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From: "Bob Herlien" <bobh@mbari.org>

To: "Brian Kieft" <bkieft@mbari.org>, "Denis Klimov" <klimov@mbari.org>

Sent: Friday, January 26, 2018 2:07:16 PM

Subject: RTS/CTS

1st question (I'm assigning pins on the CPU right now).

On the existing BEDS, the console port has RTS/CTS flow control, because it was already there on the Persistor board.  The Aux serial port does not.

I can easily assign pins for flow control on either or both serial ports - the UARTs can be configured to use them as hardware flow control.

But, if I do so, we'll need another MAX3222 - each serial port will then use 2 Tx drivers and 2 Rx receivers - Tx, Rx, RTS, CTS.  So one chip for each port.

If we just use 3-wire connections, we can just use one MAX3222 chip as we do now.

I don't think we need hardware flow control.  We've never used it, we just had it there because it was free.

What's your thoughts?

Bob
Resolution: 2/4/2018 DK: going without hardware control 

From: "Bob Herlien" <bobh@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Cc: "Brian Kieft" <bkieft@mbari.org>

Sent: Friday, January 26, 2018 3:51:37 PM

Subject: PIC32MX470 Pinout on BEDS2

Hi Denis.  Here's the spreadsheet I promised, with the pinouts from the PIC32MX470 to the BEDS2 board.

Some notes:

1. I changed some signal names so they don't reference Persistor pins.  Here's the ones I can think of.  Hopefully you can figure out whatever I've missed:

	Name on BEDS Schematic
	New Name on Spreadsheet

	TPU13
	TXD1

	TPU12
	RXD1

	Pin12 on U13
	TXD0

	Pin 10 on U13
	RXD0

	/PCS2
	RTC_CS

	/IRQ2
	RTC_INT

	/PCS3
	ADC_CS

	New signal to detect power
	POWER_ON

	
	


Pullup (1M) on TXD1, TXD2 lines? 
Resolution: 2/22/2018 DK: removed all 1M pull-up and pull-down resistors
Note that pin 8 on U13 should go to RSTXD, pin 9 on U13 should go to RSRXD on J8.   Those signals don't go to CPU.
2. The interface to the new IMU will have signals IMU_CS, IMU_ENBL, IMU_INT, as well as SPI bus 1 (SCK1, MISO1, MOSI1)

3. Signals SCK, MOSI, and MISO become SCK1, SCK2, MOSI1, MOSI2, MISO1, MISO2.  SPI bus assignments:

SCK1, MOSI1, MISO1 - IMU and RTC

SCK2, MOSI2, MISO2 - SD Card (per Oasis5 schematic) and RTC (U19)
Resolution: 2/4/2018 DK: corrected by Bob 
Resistors in series 47 Ohm? 

Resolution: 2/19/2018 DK: discussed with Craig Okuda and added resistors 49.9 Ohm located near Master for MOSI signals, and 2 resistors located near Salves for MISO signals 
Bob recommends leaving in, next of CPU 
4.  I assigned pins to RTS1, CTS1, RTS2, and CTS2.  But as mentioned in email, I don't think they're needed.  They should be left unconnected.  I just wanted to reserve the pins, just in case.

5.  I assigned 8 test point pins.  If you can pin them out, great.  If not, just 4 of them would be good.
6.  The following signals are noted as moveable in the spreadsheet.  That means, if it's easier, move them to any general I/O pin (those that have a name of RA0-RA15 through RG0-RG15) :

MODEM_ENBL, SENSORS_ENBL, ADC_ENBL, IMU_ENBL, SD_CS, ADC_CS, IMU_CS, RTC_CS, Test_0 through Test_7

7. I've also included the Family Data Sheet for the PIC32MX4xx.  You can also find it on the Microchip web site (there may be a newer one than I have).

Please tell me (by email) what I've missed or gotten wrong.  Thanks!

Bob
From: "Bob Herlien" <bobh@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Cc: "Brian Kieft" <bkieft@mbari.org>

Sent: Friday, January 26, 2018 3:56:39 PM

Subject: Re: PIC32MX470 Pinout on BEDS2

Oops, a bug already.

----- On Jan 26, 2018, at 3:51 PM, Bob Herlien <bobh@mbari.org> wrote:

    3. Signals SCK, MOSI, and MISO become SCK1, SCK2, MOSI1, MOSI2, MISO1, MISO2.  SPI 

bus assignments:

    SCK1, MOSI1, MISO1 - IMU and RTC

    SCK2, MOSI2, MISO2 - SD Card (per Oasis5 schematic) and RTC (U19)

Should be:

SCK1, MOSI1, MISO1 - IMU and RTC (U19)

SCK2, MOSI2, MISO2 - SD Card (per Oasis5 schematic) and ADC (U9)
From: "Craig Okuda" <craig@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Sent: Friday, February 2, 2018 8:29:31 AM

Subject: RE: PIC32MX470 schematic symbol?

Look in proj lib.

\O5\oasis5 orcad\O5 boards MX470 initial release\O5 mother MX470 board initial release

Schematic is:

O5 mother board MX470 b.dsn
Craig Okuda

Engineer, Research and Development

Monterey Bay Aquarium Research Institute

7700 Sandholdt Road

Moss Landing, CA 95039

831 775 1931 voice

831 775 1652 fax

craig@mbari.org <mailto:craig@mbari.org>

www.mbari.org
From: "Craig Okuda" <craig@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Sent: Friday, February 2, 2018 4:12:07 PM

Subject: Re: PIC32MX470 schematic symbol?

Used, PCB Editor/allegro to layout the board.

I think I may have made the footprint. Do not remember. I thought I asked Jose to make footpr ints for several varients.

Be careful assigning I/O pins. You must check using the Microchip application to see if they are resource conflicts. The remapable pins are tricky.

From: "Bob Herlien" <bobh@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Cc: "Brian Kieft" <bkieft@mbari.org>

Sent: Sunday, February 4, 2018 9:00:40 AM

Subject: Re: PIC32MX470 Pinout on BEDS2

Yes, I assume so.  I'll be in at MBARI on Monday if we need to discuss anything on the design.

Bob

----- On Feb 3, 2018, at 7:17 PM, Denis Klimov <klimov@mbari.org> wrote:

    cool. I noticed from previous email ADC from SCK, MOSI, MISO was missing, and then found you corrected it already!

    so i am cleaning the old schematic and integrating a new part... btw i am using MOB2 as a base (see attached). It is different from MOB1 that you Bob printed in mostly added external reset circuitry, page 3 in green rectangle, plus some other minor revs on other pages.

    So we are keeping the external reset, right?

    Denis Klimov

From: "Bob Herlien" <bobh@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Cc: "Brian Kieft" <bkieft@mbari.org>

Sent: Sunday, February 4, 2018 9:04:01 AM

Subject: Re: PIC32MX470 Pinout on BEDS2

The GPS clock circuitry (Q5 etc, Group 16) is not necessary.  The IMU interface (U18A and U18B on schematic, Group 17) will likely change - you need to discuss this with Brian.
From: "Brian Kieft" <bkieft@mbari.org>

To: "Bob Herlien" <bobh@mbari.org>

Cc: "Denis Klimov" <klimov@mbari.org>

Sent: Sunday, February 4, 2018 10:11:52 AM

Subject: Re: PIC32MX470 Pinout on BEDS2

I came across this schematic (U1A is our chip) 

http://www.invensense.com/wp-content/uploads/2016/06/universal-evb_b_20130801-schematics.pdf

Not much on the developer boards about real life circuits. Then again, there's not a whole lot to it as I can see. Thoughts?

-bk-
From: "Bob Herlien" <bobh@mbari.org>

To: "Brian Kieft" <bkieft@mbari.org>

Cc: "Denis Klimov" <klimov@mbari.org>

Sent: Sunday, February 4, 2018 12:23:46 PM

Subject: Re: PIC32MX470 Pinout on BEDS2

    U1B, U1C, and U1D say "open".  I assume that means not stuffed.  Since I don't know what they're supposed to be (does anybody?), we'll probably just want to leave them off the schematic.

    I assume we're using the SPI interface.  In that case, perhaps the nomenclature should reflect that.

    Brian, you need to check this with the data sheet.  But I believe that if we use SPI, the chip can't talk I2C to a sub-chip, e.g. the AK9963 compass.  We can probably delete that (U2) too.

    Do we want to put in raw +28, and include the regulator? (U4).  Or just put in regulated 3.3?  I assume that regulator and the caps can't stand 28V.  So leave that out too?

Which pretty much just leaves the IMU and header(s).

Comments?
Bob

From: "Bob Herlien" <bobh@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Sent: Wednesday, February 14, 2018 3:10:42 PM

Subject: Re: datasheet update

No concerns.  I think you should use the latest datasheet.

Bob

----- On Feb 14, 2018, at 2:49 PM, Denis Klimov <klimov@mbari.org> wrote:

    Bob,

    the latest datasheet for PIC32MX470 is rev G, there were also revs E, F after rev D that you sent me. The revisions are described on page 354 of the pdf doc, marked in yellow by me.

    Any concerns with those you think? 

    Denis Klimov

    EE, R&D Engineering

    Monterey Bay Aquarium Research Institute (MBARI)

    7700 Sandholdt Rd

    Moss Landing, CA 95039

    Phone: 831-775-1914

    Fax:     831-775-1608

    email: klimov@mbari.org
From: "Bob Herlien" <bobh@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Cc: "Brian Kieft" <bkieft@mbari.org>

Sent: Saturday, February 17, 2018 9:33:19 PM

Subject: Re: mini-CDR

Deleting those items on page 5 looks good to me.  I've only looked over the schematic briefly.  I'll need to spend a little more time to verify; but so far it looks good to me.

Question - where does the POWER-ON signal get generated?  I didn't see it right away.

Bob

----- On Feb 17, 2018, at 10:18 PM, Denis Klimov <klimov@mbari.org> wrote:

    Bob, if you have time tomorrow to look at wiring around pic it would be good, i am getting back to this Monday morning.

    POWER-ON is not being wired yet. 
Resolution 2/21/2018: circuitry added page 1
It is kind of tricky: how fast does it need to be to only power down the pic when battery is low, taking into account that during modem operation the voltage could drop down momentarily but then recover?

    The alternative is, to program the end-of-battery behavior using signals V-SYS, and V-MODEM-MIN: for instance, if

    - if V-MODEM-MIN drops to some voltage between 6 and 8 volts, prohibit further modem operation

    - V-SYS drops to some voltage between 4.5 and 6V for say 100 ms, hibernate.

    The voltage could be selected taking into account the Battery Disconnect circuitry specs (listed on page 1):

    Battery Disconnect

    With Turn-On Delay

    4.5V full disconnect

    6V full connect

    The 3.3 switching regulator needs some voltage above 3.3 to guarantee clean 3.3V. Perhaps, minimum of 4.0-4.5V or so.

    Some 5.0V voltage is going to be conservative for 3.3v reg to work. So, our shutdown threshold could be based on that. If so, i could either put a hardware piece looking for 5V threshold and generating a POWER-ON discrete (by comparator or 5V bus supervisor), or you could do that via V-SYS monitoring.

    But then, do you need a valid POWER-ON to boot an app in first place? If this case, hardware 5V threshold monitoring is needed. For instance, U37 on page 10 of attached schematic is holding reset of digital counters down until the power is stabilized to withing 5% of 5V for 1.2 sec, then reset hold-down is released so the counters are starting to work.

Ideas?

Denis Klimov

From: "Bob Herlien" <bobh@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Cc: "Brian Kieft" <bkieft@mbari.org>

Sent: Sunday, February 18, 2018 12:11:03 PM

Subject: Re: mini-CDR

Hi Denis.  Here are my notes on the schematic:

Pin 28 should probably be connected to ground.
Pins 52 and 53 are mis-labelled.  52 is RTS2, 53 is CTS2.  But both are left open, so you can delete the labels if that's easier.
Resolution 2/19/2018: deleting net names, rather than leaving them unconnected
Pin 77 should be labelled /IMU_CS, as it's (probably) active low.

Resolution 2/19/2018: net names were indeed wrong, IMU_CS on one side of the wire, and /IMU_CS on another. Corrected
To that matter, what about 3.3V supervisor connected to PIC reset? It would allow clean power-up in well defined reset state, and resetting PIC in brown-out condition.

The PIC32 already has brownout detection, which will assert reset if 3.3V goes too low.  So an external supervisor won't help.  I'm not looking for a reset under that condition, I'm looking for an interrupt that will give me at least 50ms to do an orderly shutdown of any SD card activity before I lose power.

Re - your comments below.  Using the ADC to continuously monitor voltage levels is not sufficient, either.  For one, we'd have to run the ADC continuously, which we can't do while writing to the SD card.  And the software loops for the various states don't run that quickly.
I'd like a simple circuit that goes low when the input to the regulator drops below 5.0V or so.  Pin 72, which we use for POWER-ON, is one of the 5V tolerant pins, if that helps (i.e., you can safely apply a voltage of up to 5.0V to that pin).  Oasis5 just uses a resistor/zener combination; though we had some difficulty picking the resistor value so it got past the knee of the zener, without burning too much quiescent power.  So perhaps a comparator would be better.
I don't need that pin to be in the correct state at power-up in order to run correctly.  That pin won't assert an interrupt until I program it as an interrupt pin in the software.  If I need to wait for it to stabilize first, I just need to know what to look for before programming it as an interrupt pin.

Resolution 2/19/2018: POWER-ON signal could be slow to reach HIGH level. 
Also note that I can program a weak pull-up or pull-down on almost any pin.

Resolution 2/21/2018: Removing pull-up resistor from SPI buses 
Looks good, Denis!

Bob

From: "Bob Herlien" <bobh@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Cc: "Brian Kieft" <bkieft@mbari.org>

Sent: Monday, February 19, 2018 9:28:14 PM

Subject: Re: mini-CDR

----- On Feb 19, 2018, at 11:17 AM, Denis Klimov <klimov@mbari.org> wrote:

    Bob,

    good catches with net names - corrected.

    In regards POWER-ON - agree, hardware monitor looks to be the most robust solution. Some additional questions on start-up / power down/ end of battery/ behavior:

    - does your application start automatically after initial power-up? 

Yes, after power-up the software will run from the reset vector.

    - what about after /MCLR signal (which can be generated by 3 ways: by modem Release signal, from ICSp conn; from RESET pushbutton) - full recovery/ resume operation, right?  

Yes, a reset from /MCLR will operate just like a power-up; though we can tell the difference in software, if necessary.

    - what happens with POWER-ON signal (aside of dismounting SD Card), is it hibernation and game over, or processor is going to try to resume operation if POWER-ON is high and steady? 

We can specify any behavior we want, and I can program it that way.  In Oasis5, I wait for ~2 seconds for power to go away.  If I still have power, I then issue a software reset to start over.  It's a pretty simple algorithm, so I planned to do the same thing on BEDS2, unless some other behavior is needed.
    Idea: what about adding a normally open jumper to disable POWER-ON signal? This could be used to dismount the SD card manually before power-down and SD card removal. Or should we rely on automatic 50 ms dismounting after removing power? It seems, manual dismounting would be more reliable, esp if there is a way to confirm the SC reactivation by looking at test point. 

This is possible, adding a jumper for the user to tell the system to shut down.  But the user could also just use a command via the serial port to do the same thing.

Resolution 2/21/2018: added  2 pin connector (“Install Jumper for manual SD Card Shutdown”) 
Bob

From: "Denis Klimov" <klimov@mbari.org>

To: "Bob Herlien" <bobh@mbari.org>

Cc: "Brian Kieft" <bkieft@mbari.org>

Sent: Monday, February 19, 2018 6:23:43 PM

Subject: Re: mini-CDR

I did some measurements today for exact 3.3 regulator low-volt performance, and here is short story:

- to achieve stable 3.3V at 0mA load, min of V(J1) = 4.9V and V-cap-sys (TP1) = 4.86V is needed

- to achieve stable 3.3V at 100 mA load (33 Ohm resistor), min of V(J1) = 5.5V and V-cap-sys (TP1) = 5.25V is needed

Actual battery full connect voltage (J1): 5.5V

Actual battery full disconnect input voltage (J1): 4.5V

Conclusions:

5.0V detection threshold on V-cap-sys to generate POWER-ON might not be enough, depending on actual current needed to drive PIC

5.5V detection threshold on V-cap-sys to generate POWER-ON is needed to guarantee 100mA load at 3.3V, with very slow-discharging battery (slow input voltage reduction)

- to calculate the detection threshold with free-falling voltage (input disconnected, C12 = 10E3 uF is discharging supplying current to 3.3V switching regulator), and to achieve 50ms window until regulator stops supplying 3.3V, i need more or less accurate current consumption at 3.3 V

- detection threshold of 5.88V or 6.0V should be conservative for slow-discharging battery. It might not be enough for 50ms window for free-fall, so manual jumper is likely needed to manually disable POWER-ON signal and dismount SD Card.
Denis Klimov

From: "Bob Herlien" <bobh@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Cc: "Brian Kieft" <bkieft@mbari.org>

Sent: Monday, February 19, 2018 9:34:32 PM

Subject: Re: mini-CDR

It sounds like 6.0 V threshold may be better, then.  I leave that calculation to you.

Our power consumption should be much less than 100 mA in all conditions except when operating the modem.  And if the modem is on, that means we're in command mode, and not writing continuously to the SD card; so I'm not worried about having 50ms in that case.  I'll have to look at my notes from Oasis5 when I get into work, but my recollection is power consumption in operating mode of <10 ma.  But Oasis doesn't use the SD interface very much.  For BEDS2, we're writing SD frequently in watch and event cycles; so that may raise the power consumption somewhat.

Bob

From: "Bob Herlien" <bobh@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Cc: "Brian Kieft" <bkieft@mbari.org>

Sent: Tuesday, February 20, 2018 9:06:54 AM

Subject: Re: mini-CDR

Denis, I think that getting the hardware design into layout is more pressing than getting the POWER-ON circuit correct. 

I think you should just divide down the battery voltage by 1.8, put it into one side of a comparator, and put 3.3V into the other side.  That should make it switch when the battery goes below 6.0V.  Yes, it's not stable at power-up, but that's OK.  As I said, the software won't enable it until the 3.3V is stable anyway.  It doesn't matter if the output of the comparator is push-pull or open drain -- I can program a pull-up in software.
In any case, please get the design into layout.  I'm very concerned about getting hardware before I disappear on March 15.  Thanks.

Bob
From: "Bob Herlien" <bobh@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Cc: "Brian Kieft" <bkieft@mbari.org>

Sent: Tuesday, February 20, 2018 12:24:16 PM

Subject: Re: mini-CDR

Thanks.  If at all possible, please put plated-thru holes where I can insert test posts at MISO1, MOSI1, SCK1, MISO2, MOSI2, SCK2.  They don't need to be all together in one spot -- they can be scattered around, but I need to be able to put a logic analyzer on the SPI buses.  If you can do the same for /RTC_CS, /ADC_CS, /IMU_CS, and /SD_CS, that would be even better.

Resolution 2/21/2018: Wiring up 2x 5-pin test connectors for SPI Bus 1 (at RTC), SPI Bus 2 (at SD card) and 2 separate Test Points for /IDC_CS and /IMU_CS at located near PIC 
Thanks,

Bob

2/20/2018

MOB2 design components

C1-C52, continuous
D1-D13, continuous
J1-J14, missing J10

L1-L7, continuous
MH1-MH6, continuous

Q1-Q5, continuous
R1-R66, Missing: R49

S1-S3, continuous
TP1-TP20, continuous
U1-U21, Missing: U16, U17

MOB3 design components:

C1-C52, continuous; C??: 17x

D1-D13, continuous; D??: 1x

J1-J14, missing J10; J??: 5x

L1-L7, continuous; L??: 1x

MH1-MH6, continuous

Q1-Q5, continuous

R1-R66, Missing: R49; R??: 6x

S1-S3, continuous

TP1-TP20, continuous

U1-U21, Missing: U16, U17; U??: 2x

Y??: 1x

From: "Bob Herlien" <bobh@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Cc: "Brian Kieft" <bkieft@mbari.org>

Sent: Wednesday, February 21, 2018 9:37:19 AM

Subject: Re: mini-CDR

I'm in at MBARI today, and looked at my notes.   I mis-remembered the power consumption on Oasis5.  The lower numbers were the consumption of raw 12VDC, not 3.3V current.

In looking at the data sheet, the PIC32 CPU on BEDS2 should consume about 20 mA at 3.3VDC.  Add in a little for other peripherals, and we'll probably be at around 25 mA when in full operating mode (watch or event).   The next largest consumer of power (other than modem), is the SD card.  In watch mode (where we spend most of our time), we're writing to SD at a duty cycle of about .05%, with consumption of 50mA typical, 100mA max.  So the SD card may add about .05mA.  Event cycle is 5 times higher rate, so .25mA for the SD writes in event mode.

But of course, writing to SD is precisely what I need the energy for when we lose primary power.  But it's not a lot of writing in order to do an orderly shutdown.  Although I want 50ms total elapsed time, I estimate the actual time of actively writing to SD to be less than 10ms (probably closer to 5ms).  So, figure 10ms of 50mA, in addition to the background 25mA for running the CPU and peripherals for 50ms.  I suspect the resulting energy needs will not be difficult to meet.

Bob

From: "Denis Klimov" <klimov@mbari.org>

To: "Bob Herlien" <bobh@mbari.org>

Cc: "Brian Kieft" <bkieft@mbari.org>

Sent: Wednesday, February 21, 2018 10:45:22 AM

Subject: Re: mini-CDR

ok here is what i got: At no load, 3.3V reg looses sync at 4.86V (V cap sys). At 100mA load, at 5.25V (Vcap sys). At 50mA, say 5.0V?

Bob calculations: need  0.050 A x  0.010 sec + 0.025 A x 0.050 sec = 1.75E-03 coulombs, which is average 0.035A x 0.050A

Available charge: with discharge of 10,000 uF from 6.0V to 5.0V:  0.010 F x (6V-5V) = 1E-2 coulombs. Which is to say supply 0.1A x 0.1sec
If this is about right, we have about 6x more charge in this thing than needed, to dismount the SD card in the free-fall shutdown.

Denis Klimov
From: "Bob Herlien" <bobh@mbari.org>

To: "Brian Kieft" <bkieft@mbari.org>, "Denis Klimov" <klimov@mbari.org>, "Jose Rosal" <jrosal@mbari.org>, "Roberto Gwiazda" <rgwiazda@mbari.org>

Sent: Wednesday, February 21, 2018 4:49:15 PM

Subject: Serial Port on Test Points

The PIC gods have not smiled on us.  There is no combination of UART Tx and Rx that fit on the existing 8 test points.

However, TEST_5 can be configured for RxD3.  And if we move any of the other 7 test points, so that one of them goes to either pin 89 or pin 88, we can configure either of those pins to be TxD3, thus completing one more UART.  With appropriate software, of course.

Resolution 2/22/2018: Moving Test_4 to pin 89, and renaming net names:

TEST_4/TXD3

TEST_5/RXD3
Bob
From: "Jose Rosal" <jrosal@mbari.org>

To: "Denis Klimov" <klimov@mbari.org>

Sent: Wednesday, February 21, 2018 5:25:12 PM

Subject: RE: Serial Port on Test Points

Here’s the footprint name:

MOLEX_85513-6X6CKTS

 From: Denis Klimov [mailto:klimov@mbari.org]

Sent: Wednesday, February 21, 2018 5:13 PM

To: Bob Herlien

Cc: Brian Kieft; Jose Rosal; Roberto Gwiazda

Subject: Re: Serial Port on Test Points

vertical 6 pin connector:

https://www.digikey.com/product-detail/en/molex-llc/0855135014/WM3554CT-ND/2405742

Denis Klimov
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Part number: 0855135014
