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                Getting Started with the AVR Butterfly
   and SD Cards
   Chuck Baird
   http://www.cbaird.net
   This document may be reproduced freely provided it is not modified.
   Use this information at your own risk! There may be errors, and
   it is certainly incomplete. The author makes no guarantees about
   anything.
   There is an abundance of information about MMC and SD cards, but most
   of it seems more obscure that it needs to be. This document outlines
   my experience in trying to read a secure digital (SD) card using the
   Atmel Butterfly. It is not intended to cover all of the details, and
   in fact it presents only one special case of interfacing, but
   hopefully it will provide some useful insights into the process.
   Get yourself a copy of SanDisk’s Secure Digital Card Product Manual,
   version 1.9, document number 80-13-00169. It appears that SanDisk no
   longer offers it, but other sources do. It covers all the details of
   interfacing, although it is confusing in places.
   The Butterfly has a half megabyte dataflash chip wired to its SPI
   lines. We will also use SPI for the SD card, and if you program your
   Butterfly with ISP, that uses the lines as well (this is not an issue
   if you use the serial bootloader). I used an STK500, and had to unplug
   the SD card interface while programming.
   Here are some of the Butterfly’s pin assignments for port B, the
   solder holes in the lower left hand corner as you look at the LCD
   side. Bit 0 has the square solder pad, bit 1 is across from it, and
   bit 2 is adjacent to it:
   Port B, bit 0 – dataflash chip select
   Port B, bit 1 – SPI clock; also dataflash & ISP
   Port B, bit 2 – SPI MOSI (master out, slave in); also dataflash & ISP
   Port B, bit 3 – SPI MISO (master in, slave out); also dataflash & ISP
   Port B, bit 4 – joystick center
   I used Spark Fun’s breakout board for SD-MMC cards just because it
   makes things easier. An SD card has 9 pins, and the pin assignment
   varies on the mode the card is in (discussed below). We will be using
   it in SPI mode, and the pins are:
   Pin 1 – chip select, active low
   Pin 2 – data in (host to card)
   Pin 3 – supply voltage ground
   Pin 4 – supply voltage
   Pin 5 – clock
   Pin 6 – supply voltage ground
   Pin 7 – data out (card to host)
   Pin 8 – reserved
   Pin 9 – reserved
   The Butterfly uses 3 volts, and the SD card has a range of voltages
   around 3.3. While the hardware people will probably cringe, I just
   hooked them together and it worked fine.
   Here are the connections:
   Pin 1 to Port B, bit 4
   Pin 2 to Port B, bit 2
   Pin 3 to ground
   Pin 4 to an external power pin on the Butterfly, like the Port B, pin
   10
   Pin 5 to Port B, bit 1
   Pin 6 to ground
   Pin 7 to Port B, bit 3
   Pin 8 to a 10K resistor to external power
   Pin 9 to a 10K resistor to external power
   Don’t mess with the joystick! At least don’t push it in. Pressing it
   in will ground bit 4 of Port B, and we’re going to use that bit as an
   output. If you need to use the joystick, you may want to substitute
   one of the other port/bit combinations instead of B4 for the SD card
   select line.
   Here’s what you do in software:
   Set up Port B, Bit 0 to be either:
   An input, and enable the pullup; or
   An output, and write a 1 to it.
   Either of these will keep the dataflash chip’s select line high, and
   keep it quiet.
   Set up the other Port B bits:
   Bits 1 & 2 as output
   Bit 3 as an input, with pullup enabled
   Bit 4 as an output, and write a 1 to it
   Set up the SPI as the master, enabled, in mode 0
   If you want to relay info to a PC or elsewhere, maybe set up the USART
   The SD card has a dual personality, one with a 4 bit wide data bus and
   one using serial SPI communications. When power is first applied, it
   comes up in the native SD, non-SPI mode. We will switch it into SPI
   mode, and it will stay there until the power cycles. Thus, while
   you’re testing and playing around, be sure to kill the power to the SD
   card between tests to clean up everything and start fresh.
   SPI is implemented as sort of virtual shift registers, one in the
   designated master (the Butterfly in this case) and one in the slave
   (the SD card). To write something to the card, such as sending it a
   command, we write a register in the MCU. The hardware then performs 8
   clock cycles, shifting the 8 bits to the slave, but simultaneously 8
   bits are shifted from the slave to the master. We can then read the
   returned value from the same MCU register, or we can ignore it.
   Reading from the slave works in the same way. To read a byte we write
   a “don’t care” value into the register. The hardware sends that byte
   to the slave, while receiving the byte we’re interested in. We can
   then read the “good” value from the register.
   Fortunately all this is done for us automatically. We just write
   registers, watch busy bits, and read registers, and the SPI interface
   handles the details. The full SPI discussion in the datasheet is only
   a few pages long and is pretty straightforward.
   So, to talk to the SD card:
     1. 
       Wait a millisecond (one source recommended this anyway). You want
       power to be stable.
     2. 
       Send ten 0xFF bytes out through the SPI. Do not write a 0 to PB4
       (the chip select line). These 74+ clock pulses gets the SD card’s
       attention and wake it out of its stupor.
     3. 
       Write a 0 to PB4. This enables/selects the card.
     4. 
       Send the following 6 bytes: 0x40 0x00 0x00 0x00 0x00 0x95. This is
       CMD0, with its CRC as the last byte. Ignore the return values.
       This switches the card into SPI mode, but it will be in the middle
       of initialization (the “idle” state).
     5. 
       Send 0xFF and check the result. If it is 0xFF, ignore it and
       repeat, up to a maximum of 8 to 10 times. If you get a 0x01 back,
       continue with the next step. If you get something else back, or
       you don’t see 0x01 within 8 or 10 tries, something is wrong (it’s
       an error return or timeout error).
     6. 
       Write a 1 to PB4. Actually, this can preceed or follow step 7.
     7. 
       Send a 0xFF to the SPI, ignoring the return. This is the
       end-of-command clocking.
   You’re now in SPI mode, and we need to wait for initialization to
   complete. Repeat the following steps as necessary (depending upon card
   size, this can take almost a second). On the SD card I have, running
   the Butterfly at 8 MHz and the SPI at normal speed, coded in assembly
   language, I need to repeat it 500 – 800 times:
     8. 
       Write a 0 to PB4 to select the card.
     9. 
       Send the following 6 bytes: 0x41 0x00 0x00 0x00 0x00 0xFF,
       ignoring the return values. This is CMD1 – we are asking whether
       it’s still in initialization. The final 0xFF in the sequence can
       be any odd (bit 0 set) value.
     10. 
       Send 0xFF and check the result. If it is 0xFF, ignore it and
       repeat, up to a maximum of 8 to 10 times. If you get a 0x00 back,
       continue with step 14. If you get 0x01 back, continue with step
       11. If you get something else back, or you don’t see 0x01 or 0x00
       within 8 or 10 tries, something is wrong (it’s an error return or
       timeout error).
     11. 
       (received a 0x01 = still initializing) Write a 1 to PB4
     12. 
       Send a 0xFF to the SPI, ignoring the return. This is the
       end-of-command clocking.
     13. 
       If you’re counting attempts (to avoid a timeout error), this is
       where you decide to quit. Otherwise, go back to step 8.
     14. 
       (received a 0x00 = ready) Write a 1 to PB4
     15. 
       Send a 0xFF to the SPI, ignoring the return. This is the
       end-of-command clocking.
   At this point the card is initialized and ready to go.
   So the general command structure in SPI mode is as follows:
   Select the card by writing 0 to PB4. Send a command, always 6 bytes.
   The last byte is the CRC * 2 + 1, which by default is turned off in
   SPI mode, so we’re using 0xFF (bit 0 must be set). The first byte is
   the command number, plus 0x40. Argument values may fill the middle 4
   bytes.
   Wait 0 to 8 byte cycles, running the clock by sending 0xFF and
   checking the return. If the high bit is 0 (that is, the return value
   is 0x00 to 0x7F) then the low 7 bits are error flags. We usually want
   to see a zero here, except that 0x01 in response to CMD0 means it’s
   initializing. If we get more than 8 0xFF returns, something is amiss.
   This response can be 1 or 2 bytes long depending on the command. It
   can also be followed by a “busy” (also depending on the command). In
   that case, when we send a 0xFF we get back a 0x00. When the busy
   completes, we will get back a 0xFF.
   If we do a command that returns a block of data, there will be a block
   header byte that precedes it. There may be some 0xFFs returned between
   the response and the block header byte, so we have to be prepared to
   ignore them. The block of data will immediately follow the header
   byte.
   For example, CMD9 requests the CSD register. You send the command,
   ignore any 0xFFs until you get back a 0x00, ignore any 0xFFs until you
   get back a 0xFE (the block header), then read 18 bytes, 16 of which
   are the register value and 2 of which are the CRC which may be
   ignored. Then send one more 0xFF (described next).
   Finally, after all commands, write 0 to PB4 and send one more 0xFF to
   send 8 more clock pulses. These can actually be done in either order.
   Of course it’s not this simple, and there are many special cases,
   including sending and receiving multiple blocks, both of which may be
   interrupted; error detection and recovery; etc. There are also several
   card dependent values in the CSD register that allow you to customize
   all sorts of things for the particular card you are reading and
   writing. However, hopefully this look at the initialization process
   will get you pointed in the right direction.
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