near ideal diode) puts 15V into string, which should turn on all ByPass MOSFETS, A
COLUMN #1 ONLY 30mA x 100 ochms = 3Vdrop. 90mWatts — verv rare which pulls all elements in string to earth ground, which is safer. o . .
P, ry > If my local GatePwr (e.g. 10V) does not turn on (e.g. no PV power), then i still need to transfer the GatePwr_AboveMe (next element in string) to the GatePwr_BelowMe
(previous element in string). We do this via the ConnectToGatePwrAboverMe MOSFET, which turns on automatically if our element has no power.
> If there is no GatePwr_AboveMe power, then my local GatePwr (10V from PV) might supply the string element below me (GatePwr_BelowMe).
RN44A Res4: 100ohm 50V 5% .06W 1206ve > 18V Zener "LimitTo20V" limits GatePwr_BelowMe to <20V.
RN44B Res4: 100ohm 50V 5% .06W 1206ve > 30V Zener "30Vsafety" limits GatePwr_BelowMe to <30V, as an additional safety measure.
> |tis our intent to get GatePwr (10V) via our own local power (1st choice), or if our PV power is down, we get it from the string element above us (2nd choice). We are Not
intending to pass the GatePwr (10V) above us when we are creating voltage at our element position, causing that GatePwr to be (10V + OurVoutVoltage) which might be 90V.
The ConnectToGatePwrAboverMe mosfet opens if we try to do that, and limits the passed voltage to 20V.
RN44C Res4: 100ohm 50V 5% .06W 1206ve > This limiter sometimes oscillates, yet this is ok since this is not an operating scenario (GatePwr_AboveMe should not be passed below when we have PV power). Limiters are
RN44D  Res4: 1000hm 50V 5% .06W 1206ve SO
DISCOVERY OF EACH ELEMENT WITHIN ONE STRING
> Discovery involves each element determining its own position within the string. We do this by first turning off all PV power and also all GatePwr (e.g. in factory), then last
element in string has 5V-to-15V converter which turns on all ByPass mosfets via 0.6Vdrop diodes (8 x .6V = 4.8V), and first element in string loads down the 12V diode string vi:
D44A the 20K resistor and "LoadGatePwr" MOSFET. We measure diode string voltages with a/d to see position in string.
| Diode: BAS21 200V 5pF 50nS SOT23-3
BAS21 |_, $0_02’ 1X, SOt23, 250V’ 5pF’ 50nS, 0.2uA/100\¢BBTUNICATING WITH STRING NEIGHBOR VIA FPGA DOUT BIT
SZ 85V + 10V = 95V max > |f you turn off PV power, turn off GatePwr, have 5V-to-15V dc-to-dc at end of string push 15V into GatePwr_AboveMe, turn on 20K load at bottom of string via
"LoadGatePwr" MOSFET, then you will have low 0 to 15V voltages along the string. You can then turn on/off ConnectToGatePwrAboverMe MOSFET and measure these
N |O voltages to communicate a 0 and 1 between neighbors in the string. There is no reason to do this, yet i think this is possible.
¢—— GatePwr_ AboveMe_ Safer
A/D Voltage Measurement, 10V to +135V measurement (Vout + 10V) M44C B
PCB above me can turn it's GatePwr (10V) on or off via it's FPGA MOSFET: P-ch BSS84PH 60V 8ohm SOT23
and i can detect this w/ a/d and therefore communicate w/ pcb above me in string. BSS84PH, P-Chan, Sot23, 60V, 80, 3.5Vgs th fully on, $0.04
M44A 1 Zener: 13Vz 5% ¢ .2W 100pF SOT23-3 75V + 10V = 85V Z44F
MOSFET: P-ch BSR92PH 250V 20ohm SOT23 Z44A Zener: 13Yz 5% C .2W 100pF SOT23-3
BSR92PH, P-Chan, $0.15, Sot23, 250V, 20ohms, 3Vgs th fully - BZX84C1B8LT1G, 13Vz, 5% C, 100pF, .2W, Sot23, OFF
@) R44A 8V@100nA/25C, ON 14.2V@20mA/25C, $0.02
Res: 100Kohm 150V 1% .1W 100ppm 0805
< AboveMe_CtrlHi Mosfet
GatePwrl 10Vpwr ~ T 10V_AboveMe is always ON unless thi R44C
! mosfet turns it OFF. g Res: 330Kohm 150V 1% .1W 100ppm 0805
D44B
Diode: BAS21 200V 5gF 50nS SOT23-3 \ 1G R44B 85V (OFF) or 80V (ON) 75V + 10V -113V =72V
BAS21L, $0.02, 1x, so{23, 250V, 5pF, 50nS, 0.2uA/100V/85C -/ Res: 100Kohm 150V 1% .1W 100ppm 0805
|« P-Ch Typ: 10V / 100K = 100uA, 1mW
D Max: 75V / 100K = 750uA, 50mW R44D
N/ @ DN40A Res: 330Kohm 150V 1% .1W 100ppm 0805
oo ConnectToGatePwrAboverMe MOSFET Output Power+ (e.g. 75V) IVout_Pwr+ Diode: 3x Array BAS16 100V 4pF 6nS SOT363
This is tpr'caIIy 9.6V (GatePwr - 0.4V) or GatePwrAboveMe (14V) This limits GatePwr MeOrAboveMe to 20V (safety only)Z44C
- Zener: 13Vz 5% ¢ .2W 100pF SOT23-3 C
o
GatePwr_MeOrAboveMe | + 3 " FPGA_TurnOff10VaboveMe - Si g&gﬁ“o%l]%gg’ ey 52\/j é’zémzéggb%?%’ Ol
My GatePwr (10V) or PCB above me's GatePwr (14V) O LVC 3.3V (logic 0 = 0.4V, logic 1 =2.8V) < o
Typically 10V yet max could be 28V while configuring. ZX 1 = Fpga turns OFF GatePwr_AboveMe SZ @ Z44D
If my GatePwr is up then this signal is (GatePwr - 0.4Vd|ode); it Z44B 0 = Fpga turns ON GatePwr_AboveMe g o Zener: 15Vz 5% ¢ .2W 100pF SOT23-3
otherwise, this is PCB above me's GatePwr minus Zener: 30Vz 5% C .2W 100pF SOT23-3 COLUMN #1 ONLY ©) 15V zener -
his diode + 100 ohm + Mosfet. | Safety, keeps < 30V no matter what Res4: 47Kohm 50V 5% .06W 1206vex ZX N-Ch M44D
PCOM Also, keeps this node > -0.6V RN45A < i / MOSFET: N-ch BSS123L 100V 6ohm SOT23
GatePwr| 8 a1 . | o BSS123L, N-Chan, Sot23, 100V, 60,
RN45C Res4: 47Kohm 50V 5% .06W 1206vex 6 . A 3 10Vpwr ~ G \ 3Vgs th fully on, $0.04
RN45D Res4: 47Kohm 50V 5% .06W 1206vex .
47K /] 47K = 23.5K O AboveMe_CtrlLo MOSFET
30 Volts / 20 K ohm = 1.5mA, 45mW across this registor \ . _ 4 ZX N Turn ON this fet to turns OFF GatePwr_AboveMe
1.5mA x 75V = 112mW across Mosfet <| Z44E
30V is very rare, 10V is more typical. ~ “| Zener: 13Yz 5% C .2W 100pF SOT23-3
LoadGatePwr MOSFETN h « R44E ¢ *
i /' Res: 10ohm 75V 1% .06W 100ppm 0603 Res4: 47Kohm 50V 5% .06W 1206vex 1
 FPGA_LoadDown_MeOrAboveMe —— RNSIE Fell
1 = fpga loads down MeOrAboveMe via 20K oxm\ D
This can signal above PCB.
This can help drain capacitors for safety. N — _ GatePwr_BelowMe
This can help w/ testing. PCB below me in string (lower voltage) Title www.Manhattan2.org
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HiPwrOn SOURCE (aka "Emergency Shutdown", '""System Reset') DESIGN FILES
> Any element can initiate emergency shutdown of other elements in the array > Simulation: "SystemMasterReset HiPwrOn OptoCoupler 1la.TSC"
> Helps to mitigate fire risk when solar is placed near plywood > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "HiPwrOn (similar
> External switch enables fire dept to shut down system. System Master Reset) ..."
MASTER CONTROLLER ONLY (outside of array)
A
Master Controller, HiPwrOn Current SOURCE, 10 or 20mA, 3V
00 © © © © 0 0 06 0 06 0 0 0 0 0 0 06 0 0 0 0 0 0 0 0 0 ° 0 ° 0 0° 0 0 o o © 06 06006 00 0 0 0 ® © 0000000000 000 0 0 00 0 0 0 0 0 0 0 00 0 0° O 0O 0 OO O O 0O O O O O O O OO OO 0O 0O 0O OO 0O 0O O O 0O O 00 0O 0 00 000 0 0 0 0 0 0
. Master Controller (outside array) supplies 5V_ColumnPwr+- .
: to Column #1 elements (not column >= 2) :
: 5V_ColumnPwr- 5V_ColumnPwr+ :
- © T48A :
. C Trans: 2ch NPN BC847 45V 100mA 200mW 200hFE SOT363 J
. /| % 36V * L ’\/\/‘u’\/\/‘ f FPGA MasterCtlr_ TurnOn_HiPwrOn_SOURGE .
o E RN48A Res4: 3.9Kohm 50V 5% .06 W 1206vex FPGA w/ GND pin = circuit COM C
: - RN48B Res4: 3.9Kohm 50V 5% .06 W 1206vex MASTER CONTROLLER Only, Outside Array :
. 3.9K ohm + 3.9K ohm =7.8K, 3V /8K =0.4mA .
: 3V )\ From FPGA, LVC 3.3V, 2mA :
. - 3.6V 1 = turn ON HiPwrOn source (set to 5V, master reset functional) »
° 0 = turn OFF HiPwrOn source (set to 0V, master reset = ON) .
. C T48B .
3 4 Current Limiter Control 5 |/ Trans: 2ch NPN BC847 45V 100mA 200mW 200hFE SOT363 .
° B ° B
. Current Limiting Res|stor }\E :
30 0hms for array ctlr ~ 748 .
. h f . | Zener: 3.6Vz 5% C .2W 450pF SOT23-3 .
: 60 ohms for strir g ctir - 0 = turn OFF HiPwrOn source (set to OV, master reset = ON) :
. Res: 62ohm 75V 1% .06V 100ppm 0603 @) .
° R48A ZX Limit HiPwrBus Volts to this Vz minus 1V. °
: it e.g. Vz = 3.6, HiPwrBusOn =3.6 - 1 = 2.6V :
. BZX84C13LT1G, 3.6Vz, 5% C, 100pF, .2W, Sot23, .
: | ~2.6V OFF 1V@5uA, ON 4.5V@20mA, $0.02 :
. o oV (COM .
& $ &
° ™ °
. RN48C - N . .
. Res4: 3.9Kohm 50V 5% .06W 1206vex Current Limiter Turns on at 12mA (String HiPwrOn) or 24mA (Array HiPwrOn) .
: Pull toward 0V when not driven String Ctlr: Limit Current at 10mA (60 ohms) :
o o IS OEMA 10mA x 60 ohms = 0.6V o
o 1 0V (COM) y :
: _ Array Ctlr: Limit Current at 10mA (30 ohms) : C
. ¢——— HiPwrOn_CURRENT _SOURCE 20mA x 30ohms = 0.6V .
. 20mA x 0.6V = 12mW .
. 1 o CURRENT_SOURCE is ONLY supplied by Master Controller .
° | 2 (outside of array) °
° 3 —O °
» O »
. Header, 3x1, 100mils, SMT, Gold, 3Amps, TSM-103-01-L-SV .
. J48 .
. ¢——— HiPwrOn_OneColumn_OPTO+ .
. Routed to Column #1 Elements Only °
: 0..400V wrt COM :
° 5V_ColumnPwr- Column #1 Only .
. From Master Ctir .
. (outside array) .
00 © © 0 © 0 0 0 0 0 0 00 00 0 0 0 0 0 00 0 00O 0 ° O 0O 0O OO O 0O OO O OO O OO OO O OO O OO O 0O OO OO OO OO O 00 0 0O O 00 0O O O 0 0 00 O 0 00 ° 0 0 00O 0 00 0 O 0 0 00 000 0 0 0 0 0 0 0 ° 00 0 00 ° 0 ° 0 0 0 0 0
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HiPwrOn Transmit/Receive (aka '"Emergency Shutdown', "System Reset'"'))
> Any element can initiate emergency shutdown of other elements in the array DESIGN FILES
> Helps to mitigate fire risk when solar is placed near plywood > Simulation: "SystemMasterReset HiPwrOn OptoCoupler 1la.TSC"
> External switch enables fire dept to shut down system. > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "HiPwrOn (similar
COLUMN #1 ONLY System Master Reset) ..."
A
5V_ColumnPwr- Routed to Column #1 Elements Only
From_ Master Ctlr ¢— HiPwrOn_OneColumn_OPTO*
. (outside array)
..R%gqug...904.OQVWQQQM.......Q.4OOVWHCQ'\/|.......................................................................................
. Column #1 Only 3.3V DPwr .
> o J49A >
: Header, 3x1, 100mils, SMT, Gold, 3Amps, TSM-103-01-L-SV :
. R49E RN49A o .
o Res: 2.2Kohm 75V 1% .06W 100ppm 0603 Res4: 33Kohm 50V 5% .06W 1206vex 9 @ :
: (2.3V-1V)/2.2k = 0.6mA |l :
. (1.9V-1V)/2.2k = 0.4mA - .
. $— AN —HIPWOn 11 Anode 8 [ ToFPGA_HiPwrOn_OneArrayRow_RECEIVE =
. S To Fpga, 3.3V logic, All Elements in One Row in Parallel
: 1 = HiPwrOn is not powerd (i.e. DC-to-DC is OFF) _
. GndSense (COM) 2 % 7 | 0 = HiPwrOn has power (i.e. DC-to-DC is ON) . B
: 1 Cathode el 0 = HiPwrOn has power (i.e. DC-to-DC is ON) :
. U49A .
° Opto Cplr: 2ch NPN ELD217 3KV 5nS 100% ctr SO8 Column #1a: Attaches to Opto-coupler .
. ELD217 Opto Cplr, 2ch NPN, 3KV, Column >= 2: Rev signal routes to FPGA in parallel (fo opto-coupler)
. 0.5mA input with 0.4mA output (100% @ 1mA), .
:..............1.........................S.C).S..$Qg1............................................................................:
Transmit
W © © 06 0 000060 00006 0 G O 0000 0 0 00 0 00 0000000 0O O OO OO OO OO OO O OO OO OO OO OO OO OO OO OO OO OO OO OO OO PO OO OO OO OO OO OO OO OO OO OO O OO OO OO OO OO OO OO OO OO OO PO OO O PO QO
. Column #1 Only T49A 3.3V_DPwr 3.3V_DPwr  Res4: 33Kohm 50V 5% .06W 1206vex >
: Trans: 2ch NPN BC847 45V 100mA 200mW 200hFE SOT36 pull-up resistor keeps opto off when fpga is not driving low .
. Short out HiPwrOn to initiate emergency shutdown ~ RN49B :
° J49B >
. Opto Cplr: 2ch NPN ELD217 3KV 5nS 100% ctr[SO8 Header, 3x1, 100mils, SMT, Gold, 3Amps, TSM-103-01-L-SV :
. HiPwrQ U49B 6 |C Anode | 3 o .
: ” 00 :
s : ~F ) 1T ‘
: /| % 2 T Cathode 4 N\ FPGA HiPwrOn_OneArrayRow TRANSMIT c
: E © R49G From Fpga, 3.3V OpenCollector .
. - Res: 3.9Kohm 75V 1% .06W 100ppm 0603 All Elements in One Row in Parallel :
: RN49C (3.3-1) / 3.9e3 ohms = 0.5mA Into Diode 1 = shutdown is off (we do not tell others to turn pwr OFF)
. Res4: 33Kohm 50V 5% .06W 1206vexto get > 0.4mA out on far side) 0 = shutdown is on (we tell others to do emergency’ shutdown)
. ™ :
. o| RN49D Column #1: Attaches to Opto-coupler :
: Res4: 33Kohm 50V 5% .06W 1206vex Column >= 2: Tmit signal routes to FPGA in paraIIeI (no opto-coupler)
. Open Collector causes one FPGA to pull down at & time.
° 66k ohm pull-down (turns off NPN) .
. 2.7V | 66K ohms = 40uA .
. GndSense (COM | ~ -
................I...........................................................................................................:
@ o If fpga power is ff hi D
p g p Title www.Manhattan2.org
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Main Voltage Measurement Amplifier SUMMARY DESIGN FILES
For Mathematical Analysis, see "Amplifier_400V_SE_1MHz_Mux_Between_Rg-Rfb...TSC* Main Voltage Measurement > Simulation: "Amplifier 400V _SE 1MHz Mux Between Rg-Rfb...TSC"
ALL COLUMNS HAVE THIS > Supports measuring high > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "DESIGN: Measure High Volt
voltages via Inverting Op-Amp...", "Power and Voltage Range Strategy...", "Current and Voltage
> Very precise Measurements", "Component Characteristics As Noted in Datasheets"
> Ma2 Solar RD PLAN.pdf / "Voltages are prepared for Measurement”
A
R51E
Res: 33ohm 75V 1% .06W 100ppm 0603
33 ohm helps op
amp drive diode pF —13.45V_Clamp
O D51
U51A Zlg Schottky: 2x Series BAT54S 30V 5nS SOT23-3
OpAmp: OPA388 1ch 10MHz 7uVos 400pA 124dB SO8 N 3 <
OPA388, 1Ch, $1.12, 10MHz, 7uVos mx OT, O BAT54S: 2uA max 25V/25C, 35uA typ 10V/85°C,
400pA mx OT, 5V/uS, 124dB min OT, In -.05V to j& 0.4Vf max 10mA/25°C, 0.15Vftyp 1TmA/85°C
(Vce+0.1V), Out 300mV to (Vee-300mV) R51A <
ALL COLUMNS HAVE THIS Res: 3.3o0hm 75V 1% .06 W 100ppm 0603 - Schottky diodes clamp to 0V/3.45V, which keeps op
+4.3V A | amp output between -0.300V and +3.700V, which
S AP AGOLY l_ protects downstream IC's powered by 0V/3.6Vpwr. It
C51A is Very rare for this protection to turn on. 4.3V max
—— Cap: 10uF 10V 20% 125C 0805 power supply and 220ohms limits current to 16mA.
R51D 5mA x 220 ohm =1.1V, 5mW B
Res: 220ohm 75V 1% .06W 100ppm 0603 10mA x 220 ohm = 2.2V, 20 mW
1V /220 ohm = 5mA, 5mW 16mA x 220 ohm =4V, 64 mW
" Mai - : 4V [ 220 ohm = 18mA, 72mW
ainAmplifier_Vin-
VAVaV * o ' MainAmplifier Vout
MainAmplifier_Vin+ 0 to 3.3V measurement
| ALL COLUMNS HAVE THIS
C51C
Cap: 10pF 50V 5% npo 125C 0603
o Cfb is need to stop gain peaking
If this switch is open then the main op amp has 30K feedback resistor (R_feedback) and it then becomes
R51C inverterting amplifier where gain = - R_feedback / R_gain.
ResTF: 30Kohm 75V 0.1% .06W 10ppm 0603
This is 0.1% (not 0.5%), 10ppm/C (not 25ppm) ] o ) ) ) )
We go to 30K to reduce confusion with 0603 25ppm 33K If this switch is closed then the main op amp has 50 ohms R_feedback (resistance of this switch), OpAmp
Select votlage follower INPUT- is not connected, a signal is connected to OpAmp INPUT+, and op amp becomes voltage voltage with a
oﬁ/\/\,—|_1\/_prr 6 olginverting opanlp gain of 1.
RSTB = 2 ' The level translator will short 4.3V to 1V via 1500 for about 100nSec (3mA) while switching, which i
— Res: 3.30hm 75V 1% .06W 100ppm 0603 Reduce pF & leakage 4 A{_ e level transla 0|.r will short 4. o 1V via or abou nSec ( m ) while switc mlg, which is
3ohm x 10uF = 30uS, 5KHz Fc by keeping this open. o acceptable. It consists of $0.06 mosfet array (1 N and 1 P) and $0.02 resistor network (4 R's, 750 ohms each). C
3ohm x 5mA = 15mV drop L3 -1V RNS1A
43y AP 2 IR -1V_APwr Res4: 10Kohm 50V 5% .06W 1206vex
L 3V_APWr———=2— v+
AGRlY - (GIE Sl g ontrol 1L A8 FPGA_EN_MainAmp_VoltageFollower
Cap: 10uF 10V 20% 125C 0805 0.6V 10 2.05V wrt -1Vpwr P 9
10uF/10V Cap: 64mOhm @ 10K, 10mOhm @ U51B | 2:1vDivider From FPGA, LVC 3.3V, 2mA, G=1 (1), G=Rfb/Rg (0)
100KHz, 5mOhm @ 1MHz, 8mOhm @ 10MHz Switch: 1x SPDT, NLAST4599, 10nA +-1Vhead 5.5V, 0.8/2V, 10pF 50o0hm SOT363 10K x 10pF = 100nSec 0.4V to 3.1V
NLAST, 5nA, +-1Vheadroom, NO Vee pwr- (3V--1V)2=2V ALL COLUMNS HAVE THIS
0.8V/2V Din - drive with 10K/10K vDivider w/ -1Vpwr (0.4V --1V)/12=0.7V
Input (e.g. 84V) does NOT need to drive op amp pin capacitance ~ RN51B
via 300K ohms since the voltage at that pin does not move (i.e. Res4: 10Kohm 50V 5% .06 W 1206vex
we are not bandwidth limited by 2pF x 300K). For simulation, see "TS5A9411, SPDT, 4.3Vpwr, -1Vpwr..TSC"
Leakage Current x Rfb = Vout Error. Cfb (e.g. 10pF) is tricky. You need 10 to 18pF total to stop gain peaking, which will wreck accuracy. Cfb pF + switch -1V_APwr
Simulator shows 0% leakage going thru Rg. pF = total pF. NLAST4501 datasheet says 10pF. | need to set Cfb later in field after observing prototype. Cfb has
100% goes through Rfb (30K). Rg current is BIG effect on accuracy if input is switching.
set with Ron and (Vsource - OpAmpInM), not
leakage. BW is slew rate limited (6V/uSec). Also, 1/(6 x 30K x (3 + 8) x 1e-12) = 0.4 MHz. 3pF Cfb is needed to stop gain
peaking. BW measured with sim at 0.7MHz after adding 3pF.
100nA x 30K = 3000 pV (1/1K wrt 3Vout)
10 nA x 30K =300 pV (1/10K wrt 3Vout) D
1 nAx30K=30 pV (1/100K wrt 3Vout)
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MAIN MULTIPLEXOR -- BANK 6 -- Voltage Follower DESIGN FILES
For Mathematical Analysis, see "Amplifier_400V_SE_1MHz_Mux_Between_Rg-Rfb...TSC" > Simulation: "Amplifier 400V _SE 1MHz Mux Between Rg-Rfb...TSC"
ALL COLUMNS HAVE THIS > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "DESIGN: Measure High Volt
via Inverting Op-Amp...", "Power and Voltage Range Strategy...", "Current and Voltage
Measurements", "Component Characteristics As Noted in Datasheets"
> MaZ Solar RD PLAN.pdf / "Voltages are prepared for Measurement"
A
1 Many measurements are wrt this 2.81V 2.81V
2SR EUAAERED) (el [ Need buffer to avoid crosstalk through 8:1 mux
Each column has one of these. SUMMARY
> Main Voltage Measurement
> Supports measuring high voltages
> Very precise
On simulation, we see 1/1000 leak with 100nSec rise time and 50 ohm R_source. ALL COLUMNS HAVE THIS
Since these are buffered (low Rsource), we do not need to worry about crosstallk. 50nA, pin 7 n/c, pin 11 =A, 19%/25% Din, Drive w 10k // 10K divider & -1Vpwr, $0.15
Reference: "scdm216, Crostalk Tests, v1.tsc" Mux: 8:1, TMUX1308, 45nA +-1Vhead 5.5V, 19%/25%, 11pF 220ohm TSSOP16
U27A
_ MuxFollower_Bank7_OUTPUT ALL COLUMNS 2.81V ALL COLUMNS
4 vr OUT ——{ MainAmplifier_Vin+ A AT 5
| vMeasure_FromAdjacentElement UAOE e s fignehi
ALL COLUMNS 12 Y6 RN27A Res4: 10Kohm 50V 5% .06W 1206vex
RN27B Res4: 10Kohm 50V 5% .06W 1206vex
1 8
. MuxFollower Bank6 M2 |
0 to 3V, 115mV/Amp with 1m ohm shynt 5
| Measure_7x_CurrentShunts_1.5MHz_BW ALL COLUMNS Y5 From FPGA. LVC 3.3V, 2mA
9 7 A 2 |
| Measure_7x_CurrentShunts_16KHz_BW Dite) X AT Wil AW Gl gt A | © VAR 0K
ALL COLUMNS B 10 RN27C Res4: 10Kohm 50V 5% .06W 1206vex
RN27D Res4: 10Kohm 50V 5% .06W 1206vex
0 to 3V measurement 2 11 3 6
| Measure_Vout 5MHz_BW ALL COLUMNS Y3 A — "\ MuxFollower Bank6 M1 |
15 vo LS ANV APWE
Low = On RN71A Res4: 10Kohm 50V 5% .06W 1206vex
— . 0
COLUMN #1 ONLY 1 Y1 ENABLE 6 1RN71B . Res4: 10Kohm 50V 5% .06W 1206vex
— "\ MuxFollower Bank6 MO |
[oN
ZERO_20mA| ALL COLUMNS vwer YR 2, 7 2
z O > NAN——]-1V_APwr c
not used —
| ol © RN71C Res4: 10Kohm 50V 5% .06W 1206vex
- RN71D Res4: 10Kohm 50V 5% .06W 1206vex
L 3 AL MuxFollower Bank6_ENABLE |
-IV_APwri—4 23143V APwr From FPGA, LVC 3.3V, 2mA, 0 = ON
5 A 4 |
Provide +-1V headroom via -1V/4.3Vpwr AR
8:1 MUX 19% / 25% digital inputs receive:
COLUMN #1 ONLY Logic 1: 1.96V wrt pin8 > [ 25% x (4.3V - -1V) = 1.38V ]
Logic 0: 0.66V wrt pin8 <[ 19% x (4.3V - -1V) = 1.05V ]
Col_2 MainAmp_Output
Col_3_MainAmp_Output . .
Spikes on ACOM between Columns will cause vMeas error at Col >= 2.
Col_4 MainAmp_Output -
ACOM, MasterCal_Buf, 2.81Vcal, etc. needs to be shielded between layers.
Col_5_MainAmp_Output q q o - -
Need to do all calibration with GatePwr off and no pwr switching.
2.81v is connected to ACOM via cap -- Need this stable during power conversion?! 5
Need ACOM stable between columns during pwr conversion!?
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MAIN MULTIPLEXOR -- BANK 7 -- Voltage Follower DESIGN FILES
For Mathematical Analysis, see "Amplifier_400V_SE_1MHz_Mux_Between_Rg-Rfb...TSC" > Simulation: "Amplifier 400V _SE 1MHz Mux Between Rg-Rfb...TSC"
ALL COLUMNS HAVE THIS > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "DESIGN: Measure High Volt
via Inverting Op-Amp...", "Power and Voltage Range Strategy...", "Current and Voltage
Measurements", "Component Characteristics As Noted in Datasheets"
> Ma2 Solar RD PLAN.pdf / "Voltages are prepared for Measurement”
Since these are buffered (low Rsource), we do not need to worry about crosstallk.
On simulation, we see 1/1000 leak with 100nSec rise time and 50 ohm R_source. A
Reference: "scdm216, Crostalk Tests, v1.tsc"
SUMMARY
> Main Voltage Measurement
EXPANSION > Supports measuring high voltages
> Very precise
Master vCal BUEE ALL COLUMNS this helps with calibration
0 to 3.3V measurement
Created by Column #1 This is used to calibrate the other channels.
ALL COLUMNS Gateleakage Measurement, Left Lo
GateLeakageMeas_Left Lo 0 to 3.3V measurement ALL COLUMNS HAVE THIS
50nA, pin 7 n/c, pin 11 = A, 19%/25% Din, Drive w 10k // 10K divider & -1Vpwr, $0.15
Mux: 8:1, TMUX1308, 45nA +-1Vhead 5.5V, 19%/25%, 11pF 220ohm TSSOP16
"~ PvPwr_BUFF ALL COLUMNS PvPwr, Buffered, G=0.0319 uz28
- 0 to 3.3V measurement ALL COLUMNS
Calibration: measure here & also via main amp ipverter 4 v7 ouT 3 MuxFollower Bank7 OUTPUT Main Amplifier
‘ Vout Pwr BUFE ALL COLUMNS Vout, Buffered, G=0.0319
- 0 to 3.3V measurement 12 Y6 RN28A Res4: 10Kohm 50V 5% .06W 1206vex B
Calibration: measure here & also via main amp ihverter RN28B Res4: 10Kohm 50V 5% .06W 1206vex
1 8
" InduciorRight Pwr BUFE_ALL COLUMNS __ Inductor Right, Buffered, G=0.0319 5 | ve MuxFollower_Bank7_M2 |
9 / 0 to 3.3V measurement From FPGA, LVC 3.3V, 2mA
Calibration: measure here & also via main amp ipverter y c 9 7T A A 2 |-1V_APwr 30K
" InductorLeft_Pwr_BUFF ALL COLUMNS Inductor Left, Buffered, G=0.0319 e B 10 RN28C Res4: 10Kohm 50V 5% .06 W 1206vex
0 to 3.3V measurement RN28D Res4: 10Kohm 50V 5% .06 W 1206vex
Calibration: measure here & also via main amp inverter 2 Y3 A 11 i 3 ANAN 6 MuxFollower Bank7 M1 |
15 vo L2 AA—E—1V_APwr
Low = On RN72A Res4: 10Kohm 50V 5% .06W 1206vex
——— . (o)
1 Y1 ENABLE 6 1RN7ZB . Res4: 10Kohm 50V 5% .06W 1206vex
N MuxFollower Bank7_ MO |
o
ZERO_20mAI ALL COLUMNS w wh1e3n Yo % . , ,
zZ o0 > */\/\/_L']V_APWF
not used
| ol © RN72C Res4: 10Kohm 50V 5% .06W 1206vex C
- RN72D Res4: 10Kohm 50V 5% .06 W 1206vex
v ¢ 3 AL MuxFollower_Bank7 ENABLE |
-IV_APwrl— 23143V _APwr From FPGA, LVC 3.3V, 2mA, 0 = ON
2 \/\/\/4—|-1V_APwr
Provide +-1V headroom via -1V/4.3Vpwr
19% / 25% digital inputs receive:
Logic 1: 1.96V wrt pin8 > [ 25% x (4.3V - -1V) = 1.38V ]
Logic 0: 0.66V wrt pin8 <[ 19% x (4.3V - -1V) = 1.05V ]
D
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MAIN MULTIPLEXOR -- BANK 1 -- Inverting Input Channels DESIGN FILES
For Mathematical Analysis, see "Amplifier_400V_SE_1MHz_Mux_Between_Rg-Rfb...TSC" > Simulation: "Amplifier 400V _SE 1MHz Mux Between Rg-Rfb...TSC"
ALL COLUMNS HAVE THIS > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "DESIGN: Measure High Volt
via Inverting Op-Amp...", "Power and Voltage Range Strategy...", "Current and Voltage
Measurements", "Component Characteristics As Noted in Datasheets"
NLAST, 5nA, +-1Vheadroom, NO Vee pwr-, 0.8V/2V Din - drive with 10K/10K vDivider w/ -1Vpwr, $0.11/1ch > Ma2 Solar RD PLAN.pdf / "Voltages are prepared for Measurement"
1M ohm ResTF: 1Mohm 150V 0.5% .12W 25ppm 1206 -2V to 85V Ampln, Gain = -0.030 = -30K/1M, AmpOut = 2.81V - (Ampln x 0.030)
Vout Pwr+| R20A AN 6 B 85V /1M = 85uA. 85V x 85uA =6mW. 20nA x 1M = 20mV error SUMMARY A
— " ALL COLUMNS v 5 2:1 vDivider (10K ohm, 10K ohm) converts FGPA 0.4V/3.05V to 0.7V/2.02V > Main Voltage Measurement
Primary Dc-to-Dc Converter Output oMl 4 | A" AV APWr Dout Control from FPGA, 1 = enable > Supports measuring high voltages
22V to 85V, Gain = -0.030, Vout = 2. 8F ONin % 0.030) = 1 8 toGA EN Vout Purs | > Very precise
Place 1M R close to Spdt, place Spdt close to 8:1 mux GNDp 3 RN20A Out_Fwr
o o)
4.3V_APwr| 2 | Vit oy Res4: 10Kohm 50V 5% .06W 1206vex
AB TV 1o 2V L AA—2—1V_APWE
U20A RN20B -
Switch: 1x SPDT, NLAST4599, 10nA +-1Vhead 5.5V, 0.8/2V, 10pF 50ohm SOT3@3es4: 10Kohm 50V 5% .06W 1206vex 2.81VDC Main Amplifier
1M ohm ResTF: 1Mohm 150V 0.5% .12W 25ppm 1206 -2V to 85V Ampln, Gain = -0.030 = -30K/1M, AmpOut = 2.81V - (AmplIn x P.080). COLUMNS HAVE THIS >
PvPwr Panel+| R20B AN 6 B 85V /1M = 85uA. 85V x 85uA =6mW. 20nA x 1M = 20mV error NLAST, 5nA, +-1Vheadroom, Pin 9 = A, Vee pin makes Din is easy, $0.35
- " ALL COLUMNS v 5 2:1 vDivider (10K ohm, 10K ohm) converts FGPA 0.4V/3.05V to 0.7V/2.02V Mux: 8:1, NLAST4051, 5nA +-1Vhead 5.5V, 0.8/2V, 8pF 46ohm TSSOP16
PV Power+ (solar panel out) ACOMI 4 A" 1V AP Dout Control from FPGA, 1 = enable u21
| -1V_AFWr
;32I\a/c§ 18 I\5/IVR close to Spdt, place Spdt close to 8:1 mux 3 | RN20C 2 : B vl | 4 3
43y AP 2 Chop Res4: {0Kohm 50V 5% .06W 1206vex i OUT ==——— MainAmplifier_Vin- 30K
SV APWI——"= v+ g7vioov 5 4
AB ' NAN——-1V_APwr
u20B RN20D - 12 Y6
Switch: 1x SPDT, NLAST4599, 10nA +-1Vhead 5.5V, 0.8/2V, 10pF 50o0hm SOT3@es4: 10Kohm 50V 5% .06W 1206vex 5
S vs
1M ohm ResTF: 1Mohm 150V 0.5% .12W 25ppm 1206 -2V to 85V Ampln, Gain = -0.030 = -30K/1M, AmpOut = 2.81Y - (Amplin x 0.030)
. 1 R20C 6 | B 85V /1M = 85uA. 85V x 85uA =6mW. 20nA x 1M = 20m\{ error 11
PvPwr_Filtered+ T corumMsY v 5 2:1 vDivider (10K ohm, 10K ohm) converts FGPA 0.4V/3.05\|to 0.7V/2.02V___ 14 ,, C Muxinv_Bank1 M2 |
Filter Output (after PV Input) AcOM| 4 | A" 1V APwr Dout Control from FPGA, 1 = dnabl g 10 Muxinv Banki M1 |
LA DR L 8 “FPGA EN_FiltrOut_Pwr+
Place 1M R close to Spdt, place Spdt close to 8:1 mux GNDp 3 RN21A 2 Y L9
p _ o 3 A Muxlnv_Bank1_MO |
4.3V prr|72_ Vi Res4: 10Kohm 50V 5% .06W 1206vex
- AB 1 0.7V to 2V 7 \/\/\/2—|-1V APWr From FPGA, LVC 3.3V, 2mA
u20C RN21B - 15 v2
Switch: 1x SPDT, NLAST4599, 10nA +-1Vhead 5.5V, 0.8/2V, 10pF 50ohm SOT3@3es4: 10Kohm 50V 5% .06W 1206vex
. Low =0On -
1IMohm  ResTF: 1Mohm 150V 0.5% .12W 25ppm 1206 -2V to 85V Ampln, Gain = -0.030 = -30K/1M, AmpOut = 2.81Y - (Ampin|x p.430) Vil ENRELE Muxinv_Bank1_ENABLE|
InductorLeft Pwr+ R20D 6 | B 85V /1M = 85uA. 85V x 85uA =6mW. 20nA x 1M = 20m\} errf)}7 From FPGA, LVC 3.3V, 2mA, 0 = ON
— | ALL COLDﬁNS ’ v 5 2:1 vDivider (10K ohm, 10K ohm) converts FGPA 0.4V/3.05\ to 0[7\/2]03V 13 Y0 =)
Primary Inductor Input Side ACOMI 4 A" AV APwr Dout Control from FPGA, 1 = enable 0V when < % ;
B9 g 6 _“FPGA EN InductorLeft Pwr+ S LEe -
Place 1M R close to Spdt, place Spdt close to 8:1 mux GNDp 3 RN21C . — — | ol o
4.3V_APwr| 2 Vet . o7V Res4: 10Kohm 50V 5% .06W 1206vex =
AB V1o 2V 2 AA—E—|-1V_APwr v c
020D RN21D N AV_APWr _]4.3V_APWr
Switch: 1x SPDT, NLAST4599, 10nA +-1Vhead 5.5V, 0.8/2V, 10pF 50ohm SOT3@3es4: 10Kohm 50V 5% .06W 1206vex - 4.3V
ACOM
Provide +-1V headroom via -1V/4.3Vpwr
1M ohm ResTF: 1Mohm 150V 0.5% .12W 25ppm 1206 -2V to 85V Ampln, Gain = -0.030 = -30K/1M, AmpOut = 2.81V - (AmpIn|x D.430)
: R20E 6 B 85V /1M = 85uA. 85V x 85uA =6mW. 20nA x 1M = 20mV error
InductorRight_Pwr+ =SNG v 5 2:1 vDivider (10K ohm, 10K ohm) converts FGPA 0.4V/3.05V to 0.7\/2/03V L el e OUIIERIL Ll
Primary Inductor Output Side ACOMI 4 A 1V AP Dout Control from FPGA, 1 = enable COLUMN #1 ONLY
I -1V_APwr
e () Rl Sy e e o B 3 | T ®— FPGA_EN_InductorRight_Pwr+ |
ace close 1o spdl, place spadt close o ©. g‘“" GNDp Rocd. . Muxinv_Bank3_OUTPUT Col1Row1 |
4.3V APWF' v+ es4: 10Kohm 50V 5% .06W 1206vex
- B 1 0.7V to 2V 7 A A 2 |-1V APWr ONLY ROW #1, COLUMN #1
U20E RN22B -
Switch: 1x SPDT, NLAST4599, 10nA +-1Vhead 5.5V, 0.8/2V, 10pF 50ohm SOT3@3es4: 10Kohm 50V 5% .06W 1206vex
ResTF: 33Kohm 75V 0.5% .06W 25ppm 0603
FPGA: 0.4V to 3.1V R20F
2:1 vDivider (10K ohm, 10K ohm) VIV HEEET VCElEL R |
10K x 10pF = 100nSec -50mV to 3.05V measurement 0V .. 3.1V calibration voltage
Hi: (3V - -1V)/12 =2V Gain = -30K/33K This is used to calibrate the other channels.
Lo: (0.4V - -1V)/12=0.7V AmpOut = 2.81V - (AmpIn x 0.90) D
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MAIN MULTIPLEXOR -- BANK 2 -- Inverting Input Channels DESIGN FILES
For Mathematical Analysis, see "Amplifier_400V_SE_1MHz_Mux_Between_Rg-Rfb...TSC" > Simulation: "Amplifier 400V _SE 1MHz Mux Between Rg-Rfb...TSC"
COLUMN #1 ONLY SUMMARY > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "DESIGN: Measure High Volt
> Main Voltage Measurement via Inverting Op-Amp...", "Power and Voltage Range Strategy...", "Current and Voltage
> Supports measuring high voltages = Measurements", "Component Characteristics As Noted in Datasheets"
> Very precise > Ma2 Solar RD PLAN.pdf / "Voltages are prepared for Measurement”
A
2.81VDC Main Amplifier
~ 14 COLUMN #1 ONLY
- Muxinv_Bank4_OUTPUT_PwrSupply -et——rp Sl oA o noning COLUMN #1 ONLY
NLAST, 5nA, +-1Vheadroom, Pin 9 = A, Vee pin makes Din is easy, $0.35
" Muxinv_Bank5_OUTPUT Colf COLUMN #1 ONLY M;§A81 NLAST4051, 5nA +-1Vhead 5.5V, 0.8/2V, 8pF 46ohm TSSOP16
AcCOM| Temp0  F23A N\ COLCIN ] OIS 4 v7 ouT <+>—{3 Muxlnv_Bank2_ OUTPUT_Col 30K
Thermistor: 10K ohm 25C, 1% ohm acc, 3380K R50, 3434K R85, NCU15XH103F60, 040p COLUMN #1 ONLY
| COLUMN #1 ONLY 12
ACOM| Templ  H23B VAYAY, Y6
Thermistor: 10K ohm 25C, 1% ohm acc, 3380K R50, 3434K R85, NCU15XH103F60, O40p
| COLUMN #1 ONLY 5
ACOM| Temp2  H23C VAYAY, Y5
o o
Thermistor: 10K ohm 25C, 1% ohm acc, 3380K R50, 3434K R85, NCU15XH103F60}, 0§02 c 11 Muxinv Bank2 M2 |
| COLUMN #1 ONLY 14
ACOMemps H23D VN v 10 B
. 0 B MuxInv_Bank2 M1 |
Thermistor: 10K ohm 25C, 1% ohm acc, 3380K R50, 3434K R85, NCU15XH103H60|, 0402
For analysis, see gsw xIs / SolarRoof / "DESIGN: Measure Temperature via 10K ¢hin Thermistor’ 2 Y3 A 9 Muxinv Bank2 MO |
From FPGA, LVC 3.3V, 2mA
15 v
. Low =0On -
NLAST, 5nA, +-1Vheadroom, NO Vee pwr-, 0.8V/2V Din - drive with 10K/10K vDivider w/ -1Vpwr, $0.11/1ch Y1 ENABLE Muxinv_Bank2_ENABLE|
-400V to +20V Ampln, Gain = -0.005 = -30K/6M, AmpOut = 0.22 + (AmpIn x 0.005) From FPGA, LVC 3.3V, 2mA, 0 = ON
400V / 6M = 66UA. 400V x 66uUA = 26mW. 20nA x 6M = 0.12V error Res: 1.5Mohm 150V 1% .12W 100ppm 1206 13 Y0 )
2:1 vDivider (10K ohm, 10K ohm) converts FGPA 0.4V/3.05V to 0.7V/2.02V Res: 1.5Mohm 150V 1% .12W 100ppm 1206 - 5 iy
Res: 1.5Mohm 150V 1% .12W 100ppm 1206 i ]
6 B Res: 1.5Mohm 150V 1% .12W 100ppm 1206 | ol ©
Measure -400V w.r.t. Earth Gnd v 5 -
S Acom| 4 A" 1V APwr . Dout Control from FPGA, 1 = enable -1V
Place 4 x 1.5M close to Spdt, place Spdt close to 8:1 mux GNDp 3 RN23A ENABLE_EarthGndSense_wrt COM | AN 4.3V|4'3V—'A‘PWr
2 Res4: 10Kohm 50V 5% .06W 1206vex ACOM
4.3V_APwr] VY 4 L1 07Vio2v T A2V AP Provide +-1V headroom via -1V/4.3Vpwr
u23B RN23B - C
Switch: 1x SPDT, NLAST4599, 10nA +-1Vhead 5.5V, 0.8/2V, 10pF 50ohm SOT3@es4: 10Kohm 50V 5% .06W 1206vex
RO3E RO3F R23 R23 SCILTCIELEINEIS
EarthGndSense wrt COM, -400V to +20V
COLUMN #1 ONLY
0..400V wrt COM
-400V to +20V Ampln, Gain = -0.005 = -30K/6M, AmpOut = 0.22 + (Ampln x 0.005)
400V / 6M = 66UA. 400V x 66UA = 26mW. 20nA x 6M = 0.12V error Res: 1.5Mohm 150V 1% .12W 100ppm 1206
2:1 vDivider (10K ohm, 10K ohm) converts FGPA 0.4V/3.05V to 0.7V/2.02V Res: 1.5Mohm 150V 1% .12W 100ppm 1206
Res: 1.5Mohm 150V 1% .12W 100ppm 1206
6 B Res: 1.5Mohm 150V 1% .12W 100ppm 1206
vV
5
Acom| 4 A" 1-1v_APwr Dout Control from FPGA, 1 = enable
iy 6 ENABLE MainPowerBus- |
Place 4 x 1.5M close to Spdt, place Spdt close to 8:1 mux GNDp 3 RN23C —
o 0,
4.3V_APwr| 2 Vit o7V 2VRes4. 10Kohm 50V 5% .06W 1206vex
AB YA 2 AA—E—1V_APWE
u23C RN23D -
Switch: 1x SPDT, NLAST4599, 10nA +-1Vhead 5.5V, 0.8/2V, 10pF 50ohm SOT3@es4: 10Kohm 50V 5% .06W 1206vex D
R23kY Y Vo Rza Y Y Roan V™ R23p” V™ |EarthGnd_Shield
1.5M, 200V 1.5M, 200V 1.5M, 200V 1.5M, 200V Shield Circuit from RFI, -400V to +20V Title www.Manhattan2.org
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MAIN MULTIPLEXOR -- BANK 3 -- Inverting Input Channels
ONLY ROW #1, COLUMN #1 ONLY
2.81VDC Main Amplifier A
ONLY ROW #1, COLUMN #1 ONLY >
NLAST, 5nA, +-1Vheadroom, Pin 9 = A, Vee pin makes Din is easy, $0.35
Mux: 8:1, NLAST4051, 5nA +-1Vhead 5.5V, 0.8/2V, 8pF 46o0hm TSSOP16
U24A
XPAmer 2 v7 OUT ++*——1 Muxinv_Bank3_OUTPUT ColiRowl> — 30K |-
String Base Unit (1/8th of string pcb's)
EXPANSION 12
Y6
2 v5
» c 1 Muxinv_Bank3 M2 _Col1Row1 |
Y4
10
B Muxinv_Bank3 M1 _Col1Row1 |
220K ohm 1 C C 2 D24E — —
R24J ACOM| N 13.45V_Clamp bl e, ox Series BAV119 80nA50C mx 75V 1Vf 2pF 3000nS SOT23-3 2 | s e o e e
ResTF: 220Kohm 75V 0.5% .06W 25ppm 0603 - — — =
Place R close to 8:1 mux From FPGA, LVC 3.3V, 2mA B
ROVV#1, COL#1  -10V to +10V Ampln, Gain = -0.136 = -30K/220K, AmpOut = 2.81 + (AmplIn x -(0.136) 15 Y2
[ HiPwrOn_OneColumn_OPTO+ R24K 10V / 220K = 45uA. 10V x 45uA = 450uW. 20nA x 220K = 4.4mV error
Res: 1.50hm 200V 1% .25W 200ppm 1206 Low = On
HiPwrOn Rst, -10V to +10V Remove 1206 & 0603 if Not Col1_Row1, since this might be at 400V wrt COM 1 Y1 ENABLE 6 Muxinv_Bank3_ENABLE_Col1Row1
From FPGA, LVC 3.3V, 2mA, 0 = ON
1M ohm 1 C C 2 D24A 13 @)
R24A ACOM| e 13.45V_Clamp 3040 o Series BAV19 80nAM50C mx 75V 1Vf 2pF 3000nS 5QT43-B 0V when 0,z 4
ResTF: 1Mohm 150V 0.5% .12W 25ppm 1206 o not used ,
30V PowerSuppIy+| ~ A ~ A Place R close to 8:1 mux | ol ©
- ROVV#1, COL#1 -5V to +68V Ampln, Gain =-0.030 = -30K/1M, AmpOut = 2.81 + (AmpIn x -0.030) -
32V-Array-Power+, -5V to 68V R24B 65V /1M = 65uA. 65V x 65uA =4mW. 20nA x 1M = 20mV error
Res: 1.50hm 200V 1% .25W 200ppm 1206
Remove 1206 & 0603 if Not Col1_Row1, since this might be at 400V wrt COM IV_APWr—, Z3v14-3V_APwr
ACOM
Provide +-1V headroom via -1V/4.3Vpwr
220K ohm 1 C Cl 2 D24B Remove U24A if not Col1_Row1 since col pwr might be at 400V wrt COM
R24C ACOM| AT 13.45V_Clamp 1l e oy Series BAV119 80nA/150C mx 75V 1Vf 2pF 3000nS $AT43-5
ResTF: 220Kohm 75V 0.5% .06W 25ppm 0603 -
Place R close to 8:1 mux
32V_PowerSupply-| VNV VNN TROWAT, COLFT_-10V to +10V Ampin, Gain = -0.136 = -30K/220K, AmpOut = 2.81 + (AmpIn x -0.1B6 . |ACOM C
32V-Array-Power-, -10V to +10V  R24D 10V / 220K = 45uA. 10V x 45uA = 450uW. 20nA x 220K =4.4mV error
Res: 1.50hm 200V 1% .25W 200ppm 1206 R25H
Remove 1206 & 0603 if Not Col1_Row1, since this might be at 400V wrt COM ResTF: 33Kohm 75V 0.5% .06W 25ppm 0603
2.6V to 5.5V Ampln, Gain = -0.909 = -30K/33K, AmpOut = 2.81 + (Ampln x -0.909)
This can help calibrate and test Bank3
220K ohm 1 C C 2 D24C
R24E ACOM| AT 13.45V_Clamp 3042 oy Series BAV19 80nAM50C mx 75V 1Vf 2pF 3000nS SAT43-3
ResTF: 220Kohm 75V 0.5% .06 W 25ppm 0603 o
5V CqumnPwr+| ~ A ~ A )\ Place R close to 8:1 mux
- ROW#1, COL#1  -10V to +10V Ampln, Gain = -0.136 = -30K/220K, AmpOut = 2.81 + (AmplIn x -0.136
5V-ColumnPower+, -10V to 10V R24F 10V / 220K = 45uA. 10V x 45uA = 450uW. 20nA x 220K = 4.4mV error
Res: 1.50hm 200V 1% .25W 200ppm 1206
Remove 1206 & 0603 if Not Col1_Row1, since this might be at 400V wrt COM
220K ohm 1 C C 2 D24D
R24G ACOM| N 13.45V_Clamp e oy Series BAV119 80nA/150C mx 75V 1Vf 2pF 3000nS SOT43-3
ResTF: 220Kohm 75V 0.5% .06W 25ppm 0603 -
5V_ColumnPwr-| AN A AN A Place R close to 8:1 mux
- ROVV#1, COL#1  -10V to +10V Ampln, Gain = -0.136 = -30K/220K, AmpOut = 2.81 + (Ampln x -0.136)
5V-ColumnPower-, -10V to 10V R24H 10V / 220K = 45uA. 10V x 45uA = 450uW. 20nA x 220K = 4.4mV error D
Res: 1.50hm 200V 1% .25W 200ppm 1206
Remove 1206 & 0603 if not Col1_Row1, since this might be at 400V wrt COM
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MAIN MULTIPLEXOR -- BANK 4 -- Inverting Input Channels DESIGN FILES
> Simulation: "Amplifier 400V SE 1MHz Mux Between Rg-Rfb...TSC"
Power Supply Readback > Analysis: GWleinreb Manhattan2 ResearchNotes.xls / SolarRoof / "DESIGN: Measure High Volt
COLUMN #1 ONLY via Inverting Op-Amp...", "Power and Voltage Range Strategy...", "Current and Voltage
Measurements", "Component Characteristics As Noted in Datasheets"
> Ma2 Solar RD PLAN.pdf / "Voltages are prepared for Measurement”

A
33K ohm 1 C C 2 D25A 2.81VDC Main Amplifier
R25A ACOM| e 13.45V_Clamp i e oy Series BAV119 80nA/150C mx 75V 1Vf 2pF 3000nS SOT23-3
ResTF: 33Kohm 75V 0.5% .06W 25ppm 0603

 COLUMN #1 ONLY
AU VNV ¢ 2.6V o 5.5V Ampln, Gain = -0.909 = -30K/33K, AmpOut = 2.81 + (AmpIn k -@@0A)MN #1 ONLY
Typical: 4.3V +- 0.1V 4V [ 33K = 120uA. 4V x 120uA = 0.5mW. 1uA x 33K = 33mV error 50nA, pin 7 n/c, pin 11 = A, 19%/25% Din, Drive w 10k // 10K divider & -1Vpwr, $0.15
+2.6V to +5.5V measurement Mux: 8:1, TMUX1308, 45nA +-1Vhead 5.5V, 19%/25%, 11pF 220ohm TSSOP16
U25A Power Supply Monitoring
33K ohm ACOM—— S IHC 2 1345V Clamp 2228 4 vr OUT ———{ Muxinv_Bank4 OUTPUT PwrSupply Coli— 30K
R25B A A AV_U8MP pigde: 2x Series BAV119 80nA/150C mx 75V 1V 2pF 3000nS SOT23-3 uxinv_Sank®._ —PWISUPPLY_
ResTF: 33Kohm 75V 0.5% .06W 25ppm 0603 -
36V APwrl COLUMN #1 ONLY AN )\ 12 Y6 RN25A Res4: 10Kohm 50V 5% .06W 1206vex
= ! 2.6V to 5.5V Ampln, Gain = -0.909 = -30K/33K, AmpOut = 2.81 + (Ampln x -0.909) RN25B Res4: 10Kohm 50V 5% .06W 1206vex
Typical: 3.6V +- 0.1V Place R close to 8:1 mux 4V / 33K = 120uA. 4V x 120uA = 0.5mW. 1uA x 33K = 33mV error 1 o A A8
+2.6V to +5.5V measurement 5 Y5 el sl B N |
From FPGA, LVC 3.3V, 2mA B
33K ohm 1 C C 2 D25C 9 7 2
R25C ACOM| N 13.45V_Clamp i 12 o) Series BAVA19 80nAM50C mx 75V 1Vf 2pF 3000nS SOT23-3 14 \, © Vv |-1V_APwr
ResTF: 33Kohm 75V 0.5% .06 W 25ppm 0603 o B 10 RN25C Res4: 10Kohm 50V 5% .06 W 1206vex
3.3V DPwrl COLUMN #1 ONLY AN )\ RN25D Res4: 10Kohm 50V 5% .06W 1206vex
= ! 2.6V to 5.5V Ampln, Gain = -0.909 = -30K/33K, AmpOut = 2.81 + (Ampln x -0.909) 2 Y3 A 11 | 3 ANAN 6 Muxinv Bankd M1 PwrSupol |
Typical: 3.3V +- 0.1V Place R close to 8:1 mux 4V [ 33K = 120uA. 4V x 120uA = 0.5mW. 1uA x 33K = 33mV error PRy
+2.6V to +5.5V measurement From FPGA, LVC 3.3V, 2mA
15 5 4
Y2 = AN——]-1V_APwr
33K ohm 1 C C 2 D25D -
R25D ACOM| e 13.45V_Clamp 3 e o Series BAV19 80nAM50C mx 75V 1Vf 2pF 3000nS 50JT43-3 = G RN61A Res4: 10Kohm 50V 5% .06W 1206vex
ResTF: 33Kohm 75V 0.5% .06W 25ppm 0603 o 1 Y1 ENABLE 6 RN61B Res4: 10Kohm 50V 5% .06W 1206vex
3.45V_Clamp|—<2LUMNFT ONLY A A, . ¢ AN~ Muxinv_Bank4 MO_PwrSupply |
4oV_Liamp] 2.6V to 5.5V Ampln, Gain = -0.909 = -30K/33K, AmpOut = 2.81 + (AmpIn x -0.909) N PRy
Typical: 3.45V +- 0.1V Place R close to 8:1 mux 4V [ 33K = 120uA. 4V x 120uA = 0.5mW. 1uA x 33K = 33mV error 13 Yoo a From FPGA, LVC 3.3V, 2mA
+2 6V to +5.5V measurement 0V when "5 5 & 7 a2 l-1v_AP
not used TV ARWE
33K ohm 1 C C 2 D25E RN61C Res4: 10Kohm 50V 5% .06W 1206vex
R25E ACOM| N 13.45V_Clamp 3 e oy Series BAV19 80nAM50C mx 75V 1Vf 2pF 3000nS SATA3-B it ] RN61D Res4: 10Kohm 50V 5% .06W 1206vex
o o
ResTF: 33K‘|’h"(‘x7)i\6&g j; 1.03\\/j\|/_\2(5ppm 0603 3 AN Muxinv_Bank4 ENABLE_PwrSupply
SN L] VNV ¢ "3V 10 -0.05 AmpIn, Gain = -0.909 = -30K/33K, AmpOUt = 0V + (AmpIn x -0.909) v APVl 143V, o Ao From FPGA, LVC 3.3V, 2mA, 0 = ON C
Typical: -1V +- 0.1V Place R close to 8:1 mux 1V /33K =30uA. 1V x 130uA = 0.13mW. 20nA x 33K = 0.6mV error IV_ARWE 14 SV_AFWr 5 A 4 | 1V AP
+0.1V to 3V measurement Provide +-1V headroom via -1V/4.3Vpwr TIV_APWE
19% / 25% digital inputs receive:
150K ohm 1 C C 2 D25F Logic 1: 1.96V wrt pin8 > [ 25% x (4.3V - -1V) = 1.38V ]
R25F ACOM| AP 13.45V_Clamp i e oy Series BAVA19 80nAM50C mx 75V 1V 2pF 3000nS SOT43B | Logic 0: 0.66V wrt ping < [ 19% x (4.3 - -1V) = 1.05V ]
ResTF: 150Kohm 75V 0.5% .06 W 25ppm 0603 o
|
SV_RowPwr_Regulated* —=5rmN#oN W ¢ T6V to +15V AmpIn. Gain = -0.2 = -30K/150K, AmpOut = 2.81 + (AmpIn x -0.2)
5V Unregulated (4.5V .. 7V) Place R close to 8:1 mux 10V / 150K = 75uA. 10V x 75uA = 750uW. 20nA x 150K = 6mV error
+1.6V to +15V measurement
150K ohm 1 C Cl 2 D25G
R25G ACOM| U 13.45V_Clamp i . oy Series BAV119 80nA/150C mx 75V 1Vf 2pF 3000nS SOT23-B
ResTF: 150Kohm 75V 0.5% .06W 25ppm 0603 o
L
RPN VNV ¢ T6V to +15V Ampin. Gain = -0.2 = -30K/150K, AmpOut = 2.81 + (AmpIn x -0.2) VNV |ACOM
Gate Power (10V +- 1V) Place R close to 8:1 mux 10V / 150K = 75uA. 10V x 75uA = 750uW. 20nA x 150K = 6mV error R25J
+1.6V to +15V measurement COLUMN #1 ONLY ResTF: 33Kohm 75V 0.5% .06 W 25ppm 0603
| would prefer to measure GatePwr at ALL converters yet we only do it here since we ran out of channels at Mux Bank 1 2.6V to 5.5V AmplIn, Gain = -0.909 = -30K/33K, AmpOut = 2.81 + (Ampln x -0.909)
This can help calibrate and test Bank4
D
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MAIN MULTIPLEXOR -- BANK S -- Inverting Input Channels DESIGN FILES
. ) > Simulation: "Amplifier 400V_SE 1MHz Mux Between Rg-Rfb...TSC"
Diagnostics > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "DESIGN: Measure High Volt
COLUMN #1 ONLY via Inverting Op-Amp...", "Power and Voltage Range Strategy...", "Current and Voltage
Measurements", "Component Characteristics As Noted in Datasheets"
> Ma2 Solar RD PLAN.pdf / "Voltages are prepared for Measurement”
A
2.81VDC Main Amplifier
N
/
COLUMN #1 ONLY
50nA, pin 7 n/c, pin 11 =A, 19%/25% Din, Drive w 10k // 10K divider & -1Vpwr, $0.15
COLUMN #1 DOES ALL TEMP MEASUREMENTS Mux: 8:1, TMUX1308, 45nA +-1Vhead 5.5V, 19%/25%, 11pF 220ohm TSSOP16
U26 Diagnostics Monitoring
| 4 3 |
ACOM| TempA  H26A N\ Y7 ouT : Muxinv_Bank5 OUTPUT Col 30K
Thermistor: 10K ohm 25C, 1% ohm acc, 3380K R50, 3434K R85, NCU15XH103F60, 0402
| 12 RN26A Res4: 10Kohm 50V 5% .06W 1206vex
ACOMI—gro5 268 VNV e RN26B Res4: 10Kohm 50V 5% .06W 1206vex
o o
, Thermistor: 10K ohm 25C, 1% ohm acc, 3380K R50, 3434K R85, NCU15XH103F60, 0402 . 1 o A A8 Muxinv_Bank5_M2_Diag |
ACOMI—=gmpe H26C VNV s From FPGA, LVC 3.3V, 2mA B
Thermistor: 10K ohm 25C, 1% ohm acc, 3380K R50, 3434K R85, NCU15XH103F60, 0402 c 9 l7 2 1V AP
14 VNN~ 1V_APwr
Y4 5 10 RN26C Res4: 10Kohm 50V 5% .06W 1206vex
RN26D Res4: 10Kohm 50V 5% .06W 1206vex
2 v3 A 1 4>~ AN~ Muxinv_Bank5_M1_Diag |
From FPGA, LVC 3.3V, 2mA
1.5M ohm 1 C wC| 2 D26A 2 2 ANV _APWr
R26A ACOM| e 13.45V_Clamp 3o 0. o Series BAV19 80nAM50C mx 75V 1Vf 2pF 3000nS SATA3-B = G RN62A Res4: 10Kohm 50V 5% .06W 1206vex
Res: 1.5Mohm 150V 1% .12W 100ppm 1206 1 =SXIN=TE 6 RN62B Res4: 10Kohm 50V 5% .06W 1206vex
™ Y1 ENABLE 1 8
_ .
__ GatePwr_AboveMe_Safer VNN COLUMN #1 ONLY 0.2V to 100V Ampln, Gain = -0.02 = -30K/1.5M, AmpOut = 2.81 + (Ampln x -0.02) N ' Vv Sl i o WIDEDBI 60 |
0 to 100V (Vout + 10V) Place R close to 8:1 mux 100V / 1.5M = 66uA. 100V x 66UA = 6mW. 80nA x 1.5M = 0.12V error 13 Yoo 2 From FPGA, LVC 3.3V, 2mA
-10V to +135V measurement 1% R accuracy involves 1% additional error if not calibrated (1V) 0V when > % * 7 A A 2 | 1V AP
not used > TV ARWE
330K ohm 1 C C 2 D26B RN62C Res4: 10Kohm 50V 5% .06W 1206vex
R26B ACOM| AP 13.45V_Clamp i e oy Series BAV119 80nA/150C mx 75V 1Vf 2pF 3000nS SOT43-B ~oo e RN62D Res4: 10Kohm 50V 5% .06W 1206vex
. (o] .
ResTF: 330Kohm 75V 0.5% .06 W 25ppm 0603 o Place R close to 8:1 mux 3 A~ A A~ b Muxinv_Bank5_ENABLE_Diag |
__ GatePwr_MeOrAboveMe VNN EOLUMN #1 ONLY 0.2V to +28V Ampln, Gain = -0.1 = -30K/330K, AmpOut = 2.81 + (Ampin x -0.1) v apwrdV 143V, o apu From FPGA, LVC 3.3V, 2mA,0=ON  C
My GatePwr (10V) or PCB above me's GatePwr (14V) 15V / 330K = 45uA. 15V x 45uA = 700uW. 100nA x 330K = 30mV error - I 5 A 4 |-1V APWT
-0.2V to +28V measurement 0.5% R accuracy involves 0.5% additional error if not calibrated (0.15V) Provide +-1V headroom via -1V/4.3Vpwr -
19% / 25% digital inputs receive:
330K ohm 1 C C 2 D26C Logic 1: 1.96V wrt pin8 > [ 25% x (4.3V - -1V) = 1.38V ]
R26C ACOM| AP 13.45V_Clamp yi0 2. o) Series BAVA19 80nAM50C mx 75V 1Vf 2pF 3000nS SOT23-B Logic 0: 0.66V wrt pin8 < [ 19% x (4.3V - -1V) = 1.05V |
ResTF: 330Kohm 75V 0.5% .06 W 25ppm 0603 o
COLUMN #1 ONLY
AU EPEESAOS ] VNNV ¢ "0.2V to +28V Ampin, Gain = 0.1 = -30K/330K, AmpOut = 2.81 + (AmpIn x -0.1)
Controls Bypass MOSFET Place R close to 8:1 mux 15V / 330K = 45uA. 15V x 45uA = 700uW. 100nA x 330K = 30mV error
-0.2V to +28V measurement 0.5% R accuracy involves 0.5% additional error if not calibrated (0.15V) PCB_IDO0 ACOM
R26E COLUMN #1 ONLY ¥ ™ |
ResTF: 33Kohm 75V 0.5% .06 W 25ppm 0603
PCB ID1
R26G  COLUMN#1 ONLY ¥ |ACOM
ResTF: 33Kohm 75V 0.5% .06W 25ppm 0603
PCB IDO & ID1: Identify one of many different PCB's
For details, see GWeinreb_Manhattan2_ResearchNotes.xls / SolarRoof / "4 Types of PCB's"
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Scale and Buffer High Voltages For Voltage Measurement, Detect Overvoltage (>88V), and Detect UnderVoltage (<3V)

ALL COLUMNS HAVE THIS

SUMMARY DESIGN FILES
> Scale voltage 1/30, detect overvoltage (>88V), detect undervoltage (<3V), and > Simulation: "Detect 88V Overvoltage Comparator ...TSC" and "Detect 3V Any Voltage Comparator...TSC"
OpAmp buffer for Vmeasure mux. > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "Things to Measure At Night with No PV Power..",
> Digital outputs from comparator go to FPGA who can respond quickly Detects Voltage...", "Calibration System"
> Op Amp buffers drive uProcessor Ain pins and/or Mux > Ma2 Solar RD PLAN.pdf / "Power Supply and Voltage Reference" A
Scale 1/30 Detect overVoltage (>88V) Detect UNDER voltage (<3V) Op Amp Buffer
For mathematical analysis see: Detect_88V_Overvoltage_Comparator_...TSC For mathematical analysis see: Detect_3V_Any_Voltage_Comparator...TSC For simulation, see "100Vmeasure - vDivider to Op Amp, via.TSC"
R CALIBRATION: measure here and also via main amp inverter
$0.013 Place close to OpAmp Input
R60A ResTF: 1Mohm 150V 0.5% [ 12W 25ppm 12060.14 [ 145V-APWr 014 [ 14SVAPWE 3.6V_APwr
Comparator: 4 h\}q_MV339 OC out 9mVos 400nA OT TSSOP14 Comparator: 4\951 LMV339 OC out 9mVos 400nA OT TSSOP14
P UGOA 5 uUe0C 9 3
vPwr_Panel+ Iﬁ‘/«OO \VAWV . + +
PV Power+ (solar panel out 281V 4 | ToFPGA Overvoltage PvPwr ST Ve Unbufferedl . 94mV 8 ToFPGA UNDERvoltage Pv?wr > PvPwr BUFF
PV Power+ (solar panel out) myret_nbutiered PV Power+ (solar panel out) [ ] To Vmeasure Mux
(W Open Collector Output (low if in+ >in-) C60B Open Collector Output (low if in+ > in-) Y
Place close to Comparator Connect to FPGA w/ internal pull-up Cap: 1uF 16V 20% 125C 0603 Connect to FPGA w/ internal pull-up - —|ACOM
1/(6 x 2e3 x 1e-6) = 83Hz, 2mSec T|C, 10x TC = 2(mSec ALL COLUMNS HAVE THIS Place close to Comparator
$0.007 |PCOM 1/(6 x 2e3 x 1e-6) = 83Hz, 2m$ec TC, 10x TC = 2(mSec OpAmp: TLV9064 4ch 10MHz 2mVos 25pA 80dB 750uA-ch TSSOP14
ResTF: 33Kohm 75V 0.5% .06W 25ppm 0403 ! UG2A
R60B $0.01
R60C ResTF: 1Mohm 150V 0.5% |12W 25ppm 1206 e (AP [ 1AV AP SO AP
Place close to OpAmp Inpuf Comparator: h\}q_MV339 OC out 9mVos 400nA OT TSSOP14 Cgmparator: 4ch M¥339 OC out 9mVos 400nA OT TSSOP14
V ueoB 7 uqoD 11 12 B
out_Pwr+ |—\/\/\,<1 00V +
Primary Dc-to-Dc Converte Output | 281V 6 ToFPGA_Overvoltage Vout Pwr 94mV 10 ToFPGA_UNDERUvoltage Vout_:P){\ér Vout_Pwr_BUFF
Primary Dc-to-Dc Converter Output LMV339, 4x, OC out, 9mVos, 400nA Primary Dc-to-Dc Converter Output [ To Vmeasure Mux
Open Collector Output (low if in+ >in-) OT, -0.1 to Vcc-1, 0.4uSec/100mV, Open Collector Output (low if in+ > in-) ’
Connect to FPGA w/ internal pull-up 5Vcc, $0.14/4ch, 87uA/ch, Arrow ST Connect to FPGA w/ internal pull-up -
R60D HEk ALL COLUMNS HAVE THIS #MV339IPT Tssop14 is $0.14 HEll —1ACOM
ResTF: 33Kohm 75V 0.5% |06W 25ppm 0403 OpAmp: TLV9064 4ch 10MHz 2mVos 25pA 80dB 750uA-ch TSSOP14
ANALYSIS u62B TLV906x, 10MHz, 0.2uS Rec, 2mVos max OT, 4pF,
R60E PCOM 43V APwr 25pA typ 85C, 6V/uS, 80dB min OT, In -0.1 to
ResTF: 1Mohm 150V 0.5% .12W 25ppm 1206 o~ = Gain = 33/(33+1000) = 0.0319=1/31.3 (Vce-1.4), Out 0.15V to (Vce-0.15V), 750uA/ch, $0.49
Place close to Input Comparator: 4 h\}q_MV339 OC out 9mVos 400nA OT TSSOP14
PVPWr Filtered+| A UG61A 5 T +- 400nA leakage x 33K = +-13mV at comparator Input 13mVos x 31 = 400mV erfoPWwMP BUFFER
- <100V ToFPGA_Overvoltage_FiltrOut_Pwr Vin, 0.4/88 = 0.5%. One can see this error via simulator. > OpAmp 0V/3.6V power supply means we can
Filter Output (after PV Input ¢ 281V 4 | — - - drive uProcessor w/o damage due to overvoltage
Filter Output (after PV Input) 1M and 33K are accurate to 0.5%, and this gives you 1% accuracy. You can calibsitee uProcessor is also powered by 3.6V.
~ (\h Open Collector Output (low if in+ > in-) this out with 16bit a/d that reads same thing. > op amp input range is -0.1V to (3.6V-1.4V) = 2.4V
- Connect to FPGA w/ internal pull-up (i.e. 3.6V pwr, 1.4V +Headroom)
R60F ALL COLUMNS HAVE THIS 88Vin / 31.3 Gain = 2.811V > 2.4V x (1e6 + 33e3) / 33e3 = 75V max vin for
ResTF: 33Kohm 75V 0.5% |06W 25ppm 0403 IPCOM analog measurement
! 100V / 1MEG = 100uA, 10mW > Simulator sees 1.3MHz bw
50V /1MEG = 50uA, 2.5mW C
ROVE 4.3V_APwr 3.6V_APwr
ResTF: 1Mohm 150V 0.5% }12W 25ppm 1206 U= Delay observed on sim w/ 0 to 90V Square Wave: 400nSec =
Place close to OpAmp Input Comparator: h\}__'_MV339 OC out 9mVos 400nA OT TSSOP14
UeiB 7 9mVos x 31 = 300mV error wrt Vin, 0.3/88 = 0.3% 5
nductorLeft Pwr+ I—\/\/\,<1 00V ¢
Primary Inductor Input Side 4 281V 6 ToFPGA_Overvoltage_InductorLeft_Pwp threshold vRef accuracy = 0.5% (Rt) + %0.5% (Rb) + 0.2% ref = 1.2% 6 InductorLeft_ Pwr_BUFF
Primary Inductor Input Side [ To Vmeasure Mux
Open Collector Output (low if in+ > in-) Accuracy wrt Vin and 88V threshold ’
PCOM Connect to FPGA w/ internal pull-up =1% (R1) + 0.5% (R2) + 0.5% (leakage) + 0.3% (Vos) + 1.2% (vRef) - —|ACOM
R60H ALL COLUMNS HAVE THIS = (1+.5+.5+.3+1.2) = +- 3.5%, 3.5% x 88 = +-3V
ResTF: 33Kohm 75V 0.5% J06W 25ppm 0403 OpAmp: TLV9064 4ch 10MHz 2mVos 25pA 80dB 750uA-ch TSSOP14
u62C
PCOM FPGA Detects Analog Pwr
R60J 43V APWr R60L OpAmp: TLV9064 4ch IOMHz 2mVos 25pA 80dB 750uA-ch TSSOP14
ResTF: 1Mohm 150V 0.5% |12W 25ppm 1206 B Res: 3.9Kohm 75V 1% .06W 100ppm 0603 u62D 3.6V APWr
Place close to OpAmp Inpuf Comparator: h\}q_MV339 OC out 9mVos 400nA OT TSSOP14 3.6V/4K = 1mA if APwr on and DPwr off =
HuctorRight_Pwr+ o= NA Uele 9 3.6V_APWr——— A —— ToFPGA_3.6V_APwr_GOOD 19
Primary Inductor Output Sid | 281v 8 ToFPGA_Overvoltage_InductorRight_Pwr 3.6V+-0.1V hi if analog pwr is good 9 InductorRight_Pwr_BUFF
Primary Inductor Output Side Connect to FPGA w/ internal pull-DOWN [ ] To Vmeasure Mux
Open Collector Output (low if in+ > in-) [ D
Connect to FPGA w/ internal pull-up NOTE: GatePwr is detected via PGOOD at GatePwr vReg -
R60K PCOM ALL COLUMNS HAVE THIS —lACOM
ResTF: 33Kohm 75V 0.5% J06W 25ppm 0403 Title www.Manhattan2.org
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Power Conversion, Buck Converter Power Conversion, Boost Converter Output Capacitor Bypass Mosfet 1
For simulation, see "Gate_Drv_Testing_UCC27282_2xFet_Switch_v14f.TSC" . .
For analysis, see GWeinreb_Manhattan2_ResearchNotes.xls / SolarRoof / "Buck Converter Math" nght_H| MOSFET ElementTop
ALL COLUMNS HAVE THIS A MOSFET: N-ch DMT10H009 100V 8mOhm PowerTDFN8 TP33A
m InductorLeft_Pwr+}— —| InductorRight_Pwr+ M31A N 440 bolt/standoff
2]
PvPwr_Filtered+} 2 a3 2288 £ s |Vout_Pwr+
L30  Ind: 56uH 4A 56mOhm 13x12x7mn}_~—~—~—\_{ Vout
L31 Ind: 56uH 4A 56mOhm 13x12x7mn{ [ 8] TP31C
) L32  Ind: 56uH 4A 56mOhm 13x12x7mn}_ ~~~y\_, ER 1 M33A
Left_Hi MOSFET L33  Ind: 56uH 4A 56mOhm 13x12x7mn| Al e MOSFET: N-ch TPH3R70A 100V 4mOhm 8-§OP-Advance
MOSFET: N-ch DMT10H009 100V mOhm PowerTDFN8 Wa'a'a'aW —rignt Bypass Mosfet (bypass entire DC-DC convertgr if it fails)
M30A GATE Left Hi #HCM1A1307V2-560-R, 4 x $0.85 = $3.40 C32A Cap: 2.2uF 100V 20% 125C 1210 ° TPH3R70APLL1Q, N-Chan, $0.61, 8-PowerVPFN, 100V, 4 m ohm, 2.5Vgs th
— = 4 in parallel, 56mH/4 = 14mH, 56mOhm/4 314m ohm C32B Cap: 2.2uF 100V 20% 125C 1210 o
8A x 14mOhm = 100mV, 800mW. C32C Cap: 2.2uF 100V 20% 125C 1210 1
1 1 C32D Cap: 2.2uF 100V 20% 125C 1210 m|°°I,\I® &
Left_Lo MOSFET C32E Cap: 2.2uF 100V 20% 125C 1210 C out D ALL COLUMNS HAVE THIS
MOSFET: N-ch DMT10H009 100V 8mOhm PowerTDFN8 L Loft R Rioh C32F Cap: 2.2uF 100V 20% 125C 1210  TP31B N-Ch Bypass MOSFET
M30B _Le _Right | I I ] ] ] | 4 / Shorts string Top to Bottom. Only engaged when
°’|°° “I“’ °[p TP30A TP30B bt i el o ) GATE_BypassMosfet| G this DC-to-DC converter is being bypassed —
N-Ch N R R . Controls Bypass MOSFET, which shorts elemes when occurs when this is OFF for some reason.
GATE_Left Lo 4G GATE_Right_Lo . T p— T [ — T [ — T [ — Top to Bottom when DC-to-DC is OFF. <Ialon S
1 8
' S Right_Lo MOSFET Eg 3 ! : : ———A\"—— vMeas_Shunt6_BypassMosfet+
A MOSFET: N-ch DMT10H009 100V § hm PowerTDFN8 C32G Cap: 2.2uF 100V 20% 125C 1210 Shunt6, Measure Bypass Mosfet Current
M31B C32H Cap: 2.2uF 100V 20% 125C 1210 Z33 8A x 0.001 ohm = 8mV, 64mW
1 8 & 6 C32J Cap: 2.2uF 100V 20% 125C 1210 Zener: 13Vz 5% C .2W 100pF SOT23-3 Res: 1mOhm 5% 3W 54A 75ppm 2512
—\N\— :
vMeas_Shunt3_Buck+ vMeas_Shunt4_Boost+ C32K Cap: 2.2uF 100V 20% 125C 1210 R33A
Shunt3, Measure Buck Current R30A Shunt4, Measure Boost Current R31A C32L Cap: 2.2uF 100V 20% 125C 1210
8A x 0.001 ohm = 8mV, 64mW 8A x 0.001 ohm = 8mV, 64mW C32M Cap: 2.2uF 100V 20% 125C 1210 ) 2 7 VMeas Shunté BvpassMosfet-
Res: 1mOhm 5% 3W 54A 75ppm 2512 Res: 1mOhm 5% 3W 54A 75ppm 2512 N yp
2 7 4 5) : ; ; This R gives PCB trace unique netname
vMeas_Shunt3 Buck-  -=—N\/\A—— ieasEShUNAB00SE Vsource: C_out on right, |_source: C_out on left of L, is this ok w/ BOOST converter? | RN33A  Resd: 2.20hm 50V 5% .06W 1206vex
pcom| PwrOut- RN33B Res4: 2.20hm 50V 5% .06W 1206vex
f This R gives PCB trace unique nethname These R's give PCB trace unique netname
RN34A  Res4: 2.20hm 50V 5% .06W 1206vex RN31C Res4: 2.20hm 50V 5% .06W 1206vex PLACE SHUNTS 7 & 8 NEXT TO EACH OTHER
RN34B Res4: 2.2ohm 50V 5% .06W 1206vex RN31D Resé4: 2.2ohm 50V 5% .06W 1206vex
L1 \/\/\—08 vMeas_Shunt5_Cout- 2 \/\/\—06 vMeas_Shunt7_String+
Shunt5, Measure Cout Current Shunt7 Measure String Current
8A x 0.001 ohm = 8mV, 64mW 8A x 0.001 ohm = 8mV, 64mW
. N . Res: 1mOhm 5% 3W 54A 75ppm 2512 Res: 1mOhm 5% 3W 54A 75ppm 2512
PV Power Filter Power Input Capacitor (Cin) R33C R33B
For simulation, see "Gate_Drv_Testing_UCC27282_2xFet_Switch_v14f.TSC"
For simulation, see GWeinreb_Manhattan2_ResearchNotes.xls / SolarRoof / "DC-to-DC Converter Input filter..." C36A Cap: 2.2uF 100V 20% 125C 1210 2 7 ) 4 5 T
C36B Cap: 2.2uF 100V 20% 125C 1210 L £ AAN—] VMeas_Shunt5_Cout+ —— AAN— vMeas_Shunt7_String
C36C Cap: 2.2uF 100V 20% 125C 1210 RN32A Res4: 2.2ohm 50V 5% .06W 1206vex These R's give PCB trace unique netname
C36D Cap: 2.2uF 100V 20% 125C 1210 RN32B Res4: 2.20hm 50V 5% .06W 1206vex RN33C Res4: 2.20hm 50V 5% .06W 1206vex
C36E Cap: 2.2uF 100V 20% 125C 1210 These R's give PCB trace unique netname RN33D Res4: 2.2ohm 50V 5% .06W 1206vex
C35A Cap: 2.2uF 100V 20% 125C 1210 C36F Cap: 2.2uF 100V 20% 125C 1210
C34A Cap: 2.2uF 100V 20% 125C 1210 C35B Cap: 2.2uF 100V 20% 125C 1210 C36G Cap: 2.2uF 100V 20% 125C 1210 4 1
TP34A C34B Cap: 2.2uF 100V 20% 125C 1210 C35C Cap: 2.2uF 100V 20% 125C 1210 C36H Cap: 2.2uF 100V 20% 125C 1210
4-40 bolt/standoff C34C  Cap: 2.2uF 100V 20% 125C 1210 C35D Cap: 2.2uF 100V 20% 125C 1210 C36J Cap: 2.2uF 100V 20% 125C 1210 ElementBottom
PvPwr_Panel+ C34D Cap: 2.2uF 100V 20% 125C 1210 C35E Cap: 2.2uF 100V 20% 125C 1210 C36K Cap: 2.2uF 100V 20% 125C 1210 TP33B
1 PvPwr Panel+ Y YL 4-40 bolt/standoff

@ ALL COLUMNS HAVE THIS ElementBottom
L34

Ind: 1.3uH 18A 2.3mOhm 12x10x6mm!

TITT ITITTTITIITTT
L L fIIIT

R35
Res: 330mOhm 5% 1W 400ppm 2512

I PvPwr_Filtered+
1 ( § )

PvPwr_Filtered+

Test Point for Monitoring and Testing
4-40 bolt/standoff

TP35A

11]
1

T
1

PV Panel
25V .. 75V

PCOM

Test Point for Monitoring and Testing
4-40 bolt/standoff

TP35B

Shunt2, Measure PV Filter Current
8A x 0.001 ohm = 8mV, 64mW

PLACE SHUNTS 1 & 2 NEXT TO EACH OTHET_1@

{Pcom
I1—’\/\/‘LO vMeas_Shunt1_InputPwr-

Shunt1, Measure Input Current
8A x 0.001 ohm = 8mV, 64mW
Res: 1mOhm 5% 3W 54A 75ppm 2512

1 PvPwr_Panel-
ALL COLUMNS HAVE THIS

(o
PvPwr_Panel-
TP34B

L3 A8 Viieas Shuntz_PvPwr-

Shunt2, Measure PV Current
8A x 0.001 ohm = 8mV, 64mW
Res: 1mOhm 5% 3W 54A 75ppm 2512

4-40 bolt/standoff

R36A R36B
4 5 2 7
L AA"— vMeas_Shunt2_PvPwr+ L = AA"N— vMeas_Shunt1_InputPwr+
RN36C Res4: 2.20hm 50V 5% .06W 1206vex RN36A Res4: 2.2o0hm 50V 5% .06W 1206vex
RN36D Res4: 2.20hm 50V 5% .06W 1206vex RN36B  Res4: 2.2ohm 50V 5% .06W 1206vex

These R's give PCB trace unique netname These R's give PCB trace unique netname
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i60x instruNet Schematics

m100 Group AtoD and Calibration.SchDoc
ml100 Group AtoD and Calibration.SchDoc

ml100 Group Measurement.SchDoc
ml100 Group Measurement.SchDoc

m100_Group Power Conversion.SchDoc
ml00 Group Power Conversion.SchDoc

m100 Group Communication.SchDoc
m100 Group Communication.SchDoc

m100 Group Power Supply.SchDoc
m100 Group Power Supply.SchDoc

m100 Group System.SchDoc
ml100 Group System.SchDoc

ml100 Group Array.SchDoc
m100 Group Array.SchDoc

Fiducias

FD10
7z NoPART: FIDUCIA-1mm-3mm
Permitted Layers Rule [Permitted Layers - Top,]

FDI11
z NoPART: FIDUCIA-1mm-3mm
Permitted Layers Rule [Permitted Layers - Top, ]

FD12
z NoPART: FIDUCIA-1mm-3mm
Permitted Layers Rule [Permitted Layers - Top,]

6 & &

FD20
z NoPART: FIDUCIA-1mm-3mm
Permitted Layers Rule [Permitted Layers - Bottom]

FD21
z NoPART: FIDUCIA-1mm-3mm
Permitted Layers Rule [Permitted Layers - Bottom]

FD22
z NoPART: FIDUCIA-Imm-3mm
Permitted Layers Rule [Permitted Layers - Bottom]

6 6 o

PCB Registration Holes

RH1

0.128" dia pcb assm/test registration hole
z NoPART: 0.128in registration hole

Permitted Layers Rule [Permitted Layers - Top,]

RH2

0.128" dia pcb assm/test registration hole
z NoPART: 0.128in registration hole

Permitted Layers Rule [Permitted Layers - Bottom]

m100 Pcb

RAW
PCB

PCB: m100
P1
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Communication Between Adjacent Array Elements within One Row DESIGN FILES
> Adjacent converters communicate before receiving CANbus address to help determine > Simulation: "Comm Between Array Base Elements v2.TSC"
address during discovery phase. > Analysis: GWeinreb Manhattan2 ResearchNotes.xls / SolarRoof / "Communication Bet
ALL COLUMNS HAVE THIS Adjacent Elements"
SIGNALLING BETWEEN ARRAY BASES (e.g. string O A

element 0 to string 1 element 0).

Assume +-5V common mode voltage between GND's of
adjacent BASES. Parts: 200K ($0.002), 4Res netwc
($0.01), Diode Array ($0.04), Mux Ch ($0.03) =
$0.08 total

Dout CMV Amp Out
0.5V +5V 1.63 V
2.8V +5V 1.80 V
0.5V -5V .63 V
2.8V -5V .86 V
0.5V ov 1.13 V
2.8V ov 1.36 V
RN47A  Res4: 33Kohm 50V 5% .06W 1206vex B

RN47B Res4: 33Kohm 50V 5% .06W 1206vex
1.5V / 66K = 22uA, 33uW

| FPGA_Dout_ToAdjacentElement \/\/\/—| FPGA_Dout_ToAdjacentElement PIN Q . Q vMeasure_FromAdjacentElement_PIN L < 2 f vMeasure FromAdjacentElement
From FPGA, LVC 3.3V, 2mA R47A . 0 to 3V A/D Voltage measurement
Res: 220Kohm 75V 1% .06W 100ppm 0603 Connector Pin | Connector Pin
o RN47C
: Res4: 33Kohm 50V 5% .06W 1206vex
° ™ .
o 4 5 1.5Vbias
. 3.3V_DPwr| Vv $—1.5V bias (stays at 1.5V)
. RN47D
: Res4: 33Kohm 5QV 5% .06W 1206vex
’ =
3
DN47A Diode: 3x Array BAS16 100V 4pF 6nS SOT363
DN47B Diode: 3x Array BAS16 100V 4pF 6nS SOT363 o
C

BAS16H, 3x Array, 100V, 4pF, 6nS, N/

0.3uA/50V/85C typ, sot363, $0.05 )

50mA: 1Vf @ 25C max

PCOM
D
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Row Connectors -- Connect together Multiple PCB's on one Row Column #1 PCB supplies entire Row w/ power
ALL COLUMNS HAVE THIS

Db25-L.eft ——|vMeasure_FromAdjacentElement_PIN FPGA_Dout_ToAdjacentElement PIN|—— DbZS_nght

O g 4.3V_APwr_OneRow A
o+ 4.3V_APwr
O 4.3V_APwr_SOURCE

T—< CAN_LO OneArrayRow _wrt COM

Header, 3x1, 100mils, SMT, Gold, 3Amps, TSM-103-01-L-SV

T—< CAN_HI_OneArrayRow_wrt_COM J20
T—< FPGA_HiPwrOn_OneArrayRow TRANSMIT 3
O > 3.6V_APwr_OneRow
TA ToFPGA HiPwrOn_OneArrayRow RECEIVE o1 3.6V_APwr
O 3.6V_APwr_SOURCE
Header, 3x1, 100mils, SMT, Gold, 3Amps, TSM-103-01-L-SV
4.3V_APwr_OneRow 22

O
3.6V_APwr_OneRow O

3.45V_Clamp_OneRow
3.45V_Clamp
O 3.45V_Clamp_SOURCE

Header, 3x1, 100mils, SMT, Gold, 3Amps, TSM-103-01-L-SV

3.45V_Clamp_OneRow I3 B

—

@,
3.3V_DPwr_OneRow O
@,

Header, 3x1, 100mils, SMT, Gold, 3Amps, TSM-103-01-L-SV
J4

3.3V_DPwr_OneRow
3.3V_DPwr
3.3V_DPwr_SOURCE

—

ACOM_OneRow

=
=
=
=
L o121V APwr_OnoRow
5
=
=
=

-1V_APwr_OneRow O 7 -1V_APwr
O -1V_APwr_SOURCE
Header, 3x1, 100mils, SMT, Gold, 3Amps, TSM-103-01-L-SV
J&
5V_RowPwr_Regulated_OneRow+
From Column 1 Elements of Each Row 3
O > 5V_RowPwr_Regulated_OneRow+
O 7 5V_RowPwr_Regulated+
5V_RowPwr_Regulated_OneRow- O 5V_RowPwr_Regulated SOURCE+ C
From Column 1 Elements of Each Row Header, 3x1, 100mils, SMT, Gold, 3Amps, TSM-103-01-L-SV
J6
Vout_ Pwr+ 3
(ElementTop, also we have 4-40 Post + heavy wire) O > 5V_RowPwr_Regulated_OneRow-
O 7 5V_RowPwr_Regulated-
O 5V_RowPwr_Regulated SOURCE-
ElementBottom .
(Also we have 4-40 Post + heavy wire, similar to PCOM Ij;aaden 3x1, 100mils, SMT, Gold, 3Amps, TSM-103-01-L-SV
D
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Xmc4200 Microcontroller ADC Platform To Go: https://www.infineon.com/dgdl/Infineon-XMC4200_Platform2Go-UserManual-v01_00-EN.pdf?fileld=5546d4626f229553016f8fca76c12c96
ALL COLUMNS HAVE THIS Platform To Go: https://www.infineon.com/dgdl/Infineon-XMC4200_Platform2Go-UserManual-v01_00-EN.pdf?fileld=5546d4626f229553016f8fca76c12c96

Two A/D's Process Each Conversion Cycle in Real-time

‘ Measure 7x CurrentShunts 1.5MHz BW = AN A/D input is dynamic Ioa(_j and RCquQIEs to stabilize it A
0 to 3.3V measurement, 1.5MHz BW Res: 220ohm 75V 1% .06W 100ppm 0603 Cap: 100pF 100V 5% npo 125C 0603
0 to 3V, 115mV/Amp with 1m ohm shunt 200nA leakage x 200 ohms = 40uV ema=oM 100pF x 2000hms = 20nSec
" Measure_Vout 5MHz_BW 5 AN A/D input is dynamic Ioaij and RCquQIBs to stabilize it
0 to 3.3V measurement Res: 220ohm 75V 1% .06W 100ppm 0603 Cap: 100pF 100V 5% npo 125C 0603
200nA leakage x 200 ohms = 40uV e oM 100pF x 2000hms = 20nSec

Calibration Occurs when DC-to-DC is not running (and try to do some measurements inbetween DC-to-DC cycles)
?? what is our strategy for a/d measurements during dc-to-dc conversion? only col1 has 16bit a/d. can we slip alternative channel inbetween cycles? should all columg hpve 16bit a/d?
If we are doing voltage regulation we could slip in diagnostic voltage measurement every N cycles of current measurement.
If we are doing current regulation we could slip in diagnostic voltage measurement every N cycles of voltage measurement.

A/D input is dynamic load and RC helps to stabilize it Xmc4200 Microcontroller, Dual 12bit 5Ms/sec A/D's B
[ Master vCal BUFF R79C VAN t cToC 3V / 12bit = 0.8mV LSB
0 to 3.3V measurement Res: 220ohm 75V 1% .06W 100ppm 0603 Cap: 100pF 100V 5% npo 125C 0603
200nA leakage x 200 ohms = 40uV e oM 100pF x 2000hms = 20nSec U1E
uProc: XMC4200F64K256BAXQ, M4, 256K flash, 40k ram, LQFP-64
3.3V 20
, , . b P14.0 AIN GO CHO
[ MainAmplifier_Vout — AN A/D input is dynamic Ioa? and RCquQIRs to stabilize it 12 P14.3 CAN Node 0 RX
0 to 3.3V measurement Res: 2200hm 75V 1% .06W 100ppm 0603 Cap: 100pF 100V 5% npo 125C 0603 17 mjg‘ PN S
200nA leakage x 200 ohms = 40uV emR=oM 100pF x 2000hms = 20nSec 16 P14'6 AIN GO CH6
* * A = - _ —
(100e-12 * 200 * 6.28)*-1 = 8MHz 15 P14.7 AIN GO CH7
3.3V 24 : —
A/D input is dynamic load.and RC helps to stabilize it 1 23 [ e R R
| PvPwr_BUFF RT9F NN j C1oF P14.9 AIN Gl CHI, DACI
PvPwr, Buffered, G=0.0319 Res: 220ohm 75V 1% .06W 100ppm 0603 Cap: 100pF 100V 5% npo 125C 0603 14 P14 14AIN G1 CH6
0 to 3.3V measurement 200nA leakage x 200 ohms = 40uV erme-oMm 100pF x 2000hms = 20nSec ) - -
A/D input is dynamic load and RC helps to stabilize it
_ Vout Pwr_BUFF R198 VNV i C198 CAN_Node_0_Receive
Vout, Buffered, G=0.0319 Res: 220ohm 75V 1% .06W 100ppm 0603 Cap: 100pF 100V 5% npo 125C 0603 ToFPGA CANBus ArrayRow Receive
0 to 3.3V measurement 200nA leakage x 200 ohms = 40uV erme-oMm 100pF x 2000hms = 20nSec To Fpga, 3.3V logic C
1 = recessive (logic 1, termination has 0V across canbus wires)
Xmc Alternate VAREF (alternate analog ref input)
This drives Ch0 of Group#0 and ChO of Group#1
3.3Vref drives uProcessor a/d Ref Input Pin ((iynamic‘Load, changes‘w/ timd)

|
3.3Vref_Buff_A_Col_ NF——33y3"70mVv Place cap close to uP IC 3.3V
Each column has one of these.
C19G Cap: 10uF 10V 20% 125C 0805 J—
C19H Cap: 10uF 10V 20% 125C 0805

oV
c19J Cap: 0.1uF 25V 20% 125C 0603 ¢ 1
ACOM
D
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Xmc4200 Microcontroller

ALL COLUMNS HAVE THIS u1D
uProc: XMC4200F64K256BAXQ, M4, 256K flash, 40k ram, LQFP-64

Srobitard, &9 «—32_ P10 *SPI U0CO SELOO CSO
Pl, 16bit a/d, SCLK ( 51 P11 *SPI U0OCO SCLK
uP P1.2 FPGA Interface 50 P1-2 - -
CCU40 OUTO 16bit ADC MCLK ( 49 P1-3
CAN Node 1 Receive ) 48 P1.4 CAN Node 1 RX A
SIEALEIEL WS 47 P45 *SPI_UOCO MISO / MRST
S 1oDitald MUS! &322 pq7 *SPI UOCO MOSI/MTSR
IUIEES S0k 5% p1.8 SPI UICI SCLK
SPI FPGA Interface MOS1 g, 53 | py'g gp1 ULCI_MOSI/MTSR
uP P1.5 FPGA Interface 46 P1.15
uP P3.0 FPGA Interface 5 P3.0
* serial interface to 16bit a/d
uiC
_ uProc: XMC4200F64K256BAXQ, M4, 256K flash, 40k ram, LQFP-64
m100_16bit_AtoD.SchDoc COLUMN #1 ONLY EPPI PFOP1GA Ipéegzclitévlnle?coe ) % P0.0  SPI UICI MISO/MRST
_ ToFPGA_AtoD_SDO SPI_FPGA Interface CS1 64 | PO
FPGA AtoD SCK 5503 FPGA Intadt £ =5 P0.2 SPI UICI SELOI CSI B
FPGA_AtoD_SDI ur_t - nrenace P0.3
P P0.4 FPGA Interface 62
FPGA_AtoD_CS J P0.4
ToFrom FPGA AtoD MCLKIN CCU40 OUTO uP P0.5 FPGA Interface 61 P05
uP PO0.6 FPGA Interface 60 P0.6
TDI FPGA Interface 58 '
| ToFPGA_AtoD IRQ_MDAT P P08 FPGA Interface )l =7 Egg JTAG DEBUG TDI
FPGA, LVC 3.3V, 2mA SPI FPGA Interface CSO 4 '
WP P00 FPGA Inferface <3 A
uP P0.11  FPGA Interface 59 P0.11
maoo_CANbus_lsolated.SchDoc COLUMN #1 ONLY ]
FPGA CANBus_ArrayColumn_Transmit} %g Node © Tranomt '( gg P2.0 CAN Node 0 TX
From Fpga, 3.3V logic, 4mA ADC_EMUX 00 < 22 Do o DEBUG 1O
If uProcessor or FPGA does not boot we want this to be at 3.3V ADC EMUX 01 ( 31 P2.3 ADC EMUX 01
1 = recessive (logic 1, termination puts OV across canbus wires) ADC _EMUX 02 ( 30 P2.4 ADC EMUX 02
0 = dominant (logic 0, drive 2V across canbus wires) uP_P2.5  FPGA Interface 29 P2'5 - -
| ToFPGA_CANBus_ArrayColumn_Receive ubP_P2.6 __FPGA Interface 36 | pog
CAN Node 1 Transmit ( 35 P27 CAN Node 1 TX
To Fpga, 3.3V logic uP P2.8 FPGA Interface 28 P2'8 - - =
1 = recessive (logic 1, termination has 0V across canbus wires) 27 P2'9
0 = dominant (logic 0, somone is driving 2V across canbus wires) '
ADC EMUX 11 ( 26 C
P2.14 ADC_EMUX 11
m100o_CANbus_Notlsolated.SchDoc ALL COLUMNS HAVE THIS ADC EMUX 12 ( 25 P2.15 ADC_EMUX_12
FPGA CANBus_ArrayRow Transmit |
From Fpga, 3.3V logic, 4mA
If uProcessor or FPGA does not boot we want this to be at 3.3V
1 = recessive (logic 1, termination puts 0V across canbus wires)
0 = dominant (logic 0, drive 2V across canbus wires)
| ToFPGA_CANBus_ArrayRow_Receive LGAAER GRNENS ATEMREY MEETE
To Fpga, 3.3V logic
1 = recessive (logic 1, termination has OV across canbus wires)
FPGA CANBus_ArrayRow S Citrl |
From Fpga, 3.3V logic, 4mA
0 = transmitter enabled, 1 = receive only
D
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Xmc4200 Microcontroller, System
ALL COLUMNS HAVE THIS U1A
o uProc: XMC4200F64K256BAXQ, M4, 256K flash, 40k ram, LQFP-64
3.3V_DPwr] Digital Power Place cap closetouP IC__ - - . . . Xmc VDDP (digital power) 3.3V 8 VDDP (Digital Pwr)
3.3V +-0.1V 38
- VDDP
%6 vppp
Similar to Xmc4200 Platform To Go board:
C20A Cap: 10uF 10V 20% 125C 0805 Xmc VBAT (Hibernate Pwr, RTC) 3.3v. 13 VBAT (Battery Pwr) A
C20B Cap: 10uF 10V 20% 125C 0805 )| )| )\ )\ )| Yy
c20C Cap: 10uF 10V 20% 125C 0805
A1 1.3V internally generated 1.3V. 9
C20D  Cap: 0.1uF 25V 20% 125C 0603 ACOM 2 ¥BBS (1S eare)
C20E Cap: 0.1uF 25V 20% 125C 0603
C20F Cap: 0.1uF 25V 20% 125C 0603 o
Xmc Digital GND _T_ Y 23 VSS
{ VSSO
ACOM 65
Similar to Xmc4200 Platform To Go board: - e . EP (Exposed Pad Under IC)
C20H Cap: 10uF 10V 20% 125C 0805
| Xmc VAREF (VDDA, Analog Pwr) 36V 22  \\5pA/NAREE (Analog Pwr)
C20J Cap: 0.1uF 25V 20% 125C 0603
C20K Cap: 0.1uF 25V 20% 125C 0603 Xmc VSSA (Analog GND) oV 21
C20L  Cap: 0.1uF 25V 20% 125C 0603 — WEERIRENID (Hellog Gl
1 ACOM
ACOM
I Analog Power U1B
3.6V_APWI—35V > 0.1V 1 1 uProc: XMC4200F64K256BAXQ, M4, 256K flash, 40k ram, LQFP-64 B
hibernate i/o HIB 10 0 10 .
C20P  Cap: 10uF 10V 20% 125C 0805 Al el e IO
o o
C20S Cap: 10uF 10V 20% 125C 0805 K:/é 22 JTAG DEBUG TCK
® & ¢ JTAG DEBUG TMS
Cc20T Cap: 0.1uF 25V 20% 125C 0603 1 uP has internal pull-up resistor RESET# 43
C20W  Cap: 0.1uF 25V 20% 125C 0603 ACOM 0 = reset FORSIN - IRBS
Hg + USB_DP USB Interface
~——— USB_DM
22— XTAL1 12MHz xtal, fast
XTAL2
DTS RTC_XTAL1  32KHz xtal,lo pws
RTC_XTAL2
C
Microcontroller, 10-pin Debug Connector Clock (12MHz, fast, more power) RTC (32KHz, slow, low power)
Res: 510ohm 75V 1% .06 W 100ppm 0603 uU2B
J1 R1A AN XTAL2 Xtal: 32.768KHz 12pF 20ppm 3.2x1.5mm SMT 2pin
Connector: 2x5 Header, 1.27mm, SMT Rt Angle, FTS-105-01-L-DV 20ppm is 2 seconds/day (20e-6 x 24 x 60 x 60 = 2)
Do Not Place (DNP). This is only used when debugging. or 1 minute per month, or 12 minutes per year.
2 x 5 pin, 0.05", 1.27mm, e.g. #FTS-105-01-L-DV (smt) | 1 | |:| | 3 - XTAL1 e.g. Micro Crystal #CM7V-T1A-32.768KHZ-12.5PF-10PPM-TA-QA
1 2 TMS | |
3.3V_DPwr|— VDDP (3.3V) SWIO/TMS RTC XTAL2
3 4 TCK 2 4
pGND SWCLK/TCK pGND pGND |1 | | 2., RTC XTAL1
5 | 6 TDO Xtal: 12MHz 8pF 1000hm|15pgm 3.2x2.5mm SMT 4pin | |
? pERD SueRe e.g. ECS #ECS-120-8-33 RWY-TR
1 -1 _ o
& 7 | DI 8 TDI _— U2A _— ggg 15pF 5PV 5% npo 125C 0603
9 ©GND RESET# OD —0 RESET# ¢ $ e T —_
1 1 1 Cap: 15pH 50V 5% npo 125C 0603
ACOM 10-Pin Cortex Debug Connector C2A ACOM C2B ACOM 1 1
For details see XMC Link, App Note #UG_201512_PL30_004 Cap: 15pF 50V 5% npo 125C 0603 Cap: 15pF 50V 5% npo 125C 0603 ACOM ACOM D
See Table 2 in above app note.
Debugger Device: XMC Link Isolated Debug Probe
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Array Connectors Array Design
m100 Row_Connectors.SchDoc o O
ml100 Row Connectors.SchDoc : :
. I * Row #3 PCB A
o V_srccar3 |_srcc2r3 |_srcc3r3 |_srcc4r3
. 300W DC-to-DC CONVERTER
: [ ] [ ] [ ] [ ] * Maximum Power Point Tracking (MPPT)
® © 0 0000 0 06/° 000000 0000 00 OO OO OO O OO OO OO O 0j° OO OO OO O OO O O OO OO O 0 0 0 0 *24 to 84Vin
mlOO—COIumn—ConneCtors'SChDOC ® © 00000 0|0 0000 0000 000 0 0|00 0 0° 00O 0 OO OO 0 0| 00O OO OO OO O OO O|I°” 0 O 0O 0 0 [} * 24 to 84vout
m100 Column Connectors.SchDoc . 5 * 300Watts
: 1 1 1 [ .
: . Row #2 PCB
o V_srccar2 |_srcczr2 |_srcc3r2 |_srccg4r2 .
. ] :
. .
. « Row #1 PCB B
: V_srcciri |_srcc2ra |_srcc3r |_srccgra :
: L L L L :
1
Master
Controller
L]
SIGNALS IN COLUMN TOP/BOTTOM CONNECTORS SIGNALS IN ROW LEFT/RIGHT CONNECTORS
* Vout Pwr+ (ElementTop) * CAN HI OneArrayRow wrt COM (connects uP on 1x row)
* ElementBottom * CAN LO OneArrayRow wrt COM ©
* EarthGnd SENSE (no current flow, GFP) * FPGA HiPwrOn OneArrayRow TRANSMIT
* EarthGnd Shield (shield RFI) * FPGA HiPwrOn OneArrayRow RECEIVE
* CAN HI ArrayColumn wrt EarthGnd (isolated, column #1 only) * 4.3V _APwWr
* CAN LO ArrayColumn wrt EarthGnd * 3.6V _APwr
* HiPwrOn OneColumn OPTO+ (isolated, column #1 only) * 3.3V _DPwr
* 5V _ColumnPwr+ (powers isolated CANbus OneColumn and HiPwrOn rst) * 3.45V_Clamp
* 5V _ColumnPwr- * AGND
* 32V _PowerSupply+ (routes to column #1 only, * -1V _Apwr
provides power for row, 10Watt/Row, 8 rows = 80watts/3A) * 5V _RowPwr Regulated OneRow+
* 32V _PowerSupply- * 5V _RowPwr Regulated OneRow-
* Vout Pwr+ (ElementTop)
* ElementBottom
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	R76C-2

	R76D
	R76D-1
	R76D-2

	R79B
	R79B-1
	R79B-2

	R79D
	R79D-1
	R79D-2

	R79F
	R79F-1
	R79F-2

	R79G
	R79G-1
	R79G-2

	R79H
	R79H-1
	R79H-2

	R79K
	R79K-1
	R79K-2

	RN78
	RN78A
	RN78-1
	RN78-8

	RN78B
	RN78-2
	RN78-7


	U79
	U79-1
	U79-2
	U79-3
	U79-4
	U79-5
	U79-6
	U79-7
	U79-8
	U79-9
	U79-10
	U79-11
	U79-12
	U79-13
	U79-14
	U79-15
	U79-16
	U79-17
	U79-18
	U79-19
	U79-20
	U79-21
	U79-22
	U79-23
	U79-24
	U79-25
	U79-26
	U79-27
	U79-28
	U79-29
	U79-30
	U79-31


	Nets
	5V_STRINGPWR+
	C78A-1
	C78B-1
	C78C-1
	C78D-1
	C78E-2
	R79H-2

	5V_STRINGPWR-
	R79K-2

	5V_STRINGPWR_GOOD_MONITOR_WRT_ARRAYPWR-
	RN78-7

	48V_ARRAY_PWR+
	R76A-1

	48V_ARRAY_PWR-
	C78A-2
	C78B-2
	C78C-2
	C78D-2
	C78E-1
	C79A-1
	C79B-1
	C79D-1
	R76B-1
	R79B-1
	R79G-1
	R79K-1
	U79-7
	U79-13
	U79-14
	U79-15
	U79-17
	U79-19
	U79-23
	U79-24
	U79-25
	U79-26
	U79-27
	U79-28
	U79-29
	U79-30
	U79-31

	NetC76A_1
	C76A-1
	C76B-1
	C76C-1
	C76D-1
	C76E-1
	R76B-2
	R76D-1

	NetC76A_2
	C76A-2
	R76A-2
	R76C-1

	NetC76B_2
	C76B-2
	C76C-2
	L76-1
	R76C-2

	NetC76D_2
	C76D-2
	C76E-2
	C76F-2
	L76-2
	U79-18
	U79-20
	U79-21
	U79-22

	NetC76F_1
	C76F-1
	R76D-2

	NetC79A_2
	C79A-2
	RN78-8
	U79-8

	NetC79B_2
	C79B-2
	U79-11

	NetC79C_1
	C79C-1
	U79-6

	NetC79C_2
	C79C-2
	L79-1
	U79-1
	U79-2
	U79-3
	U79-4
	U79-5

	NetC79D_2
	C79D-2
	R79D-1
	U79-9

	NetC79F_1
	C79F-1
	R79F-1
	R79G-2
	U79-12

	NetC79F_2
	C79F-2
	L79-2
	R79D-2
	R79F-2
	R79H-1

	NetR79B_2
	R79B-2
	U79-10

	NetRN78_1
	RN78-1
	RN78-2
	U79-16



	m100_5V_RowPwr_TO_LowerVoltages.SchDoc (m100_5V_RowPwr_TO_LowerVoltages)
	Components
	C75A
	C75A-1
	C75A-2

	C75B
	C75B-1
	C75B-2

	C75C
	C75C-1
	C75C-2

	C75D
	C75D-1
	C75D-2

	C92A
	C92A-1
	C92A-2

	C92B
	C92B-1
	C92B-2

	C92C
	C92C-1
	C92C-2

	C92D
	C92D-1
	C92D-2

	C92E
	C92E-1
	C92E-2

	C92H
	C92H-1
	C92H-2

	C92K
	C92K-1
	C92K-2

	C92L
	C92L-1
	C92L-2

	C92N
	C92N-1
	C92N-2

	C93A
	C93A-1
	C93A-2

	D93
	D93-1
	D93-2
	D93-3

	L92
	L92-1
	L92-2

	R75A
	R75A-1
	R75A-2

	R75B
	R75B-1
	R75B-2

	R92A
	R92A-1
	R92A-2

	R92B
	R92B-1
	R92B-2

	R92C
	R92C-1
	R92C-2

	R92D
	R92D-1
	R92D-2

	R92F
	R92F-1
	R92F-2

	R92G
	R92G-1
	R92G-2

	R92K
	R92K-1
	R92K-2

	R93A
	R93A-1
	R93A-2

	R93B
	R93B-1
	R93B-2

	R93C
	R93C-1
	R93C-2

	R93D
	R93D-1
	R93D-2

	U75
	U75-1
	U75-2
	U75-3
	U75-4
	U75-5

	U92
	U92-1
	U92-2
	U92-3
	U92-4
	U92-5

	U93
	U93-1
	U93-2
	U93-3


	Nets
	3.45V_CLAMP_SOURCE
	C93A-2
	D93-3
	R93D-2

	3.6V_APWR
	D93-2

	3.6V_APWR_SOURCE
	C75B-2
	C75C-2
	C75D-2
	R75B-2

	4.3V_APWR
	R75A-1
	R93A-1

	4.3V_APWR_SOURCE
	C92K-2
	C92L-2
	C92N-2
	R92K-2

	5V_ROWPWR_REGULATED+
	R92A-1

	5V_ROWPWR_REGULATED-
	R92B-1

	ACOM
	C75A-1
	C75B-1
	C75C-1
	C75D-1
	C92A-1
	C92B-1
	C92C-1
	C92D-1
	C92H-1
	C92K-1
	C92L-1
	C92N-1
	C93A-1
	D93-1
	R92B-2
	R92C-1
	R92G-1
	R93C-1
	U75-2
	U92-2
	U93-3

	FPGA_4.3V_APWR_ENABLE
	Pins
	U92-3

	Ports
	FPGA_4.3V_APWR_ENABLE


	NetC75A_2
	C75A-2
	R75A-2
	U75-1
	U75-3

	NetC92A_2
	C92A-2
	C92B-2
	C92C-2
	C92D-2
	C92E-2
	L92-2
	R92D-1

	NetC92E_1
	C92E-1
	R92C-2

	NetC92H_2
	C92H-2
	R92F-1
	R92G-2
	U92-4

	NetL92_1
	L92-1
	R92A-2

	NetR75B_1
	R75B-1
	U75-5

	NetR92D_2
	R92D-2
	U92-1

	NetR92F_2
	R92F-2
	R92K-1
	U92-5

	NetR93A_2
	R93A-2
	R93B-2
	R93D-1
	U93-2

	NetR93B_1
	R93B-1
	R93C-2
	U93-1

	NetU75_4
	U75-4


	Ports
	FPGA_4.3V_APWR_ENABLE


	m100_5V_TO_3.3V_500mW_PowerSupply.SchDoc (m100_5V_TO_3.3V_500mW_PowerSupply)
	Components
	C71D
	C71D-1
	C71D-2

	C71E
	C71E-1
	C71E-2

	C71F
	C71F-1
	C71F-2

	C71K
	C71K-1
	C71K-2

	L71A
	L71A-1
	L71A-2

	L71B
	L71B-1
	L71B-2

	R71A
	R71A-1
	R71A-2

	R71B
	R71B-1
	R71B-2

	R71C
	R71C-1
	R71C-2

	R71F
	R71F-1
	R71F-2

	R71G
	R71G-1
	R71G-2

	R71H
	R71H-1
	R71H-2

	R71M
	R71M-1
	R71M-2

	R71P
	R71P-1
	R71P-2

	R71T
	R71T-1
	R71T-2

	U71
	U71-1
	U71-2
	U71-3
	U71-4
	U71-5
	U71-6


	Nets
	3.3V_DPWR_SOURCE
	R71H-2
	R71M-2
	R71P-2
	R71T-2

	5V_ROWPWR_REGULATED+
	R71A-1

	5V_ROWPWR_REGULATED-
	R71B-1

	NetC71D_1
	C71D-1
	R71C-2

	NetC71D_2
	C71D-2
	C71E-2
	C71F-2
	L71A-2
	U71-3
	U71-5

	NetC71K_1
	C71K-1
	U71-6

	NetC71K_2
	C71K-2
	L71B-1
	U71-2

	NetL71A_1
	L71A-1
	R71A-2

	NetL71B_2
	L71B-2
	R71F-2
	R71H-1

	NetR71F_1
	R71F-1
	R71G-2
	U71-4

	PCOM
	C71E-1
	C71F-1
	R71B-2
	R71C-1
	R71G-1
	R71M-1
	R71P-1
	R71T-1
	U71-1



	m100_5V_to_5V_1W_IsolatedDcToDc_Converter.SchDoc (m100_5V_to_5V_1W_IsolatedDcToDc_Converter)
	Components
	C72A
	C72A-1
	C72A-2

	C72B
	C72B-1
	C72B-2

	C72C
	C72C-1
	C72C-2

	C72D
	C72D-1
	C72D-2

	C72E
	C72E-1
	C72E-2

	L72
	L72-1
	L72-2

	R72A
	R72A-1
	R72A-2

	R72B
	R72B-1
	R72B-2

	R72C
	R72C-1
	R72C-2

	R72D
	R72D-1
	R72D-2

	U72
	U72-1
	U72-2
	U72-4
	U72-5
	U72-8


	Nets
	5V_STRINGPWR+
	R72A-1

	5V_STRINGPWR-
	C72A-2
	C72B-2
	C72C-2
	C72D-2
	R72D-1
	U72-1

	5V_UNREGPWR+
	U72-5

	5V_UNREGPWR-
	U72-4

	NetC72A_1
	C72A-1
	C72B-1
	R72A-2
	R72B-1

	NetC72C_1
	C72C-1
	C72D-1
	C72E-1
	L72-2
	R72C-1

	NetC72E_2
	C72E-2
	R72D-2

	NetL72_1
	L72-1
	R72B-2

	NetR72C_2
	R72C-2
	U72-2

	NetU72_8
	U72-8



	m100_Buffered_Vref.SchDoc (m100_Buffered_Vref)
	Components
	C67C
	C67C-1
	C67C-2

	C68
	C68-1
	C68-2

	C96B
	C96B-1
	C96B-2

	C96E
	C96E-1
	C96E-2

	D96A
	D96A-1
	D96A-2
	D96A-3

	D96B
	D96B-1
	D96B-2
	D96B-3

	R96A
	R96A-1
	R96A-2

	R96E
	R96E-1
	R96E-2

	RN67
	RN67A
	RN67-1
	RN67-8

	RN67B
	RN67-2
	RN67-7

	RN67C
	RN67-3
	RN67-6

	RN67D
	RN67-4
	RN67-5


	RN68
	RN68A
	RN68-1
	RN68-8

	RN68B
	RN68-2
	RN68-7

	RN68C
	RN68-3
	RN68-6

	RN68D
	RN68-4
	RN68-5


	U96
	U96A
	U96-1
	U96-2
	U96-3
	U96-4
	U96-11

	U96B
	U96-4
	U96-11
	U96-12
	U96-13
	U96-14

	U96C
	U96-4
	U96-5
	U96-6
	U96-7
	U96-11

	U96D
	U96-4
	U96-8
	U96-9
	U96-10
	U96-11



	Nets
	2.81VREF_BUFFERED_COL_N
	U96-6
	U96-7

	2.81VREF_UNBUFFERED
	R96E-1

	3.3VREF_BUFF_A_COL_N
	D96A-3
	RN67-5
	RN67-6
	RN67-7
	RN67-8

	3.3VREF_BUFF_B_COL_N
	D96B-3
	RN68-5
	RN68-6
	RN68-7
	RN68-8

	3.3VREF_UNBUFFERED
	R96A-1

	3.45V_CLAMP
	D96A-2
	D96B-2

	4.3V_APWR
	U96-4

	ACOM
	C96B-1
	C96E-1
	D96A-1
	D96B-1
	U96-10
	U96-11

	NetC67C_1
	C67C-1
	RN67-4
	U96-2

	NetC67C_2
	C67C-2
	RN67-1
	RN67-2
	RN67-3
	U96-1

	NetC68_1
	C68-1
	RN68-4
	U96-13

	NetC68_2
	C68-2
	RN68-1
	RN68-2
	RN68-3
	U96-14

	NetC96B_2
	C96B-2
	R96A-2
	U96-3
	U96-12

	NetC96E_2
	C96E-2
	R96E-2
	U96-5

	NetU96_8
	U96-8
	U96-9



	m100_BypassMosfet_Control.SchDoc (m100_BypassMosfet_Control)
	Components
	DN40B
	DN40-2
	DN40-5

	M46A
	M46A-1
	M46A-2
	M46A-3

	R46A
	R46A-1
	R46A-2

	R46B
	R46B-1
	R46B-2

	RN46
	RN46B
	RN46-2
	RN46-7

	RN46C
	RN46-3
	RN46-6


	Z46A
	Z46A-1
	Z46A-3

	Z46B
	Z46B-1
	Z46B-3

	Z46C
	Z46C-1
	Z46C-3

	Z46D
	Z46D-1
	Z46D-3


	Nets
	FPGA_BYPASSTURNOFF
	Pins
	M46A-1
	RN46-6
	Z46D-3

	Ports
	FPGA_BYPASSTURNOFF


	GATEPWR_MEORABOVEME
	Pins
	DN40-2

	Ports
	GATEPWR_MEORABOVEME


	GATE_BYPASSMOSFET
	R46A-1
	R46B-2
	RN46-2

	NetDN40_5
	DN40-5
	RN46-7

	NetM46A_3
	M46A-3
	R46B-1

	NetR46A_2
	R46A-2
	Z46C-1

	NetZ46A_3
	Z46A-3
	Z46B-3

	NetZ46B_1
	Z46B-1
	Z46C-3

	PCOM
	M46A-2
	RN46-3
	Z46D-1

	VOUT_PWR+
	Z46A-1


	Ports
	GATEPWR_MEORABOVEME
	FPGA_BYPASSTURNOFF


	m100_Calibration_System.SchDoc (m100_Calibration_System)
	Components
	C60
	C60-1
	C60-2

	D60
	D60-1
	D60-2
	D60-3

	R61A
	R61A-1
	R61A-2

	RN60
	RN60A
	RN60-1
	RN60-8

	RN60B
	RN60-2
	RN60-7

	RN60C
	RN60-3
	RN60-6

	RN60D
	RN60-4
	RN60-5


	U60A
	U60A-1
	U60A-2
	U60A-3
	U60A-4
	U60A-5
	U60A-6
	U60A-7
	U60A-8
	U60A-9
	U60A-10
	U60A-11
	U60A-12
	U60A-13
	U60A-14
	U60A-15
	U60A-16

	U60B
	U60B-1
	U60B-2
	U60B-3
	U60B-4
	U60B-5


	Nets
	-1V_APWR
	U60A-7
	U60B-2

	1.5VCAL_UNBUFFERED
	U60A-12

	3.1VCAL_BUFF
	U60A-4

	3.45V_CLAMP
	D60-2

	4.3V_APWR
	U60A-16
	U60B-5

	13MVCAL_UNBUFFERED
	U60A-1

	85MVCAL_UNBUFFERED
	U60A-15

	180MVCAL_UNBUFFERED
	U60A-2

	380MVCAL_UNBUFFERED
	U60A-14

	750MVCAL_BUFF
	U60A-5

	ACOM
	D60-1
	U60A-6
	U60A-8

	MASTERCAL_M0
	Pins
	U60A-9

	Ports
	MASTERCAL_M0


	MASTERCAL_M1
	Pins
	U60A-10

	Ports
	MASTERCAL_M1


	MASTERCAL_M2
	Pins
	U60A-11

	Ports
	MASTERCAL_M2


	MASTER_VCAL_BUFF
	Pins
	R61A-1
	RN60-5
	RN60-6
	RN60-7
	RN60-8

	Ports
	MASTER_VCAL_BUFF


	MASTER_VCAL_UNBUFFERED
	Pins
	U60A-3
	U60B-3

	NetLabels
	MASTER_VCAL_UNBUFFERED


	NetC60_1
	C60-1
	RN60-4
	U60B-4

	NetC60_2
	C60-2
	RN60-1
	RN60-2
	RN60-3
	U60B-1

	NetD60_3
	D60-3
	R61A-2

	ZERO_20MA
	U60A-13


	Ports
	MASTERCAL_M2
	MASTERCAL_M1
	MASTERCAL_M0
	MASTER_VCAL_BUFF


	m100_Calibration_Voltages.SchDoc (m100_Calibration_Voltages)
	Components
	C63A
	C63A-1
	C63A-2

	C63B
	C63B-1
	C63B-2

	R63A
	R63A-1
	R63A-2

	R63B
	R63B-1
	R63B-2

	R63C
	R63C-1
	R63C-2

	R64A
	R64A-1
	R64A-2

	R64B
	R64B-1
	R64B-2

	R64C
	R64C-1
	R64C-2

	R64D
	R64D-1
	R64D-2

	R64E
	R64E-1
	R64E-2

	R64G
	R64G-1
	R64G-2

	R64H
	R64H-1
	R64H-2

	R64J
	R64J-1
	R64J-2

	R64L
	R64L-1
	R64L-2

	R64M
	R64M-1
	R64M-2

	R64N
	R64N-1
	R64N-2

	R64P
	R64P-1
	R64P-2

	R64S
	R64S-1
	R64S-2

	R64T
	R64T-1
	R64T-2

	U63
	U63A
	U63-1
	U63-2
	U63-3
	U63-4
	U63-11

	U63B
	U63-4
	U63-11
	U63-12
	U63-13
	U63-14



	Nets
	1.5VCAL_UNBUFFERED
	R64H-1
	R64J-2

	2.81VREF_UNBUFFERED
	R64E-1
	R64G-2

	3.1VCAL_BUFF
	R64H-2
	U63-1
	U63-2

	3.3VREF_UNBUFFERED
	R63A-2
	R64A-2
	R64C-2
	R64E-2

	4.3V_APWR
	U63-4

	13MVCAL_UNBUFFERED
	R64S-1
	R64T-2

	85MVCAL_UNBUFFERED
	R64P-2
	R64S-2

	94MVREF_UNBUFFERED
	R64A-1
	R64B-1

	180MVCAL_UNBUFFERED
	R64M-1
	R64N-1

	220MVREF_UNBUFFERED
	R64C-1
	R64D-2

	380MVCAL_UNBUFFERED
	R64L-1
	R64M-2

	750MVCAL_BUFF
	R64L-2
	R64P-1
	U63-13
	U63-14

	ACOM
	U63-11

	NetC63A_2
	C63A-2
	R63A-1
	R63B-2
	U63-3

	NetC63B_2
	C63B-2
	R63B-1
	R63C-2
	U63-12

	ZERO_20MA
	C63A-1
	C63B-1
	R63C-1
	R64B-2
	R64D-1
	R64G-1
	R64J-1
	R64N-2
	R64T-1



	m100_CANbus_Isolated.SchDoc (m100_CANbus_Isolated)
	Components
	C50A
	C50A-1
	C50A-2

	C50B
	C50B-1
	C50B-2

	C50C
	C50C-1
	C50C-2

	C50D
	C50D-1
	C50D-2

	J50
	J50-1
	J50-2
	J50-3

	R50
	R50-1
	R50-2

	RN50A
	RN50-1
	RN50-8

	U50
	U50-1
	U50-2
	U50-3
	U50-4
	U50-5
	U50-6
	U50-7
	U50-8


	Nets
	3.3V_DPWR
	C50C-2
	C50D-2
	RN50-8
	U50-1

	5V_COLUMNPWR+
	C50A-2
	C50B-2
	U50-8

	5V_COLUMNPWR-
	C50A-1
	C50B-1
	U50-5

	CAN_HI_ARRAYCOLUMN_WRT_EARTHGND
	Pins
	J50-2
	U50-7

	Ports
	CAN_HI_ARRAYCOLUMN_WRT_EARTHGND


	CAN_LO_ARRAYCOLUMN_WRT_EARTHGND
	Pins
	R50-2
	U50-6

	Ports
	CAN_LO_ARRAYCOLUMN_WRT_EARTHGND


	FPGA_CANBUS_ARRAYCOLUMN_TRANSMIT
	Pins
	RN50-1
	U50-2

	Ports
	FPGA_CANBUS_ARRAYCOLUMN_TRANSMIT


	NetJ50_1
	J50-1
	R50-1

	NetJ50_3
	J50-3

	PCOM
	C50C-1
	C50D-1
	U50-4

	TOFPGA_CANBUS_ARRAYCOLUMN_RECEIVE
	Pins
	U50-3

	Ports
	TOFPGA_CANBUS_ARRAYCOLUMN_RECEIVE



	Ports
	TOFPGA_CANBUS_ARRAYCOLUMN_RECEIVE
	FPGA_CANBUS_ARRAYCOLUMN_TRANSMIT
	CAN_LO_ARRAYCOLUMN_WRT_EARTHGND
	CAN_HI_ARRAYCOLUMN_WRT_EARTHGND


	m100_CANbus_NotIsolated.SchDoc (m100_CANbus_NotIsolated)
	Components
	C95A
	C95A-1
	C95A-2

	C95B
	C95B-1
	C95B-2

	C95C
	C95C-1
	C95C-2

	C95D
	C95D-1
	C95D-2

	J95
	J95-1
	J95-2
	J95-3

	R95
	R95-1
	R95-2

	RN50B
	RN50-2
	RN50-7

	U95A
	U95A-1
	U95A-2
	U95A-3
	U95A-4
	U95A-5
	U95A-6
	U95A-7
	U95A-8


	Nets
	3.3V_DPWR
	C95C-2
	C95D-2
	RN50-7
	U95A-5
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	RN44-1
	RN44-8

	RN44B
	RN44-2
	RN44-7

	RN44C
	RN44-3
	RN44-6

	RN44D
	RN44-4
	RN44-5


	RN45
	RN45A
	RN45-1
	RN45-8

	RN45B
	RN45-2
	RN45-7

	RN45C
	RN45-3
	RN45-6

	RN45D
	RN45-4
	RN45-5


	Z44A
	Z44A-1
	Z44A-3

	Z44B
	Z44B-1
	Z44B-3

	Z44C
	Z44C-1
	Z44C-3

	Z44D
	Z44D-1
	Z44D-3

	Z44E
	Z44E-1
	Z44E-3

	Z44F
	Z44F-1
	Z44F-3


	Nets
	FPGA_LOADDOWN_MEORABOVEME
	Pins
	M44B-1

	Ports
	FPGA_LOADDOWN_MEORABOVEME


	FPGA_TURNOFF10VABOVEME
	Pins
	DN40-1

	Ports
	FPGA_TURNOFF10VABOVEME


	GATEPWR
	D44B-1
	RN45-8

	GATEPWR_ABOVEME
	Pins
	RN44-7
	RN44-8

	Ports
	GATEPWR_ABOVEME


	GATEPWR_ABOVEME_SAFER
	Pins
	D44A-3
	M44A-2
	M44C-2
	R44A-2
	R44C-2
	Z44A-3
	Z44F-3

	Ports
	GATEPWR_ABOVEME_SAFER


	GATEPWR_BELOWME
	Pins
	R44E-1

	Ports
	GATEPWR_BELOWME


	GATEPWR_MEORABOVEME
	Pins
	D44B-3
	M44A-3
	R44E-2
	RN45-3
	RN45-4
	Z44B-3
	Z44C-1

	Ports
	GATEPWR_MEORABOVEME


	NetD44A_1
	D44A-1
	RN44-3
	RN44-4

	NetDN40_6
	DN40-6
	M44D-1
	RN45-1
	RN45-7
	Z44D-1
	Z44E-3

	NetM44A_1
	M44A-1
	M44C-3
	R44A-1
	R44B-2
	Z44A-1

	NetM44B_3
	M44B-3
	RN45-5
	RN45-6

	NetM44C_1
	M44C-1
	R44C-1
	R44D-2
	Z44F-1

	NetM44D_3
	M44D-3
	R44D-1

	NetRN44_1
	RN44-1
	RN44-2
	RN44-5
	RN44-6

	NetZ44C_3
	Z44C-3
	Z44D-3

	PCOM
	M44B-2
	M44D-2
	RN45-2
	Z44B-1
	Z44E-1

	VOUT_PWR+
	R44B-1


	Ports
	GATEPWR_ABOVEME_SAFER
	FPGA_TURNOFF10VABOVEME
	FPGA_LOADDOWN_MEORABOVEME
	GATEPWR_BELOWME
	GATEPWR_ABOVEME
	GATEPWR_MEORABOVEME


	m100_HiPwrOn_Source.SchDoc (m100_HiPwrOn_Source)
	Components
	J48
	J48-1
	J48-2
	J48-3

	R48A
	R48A-1
	R48A-2

	RN48
	RN48A
	RN48-1
	RN48-8

	RN48B
	RN48-2
	RN48-7

	RN48C
	RN48-3
	RN48-6


	T48
	T48A
	T48-1
	T48-2
	T48-6

	T48B
	T48-3
	T48-4
	T48-5


	Z48
	Z48-1
	Z48-3


	Nets
	5V_COLUMNPWR+
	T48-6

	5V_COLUMNPWR-
	RN48-6
	Z48-1

	CURRENT_LIMITER_CONTROL
	Pins
	R48A-2
	T48-1
	T48-5

	NetLabels
	CURRENT_LIMITER_CONTROL


	FPGA_MASTERCTLR_TURNON_HIPWRON_SOURCE
	Pins
	RN48-7

	Ports
	FPGA_MASTERCTLR_TURNON_HIPWRON_SOURCE


	HIPWRON_CURRENT_SOURCE
	Pins
	J48-1
	J48-2
	R48A-1
	RN48-3
	T48-4

	Ports
	HIPWRON_CURRENT_SOURCE


	HIPWRON_ONECOLUMN_OPTO+
	Pins
	J48-3

	Ports
	HIPWRON_ONECOLUMN_OPTO+


	NetRN48_1
	RN48-1
	T48-2
	T48-3
	Z48-3

	NetRN48_2
	RN48-2
	RN48-8


	Ports
	HIPWRON_CURRENT_SOURCE
	FPGA_MASTERCTLR_TURNON_HIPWRON_SOURCE
	HIPWRON_ONECOLUMN_OPTO+


	m100_HiPwrOn_TmitAndRcv.SchDoc (m100_HiPwrOn_TmitAndRcv)
	Components
	J49A
	J49A-1
	J49A-2
	J49A-3

	J49B
	J49B-1
	J49B-2
	J49B-3

	R49E
	R49E-1
	R49E-2

	R49G
	R49G-1
	R49G-2

	RN49
	RN49A
	RN49-1
	RN49-8

	RN49B
	RN49-2
	RN49-7

	RN49C
	RN49-3
	RN49-6

	RN49D
	RN49-4
	RN49-5


	T49A
	T49-1
	T49-2
	T49-6

	U49
	U49A
	U49-1
	U49-2
	U49-7
	U49-8

	U49B
	U49-3
	U49-4
	U49-5
	U49-6



	Nets
	3.3V_DPWR
	RN49-7
	RN49-8
	U49-3

	FPGA_HIPWRON_ONEARRAYROW_TRANSMIT
	Pins
	J49B-3

	Ports
	FPGA_HIPWRON_ONEARRAYROW_TRANSMIT


	HIPWRON_ONECOLUMN_OPTO+
	Pins
	R49E-1
	T49-6
	U49-6

	Ports
	HIPWRON_ONECOLUMN_OPTO+


	NetJ49A_1
	J49A-1
	J49A-2
	RN49-1
	U49-8

	NetJ49B_1
	J49B-1
	J49B-2
	R49G-2
	RN49-2

	NetR49E_2
	R49E-2
	U49-1

	NetR49G_1
	R49G-1
	U49-4

	NetRN49_3
	RN49-3
	RN49-5

	NetRN49_4
	RN49-4
	T49-1
	U49-2

	NetRN49_6
	RN49-6
	T49-2
	U49-5

	PCOM
	U49-7

	TOFPGA_HIPWRON_ONEARRAYROW_RECEIVE
	Pins
	J49A-3

	Ports
	TOFPGA_HIPWRON_ONEARRAYROW_RECEIVE



	Ports
	TOFPGA_HIPWRON_ONEARRAYROW_RECEIVE
	FPGA_HIPWRON_ONEARRAYROW_TRANSMIT
	HIPWRON_ONECOLUMN_OPTO+


	m100_MainMeas_Amplifier.SchDoc (m100_MainMeas_Amplifier)
	Components
	C51A
	C51A-1
	C51A-2

	C51B
	C51B-1
	C51B-2

	C51C
	C51C-1
	C51C-2

	C51D
	C51D-1
	C51D-2

	D51
	D51-1
	D51-2
	D51-3

	R51A
	R51A-1
	R51A-2

	R51B
	R51B-1
	R51B-2

	R51C
	R51C-1
	R51C-2

	R51D
	R51D-1
	R51D-2

	R51E
	R51E-1
	R51E-2

	RN51
	RN51A
	RN51-1
	RN51-8

	RN51B
	RN51-2
	RN51-7


	U51A
	U51A-2
	U51A-3
	U51A-4
	U51A-6
	U51A-7

	U51B
	U51B-1
	U51B-2
	U51B-3
	U51B-4
	U51B-5
	U51B-6


	Nets
	-1V_APWR
	R51B-2
	RN51-2
	U51B-3

	3.45V_CLAMP
	D51-2

	4.3V_APWR
	R51A-2
	U51B-2

	ACOM
	C51A-1
	C51B-1
	D51-1

	FPGA_EN_MAINAMP_VOLTAGEFOLLOWER
	Pins
	RN51-8

	Ports
	FPGA_EN_MAINAMP_VOLTAGEFOLLOWER


	MAINAMPLIFIER_VIN+
	Pins
	U51A-3

	Ports
	MAINAMPLIFIER_VIN+


	MAINAMPLIFIER_VIN-
	Pins
	C51C-1
	C51D-1
	R51C-1
	U51A-2
	U51B-6

	Ports
	MAINAMPLIFIER_VIN-


	MAINAMPLIFIER_VOUT
	Pins
	C51C-2
	R51C-2
	R51D-2
	R51E-1
	U51B-5

	Ports
	MAINAMPLIFIER_VOUT


	NetC51A_2
	C51A-2
	R51A-1
	U51A-7

	NetC51B_2
	C51B-2
	R51B-1
	U51A-4

	NetC51D_2
	C51D-2
	R51D-1
	U51A-6

	NetD51_3
	D51-3
	R51E-2

	NetRN51_1
	RN51-1
	RN51-7
	U51B-1

	NetU51B_4
	U51B-4


	Ports
	MAINAMPLIFIER_VIN-
	MAINAMPLIFIER_VIN+
	FPGA_EN_MAINAMP_VOLTAGEFOLLOWER
	MAINAMPLIFIER_VOUT


	m100_Mux_Follower6.SchDoc (m100_Mux_Follower6)
	Components
	RN27
	RN27A
	RN27-1
	RN27-8

	RN27B
	RN27-2
	RN27-7

	RN27C
	RN27-3
	RN27-6

	RN27D
	RN27-4
	RN27-5


	RN71
	RN71A
	RN71-1
	RN71-8

	RN71B
	RN71-2
	RN71-7

	RN71C
	RN71-3
	RN71-6

	RN71D
	RN71-4
	RN71-5


	U27A
	U27A-1
	U27A-2
	U27A-3
	U27A-4
	U27A-5
	U27A-6
	U27A-7
	U27A-8
	U27A-9
	U27A-10
	U27A-11
	U27A-12
	U27A-13
	U27A-14
	U27A-15
	U27A-16


	Nets
	-1V_APWR
	RN27-2
	RN27-4
	RN71-2
	RN71-4
	U27A-7
	U27A-8

	2.81VREF_BUFFERED_COL_N
	U27A-4

	4.3V_APWR
	U27A-16

	MAINAMPLIFIER_VIN+
	Pins
	U27A-3

	Ports
	MAINAMPLIFIER_VIN+


	MEASURE_7X_CURRENTSHUNTS_1.5MHZ_BW
	Pins
	U27A-14

	Ports
	MEASURE_7X_CURRENTSHUNTS_1.5MHZ_BW


	MEASURE_7X_CURRENTSHUNTS_16KHZ_BW
	Pins
	U27A-2

	Ports
	MEASURE_7X_CURRENTSHUNTS_16KHZ_BW


	MEASURE_VOUT_5MHZ_BW
	Pins
	U27A-15

	Ports
	MEASURE_VOUT_5MHZ_BW


	MUXFOLLOWER_BANK6_ENABLE
	Pins
	RN71-6

	Ports
	MUXFOLLOWER_BANK6_ENABLE


	MUXFOLLOWER_BANK6_M0
	Pins
	RN71-8

	Ports
	MUXFOLLOWER_BANK6_M0


	MUXFOLLOWER_BANK6_M1
	Pins
	RN27-6

	Ports
	MUXFOLLOWER_BANK6_M1


	MUXFOLLOWER_BANK6_M2
	Pins
	RN27-8

	Ports
	MUXFOLLOWER_BANK6_M2


	MUXFOLLOWER_BANK7_OUTPUT
	Pins
	U27A-12

	Ports
	MUXFOLLOWER_BANK7_OUTPUT


	NetRN27_1
	RN27-1
	RN27-7
	U27A-9

	NetRN27_3
	RN27-3
	RN27-5
	U27A-10

	NetRN71_1
	RN71-1
	RN71-7
	U27A-11

	NetRN71_3
	RN71-3
	RN71-5
	U27A-6

	NetU27A_1
	U27A-1

	VMEASURE_FROMADJACENTELEMENT
	Pins
	U27A-5

	Ports
	VMEASURE_FROMADJACENTELEMENT


	ZERO_20MA
	U27A-13


	Ports
	VMEASURE_FROMADJACENTELEMENT
	MUXFOLLOWER_BANK7_OUTPUT
	MAINAMPLIFIER_VIN+
	MUXFOLLOWER_BANK6_M2
	MUXFOLLOWER_BANK6_M1
	MUXFOLLOWER_BANK6_M0
	MUXFOLLOWER_BANK6_ENABLE
	MEASURE_VOUT_5MHZ_BW
	MEASURE_7X_CURRENTSHUNTS_16KHZ_BW
	MEASURE_7X_CURRENTSHUNTS_1.5MHZ_BW


	m100_Mux_Follower7.SchDoc (m100_Mux_Follower7)
	Components
	RN28
	RN28A
	RN28-1
	RN28-8

	RN28B
	RN28-2
	RN28-7

	RN28C
	RN28-3
	RN28-6

	RN28D
	RN28-4
	RN28-5


	RN72
	RN72A
	RN72-1
	RN72-8

	RN72B
	RN72-2
	RN72-7

	RN72C
	RN72-3
	RN72-6

	RN72D
	RN72-4
	RN72-5


	U28
	U28-1
	U28-2
	U28-3
	U28-4
	U28-5
	U28-6
	U28-7
	U28-8
	U28-9
	U28-10
	U28-11
	U28-12
	U28-13
	U28-14
	U28-15
	U28-16


	Nets
	-1V_APWR
	RN28-2
	RN28-4
	RN72-2
	RN72-4
	U28-7
	U28-8

	4.3V_APWR
	U28-16

	GATELEAKAGEMEAS_LEFT_LO
	Pins
	U28-5

	Ports
	GATELEAKAGEMEAS_LEFT_LO


	INDUCTORLEFT_PWR_BUFF
	Pins
	U28-1

	Ports
	INDUCTORLEFT_PWR_BUFF


	INDUCTORRIGHT_PWR_BUFF
	Pins
	U28-15

	Ports
	INDUCTORRIGHT_PWR_BUFF


	MASTER_VCAL_BUFF
	Pins
	U28-12

	Ports
	MASTER_VCAL_BUFF


	MUXFOLLOWER_BANK7_ENABLE
	Pins
	RN72-6

	Ports
	MUXFOLLOWER_BANK7_ENABLE


	MUXFOLLOWER_BANK7_M0
	Pins
	RN72-8

	Ports
	MUXFOLLOWER_BANK7_M0


	MUXFOLLOWER_BANK7_M1
	Pins
	RN28-6

	Ports
	MUXFOLLOWER_BANK7_M1


	MUXFOLLOWER_BANK7_M2
	Pins
	RN28-8

	Ports
	MUXFOLLOWER_BANK7_M2


	MUXFOLLOWER_BANK7_OUTPUT
	Pins
	U28-3

	Ports
	MUXFOLLOWER_BANK7_OUTPUT


	NetRN28_1
	RN28-1
	RN28-7
	U28-9

	NetRN28_3
	RN28-3
	RN28-5
	U28-10

	NetRN72_1
	RN72-1
	RN72-7
	U28-11

	NetRN72_3
	RN72-3
	RN72-5
	U28-6

	NetU28_4
	U28-4

	PVPWR_BUFF
	Pins
	U28-14

	Ports
	PVPWR_BUFF


	VOUT_PWR_BUFF
	Pins
	U28-2

	Ports
	VOUT_PWR_BUFF


	ZERO_20MA
	U28-13


	Ports
	VOUT_PWR_BUFF
	PVPWR_BUFF
	INDUCTORRIGHT_PWR_BUFF
	INDUCTORLEFT_PWR_BUFF
	MUXFOLLOWER_BANK7_OUTPUT
	GATELEAKAGEMEAS_LEFT_LO
	MUXFOLLOWER_BANK7_M2
	MUXFOLLOWER_BANK7_M1
	MUXFOLLOWER_BANK7_M0
	MUXFOLLOWER_BANK7_ENABLE
	MASTER_VCAL_BUFF


	m100_Mux_Inverter1.SchDoc (m100_Mux_Inverter1)
	Components
	R20A
	R20A-1
	R20A-2

	R20B
	R20B-1
	R20B-2

	R20C
	R20C-1
	R20C-2

	R20D
	R20D-1
	R20D-2

	R20E
	R20E-1
	R20E-2

	R20F
	R20F-1
	R20F-2

	RN20
	RN20A
	RN20-1
	RN20-8

	RN20B
	RN20-2
	RN20-7

	RN20C
	RN20-3
	RN20-6

	RN20D
	RN20-4
	RN20-5


	RN21
	RN21A
	RN21-1
	RN21-8

	RN21B
	RN21-2
	RN21-7

	RN21C
	RN21-3
	RN21-6

	RN21D
	RN21-4
	RN21-5


	RN22
	RN22A
	RN22-1
	RN22-8

	RN22B
	RN22-2
	RN22-7


	U20A
	U20A-1
	U20A-2
	U20A-3
	U20A-4
	U20A-5
	U20A-6

	U20B
	U20B-1
	U20B-2
	U20B-3
	U20B-4
	U20B-5
	U20B-6

	U20C
	U20C-1
	U20C-2
	U20C-3
	U20C-4
	U20C-5
	U20C-6

	U20D
	U20D-1
	U20D-2
	U20D-3
	U20D-4
	U20D-5
	U20D-6

	U20E
	U20E-1
	U20E-2
	U20E-3
	U20E-4
	U20E-5
	U20E-6

	U21
	U21-1
	U21-2
	U21-3
	U21-4
	U21-5
	U21-6
	U21-7
	U21-8
	U21-9
	U21-10
	U21-11
	U21-12
	U21-13
	U21-14
	U21-15
	U21-16


	Nets
	-1V_APWR
	RN20-2
	RN20-4
	RN21-2
	RN21-4
	RN22-2
	U20A-3
	U20B-3
	U20C-3
	U20D-3
	U20E-3
	U21-7

	4.3V_APWR
	U20A-2
	U20B-2
	U20C-2
	U20D-2
	U20E-2
	U21-16

	ACOM
	U20A-4
	U20B-4
	U20C-4
	U20D-4
	U20E-4
	U21-8

	FPGA_EN_FILTROUT_PWR+
	Pins
	RN21-8

	Ports
	FPGA_EN_FILTROUT_PWR+


	FPGA_EN_INDUCTORLEFT_PWR+
	Pins
	RN21-6

	Ports
	FPGA_EN_INDUCTORLEFT_PWR+


	FPGA_EN_INDUCTORRIGHT_PWR+
	Pins
	RN22-8

	Ports
	FPGA_EN_INDUCTORRIGHT_PWR+


	FPGA_EN_PV_PWR+
	Pins
	RN20-6

	Ports
	FPGA_EN_PV_PWR+


	FPGA_EN_VOUT_PWR+
	Pins
	RN20-8

	Ports
	FPGA_EN_VOUT_PWR+


	INDUCTORLEFT_PWR+
	R20D-1

	INDUCTORRIGHT_PWR+
	R20E-1

	MAINAMPLIFIER_VIN-
	Pins
	U21-3

	Ports
	MAINAMPLIFIER_VIN-


	MASTER_VCAL_BUFF
	Pins
	R20F-2

	Ports
	MASTER_VCAL_BUFF


	MUXINV_BANK1_ENABLE
	Pins
	U21-6

	Ports
	MUXINV_BANK1_ENABLE


	MUXINV_BANK1_M0
	Pins
	U21-9

	Ports
	MUXINV_BANK1_M0


	MUXINV_BANK1_M1
	Pins
	U21-10

	Ports
	MUXINV_BANK1_M1


	MUXINV_BANK1_M2
	Pins
	U21-11

	Ports
	MUXINV_BANK1_M2


	MUXINV_BANK2_OUTPUT_COL1
	Pins
	U21-1

	Ports
	MUXINV_BANK2_OUTPUT_COL1


	MUXINV_BANK3_OUTPUT_COL1ROW1
	Pins
	U21-15

	Ports
	MUXINV_BANK3_OUTPUT_COL1ROW1


	NetR20A_2
	R20A-2
	U20A-6

	NetR20B_2
	R20B-2
	U20B-6

	NetR20C_2
	R20C-2
	U20C-6

	NetR20D_2
	R20D-2
	U20D-6

	NetR20E_2
	R20E-2
	U20E-6

	NetR20F_1
	R20F-1
	U21-2

	NetRN20_1
	RN20-1
	RN20-7
	U20A-1

	NetRN20_3
	RN20-3
	RN20-5
	U20B-1

	NetRN21_1
	RN21-1
	RN21-7
	U20C-1

	NetRN21_3
	RN21-3
	RN21-5
	U20D-1

	NetRN22_1
	RN22-1
	RN22-7
	U20E-1

	NetU20A_5
	U20A-5
	U21-4

	NetU20B_5
	U20B-5
	U21-12

	NetU20C_5
	U20C-5
	U21-13

	NetU20D_5
	U20D-5
	U21-5

	NetU20E_5
	U20E-5
	U21-14

	PVPWR_FILTERED+
	R20C-1

	PVPWR_PANEL+
	R20B-1

	VOUT_PWR+
	R20A-1


	Ports
	MUXINV_BANK3_OUTPUT_COL1ROW1
	MUXINV_BANK2_OUTPUT_COL1
	MAINAMPLIFIER_VIN-
	MUXINV_BANK1_M2
	MUXINV_BANK1_M1
	MUXINV_BANK1_M0
	MUXINV_BANK1_ENABLE
	FPGA_EN_VOUT_PWR+
	FPGA_EN_PV_PWR+
	FPGA_EN_INDUCTORRIGHT_PWR+
	FPGA_EN_INDUCTORLEFT_PWR+
	FPGA_EN_FILTROUT_PWR+
	MASTER_VCAL_BUFF


	m100_Mux_Inverter2.SchDoc (m100_Mux_Inverter2)
	Components
	H23A
	H23A-1
	H23A-2

	H23B
	H23B-1
	H23B-2

	H23C
	H23C-1
	H23C-2

	H23D
	H23D-1
	H23D-2

	R23E
	R23E-1
	R23E-2

	R23F
	R23F-1
	R23F-2

	R23G
	R23G-1
	R23G-2

	R23H
	R23H-1
	R23H-2

	R23K
	R23K-1
	R23K-2

	R23L
	R23L-1
	R23L-2

	R23M
	R23M-1
	R23M-2

	R23P
	R23P-1
	R23P-2

	RN23
	RN23A
	RN23-1
	RN23-8

	RN23B
	RN23-2
	RN23-7

	RN23C
	RN23-3
	RN23-6

	RN23D
	RN23-4
	RN23-5


	U23A
	U23A-1
	U23A-2
	U23A-3
	U23A-4
	U23A-5
	U23A-6
	U23A-7
	U23A-8
	U23A-9
	U23A-10
	U23A-11
	U23A-12
	U23A-13
	U23A-14
	U23A-15
	U23A-16

	U23B
	U23B-1
	U23B-2
	U23B-3
	U23B-4
	U23B-5
	U23B-6

	U23C
	U23C-1
	U23C-2
	U23C-3
	U23C-4
	U23C-5
	U23C-6


	Nets
	-1V_APWR
	RN23-2
	RN23-4
	U23A-7
	U23B-3
	U23C-3

	4.3V_APWR
	U23A-16
	U23B-2
	U23C-2

	ACOM
	H23A-1
	H23B-1
	H23C-1
	H23D-1
	U23A-8
	U23B-4
	U23C-4

	EARTHGND_SENSE
	R23H-2

	EARTHGND_SHIELD
	R23P-2

	ENABLE_EARTHGNDSENSE_WRT_COM
	Pins
	RN23-8

	Ports
	ENABLE_EARTHGNDSENSE_WRT_COM


	ENABLE_MAINPOWERBUS-
	Pins
	RN23-6

	Ports
	ENABLE_MAINPOWERBUS-


	MUXINV_BANK2_ENABLE
	Pins
	U23A-6

	Ports
	MUXINV_BANK2_ENABLE


	MUXINV_BANK2_M0
	Pins
	U23A-9

	Ports
	MUXINV_BANK2_M0


	MUXINV_BANK2_M1
	Pins
	U23A-10

	Ports
	MUXINV_BANK2_M1


	MUXINV_BANK2_M2
	Pins
	U23A-11

	Ports
	MUXINV_BANK2_M2


	MUXINV_BANK2_OUTPUT_COL1
	Pins
	U23A-3

	Ports
	MUXINV_BANK2_OUTPUT_COL1


	MUXINV_BANK4_OUTPUT_PWRSUPPLY_COL1
	Pins
	U23A-4

	Ports
	MUXINV_BANK4_OUTPUT_PWRSUPPLY_COL1


	MUXINV_BANK5_OUTPUT_COL1
	Pins
	U23A-12

	Ports
	MUXINV_BANK5_OUTPUT_COL1


	NetH23A_2
	H23A-2
	U23A-5

	NetH23B_2
	H23B-2
	U23A-14

	NetH23C_2
	H23C-2
	U23A-2

	NetH23D_2
	H23D-2
	U23A-15

	NetR23E_1
	R23E-1
	U23B-6

	NetR23E_2
	R23E-2
	R23F-1

	NetR23F_2
	R23F-2
	R23G-1

	NetR23G_2
	R23G-2
	R23H-1

	NetR23K_1
	R23K-1
	U23C-6

	NetR23K_2
	R23K-2
	R23L-1

	NetR23L_2
	R23L-2
	R23M-1

	NetR23M_2
	R23M-2
	R23P-1

	NetRN23_1
	RN23-1
	RN23-7
	U23B-1

	NetRN23_3
	RN23-3
	RN23-5
	U23C-1

	NetU23A_1
	U23A-1
	U23B-5

	NetU23A_13
	U23A-13
	U23C-5


	Ports
	MUXINV_BANK5_OUTPUT_COL1
	MUXINV_BANK4_OUTPUT_PWRSUPPLY_COL1
	MUXINV_BANK2_OUTPUT_COL1
	MUXINV_BANK2_M2
	MUXINV_BANK2_M1
	MUXINV_BANK2_M0
	MUXINV_BANK2_ENABLE
	ENABLE_MAINPOWERBUS-
	ENABLE_EARTHGNDSENSE_WRT_COM


	m100_Mux_Inverter3.SchDoc (m100_Mux_Inverter3)
	Components
	D24A
	D24A-1
	D24A-2
	D24A-3

	D24B
	D24B-1
	D24B-2
	D24B-3

	D24C
	D24C-1
	D24C-2
	D24C-3

	D24D
	D24D-1
	D24D-2
	D24D-3

	D24E
	D24E-1
	D24E-2
	D24E-3

	R24A
	R24A-1
	R24A-2

	R24B
	R24B-1
	R24B-2

	R24C
	R24C-1
	R24C-2

	R24D
	R24D-1
	R24D-2

	R24E
	R24E-1
	R24E-2

	R24F
	R24F-1
	R24F-2

	R24G
	R24G-1
	R24G-2

	R24H
	R24H-1
	R24H-2

	R24J
	R24J-1
	R24J-2

	R24K
	R24K-1
	R24K-2

	R25H
	R25H-1
	R25H-2

	U24A
	U24A-1
	U24A-2
	U24A-3
	U24A-4
	U24A-5
	U24A-6
	U24A-7
	U24A-8
	U24A-9
	U24A-10
	U24A-11
	U24A-12
	U24A-13
	U24A-14
	U24A-15
	U24A-16


	Nets
	-1V_APWR
	U24A-7

	3.45V_CLAMP
	D24A-2
	D24B-2
	D24C-2
	D24D-2
	D24E-2

	4.3V_APWR
	U24A-16

	5V_COLUMNPWR+
	R24E-1

	5V_COLUMNPWR-
	R24G-1

	32V_POWERSUPPLY+
	R24A-1

	32V_POWERSUPPLY-
	R24C-1

	ACOM
	D24A-1
	D24B-1
	D24C-1
	D24D-1
	D24E-1
	R25H-2
	U24A-8

	HIPWRON_ONECOLUMN_OPTO+
	Pins
	R24J-1

	Ports
	HIPWRON_ONECOLUMN_OPTO+


	MUXINV_BANK3_ENABLE_COL1ROW1
	Pins
	U24A-6

	Ports
	MUXINV_BANK3_ENABLE_COL1ROW1


	MUXINV_BANK3_M0_COL1ROW1
	Pins
	U24A-9

	Ports
	MUXINV_BANK3_M0_COL1ROW1


	MUXINV_BANK3_M1_COL1ROW1
	Pins
	U24A-10

	Ports
	MUXINV_BANK3_M1_COL1ROW1


	MUXINV_BANK3_M2_COL1ROW1
	Pins
	U24A-11

	Ports
	MUXINV_BANK3_M2_COL1ROW1


	MUXINV_BANK3_OUTPUT_COL1ROW1
	Pins
	U24A-3

	Ports
	MUXINV_BANK3_OUTPUT_COL1ROW1


	NetD24A_3
	D24A-3
	R24B-2
	U24A-14

	NetD24B_3
	D24B-3
	R24D-2
	U24A-2

	NetD24C_3
	D24C-3
	R24F-2
	U24A-15

	NetD24D_3
	D24D-3
	R24H-2
	U24A-1

	NetD24E_3
	D24E-3
	R24K-2
	U24A-5

	NetR24A_2
	R24A-2
	R24B-1

	NetR24C_2
	R24C-2
	R24D-1

	NetR24E_2
	R24E-2
	R24F-1

	NetR24G_2
	R24G-2
	R24H-1

	NetR24J_2
	R24J-2
	R24K-1

	NetR25H_1
	R25H-1
	U24A-13

	NetU24A_4
	U24A-4

	NetU24A_12
	U24A-12


	Ports
	MUXINV_BANK3_OUTPUT_COL1ROW1
	MUXINV_BANK3_M2_COL1ROW1
	MUXINV_BANK3_M1_COL1ROW1
	MUXINV_BANK3_M0_COL1ROW1
	MUXINV_BANK3_ENABLE_COL1ROW1
	HIPWRON_ONECOLUMN_OPTO+


	m100_Mux_Inverter4.SchDoc (m100_Mux_Inverter4)
	Components
	D25A
	D25A-1
	D25A-2
	D25A-3

	D25B
	D25B-1
	D25B-2
	D25B-3

	D25C
	D25C-1
	D25C-2
	D25C-3

	D25D
	D25D-1
	D25D-2
	D25D-3

	D25E
	D25E-1
	D25E-2
	D25E-3

	D25F
	D25F-1
	D25F-2
	D25F-3

	D25G
	D25G-1
	D25G-2
	D25G-3

	R25A
	R25A-1
	R25A-2

	R25B
	R25B-1
	R25B-2

	R25C
	R25C-1
	R25C-2

	R25D
	R25D-1
	R25D-2

	R25E
	R25E-1
	R25E-2

	R25F
	R25F-1
	R25F-2

	R25G
	R25G-1
	R25G-2

	R25J
	R25J-1
	R25J-2

	RN25
	RN25A
	RN25-1
	RN25-8

	RN25B
	RN25-2
	RN25-7

	RN25C
	RN25-3
	RN25-6

	RN25D
	RN25-4
	RN25-5


	RN61
	RN61A
	RN61-1
	RN61-8

	RN61B
	RN61-2
	RN61-7

	RN61C
	RN61-3
	RN61-6

	RN61D
	RN61-4
	RN61-5


	U25A
	U25A-1
	U25A-2
	U25A-3
	U25A-4
	U25A-5
	U25A-6
	U25A-7
	U25A-8
	U25A-9
	U25A-10
	U25A-11
	U25A-12
	U25A-13
	U25A-14
	U25A-15
	U25A-16


	Nets
	-1V_APWR
	R25E-1
	RN25-2
	RN25-4
	RN61-2
	RN61-4
	U25A-7
	U25A-8

	3.3V_DPWR
	R25C-1

	3.45V_CLAMP
	D25A-2
	D25B-2
	D25C-2
	D25D-2
	D25E-2
	D25F-2
	D25G-2
	R25D-1

	3.6V_APWR
	R25B-1

	4.3V_APWR
	R25A-1
	U25A-16

	5V_ROWPWR_REGULATED+
	R25F-1

	ACOM
	D25A-1
	D25B-1
	D25C-1
	D25D-1
	D25E-1
	D25F-1
	D25G-1
	R25J-2

	GATEPWR
	R25G-1

	MUXINV_BANK4_ENABLE_PWRSUPPLY
	Pins
	RN61-6

	Ports
	MUXINV_BANK4_ENABLE_PWRSUPPLY


	MUXINV_BANK4_M0_PWRSUPPLY
	Pins
	RN61-8

	Ports
	MUXINV_BANK4_M0_PWRSUPPLY


	MUXINV_BANK4_M1_PWRSUPPLY
	Pins
	RN25-6

	Ports
	MUXINV_BANK4_M1_PWRSUPPLY


	MUXINV_BANK4_M2_PWRSUPPLY
	Pins
	RN25-8

	Ports
	MUXINV_BANK4_M2_PWRSUPPLY


	MUXINV_BANK4_OUTPUT_PWRSUPPLY_COL1
	Pins
	U25A-3

	Ports
	MUXINV_BANK4_OUTPUT_PWRSUPPLY_COL1


	NetD25A_3
	D25A-3
	R25A-2
	U25A-4

	NetD25B_3
	D25B-3
	R25B-2
	U25A-12

	NetD25C_3
	D25C-3
	R25C-2
	U25A-5

	NetD25D_3
	D25D-3
	R25D-2
	U25A-14

	NetD25E_3
	D25E-3
	R25E-2
	U25A-2

	NetD25F_3
	D25F-3
	R25F-2
	U25A-15

	NetD25G_3
	D25G-3
	R25G-2
	U25A-1

	NetR25J_1
	R25J-1
	U25A-13

	NetRN25_1
	RN25-1
	RN25-7
	U25A-9

	NetRN25_3
	RN25-3
	RN25-5
	U25A-10

	NetRN61_1
	RN61-1
	RN61-7
	U25A-11

	NetRN61_3
	RN61-3
	RN61-5
	U25A-6


	Ports
	MUXINV_BANK4_OUTPUT_PWRSUPPLY_COL1
	MUXINV_BANK4_M2_PWRSUPPLY
	MUXINV_BANK4_M1_PWRSUPPLY
	MUXINV_BANK4_M0_PWRSUPPLY
	MUXINV_BANK4_ENABLE_PWRSUPPLY


	m100_Mux_Inverter5.SchDoc (m100_Mux_Inverter5)
	Components
	D26A
	D26A-1
	D26A-2
	D26A-3

	D26B
	D26B-1
	D26B-2
	D26B-3

	D26C
	D26C-1
	D26C-2
	D26C-3

	H26A
	H26A-1
	H26A-2

	H26B
	H26B-1
	H26B-2

	H26C
	H26C-1
	H26C-2

	R26A
	R26A-1
	R26A-2

	R26B
	R26B-1
	R26B-2

	R26C
	R26C-1
	R26C-2

	R26E
	R26E-1
	R26E-2

	R26G
	R26G-1
	R26G-2

	RN26
	RN26A
	RN26-1
	RN26-8

	RN26B
	RN26-2
	RN26-7

	RN26C
	RN26-3
	RN26-6

	RN26D
	RN26-4
	RN26-5


	RN62
	RN62A
	RN62-1
	RN62-8

	RN62B
	RN62-2
	RN62-7

	RN62C
	RN62-3
	RN62-6

	RN62D
	RN62-4
	RN62-5


	U26
	U26-1
	U26-2
	U26-3
	U26-4
	U26-5
	U26-6
	U26-7
	U26-8
	U26-9
	U26-10
	U26-11
	U26-12
	U26-13
	U26-14
	U26-15
	U26-16


	Nets
	-1V_APWR
	RN26-2
	RN26-4
	RN62-2
	RN62-4
	U26-7
	U26-8

	3.45V_CLAMP
	D26A-2
	D26B-2
	D26C-2

	4.3V_APWR
	U26-16

	ACOM
	D26A-1
	D26B-1
	D26C-1
	H26A-1
	H26B-1
	H26C-1
	R26E-2
	R26G-2

	GATEPWR_ABOVEME_SAFER
	Pins
	R26A-1

	Ports
	GATEPWR_ABOVEME_SAFER


	GATEPWR_MEORABOVEME
	Pins
	R26B-1

	Ports
	GATEPWR_MEORABOVEME


	GATE_BYPASSMOSFET
	R26C-1

	MUXINV_BANK5_ENABLE_DIAG
	Pins
	RN62-6

	Ports
	MUXINV_BANK5_ENABLE_DIAG


	MUXINV_BANK5_M0_DIAG
	Pins
	RN62-8

	Ports
	MUXINV_BANK5_M0_DIAG


	MUXINV_BANK5_M1_DIAG
	Pins
	RN26-6

	Ports
	MUXINV_BANK5_M1_DIAG


	MUXINV_BANK5_M2_DIAG
	Pins
	RN26-8

	Ports
	MUXINV_BANK5_M2_DIAG


	MUXINV_BANK5_OUTPUT_COL1
	Pins
	U26-3

	Ports
	MUXINV_BANK5_OUTPUT_COL1


	NetD26A_3
	D26A-3
	R26A-2
	U26-14

	NetD26B_3
	D26B-3
	R26B-2
	U26-2

	NetD26C_3
	D26C-3
	R26C-2
	U26-15

	NetH26A_2
	H26A-2
	U26-4

	NetH26B_2
	H26B-2
	U26-12

	NetH26C_2
	H26C-2
	U26-5

	NetR26E_1
	R26E-1
	U26-13

	NetR26G_1
	R26G-1
	U26-1

	NetRN26_1
	RN26-1
	RN26-7
	U26-9

	NetRN26_3
	RN26-3
	RN26-5
	U26-10

	NetRN62_1
	RN62-1
	RN62-7
	U26-11

	NetRN62_3
	RN62-3
	RN62-5
	U26-6


	Ports
	MUXINV_BANK5_OUTPUT_COL1
	GATEPWR_ABOVEME_SAFER
	MUXINV_BANK5_M2_DIAG
	MUXINV_BANK5_M1_DIAG
	MUXINV_BANK5_M0_DIAG
	MUXINV_BANK5_ENABLE_DIAG
	GATEPWR_MEORABOVEME


	m100_PowerVoltage_Monitoring.SchDoc (m100_PowerVoltage_Monitoring)
	Components
	C60B
	C60B-1
	C60B-2

	R60A
	R60A-1
	R60A-2

	R60B
	R60B-1
	R60B-2

	R60C
	R60C-1
	R60C-2

	R60D
	R60D-1
	R60D-2

	R60E
	R60E-1
	R60E-2

	R60F
	R60F-1
	R60F-2

	R60G
	R60G-1
	R60G-2

	R60H
	R60H-1
	R60H-2

	R60J
	R60J-1
	R60J-2

	R60K
	R60K-1
	R60K-2

	R60L
	R60L-1
	R60L-2

	U60
	U60A
	U60-2
	U60-3
	U60-4
	U60-5
	U60-12

	U60B
	U60-1
	U60-3
	U60-6
	U60-7
	U60-12

	U60C
	U60-3
	U60-8
	U60-9
	U60-12
	U60-14

	U60D
	U60-3
	U60-10
	U60-11
	U60-12
	U60-13


	U61
	U61A
	U61-2
	U61-3
	U61-4
	U61-5
	U61-12

	U61B
	U61-1
	U61-3
	U61-6
	U61-7
	U61-12

	U61C
	U61-3
	U61-8
	U61-9
	U61-12
	U61-14


	U62
	U62A
	U62-1
	U62-2
	U62-3
	U62-4
	U62-11

	U62B
	U62-4
	U62-11
	U62-12
	U62-13
	U62-14

	U62C
	U62-4
	U62-5
	U62-6
	U62-7
	U62-11

	U62D
	U62-4
	U62-8
	U62-9
	U62-10
	U62-11



	Nets
	2.81VREF_BUFFERED_COL_N
	U60-4
	U60-6
	U61-4
	U61-6
	U61-8

	3.6V_APWR
	R60L-1
	U62-4

	4.3V_APWR
	U60-3
	U61-3

	94MVREF_UNBUFFERED
	C60B-2
	U60-8
	U60-10

	ACOM
	U62-11

	INDUCTORLEFT_PWR+
	R60G-1

	INDUCTORLEFT_PWR_BUFF
	Pins
	U62-6
	U62-7

	Ports
	INDUCTORLEFT_PWR_BUFF


	INDUCTORRIGHT_PWR+
	R60J-1

	INDUCTORRIGHT_PWR_BUFF
	Pins
	U62-8
	U62-9

	Ports
	INDUCTORRIGHT_PWR_BUFF


	NetR60A_2
	R60A-2
	R60B-2
	U60-5
	U60-9
	U62-3

	NetR60C_2
	R60C-2
	R60D-2
	U60-7
	U60-11
	U62-12

	NetR60E_2
	R60E-2
	R60F-2
	U61-5

	NetR60G_2
	R60G-2
	R60H-2
	U61-7
	U62-5

	NetR60J_2
	R60J-2
	R60K-2
	U61-9
	U62-10

	PCOM
	C60B-1
	R60B-1
	R60D-1
	R60F-1
	R60H-1
	R60K-1
	U60-12
	U61-12

	PVPWR_BUFF
	Pins
	U62-1
	U62-2

	Ports
	PVPWR_BUFF


	PVPWR_FILTERED+
	R60E-1

	PVPWR_PANEL+
	R60A-1

	TOFPGA_3.6V_APWR_GOOD
	Pins
	R60L-2

	Ports
	TOFPGA_3.6V_APWR_GOOD


	TOFPGA_OVERVOLTAGE_FILTROUT_PWR
	Pins
	U61-2

	Ports
	TOFPGA_OVERVOLTAGE_FILTROUT_PWR


	TOFPGA_OVERVOLTAGE_INDUCTORLEFT_PWR
	Pins
	U61-1

	Ports
	TOFPGA_OVERVOLTAGE_INDUCTORLEFT_PWR


	TOFPGA_OVERVOLTAGE_INDUCTORRIGHT_PWR
	Pins
	U61-14

	Ports
	TOFPGA_OVERVOLTAGE_INDUCTORRIGHT_PWR


	TOFPGA_OVERVOLTAGE_PVPWR
	Pins
	U60-2

	Ports
	TOFPGA_OVERVOLTAGE_PVPWR


	TOFPGA_OVERVOLTAGE_VOUT_PWR
	Pins
	U60-1

	Ports
	TOFPGA_OVERVOLTAGE_VOUT_PWR


	TOFPGA_UNDERVOLTAGE_PVPWR
	Pins
	U60-14

	Ports
	TOFPGA_UNDERVOLTAGE_PVPWR


	TOFPGA_UNDERVOLTAGE_VOUT_PWR
	Pins
	U60-13

	Ports
	TOFPGA_UNDERVOLTAGE_VOUT_PWR


	VOUT_PWR+
	R60C-1

	VOUT_PWR_BUFF
	Pins
	U62-13
	U62-14

	Ports
	VOUT_PWR_BUFF



	Ports
	VOUT_PWR_BUFF
	PVPWR_BUFF
	INDUCTORRIGHT_PWR_BUFF
	INDUCTORLEFT_PWR_BUFF
	TOFPGA_UNDERVOLTAGE_VOUT_PWR
	TOFPGA_UNDERVOLTAGE_PVPWR
	TOFPGA_OVERVOLTAGE_VOUT_PWR
	TOFPGA_OVERVOLTAGE_PVPWR
	TOFPGA_OVERVOLTAGE_INDUCTORRIGHT_PWR
	TOFPGA_OVERVOLTAGE_INDUCTORLEFT_PWR
	TOFPGA_OVERVOLTAGE_FILTROUT_PWR
	TOFPGA_3.6V_APWR_GOOD


	m100_Power_Conversion.SchDoc (m100_Power_Conversion)
	Components
	C32A
	C32A-1
	C32A-2

	C32B
	C32B-1
	C32B-2

	C32C
	C32C-1
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	C32D
	C32D-1
	C32D-2

	C32E
	C32E-1
	C32E-2

	C32F
	C32F-1
	C32F-2

	C32G
	C32G-1
	C32G-2

	C32H
	C32H-1
	C32H-2

	C32J
	C32J-1
	C32J-2

	C32K
	C32K-1
	C32K-2

	C32L
	C32L-1
	C32L-2

	C32M
	C32M-1
	C32M-2

	C34A
	C34A-1
	C34A-2

	C34B
	C34B-1
	C34B-2

	C34C
	C34C-1
	C34C-2

	C34D
	C34D-1
	C34D-2

	C35A
	C35A-1
	C35A-2

	C35B
	C35B-1
	C35B-2

	C35C
	C35C-1
	C35C-2

	C35D
	C35D-1
	C35D-2

	C35E
	C35E-1
	C35E-2

	C36A
	C36A-1
	C36A-2

	C36B
	C36B-1
	C36B-2

	C36C
	C36C-1
	C36C-2

	C36D
	C36D-1
	C36D-2

	C36E
	C36E-1
	C36E-2

	C36F
	C36F-1
	C36F-2

	C36G
	C36G-1
	C36G-2

	C36H
	C36H-1
	C36H-2

	C36J
	C36J-1
	C36J-2

	C36K
	C36K-1
	C36K-2

	L30
	L30-1
	L30-2

	L31
	L31-1
	L31-2

	L32
	L32-1
	L32-2

	L33
	L33-1
	L33-2

	L34
	L34-1
	L34-2

	M30A
	M30A-1
	M30A-2
	M30A-3
	M30A-4
	M30A-5
	M30A-6
	M30A-7
	M30A-8
	M30A-9

	M30B
	M30B-1
	M30B-2
	M30B-3
	M30B-4
	M30B-5
	M30B-6
	M30B-7
	M30B-8
	M30B-9

	M31A
	M31A-1
	M31A-2
	M31A-3
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	Ports
	FPGA_CANBUS_ARRAYROW_TRANSMIT


	FPGA_DOUT_TOADJACENTELEMENT
	Pins
	U3-FPGA_p_9
	R47A-1

	Ports
	FPGA_DOUT_TOADJACENTELEMENT


	FPGA_DOUT_TOADJACENTELEMENT_PIN
	R47A-2

	FPGA_ENABLEGATEPWR
	Pins
	M74-1
	U3-FPGA_p_7

	Ports
	FPGA_ENABLEGATEPWR


	FPGA_EN_FILTROUT_PWR+
	Pins
	U3-FPGA_y_7
	RN21-8

	Ports
	FPGA_EN_FILTROUT_PWR+


	FPGA_EN_INDUCTORLEFT_PWR+
	Pins
	U3-FPGA_y_8
	RN21-6

	Ports
	FPGA_EN_INDUCTORLEFT_PWR+


	FPGA_EN_INDUCTORRIGHT_PWR+
	Pins
	U3-FPGA_y_9
	RN22-8

	Ports
	FPGA_EN_INDUCTORRIGHT_PWR+


	FPGA_EN_MAINAMP_VOLTAGEFOLLOWER
	Pins
	U3-FPGA_z_13
	RN51-8

	Ports
	FPGA_EN_MAINAMP_VOLTAGEFOLLOWER


	FPGA_EN_PV_PWR+
	Pins
	U3-FPGA_y_6
	RN20-6

	Ports
	FPGA_EN_PV_PWR+


	FPGA_EN_VOUT_PWR+
	Pins
	U3-FPGA_y_5
	RN20-8

	Ports
	FPGA_EN_VOUT_PWR+


	FPGA_GATEDRIVE_LEFT_HI
	Pins
	U3-FPGA_t_4
	RN37-1

	Ports
	FPGA_GATEDRIVE_LEFT_HI


	FPGA_GATEDRIVE_LEFT_LO
	Pins
	U3-FPGA_t_5
	RN37-2

	Ports
	FPGA_GATEDRIVE_LEFT_LO


	FPGA_GATEDRIVE_RIGHT_HI
	Pins
	U3-FPGA_t_9
	RN37-3

	Ports
	FPGA_GATEDRIVE_RIGHT_HI


	FPGA_GATEDRIVE_RIGHT_LO
	Pins
	U3-FPGA_t_10
	RN37-4

	Ports
	FPGA_GATEDRIVE_RIGHT_LO


	FPGA_GATEPULLDOWN_LEFT_LO
	Pins
	U3-FPGA_t_7
	R40E-1

	Ports
	FPGA_GATEPULLDOWN_LEFT_LO


	FPGA_GATEPULLDOWN_RIGHT_LO
	Pins
	U3-FPGA_t_11
	R43M-1

	Ports
	FPGA_GATEPULLDOWN_RIGHT_LO


	FPGA_GLB_CONTROL
	Pins
	U3-FPGA_t_8
	M38-2

	Ports
	FPGA_GLB_CONTROL


	FPGA_HIPWRON_ONEARRAYROW_TRANSMIT
	Pins
	U3-FPGA_p_11
	J49B-3

	Ports
	FPGA_HIPWRON_ONEARRAYROW_TRANSMIT


	FPGA_LOADDOWN_MEORABOVEME
	Pins
	U3-FPGA_t_2
	M44B-1

	Ports
	FPGA_LOADDOWN_MEORABOVEME


	FPGA_MASTERCTLR_TURNON_HIPWRON_SOURCE
	Pins
	U3-FPGA_p_12
	RN48-7

	Ports
	FPGA_MASTERCTLR_TURNON_HIPWRON_SOURCE


	FPGA_TURNOFF10VABOVEME
	Pins
	U3-FPGA_t_3
	DN40-1

	Ports
	FPGA_TURNOFF10VABOVEME


	GATELEAKAGEMEAS_LEFT_LO
	Pins
	R42A-1
	U42-1
	U28-5

	Ports
	GATELEAKAGEMEAS_LEFT_LO


	GATEPWR
	C74F-1
	C74G-1
	R74G-2
	M38-4
	R37A-1
	RN38-7
	R43A-1
	D44B-1
	RN45-8
	R25G-1

	GATEPWR_ABOVEME
	Pins
	J12A-1
	RN44-7
	RN44-8

	Ports
	GATEPWR_ABOVEME


	GATEPWR_ABOVEME_BUS
	NetLabels
	GATEPWR_ABOVEME_BUS

	Pins
	J12A-2
	J12A-3


	GATEPWR_ABOVEME_SAFER
	Pins
	D44A-3
	M44A-2
	M44C-2
	R44A-2
	R44C-2
	Z44A-3
	Z44F-3
	R26A-1

	Ports
	GATEPWR_ABOVEME_SAFER


	GATEPWR_BELOWME
	Pins
	J12B-3
	R44E-1

	Ports
	GATEPWR_BELOWME


	GATEPWR_BELOWME_BUS
	NetLabels
	GATEPWR_BELOWME_BUS

	Pins
	J12B-1
	J12B-2


	GATEPWR_LEFT
	NetLabels
	GATEPWR_LEFT

	Pins
	C37A-1
	R37A-2
	U37-1


	GATEPWR_MEORABOVEME
	Pins
	DN40-2
	D44B-3
	M44A-3
	R44E-2
	RN45-3
	RN45-4
	Z44B-3
	Z44C-1
	R26B-1

	Ports
	GATEPWR_MEORABOVEME


	GATEPWR_RIGHT
	NetLabels
	GATEPWR_RIGHT

	Pins
	C43A-1
	R43A-2
	U43-1


	GATE_BYPASSMOSFET
	R46A-1
	R46B-2
	RN46-2
	R26C-1
	M33A-4
	Z33-3

	GATE_LEFT_HI
	R37C-2
	R37E-2
	R37F-2
	M30A-4

	GATE_LEFT_LO
	M39-3
	R42B-2
	RN41-6
	M30B-4

	GATE_RIGHT_HI
	R43C-2
	R43E-2
	R43F-2
	M31A-4

	GATE_RIGHT_LO
	M43A-3
	R43G-2
	R43K-1
	R43L-2
	M31B-4

	HB_LEFT
	C37B-2
	R37B-2
	Z37B-3
	D43R-1

	HB_RIGHT
	D37R-1
	R37S-1
	C43B-2
	R43B-2
	R43S-1
	Z43B-3

	HIB_IO_0
	NetLabels
	HIB_IO_0

	Pins
	U3-FPGA_w_1
	U1-10


	HIHEATALARM
	NetLabels
	HIHEATALARM

	Pins
	U3-FPGA_w_27
	U4-3


	HIPWRON_CURRENT_SOURCE
	Pins
	J48-1
	J48-2
	R48A-1
	RN48-3
	T48-4

	Ports
	HIPWRON_CURRENT_SOURCE


	HIPWRON_ONECOLUMN_OPTO+
	Pins
	J48-3
	R49E-1
	T49-6
	U49-6
	R24J-1

	Ports
	HIPWRON_ONECOLUMN_OPTO+


	HO_LEFT
	NetLabels
	HO_LEFT

	Pins
	D37C-1
	R37D-1
	U37-3


	HO_RIGHT
	NetLabels
	HO_RIGHT

	Pins
	D43C-1
	R43D-1
	U43-3


	INDUCTORLEFT_PWR+
	C37B-1
	R37F-1
	R37G-2
	U37-4
	Z37B-1
	R20D-1
	R60G-1
	L30-1
	L31-1
	L32-1
	L33-1
	M30A-1
	M30A-2
	M30A-3
	M30B-5
	M30B-6
	M30B-7
	M30B-8
	M30B-9
	TP30A-1

	INDUCTORLEFT_PWR_BUFF
	Pins
	U28-1
	U62-6
	U62-7

	Ports
	INDUCTORLEFT_PWR_BUFF


	INDUCTORRIGHT_PWR+
	C43B-1
	R43F-1
	R43P-2
	U43-4
	Z43B-1
	R20E-1
	R60J-1
	L30-2
	L31-2
	L32-2
	L33-2
	M31A-1
	M31A-2
	M31A-3
	M31B-5
	M31B-6
	M31B-7
	M31B-8
	M31B-9
	TP30B-1

	INDUCTORRIGHT_PWR_BUFF
	Pins
	U28-15
	U62-8
	U62-9

	Ports
	INDUCTORRIGHT_PWR_BUFF


	LO_LEFT
	NetLabels
	LO_LEFT

	Pins
	D40A-1
	R40A-1
	U37-10


	LO_RIGHT
	NetLabels
	LO_RIGHT

	Pins
	D43E-1
	R43H-1
	U43-10


	MAINAMPLIFIER_VIN+
	Pins
	U51A-3
	U27A-3

	Ports
	MAINAMPLIFIER_VIN+


	MAINAMPLIFIER_VIN-
	Pins
	C51C-1
	C51D-1
	R51C-1
	U51A-2
	U51B-6
	U21-3

	Ports
	MAINAMPLIFIER_VIN-


	MAINAMPLIFIER_VOUT
	Pins
	J90-3
	U90-5
	C51C-2
	R51C-2
	R51D-2
	R51E-1
	U51B-5
	R19A-1

	Ports
	MAINAMPLIFIER_VOUT


	MASTERCAL_M0
	Pins
	U60A-9
	U3-FPGA_p_3

	Ports
	MASTERCAL_M0


	MASTERCAL_M1
	Pins
	U60A-10
	U3-FPGA_p_2

	Ports
	MASTERCAL_M1


	MASTERCAL_M2
	Pins
	U60A-11
	U3-FPGA_p_1

	Ports
	MASTERCAL_M2


	MASTER_VCAL_BUFF
	Pins
	J90-2
	U90-6
	R61A-1
	RN60-5
	RN60-6
	RN60-7
	RN60-8
	U81-11
	R42C-2
	U28-12
	R20F-2
	R19C-1

	Ports
	MASTER_VCAL_BUFF


	MASTER_VCAL_UNBUFFERED
	NetLabels
	MASTER_VCAL_UNBUFFERED

	Pins
	U60A-3
	U60B-3


	MEASURE_7X_CURRENTSHUNTS_1.5MHZ_BW
	Pins
	C84D-2
	R84D-2
	R84E-2
	R84F-1
	R85A-1
	U27A-14
	R19E-1

	Ports
	MEASURE_7X_CURRENTSHUNTS_1.5MHZ_BW


	MEASURE_7X_CURRENTSHUNTS_16KHZ_BW
	Pins
	R85B-2
	U82-9
	U27A-2

	Ports
	MEASURE_7X_CURRENTSHUNTS_16KHZ_BW


	MEASURE_VOUT_5MHZ_BW
	Pins
	C86E-2
	R86D-2
	R86E-2
	R86G-1
	U27A-15
	R19D-1

	Ports
	MEASURE_VOUT_5MHZ_BW


	MUXFOLLOWER_BANK6_ENABLE
	Pins
	U3-FPGA_z_4
	RN71-6

	Ports
	MUXFOLLOWER_BANK6_ENABLE


	MUXFOLLOWER_BANK6_M0
	Pins
	U3-FPGA_z_3
	RN71-8

	Ports
	MUXFOLLOWER_BANK6_M0


	MUXFOLLOWER_BANK6_M1
	Pins
	U3-FPGA_z_2
	RN27-6

	Ports
	MUXFOLLOWER_BANK6_M1


	MUXFOLLOWER_BANK6_M2
	Pins
	U3-FPGA_z_1
	RN27-8

	Ports
	MUXFOLLOWER_BANK6_M2


	MUXFOLLOWER_BANK7_ENABLE
	Pins
	U3-FPGA_z_8
	RN72-6

	Ports
	MUXFOLLOWER_BANK7_ENABLE


	MUXFOLLOWER_BANK7_M0
	Pins
	U3-FPGA_z_7
	RN72-8

	Ports
	MUXFOLLOWER_BANK7_M0


	MUXFOLLOWER_BANK7_M1
	Pins
	U3-FPGA_z_6
	RN28-6

	Ports
	MUXFOLLOWER_BANK7_M1


	MUXFOLLOWER_BANK7_M2
	Pins
	U3-FPGA_z_5
	RN28-8

	Ports
	MUXFOLLOWER_BANK7_M2


	MUXFOLLOWER_BANK7_OUTPUT
	Pins
	U27A-12
	U28-3

	Ports
	MUXFOLLOWER_BANK7_OUTPUT


	MUXINV_BANK1_ENABLE
	Pins
	U3-FPGA_y_4
	U21-6

	Ports
	MUXINV_BANK1_ENABLE


	MUXINV_BANK1_M0
	Pins
	U3-FPGA_y_3
	U21-9

	Ports
	MUXINV_BANK1_M0


	MUXINV_BANK1_M1
	Pins
	U3-FPGA_y_2
	U21-10

	Ports
	MUXINV_BANK1_M1


	MUXINV_BANK1_M2
	Pins
	U3-FPGA_y_1
	U21-11

	Ports
	MUXINV_BANK1_M2


	MUXINV_BANK2_ENABLE
	Pins
	U3-FPGA_y_13
	U23A-6

	Ports
	MUXINV_BANK2_ENABLE


	MUXINV_BANK2_M0
	Pins
	U3-FPGA_y_12
	U23A-9

	Ports
	MUXINV_BANK2_M0


	MUXINV_BANK2_M1
	Pins
	U3-FPGA_y_11
	U23A-10

	Ports
	MUXINV_BANK2_M1


	MUXINV_BANK2_M2
	Pins
	U3-FPGA_y_10
	U23A-11

	Ports
	MUXINV_BANK2_M2


	MUXINV_BANK2_OUTPUT_COL1
	Pins
	U21-1
	U23A-3

	Ports
	MUXINV_BANK2_OUTPUT_COL1


	MUXINV_BANK3_ENABLE_COL1ROW1
	Pins
	U3-FPGA_y_19
	U24A-6

	Ports
	MUXINV_BANK3_ENABLE_COL1ROW1


	MUXINV_BANK3_M0_COL1ROW1
	Pins
	U3-FPGA_y_18
	U24A-9

	Ports
	MUXINV_BANK3_M0_COL1ROW1


	MUXINV_BANK3_M1_COL1ROW1
	Pins
	U3-FPGA_y_17
	U24A-10

	Ports
	MUXINV_BANK3_M1_COL1ROW1


	MUXINV_BANK3_M2_COL1ROW1
	Pins
	U3-FPGA_y_16
	U24A-11

	Ports
	MUXINV_BANK3_M2_COL1ROW1


	MUXINV_BANK3_OUTPUT_COL1ROW1
	Pins
	U21-15
	U24A-3

	Ports
	MUXINV_BANK3_OUTPUT_COL1ROW1


	MUXINV_BANK4_ENABLE_PWRSUPPLY
	Pins
	U3-FPGA_y_23
	RN61-6

	Ports
	MUXINV_BANK4_ENABLE_PWRSUPPLY


	MUXINV_BANK4_M0_PWRSUPPLY
	Pins
	U3-FPGA_y_22
	RN61-8

	Ports
	MUXINV_BANK4_M0_PWRSUPPLY


	MUXINV_BANK4_M1_PWRSUPPLY
	Pins
	U3-FPGA_y_21
	RN25-6

	Ports
	MUXINV_BANK4_M1_PWRSUPPLY


	MUXINV_BANK4_M2_PWRSUPPLY
	Pins
	U3-FPGA_y_20
	RN25-8

	Ports
	MUXINV_BANK4_M2_PWRSUPPLY


	MUXINV_BANK4_OUTPUT_PWRSUPPLY_COL1
	Pins
	U23A-4
	U25A-3

	Ports
	MUXINV_BANK4_OUTPUT_PWRSUPPLY_COL1


	MUXINV_BANK5_ENABLE_DIAG
	Pins
	U3-FPGA_y_27
	RN62-6

	Ports
	MUXINV_BANK5_ENABLE_DIAG


	MUXINV_BANK5_M0_DIAG
	Pins
	U3-FPGA_y_26
	RN62-8

	Ports
	MUXINV_BANK5_M0_DIAG


	MUXINV_BANK5_M1_DIAG
	Pins
	U3-FPGA_y_25
	RN26-6

	Ports
	MUXINV_BANK5_M1_DIAG


	MUXINV_BANK5_M2_DIAG
	Pins
	U3-FPGA_y_24
	RN26-8

	Ports
	MUXINV_BANK5_M2_DIAG


	MUXINV_BANK5_OUTPUT_COL1
	Pins
	U23A-12
	U26-3

	Ports
	MUXINV_BANK5_OUTPUT_COL1


	NetC2A_2
	C2A-2
	R1A-1
	U2A-1

	NetC19A_2
	C19A-2
	R19A-2
	U1-17

	NetC19B_2
	C19B-2
	R19B-2
	U1-23

	NetC19C_2
	C19C-2
	R19C-2
	U1-18

	NetC19D_2
	C19D-2
	R19D-2
	U1-14

	NetC19E_2
	C19E-2
	R19E-2
	U1-15

	NetC19F_2
	C19F-2
	R19F-2
	U1-16

	NetC20H_2
	C20H-2
	C20J-2
	C20K-2
	C20L-2
	U1-9
	U1-42

	NetC32A_2
	C32A-2
	C32B-2
	C32C-2
	C32D-2
	C32E-2
	C32F-2
	C32G-2
	C32H-2
	C32J-2
	C32K-2
	C32L-2
	C32M-2
	TP31B-1

	NetC34A_1
	C34A-1
	C34B-1
	C34C-1
	C34D-1
	C36A-1
	C36B-1
	C36C-1
	C36D-1
	C36E-1
	C36F-1
	C36G-1
	C36H-1
	C36J-1
	C36K-1
	R35-1
	R36A-2
	R36B-1
	RN36-2
	RN36-3

	NetC35A_1
	C35A-1
	C35B-1
	C35C-1
	C35D-1
	C35E-1
	R35-2

	NetC38A_1
	C38A-1
	M39-2
	M40-3
	R40B-2
	R40C-2
	R40D-1
	RN38-3
	RN41-1
	RN41-2
	Z38-1

	NetC38A_2
	C38A-2
	M39-1
	RN38-6
	RN63-2
	Z38-3

	NetC41A_1
	C41A-1
	RN41-8
	U42-6

	NetC41A_2
	C41A-2
	RN41-7
	U42-7

	NetC41B_2
	C41B-2
	RN41-3
	U42-5

	NetC51A_2
	C51A-2
	R51A-1
	U51A-7

	NetC51B_2
	C51B-2
	R51B-1
	U51A-4

	NetC51D_2
	C51D-2
	R51D-1
	U51A-6

	NetC60_1
	C60-1
	RN60-4
	U60B-4

	NetC60_2
	C60-2
	RN60-1
	RN60-2
	RN60-3
	U60B-1

	NetC63A_2
	C63A-2
	R63A-1
	R63B-2
	U63-3

	NetC63B_2
	C63B-2
	R63B-1
	R63C-2
	U63-12

	NetC66A_2
	C66A-2
	R66A-2
	U66-3
	U66-4

	NetC66B_2
	C66B-2
	U66-1

	NetC67C_1
	C67C-1
	RN67-4
	U96-2

	NetC67C_2
	C67C-2
	RN67-1
	RN67-2
	RN67-3
	U96-1

	NetC68_1
	C68-1
	RN68-4
	U96-13

	NetC68_2
	C68-2
	RN68-1
	RN68-2
	RN68-3
	U96-14

	NetC70A_2
	C70A-2
	RN70-8
	U70A-5

	NetC70B_2
	C70B-2
	RN70-2
	U70A-2

	NetC70C_2
	C70C-2
	RN18-1
	RN70-7
	T70-3
	U70C-2

	NetC70D_1
	C70D-1
	RN18-2
	RN18-3
	RN18-4
	RN18-8

	NetC70E_1
	C70E-1
	R70A-1
	R70B-2
	U70C-1

	NetC70G_1
	C70G-1
	U70A-3

	NetC70G_2
	C70G-2
	U70A-6

	NetC71D_1
	C71D-1
	R71C-2

	NetC71D_2
	C71D-2
	C71E-2
	C71F-2
	L71A-2
	U71-3
	U71-5

	NetC71K_1
	C71K-1
	U71-6

	NetC71K_2
	C71K-2
	L71B-1
	U71-2

	NetC72A_1
	C72A-1
	C72B-1
	R72A-2
	R72B-1

	NetC72C_1
	C72C-1
	C72D-1
	C72E-1
	L72-2
	R72C-1

	NetC72E_2
	C72E-2
	R72D-2

	NetC73A_2
	C73A-2
	RN73-2
	RN73-8

	NetC73B_2
	C73B-2
	L73-1
	RN73-7

	NetC73C_2
	C73C-2
	C73D-2
	L73-2
	RN73-3

	NetC73D_1
	C73D-1
	R73G-2

	NetC74A_1
	C74A-1
	U74-8

	NetC74A_2
	C74A-2
	L74-1
	R74D-1
	U74-7

	NetC74D_1
	C74D-1
	C74E-2
	R74D-2

	NetC74D_2
	C74D-2
	L74-2
	R74E-2
	R74G-1

	NetC74E_1
	C74E-1
	R74E-1
	R74F-2
	U74-5

	NetC75A_2
	C75A-2
	R75A-2
	U75-1
	U75-3

	NetC76A_1
	C76A-1
	C76B-1
	C76C-1
	C76D-1
	C76E-1
	R76B-2
	R76D-1

	NetC76A_2
	C76A-2
	R76A-2
	R76C-1

	NetC76B_2
	C76B-2
	C76C-2
	L76-1
	R76C-2

	NetC76D_2
	C76D-2
	C76E-2
	C76F-2
	L76-2
	U79-18
	U79-20
	U79-21
	U79-22

	NetC76F_1
	C76F-1
	R76D-2

	NetC79A_2
	C79A-2
	RN78-8
	U79-8

	NetC79B_2
	C79B-2
	U79-11

	NetC79C_1
	C79C-1
	U79-6

	NetC79C_2
	C79C-2
	L79-1
	U79-1
	U79-2
	U79-3
	U79-4
	U79-5

	NetC79D_2
	C79D-2
	R79D-1
	U79-9

	NetC79F_1
	C79F-1
	R79F-1
	R79G-2
	U79-12

	NetC79F_2
	C79F-2
	L79-2
	R79D-2
	R79F-2
	R79H-1

	NetC86D_1
	C86D-1
	C86E-1
	R86E-1
	U86-4

	NetC86D_2
	C86D-2
	R86D-1
	U86-1

	NetC92A_2
	C92A-2
	C92B-2
	C92C-2
	C92D-2
	C92E-2
	L92-2
	R92D-1

	NetC92E_1
	C92E-1
	R92C-2

	NetC92H_2
	C92H-2
	R92F-1
	R92G-2
	U92-4

	NetC94A_2
	C94A-2
	C94B-2
	R94A-2
	R94B-1

	NetC94C_2
	C94C-2
	C94D-2
	C94E-2
	L94-2
	R94C-1

	NetC94E_1
	C94E-1
	R94E-2

	NetC96B_2
	C96B-2
	R96A-2
	U96-3
	U96-12

	NetC96E_2
	C96E-2
	R96E-2
	U96-5

	NetD24A_3
	D24A-3
	R24B-2
	U24A-14

	NetD24B_3
	D24B-3
	R24D-2
	U24A-2

	NetD24C_3
	D24C-3
	R24F-2
	U24A-15
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