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Basic functions of an ECG machine include ECG waveform display, either through LCD screen or printed paper media, and heart
rhythm indication as well as simple user interface through buttons. More features, such as patient record storage through
convenient media, wireless/wired transfer and 2D/3D display on large LCD screen with touch screen capabilities, are required in
more and more ECG products. Multiple levels of diagnostic capabilities are also assisting doctors and people without specific
ECG trainings to understand ECG patterns and their indication of a certain heart condition. After the ECG signal is captured and

digitized, it will be sent for display and analysis, which involves further signal processing.
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1.TI ECG JHE

ECG Implementation on the TM S320V C5505 DSP Medical Development Kit (Rev. A)

The TMS320VC5505 is a member of Tls TMS320C5000™ fixed-point Digital Signal Processor (DSP) product family and is

designed for low-power applications.

The TMS320V C5505 fixed-point DSP is based on the TMS320C55x™ DSP generation CPU processor core. The C55x™ DSP.
architecture achieves high performance and low power through increased parallelism and total focus on power savings. The CPU
supports an internal bus structure that is composed of one program bus, one 32-bit data read bus and two 16-bit data read buses,
two 16-bit data write buses, and additional buses dedicated to peripheral and DMA activity. These buses provide the ability to



perform up to four 16-bit data reads and two 16-bit data writes in a single cycle. The TMS320V C5505 also includes four DMA
controllers, each with 4 channels, providing data movements for 16-independent channel contexts without CPU intervention.

Each DMA controller can perform one 32-bit data transfer per cycle, in parallel and independent of the CPU activity.

The C55x CPU provides two multiply-accumulate (MAC) units, each capable of 17-bit x 17-bit multiplication and a 32-bit add in
asingle cycle. A central 40-bit arithmetic/logic unit (ALU) is supported by an additional 16-bit ALU. Use of the ALUs is under
instruction set control, providing the ability to optimize parallel activity and power consumption. These resources are managed in

the Address Unit (AU) and Data Unit (DU) of the C55x CPU.

The C55x CPU supports a variable byte width instruction set for improved code density. The Instruction Unit (I1U) performs
32-hit program fetches from internal or external memory and queues instructions for the Program Unit (PU). The Program Unit
decodes the instructions, directs tasks to the Address Unit (AU) and Data Unit (DU) resources, and manages the fully protected

pipeline. Predictive branching capability avoids pipeline flushes on execution of conditional instructions.

The general-purpose input and output functions along with the 10-bit SAR ADC provide sufficient pins for status, interrupts, and
bit 1/0 for LCD displays, keyboards, and media interfaces. Seria media is supported through two MultiMedia Card/Secure
Digital (MMC/SD) peripherals, four Inter-IC Sound (I12S Bus™) modules, one Serial-Port Interface (SPI) with up to 4 chip
selects, one 12C multi-master and slave interface, and a Universal Asynchronous Receiver/Transmitter (UART) interface.

The VC5505 peripheral set includes an external memory interface (EMIF) that provides glueless access to asynchronous
memories like EPROM, NOR, NAND, and SRAM. Additional peripherals include: a high-speed Universal Serial Bus (USB2.0)
device mode only, and a real-time clock (RTC). The DMA controller provides data movement for sixteen independent channel
contexts without CPU intervention, providing DMA throughput of up to two 16-bit words per cycle. This device also
includesthree general-purpose timers with one configurable as a watchdog timer, and a analog phase-locked loop (APLL) clock

generator.

In addition, the VC5505 includes a tightly-coupled FFT Hardware Accelerator. The tightly-coupled FFT Hardware Accelerator
supports 8 to 1024-point (in power of 2) real and complex-valued FFTs.

TMS320V C5505 = Z4 4k

High-Performance, L ow-Power, TM S320C55x™ Fixed-Point Digital Signal Processor
16.67-, 10-ns Instruction Cycle Time 60-, 100-MHz Clock Rate

One/Two Instruction(s) Executed per Cycle

Dual Multipliers[Up to 200 Million Multiply-Accumulates per Second (MMACS)]

Two Arithmetic/Logic Units (ALUS)

Three Internal Data/Operand Read Buses and Two Internal Data/Operand Write Buses

Fully Software-Compatible With C55x Devices



Industrial Temperature Devices Available

320K Bytes Zero-Wait State On-Chip RAM, Composed of:

64K Bytes of Dual-Access RAM (DARAM), 8 Blocks of 4K x 16-Bit

256K Bytes of Single-Access RAM (SARAM), 32 Blocks of 4K x 16-Bit

128K Bytes of Zero Wait-State On-Chip ROM (4 Blocks of 16K x 16-Bit)

16-/8-Bit External Memory Interface (EMIF) with Glueless Interface to:

8-/16-Bit NAND Flash, 1- and 4-Bit ECC

8-/16-Bit NOR Flash

Asynchronous Static RAM (SRAM)

Direct Memory Access (DMA) Controller Four DMA With 4 Channels Each (16-Channels Total)

Three 32-Bit General-Purpose Timers

One Selectable as a Watchdog and/or GP

Two MultiMedia Card/Secure Digital (MMC/SD) Interfaces

Universal Asynchronous Receiver/Transmitter (UART)

Seria-Port Interface (SPI) With Four Chip-Selects

Master/Slave Inter-Integrated Circuit (12C Bus™)

Four Inter-1C Sound (12S Bus™) for Data Transport

Device USB Port With Integrated 2.0 High-Speed PHY that Supports: USB 2.0 Full- and High-Speed Device

LCD Bridge With Asynchronous Interface

Tightly-Coupled FFT Hardware Accelerator

10-Bit 4-Input Successive Approximation (SAR) ADC

Real-Time Clock (RTC) With Crystal Input, With Separate Clock Domain, Separate Power Supply



Four Core Isolated Power Supply Domains: Analog, RTC, CPU and Peripherals, and USB
Four 1/0O Isolated Power Supply Domains: RTC 1/0, EMIF 1/0, USB PHY, and DVppio

Low-Power S/W Programmable Phase-Locked Loop (PLL) Clock Generator

On-Chip ROM Bootloader (RBL) to Boot From NAND Flash, NOR Flash, SPI EEPROM, or 12C EEPROM

IEEE-1149.1 (JTAG™) Boundary-Scan-Compatible

Up to 26 General-Purpose I/0 (GPIO) Pins (Multiplexed With Other Device Functions)

196-Terminal Pb-Free Plastic BGA (Ball Grid Array) (ZCH Suffix)

1.05-V Core (60 MHz), 1.8-V, 2.5-V, 2.8-V, or 3.3-V |/Os

1.3-V Core (100 MHz), 1.8-V, 2.5-V, 2.8-V, or 3.3-V |/Os

TMS320V C5505 1 Hi:

Wireless Audio Devices (e.g., Headsets, Microphones, Speakerphones, etc.)

Echo Cancellation Headphones

Portable Medical Devices

Voice Applications

Industrial Controls

Fingerprint Biometrics

Software Defined Radio
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A number of emerging medical applications such as electrocardiography (ECG), digital stethoscope, and pulse oximeters require
DSP processing performance at very low power. The TM S320V C5505 digital signal processor (DSP) is ideally suited for such
applications. The VC5505 is a member of TIs C5000™ fixed-point DSP platform. To enable the development of a broad range of
medical applications on the VC5505, Texas Instruments has developed an MDK based on the VC5505 DSP. A typical medical
application includes:

An analog front end, including sensors to pick up signals of interest from the body

Signal processing algorithms for signal conditioning, performing measurements and running analytics on measurements to

determine the health condition

User control and interaction, including graphical display of the signal processing results and connectivity to enable remote

patient monitoring

The MDK isdesigned to support complete medical applications development. It includes the following elements:

Analog front-end boards (FE boards) specific to the key target medical applications of the VC5505 (ECG, digital stethoscope,

pulse oximeter), highlighting the use of the Tl analog components for medical applications

V C5505 DSP evaluation module (EVM) main board

Medical applications software including example demonstrations Several elements of the MDK pulse oximeter system are:



VC5505 EVM

Pulse oximeter front-end board

Finger probe sensor

The schematics for the ECG front-end board
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e Quantit

m ¥ Value Refarence Deseription Part Number Manutazturer o]
1 17 [RNTE C1.C4CB0 00T, CAP CERM 00 wF 50 W 5% [2055C4JAT2A  ANY ol 1]
{220,C25,C28,CE9. Da0s =MD Coarporation
Ca0.Cce,Ce2, 083,
CD4.CR5.C08,C07
2 4 01pF €2,C3,CE.CH.CT, CaAP CERM 0.10 pF 50 W 5% D20S5CID4JAT2A  ANY
CA,C10,C11.C13, D=0 SMID Corparation
C14.015.010,618.
C18,021,C22,C23,
€24 C28.C35,C30,
C30.C41,C44,C48,
C27.C20,C30,C31.
32033, 28,040,
C51,C52,C53,C68,
04, 085,080,CT5,
CTT.CRE C5T.C58.
A0, C81,082,Ce3
3 5 10 uF C34.C43,C50,CT8. G107 CAF TANT LOESR 10 pF 18Y TFSBI0GKD18R0SD AV
10% SMD o Corporaticn
4 1 22nF car CAP CERM 2200 pF 5% 50V [20S5AJ22JATIA  ANY
NFOD D805 Corporation
5 i 22 nF 3g CAF CER 22000 pF 50 V XTR D8055C22304T2A ANVE
DE05 Corporaticn
L} 2 47 nF Cap.Caz CAPCERATpF S0 VHPO 0205 DIDSEALRTRATIA  AVX
Corporation
7 5 1pF C45.C55 08T CT0,.CT1 CAFPCERM1DpF 10% 25V 08053CIDSKAZIA  AVK
XTR DE0S Corporaticn
8 3 100 pF CAT.CTE.CTE CAP ELECT 100 pJF 16V TK EEE-TKICIDIP Panasenic-ECG
SND
8 1 10 nF L CAF CER 10000 pF 18 V NFO O80SYAIDIJATSA AVK
0208 Corporaticn
10 13 47pF ] CAP CERM 4T pF 5% B0 VNPO  D30D5544TDJATIA  AVX
0805 Corporation
11 3 A2 uF CHE.CT2,CT4 CAP CER 22 ulF 25 W XTR D2053C2I5MAT2A AVK
ba0s Corporaticn
12 2 Q.01 uF CaECTI CAP CERM 001 10% 50 V XTR  D3055C103KATIA  AVX
Da0s Corporation
13 E 10 pF CH0,CE1,CE2,CE3,CE4, CAFCER 1DpF 18V X5RO805 EMI21ZEJIDEKG-T Tayo Yuden
Ca5. cea.cay
14 B 22nF COE.CRR.CI00.C10. 81 CAP CER 22000 pF 50 V XTR [2055C2234T2A  ANX
az, 0805 Carporation
C103.C104.C108.C108
15 10 MCOBO10000 051,052 053,054,055, Hean lamp MCOEI10000 Multicemp
DEe.
DS7 056 0E0,0510
1 20 a1 D1.02.03.0405D0807. DIODE ZEMER TW3 WV PTZTERSBIE ROHM
D4, S500-106
D8,010,011.012,013,D
14,
C16.016,017,018.018.
D20
17 10 CON3 J1 23,04 08,0807 J6,  CONN HEADER 3F0S5 100 22-25-4030 Malex
J8013 WERT TIM
18 i POYWER_CONMN Jio Elewated Female Header Sx2 BED2-KD102-TH2= Gradconn
100000
19 1 DATA_CONN 11 Elewvated Female Header 10x2 BE02KD202-TO3:  Gracconn

100000




e Cuantit
m ¥ Walue Reference Description Part Nurnbser Manufaciurer DMl
20 1 DUNMY_COHN J12 Elevated Female Header 1022 EBDZ2-KD202-T03-  Gaadcond
100000
M 1 BE&D L1 FERRITE BEAD 470 £ 0BOZ BH2128HMATI-T Taiye Yuden
2 q 33 pH L2 L3 L4 L5 INDUCTOR POWER 3.3 pH 1,34 VLF40124T. DE Corporation
SNMD SERINMIRI
23 1 CONNECTOR P1 COMMN D-SUB RCPT RUA 15P0OS  T48782-4 Tyea
DB15 PCB AU Elactronics
24 "] 10M R1.RRA1G.R2T RIS R4 RES 10.0ML 1/2W 19% 0205 CROVMEDSIOMOFE  Vishay
3. RS _R38.ROT anD E&
29 10 22K, RZRIDRIOR24R3IZR RES Z2KD 1W 5% 2512 SMD CROW2S1222K0JN  Vishay
4 4B R56,R84,R102 EG
26 10 L [i4 R3,R11,RB17.R25 RES 10KG 1124 5% 2010 SMD CROW20MDIOKDJIN  Vighay
RE3.R41. EF
R4 RET_RA5SR101
27 -3 8K R4.R12,R10.R28.R36, High Precision Chip Ressior F1G240GKE000TRR  Vishay
R44, R52,Re0 88K
28 1% 10K R5.R13,R21.R2B.R3T, High Presision Chip Ressir TIEZ410KDD00TER  Vishay
R48.R53 RGO ROT. REE. 10KQ
[Ried, 100,
R103,R104. R104
28 38 oE RE.RER14.RIGRIZ, RES 00D 3 1/8W 5% 0805 S5MD CROWES0S0000Z0  Vishay
R26.R20 R34 R385, E&
F42 A48 AR50 REL,
REDRE2 RHG RES,
RE9.AT0R71,RT2,
RT3 ATI.RTE, RTH.
AT1g.RI120.R121,
122, R124. R125,
R128,R127 R128,
126, R130,A131, R132
1] 11 10K R731RT4. A9 R110, RES 10.0KLk 1/8W 1% 0805 SMD CRCWOIEIS10KOFK Vishay
ET1,RVIZRNE, EA
R114R1ERT18. R11T
N 1 &7E R7a High Prewision Chip Resmsior 47 Y1624&7RO00OTER  Vishay
i
32 1 1K RE0 RES 1.00KL 18 W 1% D80S CROWDS0SIKDOFK  Vishay
S5m0 E&
13 1 100E RE1 High Pregision Chip Resistor 100 Y1624100R000TRR  Vishay
i
34 B 100K RE2 FiE4 RA5,RED, RES 100¥E2 1/8W 1% 0805 SMD CRCWOS0S10DKFE  Vishay
RET.RZE RAR.REQ, R
35 F4 100K_POT REIREZ POT 100502 4MM S0 CERMET  33145G-1-104E Boums Ing
SND
38 2 47K RE5.RE4 RES 4.7T0HLR 1/8W 1% 0805 3MD CRCOWISISAKTOFE  WVishay
v 2 30K R@8.R133 High Precisan Chip Ressor THEWREDSIRIKEY  Vishay
390Ky TA
38 2 10K R10E,R108 REZ 10.0KL: 1/8W 1% 0805 SMD CRCOWOSIS10EOFE  Vishay DMl
EA
3w 3 oE R107,R10R.R123 RES 0D 3 1/8W 5% 0205 SMD  CRCWNEDS0000ZD  Vishay DiMal
EA
40 1 S1E R11E RES 51 2 1/BW 5% 0805 SMD CROVIEDSHIRIJN  Vishay
EA
41 4 QPA2335 Ut U7 Ui IC OF AMP CMOS SGL SPLY CPAQIIZAIDGHT TI Dinal
E-ME0F
42 E INATZE U2 U3 U5 U8 UE. U1 IC LOW PWR INSTR AMP IMAT2EUA m
Wiz B-5QIC
43 i ADES1258 u13 IC ADC 24 BIT 125 keps 48-QFN  ADS1258IRTCT T
44 3 OPA335 U4 U15.U23 IC OP AMP CMOS SGL SPLY CPAIISAIDEVT m
S0T-23-5
45 1 REFS02% 1a IC FREC WV-REF 2.5V LN REFSI2SAID m

E-S0IC




e Quantit

m ¥ Value Referance Deseription Part Number Manutazturer o]

46 1 TV uir IC CUT COMPARATOR TLV3DIDBVR TI
HAMOFWR S0T23.56

47 2 TLV2404 U1E.U2D COMFPARATOR LW FOWER R-R TLVI4IHIDR Tl
145000

45 1 POAREIE g IC REMOTE 16-BIT 10 EXP PCABEISPWR Tl
24.TSE0F

48 3 TLv2Z21 U21. U2z 24 1G RAIL-TO-RAIL OF AMF TLV2221CDEVR Tl
SOT-23-5

a0 1 TP5T3025 25 IC LDO REG HIPSRR 25V TPET302508V TI
SOT235

51 i TP38MD3 uze IE UNREG CHRG PUMP W INY TFSA04030BYT Tl
SOT23-8

a2 1 TPSTZIZ5 uar ICLDO REG 200MA 25V TPETIIZE0EVT Tl
SOT23.5

53 i 32 TBEKHE 1 CRY3TAL 32.7080 KHz 125 pF C-ODIR Epaan
YL 2.Taehe- Toyoocm

APBFREE Corpaoration




