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1 Introduction

This application note describes the processes involved in sampling data from the
SMT946 into the DSP’s memory.

It also describes a method to “replay” the samples through the SMT946’s DACs.

The SMT946 consists of 4 ADCs and 4 DACs as separate devices. A local 25MHz
clock is also present. All of these devices are connected to the Sundance Local Bus
(SLB) via logic/voltage level translators where appropriate.

The local clock is simply fed via the SLB to the SMT372T’s FPGA as a sampling
reference clock. Two MMCX connectors are also present on the SMT946, each of
which is also routed to the FPGA via the SLB connector.

It is the responsibility of the FPGA to generate the ADC sample start command, to
receive the ADC sampled data, and to send DAC data.

The described firmware is based on a Xilinx Microblaze (MB) processor. This is the
core component of the SMT372T firmware and is responsible for allowing
communication to and from the FPGA’s attached peripherals (Ethernet, DSPs’ Host
Ports, SLB, etc.).

Several IP cores are provided within this FPGA. All sources for these cores is
provided and is compatible with Xilinx ISE/EDK/SDK/BSB. Version 13.4 has been
used in this instance.

2 Prerequisites

It is not essential in order to run this demonstration application but it is highly
desirable for an in-depth knowledge of the following tools:

Xilinx ISE, EDK/SDK/XPS. Version 13.4 has been used throughout the development
of this application.

ISE has primarily been used to create new IP cores and MB peripherals. Xilinx
ChipScope has been used to show the logic functionality.

XPS/EDK has been used to create the MB system which is the heart of the firmware
of the SMT372T.

SDK has been used to create the MB program which controls the whole system.

Code Composer Studio (CCS, Texas Instruments). Version 5 has been used in this
instance. Its features show captured samples in a graphical way.
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3 Firmware (system) Description

Whilst the major processing elements of the SMT372T are obviously the two
TMS320C6472 DSPs, in some way they can be considered a peripheral of the FPGA.

When the SMT372T boots from power-on, the first action taken is that the FPGA is
configured (automatically) from a bitstream held in flash memory. This bitstream
can easily be changed using the Sundance SMT6002 flash programming utility (for
use on a Windows host PC).

After the FPGA is configured, typically the firmware will include a Microblaze (MB)
32-bit processor. In the application described here, this processor is set to run at
125MHz. The MB processor clock is actually derived from the DSP’s SYSCLKOUT pin.
The SYSCLKOUT pin is set to 25MHz using a Phase Locked Loop (PLL). Note that the
internal speed of the DSP is much higher than this.

In this application it is simpler to let the FPGA execute the default firmware, and
then to load and execute the demonstration firmware using Xilinx’s SDK tools via a
Xilinx JTAG pod.

When the application firmware is loaded, cores are present to:

1) Read the serial data from the ADCs and make this available as 32-bit registers
for the MB.

2) Write from MB accessible registers to the DACs.

3) DMA from either the ADC or DAC to the DSP’s Host Port Interface (HPI).

4) Allow the MB to access the DSP’s HPI.

With the above cores in the firmware, the software that the MB runs performs the
following:

1) Sets the DSP’s PLL to allow the MB to run at 125MHz.

2) Sets the DSP’s HPI destination address to point to DDR memory.

3) Initialises an ADC sample rate.

4) Sets up a DMA to copy ADC samples to the HPIL.

The samples will be stored directly into the DSP’s DDR memory. This can then be
viewed in the time or frequency domains using the CCS embedded graph functions.
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4 Hardware Setup

Set the SMT372T’s DIP switches as shown here:
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Build the system with the SMT372T screwed onto the SMT111 (this creates an
EVP6472). Using two SLB extenders (with JTAG breakout), attach the SMT946 to the
EVP6472.
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Connect a signal generator and oscilloscope to the SMT946. The picture below
shows the signal generator cable in brown and the oscilloscope cable in blue.

An EVP6472 USB connection to a host PC will allow the SMT372T’s flash to be
reprogrammed (not shown connected here).

The SLB extender’s JTAG breakout cable will plug directly into a Xilinx JTAG
programmer (pod).

CCS connects to the SMT111’s JTAG1 header.
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5 Xilinx Tools Setup

5.1 XPS/EDK Setup

The following screenshot shows the XPS/EDK system assembly view open at the bus
interfaces tab. This shows the MB and its components, and the peripherals for the
ADC, DAC, DMA, and HPL

The project is called system_372t.xmp and is provided as an archive.

‘R ea RP@izccm2E TN

LLFP 'fJ Bus Interfaces Ports | Addresses |
ME MB = Name Bus Mame IP Type IP Version

dimb 4 Imb_v10 1.00.a
“oilmb 4 Imb_v10 1.00.a

mb_plb 1 plb_wd6 1.05.a
[ microbloze 0 1 microblaze 5.20.b
Imb_bram 'ﬁ bram_block 1.00.a
[+ dimb_cntir 1t lmb_bram_if_cntlr 210.b
ilmb_entlr 4 Imb_bram_if_cntlr 210.b
[+ flash_interface O % flazh_interface 1.00.a
mdm_0 Pr mdm 2.00.b
[+ adg M6 burst 0 % adc 946 _burst 1.00.a
com_port 0 % com_port 1.00.a
[ fifo 946 dac 0 % fifo_946_dac 1.00.a
hpi 1 &L hpi 1.00.a
[ hpi burst 0 &% hpi_burst 1.00.a
proc_sys_reset 0 ﬁ' proc_sys_reset 3.00.a
[} reset_control 0 % reset_control 1.00.a
testmem_ 0 % testrnem 1.00.a
B -xps_central dma_0 ﬁ xps_central_dma 2038
*ps_iic 0 T xps_iic 203.a
- chipscope_icon_(F 1 chipscope_icen 1.06.a

chipscope_ila_0 1 chipscope_ila 1.05.a
" clock_generator 0 1 clock_generator 403.a
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5.2 SDK Setup

The following screenshot shows the SDK project during a debug session of the DMA
process:

Debug - hello_wodd_ﬂ/;lmﬂd& i
File Edit Source Refactor Mavigate Search Project Run
Brie|lm B #6H -0 S ¢~ b S
<3 Debug 3 % Breakpointq & ExprEssiunq i Registers | B Module;]
8 hello_world_0.elf [Xilink C/C++ ELF]
&2 XMD Target Debug Agent (03/12/2012 08:35) (Suspended)
o Thread [0] (Suspended)
= 1 main{} hellowarld.c:105 000000434
o mb-gdb (03/12/2012 08:35)
hﬁ HASMT3T2T\Firmware\FPGA\Ethernet_Boot-946\5DK\SDK_Workspace_35\hello_world_0\Debug\hello_world_0.elf (03122012 08:35) [Console connected to JTAG UART]

Kilinx Tools  Window Help

] EE Outline (N= Variables i
fes Name Value
N M 4' @@Regﬂ\’a\ue <mi_cmd_var_cre
BUFSES =i 2101677
()= c 0
/ Debug SMT94& ADC/DAC L] g LIEHE 0300007710
- b (& HPIA 000002718
*HPIA[0] = Ox029A0110/4; » (2 HPIDauto 00003770)
*HPIDauto[0] = 5; //0x0E; (% HPIDnonauto 000002728
*HPTA[0] = 0x029A0100/4; b W i2c_base 0x84420000
*HPIDauto[0] = 0x01; L W i2c_status 084420104
[ W i2c_control 084420100
*dacctrl=0x80000005; oW 2o tx 084420108
*adcctrl=0x80000000; oW i2c_m 0x:8442010c
*adcsmpl=0x001F; o ow i2c_isr 0:54420020
[ w reset_control 0x82200000
*HEIC[0]=0x0000; - w dacctrl 0x83000000
*HPIA[O]=0xE0000000/4; » W dacstat 082000000
 w dacil 083000008
: : r W dac23 0:5300000c
s Eﬁoz;::;: D& A b » adecn 0x83100000
T @TE = ’)x=63’)’_‘1’_‘13’): » ® adcsmpl 083100004
*DMA_SRC = 0Ox83100008; B D el 083100008
*DMA_DST = Ox86000000: b w adc23 hES10000c
*DHA:DST = 0=84430010;
*DMA_CTIRL = 0O; £
*DML LEN = 0x04000000:
while (*DMA_STAT != 0)
i+4s:
xil princf("DMA complete\n"):
xil printf("Start capture\n"}:
for (i=0;i!=5000000;i++} {
*HPIDauto[0] = *adc0l;
}
xil printf("Capture complete\n”);
< 1 + 4

El Console 2 \Z;Ta;kq@Terminalll E_\ Problemq Q Executab\e;] a Memorﬂ
helle_world_0.elf [Xilink C/C++ ELF] X\SMT372T\Firmware\FPGA\Ethernet Boot-M46\5DKASDK_ Workspace 35\hello_world_04Debughhello_world_0.elf (03/12/2012 08:35) [Console connected to JTAG

M stare
OMA complese
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6 XPS/EDK Cores

All of the custom cores were created using XPS. The “create template” check box
was selected to enable quick and easy development. The folder structures are the
defaults that XPS creates.

6.1 ADCIP Core

This core is located here:
AFirmware\FPGA\Ethernet_Boot-946\pcores\adc_946_burst_v1_00_a

This core is presented with the following features:

It simultaneously samples all 4 channels at a rate determined by the setting in the
sample wait counter. This counter is a 16 bit counter that is programmed by the MB
(see address map). The ADC sampling is performed using a finite state machine
(FSM) within the FPGA. When enabled, by writing to the control register, the FSM
continues to run and control the physical ADC. The ADC sampling (see datasheet) is
initiated by the assertion of the CONVST pin in conjunction with the CS pin. The
ADC will then return a BUSY signal as is performs the requested conversion. During
this time the inputs to the ADC should remain “quiet” (see datasheet). This
improves the performance.

When BUSY is de-asserted the FSM retrieves the samples serially and stores them in
4 16-bit registers, one for each ADC channel. The MB can read these registers at a
maximum speed equivalent to the sample rate. The MB has two memory addresses
to read, each one returning the samples from two channels.

When attempting to read these sample registers, the MB will be put into a wait state
until a valid sample is present.

The sample rate is equivalent to the speed at which the ADC can perform the
conversion and the speed at which the FSM can generate the necessary ADC control
signals. In addition to the basic FSM operation, a 16-bit counter is provided (see
memory map) that delays the FSM operation. This is used to control the sample rate.

Address Register Function
Offset
0 Control / status Bit:0 1=enable FSM
4 Wait counter 16-bit FSM delay counter
8 ADCO &1 Channels 0 & 1
C ADC2 &3 Channels 2 & 3
Notes:

MB address is big endian.
This core has been created with burst support enabled.
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The ADC core’s FSM operation is shown here in flow diagram format:

START / RESET

y

Yes

FSMin RST?

No

Y

WAIT_COUNTER =0

}1
Y

No New sample
Available?

Yes

Y

Transfer MB regsisters
to DAC output register

Shift data to DAC

WAIT_COUNTER++

)

/

No WAIT_COUNTER
= REG1?

Yes
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6.2 DACIP Core

This core is located here:
AFirmware\FPGA\Ethernet_Boot-946\pcores\fifo_946_dac_v1_00_a
Contrary to the core name, no FIFO is employed.

In a similar way to how the ADC core operates, when the MB writes to the DAC
registers, the write transaction will only complete if the previous DAC register
values are being shifter serially out to the DAC devices. If a sample remains in the
DAC output registers, then the MB access cycle will stall until there is an empty
transfer register.

A FIFO buffered interface is not needed for this demonstration as the MB is fast
enough (coupled with DMA where necessary) to perform at rates well in excess of
100kHz.

The DAC output word rate is timed in a similar fashion to the ADC by the use of a
wait counter which can be programmed by the MB. In both cases (ADC and DAC) the
wait counter (and associated FSM) operate at the LOCALCLK rate. This is based on a
25MHz fitted oscillator. Other clock source can be used such as the two MMCX
connectors provided.

Address Register Function
Offset
0 Control / status Bit:0 1=enable FSM
4 Wait counter 16-bit FSM delay counter
8 DACO &1 Channels 0 & 1
C DAC2 &3 Channels 2 & 3
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The DAC core’s FSM operation is shown here in flow diagram format:

/,—
{ START / RESET
N )

No

WAIT_COUNTER =0

,+,

New sample
Available?

Transfer MB regsisters
to DAC output register

i

Shift data to DAC

i

WAIT_COUNTER++
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6.3 HPIIP Core
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The previous timing diagram (captured from Xilinx ChipScope) shows the first HPI
transfers that are made from the MB demonstration code.

The corresponding code excerpts are shown here:

*HPIC[0]=4;
*HPIA[0] = 0x029A0110/4;
*HPIDauto[0] = 5;
*HPIA[0] = 0x029A0100/4;
*HPIDauto[0] = 0x01;
*HPIC[0]=0x0000;
*HPIA[0]=0xE0000000/4;

In each HPI transfer you can clearly see the two 16-bit parts of the transaction; two
HDS2_0 active low strobes with alternate states for HHWIL_O.

The following diagram shows the regularly spaced slv_read_ack signal which
corresponds to the ADC sampling rate. After a sufficient amount of samples have
been made, the DMA controller transfers these samples over the HPI using a burst
type transfer. You can see the two 16-bit parts forming samples for ADC channels 0
& 1.
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6.4 Miscellaneous Cores

Other cores that are part of this application can be found in the Xilinx archived
sources.

The DMA IP core is provided by Xilinx.
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7 Code Composer

The following screenshot shows CCS connected to the first core of the first DSP in
the JTAG scan path.

The memory browser is displaying the contents of the DDR memory which holds the
ADC samples for channels O & 1. These are displayed as 16-bit unsigned integers.
The small demonstration program merely sets up the DDR controller. The DSPs’
PLLs have already been setup using HPI transfers from the MB.

At the bottom of the screenshot can be seen a graphical display of the captured
samples.

File Edit View Search Project Tools Run Seripts Window Help

2 &-B e & fEccsdn) B

35 Debug 32 > 3.2 32 %] @ &8 7 T 0|09 Variables | 6 Expressions | Wit Registers 57 #E|@|riet|® "0
4 K% smt946-dsp-demo [Code Composer Studio - Device Debugging] Name Value Description m
4 /P SEED XDSSE0V2 USE Emulater_0/C64XP 0 (Suspended) 88 Core Registers
44 RegisterPairs
= Cint00( 0x00806080 (the entry point was reached) S8 INTCGEM

3 PDCGEM
i DMAGEM

> 86 BWMNGMTGEM
&8 MEMPROT_CONFIGGEM
545 CACHEGEM

[2) hello.c 2 Disassembly | (§ Memory Browser 23 #-e-Falrit” =08

Léinclude <stdie.h> - 0xe0000000 + [ Go| [ MewTab

0xe0000000 < Memory Rendering 16> 52

Hex16 Bit - T Style Hex | [VILLD Cache | [JLIP Cache | [¥]12 Cache

6787 4490 6769 443E 6705 443A 6706 457 6765 4457 6708 4483 670A 447 6709 447E 6705 447A 670A 447C 6709 4479 6709 4474 6709 4472 6709 446F 6707 446D 6705 4470  »

5 void main(void) {

6 @xE0000000
7 volatile unsigned int *SDCFG=(unsigned int™)ex7500008s; GXE6000040 6767 446C 6706 446A 6706 4465 6707 4452 6705 4462 6705 4464 6706 4453 6706 3451 6766 445D 6785 445D 6707 4458 670A 4456 6705 4455 6708 4451 6705 444E 6707 4451
s 6XE6OA00G0 6767 444D 6708 444F 6700 444E 670A 444C 6709 444D 6705 4447 6707 4444 6705 2445 6769 2444 670A 4447 670C 443E 670A 4443 6707 443E 6786 4437 6706 443D 6709 4437
9 *SDCFG = 0x0B530A32; Select 1k columns, 8 banks, 1Gb 6XE60A0BCH 6769 443C 6708 4436 670A 4437 6786 4432 6704 4432 6786 4435 6707 443D 6705 443 676A 2438 6700 4435 6707 4436 6705 4430 6786 4435 6705 4436 6704 4438 6704 4430
10 ©XE0000100 6708 4441 6709 4442 6705 4442 6706 4447 6707 4445 6709 4449 670D 4446 G700 2449 6570A 2449 6706 444D 6705 444E 6708 444F 6709 4451 6700 4450 6709 4456 6704 4454
11 printf("Initialized\n"); ©xEQO0OL40 6707 4458 6705 4458 G706 4459 6709 44SE 670A 4461 670A 445E 6709 4450 6709 2460 5767 2463 6706 4468 6708 4469 6709 4460 6709 446D 6708 446T 6709 4473 6708 4473
OxEDBOO1GD 6705 4476 6708 4474 6709 447C 5709 447A 6709 4454 G70A 4439 6709 4453 G707 4485 6707 A4BA 6708 4454 6707 445C 6709 A43E 570A 4491 670A 4434 6708 449C 6706 449E |
©xEB80200 6708 44CF 6709 44D3 670A 44DB G70A AADF 6708 44E2 6705 44E3 6705 4456 6707 44ES 6709 44ED 670A 44F7 670C 4470 6708 44FA 6705 44FA 6705 4509 6707 4508 6709 4507
©xE0800240 6708 4511 6768 4513 670A 4515 6706 4518 6705 451 6707 4527 6708 4528 670A 4530 670A 4534 6708 4539 6706 453E 6704 453E 6707 4544 6707 4548 6709 454C 670A 4551
xE080280 6708 4553 6707 455C 6705 4561 6705 4567 6707 4SGF 6709 4572 670A 4579 6709 4578 6707 4581 6706 4552 6705 4530 6707 4504 6708 4508 6709 4508 6709 454D 6708 4546
©xEBBO2CD 6707 45AB 6704 45B2 6706 4587 6708 ASBE 6708 45CH 6709 45C6 6703 45CC 6707 A5D5 6706 45D8 6706 45DF 6708 4SES 6708 45ED 6705 45FG 6708 45F1 6708 45F7 6707 4604
_ || exceeseson [6705 4507 6707 4610 6708 4617 6787 4619 6765 4623 6709 4627 6707 452F 6706 4633 6706 4637 6707 4642 6707 4647 6707 4649 6789 4650 6768 4658 6787 4663 6706 466D
- = - ©xED00340 6786 465E 6706 4676 6707 4675 679 4654 676 468A 6708 4690 6706 4695 6705 469D 6706 46A2 6707 4BAE 6769 4656 6708 4689 6708 A6CL 676 46C7 6705 46D1 6705 46D9
& Console | [ Single Time -8 & Eail
43000
46000 -
44000 -
42000
40000 -
33000 -
36000 -
34000 -
32000
30000 -
25000 -
26000 -
24000
22000
20000 -
18000 -
16000 ]
T T T T T T T T T T T T T T T T T T T
0 500 1000 1500 2000 2500 2000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 0500
sample
Writable Smottlnset | 13:1 Drawing Single Time

0° H O Licensed LE
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8 Running the Demonstration

Connect the Xilinx download pod to the SLB extender JTAG cable.
Connect the XDS560 (or compatible) to the EVP6472 connector labelled JTAGI.
Connect a suitable signal source as shown, and the DAC output to an oscilloscope.

Power on the system.

Run Xilinx SDK and load the workspace.

Run CCS but do not connect to the target yet. The target will be the first core of the
first DSP in the JTAG path. As the first part of the MB program is to reset the DSPs,
CCS and the XDS560 may be unsettled by this reset process if the core is connected.

Configure the FPGA using SDK option Xilinx Tools > Program FPGA.
The relevant options should already be set as shown here:

Program FPGA

Program FPGA
Specify the bitstrearn and the ELF files that reside in BRAM memory

3

Hardware Configuration
Hardware Specification: XASMT372T\Firmware\FPGAYEthernet_Boot-946\5DKNSDE_Workspace 35\hw_platform_0hsystem.xml

Bitstream: = XASMT372TWFirmware\FPGA\Ethernet_Boot-2946\implementation’ system_372t.bit Browse.,
EMM File | :\SMT372T\Firmware\FPGA\Ethemet_Boot-B46\SDK\SDK_Export\hwhsystern_372t_bd.bmm
Software Configuration

Processor ELF File to Initialize in Block RAM

microblaze 0 KASMT3T2TWFirmware\FPG&\Ethernet Boot-940\50F -

@:‘ [ Program H Cancel

Run the MB until after the DMA Complete line. This will take about 34 seconds as it
is capturing 1M samples at 500ks/s.
The next part of the program (commented out):
for (i=0;1!=5000000;i++) ({
*HPIDauto[0] = *adcO0l;
}

Shows capturing data without using DMA.
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Debug (or Connect to the DSP core) in CCS. Examine the memory contents at
address OxEO000000 and display this as a single time graph. Start address should be
0xE0000002, 16-bit unsigned, index increment of 2.

The final program part shows “replaying” the samples using the MB in a simple
read/write method.

The DAC output can be observed on an oscilloscope.
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9 Related Documents

SMT372T User Guide
SMT111 User Guide
EVP6472 User Guide
SLB Specification
SMT946 User Guide

TMS320C6472 product page: http://www.ti.com/product/tms320c6472

ADC product page: http://www.ti.com/product/ads8372

DAC product page: http://www.ti.com/product/dac8831

10 Acronyms, Abbreviations and Definitions

CCS
DDR
DSP
EDK
FSM
MB
SDK
XPS

Code Composer Studio

Dual Data Rate. Typically refers to memory.
Digital Signal Processor

Embedded Development Kit

Finite State Machine

MicroBlaze (processor)

Software Development Kit

Xilinx Platform Studio
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