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ABSTRACT

This project presents analysis and design of a shunt active power filter for the
three-phase four wire non-linear load system. Harmonic components of current are
detected by Phase Lock Loop (PLL) and d-q-0 transform . The main objectives of the
active filter are to eliminate harmonics components, to improve the power factor and to
correct the unbalanced voltage problem. Advantages of using PLL and d-q-0 transform
are easy calculations and reduce complicate to design. The control of switching
frequency is realized by an adaptive hysteresis band because feedback control could
maintain the output waveform of inverter to identical the reference waveform. The dc
link voltage is maintained by the PI controller. In addition operating simulation has been
performed by using MATLAB® & SIMULINK resulting in nearby realistic . The control

units are implemented in the digital signal processor (DSP).
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Harmonic Order

Maximum permissible

N Harmonic current (A)
Odd Harmonics
3 2.30
5 1.14
7 0.77
9 0.40
11 0.33
13 0.21
156 < n <39 0.15 (15/n)
Even Harmonics
2 1.08
4 0.43
6 0.30
8 <n<40 0.23 (8 / n)
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3 3 3
—10 ] 1 1 1 Ic
) 2 2 |

FUNTLEAINMILURILAUINEIY Lmu"lﬂ Wusasunn



dilnmomyannis wazvoundaanses 17

-
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3.2.2 Phase-locked loop (PLL)
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3.2.3 Inaia Complementary high-pass filter
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Step Response
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Harmonic Detect Module
Read Voltage and Current
Change to dq0-axis
Complimentary Low-pass Filter (Id)
Change to abc-axis

Return
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PI Controller Module
Read PI Ref.
Read PI Feedback
Calculate Error, pier = pirer — i ;
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Return
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Get new sample
Convolute and summing
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CH1: ON
sV /div 100:1
DC o.00v

CH2: OFF
10V/div 10001
DC 0.0v

CH3: OFF
50V /div 161
DC 0.0v

CH4: OFF
50V /div 1001
DC 0.0v

Record Length
Main: 10K
Zoom: 10K

Filter
Smoothing: OFF
BW: 20MHz

Trigger
Mode: AUTO
Type: EDGE

Source! LINE
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Stopped 3

5ms/div

(Scns(civ)

CHT: OFF
SV /div 100:1
pc n.oov

CHz: ON
SV /div 100:1
1] 0.00v

CH3: OFF
50V /div 101
DC 0.0v

CH4: OFF
50V /div 101
1] 0.0v

Record Length
Main: 10K
Zoom: 10K

Filter
Smoothing: OFF
BW!. 20MHz

Trigger
Mode: AUTO
Type: EDGE

Source: LINE
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2007 /03/05 03:.06:41 AVG:200kS/s  Sms/div

Stopped g (5ms/div)
: : : : : CHY: ON
5V /div 100:1
pC 0.00v
.................................................................................................. CHz: OFF
50V /div 10:1
DC 0.0v
............................................. CHa: OFF
50V /div 10:1
DC 0.0v
............................................ CH4: OFF
50V /div 10:1
DC ooV

Tracet: Freq 50.00Hz

Record Length

Main: 10K

Zoom: 10K
Filter

Smoothing: OFF

BW: 20MHz
Trigger

Mode: AUTO

Type: EDGE

Source: LINE
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AVQ:100k8 /s

10ms /div

(10ms /div)

CH1: ON
10v/div. - 10011
DC o.ov

CHzZ: ON
16v/div. - 10001
DC 0.0v

CH3: OFF
50V /div 101
DC o.ov

CH4: OFF
50V /div 101
DC o.0v

Record Length

Main: 10K

Zoom: 10K
Filter

Smoothing: OFF

BW: 20MHz
Trigger

Mode: AUTO

Type: EDGE

Source: LINE

A 1 1 L ) i [ o
31'1'1 5.5 ﬂT\WLLN@GHTSLLHLL‘WGGQ’]UﬂUﬂi:LLﬁﬁ?%ﬁLﬂ%ﬂ’]ﬂ&luﬂ

nngUfi 5.5 Q:Lﬁu'l.@’ﬁ'mszuamnLmsiaam'lﬁﬁmiﬂ'{uﬂgaLLa:aﬂnszLLazhuﬁ
Juarslafieaanly

53



2007/03/05 03:13:58

Fel

10ms /div

Stopped

(10ms/div)

CHT. ON
10V/div - 10001
DC o0.0v
CH2: ON
10v/dlv 10001
DC o0.0v
CH3: OFF
S0V /div 1011
DC ooV
| CH4: OFF
50V /div 101
DC o.0v
Record Length
Main: 10K
Zoom: 10K
Filter
Smoothing: OFF
BW: 20MHz
Trigger
Mode: AUTO
Type: EDGE

Source: LINE
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TMS320C6713B
FLOATING-POINT DIGITAL SIGNAL PROCESSOR

SPRS294B - OCTOBER 2005 - REVISED JUNE 2006

Highest-Performance Floating-Point Digital
Slgnal Processor (DSP): TMS320C6713B
- Eight 32-Bit Instructions/Cycle
- 32/64-Bit Data Word
- 300-, 225-, 200-MHz (GDP and ZDP), and
225-, 200-, 167-MHz (PYP) Clock Rates
- 3.3-, 4.4-, 5-, 6-Instruction Cycle Times
- 2400/1800, 1800/1350, 1600/1200, and
1336/1000 MIPS/MFLOPS
- Rich Peripheral Set, Optimized for Audio
- Highly Optimized C/C++ Compiler
- Extended Temperature Devices Available
Advanced Very Long Instruction Word
(VLIW) TMS320C67x™ DSP Core
- Eight Independent Functional Units:
- 2 ALUs (Fixed-Point)
- 4 ALUs (Floating-/Fixed-Point)
- 2 Multipliers (Floating-/Fixed-Point)
- Load-Store Architecture With 32 32-Bit
General-Purpose Registers
- Instruction Packing Reduces Code Size
- All Instructions Conditional

16-Bit Host-Port Interface (HPI)

Two McASPs

- Two Independent Clock Zones Each
(1 TX and 1 RX)

- Eight Serial Data Pins Per Port:
Individually Assignable to any of the
Clock Zones

- Each Clock Zone includes:
~ Programmable Clock Generator
- Programmable Frame Sync Generator

TDM Streams From 2-32 Time Slots

Support for Siot Size:

8, 12, 16, 20, 24, 28, 32 Bits
- Data Formatter for Bit Manipulation

- Wide Variety of I12S and Similar Bit
Stream Formats

- Integrated Digital Audio Interface
Transmitter (DIT) Supports:

- S/PDIF, IEC60958-1, AES-3, CP-430
Formats
- Up to 16 transmit pins
- Enhanced Channel Status/User Data
- Extensive Error Checking and Recovery

® Instruction Set Features
- Native Instructions for IEEE 754 Two Inter-Integrated Circuit Bus (12C Bus™)
- Single- and Double-Precision Multi-Master and Slave Interfaces
- Byte-Addressable (8-, 16-, 32-Bit Data) Two Multichannel Buffered Serial Ports:
- 8-Bit Overflow Protection - Serial-Peripheral-Interface (SPI)
- Saturation; Bit-Field Extract, Set, Clear; - High-Speed TDM Interface
Bit-Counting; Normalization - ACH7 Interface
® L1/L2 Memory Architecture Two 32-Bit General-Purpose Timers

- 4K-Byte L1P Program Cache
(Direct-Mapped)

- 4K-Byte L1D Data Cache (2-Way)

- 256K-Byte L2 Memory Totai: 64K-Byte
L2 Unified Cache/Mapped RAM, and
192K-Byte Additional L2 Mapped RAM

Device Configuration

- Boot Mode: HPI, 8-, 16-, 32-Bit ROM Boot

- Endianness: Little Endian, Big Endian

32-Bit External Memory Interface (EMIF)

- Glueless Interface to SRAM, EPROM,
Flash, SBSRAM, and SDRAM

- 512M-Byte Total Addressable External
Memory Space

Enhanced Direct-Memory-Access (EDMA)

Dedicated GPIO Module With 16 pins
(External Interrupt Capable)

Flexible Phase-Locked-Loop (PLL) Based
Clock Generator Module

IEEE-1149.1 (JTAGT)
Boundary-Scan-Compatible

208-Pin PowerPAD™ PQFP (PYP)
272-BGA Packages (GDP and ZDP)

0.13-um/6-Level Copper Metal Process
- CMOS Technology

3.3V 1/0s, 1.23-V Internal (GDP/ZDP/ PYP)

3.3-V l/Os, 1.4-V Internal (GDP/ZDP) [300
MHz]

Controlier (16 Independent Channels)
A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

TMS320C67x and PowerPAD are trademarks of Texas instruments,

14C Bus is a trademark of Philips Electronics N.V. Corporation

All trademarks are the property of their respective owners.

T IEEE Standard 1149.1-1990 Standard-Test-Access Port and Boundary Scan Architecture.

These values are compatible with existing 1.26-V designs.
b TEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 772511443 1
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REVISION HISTORY

The TMS320C6713B device-specific documentation has been split from TMS320C6713, TMS320C67138B Float-
ing-Point Digital Signal Processors, literature number SPRS 186K, into a separate Data Sheet, literature number
SPRS294. It also highlights technical changes made to SPRS294 to generate SPRS294A. These changes are
marked by “[Revision A].” Additionally, made changes to SPRS294A to generate SPRS294B. These changes
are marked by “[Revision B].” Both Revision A and B changes are noted in the Revision History table below.

Scope: Updated information on McASP, McBSP and JTAG for clarification. Changed Pin Description for A12 and
B11 (Revisions SPRS294 and SPRS294A). Updated Nomenclature figure by adding device~specific information
for the ZDP package. TI Recommends for new designs that the following pins be configured as such:

® Pin A12 connected directly to CVpp (core power)
@ Pin B11 connected directly to Vgg (ground)

PA'SS(S) ADDITIONS/CHANGES/DELETIONS

6 Terminal Assignments for the 272-Ball GDP and ZDP Packages (in Order of Ball No.} table:
Updated Signal Name for Ball No. A12
Updated Signal Name for Ball No. B11

10 PYP PowerPAD QFP package (top view):
Updated drawing

32 Device Configurations, device configurations at device reset section:
Updated “For proper device operation...” paragraph [Revision B)

33 Device Configurations, Device Configurations Pins at Device Reset (HD[4:3], HD8, HD12, and CLKMODEQ) section:
Removed “CE1 width 32-bit" from Functional Description for “00” in HD[4:3)(BOOTMODE) Configuration Pin

33 Device Configurations, Device Configurations Pins at Device Reset (HD[4:3], HD8, HD12, and CLKMODEO) section:
Updated “All other HD pins...” footnote [Revision B]

37 Table 22 Peripheral Pin Selection Matrix:
Updated/changed MCBSPODIS (DEVCFG bit) from “ACLKKO" to “ACLKXO"

46 Configuration Example F (1 McBSP + HPI + 1 McASP) figure:
Updated from McBSP1DIS = 1 to McBSP1DIS =0

47 Device Configurations, debugging considerations section:
Updated “Internal puilup/pulldown resistors..." paragraph [Revision B}

49 Terminal Functions, Resets and Interrupts section:
Updated [PU/IPD for RESET Signal Name from “IPU" to *~-"

50 Terminal Functions table, Host Port Interface section:
Removed “CE1 width 32-bit" from Description for “00" in Bootmode HD[4:3]

50 Terminal Functions table, Host Port Interface section:
Updated “Other HD pins..." paragraph {Revision B]

55 Terminal Functions, Timer 1 section:
Updated Description for TINP1/AHCLKXO Signal Name

57 Terminal Functions, Reserved for Test section:
Updated Description for RSV Signal Name, 181 PYP, A12 GDP/ZDP
Updated Description for RSV Signal Name, 180 PYP, B11 GDP/ZDP

‘l@ TEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 3



TMS320C67138
FLOATING-POINT DIGITAL SIGNAL PROCESSOR

SPRS294B -~ OCTOBER 2005 - REVISED JUNE 2006

PAGES) ADDITIONS/CHANGES/DELETIONS
57 Terminal Functions, Reserved for Test section:
Updated/changed Description for RSV Signal Name, A12 GDP (to “recommended’) ~ [Revision A}
Updated/changed Description for RSV Signal Name, B11 GDP (to “recommended”) ~ [Revision A]
57 Terminal Functions, Reserved for Test section:
Updated/changed Description for RSV Signal Name D12 to include PYP 178 as follows:
“..the D12/178 pin must be externally pulled down with a 10-k<2 resistor.” [Revision B]
66 Device Support, device and development-support tool nomenclature section:
Updated figure for clarity
67 Device Support, document support section:
Updated paragraphs for clarity
92 Power-Down Mode Logic — Triggering, Wake—up and Effects section:
Updated paragraphs [Revision B}
93 Power-Down Mode Logic - Triggering, Wake-up and Effects section, Characteristics of the Power-Down Modes table:
Added "It is recommended to use the PLLPWDN bit (PLLCSR. 1) as an aiternative to PD3" to PRWD Field (BITS 15~-10) -
011100 - Effect on Chip's Operation [Revision B}
93 Power-Down Mode Logic - Triggering, Wake—up and Effects section, Characteristics of the Power-Down Modes table:
Deleted three paragraphs following table [Revision B]
95 IEEE 1149.1 JTAG Compatibility Statement section:
Updated/added paragraphs for clarity
96 EMIF Device Speed section, Example Boards and Maximum EMIF Speed table:
Type — 3~Loads Short Traces, EMIF Interface Components section:
Updated from “32-Bit SDRAMs” to "16-Bit SDRAMs” [Revision B}
95 {EEE 1148.1 JTAG Compatibility Statement section:
Updated/added paragraphs for clarity
99 Recommended Operating Conditions:
Added Vgg, Maximum voltage during overshoot row and associated footnote
Added Vg, Maximum voltage during undershoot row and associated footnote
102 Parameter Measurement Information, AC transient rise/fall time specifications section:
Added AC Transient Specification Rise Time figure
Added AC Transient Specification Fall Time figure
124 MULTICHANNEL AUDIO SERIAL PORT (McASP) TIMING:
timing requirements for MCASP section:
Updated Parameter No. 3, te(ACKRX), from "33" to “greater of 2P or 33 ns” and added associated footnote
124 MULTICHANNEL AUDIO SERIAL PORT (McASP) TIMING:
switching characteristics over recommended operating conditions for McASP section:
Updated Parameter No. 11, t(ACKRX), from “33" to “greater of 2P or 33 ns” and added associated footnote
125,126 | MULTICHANNEL AUDIO SERIAL PORT (McASP) TIMING section:
Updated McASP Input and Output drawings
134 MULTICHANNEL BUFFERED SERIAL PORT TIMING section:
switching characteristics over recommended operating conditions for McBSP section:
Updated McBSP Timings figure
147 Mechanical Data section:
Added statement to the Packaging Information section
3 7
EXAS
INSTRUMENTS
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GDP and ZDP 272-Ball BGA package (bottom view)

uT:
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Shading denates the GOP package pin functions that drap oot an the PYP package

P Texas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 5



TMS320C6713B
FLOATING-POINT DIGITAL SIGNAL PROCESSOR

SPRS264B - OCTOBER 2005 - REVISED JUNE 2006

Table 1. Terminal Assignments for the 272-Ball GDP and ZDP Packages (in Order of Ball No.)

BALL NO. SIGNAL NAME BALL NO. SIGNAL NAME
A1 Vss c1 GP[SJ(EXT_INTSYAMUTEINO
A2 Vss c2 GP[4)(EXT_INT4)/AMUTEIN1
A3 CLKIN C3 CVpp
A4 CVpp Cc4 CLKMODEOQ
A5 RSV C5 PLLHV
A6 TCK Cé Vgs
A7 TDI c7 CVpD
A8 TDO c8 Vgs
A9 CVpp Cc9 Vgs
A10 CVpD Cc10 DVpD
A1 Vss 11 EMU4
A12 RSV [connect directly to CVpp] C12 RSV

A13 RESET c13 NME

A14 Vss c14 HD14/GP[14]
A15 HD13/GP[13] Cc15 HD12/GP[12]
A16 HD11/GP[11] C16 HD9/GP[9]
A17 DVpD c17 HD6/AHCLKR1
A18 HD7/GP[3]} c18 CVpD

A19 Vsgs Cc19 HD4/GP[0]
A20 Vss Cc20 HD3/AMUTE1
B1 Vss D1 DVpp

B2 CVpDp D2 GP[BI(EXT_INT6)
B3 DVDD D3 EMU2

B4 vVss # D4 Vss

B5 RSV D5 CVpD

B6 TRST D6 CVpD

B7 TMS D7 RSV

B8 DVpDp D8 Vss

B9 EMU1 D9 EMUO

B10 EMU3 D10 CLKOUT3
B11 RSV [connect directly to Vgg] D11 CVpp

B12 EMU5 D12 RSV

B13 DVpp D13 Vgs

B14 HD15/GP[15] D14 CVpD

B15 Vss D15 CVDpD

B16 HD10/GP[10] D16 DVDD

B17 HD8/GP[8] D17 Vss

B18 HDS/AHCLKX1 D18 HD2/AFSX1
B19 CVpD D19 DVpp

B20 Vss D20 HD1/AXR1{7]

Shading denotes the GDP and ZDP package pin functions that drop out on the PYP package.
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TMS320C6713B
FLOATING-POINT DIGITAL SIGNAL PROCESSOR

SPRS294B - OCTOBER 2005 - REVISED JUNE 2006

Table 1. Terminal Assignments for the 272-Ball GDP and ZDP Package (in Order of Ball No.) (Continued)

BALL NO. SIGNAL NAME BALL NO. SIGNAL NAME

E1 CLKS1/SCL1 17 HOLD

E2 Vss )18 HOLDA

E3 GP{TIEXT_INT?) J19 BUSREQ

E4 Vss J20 FAINT/IGP[1]
E17 Vss K1 CVpp

E18 HAS/ACLKX1 K2 Vgg

E19 HDS1/AXR1{6] K3 CLKSO/AHCLKRO
E20 HDO/AXR1{4] K4 CVpp

F1 TOUT1/AXRO[4] K9 Vss

F2 TINP1/AHCLKX0 K10 Vss

F3 DVpp K1 Vss

Fa CVpDp K12 Vss

F17 CVpp K17 CVpp

F18 HDS2/AXR1[5] K18 EDO

F19 Vss K19 ED1

F20 HCS/AXR1[Z] K20 vss

61 TOUTO/AXRO[2] L1 FSX1

G2 TINPO/AXRO[3] L2 DX1/AXRO[5]
G3 CLKX0/ACLKX0 L3 CLKXt/AMUTEO
G4 Vss L4 CVpbp
G17 Vgg L9 Vss
G18 HCNTLO/AXR1[3] L10 Vss
G19 HCNTL1/AXR1[1] L1 Vss
G20 HRA/AXR1{0] L12 Vss

H1 FSXO/AFSX0 L17 CVpp

H2 DXO0/AXRO[1] Lt8 ED2

H3 CLKRO/ACLKRO L19 ED3

H4 Vss L20 CVpD
H17 Vsg M1 CLKR1/AXRO[6]
H18 DVpp M2 DR1/SDA1
H19 HRDY/ACLKR1 M3 FSR1/AXRO[7]
H20 HHWIL/AFSR1 M4 Vss

J DRO/AXRO[0] Mo Vss

J2 DVpp M10 Vss

J3 FSRO/AFSRO M11 Vss

Ja Vsg M12 Vss

J9 Vss M17 Vss

J10 Vss M18 DVpDp

J1 Vss M19 ED4

J12 Vss M20 ED5

Shading denotes the GDP and ZDP package pin functions that drop out on the PYP package.
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TMS320C6713B
FLOATING-POINT DIGITAL SIGNAL PROCESSOR

SPRS294B - OCTOBER 2005 - REVISED JUNE 2006

Table 1. Terminal Assignments for the 272-Ball GDP and ZDP Package (in Order of Ball No.) (Continued)

BALL NO. SIGNAL NAME BALL NO, SIGNAL NAME
N1 SCLO ue Vss
N2 SDAO u10 CVpp
N3 ED31 u11 CVpp
N4 Vss u12 DVpp

N17 Vss U13 Vss
N18 ED6 u14 CVpp
N19 ED7 u1s CVpD
N20 ED8 u16 DVpD
P1 ED28 u17 Vgg
P2 ED29 U1 EA21
P3 ED30 u1g BET
P4 Vss u20 Vss
P17 Vss Vi ED20
P18 ED9 V2 ED19
P19 Vss V3 CVpp
P20 ED10 V4 ED16
R1 DVpp - va BE3
R2 ED27 V6 CE3
R3 ED26 v7 EA3
R4 CVpp V8 EA5
R17 CVpp va EA8
R18 DVpp V10 EA10
R19 ED11 V11 ARE/SDCAS/SSADS
R20 ED12 V12 AWE/SDWE/SSWE
T1 ED24 V13 DVpp
T2 ED25 V14 EA12
T3 DVpp V15 DVpp
T4 Vgs V16 EA17
T17 Vgg V17 CED
T18 ED13 V18 CVpp
T19 ED15 V19 DVpp
T20 ED14 V20 BEO
W1 ED22 wi1 Vss
Uz ED21 w2 CVpp
U3 £D23 w3 DVpp
U4 Vg w4 ED17
us DVpp W5 Vss
ue CVpp w6 CE2
u7 DVpD w7 EA4
Ug Vss W8 EAG

Shading denotes the GDP and ZDP package pin functions that drop out on the PYP package.
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TMS320C6713B

FLOATING-POINT DIGITAL SIGNAL PROCESSOR

SPRS294B ~ OCTOBER 2005 - REVISED JUNE 2006

Table 1. Terminal Assignments for the 272-Ball GDP and ZDP Package (in Order of Ball No.) (Continued)

BALL NO. SIGNAL NAME BALL NO. SIGNAL NAME
wo DVpp Y5 ARDY
w10 AOE/SDRAS/SSOE Y6 EA2
W11 Vss Y7 DVpD
W12 DVpD Y8 EA7
W13 EAT1 Y9 EA9
W14 EA13 Y10 ECLKOUT
W15 EA15 Y11 ECLKIN
W16 Vss Y12 CLKOUT2/GP[2]
W17 EA19 Y13 Vss
W18 CE1 Y14 EA14
W19 CVbp Y15 EA16
W20 Vss Y16 EA18
Y1 Vss Y17 DVpD
Y2 Vss Y18 EA20
Y3 ED18 Y19 Vss
Yé BE2 Y20 Vsg

Shading denotes the GDP and ZDP package pin functions that drop out on the PYP package.
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PYP PowerPAD™ QFP package (top view)

PYP 208-PIN PowerPAD™ PLASTIC QUAD FLATPACK (PQFP)

(TOP VIEW)
B crgl &
=X 5 Tizsr b =
§osdiss E3g%y g% gm
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285|95|985 45888 s9eF ooz 55 800B 8 3 8085805 S 8L 02 aE R8s
MNONnn000nnnAnnanoInAnnRnnnlnanonnnnnnannnnnnannn
R S O S L T O e
:

C Vnn

8 LDS/AHCLK)H
HOBGP[A)
HOBAHCLKRT

HD7/GP(3]

HOY/GP(9]
HD10/GP[10]
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| I PAD
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ORRNREO O USSR AUL ED AT
XX oo ngonX =l igas
a2 55@55)595)355)&25)32
222228 I %% iz %
SSOSSX 4 =83 T =
35288 2 B3 3z ¢
HE0% 2 x pur}
Q o d o o

CVin
CE1

CED

EA20
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Vsg

CVpp
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D
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Vsg
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ARE/SUCAR/SSADS
ECLKIK

ECLKOUT

EA10
AOE/SURAS/SSUE
EAS
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NOTE: All linear dimensions are in millimeters. This pad is electrically and thermally connected to the backside of the die.
For the TMS320C6713B 208-Pin PowsrPAD plastic quad flatpack, the external thermal pad dimensions are: 7.2 x 7.2 mm and the thermal

pad is externally flush with the mold compound.
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description

The TMS320C67x™ DSPs (including the TMS320C6713B deviceT) compose the floating-point DSP generation
in the TMS320C6000™ DSP platform. The C6713B device is based on the high-performance, advanced
very-long-instruction-word (VLIW) architecture developed by Texas Instruments (Tl), making this DSP an
excellent choice for multichannel and muitifunction applications.

Operating at 225 MHz, the C6713B delivers up to 1350 million floating-point operations per second (MFLOPS),
1800 million instructions per second (MIPS), and with dual fixed-/floating-point multipliers up to 450 million
multiply-accumulate operations per second (MMACS).

Operating at 300 MHz, the C6713B delivers up to 1800 million floating-point operations per second (MFLOPS),
2400 million instructions per second (MIPS), and with dual fixed-/floating-point multipliers up to 600 million
multiply-accumulate operations per second (MMACS).

The C6713B uses a two-level cache-based architecture and has a powerful and diverse set of peripherals. The
Leve! 1 program cache (L1P) is a 4K-byte direct-mapped cache and the Level 1 data cache (L1D) is a 4K-byte
2-way set-associative cache. The Level 2 memory/cache (L2) consists of a 256K-byte memory space that is
shared between program and data space. 64K bytes of the 256K bytes in L2 memory can be configured as
mapped memory, cache, or combinations of the two. The remaining 192K bytes in L2 serves as mapped SRAM.

The C6713B has a rich peripheral set that includes two Multichannel Audio Serial Ports (McASPs), two
Multichannel Buffered Serial Ports (McBSPs), two Inter-Integrated Circuit (I12C) buses, one dedicated
General-Purpose Input/Output (GPI0) module, two general-purpose timers, a host-port interface (HPI), and a
glueless external memory interface (EMIF) capable of interfacing to SDRAM, SBSRAM, and asynchronous
peripherals.

The two McASP interface modules each support one transmit and one receive clock zone. Each of the McASP
has eight serial data pins which can be individually allocated to any of the two zones. The serial port supports
time-division multiplexing on each pin from 2 to 32 time slots. The C6713B has sufficient bandwidth to support
all 16 serial data pins transmitting a 192 kHz stereo signal. Serial data in each zone may be transmitted and
received on multiple serial data pins simultaneously and formatted in a multitude of variations on the Philips
Inter-iC Sound (I12S) format.

in addition, the McASP transmitter may be programmed to output multiple S/PDIF, IEC60958, AES-3, CP-430
encoded data channels simultaneously, with a single RAM containing the full implementation of user data and
channel status fields.

The McASP also provides extensive error-checking and recovery features, such as the bad clock detection
circuit for each high-frequency master clock which verifies that the master clock is within a programmed
frequency range.

The two 12C ports on the TMS320C6713B allow the DSP to easily control peripheral devices and communicate
with a host processor. In addition, the standard multichannel buffered serial port (McBSP) may be used to
communicate with serial peripheral interface (SP1) mode peripheral devices.

The TMS320C6713B device has two bootmodes: from the HPI or from external asynchronous ROM. For more
detailed information, see the bootmode section of this data sheet.

The TMS320C67x DSP generation is supported by the Tl eXpressDSP™ set of industry benchmark
development tools, including a highly optimizing C/C++ Compiler, the Code Composer Studio ™ Integrated
Development Environment (IDE), JTAG-based emulation and real-time debugging, and the DSP/BIOS™
kernel.

TMS320C6000, eXpressDSP, Code Composer Studio, and DSP/BIOS are trademarks of Texas Instruments.
T Throughout the remainder of this document, TMS320C6713B shall be referred to as C67138B or 13B.
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device characteristics

Table 2 provides an overview of the C6713B DSP. The table shows significant features of the device, including
the capacity of on-chip RAM, the peripherals, the execution time, and the package type with pin count. For more
details on the C67x™ DSP device part numbers and part numbering, see Figure 12.

Table 2. Characteristics of the C6713B Processor

C6713B
HARDWARE FEATURES INTERNAL CLOCK (FLOATING-POINT DSP)
SOURCE
GDP/ZDP PYP
Peripherals EMIF SYSCLK3 or ECLKIN 1 (32 bit) 1 (16 bit)
EDMA
. . (16 Channels) CPU clock frequency 1
Not all peripheral pins are -
available at the same HP! (16 bit) SYSCLK2 1
time. (For more details, | MmcASPs AUXCLK, SYSCLK2T 2
see the Device
Configurations section.) 12Cs SYSCLK2 2
McBSPs SYSCLK2 2
Peripheral performance is —
dependent on chip-level 32-Bit Timers 1/2 of SYSCLK2 2
configuration. GPIO Module SYSCLK2 1
Size (Bytes) 264K
4K-Byte (4KB) L1 Program (L1P) Cache
On-Chip Memory Oraanization 4KB L1 Data (L1D) Cache
9 64KB Unified L2 Cache/Mapped RAM
192KB L2 Mapped RAM
CPU ID+CPU Rev ID Control Status Register (CSR.[31:16]) 0x0203
BSDL File For the C6713B BSDL file, contact your Field Sales Representative.
Frequency MHz 300, 225, 200 225, 200, 167
3.3 ns (GDP-300, ZDP-300) 5 ns (PYP-200)
Cvele Time ns 4.4 ns (GDP-225, ZDP-225) 4.4 ns (PYP-225)
y 5 ns (GDPA-200, 6 ns (PYPA-167)
ZDPA-200) 5 ns (PYPA-200)
120} v
Core (V 1.2V
Voltage re (V) 1.4V (-300)
110 (V) 3.3V
Prescaler 1,12,13, ..., 132
Clock Generator Options Multiplier x4, x5, x6, ..., x25
Postscaler 1,12,13, ..., 132
272-Ball BGA (GDP) _
27 x 27 mm 272-Ball BGA (ZDP)
Packages 28 x 28 _ 208-Pin PowerPAD™
X £emm PQFP (PYP)
Process Technology nm 0.13
Product Status
Product Preview (PP) PDS
Advance Information (Al)
Production Data (PD)

t AUXCLK is the McASP internal high-frequency clock source for serial transfers. SYSCLK2 is the McASP system clock used for the clock
check (high-frequency) circuit.

¥ This value is compatible with existing 1.26-V designs.

§ PRODUCTION DATA information is current as of publication date. Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include testing of all parameters.

C67x is a trademark of Texas Instruments.
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functional block and CPU (DSP core) diagram

Digital Signal Processor

Pin Multiplexing
F
A 4

1=
No

EMIF [+ ™
McASP1 |-+
McASPO [+
McBSP1
McBSPO [+
12¢4 N Eng:ln:ed
Controlier
(16 channel)
12C0 4>
Timer1 [—¢>]
Timer @ |4
GPIO -1
HP!

L1P Cache
L;;:;zt::l Direct Mapped
4 Banks 4K Bytes Total
64K Bytes
Total t
C67x™ CPU
{up to
4-Way) Instruction Fetch Control
T Instruction Dispatch Registers
Instruction Decode °°“'.'°'
Logic
Data Path A Data Path B Test
A Register File B Register File In-Circuit |
> ] Emulation |
L1t].s1t]mit] o1 ||| o2 {m2t].s2t].Lat]| terrupt | 11,
LurtEsatfmet] o1 || |02 [mat] satf rat] | imterruw
L2 L1D Cache
M y 2-Way
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/1 through /32 Dividers

Clock Generator and PLL
x4 through x25 Muitliplier

Power-Down
Logic

t In addition to fixed-point instructions, these functional units execute floating-point instructions.

EMIF interfaces to:
~SDRAM
-SBSRAM
~-SRAM,
~ROM/Flash, and
-1/0 devices

McBSPs interface to:

-SPI Control Port

~High-Speed TDM Codecs

~AC97 Codecs
-Serial EEPROM

MCcASPs interface to:

-12S Multichannel ADC, DAC, Codec, DIR

-DIT: Muitiple Outputs

‘@‘ TeEXxAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443



TMS320C6713B
FLOATING-POINT DIGITAL SIGNAL PROCESSOR

SPRS294B - OCTOBER 2005 - REVISED JUNE 2006

CPU (DSP core) description

The TMS320C6713B floating-point digital signal processor is based on the C67x CPU. The CPU fetches
advanced very-long instruction words (VLIW) (256 bits wide) to supply up to eight 32-bit instructions to the eight
functional units during every clock cycle. The VLIW architecture features controls by which all eight units do not
have to be supplied with instructions if they are not ready to execute. The first bit of every 32-bit instruction
determines if the next instruction belongs to the same execute packet as the previous instruction, or whether
it should be executed in the following clock as a part of the next execute packet. Fetch packets are always 256
bits wide; however, the execute packets can vary in size. The variable-length execute packets are a key
memory-saving feature, distinguishing the C67x CPU from other VLIW architectures.

The CPU features two sets of functional units. Each set contains four units and a register file. One set contains
functional units .L1, .S1, .M1, and .D1; the other set contains units .D2, .M2, .S2, and .L2. The two register files
each contain 16 32-bit registers for a total of 32 general-purpose registers. The two sets of functional units, along
with two register files, compose sides A and B of the CPU (see the functional block and CPU diagram and
Figure 1). The four functional units on each side of the CPU can freely share the 16 registers belonging to that
side. Additionally, each side features a single data bus connected to all the registers on the other side, by which
the two sets of functional units can access data from the register files on the opposite side. While register access
by functional units on the same side of the CPU as the register file can service all the units in a single clock cycle,
register access using the register file across the CPU supports one read and one write per cycle.

The C67x CPU executes all C62x instructions. In addition to C62x fixed-point instructions, the six out of eight
functional units (.L1, .S1, .M1, .M2, .S2, and .L2) also execute floating-point instructions. The remaining two
functional units (.D1 and .D2) also execute the new LDDW instruction which loads 64 bits per CPU side for a
total of 128 bits per cycle.

Another key feature of the C67x CPU is the load/store architecture, where all instructions operate on registers
(as opposed to data in memory). Two sets of data-addressing units (.D1 and .D2) are responsible for all data
transfers between the register files and the memory. The data address driven by the .D units allows data
addresses generated from one register file to be used to load or store data to or from the other register file. The
C67x CPU supports a variety of indirect addressing modes using either linear- or circular-addressing modes
with 5- or 15-bit offsets. All instructions are conditional, and most can access any one of the 32 registers. Some
registers, however, are singled out to support specific addressing or to hold the condition for conditional
instructions (if the condition is not automatically “true”). The two .M functional units are dedicated for multiplies.
The two .S and .L functional units perform a general set of arithmetic, logical, and branch functions with results
available every clock cycle.

The processing flow begins when a 256-bit-wide instruction fetch packet is fetched from a program memory.
The 32-bit instructions destined for the individual functional units are “linked" together by “1” bits in the least
significant bit (LSB) position of the instructions. The instructions that are “chained” together for simultaneous
execution (up to eight in total) compose an execute packet. A “0” in the LSB of an instruction breaks the chain,
effectively placing the instructions that follow it in the next execute packet. If an execute packet crosses the
fetch-packet boundary (256 bits wide), the assembler places it in the next fetch packet, while the remainder of
the current fetch packet is padded with NOP instructions. The number of execute packets within a fetch packet
can vary from one to eight. Execute packets are dispatched to their respective functional units at the rate of one
per clock cycle and the next 256-bit fetch packet is not fetched until all the execute packets from the current fetch
packet have been dispatched. After decoding, the instructions simultaneously drive all active functional units
for a maximum execution rate of eight instructions every clock cycle. While most resuits are stored in 32-bit
registers, they can be subsequently moved to memory as bytes or half-words as well. All load and store
instructions are byte-, half-word, or word-addressable.

14

"4‘ TeEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443



TMS320C6713B
FLOATING-POINT DIGITAL SIGNAL PROCESSOR

SPRS294B - OCTOBER 2005 - REVISED JUNE 2006

CPU (DSP core) description (continued)
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1 in addition to fixed-point instructions, these functional units execute floating-point instructions.

Figure 1. TMS320C67x™ CPU (DSP Core) Data Paths
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Data Sheet

63A, 600V, UFS Series N-Channel IGBT
with Anti-Parallel Hyperfast Diodes

The HGTG30N60C3D is a MOS gated high voltage
switching device combining the best features of MOSFETs
and bipolar transistors. The device has the high input
impedance of a MOSFET and the low on-state conduction
loss of a bipolar transistor. The much lower on-state voltage
drop varies only moderately between 25°C and 150°C. The
IGBT used is the development type TA49051. The diode
used in anti-parallel with the IGBT is the development type
TA49053.

The IGBT is ideal for many high voltage switching applications
operating at moderate frequencies where low conduction
losses are essential.

Formerly Developmental Type TA49014.

Ordering Information
PACKAGE BRAND
G30N60C3D

PART NUMBER
HGTG30N60C3D | TO-247

NOTE: When ordering, use the entire part number.

Symbol

HGTG30N60C3D

December 2001

Features

* 63A, 600V at T = 25°C

e Typical FallTime................ 230ns at T = 150°C
¢ Short Circuit Rating

¢ Low Conduction Loss

¢ Hyperfast Anti-Parallel Diode

Packaging

JEDEC STYLE TO-247

FAIRCHILD CORPORATION IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS

4,364,073 4,417,385 4,430,792 4,443,931
4,598,461 4,605,948 4,620,211 4,631,564
4,682,195 4,684,413 4,694,313 4,717,679
4,803,533 4,809,045 4,809,047 4,810,665
4,888,627 4,890,143 4,901,127 4,904,609

4,466,176 4,516,143 4,532,534 4,587,713
4,639,754 4,639,762 4,641,162 4,644,637
4,743,952 4,783,690 4,794,432 4,801,986
4,823,176 4,837,606 4,860,080 4,883,767
4,933,740 4,963,951 4,969,027

©2001 Fairchiid Semiconductor Corporation

HGTG30N60C3D Rev. B



HGTG30N60C3D

Absolute Maximum Ratings T¢ = 25°C, Unless Otherwise Specified

HGTG30N60C3D UNITS

Collectorto EmitterVoltage . .. ............. i BVcEs 600 v
Collector Current Continuous

AtTg = 250 Icos 63 A

AL TC=1100C . o Ic110 30 A
Average Diode Forward Currentat110°C. .............. .. it ... liava) 25 A
Collector Current Pulsed (Note 1) . .. ... ... e Icm 252 A
Gate to Emitter Voltage Continuous. .. ... ... ... . i VGes +20 v
Gateto EmitterVoltage Pulsed . .............. .. ... ... ... i, VGEM 130 v
Switching Safe Operating Area at Ty=150°C. .. .........oiiiniiiirannnnnans SSOA 60A at 600V
Power Dissipation Total at To =25%C . ... . ..ottt eens Pp 208 w
Power Dissipation Derating Te>25%C ... ... oottt 1.67 wrc
Operating and Storage Junction Temperature Range . . . ..................... Ty, TsTG -40 to 150 °c
Maximum Lead Temperature for Soldering ... ....... ... . i Ty 260 °c
Short Circuit Withstand Time (Note 2) atVge=15V. ... ..... ... ... .. .. ... .... tsc 4 us
Short Circuit Withstand Time (Note 2) atVge =10V.............. ... ... . ... tsc 15 us

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent darnage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. VcE(pk) = 360V, T = 125°C, Rg = 250,

Electrical Specifications T = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector to Emitter Breakdown Voltage BVges Ic =250pA, Vgg = OV 600 - - v
Emitter to Collector Breakdown Voltage BVecs g =10mA, Vgg = 0V 15 25 - v
Coliector to Emitter Leakage Current IcEs VcE = BVoes Tc = 25°C - - 250 nA
VcEe = BVces T = 150°C - - 3.0 mA
Collector to Emitter Saturation Voltage Vegisany | le=lct1o Tg = 25°C - 1.5 1.8 %
Veg =15V Tc = 150°C . 17 20
Gate to Emitter Threshold Voltage VGE(TH) Ic = 250uA, Tg=25°C 3.0 5.2 6.0
VcE = VGE
E‘Iate to Emitter Leakage Current lGES VGe = 20V - - +100 nA
Switching SOA SSOA T, = 150°C, VCE(PK) = 480V 200 - -
X(G;E:a:)s,v’ VGE(PK) = 600V | 60 - -
L = 100pH
Gate to Emitter Plateau Voltage Vgep Ic=lc110. Vo= 0.5 BVgesg - 8.1 - v
On-State Gate Charge Qg(oN) lc=lc110: Vge = 15V - 162 180 nC
Vee=05BVees [y - aov - 216 250 nC
Current Turn-On Delay Time tdony! T, = 150°C, - 40 - ns
Current Rise Time ty i?g;;g;oé_e BV(es, - 45 - ns
Current Turn-Off Delay Time t4(OFF) \F/G(G3E==3(125V’ - 320 400 ns
Current Fall Time ty L = 100pH - 230 275 ns
Turn-On Energy Eon - 1050 - A
Turn-Oft Energy (Note 3) EofFF - 2500 - A
Diode Forward Voltage VEc lec = 30A - 1.75 2.2 1 v

©2001 Fairchild Semiconductor Corporation HGTG30N60C3D Rev. B



BURR - BROWN®

Precision Lowest Cost
ISOLATION AMPLIFIER

FEATURES

® 100% TESTED FOR HIGH-VOLTAGE
BREAKDOWN

@ RATED 1500Vrms

® HIGH IMR: 140dB at 60Hz

@ 0.010% max NONLINEARITY

©® BIPOLAR OPERATION: Vg = +10V

@ 16-PIN PLASTIC DIP AND 28-LEAD SOIC

® EASE OF USE: Fixed Unity Gain
Configuration

@ *+4.5V to 118V SUPPLY RANGE

DESCRIPTION

The 1SO124 is a precision isolation amplifier incor-
porating a novel duty cycle modulation-demodulation
technique. The signal is transmitted digitally across
a 2pF differential capacitive barrier. With digital modu-
lation the barrier characteristics do not affect signal
integrity, resulting in excellent reliability and good high
frequency transient immunity across the barrier. Both
barrier capacitors are imbedded in the plastic body of
the package.

The 1SO124 is easy to use. No external components
are required for operation. The key specifications are
0.010% max nonlinearity, 50kHz signal bandwidth,
and 200pV/°C Vg drift. A power supply range of
14.5V to 18V and quiescent currents of £5.0mA on
Vg, and 15.5mA on Vg, make these amplifiers ideal
for a wide range of applications.

The ISO124 is available in 16-pin plastic DIP and 28-
lead plastic surface mount packages.

Intsrnational Airport Industrial Park + Mailing Address: PO Box 11400, Tucson, AZ B5734 + Street Address: 6730 S. Tucson Bivd., Tucson, AZ 85706 + Tel: (520) 746-1111 « Twx: 910-952-t111
Internst: hittp:/www.burr-brown.com/ « FAXLine: (800) 548-6133 (US/Canads Only} » Cable: BBRCORP * Telex: 066-6491 + FAX: (520) 889-1510 + Immediate Product Info: (800) 548-6132

1ISO124

APPLICATIONS

® INDUSTRIAL PROCESS CONTROL.:
Transducer Isolator, Isolator for Thermo-
couples, RTDs, Pressure Bridges, and
Flow Meters, 4mA to 20mA Loop Isolation

® GROUND LOOP ELIMINATION
® MOTOR AND SCR CONTROL

©® POWER MONITORING

@ PC-BASED DATA ACQUISITION
® TEST EQUIPMENT

Viy O— Vour

_VSZ
Gnd
+Vs,

Vs
Gnd

+Vg4

©1997 Burr-Brown Corporation PDS-1405A Printed in U.S.A. September, 1997



SPECIFICATIONS

Al T, =+25°C, Vg, = Vg, = +15V, and R_ = 2k, unless otherwise noted.

1ISO124P, U
PARAMETER CONDITIONS MIN TYP MAX UNITS
ISOLATION
Rated Voltage, continuous ac 60Hz 1500 Vac
100% Test (1) 1s, 5pc PD 2400 Vac
Isolation Mode Rejection 60Hz 140 de
Barrier Impedance 10"t 2 Q| pF
Leakage Current at 60Hz Viso = 240Vrms 0.18 05 LArms
GAIN Vo =210V
Nominal Gain 1 VNV
Gain Error 1+0.05 +0.50 %FSR
Gain vs Temperature +10 ppm/°C
Noniinearity@) +0.005 +0.010 %FSR
INPUT OFFSET VOLTAGE
Initial Offset +20 50 mv
vs Temperature +200 uvec
vs Supply 2 mvVivV
Noise 4 uVHzZ
INPUT
Voitage Range +10 +12.5 \
Resistance 200 kQ
OUTPUT
Voltage Range +10 +12.5 \
Current Drive 5 +15 mA
Capacitive Load Drive 0.1 uF
Ripple Voltaget® 20 mVp-p
FREQUENCY RESPONSE
Small Signal Bandwidth 50 kHz
Slew Rate 2 Vius
Settling Time Vg =110V
0.1% 50 us
0.01% 350 us
Overload Recovery Time 150 Us
POWER SUPPLIES
Rated Voltage +15 v
Voltage Range 4.5 +18 \
Quiescent Current: Vg, 15.0 £7.0 mA
Ve, 455 £7.0 mA
TEMPERATURE RANGE
Specification -25 +85 °C
Operating -25 +85 °c
Storage —40 +85 °C
Thermal Resistance, 6, 100 °CIW
fic 65 °CW

NOTES: (1) Tested at 1.6 X rated, fail on 5pC partial discharge. {2) Nonlinearity is the peak deviation of the output voltage from the best-fit straight line. It is expressed
as the ratio of deviation to FSR. (3) Ripple frequency is at carrier frequency (500kHz).

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no respansibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN praduct for use in life support devices and/or systems.

ISO124 2



Current Sensor: ACS754SCB-200

The Allegro ACS75x family of current sensors provides economical and
precise solutions for current sensing in industrial, automotive, commercial, and
communications systems. The device package allows for easy implementation
by the customer. Typical applications include motor control, load detection and
management, power supplies, and overcurrent fault protection.

The device consists of a precision, low-offset linear Hall sensor circuit with a
copper conduction path located near the die. Applied current “bwing through
this copper conduction path generates a magnetic [eld which is sensed by the
3 integrated Hall IC and converted into a proportional voltage. Device accuracy
is optimized through the close proximity of the magnetic signal to the Hall
Package CB-PSF transducer. A precise, proportional voltage is provided by the low-offset, chopper-
stabilized BICMOS Hall IC, which is programmed for accuracy at the factory.

The output of the device has a positive slope (>V¢/2) when an increasing
current | ows through the primary copper conduction path (from terminal 4 to
terminal 5), which is the path used for current sensing. The internal resistance of
this conductive path is typically 100 uQ, providing low power loss. The thickness
of the copper conductor allows survival of the device at up to 5 overcurrent
conditions. The terminals of the conductive path are electrically isolated from the
sensor leads (pins 1 through 3). This allows the ACS75x family of sensors to be
used in applications requiring electrical isolation without the use of opto-isolators
or other costly isolation techniques.

Package CB-PSS . . .
The device is fully calibrated prior to shipment from the factory. The ACS75x

family is lead-free. All leads are coated with 100% matte tin, and there is no lead

Pin 1: VCC Terminal 4: IP+ inside the package. The heavy gauge leadframe is made of oxygen-free copper.
Pin2: GND Terminal 5: 1P—
Pin 3: VOUT

Features and Bene[its
* Monolithic Half IC for high reliability

ABSOLUTE MAXIMUM RATINGS | | Single +5 V supply

SUpply VOIage, Ve v * 3 kVgys isolation voltage between terminals 4/5 and pins 1/2/3
Reverse Supply Voltage, Vice . « 35 kHz bandwidth
Output Voltage, Vour ..ocooovveenen E . . .
i » End-of-line factory-trimmed for gain and offset
Reverse Output Voltage, VRour...oovvvervrireas 0.1V . . . .
Output Current Source, Loursource) - 3mA Ultra-low power loss: 100 uQ internal conductor resistance

» Ratiometric output from supply voltage

83?:::,—,?: r;:;[pseizfurlf UTEmigr 10 mA « Extremely stable output offset voltage N
Ambient, Ty, S1ange .......cccoooeveee. -20to 85°C| + Small package size, with easy mounting capability
Maximum Junction, Tpagy-ervcrveeionnneens 165°C| + Output proportional to ac and dc currents

Maximum Storage Temperature, Ty ....—65 to 170°C

Applications
* Industrial systems « Power conversion
» Motor control + Battery monitors

» Servo systems

Use the following complete part numbers when ordering:

P i TUY America ‘ Part Number Package
Certii cate Number: ACS754SCB-200-PSF Formed signal pins
C US usv 04 1154214 001 ACS754SCB-200-PSS Straight signal pins

r1r L1y
@ 115 Northeast Culoff, Bax 150368
et
ACS754200-DS, Rev. 3 “'ﬂdl .gz‘ o Worcester, Massachusetts 016150036 (508) 853-5000
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Current Sensor: ACS754SCB-200

Functional Block Diagram
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SPECIFICATIONS

At T, = +25°C , Vgy = Vg, = £15V, and R = 2kQ, unless otherwise noted.

1SO124P, U
PARAMETER CONDITIONS MIN TYP MAX UNITS
ISOLATION
Rated Voltage, continuous ac 60Hz 1500 Vac
100% Test () s, 5pc PD 2400 Vac
Isolation Mode Rejection 60Hz 140 dB
Barrier Impedance 10144 2 Q| pF
Leakage Current at 60Hz Viso = 240Vrms 0.18 05 HArms
GAIN Vo = £10V
Nominat Gain 1 7
Gain Error 10.05 +0.50 %FSR
Gain vs Temperature +10 ppm/°C
Nonlinearity(@) +0.005 +0.010 %FSR
INPUT OFFSET VOLTAGE
Initial Offset +20 50 mv
vs Temperature +200 uvsree
vs Supply +2 mviV
Noise 4 uwVVHZ
INPUT
Voltage Range £10 125 Y
Resistance 200 kQ
OUTPUT
Voltage Range +10 1125 A
Current Drive 5 +15 mA
Capacitive Load Drive 0.1 uF
Ripple Voltage®® 20 mVp-p
FREQUENCY RESPONSE
Small Signal Bandwidth 50 kHz
Slew Rate 2 Vius
Settling Time Vo =10V
0.1% 50 us
0.01% 350 us
Overload Recovery Time 150 us
POWER SUPPLIES
Rated Voltage +15 A
Voltage Range +4.5 +18 \
Quiescent Current: Vg, 5.0 7.0 mA
Vg, £5.5 £7.0 mA
TEMPERATURE RANGE
Specification -25 +85 °C
Operating -25 +85 °C
Storage —40 +85 °C
Thermal Resistance, 6,4 100 °Cw
fic 65 °CW

NOTES: (1) Tested at 1.6 X rated, fail on 5pC partial discharge. (2) Nonlinearity is the peak deviation of the output voitage from the best-fit straight line. It is expressed
as the ratio of deviation to FSR. (3) Ripple frequency is at carrier frequency (500kHz).

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no res ponsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice, No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authonze or warrant
any BURR-BROWN product for use in life support devices and/or systems.

ISO124 2



CONNECTION DIAGRAM

NOTE: (1} For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book.

ORDERING INFORMATION

NONLINEARITY
PRODUCT PACKAGE MAX %FSR
1SO124P 16-Pin Plastic DIP +0.010
1S0124U 28-Lead Plastic SOIC +0.010

Top View —P Package Top View—U Package
/ A\
+Vg, E 16 | Gnd +Vg, E 28| Gnd
s [2] [15] v Ve [2] 27] v
Vour E El -Vs2 Vour E E‘ V2
Gnd E E +Vg, Gnd E 15| +Vg,
PACKAGE INFORMATION ABSOLUTE MAXIMUM RATINGS™
PACKAGE DRAWING Supply Voltage ...
PRODUCT PACKAGE NUMBER("
1SO124P 16-Pin Plastic DIP 238 j:f""t“;‘:.‘;z 'S°'a“z:‘ Voitage ...
1S0124U 28-Lead Plastic SOIC 217-1 nation femperalure ...
Storage Temperature ....

Lead Temperature (soldering, 10s)..
Output Short to Common

NOTE: (1) Stresses above these ratings may cause permanent damage.

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degrada-
tion to complete device failure. Precision integrated circuits
may be more susceptible to damage because very small
parametric changes could cause the device not to meet its
published specifications.

ISO124



TYPICAL PERFORMANCE CURVES

At T, = +25°C, and Vg = £15V, unless otherwise noted.

SINE RESPONSE SINE RESPONSE
(= 2kHz) (f = 20kHzZ)
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Current Sensor;: ACS754SCB-200

3

Package CB-PSF

1

Package CB-PSS

Pin 1. VCC Terminal 4: 1P+
Pin 2. GND Terminal 5: IP-
Pin 3. VOUT

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Ve oo 16V
Reverse Supply Voltage, Vicee ... -16V
Output Voltage, Vour «oovvvvereereemineie s 16V
Reverse Output Voltage, VrouT.- - .01V
Output Current Source, loymsource) -+ ImA
Output Current Sink, Loyr(ginky:---rerreeeeeees 10 mA

Operating Temperature,
Ambient, T,, S range
Maximum Junction, TJ(max)

Maximum Storage Temperature, Tg ....—65 to 170°C

TUV America
Certil cate Number:
US U8V 04 11 54214 001

The Allegro ACS75x family of current sensors provides economical and
precise solutions for current sensing in industrial, automotive, commercial, and
communications systems. The device package allows for easy implementation
by the customer. Typical applications include motor control, load detection and
management, power supplies, and overcurrent fault protection.

The device consists of a precision, low-offset linear Hall sensor circuit with a
copper conduction path located near the die. Applied current [bwing through

this copper conduction path generates a magnetic [ eld which is sensed by the
integrated Hall IC and converted into a proportional voltage. Device accuracy

is optimized through the close proximity of the magnetic signal to the Hall
transducer. A precise, proportional voltage is provided by the low-offset, chopper-
stabilized BiCMOS Hall IC, which is programmed for accuracy at the factory.

The output of the device has a positive slope (>V¢/2) when an increasing
current “ows through the primary copper conduction path (from terminal 4 to
terminal 5), which is the path used for current sensing. The internal resistance of
this conductive path is typically 100 uQ, providing low power loss. The thickness
of the copper conductor allows survival of the device at up to 5% overcurrent
conditions. The terminals of the conductive path are electrically isolated from the
sensor leads (pins 1 through 3). This allows the ACS75x family of sensors to be
used in applications requiring electrical isolation without the use of opto-isolators
or other costly isolation techniques.

The device is fully calibrated prior to shipment from the factory. The ACS75x
family is lead-free. All leads are coated with 100% matte tin, and there is no lead
inside the package. The heavy gauge leadframe is made of oxygen-free copper.

Features and Bene(ts

+ Monolithic Hall IC for high reliability

» Single +5 V supply

+ 3 kVRys isolation voltage between terminals 4/5 and pins 1/2/3
+ 35 kHz bandwidth

+ End-of-line factory-trimmed for gain and offset

» Ultra-low power loss: 100 p( internal conductor resistance
+ Ratiometric output from supply voltage

« Extremely stable output offset voltage

+ Small package size, with easy mounting capability

» Qutput proportional to ac and dc currents

Applications

« Industrial systems .
« Motor control
» Servo systems

Power conversion
+ Battery monitors

Use the following complete part numbers when ordering:

Part Number Package
ACS754SCB-200-PSF Formed signal pins

ACS754SCB-200-PSS Straight signal pins

ACS754200-DS, Rev. 3

L L Q= 115 Northeast Cutoff, Bax 15086
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Current Sensor; ACS754SCB-200

Functional Block Diagram
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Current Sensor: ACS754SCB-200

ELECTRICAL CHARACTERISTICS, over operating ambient temperature range unless otherwise stated

ACS754200-DS, Rev. 3

0"

~- Microgystems, Inc.

dllegr

W\broester, Massachusets 01615-0036 (508) 853-5000

Characteristic Symbol Test Conditions Min. Typ. Max. Units

Primary Sensed Current Ip -200 200 A
Supply Voltage Vee 4.5 5.0 5.5 \%
Supply Current lec Vce = 5.0V, output open 6.5 8 10 mA
Output Resistance Rour logr=1.2mA - 1 2 Q
Output Capacitance Load Cloan VOUT to GND - - 10 nF
Output Resistive Load Rioap VOUT to GND 4.7 kQ
Primary Conductor Resistance Rprimary  |lp = £50A; Ty = 25°C - 100 pQ
Isolation Voltage Viso Pins 1-3 and 4-5; 60 Hz, 1 minute 3.0 kv
PERFORMANCE CHARACTERISTICS, -20°C to +85°C, V¢ = 5 V unless otherwise speciled
Propagation time trrOP Ip=+100A, To=25°C - 4 Hs
Response time tresponse  |lp =100 A, T, =25°C - 11 Hs
Rise time t, lp =+100 A, T 5= 25°C - 10 Hs
Frequency Bandwidth f -3dB, T=25°C - 35 kHz

" Over full range of Ip, To =25°C - 10.0 mVI/A
Sensitivity Sens I Gverfullrange of |i . 95 105 | mviA
s _|remamret K v
Nonlinearity Eun Over full range of Ip - - 0.8 %
Symmetry Esvym Over full range of Ip 98 100 102 %
Zero Current Output Voltage Vout@) 1=0A, Ty=25°C - Vee/2 \
Electrical Offset Voltage v I=0A,Ty=25C -10 10 mv
(Magnetic error not included) O I=0A -20 20 mV
Magnetic Offset Error IERROM I = 0A, after excursion of 200 A - 1+0.15 10.50 A
Total Output Error E Over full range of |p, To = 25°C - +1.0 %
(Including all offsets) o1 Over full range of Ip - - 5.0 %

i 115 Northeast Cuoff, Box 15036




Current Sensor; ACS754SCB-200

Delnitions of Accuracy Characteristics

Sensitivity (Sens): The change in sensor output in response to a 1 A change through the primary conductor, The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the linear IC amplier gain (mV/G). The linear IC amplil er gain is trimmed at the
factory to optimize the sensitivity (mV/A) for the full-scale current of the device.

Noise (Vgisg): The product of the linear IC amplii er gain (mV/G) and the noise “bor for the Allegro Hall effect linear IC (=1 G).
The noise . oor is derived from the thermal and shot noise observed in Hall elements. Dividing the noise (mV) by the sensitivity (mV/
A) provides the smallest current that the device is able to resolve.

Linearity (E; v): The degree to which the voltage output from the sensor varies in direct proportion to the primary current through
its full-scale amplitude. Linearity reveals the maximum deviation from the ideal transfer curve for this transducer. Nonlinearity in the
output can be attributed to the gain variation across temperature and saturation of the | ux concentrator approaching the full-scale cur-
rent. The following equation is used to derive the linearity:

100 {1

A gain X % sat (Vout_full-scale amperes — Yout(Q) ) }
2 (Vout_half-scale amperes — Yout(Q))

where
A gain = the gain variation as a function of temperature changes from 25°C,
% sat = the percentage of saturation of the [ux concentrator, which becomes signilcant as the current
being sensed approaches full-scale £Ip, and

Vout_full-scale amperes = the output voltage (V) when the sensed current approximates full-scale £lp.

Symmetry (Egyy): The degree to which the absolute voltage output from the sensor varies in proportion to either a positive or nega-
tive full-scale primary current. The following equation is used to derive symmetry:

Vout_+full-scale amperes — VouT(Q)

100
Yout@ —VYout_—full-scale amperes

Quiescent output voltage (Voyrg)): The output of the sensor when the primary current is zero. For a unipolar supply voltage, it
nominally remains at Ve 72, Thus, Ve =5 V translates into Vg = 2.5 V. Variation in Vy1(q) can be attributed to the resolution
of the Allegro linear IC quiescent voltage trim, magnetic hysteresis, and thermal drift.

Electrical offset voltage (Vgg): The deviation of the device output from its ideal quiescent value of V¢ .2 due to nonmagnetic causes.

Magnetic offset error (Iggrom): The magnetic offset is due to the residual magnetism (remnant [eld) of the core material. The mag-
netic offset error is highest when the magnetic circuit has been saturated, usually when the device has been subjected to a full-scale or
high-current overload condition. The magnetic offset is largely dependent on the material used as a {ux concentrator. The larger mag-
netic offsets are observed at the lower operating temperatures.

Accuracy (Eqor): The accuracy represents the maximum deviation of the actual output from its ideal value. This is also known as the
total ouput error. The accuracy is illustrated graphically in the Output Voltage versus Current chart on the following page.

Accuracy is divided into four areas:

e 0 A at 25°C: Accuracy of sensing zero current ©bw at 25°C, without the effects of temperature.
¢ 0 A over temperature: Accuracy of sensing zero current Cow including temperature effects.

o Full-scale current at 25°C: Accuracy of sensing the full-scale current at 25°C, without the effects of temperature.

» Full-scale current over A temperature; Accuracy of sensing full-scale current "ow including temperature effects.
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Current Sensor; ACS754SCB-200

Output voltage vs. current, illustrating sensor accuracy at 0 A and at full-scale current
A
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25°C Only
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Data Sheet No. PD60147 rev.U

International
IGR Rectifier  IR2110(-1-2)(S)PbFIR2113(-1-2)(S)PbF

HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VorrseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dV/dt immune
® Gate drive supply range from 10 to 20V lo+/- 2A | 2A
¢ Undervoltage lockout for both channels
® 3.3V logic compatible Vout 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground £5V offset ton/off (typ.) 120 & 94 ns
® CMOS Schmitt-triggered inputs with pull-down ;
® Cycle by cycle edge-triggered shutdown logic Delay MatChlng (1251110) 10 ns max,
¢ Matched propagation delay for both channels ( 3) 20ns max.
® Outputs in phase with inputs Packages

Description

The 1R2110/IR2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and low side referenced output chan- 16.Lead SOIC

. - ] _Lea
nels. Rropnetary H\{IC and Iatch immune QMOS technolog|e§ enat?le 14-Lead PDIP IR2110S/IR2113S
ruggedized monolithic construction. Logic inputs are compatible with | \=5140/Rr2113
standard CMOS or LSTTL output, down to 3.3V logic. The output
drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications. The
floating channel can be used to drive an N-channel power MOSFET or IGBT in the high side configuration which
operates up to 500 or 600 volts.

Typical Connection up to 500V or 600V
! 1

R HO ___ﬁ ‘ Er an)

Vo o——¢———— Vi Ve —9- MW
T

HINo HIN v, & ° 10
SD o sD L X LoAD
LIN o LIN Vee ha
Ve © Vgs  COM —& Er
Ve — Lo

(Refer to Lead Assignments for correct pin configuration). This/These diagramy(s) show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuit board layout.

www.irf.com 1



IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voitage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

International
IR Rectifier

Symbol Definition Min. Max. Units
Ve High side floating supply voitage (IR2110) -0.3 525
(IR2113) -0.3 625
Vs High side floating supply offset voitage Vg-25 Vg + 0.3
VHO High side floating output voltage Vg-0.3 Vg +0.3
Vee Low side fixed supply voltage -0.3 25
VLo Low side output voltage -0.3 Voo + 0.3 v
Vpp Logic supply voltage -0.3 Vss + 25
Vss Logic supply offset voltage Vece - 25 Ve + 0.3
VIN Logic input voltage (HIN, LIN & SD) Vgs-0.3 Vpp + 0.3
dVg/dt Allowable offset supply voltage transient (figure 2) — 50 vins
Pp Package power dissipation @ Ta < +25°C (14 lead DiP) — 16 W
(16 lead SOIC) — 1.25
RTHJA Thermal resistance, junction to ambient (14 lead DIP) — 75 .
(16 lead SOIC) — 100 cw
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vss offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Vg High side floating supply absolute voltage Vg +10 Vs + 20

Vs High side floating supply offset voltage  (IR2110) Note 1 500

(IR2113) Note 1 600

VHoO High side floating output voltage Vs \':)
Vee Low side fixed supply voltage 10 20 v
Vio Low side output voltage 0 vce
Vpp Logic supply voltage Vgs +3 Vsg + 20

Vss Logic supply offset voltage -5 (Note 2) 5

VIN Logic input voitage (HIN, LIN & SD) Vss Vpp

TA Ambient temperature -40 125 °C

Note 1: Logic operational for Vs of -4 to +500V. Logic state held for Vs of -4V to -Vgs. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vss offset is limited to -Vpp.

2
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International
TOR Rectifier

Dynamic Electrical Characteristics

Vgias (Vcc. Ves, Vop) = 15V, Cp = 1000 pF, Ta = 25°C and Vss = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Symbol Definition Figure | Min. | Typ. |Max. | Units [Test Conditions

ton Turn-on propagation delay 7 — 120 | 150 Vg = 0V
totf Turn-off propagation delay 8 e 94 125 Vg = 500V/600V
tsd Shutdown propagation delay 9 — 110 | 140 ns Vg = 500V/600V
tr Turn-on rise time 10 — 25 35
t Turn-off fall time 11 — 17 25
MT Delay matching, HS & LS (IR2110) — — — 10

turn-on/off (IR2113) — — — 20

Static Electrical Characteristics

Vpias (Vee. VBs, Vop) = 15V, Ta = 25°C and Vgs = COM unless otherwise specified. The V|N, VTH and h parameters
are referenced to Vgg and are applicable to all three logic input leads: HIN, LIN and SD. The Vo and o parameters are
referenced to COM and are applicable to the respective output leads: HO or LO.

Symbol Definition Figure | Min. | Typ. Max.| Units |Test Conditions
ViH Logic “1” input voltage 12 9.5 — —
ViL Logic “0” input voltage 13 — — 6.0
VOH High level output voltage, Vgias - Vo 14 — — 1.2 v lo = 0A
VoL Low level output voltage, Vo 15 -— — 0.1 lo = 0A
ILK Offset supply leakage current 16 — — 50 Vp=Vg = 500V/600V
loBs Quiescent Vgs supply current 17 — 125 | 230 VIN = 0V or Vpp
lacc Quiescent V¢ supply current 18 — 180 | 340 uA VIN =0V or Vpp
lapb Quiescent Vpp supply current 19 — 15 30 Vin =0V orVpp
N+ Logic “1” input bias current 20 — 20 40 VIN = VDD
IIN- Logic “0” input bias current 21 — — 1.0 VIN= 0V
Vesuv+ | Vas supply undervoltage positive going 22 75 8.6 9.7
threshold
VBSuUV- Vgs supply undervoltage negative going 23 7.0 8.2 94
threshold
Veocuv+ | Vce supply undervoltage positive going 24 7.4 8.5 9.6
threshold v
Veeuv- Vge supply undervoltage negative going 25 7.0 8.2 9.4
threshold
lo+ Output high short circuit pulsed current 26 2.0 25 — Vo =0V, VIN=VpD
PW< 10 us
lo- Output low short circuit pulsed current 27 20 25 — A Vo =15V, VIN=0V
PW< 10 ps
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