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Abstract

The stethoscope is simply a device that carries sound energy from the chest of a patient to the
ears of the physician through a column of air. The heart sounds is not the pure heart sound, but it
includes other noises such as cardiac murmur, and external noise. These noises cause a lot of
problems in heart sound detection. This paper presents a method to analysis the heart sounds from
the computer graphics display. In this method, the heart sound signals from a electret condenser
microphone are amplified and passed through a 0-1000 Hz low-pass filter, the output signal is
then passed through a ADC circuit to convert from analog into digital signal. All three stages are
built in microcontroller PSoC chip. The digital signals are then displayed as graphic waveform of

the heart sounds signal.
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P1[0] Port 1[0],ALOut / SDATA /12C SCL Input/Cutput
P1[1] Port 10], XTALIn / SCLK / 12C SCL Input/Qutput
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CYBC24x23A Final Data Sheet

PSoC™ Overview

Getting Started

The quickest path to understanding the PSoC silicon is by read-
ing this data sheet and using the PSoC Designer Integrated
Development Environment (IDE). This data sheet is an over-
view of the PSoC integrated circuit and presents specific pin,
register, and electrical specifications. For in-depth information,
along with detailed programming information, reference the
PSoC™ Mixed-Signal Array Technical Reference Manual.

For up-to-date Ordering, Packaging, and Electrical Specification
information, reference the latest PSoC device data sheets on
the web at hitp://www.cypress.com/psoc.

Development Kits

Development Kits are available from the following distributors:
Digi-Key, Avnet, Asrow, and Future. The Cypress Online Store
contains development kits, C compilers, and alf accessories for
PSoC development. Go to the Cypress Online Store web site at
http:/iwww.cypress.com, click the Oniine Store shopping cart
icon at the bottom of the web page, and click PSoC (Program-
mable System-on-Chip) to view a current list of available items.

Technical Training

Free PSoC technical training is available for beginners and is
taught by a marketing or application engineer over the phone.
PSoC training classes cover designing, debugging, advanced
analog, as well as application-specific classes covering topics
such as PSoC and the LIN bus. Go to hitp://www.cypress.com,
click on Design Support located on the left side of the web
page, and select Technical Training for more details.

Consultants

Cortified PSoC Consultants offer everything from tec*-nical
assistance to completed PSoC designs. To contact or become a
PSoC Consultant go to http://www.cypress.com, click on Design
Support located on the left side of the web page, and select
CYPros Consultants.

Technical Support

PSoC application engineers take pride in fast and accurate
response. They can be reached with a 4-hour guaranteed
response at http://www.cypress.com/support/login.cfm.

Application Notes

A long list of application notes will assist you in every aspect of
your design effort. To view the PSoC application notes, go to
the http://www.cypress.com web site and select Application
Notes under the Design Resources list located in the center of
the web page. Application notes are listed by date as default.

Development Tools

The Cypress MicroSystems PSoC Designer is a Microsoft®
Windows-based, integrated development environment for the
Programmable System-on-Chip (PSoC) devices. The PSoC
Designer IDE and application runs on Windows NT 4.0, Win-
dows 2000, windows Millennium (Me), or Windows XP. (Refer-
ence the PSoC Designer Functional Flow diagram below.)

PSaoC Designer helps the customer to select an operating con-
figuration for the PSoC, write application code that uses the
PSoC, and debug the application. This system provides design
database management by project, an integrated debugger with
In-Circuit Emulator, in-system programming support, and the
CYASM macro assembler for the CPUs.

PSoC Designer also supports a high-level C language compiler
developed specifically for the devices in the family.

™ Graphicat Desi Context
PSoC rap':t::ﬂa; et C:l Sensitive
Designer Help
o
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Design <:>
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Device PSoC
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PSoC Designer Subsystems
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PSoC™ QOverview

PSoC Designer Software Subsystems

Device Editor

The Device Editor subsystem allows the user to select different
onboard analog and digital components called user modules
using the PSoC blocks. Examples of user modules are ADCs,
DACs, Amplifiers, and Filters.

The device editor also supports easy development of multiple
configurations and dynamic reconfiguration. Dynamic configu-
ration allows for changing configurations at run time.

PSoC Designer sets up power-on initialization tables for
selected PSoC block configurations and creates source code
for an application framework. The framework contains scftware
to operate the selected components and, if the project uses
more than one operating configuration, contains routines to
switch betwean different sets of PSoC block configurati...s at
run time. PSoC Designer can print out a configuration sheet for
a given project configuration for use during application pro-
gramming in conjunction with the Device Data Sheet. Once the
framework is generated, the user can add application-specific
code to flesh out the framework. It's also possible to change the
selected components and regenerate the framework.

Design Browser

The Design Browser allows users to select and import precon-
figured designs into the user’s project. Users can easily browse
a catalog of preconfigured designs to facilitate time-to-design.
Examples provided in the tools include a 300-baud modem, LIN
Bus master and slave, fan controller, and magnetic card reader.

Application Editor

In the Application Editor you can edit your C language and
Assembly language source code. You can also assemble, com-
pile, link, and buiid.

Assembler. The macrc assembler allows the assembly code
to be merged seamiessly with C code. The link libraries auto-
matically use absolute addressing or can be compiled in relative
mode, and linked with other software modules to get absolute
addressing.

C Language Compiler. A C language compiler is available
that supports PSoC family devices. Even if you have never
worked in the C language before, the product quickly aillows you
to create complete C programs for the PSoC family devices.

The embedded, optimizing C compiler provides all the features
of C tailored to the PScC architecture. It comes complete with
embedded libraries providing port and bus operations, standard
keypad and display support, and extended math functionality.

Debugger

The PSoC Designer Debugger subsystem provides hardware
in-circuit emulation, allowing the designer to test the program in
a physical system while providing an intemal view of the PSoC
device. Debugger commands allow the designer to read and
program and read and write data memory, read and write (1O
registers, read and write CPU registers, set and clear break-
points, and provide program run, halt, and step control. The
debugger also allows the designer to create a trace buffer of
registers and memory locations of interest.

Online Help System

The online help system displays online, context-sensitive help
for the user. Designed for procedural and quick reference, each
functional subsystem has its own context-sensitive help. This
system also provides tutorials and finks to FAQs and an Online
Support Forum to aid the designer in getting started.

Hardware Tools

In-Circuit Emulator

A low cost, high functionality ICE (In-Circuit Emulator) is avail-
able for development support. This hardware has the capability
to program single devices.

The emulator consists of a base unit that connects to the PC by
way of the parallel or USB port. The base unit is universal and
will operate with all PSoC devices. Emulation pods for each
device family are available separately. The emulation pod takes
the place of the PSoC device in the target board and performs
full speed (24 MHz) operation.

April 21, 2005
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PSoC™ Overview

Designing with User Modules

The development process for the PSoC device differs from that
of a traditional fixed function microprocessor. The configurable
analog and digital hardware blocks give the PSoC architecture
a unique flexibility that pays dividends in managing specification
change during development and by lowering inventory costs.
These configurable resources, called PSoC Blocks, have the
ability to implement a wide variety of user-selectable functions.
Each block has several registers that determine its function and
connectivity to other blocks, muitiplexers, buses and to the 1O
pins. lterative development cycles permit you to adapt the hard-
ware as well as the software. This subsiantially lowers the risk
of having to select a different part to meet the final design
requirerments.

To speed the development process, the PSoC Designer Inte-
grated Development Environment (IDE) provides a library of
pre-built, pre-tested hardware peripheral functions, called “User
Modules.” User modulas make selecting and implementing
peripheral devices simple, and come in analog, digital, and
mixed signal varieties. The standard User Module library con-
tains over 50 common peripherals such as ADCs, DACs Tim-
ers, Counters, UARTs, and other not-so common peripherals
such as DTMF Generators and Bi-Quad analog filter sections.

Each user module establishes the basic register settings that
implement the selected function. It also provides parameters
that aliow you to tailor its precise configuration to your particular
application. For example, a Pulse Width Modulator User Mod-
ule configures one or more digital PSoC blocks, one for each 8
bits of resolution. The user module parameters permit you to
establish the pulse width and duty cycle. User modules also
provide tested software to cut your developrnent time. The user
moduie application programming interface (API} provides high-
level functions to control and respond to hardware events at
run-time. The API also provides optional interrupt service rou-
tines that you can adapt as needed.

The API functions are documented in user module data sheets
that are viewed directly in the PSoC Designer IDE. These data
sheets explain the internal operation of the user module and
provide performance specifications. Each data sheet describes
the use of each user module parameter and documents the set-
ting of each register controlled by the user module.

The development process starts when you open a new project
and bring up the Device Editor, a graphical user interface (GU!)
for configuring the hardware. You pick the user modules you
need for your project and map them onto the PSoC blocks with
point-and-click simplicity. Next, you build signal chains by inter-
connecting user modules to each other and the IO pins. At this
stage, you also configure the clock source connections and
enter parameter values directly or by selecting values wom
drop-dewn menus. When you are ready to test the hardware
configuration or move on to developing code for the project, you
perform the “Generate Application” step. This causes PSoC
Designer to generate source code that automatically configures
the device to your specification and provides the high-leve! user
module AP! functions.

Device Editor
User Plaﬁrgent Source
fb- Moduie {f o = Code -‘\
Selection L Generator
ization
| |

Generate
Application

Application Editor

A\ | Proiect Soutes Build
Manager Editor Manager 'ﬂ
i |
Build
All
Debugger
Interface Storage Event & J
1o ICE Inspector | | Breakeeint
pec Manager

User Module and Source Code Development Flows

The next step is to write your main program, and any sub-rou-
tines using PSoC Designer's Application Editor subsystem.
The Application Editor includes a Project Manager that allows
you to open the project source code files (including all gener-
ated code files) from a hierarchat view. The source code editor
provides syntax coloring and advanced edit features for both C
and assembly language. File search capabilities include simple
string searches and recursive “grep-style” patterns. A single
mouse click invokes the Build Manager. It employs a profes-
sional-strength “makefile” system to automatically analyze all
file dependencies and run the compiler and assembler as nec-
essary. Projectlevel options control optimization strategies
used by the compiler and linker. Syntax errors are displayed in
a console window. Double dlicking the error message takes you
directly to the offending line of socurce code. When all is correct,
the linker builds a HEX file image suitable for programming.

The last step in the development process takes place inside the
PSoC Designer's Debugger subsystem. The Debugger down-
loads the HEX image to the In-Circuit Emulator (ICE) where it
runs at full speed. Debugger capabilities rival those of systems
costing many times more. In addition to traditional single-step,
run-to-breakpoint and watch-variable features, the Debugger
provides a large trace buffer and allows you define complex
breakpoint events that include monitoring address and data bus
values, memory locations and external signals.
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Document Conventions

Acronyms Used

The following table lists the acronyms that are used in this doc-
ument.

Acronym Description
AC alternating current
ADC analeg-to-digital converter
API application programming interface
CPU cantral processing unit
CT continuous time
DAC digital-to-analog converter
oc direct current
ECO external crystai oscillator
EEPROM | electrically erasable programmable read-only memory
FSR full scale range
GPIO general purpose 1O
GUi graphical user interface
HBM human body model
ICE in-circuit emulator
iLO internal iow speed oscillator
IMO internal main oscillator
[[o] inputioutput
IPOR imprecise power on reset
LSb least-significant bit
LvD low voltage detect
MSb maost-significant bit
PC program counter
PLL phase-locked loop T
POR power on reset
PPOR precision power on reset
PSoC™ Programmable System-on-Chip™
PWM pulse width medulator
SC switched capacitor
SLIMO slow IMO
SMP switch made pump
SRAM static random access memory

Units of Measure

A units of measure table is located in the Electrical Specifica-
tions section. Table 3-1 on page 15 lists all the abbreviations
used to measure the PSoC devices.

Numeric Naming

Hexidecimal numbers are represented with all letters in upper-
case with an appended lowercase ‘h' (for example, ‘14h" or
‘3Ah’"). Hexidecimal numbers may also be represented by a 'Ox’
prefix, the C coding convention. Binary numbers have an
appended lowercase 'b' (e.g., C1010100b" or ‘01000011b").
Numbers not indicated by an ‘h’ or ‘b’ are decimal.

Table of Contents

For an in depth discussion and more information on your PSoC
device, obtain the PSoC Mixed-Signal Amray Technical Refer-
ence Manual. This document encompasses and is organized
into the following chapters and sections.
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1. Pin Information

1.1.3 28-Pin Part Pinout
Table 1-3. 28-Pin Part Pinout (PDIP, SSOP, SQIC)

Pin Type Pin -

No.| pigital | Analog | Mame Description

1 10 1 PO[7] Analog column mux input.

2 10 10 PO{5] Analog column mux input and column output.

3 10 le] PO[3] Analog column mux input and column output.

4 10 I PO[1] Analog column mux input.

5 10 P2[7]

6 10 P2[5]

7 Lo] | P2(3] Direct switched capacitor block input.

8 10 I P2[1] [ Direct swilched capacitor block input.

9 Power SMP Switch Mode Pump (SMP) connection to
extemal components required.

10 10 P17} 12C Serial Clock (SCL).

11 i0 P1[5] 12C Serial Data (SDA).

12 10 P13}

13 10 P1[1] Crystatl Input (XTALin), [2C Serial Ciock
(SCL), ISSP-SCLK.

14 Power Vss Ground connection,

15 10 P1[0] Crystal Output (XTALout), 12C Serial Data
(SDA), ISSP-SDATA,

16 10 P1[2]

17 10 P14} Optional External Clock Input (EXTCLK).

18 0 P1[6]

19 Input XRES | Active high extemal reset with internal pull
down.

20 10 | P2[0] Direct switched capacitor block input.

21 10 1 P2[2] Direct switched capacitor block input.

22 10 P2[4] External Analog Ground (AGND).

23 o] P2[6] External Voltage Reference (VRef).

24 10 [ PO[0] Analog column mux input.

25 10 | PO[2] Analog column mux input.

26 10 1 PO[4] Analog column mux input.

27 10 I PO[6] Anaiog column mux input.

28 Power Vdd Supply voltage.

LEGEND: A = Analog, 1 = Input, and O = Qutput.

CYB8C24423A 28-Pin PSoC Device
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A LRI

P2(7]

P2[5)

A LP23)

ALP2I

SMP

12CSCL, P17
12CSDA. P1[5]

P1{3)
12CSCLXTALin, P1{1}
Vss

@G-ﬂﬂ"kﬂth—!.

PDIP
SSOP
SOIC

BONDNEREND

.
mENE83

= vdd

= POjS], AL |
 POj4). A, |

i POj2LA. |

i PO[0], A,

pe P2[6),ExtemalVRef
b P2{4] Extemal AGND
I P22]A |

= P20 AL

™ XRES

= P1[6]

= P4 EXTCLK

= P1[2)

e PI[0),XTALow.12C SDA

April 21, 2005
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CYB8C24x23A Final Data Sheet 1. Pin Information

1.14 32-Pin Part Pinout

Table 1-4. 32-Pin Part Pinout (MLF*)

CYBC24423A 32-Pin PSoC Device

Pin Type Pin .

No. | pigital | Analog | Name Description

1 %) P27 -22_ .-

z [ 10 P2[5] T =32

3 10 | P2[3] | Direct switched capacitor block input. E % 'é‘l % § §‘ % 2

4 (o) 1 P2(1} Direct switched capacitor block input. .

5 Power Vss Ground connection. P27 b A58 88N EQm PO[Z]. A

6 Power SMP Switch Mode Pump {SMP) connection to ten
external components required. Al :22[[35]1 "; 2 :gﬁ}- Q;iemalmef

7 10 P1(7] 12C Serial Clock {(SCL). v 4

) P15} | 12C Sena Data (SDA). Al Pf,[" 4 MLF 2w P2{4], ExternalAGND

- S5 m5 (Top View) 20w P22} Al

9 NC No connection. Do not use. SMP lm 6 19m P2{OLAI

10 10 P1[3] 12CSCLPI[7] 7 XRES

11 () P11} Crystal input (XTALIR), 12C Serial Clock 12C SDA,P1[5] 8 P1{6]
(SCL), ISSP-SCLK.

12 Power Vs Ground connection. — g

B 0 PA[0) | Crystal Output (XTALout), 12C Serial Data gECggEE2y
(SDA), ISSP-SDATA. e a E_ a ;—

14 1e) P12} é 3 3

15 10 F1{4] | Optional External Clack Input (EXTCLK). £ & E

16 NC No connection. Do not use. g :_

17 [ 1o [ F1[6] @ g

18 input XRES | Active high extemal reset with internal pull 8 o
down. -

19 10 | P2{0] Direct switched capacitor block input.

20 10 1 P2(2] | Direct switched capacitor block input.

21 10 P2{4] | Extemal Analeg Ground (AGND).

22 10 P2[6] [ Extemal Voltage Reference (VRef).

23 L¢] | PO[0] | Analog column mux input.

24 10 i PO[2] | Analog column mux input.

25 NC No connection. Do not use.

26 [l | POI4]) Analog column mux input,

27 10 ] PO[6] Analog column mux input.

28 Power vdd Supply voltage.

29 10 | PO[T} Analog column mux input.

30 10 | 1o |Po[s] |Analog column muxinput and column output.

31 10 10 PO[3) | Analog column mux input and column output

32 10 l PQI1] Analog column mux input.

LEGEND: A = Analog, | = input, and O = Output.
* The MLF package has a center pad that must be connected to ground (Vss).

April 21, 2005 Document No. 38-12028 Rev. ‘D 11



2. Register Reference

—_—

% CYPRESS

This chapter lists the registers of the CY8C24x23A PSoC device. For detailed register information, reference the

PSoC™ Mixed-Signal Array Technical Reference Manual.

21 Register Conventions

2.1.1 Abbreviations Used

The register conventions specific to this section are listed in the
following table.

Description
Read register or bil(s)
Write register or bit(s)
Logical register or bit(s)
Clearable register or bit(s)
Accass is bit specific

Convention

%OI"EJJ

2.2 Register Mapping Tables

The PSoC device has a total register address space of 512
bytes. The register space is referred to as 1Q space and is
divided into two banks. The XOi bit in the Flag register (CPU_F)
determines which bank the user is currently in. When the XOl
bit is set the user is in Bank 1.

Note In the foliowing register mapping tables, blank fields are
reserved and should not be accessed.

April 21, 2005
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CYB8C24x23A Final Data Sheet

2. Register Reference

Register Map Bank 0 Table: User Space

- > = » s » S »

¢ |EE| 8| § |FEl&| § |FE| 8| § |®B|¢@
2 AR : =508 s 5] ¢ . Y| 3

PRTODR 00 RW 40 ASC10CRO 80 RwW co
PRTOIE a1 RW 41 ASC10CRI1 81 RW C1
PRTOGS 02 RW 42 ASC10CR2 82 RW c2
PRTODM2 03 RW 43 ASC10CR3 83 RW C3
PRT1DR 04 RW 44 ASD11CRO 84 RW C4
PRT1IE 05 RwW 45 ASD11CR1 85 RW C5
PRT1GS 06 RW 46 ASD11CR2 86 RW Co
PRT1DM2 07 RW 47 ASD11CR3 87 RW Cc7
PRT2DR 08 RW 48 88 c8
PRT2IE 09 RW 49 89 Cc9
PRT2GS 0A RW 4A 8A CA
PRT2DM2 (1] RW 48 8g CB

0C 4C 8C CcC

0D 4D 8D cD

OE 4E 8E CE

OF 4F 8F CF

10 50 ASD20CRO 0 RW DO

1 51 ASD20CR1 91 RW D1

12 52 ASD20CR2 92 RwW D2

13 53 ASD20CR3 93 RW D3

14 54 ASC21CRO 94 RwW D4

15 55 ASCZ1CR1 95 RW Db

16 56 ASC21CR2 96 RW [ 12C_CFG D6 RW

17 57 ASCZ21CR3 97 RW 12C_SCR D7 #

18 58 98 12C_DR D8 RW

19 59 99 12C_MSCR D9 #

1A BA 9A INT_CLRO DA RW

1B 5B 9B INT_CLR1 DB RW

1C 5C 9C DC

10 5D 90 INT_CLR3 DD RW

1E SE 9E INT_MSK3 DE RW

1F SF 9F DF
DBBOODRO |20 | # AMX_IN 60 |RW Al INT_MSKQ | EC | RW
DBBOODR1 21 w 61 Al INT_MSK1 E1l RW
DBBOODR2 22 RW 62 A2 INT_VC E2 RC
DBBOQCRO 23 # ARF_CR 63 RW A3 RES_WODT E3 w
DBRO1CRO 24 # CMP_CRO 64 # A4 DEC_DH E4 RC
DBBO1DR1 25 w ASY_CR 65 # A5 DEC_DL E5 RC
DEBBO1DOR2 26 RW [ CMP_CR1 66 RW AB DEC_CRO EG AW
DBBO1CRO 27 # 67 A7 DEC_CR1 E7 RW
DCB02DR0 28 # 68 AB MUL_X E3 w
DCBO2DRA 29 W 69 AS MUL_Y E9 w
DCBOZDR2 | 2A RW 6A AA MUL_DH EA R
DCBO2CRO 2B # 68 AB MUL_DL EB R
OCBO3DRG | 2C # 6C AC ACC_DR1 EC RW
DCBO3DR1 20 W 6D AD ACC_DRO ED RW
DCBO3DR2 2E RW 6E AE ACC_DR3 EE RW
DCBO3CRO 2F # 6F AF ACC_DR2 EF RW

30 ACBQOCR3 70 RW ROIQRI B0 RW FO

31 ACBOGCRO 71 RW RDIDSYiv B1 RW F1

32 ACBOOCR1 72 RW RDIOIS B2 RW F2

33 ACBOOCR2 73 RW ] RDIOLTO B3 RW F3

4 ACB01CR3 74 RW RDIOLT1 B4 RW F4

35 ACBQO1CRO 75 RW | RDIOROO BS RW F5

36 ACBO1CR1 76 RW RDIORO1 B6 RW F6

37 ACBO1CR2 77 RW B7 CPU_F F7 RL

38 78 B8 FB8

39 79 B9 F9

3A TA BA FA

k) 7B BB FB

3C 7C BC FC

3D 70 BD FD

3E 7E BE CPU_SCR1 FE #"

IF F BF CPU_SCROD FF #

Blank fields are Reserved and should not be accessed.

# Access is bit specific.

Aprii 21, 2005
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CY8C24x23A Final Data Sheet

2. Register Reference

Register Map Bank 1 Table: Configuration Space

: (2203 & Iz|E| & (32| E| ¢ |33 @
P (&%) & i |E%| % d (&%) ¢ i E%) @
[ PRTODOMO 00 RW 40 ASCI0CRO 80 RW [el4]
PRTODM1 01 RW 41 ASC10CR1 81 RW C1
PRTOICD 02 RW 42 ASC10CR2 82 RW Cc2
PRTOIC1 03 RW 43 ASC10CR3 83 RW C3
PRT1DMO 0d RW 44 ASD11CRG 84 RW c4
PRT1DM1 05 RW 45 ASD11CR1 85 RW C5
PRT1ICO 06 RW 46 ASD11CR2 86 RW C6
PRT1C1 07 RwW 47 ASD1CR3 87 Rw c7
PRT2DMO 08 RW 48 88 c8
PRT2DM1 09 RwW 49 89 Cc9
PRT2IC0O 0A RW 4h. 8a CA
PRT2IC1 08 RW 4B 88 CB
0C 4C 8c cC
0D 4D BO CcD
OE 4E 8E CE
OF 4F 8F CF
10 50 ASD20CRO 90 RW J GDI_ O_IN DO RW
11 51 ASD20CR1 91 RW J GDI_E_IN D1 RW
12 52 ASD20CR2 92 Rw [ GDI_O OV D2 RW
13 53 ASD20CR3 93 RW JGDILE OU D3 RW
14 54 ASC21CR0O 94 RW D4
15 55 ASC21CR1 95 RW D5
16 56 ASC21CR2 96 RW D6
17 57 ASC21CR3 97 RW 07
18 58 98 D3
19 59 99 D9
1A 5A 9A DA
18 58 298 DB
1C SC 9C DC
1D 5D 9D 0SC_GO_EN| DD RwW
iE 5E SE 05C_CR4 DE RW
iF 5F 9F OSC_CR3 | DF | RW
DBBOOFN 20 RW § CLK_CRO 60 RwW AD OSC_CRO EO RW
DBBOUIN 21 Rw [ CLK_CR1 61 RW Al 0SC_CR1 E1 RwW
DBB0OOOU 2 RwW | ABF_CRO 62 RW A2 0SC_CR2 E2 RW
23 AMD_CRO [X] RW Al VLT_CR E3 RW
DBBO1FN 24 RW 64 Ad VLT_CMP E4 R
DBBO1IN 25 RW 85 A5 ES
DBBO1OU 26 RW | AMD_CR1 66 RW AB E6
27 ALT_CRO 67 RW A7 E7
DCBO2FN 28 RW 68 A8 IMO_TR E8 W
DCBOZIN 29 RW 69 A9 WO_TR E2 W
DCB0O20U 2A RW 6A AA BDG_TR EA RW
2B 68 AB ECO_TR EB W
DCBO3FN 2C Rw 6C AC EC
DCBO3IN 2D RW 6D AD ED
DCBO30V 2E RW 6E AE EE
2F 6F AF EF
30 ACBOOCR3 70 RW | RDIORI B0 RW FO
3 ACBOOCRO 71 RW | RDIOSYN B1 RW F1
32 ACBOOCR1 72 RwW ¥ RDIOIS B2 RW F2
33 ACBOOCR2 73 RW [ ROIOLTO B3 RW F3
M ACBO1CR3 74 RW | RDIOLT1 B4 RW F4
35 ACBOiCRO 75 RW | RDIOROO B85 RW F5
36 ACBO1CR1 76 RW [ RDIORO1 B6 RW F&
37 ACBO1CR2 77 RW 87 CPU_F F7 RL
38 78 B3 F8
39 79 B9 F9
3A A BA FA
38 7B BB FB
3C 7C BC FC
D D BD FD
3E 7E BE CPU_SCR1 FE #
3F 7F BF CPU_SCRO FF #

Bilank flelds are Reserved and should not be accessed.

# Access is bit specific.

April 21, 2005
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CY8C24x23A Final Data Sheet 3. Etectrical Specifications

3.1 Absolute Maximum Ratings

Table 3-2. Absolute Maximum Ratings

Symbol Description Min Typ Max Units Notes
Tste Storage Temperature -55 - +100 oC Higher storage temperatures will reduce data
retention time.
Ta Ambient Temperature with Power Applied -40 - +85 °c
Vdd Supply Voltage on Vdd Relative to Vss -0.5 - +6.0 v
Vio OC Input Voltage Vss-05 |- Vdd+05 |V
Vioz DC Vottage Applied to Tri-state Vss-05 |- Vdd +0.5 |V
Inio Maximum Current into any Port Pin -25 - +50 mA
ESD Electro Static Discharge Voltage 2000 - - \ Human Body Model ESD.
Lu Latch-up Cument - - 200 mA
3.2 Operating Temperature
Table 3-3. Operating Temperature
Symbol Dascription Min Typ Max Units Notes
Ta Ambient Temperature -40 - +85 °c
T, Junction Temperature -40 - +100 oc The temperature rise from ambient to junction is
package specific. See "Thermal impedances™
on page 47. The user must limit the power con-
sumption to comply with this requirement.
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CYBC24x23A Final Data Sheet 3. Electrical Specifications

3.3 DC Electrical Characteristics

3.31 DC Chip-Level Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V 10 5.25V
and -40°C < T, < 85°C, 3.0V to 3.6V and -40°C < T, < 85°C, or 2.4V to 3.0V and 40°C < T4 < 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Table 34. DC Chip-Level Specifications

Symbol Description Min Typ Max Units Notes
Vdd Supply Voltage 24 - 5.25 v See DC POR and LVD specifications, Table 3-
18 on page 27.
Iop Supply Current - 5 8 mA Conditions are Vdd = 5.0V, T, =25°C, CPU=3

MHz, SYSCLK doubier disabled, VC1 = 1.5
MHz, VC2 = 93.75 kHz, VC3 = 93.75 kHz, ana-
log power = off. SLIMO mode = Q. IMO =24
MHz.

{ppa Supply Current - 3.3 6.0 mA Conditions are Vdd = 3.3V, T, = 25°C, CPU=3
MHz, SYSCLK doubder disabled, VC1 = 1.5

MHz, VC2 = 93.75 kHz, VC3 = 93.75 kHz, ana-
log power = off. SLIMO mode = 0. IMO = 24
MHz,

lopzr Supply Current - 2 4 mA Conditions are Vdd = 2.7V, T, = 25°C, CPU =
0.75 MHz, SYSCLK doubler disabled, VC1 =
0.375 MHz, VC2 = 23.44 kHz, VC3 = 0.09 kMz,
analog power = off. SLIMO mode = 1. IMO =6
MHz,

Isa Sleep (Mode) Current with POR, LVD, Sleep Timer, and -~ 3 6.5 wA Conditions are with internal slow speed oscilla-
WODT? tor, Vdd = 3.3V, -40°C < T, < 55 °C, analog
power = off.
lsan Sleep {Mode) Cumrent with POR, LVD, Sleep Timer, and - 4 25 wA Conditions are with internal slow speed oscilla-
WOT at high temperature ® tor, Vdd = 3.3V, 55°C < T, < 85°C, analog
power = off.
Isgym, Sleep (Mode) Current with POR, LVD, Sleep Timer, WDT, |- 4 7.5 wA Conditions are with properly loaded, 1 LW max,
and extarnal crystal.® 32.768 kHz crystal. Vdd = 3.3V, 40°C < T, <55
°C, analog power = off.
Isexn | Sleep (Mode) Cumment with POR, LVD, Sleep Timer, WDT, |- 5 26 A Conditions are with properly loaded, 1uW max,
and external crystal at high temperature.® 32.768 kHz crystai. Vdd = 3.3V, 55°C < T, < 85
°C, analog power = off.
VRer Reference Voltage {Bandgap) 1.28 1.30 1.33 \ Trimmed for appropriate Vdd. Vdd > 3.0V,
Vrerzy | Reference Voltage (Bandgap) 1.16 1.30 1.33 v Tr:)r\r;med for appropriate Vdd. Vdd = 2.4V to
3.0v.

a. Slandlgg current includes all functions (POR, LVD, WDT, Sleep Time) needed for reliabie system operation. This should be compared with devices that have similar functions
enabled.
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CYB8C24x23A Final Data Sheet

3. Electrical Specifications

3.3.2

DC General Purpose 10 Specifications

The following tables list guaranteed maximum and minimum specifications for the voitage and temperature ranges: 4.75V to 5.25V
and -40°C < T, < 85°C, 3.0V 10 3.6V and -40°C < Ta < 85°C, or 2.4V to 3.0V and -40°C < T < 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Table 3-5. 5V and 3.3V DC GPIO Specifications

Symbol Description Min Typ Max Units Notes

RPU Pull up Resistor 4 56 8 k2

Rpp Pull down Resistor 4 56 8 k

Vou High Output Level Vdd-1.0 |- - v IOH = 10 mA, Vdd = 4.75 to 5.25V (maximum
40 mA on even port pins (for example, PO[2],
P1[4]), maximum 40 mA on odd port pins (for
example, PO[3], P1[5])). 80 mA maximum com-
bined IOH budget.

Voo Low Output Level - - 0.75 \ I0L = 25 mA, Vdd = 4.75 to 5.25V {maximum
100 mA on even port pins {for example, P0[2],
P1[4]), maximum 100 mA on odd port pins {for
exampie, PO[3], P1[5))). 150 mA maximum com-
bined (OL budget.

ViL Input Low Level - - 0.8 v Vdd = 3.010 5.25.

'M input High Level 2.1 - \ Vdd = 3.0to 5.25.

VH Input Hysterisis - 60 - mV

[ Input Leakage (Absolhste Value) - 1 - nA Gross tested to 1 pA.

Cin Capacitive Load on Pins as Input - 35 10 pF Package and pin dependent. Temp = 26°C.

Cour Capacitive Load on Pins as Output - 35 10 pF Package and pin dependent. Temp = 25°C,

Table 3-6. 2.7V DC GPIO Specifications

Symbol Dascription Min Typ Max Unkits Notes

Rpy Pull up Resistor 4 5.6 8 kQ

Rpp Pull down Resistor 4 5.6 8 K2

Vou High Output Level Vdd-04 |- - \Y IOH = 2 mA (6.25 Typ), Vdd =24 t0 3.0V (16
mA maximum, 50 mA Typ combined IOH bud-
get).

VoL Low Output Level - - 0.75 v 10L = 11.25 mA, Vdd = 2.4 to 3.0V (90 mA max-
imum combined IOL budget).

Vi Input Low Level - - 0.75 A" Vdd=241030.

Vik Input High Level 20 - - v Vdd =2.410 3.0

Vh Input Hysteresis - 90 - mvV

I Input Leakage (Absolute Value) - 1 - nA Gross tested to 1 pA.

Ciy Capacitive Load on Pins as Input - 35 10 pF Package and pin dependent. Temp = 25°C.

Cour Capacitive Load on Pins as Output - 35 10 pF Package and pin dependent. Temp = 25°C.

April 21, 2005
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CY8C24x23A Final Data Sheet

3. Electrical Specifications

3.3.3

DC Operational Amplifier Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C s T4 < 85°C, 3.0V to 3.6V and -40°C < Ty < 85°C, or 2.4V to 3.0V and -40°C < T, s 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.
The Operational Amplifier is a component of both the Analog Continuous Time PSoC blocks and the Analog Swiiched Cap PScC

blocks. The guaranteed specifications are measured in the Analog Continuous Time PSoC block. Typical parameters apply to 5V at
25°C and are for design guidance only,

Tahle 3-7. 5V DC Operational Amplifier Specifications

Symbol Description Min Typ Max Unhts Notes
Vosoa Input Offset Voltage (absolute vaiue)
Power = Low, Opamp Bias = High - 1.6 10 mv
Power = Medium, Opamp Bias = High - 1.3 8 mv
Power = High, Opamp Bias = High - 1.2 75 mv
TCVpsoa | Average Input Offset Voltage Drift - 7.0 35.0 pvec
lesoa input Leakage Current {(Port 0 Analog Pins) - 20 - pA Gross tested to 1 pA.
Cinoa Input Capacitance (Port 0 Analog Pins) - 4.5 935 pF Package and pin dependent. Temp = 25°C.
Vemoa Commaen Mode Voltage Range 0.0 - Vdd v The common';mode input voitage uraﬂnge is mea-
S:an;rgo;al:):de Voltage Range (high power or high 05 - vdd-0.5 :”F:;ﬁg:’:g inzll:l::‘?hgeol;lnﬁltaﬁjgnsei:\;oh: od
by the characteristics of the analog output
bufter.
Goroa Open Loop Gain - - dB Speciﬁgation is applicable at high power. For ali
Power = Low,. Opamp Bias = High . €0 g:,'ﬂ:' ;m:lr(r:xﬁ i;;tg(i)g:;ower. et
Power = Medium, Opamp Bias = High 60
Power = High, Opamp Bias = High 80
VoHIGHOA High Output Voltage Swing (intemal signals)
Power = Low, Opamp Bias = High Vdd-0.2 |- - v
Power = Medium, Opamp Bias = High Vdd-0.2 |- - v
Power = High, Opamp Bias = High vdd-05 |- - v
VoLowoa Low Output Voltage Swing (intemal signais)
Power = Low, Opamp Bias = High - - 0.2 v
Power = Medium, Opamp Bias = High - - 0.2 v
Power = High, Opamp Bias = High - - 0.5 v
lsoa Supply Current (including associated AGND buffer)
Power = Low, Opamp Bias = High - 150 200 pA
Power = Low, Opamp Bias = High 300 400 HA
Power = Medium, Opamp Bias = High - 600 800 LA
Power = Medium, Opamp Bias = High - 1200 1600 WA
Power = High, Opamp Bias = High - 2400 3200 HA
Power = High, Opamp Bias = High - 4600 6400 wA
PSRRo, Supply Voltage Rejection Ratio 64 80 - dB Vss <VIN < (Vdd - 2.25} or (Vdd - 1.25V) < VIN
<Vdd.

April 21, 2005
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CYBC24x23A Final Data Sheet

3. Electrical Specifications

Tahle 3-8. 3.3V DC Operational Amplifier Specifications

Symbol Description Min Typ Max Units Notes
Vosoa Input Offset Voltage {absolute value)
Power = Low, Opamp Bias = High - 1.65 10 mv
Power = Medium, Opamp Bias = High - 1.32 8 mV
High Power is 5 Volts Only
TCVosoa | Average Input Offset Voltage Drift - 7.0 35.0 uveC
leaoa Input Leakage Current {Port 0 Analog Pins) - 20 - pA Gross lested to 1 pA.
Cinoa Input Capacitance (Port 0 Analog Pins) - 45 95 pF Package and pin dependent. Temp = 25°C.
Vemoa Common Mode Voltage Range 0.2 - Vdd-0.2 |V The common-mode input voitage range is
measured through an analog output buffer,
The specification includes the limitations
imposed by the characteristics of the analog
output buffer.
GoLoa Open Loop Gain - - dB Specification is applicable at high power. For
Power = Low, Opamp Bias = Low 60 all other l_)ias qu_es (expept high power, high
. opamp bias), minimum is 60 dB.
Power = Medium, Opamp Bias = Low 60
Power = High, Opamp Bias = Low 30
Vowmigioa | High Output Voltage Swing (internal signals)
Power = Low, Opamp Bias = Low Vdd-0.2 {- - \%
Power = Medium, Opamp Bias = Low Vdd-0.2 |- - v
Power = High is 5V onily Vdd-02 |- - v
VoLowoa Low Output Voltage Swing (intemal signals})
Power = Low, Opamp Bias = Low - - 0.2 \
Power = Medium, Opamp Bias = Low - - 0.2 v
Power = High, Opamp Bias = Low - - 0.2 \
lsoa Supply Current {including associated AGND butfer)
Power = Low, Opamp Bias = Low - 150 200 HA
Power = Low, Opamp Bias = High - 300 400 pA
Power = Medium, Opamp Bias = Low - 600 800 A
Power = Medium, Opamp Bias = High - 1200 1600 A
Power = High, Opamp Bias = Low - 2400 3200 WA
Power = High, Opamp Bias = High - 4600 6400 WA
PSRRga Supply Vioitage Rejection Ratio 64 80 - dB xlsr: < \\;::js (Vdd - 2.25) or {Vdd - 1.25V) <
s .
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CY8C24x23A Final Data Sheet

3. Electrical Specifications

Table 3-9. 2.7V DC Operational Amplifier Specifications

Symbol Description Min Typ Max Units Notes
Vosoa input Offset Voitage (absoiute value)
Power = Low, Opamp Bias = High - 1.65 10 mv
Power = Medium, Opamp Bias = High - 1.32 8 my
High Power is 5 Volts Only
TCVpsoa Average Input Offset Voitage Drift - 7.0 35.0 WV/PC
lesoa Input Leakage Current (Port-0 Analog Pins) - 20 - pA Gross tested to 1 uA
Cinoa Input Capacitancs (Port O Analog Pins) - 4.5 95 pF Package and pin dependent. Temp = 25°C.
VemoA Common Mode Voltage Range 02 - Vdd-02 |V The common-mode input voltage range is
measured through an analog output buffer.
The specification includes the limitations
imposed by the characteristics of the analog
output bufler.
Gotoa Open Loop Gain - - dB Specification is applicable at high power. For
Power = Low, Opamp Bias = Low 60 all other pias mt'_)d.es (expept high power, high
opamp bias), minimum is 60 dB.
Powar = Medium, Opamp Bias = Low 60
Power = High 80
VOHIGHOA High Output Voltage Swing (intemal signals)
Power = Low, Opamp Bias = Low Vdd-0.2 |- - v
Power = Medium, Opamp Bias = Low Vdd-0.2 |- - v
Power = High is 5V only Vdd-0.2 |- - v
VoLowoa | Low Output Voltage Swing (internal signals)
Power = Low, Opamp Bias = Low - - 0.2 v
Power = Medium, Opamp Bias = Low - - 0.2 v
Power = High, Opamp Bias = Low - - 0.2 v
lsoa Supply Current (including associated AGND buffer)
Power = Low, Opamp Bias = Low - 150 200 HA
Power = Low, Opamp Bias = High - 300 400 HA
Power = Medium, Opamp Bias = Low - 600 800 WA
Power = Medium, Opamp Bias = High - 1200 1600 HA
Power = High, Opamp Bias = Low - 2400 3200 HA
Power = High, Opamp Bias = High - 4500 6400 nA
PSRRg, Supply Voltage Rejection Ratio 64 80 - dB Vls': s ¥IN < (Vdd - 2.25) or (Vdd - 1.25V)
VIN 5 Vdd.
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CYBC24x23A Final Data Sheet

3. Electrical Specifications

3.34

DC Analog Output Buffer Specifications

The following tables list guarantesed maximum and minimum specifications for the voltage and temperati.re ranges: 4.75V to 5.25V
and -40°C < Tp 5 85°C, 3.0V to 3.6V and -40°C < T, < 85°C, or 2.4V to 3.0V and 40°C < T, < 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design gu' f2nce only.

Table 3-10. 5V DC Analog Output Buffer Specifications

Symbol Description Min Typ Max Units Notes
Vosos Input Offset Voltage (Absolute Valua) - 3 12 my
TCVoson Average Input Offset Voltage Drift - +6 - KVIPC
Venmos Common-Mode Input Voltage Range 0.5 - Vdd-1.0 A
Routos Output Resistance
Power = Low - 1 - n
Power = High - 1 - Q
VoHiGHos High Output Voltage Swing (Load = 32 ohms to Vdd/2)
Power = Low 0.5xVad + 1.1~ - v
Power = High 05xVdd +1.1|- - v
VoLowos Low Qutput Voltage Swing (Load = 32 ohms to Vdd/2)
Power = Low - - 05xVdd-13 |V
Power = High - - 05xVvdd-13{V
Isos Supply Current including Bias Cell (No Load)
Power = Low - 1.1 5.1 mA
Power = High - 2.6 8.8 mA
PSRRgg Supply Voltage Rejection Ratio 52 64 - dB Voyr > (Vdd - 1.25).
Table 3-11. 3.3V DC Analog Cutput Buffer Specifications
Symbol Description Min Typ Max Units Notes
Vason Input Offset Voitage {Absolute Value) - 3 12 mvV
TCVosoe Avarage Input Offset Voltage Drift - +6 - pvre
Vemos Common-Mode Input Voltage Range 0.5 - Vda - 1.0 v
Routos Output Resistance
Power = Low - 1 - [¢]
Power = High - 1 - Q
VomGHoe High Quiput Voltage Swing (Load = 1k ohms to Vdd/2)
Power = Low 0.5xVdd +1.0 | - - v
Power = High 0.5xVdd+10 |- - v
VoLowos Low Output Voltage Swing (Load = 1k ohms to Vdd/2)
Power = Low - - 05xVdd-t0 |V
Power = High - - 05xVdd-1.0 1V
Isos Supply Current Including Bias Cell (No Load)
Power = Low 0.8 20 mA
Power = High - 2.0 4.3 mA,
PSRRgg Supply Voltage Rejection Ratio 52 64 - dB Vpur > (Vdd - 1.25).
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Table 3-12. 2.7V DC Analog Output Buffer Specifications

Symbol Description Min Typ Max Units Notes
Vosos Input Offset Vollage {Absolute Value}) - 3 12 mv
TCVosos | Average Input Offset Voltage Drift - +6 - uvrrC
Vemos Commen-Mode Input Valtage Range 0.5 - Vdd - 1.0 v
Routos Qutput Resistance
Power = Low - 1 - Q
Power = High - 1 - Q
VoHigHOB High Output Voltage Swing (Load = 1k ohms to Vdd/2)
Power = Low 05xvdd+02 (- - v
Power = High 0.5xVdd +0.2}- - v
VoLowos Low Output Voltage Swing (Load = tk ohms to Vdd/2)
Power = Low - - 0.5xVvdd-0.7 |V
Power = High - - 05xVdd-0.7 |V
Isos Supply Current Including Bias Cell {No Load)
Power = Low 08 2.0 mA
Power = High - 2.0 43 mA
PSRRpg Supply Voltage Rejection Ratio 52 64 - dB8 Vout > (Vdd - 1.25).
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3.3.5

DC Switch Mode Pump Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25v
and 40°C < T < 85°C, 3.0V to 3.6V and 40°C < T, < 85°C, or 2.4V to 3.0V and 40°C < T, < 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Table 3-13. DC Switch Mode Pump (SMP) Specifications

Symbol Description Min Typ Max Units Notas
Veume 5V 5V Output Voltage from Pump 475 50 525 v Configuration of footnote.® Average, negiecting
ripple. SMP trip voltage is set to 5.0V.
Veume 3V 3.3V Output Voitage from Pump 3.00 328 3.60 v Configuration of footnote.® Averaga, neglecting
ripple. SMP trip voltage is set to 3.25V.
Vpuwe 2V 2.6V Output Voltage from Pump 245 2.55 2.80 v Configuration of footnate.? Average, neglecting
ripple. SMP trip voltage is set to 2.55V.
lpump Available Output Current Configuration of footnote.?
Vaar = 1.8V, Vpypp =5.0V 5 - - mA SMP trip voltage is set to 5.0V,
Vaar = 1.5V, Vpuwp =325V 8 - - mA SMP trip voltage is set to 3.25V.
Vaar = 1.3V, Vpyme =2.55V 8 - - mA SMP trip voltage is set to 2.55V.
VaarsV Input Violtage Range from Battery 18 - 50 v Configuraticn of footnote.? SMP trip voltage is
set to 5.0V.
VaardV Input Voltage Range from Battery 10 - 3.3 v Configuration of footnote.® SMP krip voltage is
setto 3.25V.
Vear2V Input Voltage Range from Battery 1.0 - 30 v Configuration of footnote.® SMP trip voltage is
setto 2.55V.
VBATSTART Mirimum Input Voitage from Battery to Start Pump 12 - - v Configuration of footnote.® 0°C < T, < 100.
1.25V at T, = 40°C.
4Vpymp_Line | Line Regulation (over Vgar range} - 5 - %Vo Configuration of footnote.® Vg is the "Vdd Vaiue
for PUMP Trip™ specified by the VM[2:0] setting
in the DC POR and LVD Specification, Table 3-
18 on page 27.
AVoump oed | Load Regulation - 5 - %Vo Configuration of foatnate.® Vy is the “Vdd Value
for PUMP Trp® specified by the VM[2:0] setting
in the DC POR and LVD Specification, Table 3-
18 on page 27.
AVPUMp_mpp,. Output Voltage Ripple (depends on capacitorload) - 100 - mvpp Configuration of footnote.? Load is § mA.
Ey " | Efficiency 35 50 - % Configuration of footnate.® Load is 5 mA. SMP
trip voltage is set to 3.25V,
E; Efficiency
Fpump Switching Frequency -~ 13 - MHz
DCpymp Switching Duty Cyde - 50 - %

a. Ly=2pH inductor, C; = 10 uF capacitor, Dy = Schottky diode. See Figure 3-2.

+
Veat == Batte

D1
™~
L1
[
- Vdd Ve
- -
- p
Ly - A I
SMP - i
- o ™
y - PSoC™ - Ct
- -
o -
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Figure 3-2. Basic Switch Mode Pump Circuit
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3.3.6

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and 40°C < T < 85°C, 3.0V to 3.6V and -40°C < T, < 85°C, or 2.4V to 3.0V and 40°C < T, < 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

DC Analog Reference Specifications

The guaranteed specifications are measured through the Analog Continuous Time PSoC blocks. The power levels for AGND refer to
the power of the Analog Continuous Time PSoC block. The power levels for RefHi and Refl.o refer to the Analog Reference Control
ragister. The limits stated for AGND include the offset error of the AGND buffer local to the Analog Continuous Time PSoC block.
Referenca control power is high.

Table 3-14. 5V DC Analog Reference Specifications

Symbol Description Min Typ Max Units
BG Bandgap Voltage Reference 1.28 1.30 1.33 v
- AGND = Vddf2 vddi2 - 0.04 Vdd/i2-0.01 Vdd/2 + 0.007 v
- AGND = 2 x BandGap 2xBG-0.048 2xBG-0.030 2xBG +0.024 v
- AGND = P2[4} (P2[4] = Vdd/2) P2[4]-0.011 P2{4} P2[4] + 0.011 v
- AGND = BandGap BG - 0.009 BG +0.008 BG +0.016 v
- AGND = 1.6 x BandGap 1.6 x BG - 0,022 1.6xBG-0.010 1.6 xBG +0.018 v
- AGND Block to Block Variation (AGND = Vdd/2) 0.034 0.000 0.034 v
- RefHi = Vdd/2 + BandGap Vddi2 + BG -0.10 Vddi2 + BG Vdd/2 + BG +0.10 v
- RefHi = 3 x BandGap 3xBG-006 3xBG 3xBG +0.06 v
- RefHi = 2 x BandGap + P2[6] (P2[6] = 1.3V) 2xBG+P2(6]-0.113 |2xBG+P2[6]-0.018 |2xBG +P2[6]+0.077 |V
- RafHi = P2{4] + BandGap (P2[4] = Vdd/2) P2[4] + BG - 0.130 P2[4] + BG - 0.016 P2[4] + BG + 0.098 v
- RefHi = P2[4] + P2[6] (P2[4] = Vdd/2, P2[6} = 1.3V) P2[4] + P2[6] - 0.133 | P2[4] + P2[6]- 0.016 | P2(d] + P2[6}+ 0.100 |V
- RefHi = 3.2 x BandGap 32xBG-0.112 32xBG 32 xBG +0.076 A
- ReflLo = Vdd/2 - BandGap vdd/2 - BG-0.04 Vdd/2 - BG + 0.024 Vdd/2-BG + 0.04 v
- RefLo = BandGap 8G-0.06 BG BG + 0.06 v
- RefLo = 2 x BandGap - P2[6] (P2[6] = 1.3V) 2xBG-P2[6]-0084 |2xBG-P2[6)+0025 |2xBG-P2[6]+0.134 |V
- Reflo = P2[4] - BandGap (P2[4] = Vdd/2) P2[4]- BG - 0.056 P2[4) - BG + 0.026 P2{4]-BG + 0.107 v
- Refio = P2[4}-P2[6] {P2[4] = Vdd/2, P2[6] = 1.3V) P2[4] - P2[6] - 0.057 P2[4]- P2[6] + 0.026 | P2[4]-P2[6] + 0.110 |V

Table 3-15. 3.3V DC Analog Reference Specifications

Symbol Description Min Typ Max Units
BG Bandgap Voitage Reference 1.28 1.30 1.33 v
- AGND = Vdd/i2 Vddr2 - 0.03 Vdd/2 - 0.01 Vdd/2 + 0.005 \
- AGND = 2 x BandGap Not Allowed
- AGND = P2[4] (P2[4] = Vdd/2) P2(4] - 0.008 P2[4] + 0.001 P2[4] + 0.009 v
- AGND = BandGap BG - 0.009 BG + 0.005 BG +0.015 v
- AGND = 1.6 x BandGap 1.6 x BG - 0.027 1.6xBG-0.010 16 xBG +0.018 v
- AGND Column to Column variation (AGND = Vdd/2) -0.034 0.000 0.034 mv
- RefHi = Vdd/2 + BandGap Not Allowed
- RefHi = 3 x BandGap Not Allowed
- RefHi = 2 x BandGap + P2[6] (P2[6] = 0.5V) Not Allowed
- RefHi = P2[4] + BandGap (P2[4] = Vdd/2) Not Allowed
- RefHi = P2[4] + P2[6] (P2{4] = Vdd/2, P2[6] = 0.5V) P2[4) + P2[6] - 0075 | P2[4] + P2[6]- 0.003 [ P2[d]+ P2[6] + 0.057 |V
- RefHi = 3.2 x BandGap Not Allowed
- RefLo = Vdd/2 - BandGap Not Allowed
- RefLo = BandGap Not Allowed
- Reflo = 2 x BandGap - P2[6] (P2[6] = 0.5V) Not Allowed
- RefLo = P2[4] - BandGap (P2[4] = Vdd/2) Not Allowed
- Reflo = P2[4]-P2[6] (P2{4] = Vdd/2, P2[6] = 0.5V) P2(4]- P2(6]-0.048 | P2[4}- P2(6]+0.022 | P24]-P26]+0.092 [V
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Table 3-16. 2.7V DC Analog Reference Specifications

Symbol Description Min Typ Max Units
BG Bandgap Voltage Reference 1.16 1.30 1.33 v
- AGND = Vddf2 Vdd/2 - 0.03 Vdd/2 - 0.01 Vdd/2 + 0.01 v
- AGND = 2 x BandGap Not Allowed
- AGND = P2[4] (P2{d] = Vdd/2) P2[4]- 0.01 P2[4] P2(4] + 0.01 v
- AGND = BandGap BG-0.01 BG BG+0.015 \
- AGND = 1.6 x BandGap Not Allowed
- AGND Column to Column Variation (AGND = Vdd/2) 0.034 [ 0.000 |0.034 [mv
- RefHi = Vdd/2 + BandGap Not Allowed
- RefHi = 3 x BandGap Not Allowed
- RefHi = 2 x BandGap + P2[6] (P2{6] = 0.5V) Not Allowed
- RefHi = P2[4] + BandGap (P2[4] = Vdd/2) Not Allowed
- RefHi = P2{4) + P2(6] (P2[4] = Vdd/2, P2[6] = 0.5V) P2[4] + P2[6] - 0.08  [P24]+P2[6]-0.01  [P2[4]+P2[6| +0.06 |V
- RefHi = 3.2 x BandGap Not Allowed
- Reflo = Vdd/2 - BandGap Not Allowed
- RefLo = BandGap Not Allowed
- RefLo = 2 x BandGap - P2[6] (P2[6] = 0.5V) Not Allowed
- Refl.o = P2[4] — BandGap (P2(4] = Vdd/2) Not Allowed
- ReflLo = P2[4]-P2[6] (P2[{4] = Vdd/2, P2[6] = 0.5V) P2(4] - P2[6] - 0.05 [ P24} P2[6) + 0.01 | P2[4] - P2(6] + 0.09 v

3.3.7 DC Analog PSoC Block Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < T, < 85°C, 3.0V to 3.6V and 40°C < T, < B5°C, or 2.4V to 3.0V and -40°C < T, < 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Table 3-17. DC Analog PSoC Block Specifications

Symbol Description Min Typ Max Units Notes
Rer Resistor Unit Value (Continuous Time) - 122 - kQ
Csc Capacitor Unit Value {Switch Cap) - 80 - fF
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3.3.8

DC POR, SMP, and LVD Specifications

The foliowing table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V

and -40°C < T4 < 85°C, 3.0V to 3.6V and -40°C < T4 < 85°C, or 2.4V to 3.0V and -40°C < T, < 85°C, respectively. Typical parameters
apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Note The bits PORLEV and VM in the table below refer to bits in the VLT_CR register. See the PSoC Mixed-Signal Array Technical
Reference Manual for more information on the VLT_CR register.

Table 3-18. DC POR and LVD Specifications
Symbol Description Min Typ Max Units Notes
Vdd Value for PPOR Trip Vdd must be greater than or equal to 2.5V
VppoRo PORLEV[1:0] = 00b 226 240 v during startup, reset from the XRES pin, or
Vi 0] = reset from Watchdog.
PPORY PORLEV[1:0] = 01b - 282 295 v
Veporz PORLEV[1:0] = 10b 4.55 470 v
Vdd Value for LVD Trip
Vivbo VM[2:0] = 000b 240 245 2.51¢ v
Vv VM[2:0] = 001b 2.85 2.92 289 Vv
Vivoz VM[2:0] = 010b 2.95 302 [3.00 v
Vivpa VM[2:0] = 011b 3.06 3.3 3.20 Vv
Vivoe VM[2:0] = 100b 437 4.48 455 v
Vivos VM[2:0] = 101b 4580 464 |a7s Vv
Vivos VM[2:0] = 110b 4.62 4.73 483 v
Vivor VM[2:0] = 111b 4n 4.81 4.95 v
Vdd Vatue for SMP Trip
Veumeo VM[2:0] = 000b 2.50 2.55 262¢ |V
Veurer VM[2:0] = 001b 2.96 3.02 3.09 v
Veume2 VM[2:0] = 010b 3.03 3.10 3.16 v
M VM[2:0] = 011b 3.18 3.25 3329 |v
Vrumps VM[2:0] = 100b 454 464|474 v
Veuwes VM[2:0] = 101b 462 473 4.83 v
Veumee VM[2:0] = H10b 4.7 482 492 v
Veumpr VM[2:0] = 111b 4.89 500 512 v

a. Always greater than 50 mV above Vppag (PORLEV=00) for falling supply.
b. Always greater than 50 mV above Vppop (PORLEV=01) for falling supply.
€. Always greater than 50 mV above Vypq.

d. Always greater than 50 mV above V,yps.
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3.3.9 DC Programming Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C £ Tp & 85°C, 3.0V to 3.6V and -40°C < T, < 85°C, or 2.4V to 3.0V and -40°C < T4 < B5°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Table 3-19. DC Programming Specifications

Symbol Description Min Typ Max Units Notes

Vddwrite | Supply Voltage for Flash Write Operations 2.70 - - \

lope Supply Current During Programming or Verify - 5 25 mA

Vie Input Low Voltage During Programming or Verify - - 0.8 Vv

Vinp Input High Voltage During Programming or Verify 21 - - \

e Input Current when Applying Vilp to P1[0] or P1{1] During |- - 0.2 mA Driving internal pull-down resistor.
Programming or Verify

liup Input Current when Applying Vihp to P1[0] or P1{1} During |- - 15 mA Driving internal pull-down resistor.
Programming or Verify

Vowv Output Low Voltage During Programming or Verify - - Vss+0.75 |V

Vorv Output High Voltage During Programming or Verify vVdd-1.0 |- vdd

Flashgnpg Flash Endurance (per block) 50,000 - - - Erase/write cycles per block.

Flashenr | Flash Endurance (total)® 1,800,000 |-~ - - Eraselwnite cycles.

Flashpg Flash Data Retention 10 - - Years

a. A maximum of 36 x 50,000 block endurance cycles is allowed. This may be balanced between operations on 36x1 blocks of 50,000 maximusn cycles each, 36x2 blocks of
25,000 maximum cycles each, or 36x4 blocks of 12,500 maximum cycles each {te limit the tota! number of cycles to 36x50,000 and that no single block ever sees more than
50,000 cycles).

For the full industrial range, the user must employ a temperature sensor user module (FlashTemp) and feed the resut to the temperatwre arqument before writing. Refer 10
the Flash APIs Application Note AN2015 at hitp-/fwww.cypress.com under Application Notes for more information.
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3.4 AC Electrical Characteristics

3.4.1 AC Chip-Level Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < T, <85°C, 3.0V to 3.6V and -40°C < T, <85°C, or 2.4V 1o 3.0V and 40°C < Ty, < 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Table 3-20. 5V and 3.3V AC Chip-Level Specifications

Symbol. Description Min Typ Max Units Notes

Fimozs Intemal Main Oscillator Frequency for 24 MHz 234 24 24 680c | MHz Trimmed for 5V or 3.3V operation using fac-
tory trim values. See Figure 3-1bon
page 15. SLIMO mode = 0.

Fimos Intemal Main Oscillator Frequency for 6 MHz 5.7% 6 g.352bc | MHz Trimmed for 5V or 3.3V operation using fac-
tory trim values. See Figure 3-1b on
page 15. SLIMO mode = 1.

Fepuy CPU Frequency (5V Nominal) 0.93 24 2460t |MHz

Fepuz CPU Frequency (3.3V Nominal) 0.93 12 12.3¢ MHz

Fagm Digital PSoC Block Frequency 0 48 492908 | MHz Refer to the AC Digital Block Specifications.

Faam Digital PSoC Block Fraquency 0 24 2460 ¢ {MHz

Fazxq Intemal Low Speed Oscillator Frequency 15 32 64 kHz

Faoxa External Crystal Osciflator - 32.768 - kHz Accuracy is capacitor and crystal dependent.
50% duty cycle.

FerL PLL Frequency - 23.986 - MHz Is a multiple (x732) of crystal frequency.

Jiter2dM2 | 24 MHz Period Jitter (PLL) - - 600 ps

TPLLSLEW PLL Lock Time 0.5 - 10 ms

Tewsiews- | PLL Lock Time for Low Gain Setting 05 - 50 ms

LOW

Tos Extemal Crystal Oscillator Startup to 1% - 1700 2620 ms

Tosacc External Crystal Osciltator Startup to 100 ppm - 2800 3800 ms The crystal oscillator frequency is within 100
ppm of its final value by the end of the Togacc
period. Commect operation assumes a prop-
erly loaded 1 uW maximum drive leve!
32.768 kHz crystal. 3.0V < Vdd $5.5V, 40°%C
<T,<85°C.

Jitter32k 32 kHz Period Jitter - 100 ns

TxrsT External Reset Puise Width 10 - - us

DC24M 24 MHz Duty Cydcle 40 50 60 %

Step24M 24 MHz Trim Step Size - 50 - kiHz

Foutd8M |48 Mz Output Frequency 188 48.0 49286 |MHz Trimmed. Utilizing factory trim values.

Jitter2dM1P | 24 MHz Period Jitter (IMO) Peak-to-Peak - 300 ps

Jitter24M1R | 24 MHz Period Jitter (IMO) Root Mean Squared - - 600 ps

Fraax Maximum frequency of signal on row input or row output, | — - 12.3 MHz

Trame Supply Ramp Time 0 — - us

a. 475V <Vdd < 5.25V,
b. Accuracy derived from Intemal Main Oscillator with appropriate trim for Vdd range.
€. 3.0V <Vdd < 3.6V. See Application Note AN2012 "Adjusting PSaC Microcartrolier Trims for Dual Votage-Range Operation” for mformation on trimming for operation at 3.3V.
d. See the individual user module data sheets for information on maximum frequencies for user modules.
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Table 3-21. 2.7V AC Chip-Level Specifications

Symbol Description Min Typ Max Units Notes

Fimo1z Internal Main Oscillator Frequency for 12 MHz 11.5 12 12 7abc | MHz Trimmed for 2.7V operation using factory
trim values. See Figure 3-1b on page 15.
SLIMO mode = 1.

Fimos Internal Main Oscillator Frequency for 6 MHz 5.75 6 6.3520¢ |MHz Trimmed for 2.7V operation using factory
trim values. See Figure 3-1b on page 15.
SLIMO mode = 1.

Fepun CPU Frequency (2.7V Nominal) 0.93 3 3.15%%  |MHz

Foarka? Digital PSoC Block Fraquency (2.7V Nominal) 0 12 12.720C | pMHz Refer to the AC Digitat Block Specifica-
tions.

Fanq Internal Low Speed Oscillator Frequency 8 32 96 kHz

Jitter32k 32 kHz Period Jitter - 150 ns

TxRsT External Reset Puise Width 10 - - HS

DC12M 12 MHz Duty Cycle 40 50 60 %

Jitter12M1P 12 MHz Period JJitter {IMO) Peak-to-Peak - 340 ps

Jitter12M1R 12 MHz Period Jitter (IMO) Root Mean Squared - - 600 o]

Fraax Maximum frequency of signal on row input or row output. - - 12.7 MHz

Tramp Supply Ramp Time 0 - — HS

a. 24V<Vdd<30V.
b. Accuracy derived from Intenal Main Oscillator with appropriate trim for Vdd range.
¢. See Application Note AN2012 "Adjusting PSoC Microcontroller Trims for Dua! Voltage-Range Operation” for information on maximum frequency for User Modules.

PLL
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PLL
Gain

_

f—— Tougew ——

24MHz

Figure 3-3. PLL Lock Timing Diagram
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Enable
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Gain

_
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Figure 3-4. PLL Lock for Low Gain Setting Timing Diagram
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32K
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Figure 3-5. External Crystal Oscillator Startup Timing Diagram
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Figure 3.6. 24 MHz Period Jitter (IMO) Timing Diagram

Jitterd2k
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Figure 3-7. 32 kHz Period Jitter (ECO) Timing Diagram
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342 AC General Purpose |0 Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and 40°C < T, < 85°C, 3.0V to 3.6V and -40°C < T4 < 85°C, or 2.4V to 3.0V and -40°C < T, < 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Table 3-22. 5V and 3.3V AC GPIO Specifications

Symbot Description Min Typ Max Units Notes
Fapio GPI0O Operating Frequency 0 - 12 MHz Normal Strong Mode
TRiseF Rise Time, Normal Strong Mode, Cload = 50 pF 3 - 18 ns Vdd = 4.5t0 5.25V, 10% - 90%
TFallF Fall Time, Normal Strong Mcde, Cload = 50 pF 2 - 18 ns Vdd = 4.5 to 5.25V, 10% - 90%
TRiseS Rise Time, Slow Strong Mode, Cload = 50 pF 10 27 - ns Vdd = 3to 5.25V, 10% - 90%
TFalls Fall Time, Slow Strong Mode, Cload = 50 pF 10 22 - ns Vdd = 310 5.25V, 10% - 90%

Table 3-23. 2.7V AC GPIO Specifications

Symbol Description Min Typ Max Units Notes
Fario GP1O Operating Frequency 0 - 3 MHz Normal Strong Mode
TRiseF Rise Time, Normal Strong Mode, Cload = 50 pF 6 - 50 ns Vdd = 2.4 to 3.0V, 10% - 90%
TFaliF Fall Time, Normal Strong Mode, Cload = 50 pF 6 - 50 ns vdd = 2.4 t0 3.0V, 10% - 90%
TRiseS Rise Time, Slow Strong Mode, Cload = 50 pF 18 40 120 ns Vdd = 2.4 to 3.0V, 10% - 90%
TFalls Fall Time, Slow Streng Mode, Cload = 50 pF 18 40 120 ns vdd = 2.4 to 3.0V, 10% - 90%
90%

GP1O
Pin
Output
Voltage

'
t
'
f

TRissF TFrallF
TRiseS TFallS

Figure 3-8. GPIO Timing Diagram
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343 AC Operational Amplifier Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and 40°C < T, < 85°C, 3.0V to 3.6V and -40°C < T, < 85°C, or 2.4V to 3.0V and 40°C < Ty < 85°C, respectively. Typical parameters
apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Settling times, slew rates, and gain bandwidth are based on the Analog Continuous Time PSoC block.

Power = High and Opamp Bias = High is not supported at 3.3V and 2.7V.

Table 3-24. 5V AC Operational Amplifier Specifications

Symbol Description Min Typ Max Units Notes

Troa Rising Settling Time from 80% of AV to 0.1% of AV (10 pF

Ioad, Unity Gain)

Power = Low, Opamp Bias = Low - - 39 us

Power = Medium, Opamp Bias = High - - 0.72 us

Power = High, Opamp Bias = High - - 0.62 us
Tsoa Falling Settling Time from 20% of AV t0 0.1% of AV (10 pF

load, Unity Gain)

Power = Low, Opamp Bias = Low - - 59 Hs

Power = Medium, Opamp Bias = High - - 0.92 us

Power = High, Opamp Bias = High - - 0.72 us
SRroa Rising Slew Rate (20% to 80%)(10 pF load, Unity Gain)

Power = Low, Opamp Bias = Low .15 - - Vius

Power = Medium, Opamp Bias = High 1.7 - - Vius

Power = High, Opamp Bias = High 6.5 - - Vius
SReoa Falling Slew Rate (20% to 80%)10 pF load, Unity Gain)

Power = Low, Opamp Bias = Low 0.01 - - Vius

Power = Medium, Opamp Bias = High 0.5 - - Vius

Power = High, Opamp Bias = High 40 - - Vius
BWoa Gain Bandwidth Product

Power = Low, Opamp Bias = Low 0.75 - - MHz

Power = Medium, Opamp Bias = High 31 - - MHz

Power = High, Opamp Bias = High 5.4 - - MHz
Enoa Noise at 1 kMHz (Power = Medium, Opamp Bias = High) - 100 - nV/rt-Hz

Table 3-25. 3.3V AC Operational Amplifier Specifications

Symbol Description Min Typ Max Units Notes
TroA Rising Settling Time from 80% of AV to 0.1% of AV (10 pF
load, Unity Gain)
Power = Low, Opamp Bias = Low - - 392 Hs
Power = Medium, Opamp Bias = High - - 0.72 HS
Tsoa Falling Settling Time from 20% of AV to 0.1% of AV {10 pF
load, Unity Gain)
Power = Low, Opamp Bias = Low - - 5.41 us
. Power = Medium, Opamp Bias = High - - 0.72 us
SRpgoa Rising Slew Rate {(20% to 80%){10 pF load, Unity Gain)
Power = Low, Opamp Bias = Low 0.31 - - Vius
Power = Medium, Opamp Bias = High 27 - - Vius
SReoa Falling Slew Rate (20% 1o 80% X 10 pF lgad, Unity Gain}
Power = |.ow, Opamp Bias = Low 0.24 - - Vius
Power = Medium, Opamp Bias = High 1.8 - - Vius
BWoa Gain Bandwidth Product
Power = Low, Opamp Bias = Low 0.67 - - MRz
Power = Medium, Opamp Bias = High 28 - - MHz
Enoca Noise at 1 kHz (Power = Medium, Opamp Bias = High) - 100 - nvyin-Hz
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Table 3-26. 2.7V AC Operational Amplifier Specifications

Symbol Description Min Typ Max Units Notes
Troa Rising Settling Time from 80% of AV to 0.1% of AV (10 pF
load, Unity Gain)
Power = Low, Opamp Bias = Low - - 3.92 HS
Power = Medium, Opamp Bias = High - - 0.72 us
Tson Falling Settling Time from 20% of 4V to 0.1% of AV (10 pF
load, Unity Gain}
Power = Low, Opamp Bias = Low - - 5.41 us
Power = Medium, Opamp Bias = High - - 0.72 us
SRpoa Rising Slew Rate (20% to 80%)(10 pF load, Unity Gain})
Power = Low, Opamp Bias = Low 0.31 - - Vips
Power = Medium, Opamp Bias = High 27 - - Vius
SReoa Falling Slew Rate {20% to 80%) 10 pF load, Unity Gain)
Power = Low, Opamp Bias = Low 0.24 - - Vius
Power = Medium, Opamp Bias = High 1.8 - - Vius
BWj, Gain Bandwidth Product
Power = Low, Opamp Bias = Low 0.67 - - MHz
Power = Medium, Opamp Bias = High 28 - - MHz
Enoa Noise at 1 kHz (Power = Medium, Opamp Bias = High) - 100 - nv/rt-Hz
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3.4.4

AC Digital Block Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and 40°C € Ty £85°C, 3.0V to 3.6V and -40°C < T4 < 85°C, or 2.4V to 3.0V and -40°C < T, < 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Table 3-27. 5V and 3.3V AC Digital Block Specifications

Maximum Input Clock Fraquency with Vdd 2 4.75V, 2
Stop Bits

Function Description Min Typ Max Units Notas
Timer Capture Pulse Width 50° - ns
Maximum Frequency, No Capture - 49.2 MHz 4.75V < Vdd < 5.25V.
Maximum Frequency, With Capture 246 MHz
Counter Enable Puise Width 502 - ng
Maximum Frequency, No Enable Input - 49.2 MHz 4.75V < Vdd < 5.25V.
Maximum Frequency, Enable Input -~ 246 MHz
Dead Band | Kill Pulse Width:
Asynchronous Restart Mode 20 - ns
Synchronous Restart Mode 500 - ns
Disable Mode 50° - ns
Maximum Frequency - 49.2 MHz 4,75V < Vdd < 5.25V.
CRCPRS Maximum input Clock Frequency - 49.2 MHz 4.75V < Vdd < 5.25v.
(PRS Mode)
CRCPRS Maximum Input Clock Frequency - 24.6 MHz
(CRC Mode)
SPIM Maximum Input Clock Frequency - 82 MHz Maximum data rate at 4.1 MHz due to 2 x over
clocking.
SPIS Maximum Input Clock Frequency - 4.1 ns
Width of S5_ Negated Between Transmissions 508 - ns
Transmitter | Maximum input Clock Frequency - 24.6 MHz Ma.xi'mum data rate at 3.08 MHz due to 8 x over
Maximum Input Clock Frequency with Vdd 2 4.75v, 2 - 49.2 MHz 3:,:.:?,"‘ data rate at 6.15 MHz due 1o 8 x over
Stop Bits clocking.
Racoiver Maximum Input Clock Frequency - 246 MHz Maximum data rate at 3.08 MHz due to 8 x gver
ng.
- 492 MHz :Alzcx':‘mgm data rate al 6.15 MHz due to 8 x over

clocking.

& 50 ns minimum input pulse width is based on the input synchronizers running at 24 MHz (42 ns nominal period).
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Table 3-28. 2.7V AC Digital Block Specifications

Function Description Min Typ Max Units Notes
All Maximum Block Clocking Frequency 127 MHz 2.4V <Vdd <30V
Functions
Timer Captura Pulsa Width 100° - ns
Maximum Frequency, With or Without Capture - 127 MHz
Counter Enable Pulse Width 1002 - ns
Maximum Frequency, Na Enable Input - 127 MHz
Maximum Frequency, Enable Input - 127 MHz
Dead Band | Kill Pulse Width:
Asynchronous Restart Mode 20 - ns
Synchronous Restart Mode 100® - ns
Disable Mode 100° - ns
Maximum Frequency - 127 MHz
CRCPRS Maximum Input Clock Frequancy - 12.7 MHz
(PRS Mode)
CRCPRS Maxirmum Input Clack Frequency - 127 MHz
(CRC Mode)
SPIM Maxirmum Input Clock Frequency - 6.35 MHz Maximum data rate at 3.17 MHz due to 2 x over
clocking.
SPIS Maximum Input Clock Frequency - 4.23 ns
Width of SS_ Negated Between Transmissions 106° - ns
Transmitter | Maximum [nput Clock Frequency - 12.7 MHz Maximum data rate at 1.59 MHz due to 8 x over
clocking.
Recaiver Maximum input Clock Frequency - 127 MHz Maximum data rats at 1.59 MHz due to 8 x over
ciocking.

a. 50 ns minimum input puise width ts based on the input synchronizers running at 12 MHz (84 ns nominal period).
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3.4.5

AC Analog Output Buffer Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.26V
and 40°C S T, < 85°C, 3.0V to 3.6V and -40°C 5 T4 £ 85°C, or 2.4V to 3.0V and -40°C < T, < 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Table 3-29. 5V AC Analog Output Buffer Specifications

Symbol Description Min Typ Max Units Notes

Thos Rising Settling Time to 0.1%, 1V Step, 100pF Load

Power = Low - - 25 us

Power = High - - 25 us
Tsoa Falling Settling Time to 0.1%, 1V Step, 100pF Load

Power = Low - - 2.2 HS

Power = High - - 22 ps
SRpos Rising Slew Rate (20% to 80%), 1V Step, 100pF Load

Power = Low 0.65 - - Vius

Power = High 0.65 - - Vips
SRrop Falling Slew Rate (80% to 20%), 1V Step, 100pF Load

Power = Low 0.65 - - vius

Power = High 0.65 — - Vius
BWgg Small Signal Bandwidth, 20mV,,, 3dB BW, 100pF Load

Power = Low 0.8 - - MHz

Power = High 08 - - MHz
BWgs Large Signal Bandwidth, 1V,,,, 3dB BW, 100pF Load

Power = Low 300 - - kHz

Power = High 300 - - kHz

Table 3-30, 3.3V AC Analog Output Buffer Specifications

Symbol Description Min Typ Max Units Notes
Tros Rising Settiing Time to 0.1%, 1V Step, 100pF Load

Power = Low - - 3.8 HS

Power = High - - 38 us
Tsos Falling Settling Time to 0.1%, 1V Step, 100pF Load

Power = Low - - 26 us

Power = High - - 26 Hs
SRpog | Rising Slew Rate (20% to 80%), 1V Step, 100pF Load

Power = Low 05 - - Vius

Power = High Q0.5 - - Vs
SRepa Falling Slew Rate (80% to 20%), 1V Step, 100pF Load

Power = Low 0.5 - - Vius

Power = High 05 - - Vius
BWoa Small Signal Bandwidth, 20mV,,,, 3dB BW., 100pF Load

Power = Low 0.7 - - MHz

Power = High 0.7 - - MHz
BWgg Large Signal Bandwidth, 1V,,;,, 3dB BW, 100pF Load

Power = Low 200 - - kHz

200 - - kHz

Power = High
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Table 3-31. 2.7V AC Analog Output Buffer Specifications

Symbol Description Min Typ Max Units Notes

Tros Rising Settling Time to 0.1%, 1V Step, 100pF Load

Power = Low - - 4 us

Power = High - - 4 us
Tsos Falling Settiing Time to 0.1%, 1V Step, 100pF Load

Power = Low - - 3 ps

Power = High - - 3 us
SRpos | Rising Slew Rate (20% to 80%), 1V Step, 100pF Load

Power = Low 04 - - Vius

Power = High 04 - - Vius
SRegg | Falling Slew Rate (80% to 20%), 1V Step, 100pF Load

Power = Low 0.4 - - Vius

Power = High 0.4 - - Vius
BWpa Small Signal Bandwidth, 20mV,,, 3dB BW, 100pF Load

Power = Low 06 - - MHz

Power = High 0.6 - - MHz
BWog Large Signal Bandwidth, 1V,;, 3¢B BW, 100pF Load

Power = Low 180 - - kHz

Power = High 180 - - ¥Hz

3.46 AC External Clock Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < T < 85°C, 3.0V to 3.6V and -40°C < T, < 85°C, or 2.4V to 3.0V and -40°C < T < 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Table 3-32. 5V AC External Clock Specifications

Symbol Description T win Typ Max Units Notes
Foscexy Frequency 0.093 - 24.6 MHz
- High Period 206 - 5300 ns
- Low Period 20.6 - - ns
- Power Up IMO to Switch 150 - - §s

Table 3-33. 3.3V AC External Clock Specifications

Symbol Description Min Typ Max Units Notes
Foscext Frequency with CPU Clock divide by 1° 0.093 - 123 MHz
Foscext Frequency with CPU Clock divide by 2 or greater® 0.186 - 248 MHz
- High Period with CPU Clock divide by 1 417 - 5300 ns
- Low Period with CPU Clock divide by 1 41.7 - - ns
- Power Up IMO to Switch 150 - - us

a. Maximum CPU frequency is T2 MHz at 3.3V. With the CPU clock divider set to 1, the external clock must adhere to the maximum frequency and duty cycle requirements.

b. Kthe frequency of the extemal clock is greater than 12 MHz, the CPS clock divider must be setlo 2 or greater. in this case, the CPU clock divider will ensure that the fifty pes-
cent duty cycle requirement is met.
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Table 3-34. 2.7V AC External Clock Specifications

Symbol Dascription Min Typ Max Units Notas
Foscext Frequency with CPU Clock divide by 12 0.093 - 123 MHz
Foscext Frequency with CPU Clock divide by 2 or greater® 0.186 - 123 MHz
- High Pericd with CPU Clock divide by 1 417 - 5300 ns
- Low Pericd with CPU Clock divide by 1 497 - - ns
- Power Up IMO to Switch 150 - - us

a. Maximum CPU frequency is 12 MHz at 3.3V. With the CPU clock divider set to 1, the external clock must adhere to the maximum frequency and duty cycle requirements.
b. If the frequency of the extemal clock is greater than 12 MHz, the CPU clock divider must be set to 2 or greater. In this case, the CPU clock divider will ensure that the fifty per-

cent duty cycle requirement is met.

347

AC Programming Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and 40°C < T < 85°C, 3.0V to 3.6V and 40°C < T, $85°C, or 2.4V 10 3.0V and 40°C < T, < 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Table 3-35. AC Programming Specifications

Symbol Description Min Typ Max Units Notes
Trscik | Rise Time of SCLK 1 - 20 ns

Tesck | Fall Time of SCLK 1 - 20 ns

Tsscx | Data Set up Time to Falling Edge of SCLK 40 - - ns

Tuscik  { Data Hold Time from Falling Edge of SCLK 40 - - ns

Fseuk Frequency of SCLK 0 - 8 MHz

Terases | Flash Erase Time (Block) - 20 - ms

Twrite | Flash Block Write Time - 20 - ms

Toscx | Data Out Delay from Falling Edge of SCLK - - 45 ns Vdd > 3.6
Tosciky | Data Out Delay from Falling Edge of SCLK - - 50 ns 30<Vdd<3.6
Toscikz | Data Out Delay from Falling Edge of SCLK - - 70 ns 24<vdds<3.0
April 21, 2005 Document No. 38-12028 Rev. *D
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3.4.8  AC I2C Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and 40°C s T < 85°C, 3.0V to 3.6V and -40°C < T, < 85°C, or 2.4V to 3.0V and 40°C < T, < 85°C, respectively. Typical parameters

apply to 5V, 3.3V, and 2.7V at 25°C and are for design guidance only.

Table 3-36. AC Characteristics of the I2C SDA and SCL Pins for Vdd > 3.0V

Standard Mode Fast Mode
Symbol Description Min Max Min Max Units Notes
FscLzc | SCL Clock Frequency 0 100 0 400 kHz
Thostaize | Hold Time {repeated) START Condition. After this period, the | 4.0 - 0.6 - us
first dock pulse is generated.
Tiowize | LOW Period of the SCL Clock 47 - 13 - it
TuigHze | HIGH Period of the SCL Clock 4.0 - 0.6 - LS
Tsustaze | Setup Time for a Repeated START Condition 47 - 06 - us
ﬁmnnuc Data Hold Time 0 - 0 - Ks
Tsupanze | Pata Set-up Time 250 - 100 - ns
Tsustore | Set-up Time for STOP Condition 4.0 - 06 - us
Teurize Bus Free Time Between a STOP and START Condition 4.7 - 13 - us
Tspizc Pulse Width of spikes are suppressed by the input fiiter. - - 0 50 ns

a. AFast-Mode 12C-bus device can be used in a Standard-Mode 12C-bus system, bint the requirement tynar 2 250 ns must then be met. This will automaticalty be the case if
the device does not stretch the LOW period of the SCL signal. If such device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line
Ymax + Ysu;0a7 = 1000 + 250 = 1250 ns (according to the Standard-Mode [2C-bus specification) before the SCL line is released.

Table 3-37. AC Characteristics of the 12C SDA and SCL Pins for Vdd < 3.0V (Fast Mode Not Supported)

Standard Mode Fast Mode
Symbol Description Min Max Min Max Units Notes
FscLize SCL Clock Frequency 0 100 - - kHz
Tvostaze | Hold Time {repeated) START Condition. After this period, the | 4.0 - - - Hs
first clock pulse is generated.
Tiowrze | LOW Period of the SCL Clock 47 - - - s
TricHize | HIGH Period of the SCL Clock 40 - - - s
Tsustanc | Setwup Time for a Repeated START Condition 4.7 - - - us
Tvooatize | Data Hold Time 0 - - - us
Tsupamze | Data Set-up Tima 250 - - - ns
Tsustonze | Set-up Time for STOP Condition 40 - - - [TE3
Taurze Bus Frea Time Between a STOP and START Condition 47 - - - us
Tsprc Pulse Width of spikes are suppressed by the input fitter. - - - - ns
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Figure 3-11. Definition for Timing for Fast/Standard Mode on the 12C Bus

April 21, 2005 Document No. 38-12028 Rev. D 1



RANE

Professional Audio Products Data Sheet

MIC 1

CONDENSER MICROPHONE
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General Description

The Rane MIC 1 Condenser Microphone is a professional
quality back-electret condenser microphone with an omnidi-
rectional pickup pattern. Originally designed specifically for
use with Rane’s real-time equalizers and analyzers, it may be
used with any real-time analyzer to measure room response

and/or sound pressure levels.

Today, the MIC 1 finds itself being used in a number of
other related areas. Indeed, it is well suited for any application
requiring a full frequency, high SPL omnidirectional micro-
phone. This includes many broadcast, sound reinforcement,

and musical instrument uses.

The MIC | comes complete with an extra long 40 ft
(12.2m) cord to facilitate distant placing of the microphone

Features and Specifications

{12.2m}

from the analyzer. Included also is a zippered, weather-
resistant carrying/storage bag for added convenience and
protection. The MIC | comes with a non-reflective black
wrinkle powder-coat finish that is extremely durable and
scratch resistant.

Like alt condenser microphones, the MIC 1 must be
powered before operating. This may be done using standard
batteries, or a remote DC power supply. (See Application
Information section for details).

The MIC 1 is supplied with the RA 27 Realtime Analyzer
and the RE 27 Realtime Equalizer. When ordering separately,
please contact the Parts Department and specify part number
410-008.

Parameter Specification Limit Units Conditions/Comments

Microphone Type Back-Electret Condenser 6mm capsule

Frequency Response 20 to 16,000 1 dB +2dB at 20kHz

Polar Pattern Omnidirectional

Impedance 1.8k 5% Ohms With 2.2k Ohms Load

Sensitivity -64 3 dBV re 0dB=1V/ubar, 1kHz

(0.63 mV @ 74dB SPL) Iubar = 74dB SPL

Maximum SPL 140 dB 1kHz

Signal-To-Noise Ratio 58 (re 94dB SPL) Min dB 1kHz, A-weighted

Phasing Non-inverting Positive pressure on diaphragm
equals positive output voltage

Power

.......... Voltage Range 1.5t0 10 vDC Absolute Min & Max Ratings

.......... Rated Voltage . 2.0 10% vDC

.......... Sensitivity Loss -3dB @ 1.5VDC

.......... Current Demand 0.5 Max mA At 2.0 VDC

.......... Battery 9 VDC Alkaline (Type 1604A) 1000 hrs (typ) continuous

or (2) 1.5 VDC Alkaline (Size AA) 4000 hrs (typ) continuous

Cable Attached; 40 ft (12.2m) Long ! cond. shielded; %" TS phone

Case 6" x 9" (15.2cm x 22.9cm) Zippered Heavy Black Vinyl

Storage Temperature -20to 60 oC -4 to 140 oF

Operating Temperature -18 to 50 oC 0to 122 oF

Relative Humidity 0 to 95 % Operating or Storage




MIC 1

CONDENSER MICROPHONE
Electrical Diagram
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MIC 1 UNIT WITH POWER SUPPLY
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Optional Battery Power Supply
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* WHEN DRIVING BALANCED INPUTS USE 2-CONDUCTOR

WITH SHIELD CABLE.

TIE SHIELD ONLY AT RECENVING END.
FOR UNBALANCED INPUTS SHORT RING TO SLEEVE,

Appiication Information

The MIC 1 is a back-electret condenser microphone. The
“back-electret” is an improved version of the standard electret
condenser design where the polarization charge voltage, or
electret bias, is applied to the rear backplate, This provides
increased mechanical strength, improved resistance to
environmental effects, and better sensitivity and stability of
the charge. Since the electret is permanently charged (we
think 30 years qualifies as permanent) it does not need the
high voltage powering common to standard condenser
designs—a major benefit. This benefit is reduced, however,
by the electret requiring an impedance converter (built-in
JFET) which does need low voltage powering. So, as always,
you just can’t quite win.

Details of the simple power supply appear in the Electrical
Diagram. As shown, the recommended standard operating
voltage is +2 VDC supplied through a 2.2k ohms resistor.

Usually the 2 volts is zener regulated to a higher voltage and
resistively divided down. Regulation and tolerances are not
critical; however, the supply should be as noise free as
possible. While 2 volts is recommended, the MIC 1 runs
equally well up to 10 volts. When using higher voltages be
sure to observe the absolute maximum voltage limit of 10
volts.

Battery power is an option where it is not possible to build
the supply into the receiving unit, or portable applications
demand it. The diagram shows a complete battery power
supply using either (2) AA cells (preferred) or a single 9 volt
transistor battery. Either design should use alkaline cells for
longest life. Standard 5% tolerance, % watt resistors work just
fine. The capacitor and pull-down resistor values are mini-
mum,; larger sizes are okay.

©Rane Corporation 10802 47th Ave. W, Mukilteo WA 98275-5098

TEL (206)-355-6000 FAX (206)-347-T757 WEB http//www.rane.com

@ Printed in the U.S.A. on Recycled Paper

All features & specifications subject to change without notice 520-169 JUN96



MAX232, MAX232I
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1983 - REVISED AUGUST 1998

Operates With Single 5-V Power Supply
LinBiCMOS™ Process Technology
Two Drivers and Two Receivers

+30-V Input Levels
Low Supply Current . . . 8 mA Typical

Meets or Exceeds TIA/EIA-232-F and ITU
Recommendation V.28

Designed to be Interchangeable With
Maxim MAX232

Applications
TIA/EIA-232-F
Battery-Powered Systems
Terminals
Modems
Computers

ESD Protection Exceeds 2000 V Per
MIL-STD-883, Method 3015

Package Options Include Plastic
Small-Qutline (D, DW) Packages and
Standard Plastic (N) DIPs

description

The MAX232 device is a dual driver/receiver that
includes a capacitive voltage generator to supply
ElA-232 voltage levels from a single 5-V __pply.
Each receiver converts EIA-232 inputs to 5-V
TTL/CMOS levels. These receivers have a typical
threshold of 1.3 V and a typical hysteresis of 0.5 V,
and can accept +30-V inputs. Each driver
converts TTL/CMOS input levels into EIA-232
levels. The driver, receiver, and voltage-generator
functions are available as cells in the Texas
Instruments LinASIC™ library.

The MAX232 is characterized for operation from
0°C to 70°C. The MAX232l is characterized for
operation from —40°C to 85°C.

D, DW, OR N PACKAGE

(TOP VIEW)
[]
c1+]1 U 16(] Voo
Vs. [} 2 15[] GND
ci-[]s 14§] TIOUT
c2+[] 4 13[] R1IN
c2-[]s 12]] R10OUT
vs_[l6 1[] T1IN
T20UT [} 7 10]] T2IN
R2IN[] 8 8]] R20UT
logic symbolt
vee
% 16
1 Vee
C1+ ‘;—"— C1+ 2y
c.l_T.,(._.__ Ccl- 2Vog-1.5V S+
c2+ 5 *1C2+  _vec+1sV ® vs-
C2-—>—| ¢c2-
" > 14
T1IN ~>—— T10UT
7
T2in 19 b . T20UT
1
RIOUT 2] |« RIN
8
R20UT —— ] ov 4—— R2IN
X 15
GND

1 This symboi is in accordance with ANSHIEEE Std 91-1984 and IEC

Publication 6§17-12.

AVAILABLE OPTIONS

PACKAGED DEVICES
SMALL SMALL
T,
A OUTLINE OUTLINE PLAS(L')C DIP
{D) (DW)
0°C to 70°C MAX232D% MAX2320WF MAX232N
—-40°C to 85°C MAX23210F MAX2321DwWE MAX232IN

% This device is available taped and reeled by adding an R to the part number (i.e., MAX232DR).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products 2~ disclaimers thereto appears at the end of this data sheet.

LinASIC and LinBiCMOS are trademarks of Texas Instruments incorporated.

PRODUCTION DATA information is curremt as of
Products conform

bspocﬁwmsp-hmdl’-ﬂ hsuumns

mdlwm
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MAX232, MAX232i
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 — REVISED AUGUST 1938

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

tnput supply voltage range, Ve (seeNote 1) ... -03VtobV
Positive output supply voltage range, Vg+ . ... ..o v Vee-03Vto1sV
Negative output supply voltage range, Vg _ ... e -03Vto-15V
Input voltage range, V: Driver ........ ... .. i -03VioVgc+03V
=T oA +30V

Output voltage range, Vo: T1IOUT, T20UT ... Vg_-03VtoVg, +03V
RIOUT, R2Z0OUT ... . i -03VtoVge +03V

Short-circuit duration: T1OUT, T20UT ... et e e et et Unlimited
Package thermal impedance, 65 (see Note 2y Dpackage ...............cooiiiineiiinnenn.. 113°C/W
DWopackage ...........c.coiviiiiiiiinninann. 105°C/W

Npackage ... 78°C/W

Storage temperature range, Tatg -« ... oereiiiia i —65°C to 150°C
- Lead temperature 1,6 mm (1/16 inch) fromcasefor 10seconds ............ ... .. ..ciiiiioi... 260°C

t Stresses beyond those listed under "absolute maximum ratings™ may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended cperating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1. All voltage values are with respect to network ground terminal.

2. Thepackage thermal impedanceis caiculated in accordance with JESD 51, except for through-hole packages, which use a trace langth
of zero.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Voo 4.5 5 55 \
High-level input voltage, V|4 (T1IN, T2IN) 2 v
Lowevel input voltage, V)i (T1iN, T2IN) 0.8 v
Receiver input voltage, R1IN, R2IN +30 \4
’ ) MAX232 0 70 .
Operating free-air temperature, Ta VA3l 20 35 C

'&5’ TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MAX232, MAX232]
DUAL EIA-232 DRIVER/RECEIVER

S5LL5047G - FEBRUARY 1583 — REVISED AUGUST 1958

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt Max| uwniT

T10UT, T20UT R =3 kQQto GND 5 7
VoH  High-level cutput voltage v

R10UT, R20UT |lpy=—-1mA 35

T10UT, T20UT R} =3k to GND -7 -5
VoL Low-level output voitage¥ R10UT, R2OUT o =32 mA 52 v
ViT+ ﬁf:::ﬁ; ‘ﬁ‘:;ﬁ*’””g input R1IN, R2IN Voo =5V, Tp = 25°C 17 24| v
ViT- gf;::ﬁ;’ﬁ:;‘fﬂm"g input RAIN, R2IN Vee =5V, Tp = 25°C 08 12 v
Vhys Input hysteresis voltage R1IN, R2IN Vec =5V 0.2 0.5 \
1] Receiver input resistance R1iN, R2IN Vee =5, Ta = 25°C 3 5 7 kG
o Output resistance T10OUT, T20UT |Vg+=Vg_=0, Vo=1t2V 300 Q
los§  Shortcircuit output current T10UT, T20UT |Vec =55V Vo=0 +10 mA
iis Short-circuit input current T1IN, T2IN Vi=0 200 wA
lcc  Supply current ¥§S ; SECS v. All outpuits open. 8 10] mA

T All typical vaiues are at Voo = 5V, Tp = 25°C.
¥ The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage

levels only.
§ Not more than one output should be shorted at a time.

switching characteristics, Vog =5V, T = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tpLH(R) Receiver propagation delay time, low- to high-level output See Figure 1 500 ns
tPHL{R) Receiver propagation deiay time, high- to low-level output See Figure 1 500 ns

. R =3 k2107 kO,
SR Driver slew rate See Figure 2 30| Vs
SRtr) Driver transition region slew rate See Figure 3 3 Vius

"@ TexAs
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



MAX232, MAX232
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1588 ~ REVISED AUGUST 1998

PARAMETER MEASUREMENT INFORMATION -

Vee
+

RL=1.3kQ
R1IN

or

Pulse
Generator R2IN

{see Note A)

See Note C

CL=50pF
I (see Note B)

TEST CiRCUIT

£10ns —+ | —» l—<10ns
l

I [
! —————— 3V

Inout L2 90% 90% N |
P 10% | 50% 50% | 10% oV

- 500 ns —»

t
tPHL | l‘—_':- PLH
l ! VoH
Output 15V 1.5V
—————— VoL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 £, duty cycle < 50%.
B. C includes probe and jig capacitance.
C. All diodes are 1N3064 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpy_ and tp y Measurements
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MAX232, MAX232)
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G ~ FEBRUARY 1989 — REVISED AUGUST 1998

PARAMETER MEASUREMENT INFORMATION

Pulse T1IN or T2IN T10UT or T20UT
Generator *- ElA-232 Output
(see Note A) j_ Hipe
R CL=10pF
(see Note B)
TEST CIRCUIT
<10ns-——p-‘ l— —D" H—<10ns
! ———————— 3V
input ‘ 90% 90%
10% 50% 50% 10% oy
:4—-— 5us —p)
j¢——»—1tpLH
tpHL -—K—b% |
Output
| VoL
tTHL ¥ e | H_ fTLH
0.8 (Vo Vo) 08 (Vg Vou
SR = T or 1
TLH THL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 €, duty cycle < 50%.
B. Ci includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpy and tp 4y Measurements (5-us input)

Puise
Generator i L 2 L 4 ElA-232 Output
{see Note A) % l

CL=235nF

TEST CIRCUIT
<10ns —» le— —» e <10ns

Input

WAVEFORMS
NOTE A: The pulse generator has the following characteristics: Zg = 50 <, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for tyyy_ and ty 4 Measurements (20-us input)
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MAX232, MAX232

DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 — REVISED AUGUST

1998

APPLICATION INFORMATION

5y
| 16
| —
Vee -~ 1uF
1 2 =
C1+
1 4F 5 Vge| — & —> 85V
C—=—Jeci- 6
- 2 ten Vs_ X » -85V
u 5 1uF
B c2- L
11 > B~ 1 E1a232 output
—_] - pu
From CMOS or TTL 10 7
& >~ *  EIA-232 Output
12
<—ﬁ T <% ga2s2 Input
ToCMOS or TTL
49——4 ov o —--<—-s~— EIA-232 Input
15
GND

Figure 4. Typical Operating Ci

rcuit
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries {T!) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers 1o obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TV warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE ("CRITICAL
APPLICATIONS™). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering of relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. T!'s publication of information regarding any third
party’s products or services does not constitute Ti's approval, warranty or endorsement thereof.

Copyright © 1998, Texas Instruments Incorporated
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