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DSSS control board interface to DSP
We designed and built a direct-sequence spread spectrum (DSSS) circuit board to generate automatic gain control (AGC) signals and properly synchronized de-spreading code streams for the four receivers used by the Maximin algorithm; we can also use this board to control a DSSS transmitter.  It uses recovered information about the code “chip” boundaries to produce trigger pulses for sampling the de-spread
 quadrature (I and Q) signals by an attached Analog-to-Digital (A/D) converter.  The A/ D converter supplies the digitized samples to an attached digital signal processor (DSP), which reduces them to data bits via the Maximin algorithm.
  We describe the circuits used to create these signals in other sections of this report.

In addition to data acquisition, the DSP also controls the operation of various circuitry on the DSSS control board.  Control functions include loading operational parameters into each channel’s AMIS-50050 spread-spectrum baseband controller (which in turn controls an AMIS-50051 digital demodulator), loading the initial spreading-code pattern into a “constant register” used by the epoch-detection component of the conversion trigger generator, and resetting the subsystems after each packet.

The DSP performs these control functions by accessing the DSSS control board as a set of peripheral devices attached to the DSP’s external memory interface (EMIF).  In our prototype implementation, the EMIF signals are accessed via an 80-pin external memory interface “daughterboard” connector
 on a DSP starter kit (DSK) board, to which our DSSS control board is attached.  The DSSS control board also passes these lines through a similar connector to the Texas Instruments “5-6K” board, which supports the two analog-to-digital (A/D) converter evaluation modules (EVMs) and their signal conditioning circuitry.  There is a second 80-pin daughterboard connector for the “external peripheral interface,” which provides access to several other DSP signals.  The pass-through daughterboard connectors act as a signal bus.  We can insert an optional Bitec DSK-INET Ethernet board (which also has pass-through connectors) on either side of the DSSS control board.
The DSK uses 74LVTH16254 tri-state buffers between the DSP’s I/O pins and the 80-pin bus connectors.  Because these buffers implement a “bus hold” feature, none of the peripherals on the 80-pin bus should use pull-up or pull-down resistors on their bus inputs.
  The DSK can be configured to operate with either 3.3V or 5V power; although we intend to use only 3.3V logic, it is advisable for all bus inputs to use logic in the “AHC” family due to its ability to tolerate accidental 5V inputs.  Since our bus interface uses CMOS devices, which have high input impedance, it is not necessary to employ input buffers except in cases where a large number of gates would present an unacceptable capacitative load (e.g., greater than 50 pF).  If some subsystem needs to output data to the bus (so the DSP can read it, e.g. the interrupt source register), then it does need tri-state buffers for its data lines.
The EMIF subsystem on the DSP chip can be programmed to support various kinds of synchronous dynamic random-access memory (SDRAM), providing automatic refresh.  However, when accessing any of the devices we have attached to the DSK bus, including our DSSS control board, the EMIF can operate in a much simpler asynchronous-memory mode.  Table 1 shows the EMIF signals of interest in this mode; the “direction” is from the point of view of the peripheral device.  The signal names vary somewhat; the ones used here are those shown in Spectrum Digital’s DSK schematic, with the “DC_” prefix removed.  A signal name ending in “#” indicates that its active state is low (below 0.4V); for all other signals the active state is high (above 2.4V).
Table 1:  Relevant external memory interface signals

	signal
	direction
	purpose

	D[0..31]
	input/output
	data

	A[2..21]
	input
	address

	BE[0..3]#
	input
	byte selector

	CE2#
	input
	select address space 2

	CE3#
	input
	select address space 3

	AOE#
	input
	enable I/O

	ARE#
	input
	read transfer strobe

	AWE#
	input
	write transfer strobe

	ARDY
	output
	insert wait states


Instead of address bits 0..1, a byte-within-word selector BE[0..3] is provided; it can be ignored, since we intend to program all DSSS control board accesses as 32-bit words.
  Peripherals that respond sufficiently quickly to the read/write strobes do not need the ARDY signal, which is held high by pull-up resistors on the DSK board.  There are several timing constraints among these signals, and the EMIF subsystem on the DSP chip can be programmed for specific timing (strobe width, etc.); however, it should suffice for our purposes to stick with the default settings established by the DSK board support library.
Since we might wish to use Bitec’s DSK-INET Ethernet board, which responds whenever CE3# is asserted, our DSSS control board and the A/D EVMs are configured to respond only to CE2# in conjunction with appropriate address patterns.  (Address allocation will be discussed later.)  Modifications to the A/D EVMs that are necessary to make them honor the CE2# signal are described in another section of this report.
Table 2 lists signals of interest on the external peripheral interface bus.
Table 2:  Relevant external peripheral interface signals

	signal
	direction
	purpose

	TOUT0
	input
	programmable timer 0

	TOUT1
	input
	programmable timer 1

	EINT4#
	output
	interrupt at level 4

	EINT5#
	output
	interrupt at level 5

	EINT6#
	output
	interrupt at level 6

	EINT7#
	output
	interrupt at level 7

	DET
	output
	daughter-card detect

	RST#
	output
	reset the DSK


DET and RST# should not be used.  The two programmable timers could be used to provide regular clock pulses, etc., but we do not make any use of them.
  Any of the interrupt signals causes DSP processing to be temporarily diverted to a level-specific interrupt-handling function, and is normally used to indicate that a previously initiated time-consuming operation has completed, or that data has become available.  Each interrupt-generating peripheral or subsystem must assert a unique interrupt level.  Table 3 lists the interrupts currently assigned to specific functions, although we may not need to use these.

Table 3:  Interrupt assignments

	interrupt
	function

	EINT4#
	DSSS controller: status/tracking

	EINT5#
	A/D EVM: FIFO data available

	EINT6#
	[unassigned]

	EINT7#
	DSK-INET Ethernet board


Figure 1 shows how the EMIF lines are used to select a specific subsystem on the DSSS control board for reading or writing.  The 74AHC138 decoder responds to DSP addresses A020000016 through A03C000016.
  Address bits 14..17 (corresponding to mask 0003C00016) must always be zero, because the A/D EVMs have selection circuitry that uses only those bits.
  That leaves address bits 2..13 available to select functions or registers within any subsystem that needs that capability.
  Additional 74AHC138s, gated by the appropriate subsystem selector (low-active output Yn from the A18..21 decoder),
 can be used to decode the function/register selector bits.  (See Figure 3 for an example.)  The write-strobe pulse AWE# must be at least 104 ns wide, to accommodate gate propagation delays and flip-flop clock pulse-width requirements; this is configured as up to 63 ECLKOUT cycles (700 ns in our case) by the DSP’s EMIF control register CECTL2.  The read-strobe pulse ARE# is similarly configured, and can be extended if need be by pulling down the ARDY line, which must be reset to high to end the strobe.
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Figure 1:  Subsystem selection
Base addresses11 used by the various DSSS control board subsystems and the A/D EVMs are shown in Table 4.  We explain the peculiar addresses for the DSSS controllers later, in conjunction with Figure 7.
Table 4:  Address assignments

	Y#
	hex address
	R/W
	function

	—
	A0024000
	R/W
	both A/D converters (operating in tandem)

	Y0
	A0200000
	W
	A/D conversion trigger: initial code pattern

	Y1
	A0240000
	W
	all four DSSS controllers simultaneously

	Y1
	A0240E00
	R/W
	DSSS controller # 4

	Y1
	A0241600
	R/W
	DSSS controller # 3

	Y1
	A0241A00
	R/W
	DSSS controller # 2

	Y1
	A0241C00
	R/W
	DSSS controller # 1

	Y2
	A0280000
	W
	external control (e.g., D0 ( JAM enable)

	Y3
	A02C0000
	R
	interrupt source register

	Y4
	A0300000
	W
	interrupt enable register

	Y5
	A0340000
	
	[unassigned]

	Y6
	A0380000
	
	[unassigned]

	Y7
	A03C0000
	W
	DSSS control board master reset


Figure 2 shows a circuit for loading a five-bit parameter register constructed from D-type flip-flops, used in the conversion-trigger generator subsystem.  The peculiar “AND” gate is actually implemented as an ordinary NOR gate.  Since this subsystem has only one register, no decoding of the function/register selector bits is necessary.
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Figure 2:  Single-register write-only interface
For 1 or 2 bits, the 74AHC174 can be replaced by a 74AHC74; for more than 6 bits, use 74AHC273s.  An even simpler circuit could be used for a subsystem that merely needs to be switched on or off; the flip-flops could be removed, and the output of the 74AHC02 gate could be used directly as a toggle signal.  More robustly, a single flip-flop could be used to latch D0, interpreted as the desired on/off state.
As an illustration of function/register selection, Figure 3 shows a hypothetical subsystem that contains eight individually addressable 16-bit write-only registers.  We buffer the data lines to reduce capacitative loading on the DSK bus.

[image: image3]
Figure 3:  Multiple-register write-only interface

If a subsystem provides information to the DSP without requiring any inputs from the DSP, we can use the interface shown in Figure 4.  The data can be loaded into the latches at any time, although changing it while the read operation is in progress is not advisable.  Tri-state buffers (built into the latches) are necessary to avoid loading the bus data lines when the subsystem is not selected.  The pull-up resistors ensure that the bus outputs remain in a high-impedance state during power-up.
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Figure 4:  Multiple-register read-only interface
If the subsystem needs to read back the contents of its registers, then it is necessary to separate the register and tri-state buffer functions, as shown in Figure 5.  Again, the subsystem can change the register contents at any time.


[image: image5]
Figure 5:  Multiple-holding-register read-only interface

An interface that needs to both read and write data is necessarily more complicated, due to the need for data to move to and from the DSK bus.  Subsystems like the THS1206 A/D converter simplify this by providing a RAM-like interface with data, address, and control lines; for this kind of device, the data, function/register selector address, ARE#, and AWE# lines may be attached directly to the DSK bus, although subsystem selection must still be handled as shown in Figure 1.  The interface for an AMIS-50050 DSSS controller is also of this kind, and Figure 6 shows a suitable circuit.
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Figure 6:  Single AMIS-50050 interface

We can achieve separate addressing of each AMIS-50050 DSSS controller by using the spare address bits A9..12 to select a controller corresponding to a 0 bit,
 as shown in Figure 7.  All controllers can be written simultaneously by setting A9..12 to 0000.

[image: image7]
Figure 7:  Multiple AMIS-50050 interface
If it should become necessary to build a read/write interface from scratch, tri-state transceivers such as the 74AHC245 will be useful; its DIR control line determines the direction of data flow, which can be derived from either AWE# or ARE# gated by the appropriate Yn.  Additional logic gates such as SN74CBTLV3257 bus multiplexers will be necessary to re-route register input, normally received from the subsystem, to come from the bus transceiver instead during the write strobe.
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� The received signals must be de-spread (multiplying chip data by the pseudo-random spreading-code sequence) before demodulation.


� In a fielded system, the DSP would concurrently acquire, transform, and forward received data using two or three non-overlapping data buffers.


� In a fielded system, the DSP could also control RF functions such as down-converter frequency synthesis.


� The connector also provides power and ground connections.


� Pull-up or pull-down resistors would otherwise be necessary to prevent CMOS inputs from “floating” when the bus lines are inactive (high-impedance mode).


� As it turns out, none of the DSSS control board subsystems use more than 8 bits (accessed at the low-order end of the 32-bit word).


� The A/D EVMs can use one of these timers to trigger data acquisition and conversion; however, we are unable to take advantage of this because we must phase the data sampling to occur near the middle of each chip, and there is no way to synchronize a DSP-provided timer with the chip data.


� On-chip timers and the Enhanced Direct Access Memory (EDMA) controller may use separate (internal) interrupts.


� The high nybble (hex “A”) selects the CE2 space.


� This could be changed to address bits 2..5 by installing jumper W1 on the 5-6K board.  However, we prefer to reserve the largest possible contiguous set of address bits for function/register selection.


� 4,096 contiguous word addresses (16,384 bytes) are available starting at each base address.


� Any unneeded extra gate inputs must be tied to VDD (G1) or ground (G2A or G2B).


� Since the A/D EVMs do not do this, their data must be read only after a DATA_AV interrupt indicates that data is available, and the exact configured threshold amount of data must be read per interrupt.  Alternatively, it may be possible to transfer the data to storage at the precise chip/sample rate using one of the DSP timers under EDMA control.


� Notice that we do not use the tri-state capability of the 74AHC16374 in this application.


� We use a 0 bit value as selector instead of the more intuitive value 1, in order to simplify construction.  (Quad OR gates are readily available.)
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