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Market Focus

* MP3 players that receive digital radio transmissions
+ Estimated market size is approximately 5-7 million units
per year
+ It is anticipated that the next generation cell phones may
be configured to receive FM and DRM/DAB
transmissions. If so...

* The potential market size is approximately 35 million units
per year

» What problem are we trying to solve?

* There is a need to transmit and receive digital music and
data using existing AM bands. Transmitters in these
wavelengths are accessible world wide.

* Need to provide near-FM quality sound and the capacity to
integrate data and text.
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Competition
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Product Description

« DRM SoC to integrate into MP3 player or 4G cell phone.

* The hardware intellectual property will be delivered in a SystemC
environment. This will include synthesizable RTL for all components
which are not available in the standard library, such as accelerators,
special 1/0 devices, etc.

* DRM benefits
+ Ability to receive digital music and data
— Using existing long-, medium- and short-wave transmission systems
— Providing near-FM quality sound and available to markets worldwide.
» Small bandwidth of less than 20 kHz
— Easy to handle with current generation of embedded computing devices.
» Excellent audio quality
— Significant improvement upon analog AM
— Range of audio content, including multi-lingual speech and music
» Capacity to integrate data and text
— Additional content can be displayed to enhance the listening experience.
» Use existing AM broadcast frequency bands
— Designed to fit in with the existing AM broadcast band plan
— Signals of 9 kHz or 10kHz bandwidth

— Modes requiring as little as 4.5kHz or 5kHz bandwidth, plus modes that can take
advantage of wider bandwidths, such as 18 or 20kHz.
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Cost Metrics

 Performance

+ Utilize no more than 75 MHz of an ARM 926-EJS running
at 256 MHz

« Additional die size cost
» Accelerators < 0.5 mm?
* On board memory — TBD

* Advanced system and power management
+ Additional system power for accelerators < 8 mW

EE382V: SoC Design, Lecture 2 © 2010 A. Gerstlauer 7

Product Features

» Flexible and scalable platform based architecture

» Standard architecture for a wide range of devices
supporting a wide range of services

* Flexibility to dynamically re-program different digital radio
standards tailored to particular scenarios

» Portability to host third party designs on multiple
independent platforms

» Potential for significant life-cycle cost reduction
» Over the air downloads of patches, new features & services

» Significant improvement in flexibility, portability and
interoperability between different users
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Product Features (cont’d)

e Technical features

Frequency coverage: 0-32 MHz
Mode reception: USB, LSB, CW, AM, synchronous AM,
NFM, DATA
Advanced IP3 greater than +35 dBm
Very high dynamic range
— >100 dB in AM mode with 7 kHz filter

— >105 dB in SSB mode with 2.2 kHz filter
— >110 dB in CW mode with 500 Hz filter

Passband tuning: +/-5 kHz
Audio pitch tune in CW & DATA

EE382V: SoC Design, Lecture 2 © 2010 A. Gerstlauer

DRM References

« DRM consortium
* http://drm.org

+ Commercial DRM software radio (Frauenhofer)
* http://drmrx.org

* Receiver hardware
» http://winradio.com

» Open-source DRM software (DREAM)
* http://drm.sourceforge.net

© 2010 A. Gerstlauer
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Project Description

+ HW/SW co-design of an embedded SoC
* Low-power DRM implementation
* ARM-based target platform

— ARMB9 processor, memory components, /O devices
— Custom hardware accelerators
— Interconnected via standard system bus
+ Virtual and physical prototyping
— SystemC TLM-based virtual platform model (OVPsim ARM simulator)
— ARM:- and Xilinx FPGA-based prototyping board (TLL6219-TTL5000)

» Lab and project teams
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Project Objectives and Activities

* Project objective:
* Implement the DRM C++ code on a ARM based platform
while meeting the performance, area and power metrics.
* Project activities:
» Profile the DRM C++ software implementation to determine
performance bottlenecks
* Optimize the DRM C++ software for fixed point operation
» Partition the software into components which will run on
the ARM processor and on the hardware accelerators
» Synthesize time-critical functions into Verilog for gate level
implementation
» Co-simulate and prototype the HW/SW implementation
» Estimate timing, area and power metrics and validate
against product requirements
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PC-Based DRM System Architecture
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computer
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DRM Software Overview
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DRM Software Architecture
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High-Level Hardware Architecture

TLL6219
USB1.1 <>
ARM-9
Embedded
RS232 <> Processor Flash SDRAM
(iMX21) Memory Memory
Ethernet > [ ‘ ‘
Buffer
o
'
TLL5000
Configurable SDRAM
Logic > Memory
(FPGA)
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Development Tasks

* Hardware development on FPGA
» Hardware accelerators (using synthesized code)
* Interface to ARM board and on-chip bus

* Interrupt logic
* Clocking & reset

+ Optional memory controller (for external SDRAM)

» Diagnostics

* ARM software development
» Compile and profile DRM on ARM simulator
» Convert floating-point to fixed-point code and check SNR
» Compile and profile fixed-point DRM on ARM board
» Develop hardware abstraction layer (HAL) and I/O handler
» Develop interrupt handler

© 2010 A. Gerstlauer
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TLL5000 Architecture
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TLL5000 Block Diagram
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Xilinx Spartan 3 FPGA

CLB Array
(One CLB = Four Slices) Maximum
Device System | Equivalent Distributed | Block |Dedicated DCMs Maximum Differential
Gates |Logic Cells RAM Bits [RAM Bits| Multipliers User 1/0
Rows | Columns Total | Total /O Pairs
CLBs | Slices
X(C3850 50K 1,728 16 12 192 768 12K 72K 4 2 124 56
XC35200 | 200K 4,320 24 20 480 1,920 30K 216K 12 4 173 76
XC35400 400K 8,064 32 28 896 3,584 56K 288K 16 4 264 116
D PR I R I S I O RN AR (U, W RNy NP QA S
3 | XC351500 | 1500K 29,952 64 52 3328 | 13312 208K 576K 32 4 487 221 H
o B e T B kT R S T o e - e Sl s sl
XC354000 | 4000K 62,208 9% 72 6,912 | 27,648 432K 1,728K 96 4 712 312
XC385000 | 5000K 74,880 104 80 8320 | 33,280 520K 1,872K 104 4 784 344

Vo N All Possible /0 Pins by Type
Edge Bank 1o o DUAL Dcl VREF
0 62 52 0 2 6 2
Top
1 61 51 0 2 6 2
2 60 52 0 2 6 0
Right
3 60 52 0 2 6 0
4 63 47 6 2 6 2
Bottom
5 61 45 6 2 6 2
6 60 52 0 2 6 0
—_— Left
EE382V: SoC Design, 7 60 52 0 2 6 0

TLL6219 ARM Processor Board

i )0 Y —
iR . Ethernet
Conne
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TLL6219 Block Diagram

EE382V: SoC Design,

SW & LED
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D
U RS-232, GPIO
ADDRESS
ARM-9
Embedded DATA Flash
RS232 Pr Memory
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JTAG
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Data Address
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JTAG Control DATA ADDRESS
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1.MX21 Features
i.MX21 Applications Processor Block Diagram _
Connectivity MC9328MX21 System Control
iternal JTAG/ICE™
8xCSPI Smart Speed™ Switch Bootst
_atm mart Spee witcl ootstrap
2 x S8l ARM926EJ-S (MAX)
Clock Management
12C
Standard
Audio Mux |I-Cache D-Cache MMU System I/0
3 x Timer
E f PWM
xterna Internal Control Bus Control Memory Control WD Ti
4 x UART imer
P
= MEMORY INTERFACE ENHANCED MULTIMEDIA
1-Wire ACCELERATOR (eMMA) DMA
IrDA SDRAMC Human Interface
Pre and Post Processing SLCD Controller
Expansion EIM/BMI Keypad
2 x MMC/SD Video . "
NAND Controller Accelerator Multimecialinteriace
PCMCIA/CF Camera Interface
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i.MX21 Block Diagram
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[]pModule  [_] AHB Master Module
[ memory [ AHe-Lite stave Module
1 Ll 11 1L Ll Ll
R | GPIO | | SDHC2 | ‘ SDHC1 | | 12c | | S$SI12 | | ssi | | CSPI3 | | CsPI2 | | CcsPi1 |
EE382V: SoC Design, Lecture 2
1.MX21 Memory Map
There are eight 512MB partitions
Address Size Usage
0x00000000 | 512 Mbyte ROM, Primary AHB Slaves, and Peripherals
0x20000000 | 512 Mbyte Reserved
0x40000000 | 512 Mbyte Reserved
0x60000000 | 512 Mbyte Reserved
0x80000000 | 512 Mbyte Secondary AHB Slave Port 1
0xA0000000 | 512 Mbyte Secondary AHB Slave Port 2
0xC0000000 | 512 Mbyte Secondary AHB Slave Port 3
0xE0000000 | 512 Mbyte Primary AHB (RAM)
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Base Address

Memory Map (1)

EE382V: SoC Design, Lecture 2

Memory Map (2)

0xCC000000

OXDIFFFFFF

’W
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TLL6219 ARM926EJ-S Board

» External interfaces
* RS-232 serial port
« Ethernet
* USB-OTG (Linux host driver for flash disk)
» Graphic LCD panel
e TLL5000 Interface

« External memory interface
— /C81, /CS5 memory regions
— D[31:0], A[23:0], control signals (thru CPLD)

¢ Connections to TLL6219 CPLD

» Interface from ARM to hardware
» Exclusively through Chip Select 1 & 5 memory regions
» All TLL5000 peripherals must be accessed through the FPGA

» The only direct connection to the ARM9 is
— LCD, RS-232, USB, Ethernet

EE382V: SoC Design, Lecture 2 © 2010 A. Gerstlauer 31

System Block Diagram

TLL5000
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32
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80 Prototyping ?
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TLL6219 CPLD Connections

MZ_3v3
CPLD
- CPLD_INT .
connects to P TeK g8 &t
PFI[16 CPEoTOo 2| o 99 88
0
[ ] CPLDTWS 29| 1o 10 -2l SFPGA_MZ_DTACK

*  MISC[xxxxx]

Z_CPLD_CLKO
1Z_CPLD_BYTE_0

Lecture 2

FPGA_CLK 1/0/GCK1
FPGA_CLK N 1/0/GCK2 o 40— 557 CPLD BYTE 1
CLKO I/O/GCK3 vo (25— Sz CPLD BYTE 2

. e e (36 Mz CPLDBYTE
Slgnals fomm b g 7 — sy
A CPLD_INTY)————H41 10/GSR el v e— 17-CPLO-MISCO

P —
deflned by ] I R— e A T

XC9572XL-10VQG64C

CPLD

+ IDTACK for
cycle timing

I o o &
DOMOEBO# Y 8|, 72 MCELLS2 1/0 vo 4 SSMZ CPLD_MISCA
DQM1/EB1# 12 {0 o4 SMZ CPLD_MISC5
DQM2EB2#PC_ REGH S5 13 [} vo -8l Mz CPLD_MISC6

DQM3/EB3#/PC_IORD* S 9|

vo 0 —— SSMZ"CPLD_MISCY

oS 0 Vo (86— SSMZ CPLD_MISC10
csa#cspiE $S— 10 AL SSMZ_CPLD_MISC11
CS4#DTACK# 19 {6 10 25— S5MZ_CPLD_MISC12
CS5# 110 vo R4 — SSMZTCPLD_MISC13
OE#/PC_IOWR# 80 10 o F4— SSMZ_CPLD_MISC14
RW#PC_WE# 58 10 10 32— Mz _CPLD_RESET_OUT
I e —— L 00) 10 AL —————S5ADDRESS_DIR
RESET_OUT# 61 {0 10 22— SSADDRESS_OE#
CSPI1_RDY#EXT_DMAREQ# (—— ——82 15 v0 F————S5DATA DIR
CSPI1_SS1/EXT_DMAGRANT# Y—— 63 1 /5 1o Fe—— SSDATA OE#
VO |4 SSX WRE

o FHA———-5XRD#

XC9572XL-10VQG64C
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= GND

Connector A | ;

15 16
= | —H g ] =
GND = 19 0 = GND
21 22 MZ_BUF_D15
23 24 1Z_BUF D14
25 6 MZ_BUF_D13
27 8 MZ_BUF_D12
29 30 - -
L mz_cpLo_ByTE 1 a1 2 MZ_BUF D11 —L
GND = iz CPLD | 33 a4 IZBUF DI0 = GND
MZ_CPLD_MISC11 35 36 /Z_BUF_D9
FPGA_MZ_DTACK 37 28 MZ_BUF_D8
—— 39 40 — o
MZ_BUF_D31 41 1
MZ_BUF_D30 43 44
MZ_BUF_D29 43 46 MZ_BUF_D7
MZ_BUF_D28 47 48
49 50
L MZ_BUF_D27 51 52 MZ_BUF_D4
GND = WMz _BUF_D26 53 84
MZ_BUF_D25 55 56 MZ_BUF_D3 L
Z_BUF_D24 57 58 MZ_BUF_D2 — GND
60 MZ_BUF_D1
| 61 62 MZ_BUF_DO
MZ_BUF_D22 63
MZ_BUF_D21 gg
MZ_BUF_D20 |68
i 69 [70 % = GND
GND$ MZ_BUF_D19 31 2
= MZBUF D18 2N
MZ_BUF_D17 75 176
MZ_BUF_D16 17 78
79 80 1
GND = = — GND
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C B BASE_3V3 BASE_3V3
onnector 2
=
1 2
3 4
5 6
7 8
)HS— —1'0—?(
% 12 2
T 16
L %17 | [Ha — Syrpoacik L
GND = x_L9_ _ZCI— FPGA_CLK_ N = GND
i miy
GND =Mz_C PLD MISC7 (MZ ¢ LPLD MISC2 = GND
MZ_CPLD_MISCA4! MZ_CPLD_MISC5
L mz_cpLo_misca 731,
GND =" Mz CPLD MISCE 33
MZ CPLD_MISC8 35 M
MZ_CPLD_MISC |n>§ 37 38 M/tll[)(lKu
39 40
MZ_BUF_AQ »> a1 42 ((MZ_CPLD_AS 1
GND MZ_BUF_A1 43 44 *< MZ_CPLD_RESET_OUT GND
MZ_BUF_A2 45 46 QH/(II[JIIS(H
MZ_BUF_A3 $5—— 47 48 MZ_CPLD_MISC1
49 50
—L—  MZ_BUF_A4 51 52 MZ_BUF_A23 L
GND = MZ_BUF_A5 53 54 MZ_BUF_A22 = GND
MZ_BUF_A6 85 56 MZ_BUF_A21
MZ_BUF_A7 4 58 MZ_BUF_A20
L 59 60 - I
— MZ_BUF_A8 61 j2—§ MZ_BUF_A19 L
GND = MZ BUF_A9 63 64 MZ_BUF_A18 = GND
MZ_BUF_A10 65 66 MZ_BUF_A17
MZ_BUF_A11 67 68 MZ_BUF_A16
69 70
L MZ_BUF_A12 71 F2— SyTCK 1
GND = MZ_BUF_A13 3 74 TMS — GND
MZ_BUF_A14 75 vi SSTDI
MZ_BUF_A15 17 78 {TDO
79 80
GND = = == GND
QSE-40-02-L-D-AK
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TLL6219 CPLD Overview

* The CPLD generates read and write strobes for accesses
in the /CS1 and /CS5 spaces (combinational logic)

* ¢s1 rs b=~(~cs1_b & ~oe_b);

* ¢cs1_ws b=~(~cs1 b & ~(&eb) & ~rw_b);

* ¢cs5 rs_b=~(~cs5_b & ~oe_b);

* cs5 ws b=~(~cs5 b & ~(&eb) & ~rw_b);
+ IDTACK is synchronized in the CPLD

+ Single flip-flop synchronizer

* Transceiver control

» The NFIO4 jumper controls data transceiver operation
when the ARM is not accessing /CS1 or /CS5 space
— If the jumper is NOT installed, the data transceivers are disabled

— If the jumper IS installed, the data transceivers are enabled toward the
FPGA to permit snooping bus activity not in the /CS1 or /CS5 spaces

© 2010 A. Gerstlauer
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TLL6219 CPLD_MISCJ] Pins

Lecture 2

mz_cpld misc[0] =csl_rs_b;
mz_cpld misc[1] =csl_ws_b;
mz_cpld_misc[2] = cs5_rs_b;
mz_cpld misc[3] =cs5 ws_b;
mz_cpld misc[4] = oe_b;
mz_cpld_misc[5] = csO_b;
mz_cpld_misc[6] = csl_b;
mz_cpld_misc[7] =cs2_b;
mz_cpld_misc[8] =cs3_b;
mz_cpld misc[9] = cs5_b;
mz_cpld misc[10] = nfio4;
mz_cpld misc[11] = nfio5;
mz_cpld_misc[12] = data_dir;
mz_cpld misc[13] =data oe;
mz_cpld_misc[14] = fpga_interrupt;

/CS1 read strobe (active-low)
/CS1 write strobe (active-low)
/CS5 read strobe (active-low)
/CS5 write strobe (active-low)
from ARM926

from ARM926 (flash memory)
from ARM926 (FPGA access)
from ARM926 (SDRAM)
from ARM926 (Ethernet)
from ARM926 (FPGA access)
TLL6219 jumper

TLL6219 jumper

TLL6219 transceiver control
TLL6219 transceiver control
FPGA IRQ to ARMY926 PF[16]

EE382V: SoC Design, Lecture 2
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iMX21 External Interface Module (EIM)

37

* The EIM permits fine-grained control of the bus interface

« Bus width

» Timing of /CSx assertion/negation
» Timing of /OE, /WE assertion/negation

* Dead cycles between transfers

+ DTACK sensitivity and sampling

» Byte enable behavior
» Burst mode

© 2010 A. Gerstlauer
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iMX21 EIM Timing Example

= AR A A A A A A AAlloA R R A A
5 HCLK S A 1/ W\ [EARWART SRUART BRUY BT B WA
P
g BCLK
3
= TastVand \/ Vi \
ADDR [ 25 N f
Ts|5] /
W Read
LBA /
OE
EB (EBC=0)
EB (EBC=1)
DTACK T \ |
DATA_IN ( V1 Data  —

Figure 77. DTACK Edge Triggered Read Access, WSC=3F, OEA=8, OEN=5, AGE=1.
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EIM Configuration in Boot Monitor

» Chip Select 1 & 5 Upper Register settings in uMon

+ CS1U,CS5U = 0x00000480

DCT =0, at least 2 HCLK before /DTACK checked
— RWA =0, R/W asserted when address valid

— WSC = 4 wait states (minimum cycle = 6 HCLK)
EW = 1, level sensitive /DTACK

* Chip Select 1 & 5 Lower Register settings in uMon
* CS1L,CS5L = 0x22220E01

— WEA = 2, byte enables asserted 2 half-clocks after start of access
— WEN = 2, byte enables negated 2 half-clocks before end of access
— OEA, OEN = 2, similar for /OE on reads

— CSA =0, /CS asserted when write starts

— CSN =0, /CS negated when write ends

— EBC =1, byte enables during writes only

— DSZ = 6, 32-bit bus width

— CSEN =1, /CS enabled
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