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The processing power of today’s digital signal processors
(DSPs) goes into the range of several MIPS (million
instructions per second). However, these high data rates
can be achieved only if algorithms are executed from the
internal memory. The maximum communication speed
with external peripherals, such as analog-to-digital or
digital-to-analog converters, is highly limited due to exter-
nal bandwidth.

At conversion rates above 1 MSPS (million samples per
second), it is frequently difficult to collect the data from
the analog-to-digital converter (ADC) in time to process it
further.

Data converters with such a high conversion rate most
likely have a parallel interface to the parallel data bus of a
processor, since the speed on serial interfaces is further
limited. The reading of data from such an ADC by a
processor normally takes place by means of an interrupt
service routine (ISR). The maximum speed, however, is
limited, as every processor has a latency time (the time
required for first possible access within the ISR). The
latency time can add up to some hundred nanoseconds
depending on the processor type and its frequency. The
resulting speed is thereby limited to 1 to 2 MHz. From this
arises the problem of capturing and processing data that is
controlled via an interrupt from a fast ADC.

This article suggests a solution that increases the data
throughput of an ADC into a DSP by a factor of 5 to 10.
This solution is already integrated in one of the latest
ADCs, THS1206, developed by Texas Instruments.

Conversion and transfer of data

Fast analog-to-digital (flash/pipeline) converters typically
provide a digital conversion value with every clock cycle of
the sampling clock.

It frequently becomes a challenge for the DSP to collect
the data of these converters and process it at this higher
speed. For example, a data converter with a sample rate of
6 MSPS brings a new conversion value to the digital output
every 167 ns.

The maximum data throughput is a limitation because
of the latency time already mentioned. The latency time of
the TMS320C542 DSP with a frequency of 40 MHz is
around 400 ns. This latency time is lost every time the
DSP jumps into the ISR to read a conversion value.

Higher data throughput by using a FIFO
A higher data throughput can be achieved when the DSP
can read a block of conversion values instead of only one
value with every jump into the ISR. In this case the DSP
loses the latency time only once per block to be read.
Figure 1 shows an example where the DSP always reads
8 conversion values in a block within an ISR, therefore
losing the latency time only once per ISR.
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Figure 1. Reading a block of data
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The latency time can be seen in Figure 1. It is the time
from the falling edge of the signal DATA_AV (data avail-
able) to the first reading of the DSP.

The reading of the data in a block can be achieved by
using a FIFO architecture. The THS1206, which is a 12-bit
and 6-MSPS ADC, consists of a FIFO organized as a circu-
lar buffer to optimize the efficiency between ADC and DSP.

Figure 2 shows the block diagram of the THS1206. The
main feature on the analog side is the provision of four
analog input channels, which are switched simultaneously
from the sample mode to the hold mode (simultaneous
sample and hold). This feature is very important in modern
control applications, radar and communications systems.
The FIFO is capable of storing up to 16 conversion values
and is located between the ADC core and the digital output
of the THS1206.

Digital interface of the THS1206

When a digital interface for a DSP is evaluated, care should
be taken to ensure that the THS1206 can be connected to
different kinds of processors without external logic. To
this end, one important criterion is the programmable
reading and writing input. Processors today have either a
combined reading/writing (R/W) output or separate outputs
for reading (RD) and writing (WR). The THS1206 can be
connected to both types of processor without external
logic. As can be seen in Figure 2, the THS1206 possesses a
reading (RD) input and a writing (WR) input. The WR
input can be reprogrammed on startup to a combined

Continued on next page
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Figure 2. Block diagram of the THS1206
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Continued from previous page

reading/writing input by a corresponding programming of
the internal control register. With the examples of the two

DSPs, TMS320C54x and TMS320C6201, the different
possibilities are shown.

Figure 3. Interface of the THS1206 to the TMS320C54x

Interface of the THS1206 to the TMS320C54x

Figure 3 shows an example in which a THS1206 is con-
nected to the DSP TMS320C54x. The TMS320C54x controls
the reading and writing via the combined output R/W. The

R/W input of the THS1206 is programmed 1 to this end as a
combined reading and writing input. The RD input is

switched to inactive in this operating mode.
Addressing the THS1206 occurs via the two
inputs CS0 and CS1. The selection of the I/O
peripherals is controlled via the output
IOSTRB of the TMS320C54x, and addressing
takes place via the address line A14. The
converted data is read by TMS320C54x, con-
trolled via an interrupt (INTX).

Vooo THS1206 TMS320C54%
RD CS0 |« [OSTRB
CS1 <« A14
AIN1T—» AINP - g
AIN2— | AINM < /
AIN3 BINP DATA_AV » INTX
AIN 4 » BINM CONV_CLK |« BCLKX
DATA [« » DATA
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Interface of the THS1206 to
the TMS320C6201

Figure 4 shows an example in which two
THS1206 ADCs are connected to the
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Figure 4. Interface of the THS1206 to the TMS320C6201

TMS320C6201 DSP. The TMS320C6201 THS1206 - 1 TMS320C6201
controls the reading via the output ARE — —
and the writing via the output AWE. The AIN1 — AINP €S0 < CE1
selection of the THS1206 ADC is under- AIN2 —» AINM Cs1 |« EA20
taken via the control output CE1. The AIN3 —»{ BINP RD |« ARE
addressing of both ADCs occurs via the AIN4 —» BINM WR |« AWE
address connectors EA20 and EA21. An DATA_AV EXT_INT6
external address decoder therefore is not DATA 4 .-» DATA
required. The converted data is at any time CONV_CLK |« TOUT1
controlled via an interrupt (EXT_INT6, — | tout2
EXT_INT7) taken over by TMS320C6201. THS1206 - 2 EA21
—ClI — EXT_INT?7

Integrgted FIFO . circular buffer A — €S0 et
As previously mentioned, the new AIN 2 » AINM cs1
THS1206 ADC has an on-chip FIFO, AIN3 » BINP RD |«
implemented as a flexible circular buffer AN » BINM WR |«
to increase the maximum data through- DATA AV
put between ADC and DSP. With every DRTA <
falling edge of the sampling clock, a new

Lo T CONV_CLK |«
conversion is initiated and a converted
value is written into the FIFO. The circu-
lar buffer integrated in the THS1206 can
store up to 16 conversion values. With a

conversion rate of 6 MHz and a pro-

grammed FIFO depth of 8, the THS1206

stores 8 values in the FIFO within 8 x 167 ns = 1.34 jis.
Only then does the ADC indicate to the DSP, with the digi-
tal control signal DATA_AYV, that a block of data is ready to
be read. This gives more flexibility to the processor and
frees up resources for other activities.

The FIFO is configured as a flexible circular buffer. In
principle it allows an overwriting of data that hasn't been
read. This can be of interest for applications where data has
to be sampled only in specific time frames. An example of

this is the fast Fourier transformation (FF'T), where typi-
cally a block of data has to be read (1024, 2048, 4096, ...).
However, the data that is read always should be the
most recent, which is ensured by this specific circular
buffer architecture. Overwriting is prevented in the relevant
time frames by reading fast enough from the processor to
prevent overlap.
Figure 5 shows the architecture of the integrated FIFO,
organized as a circular buffer. The reading from and writing
to the FIFO is controlled entirely internally and can
occur asynchronously. The conversion values are

Figure 5. FIFO organized as a circular buffer written automatically to the FIFO. In order to control
the reading and writing, a read pointer and write

Write Pointer

pointer are used. These pointers always point to the
cell in the FIFO where data has been written and to
the cell that should be read next time.

This FIFO is designed specifically to allow multiple
analog input channels for the ADC. In this case, the
converted values are written into the FIFO in a pre-
defined sequence (Autoscan Mode). Therefore, the
channel information is always maintained for the
processor and the higher data throughput can also be
achieved for a data converter with multiple inputs.

Continued on next page
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Figure 6. Increased data throughput for the TMS320C542

It is possible to select a specific storage
depth (trigger level). When this level is
reached, the converter (THS1206) informs 25
the connected processor via the digital out- =
put DATA_AV (data available) that a block of E 201 = finy
converted values is ready to be transferred. = = trusizoe
The block size to be read is always equal to § 151 = foverflow
the setting of the storage depth (trigger =
level). A further pointer (trigger pointer) £ 10!
controls the signal DATA_AV dependent on g
the storage depth. E— . R .
Figure 5 gives an example with a selected 5 31 \
storage depth of 8. Initially, the trigger pointer
points to position 8. The read pointer points 0 1 2 P 1
to position 1, and the write pointer initially Trigger Level
begins to write into location 1 and is incre-
mented with every conversion value. In the
example, the write pointer already points to
position 7. The next increment of the write
pointer reaches the trigger pointer, which
means that the storage depth is reached (position 8). of the processor to capture the data fast enough at a given
Therefore, the control signal DATA_AV becomes active and trigger level (Ty,) and latency time (tpaT).
tells the processor that a block of data (8 values) waits to
be read. The selectable storage depth allows variable set- f _ Tp -1, (D
tings for different processors and specific applications. overtlow = AAVR
Efficiency of the FIFO
As previously explained, the conversion values of the ADC fiNT = T—L )
can be read in a block from the processor. This optimizes tpar +Uisr
the interface between the ADC and the DSP, which frees
up the processor and speeds up the data transfer. Figure 6 proves the efficiency of the FIFO. In this exam-
To analyze the maximum data throughput between the ple, the THS1206 is connected to the TMS320C542 with a
processor and ADC, the latency time of the processor, the 40-MHz crystal. The figure shows the maximum sampling
length of the ISR, and the storage depth of the FIFO are rate versus the selected storage depth (trigger level). The
essential. The required parameters for an analysis of the speed limitation caused by the length of the ISR (fiNyT), the
maximum data throughput are: risk of overwriting unread data (foyerflow), and the maxi-
T Depth of the FIFOs mum sampling speed of the ADC (frysi206) are shown.
TL Trigger level The highest data throughput at a specific trigger level is
taavR DATA_AV active to first read determined by the slowest of these three parameters. In
tLar  DATA_AV active to first instruction within the ISR this specific example, the maximum speed of the THS1206
tISR Length of the ISR can be achieved only if a trigger level of 8 is chosen for a
The latency time is defined by the hardware and software 16—Word—deep FIFO.’ Ata trigger level below 8, the proces-
of the DSP. The length of the interrupt service routine sor is unable tq achieve thg mgh data throughput beca}qse
results from the latency time and the time required to Of. the lat.ency time. Qverwrltlng of old data becomes critical
read a block of data from the FIFO. The data throughput with a tmgger level higher than 8. .
. : . . The maximum data throughput of the THS1206 into the
goes up with an increasing block size that can be read TMS320C54x also is shown in Table 1
within one ISR. This is valid up to a specific limit of the )
FIFO, determined by the depth of the FIFO. As soon as
the storage depth (trigger level) reaches the maximum Table 1. Data throughput of the TMS320C542-40
depth of the FIFO, old data might be overwritten. T 1 4 8 14
The.refore, fo_r every processor and spemﬁc application, tisR 475 ns 550 ns 850 s 1300 s
the ideal choice of all parameters exists. ™" 5 MH 5 MH 6 MHz* 5 MH
The maximum data throughput can be derived as follows. device z Z z z
Equation 1 determines the maximum data throughput at a foverflow 21.4 MHz 17.1 MHz 11.4 MHz 2.8 MHz*
given trigger level (T1,) and depth of the FIFO (Tp) without fisr 1.1 MHz* 4.2 MHz* 6.4 MHz 8.2 MHz
overwriting of old data. Equation 2 determines the ability *Maximum data throughput dependent on the selected trigger level
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Figure 7 shows a second example of the
FIFO’s efficiency. In this case the THS1206
with integrated FIFO is connected to the
TMS320C6701 with a 100-MHz crystal. The
figure shows the maximum sampling rate ver-

sus the selected storage depth (trigger level). — 80
The speed limitation caused by the length of

the ISR (fiNT), the risk of overwriting unread =
data (foverflow), and the maximum sampling =
speed of the ADC (frysi206) are shown. The 2 504
highest data throughput at a specific trigger £
level is determined by the slowest of these £ 30
three parameters. In this specific example, E- 201
the maximum speed of the THS1206 can be 5

achieved if a trigger level higher than 1 is
chosen for a 16-word-deep FIFO. Even a trig-
ger level of 14 is possible in this example.
The processor is fast enough to react and to
prevent an overwriting,.
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Figure 7. Increased data throughput for the TMS320C6701
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The maximum data throughput of the
THS1206 into the TMS320C6701 also is
shown in Table 2.

The explanations and examples used in this article show
that the way data converters and DSPs transfer data will
have a significant effect on the overall performance of a
system. System designers will find that the speed of these
data transfers can be optimized when the data converters
and DSPs have features and capabilities that complement
each other. This requires an intimate knowledge of both
DSP and data converter technology.

Texas Instruments provides a family of ADCs with FIFO.
These are the THS10064 (10 bits, 6 MSPS, 4 analog
inputs), THS12082 (12 bits, 8 MSPS, 2 analog inputs), and
the THS10082 (10 bits, 8 MSPS, 2 analog inputs).

Table 2. Data throughput of the TMS320C6701-100

L 1 4 8 14
tiSR 130 ns 280 ns 480 ns 780 ns
fdevice 6 MHz 6 MHz* 6 MHz* 6 MHz*
foverflow 76.9 MHz 61.5 MHz 41.0 MHz 10.2 MHz
fisp 3.9 MHz* 9.6 MHz 13.1 MHz 15.4 MHz

*Maximum data throughput dependent on the selected trigger level
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