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Abstract

This project describes a design the digital equalizer using IC TAS3004 to simulate the digital
signal to be stereo signal responsed frequencies in the range 10 Hz — 20KHz , with 7 selectable
frequencies and bandwidth or varied frequencies between 30 Hz ~ 15KHz with two inputs. There are
a direct analog input signal to be simulated at 24 bits and convertion of analog to digital by I2S
communication to be simulated. The maximum analog input and output signals are 0.7 Vrms
controlled by Microcontroller to adjust the signal levels in the frequency ranges 50 Hz — 16KHz and

shows light signal levels according to the responses of each frequency.
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deaniseudeyaninuisauii lsunsunsuen TagunAvedeuPSEN U1 O (Output
Enable) ¥99%128a210 31 [1l5unsuntousn (EPROM)

91 EA (External Access) (HuvBuna Ififenwiioarmsrlusunsunionen (External
Program Memory) niomelu (Internal Program Memory) ﬂ'cinﬁeé’wﬂauaa%‘mflu “0” Lﬁf)
donldmironusrlulsunsunouen wiedleuaneinidlu «17 ieidenlduasaud
Tosunsumeln duduwes 8031/8032 v1 EA wiflu «0” tawe s liifinsiaearwd
Tdsunsunelu

11 XTAL1 uaz XTAL2 fuvndyaneilfadsdygruun Taodadaelu
lulasneulnsamedaszaa MCS-51 Trrsdudadgyganfinieguds Hosenianen
(Crystal) 4nf 3.3 Aawsaadredygrannlg uiddesmsadndyanauiinnna
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OFFF §

4kB
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Program Memory Internal Data Memory External Data Memory

51l 2.4 TassardmhoanusweslulasaenInsames 8051
#ien198111 51053 (Program Memory)
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A a 1w ' o ' o e oM A A 4
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%'ﬂmm%’ﬁaﬁ%’umww (Special Function Registers: SFRs)
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P (80H) 1S Yame s miumaviiegneda 0
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sp (311) 1il15 Senmes dmsuFnvuamtiauan (Stack)
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DPL (82H) 15 3enaes 8 dndvesiimaes DPTR

DPH (831) i3S aimed 8 fauuvediianed DPTR 15183 3mae? DPL uayDPH 1u
%zi%’%ymmﬁagimawﬁwmmﬁw%mﬂuammzmﬂiu Taoms i3 Smaednaaesdaiiun
sz neufudhidsamesvuna 16 0a uaz1dded1 T3ames DPTR

PCON (87H) Power Control Register 1nganisiianuveslulasneulnsames laves
nyatwdyaauAnmieauguns Wid IWdhves i lasnoulnsamed

TCON (88H) Timer/Counter Control Register 513 Senais A l§arugunssinanuvesdaiy
AVAIY

TMOD (89H) Timer/Counter Mode Control Register Li'_‘lu?%m ‘é)‘§ ﬁ‘la’fﬁmummﬁ%
(Mode) N3V NIHVBAITUNA VAN

TLO, THO, TL1, TH1 SAH-8DH) iiu3smaeiflfifudfiasffy fsunavdniu o
wag AITuNA/ANIIL 1

p1 90R) Tt ame A l9Siaefiognedn 1

SCON (98H) Serial Port Contro! i35 aimes i 1¥mauqumsihamveanesaoynsy

SBUF (99H) Serial Port Buffer 135 atmesiindeyaiidvesnnimesnoynsy

P2 (A0H) fhidTawnes i Tnaiiognesa 2

IE (ASH) Interrupt Enable 33 cin 03 naousaiiesanWiinmsdaieney

p3 (B0H) fu3Tmaesh T inuiiegnesa 3

IP (BSH) Interrupt Priority (W3 dmmaidmsniasduaruddgyue sdyanadadma:
Tunsfififanstasmzdeutu

PSW (DOH) Program Status Word 153 Saos i 115 us &2 63 (Flag) #n3 4 15 danied
N15NA (Carry Flag, Auxiliary Carry Flag), ﬁaﬁﬂﬂ“;quﬁ (Zero Flag), ﬁ"aﬁ&?;ﬂﬁ du (Overflow
Flag), Tan1azqnief (Parity Bio uenIINTdelidn RSO uae RS1 dmsudenuusiismans

ACC (EOH) Accumulator 11 33enaesndndi 1l lunsszuianadoya

B (FOH) s Tanes ldmSunserenmsdszuiadeya
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Tassahraazanilnenssuvesiulnsneulnsames PIC16F877

Tulasneulnsamesnszga PIC wesusHnlulnsdn (Microchip) Tasmwiziues
prc1688778 0w Tasnou Insainefasde 1dsunnuidowedraunsnaty iflesanidiu
laulasaeulnsamesuuuusn q An1silszuranauuy RISC Processor (RISC : Reduced
Instruction Set Computer ) Taoldddanistszananaiios 33 - 35 d1ds uazldinarlums
sganafdafios 1 w3 2 machine cycle aoddarimiu nsdszinanadduiiudnuae Pipe
Line fovaizilszananasidausnzing Inaadrdsdaluuaionseld mildnsiawmd
saadann wenvnuludlassadudalszneudrasausilsddulugadmsuldn
Fsernang 9 11nu1e 1aun Tuga Analog to Digital Converter, USART , Timer / Counter, SPI,
Compare / Capture / PWM , 2C 1ffudu Tu@amﬁﬁ:ﬁamﬁu%mmmu1saiﬁ’ﬁ1'lﬂ°l%'&m"lé’
etramarnnat sznsusuiinsesdelunsiauiifiounden quauiidveslulns
asulnsaides PIC16F877 Tdsiiae

- fdslunmuemdund 35 drds
- Warmdeoadaaines | ¥aega 20 MHz

IS ]

- fivea e 11sunsu Flash Memory 9410 8 K word ( 14 — bit words)

- finaearmiWoyauuy RAM 368 Bytes

- finshvaw s deyau EEPROM 256 Byte

_ finmaouauesd e TN A 14 unds

- gwsatdenszdumsilesfiudeya ( Code Protection ) 14

- N Inuadsendandsanu (Sleep Mode)

- awnsadenundsdyanenniinldvatsTnua XT RC uazeoadiames wasanud
- SlefFums S aaos amnissiien 18un POR , PWRT, OST, BOR 1Az WDT
- 115 TN ¥ nILD ICSP (ICSP : In-Circuit Serial Programming )

- aunsevend Iidensesdaus 20 V8155V

- 1TWRST 1O usazan annsaiulazlaesnsyued Idgeqa 25 mA

- muga Timer / Counter ‘l“%’&mﬁwm 3 @2 Timer 0, Timer 1, 482 Timer 2

- 31 Tuga CCP (CCP : Compare / Capture/ PWM ) §112U 2 4@

- §iTuga Analog to Digital Converter A2182d8A YU1A 8 17 Uag 10 19 11U 8

09 NYIUAITN
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-3 Tw @_aﬁami BUNIULUU USART (USART : Universal Synchronous Asynchronous

Receiver / Transmitter )

- Siwesn 10 $1u2u 5 wesn 1dun wesn A, B, C, D, uag E 191 VO 52U 33 1

@ dyﬁ
ANUAD

PORTA ii 5 ¥1RAO 14 RAS
PORTB 3l 8 41 RBO 014 RB7
PORTC i} 8 ¥1RCO D14 RCT
PORTD §i 8 ¥1RDO §13 RD7
PORTE i 3 41 REO 918 RE2

PDIP

MCIRor — [
RATANT [
RAIANZOVRES- [:
RAJANINVREF+ [
RAS/TICK! e ]
RASIANSSS o[
REVRDIANS +—w ]
REVWRIANG +—[]
RENTSIANT w— ]

YD e [

V55 e [

CECUCLEIN ——» [
OSCACLKOUT -——[]
RCOTIOSOTICK! e []
RCHTIOSYCCP2 w—e ]
RC2/CCF1 e [
RCHSCKSCL »—= [
ROOPSED a— [

RD1/PSP1 w—s[]]

1 \~,/ 40 [ -—n
2 3 ] -
3 38 [ o
F 7]
5 38 {] -
8 3] -
7 < 34 [] -
8 [ 33 ]e—»
2 °£ 32 [} -—
1 ~ B e
11 ﬁ 36 ] -—w
12 1) 26 [] »—s
-

13 0 28 {7} -
13 - 27 ] -
N o

15 2&:]-0—’
18 25 ] -
17 24 ] -—a
12 221 -
19 2] -
20 g} :H

RBTPGD
RBSPGC
RB5

RB4
RB3/PGM
RB2

mB1
RBOANT
VoD

VEs
RD7PSP7
RODAPEPS
RDEPSPS
RD4PEPY
RCTRXOT
RCBTXCK
RCHEDO
RCA/SO¥SDA
RDAPERPI

RD2/P8P2

319 2.6 uAAA WM (PIN Diagram) Y83AI044LUY PDIP



Key Features
PiCmicro™ Mid-Range Reference PIC16F873 PIC18F874 PIC16F876 PIC16F877
Manual {D$33023)
Operating Frequency DC -20 MH2z DC - 20 MHz DC - 20 MH2 DC-20MH2z
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT. OST) (PWRT, OST) (PWRT. OST) (PWRT, OST)
FLASH Program Mermo
(14-b|?words) " ax ax &K 8K
Data Memory {bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
1O Ports Ports A,B.C Ports AB.C.D.E Ports A,B,C Ports AB.CD.E
Timers 3 3 2 3
Capture/Compara/PWM Modules 2 2 2 2
Serial Communications MSSP. USART | MSSP, USART | MSSP, USART | MSSP. USART
Parailel Communications — PSP - PSP
10-bit Analog-to-Digltal Module 5 input channels | 8 input channels | 5 input channels | 8 input channels
Instruction Set 35 instructions | 36 instructions | 35 instructions | 35 instructions

a1351971 2.1 WiSsufsuaruansoveslulasasulnsaaes PIC16ESTF

Program Data
Device FLASH Date Memory EEPROM
PIC1BFRTI 4K 192 Bylas 128 Bytes
PIC16FB76 8K 368 Bytas 258 Bytes
2 Program Counter 17 Dala bus >
= X }\’—r—“——‘ﬁ RADIAND
FLASH j[ ] L RAIAN1
nogram % o RA/ANZIHEF-
lemory 8 Leval Stack Fie bipyrahiiad
13087 Regslers a5
¢ RASIAN4/SS
Program -
Bus J{ RAM Al 9p o
v ﬁ REO/INT
Instruction reg __, fmdr MU’:\ 232‘
Drrect Adde 7 | o] mtkee RB3PGM
| RB4
[rsrreg = R85
RBSPGC
‘:——STATUS reg [ RE?/PGD
> r!_—" r———g _ PORTC
Jl. E —
A4 4 BEE: RCT1QSOMICKE
Powerap N MU / It RCAT10SUCCP2
"y Timer 1 for RCZCCP1
Gsctiator 2 R H RC3SCK/SCL
instuction 1! | sartp Timer 't 4 RCHSOUE0A
Conirol Poweron 4 RC5SDO
Reset L 4 RCGTXCK
watcha: It it RETRXDT
M; :=> mrw
CSCHCLKIN Brown-out
OSCATLKOUT Reset
In-Creut
Debugger
Low Voltage
FProgramming
WTGR Vo, Vss
| Timerg ‘ ( Turert i [ Timerz | [ 10-0lt AD ‘
e A Ey S
it | It 1]
I T 1) i
Synchronous
Data EEPROM !7 cepi2 ! i P ! USART i

Nota 1: Higher order bits are from ihe STATUS reqister.

i 2.7 uamsanilasnssuiidiulassadreveslulnsneuinsanes PICI6F877
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swazdsavesdyans V0 uavdu q veeluTasaouInsames asyaPIC16F87X Tdedl

Pin Name D.IP soic vore Buffer Description
Pin# Pin# Type Type
OSCUCLKIN ] 9 ] STICMOS P! | Oscilator crystal input’extemnal clock source input.
OSCYCLKOUT 10 10 (¢] — Osciflator crystal output. Connects 1o crystal or resonator in
crystal osciliator mode. In RC mode, the OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.
MCLRVee 1 1 WP ST Master Clear {Reset) input or programming voltage input. This
pin is an active low RESET 1o the device.
PORTA is a bidirectional /0 port.
RAQ/ANO 2 2 o Tt RAD can also be analog inpui0.
RAT/ANT 3 3 o T RA1 can also be analog inputl.
RA2/AN2/YREF- 4 4 io TiL RA2 can alsa be analog input2 or negative analog
reference voltage.
RAJ/ANIVREF+ 5 5 Heg TIL RA3 can also be analog input3 or positive anafog
refarence voitage.
RA4/TOCK! 6 ] o 8T RA4 can also be the clock input to the Timer)
madule. Output is opan drain type.
RAE/SS/AN4 7 7 [He] T7L RAS can also be analog inputd or the slave select
for the synchronous serial port.
PORTB is a bi-direcfional IfO port. PORTB can be software
pragrammed for internal weak pufi-up on all inputs.
RBOANT 21 21 o TTLsT RBO can alsa be the external interrupt pin.
RB1 22 22 o T
RB2 23 23 1o TIL
RBIPGM 24 24 1o TiL RB3 can also be the low voltage programming input.
RB4 25 25 1o TIL Interrupt-on-change pin.
RB5 2€ 26 V] TIL Interrupt-on-change pin.
RB&/PGC 27 27 o] TTLsT Intefrupt-on-change pin or in-Circuit Debugger pin. Senal
programming clock.
RBT/PGD 28 28 o TIL/ST® Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programnting data,
PORTC is a bi-directional VO port.
RCOTI0SOMICK!L 1 11 o] ST RCO can also be the Timar1 oscillator cutput or Timer1
clock input.
RC1/T1OSKCCP2 12 12 {e] ST RC1 can aiso be the Timer? oscillator input or Capture2
input/Compare2 outpul/PWM2 output.
RC2/CCP1 13 13 o ST RC2 can also be the Capturet input/Compare1 cutput/
PWM1 output.
RCISCKSCL 14 14 o ST RC3 can also be the synchronous seriaf clock inputfoulput
for both SPI and 12C modes.
RC4/SDIFSDA 15 15 o ST RC4 can also be the 5Pt Data In {SPi mode} or
data O (1°C mode).
RC&/SD0O 16 16 o ST RCS can aiso be the SPI Data Out (SPi mode}.
RCEMXICK 17 17 #o ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.
RCTRX/DT 18 18 o ST RCT7 can also be the USART Asynchronous Receive of
Synchronous Data.
Vss 8,19 8§ 19 P — Ground reference for logic and 10 pins.
Voo 20 20 P —_ Positive supply for logic and 1fO pins.
Legend: [=input O =output 1O = inpu¥/autput P = power
— = Notused TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the extemal interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger inpul when configured in RC oscillator mode and a CMOS input otherwise.

A13197 2.2 uaasdunydsr vedlulnsneuInsaiaes PIC16F873 / PIC16F876



. DiP PLCC | QFP | VOP Buffer .
Pin Name Ping { Pin# Pin# | Type Type Description
OSCH/CLKIN 13 14 30 i | STICMOS™ | Oscillator crystal input/external clock source input.
OSC2ICLKCUT 14 15 31 (o] — Oscifiator crystal output. Connscts to crystal or resonator
in crystaf oscillator mode. in RC mode, OSC2 pin cutputs
CLKCQUT which has 174 the frequency of OSC1, and
denotes the instruction cycle rate.
MCLR/VPR 1 2 18 e ST Master Clear {Reset) input o programming voltage input.
This pin & an active low RESET to the device.
PORTA is a bi-diractional /O port.
RAQ/ANO 2 3 19 o L RAQ can also be analeg inputd.
RA1/AN1 3 4 20 o Rain RA1 can also be analog inputl.
RA2/AN2/VREF- 4 5 21 o TIL RAZ can aiso be analog input2 or negative
analog reference voltage.
RAJ/ANI/VREF+ 5 6 2 1 TIL RA3 can also be analog input3 or positive
analog reference voliage.
RAATGCK] 3 7 23 18] ST RAd can also be the clock input fo the TimerG times/
counter. Cutput is open drain type.
RAS/SSTAN4 T 8 24 #0 TIL RAS can atso be analog inputd or the slave select for
the synchronous serial port.
PORTB ig a bi-directional LfO port. PORTS can be soft-
ware programmed for internal weak pull-up on 3l inputs.
RBOANT 33 3% ) ¥0 TTUSTIN RBJ can afso be the extemnal interrupt pin.
RB1 34 7 9 #o T
RB2 35 33 10 Yo TTL
RB3/PGM 36 39 13 o TTL RB3 can also be the fow voltage programming input.
RB4 37 41 14 #0 TIL interrupt-on-change pin.
RBS 38 42 15 Elo} Rain interrupt-on-change pin.
RBE/PGC 39 43 16 #0 TTLST Interrup-on-change pin or in-Circuit Debugger pin.
Seriat programming clock.
RB7/PGD 40 a4 17 o TTLSTR intesrupt-on-change pin or in-Gircuit Debugger pin
Serial programming data.
Legend: i=input O =ouiput 1O = input/output P = power
— = Notused TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when cenfigured as general purpose O and a TTL input when used in the Paraliel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

a15197 2.3 uaaewt vod lulasaouInsaaes PIC16F874 / PIC16F877

. DiP PLCC QFP | KOIP Buffer s
Pin Name Pin# | Ping Pin# | Type Type Description
PORTC is a bi-directionat 11O port.
RCO/ITIOSOITICKE] 15 16 32 jile] ST RCO0 can also be the Timer1 oscillator output of a
Timer1 clock input.
RCt/TtOSICCP2 16 i8 35 #0 ST RC1 can also be the Timert oscillater input or
Capture2 input/Compare2 outputPWM2 output.
RC2ICCP1 17 19 36 if0 ST RC2 can also be the Capturet input/Comparel
outpu¥PWH1 output.
RC3/SCK/SCL 18 20 37 e} ST RC3 can also be the synchronous serial clock input/
output for both SP} and °C modes.
RC4/SDI/SDA 23 25 42 O ST RCA4 can also be the SPi Data In (SPI mede) or
data 17O (12C mode).
RCE/SDO 24 26 43 0 ST RC5E can also be the SPI Data Qut {SPI mode).
RC6/TX/CK 25 27 44 10 ST RC6 can also be the USART Asynchronous Transmit
or Synchronous Clock.
RCTIRXDT 26 29 1 #0 ST RC7 can also be the USART Asynchronous Receive
or Synchronous Data.

A1519% 2.4 uaeen ve9luinasnouInsaass PIC16F874 / PIC16F877
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PORTD is a bi-directional O porl or paraile! slave port
when interfacing to 3 microprocessor bus.

RDO/PSPO 19 2 k] o STATLS

RD1/PSP1 20 22 39 7o) STATLE

RD2/PSP2 21 23 a0 #0 STTTL®

RD2/P5SP3 22 24 41 s} ST/ATLS

RD4/P3P4 27 30 2 [tie] STITTLR

RD5/PSP5 28 31 3 w | s1TAm®

RD&/PSP6 29 32 4 fie] STATLS!

RD7/PSP7 30 33 8 7o) ST

PORTE is a bi-directional #0 port.

REO/RD/ANS 8 k] 2 fle] STTTLR REO can also be read control for the paraliel stave
port, or analog input5.

RE1/NRIANS g 10 26 ¥0 sTTTL® RE1 can aiso be write controt for the parafie! slave
port, or anatog inputs.

RE2/CS/ANT 10 i bY o STITTLE RE2 can also be select controt for the parallel slave
port, or analog input?.

Vss 12,31 | 13,34 6,29 P —_ Ground reference for iegic and VYO pins.

Voo 11,321 12,35 7,28 P — Positive supply for logic and }/O pins.

NC — 11,17,28, | 12,13, — These pins are not internally connected. These pins

a0 3334 should be left unconnacted.
Legend: =input O = output 70 = input/output P = power
~—= Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This bufier is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mcde.
3: This buffer is a Schmitt Trigger input when configured as general purpase ¥O and a TTL input when used in the Paraliel
Slave Port mode (for interfacing to a microp or bus).
4: This buffer is a Schmitt Trigger input when coniigured in RC oscillator mode and a CMOS input otherwise.

a1519 2.5 uerase veslulasaeuInsataes PIC16F874 / PIC16F877
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File File File File
Address Address Address Address
Indirect addr.?{ 00h indirect addr."!| goh Indirect addr{!| 100h indirect addr.Y| 1goh
TMRO 01h OPTION_REG | 81h TMRO 101h OPTICN_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 1097h 187h
PORTDI! | 0sh TRISD | 8sh 108h 188h
PORTE!D | Ogh TRISE® | agn 109h 188h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 GCh PiE1 8Ch EEDATA 10Ch EECCGN1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRIL OEh PCON 8Eh EEDATH | 10Eh Reserved® | 18Eh
TMR1H OFh 8Fh EEADRH 10Fh Reserved@ 18Fh
T1CON 10h 90h 110h 190h
THR2 11h SSPCON2 | 91h 11h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF | 13h SSPADD | 93h 113h 1a3h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPR1L 15h 95h 115h 185h
CCPR1H 16h 96h 116h 196h
CCPiCON | 17h 97h General | 117p genefa‘ 197h
RCSTA | 18h TXSTA__| 98h Ramose | 11en Register | 198h
TXREG 19h SPBRG 9gh 16 Bytes 118h 16 Bytes 199h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh 8Bh 1Bh 19Bh
CCPR2H 1Ch aCh 11Ch 19Ch
CCP2CON 1Dh SDh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh 11Eh 18Eh
ADCOND | 1Fh ADCON1 | 9Fh 11Fh 19Fh
20h AOh 1200 1AOh
General General General General
Purpose Purpose Purpose Purpose
Reqgister Register Register Register
96 Bytes 80 Bytes EFh 80 Bytes 16Eh 80 Bytes 1EFh
accesses Foh accesses 170h accesses 1FOh
70h-7Fh 70h-7Fh 70h - 7Fn
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

Unimplemented data memary locations, read as '0’.
Not a physical register.

Note 1: These registers are not implemented on the PIC16F876.
2: These registers are reserved, maintain these registers clear.

11l#1 2.9 uasdumianieanusidiuiTmaes 1Wd ves PICI6F876 / PIC16F877
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Value on:

Address | Name Bit7 | Bité Bit5 Bit4 Bit3 Bit 2 Bit 4 Bit0 %g%
Bank 0

Qoh3 INDF Addressing this location uses contents of FSR to address data memory {not a physical register) 0000 0000
Oth TMRD Timer Module Register Xo06E 3000C
o [PcL Program Counter (PC) Least Significant Byte 0009 0000
o [sTATUS RP | Rt | RO | T0 | PO | z | DC | € |o6o1 i
4t IFSR indirect Data Memory Address Pointer a0t 300
05h PORTA — | — IPORTA Data Latch when written: PORTA pins when read --0x 0000
06h PORTB PORTB Data Latch when written; PORTB pins when read 0000 20K
O7h PORTC PORTC Data Latch when written: PORTC pins when read T
o |PORTD PORTD Data Latch when written; PORTD pins when read o000 om0t
o9 | PORTE — — — — | = ] me2 | REt | REO |--o- -xex
a3 | PCLATH —_ — — . | write Bufer for the upper 5 bits of the Program Counter ---0 0000
oBht¥ | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF  |0000 090x
ach PIR1 PSPIF® | ADIF RCIF TXIF SSPIF | CCPUF | TMR2IF | TMRIUF [5000 0000
0Dh PIR2 = (5} = EEIF BCLIF = — | CCP2F | -x-0 0--0
QEh TMRIL Holding register for the Least Significant Byte of the 16-b% TMR1 Register oo K
ofh TMRIH Holding register for the Most Significant Byze of the 16-bit TMR1 Register [—
10h TICON — | — |TiCkPst] TICKPSD | TIOSCEN | T1SYNC | TMRICS | TMRION | --08 0000
Hh TMR2 Timer2 Module Register 6060 0000
12h T2CON —[1ouTPS3 | TOUTPS2| TOUTFST | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO | -000 0000
13h SSPBUF Synchronous Serial Port Receive Buffar/Transmit Register AKX 2K
14h SSPCON WCOL | SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO |oo00 ao0a
1 CCFRIL Capture/Compare/PWhi Registert {LSB) ——
161 CCPRIH | Capture/Compare/PVhi Register! {MSB) —
17h CCPICON | = — CCPIX | CCPIY | CCPAM3 | CCPIM2 | CCPIMI { CCPAMO | --00 0080
18n RCSTA SPEN | RX§ | SREN | CREN | ADDEN | FERR | OERR | RX3D [9000 oo0x
ish TXREG USART Transmit Dala Register Q000 0000
1Ah RCREG USART Recelve Data Register G000 0000
18h CCPR2L Capture/Compare/PWM Register? {LSB} [ —
1Ch CCPR3H_ | Captwa/Compare/PYVM Register2 (MSB) .
1Dh CCP2CON — | = T ccrax | ccpay [ ccrams | copam2 | cCPaMI | CCP2MD | --a0 0009
1Eh ADRESH | A/D Result Register High Byte R—
1Fh ADCCND ADCS1 | ADCSO | CHS2 | CHS1 | CHSO | GOMONE | — | ADON |0000 00-0
Legend:  x = unknown, u = unchanged, q = value depends on condition, - = unimpiemented, read as *0', 1 = reserved.

Note 1.

4
5

Shaded locations are unimplemented, read as 0",
The upper byte of the program counter is not directly accessible. PCLATH is  hokiing register for the PC<12:8> whose
contents are transferred to the upper byte of the program counter.

: Bits PSPIE and PSFIF are reserved on PIC16F573/376 devices; aiways maintan these bits clear,
. These registers can be addressed from any bank.
: PORTD, PORTE, TRISD, and TRISE are not physically implemented on PIC16FB87 X876 devices; read as ‘Il

PIR2<8> and PIE2<6> are reserved on these devices; aways maintain these bits ciear.

A5 N7 2.6 uaasdurdetaldes sames Al uilatums e e
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Value on:
Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit0 POR,
BOR
Bank 1
son®  |INDF Addressing this losation uses contenis of FSR to addrass data memofy (not a physical register) {0090 0000
81h OPTION REG | RBPU | INTEDG | T0CS | ToSE | PsA | Ps2 | Pst PS0 1112 sin
8ntl  jPCL Program Counter {PC) Least Significant Byle G000 G000
g |sTATUS RP | RPt | RPO | 30 | PD | z | bc | € looor mox
aanf  IFSR Indirect Data Memory Address Pointer oo oo
85h TRISA - ] - [PORTA Data Direction Register --11 1111
86h TRISB PORTB Data Direction Register 1111 1111
87h TRISC PORTC Data Direction Register 1111 1111
884 I TRISD PORTD Data Direction Register 1111 1111
seh® | TRISE BF OBF | IBOV |PSPMODE| — | PORTE Data Direction Bits 0000 -111
gah(t3 | PCLATH — — — | Write Buffer for the upper 5 bits of the Program Counter -0 0009
§8hG INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF |a000 900x
BCh PIET PSPiE? | ADIE RCIE TXIE SSPIE CCPIIE | TMR2IE | TMRIIE |oo00o 0600
80h PIE2 - {5) — EEIE BCLIE —— e CCP2AE | -r-0 0--0
8Eh PCON - — — - — — POR BOR |---- -- aq
§Fh —_ Unimplemented -
&0h — Unimplemented —
9th  |SSPCON2 | GCEN |ACKSTAT | ACKDT | ACKEN | RCEN | PEN | RSEN | SEN |oosa 00
92h PR2 Timer2 Period Register 1111 11313
a3h SSPADD Synchronous Serial Port {1%C mode) Address Register 0040 00600
94n SSPSTAT s | cke | DA | P | s | RW [ wa | BF [0000 0000
95h — Unimplemented —
96h -~ Unimplemented —
97h — Unimplemented —
8gh TXSTA CSRC | TX9 | TXEN | SYNC | — | BRGH | TRMT | TX9 |osoo -010
9%h SPBRG Baud Rate Generalor Register 004G 0000
9Ah - Unimplemented —_
88h — Unimplemented —
9Ch — Unimplemented -
Shh — Unimplemented —
9zh ADRESL A/D Result Register Low Byte KL HRHKXL
9Fh | ADCONY ADFM | — | — | — | PcFG3 | PCFG2 | PCFGI | PCFGO |o--- 0000
Legend:  x=unknown, u = Unchanged, q = value depends on condition, - = unimplemented, read as 0, 1 = resarved.
Shaded locations are unimplemented, read as ‘0’
Note 4: Theupper byte of the program counter is not directly accessible. PCLATH is a hotding register for the PC<12:8> whose
contents are transferred to the upper byte of the prograns counter.

2: Bits PSPIE and PSPIF are reserved on PIC18FE73/876 devices; aiways maintain these hits clear.

3: These registers can be addressed from any hank.

4; PORTD, PCRTE, TRISD, and TRISE are not physically implemented on PIC16F873/876 devices; read as ‘0.

5: PIR2<6> and PIE2<6> are reserved on these devices; always maintain these bits clear.
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Vatue on:
Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bito POR,
BOR
Bank 2
1000 |INDE Addressing this location uses contents of FSR to address data memory (nol a physical reqister) | s0oa 6000
10th TMRD Timer Modute Register 000 KK
w0 JPoL Program Counter's (PG} Least Significant Byte 20000000
10n®  {STATUS RP | Rt | meo | 10 | P | z | oc | ¢ oo imax
1040 |FSR Indirect Data Memory Ardress Pointer R 333K
105h — Unimplemented -
1G6h PORTB PORTS Data Latch when writery: PORTB pins when read rom oot
107h - Unimplemented -~
108 - Unimplemented -
1090 — Unimplsmented e
10anU31 L PCLATH —_ - — | Wiite Buffer for the upper 5 bits of the Program Cotnter ---3 0009
108® | INTCON GE | PEE | TOE INTE | RBE | TOF | INTF | RBF |o000 000x
10Ch EEDATA EEPROM Data Register Low Byte KUAK RIE
10Dh EEADR EEPROM Address Register Low Byle 0K XK
10Eh EEDATH — — EEPROM Data Register High Byte oo Xoee
10Fh___ | EEADRH = — — | EEPROM Adirass Register High Bvte ——
Bank 3
180h2  |INDF Addressing this location uses contents of FSR to address data menwory {nof 3 physical register) 0000 0000
18th | OPTION.REG| REPU | INTEDG | T0CS | TOSE | PsA | Ps2 | PSt | PSO |uu1 w
182 IpCL Pragram Counter (PC} Least Significant Byte 0090 0000
1330 | STATUS RP | Rt | RO | 10 | P | z | bc | C  |ooon e
1™ PSR Indirect Data Memory Address Pointer om0 K00
135h - Unimplemented -
186h TRISE PORTB Data Direction Register 1111 1111
18Th - Unimpismented —
188h - Unimplemanted -
135h — Unimplemented —_
1ganl'3 | PCLATH — - — - -1 \Nrite Buffer for tha upper 5 hits of the Program Counter .- 0000
138K {INTCON GIE PEIE TCIE INTE RBIE TOIF INTF RBIF o006 000x
18Ch EECON1 EEPGD — - —~ WRERR WRENM 'WR RD  |x--~ x000
130h EECON2 EEPROM Control Register2 (notaphysicalregistey  decee eees
18Eh —_ Reserved maintain clear 0000 0000
18Fh — Reserved maintain Clear 0000 0000
Legend:  x = unknown, u = unchanged, 4 = value tlepands on condition, - = unimplemented, read as 7', r = reserved.

Shaded locations are nimplemented, readas 0'.
Note 1: Theupper byte of the program counter is not directly accessible. PCLATH is a hoxding register for the PC<12:8> whose
contents are fransferred to the upper byle of the program counter.

2: Biis PSPIE and PSPIF are reserved on PICTGFETV/ATS devices; aways maintain these bits clear.

3 These registers can be addressed from any bank.

4 PORTD, PORTE, TRISD, and TRISE are no! physically implemented on PIC1BF873/875 devices; read as ‘0.
5: PIR2<6> and PIE2<6> are reserved on these devices; aways maintain these bits clear.
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Vaiue on: | Value on alt
Address| Name | Bit7 | Bit6] Bit5 | Bit4| Bit3 | Bit2 | Bit1 | Bit0 POR, other
BOR RESETS
05h |PCORTA — — | RAS | RA4 | RA3 RA2 RA1 RAQ |--0x oono| --ou oo
85h | TRISA —_ — | PORTA Data Direction Register --11 1111} --11 1111
8Fn JADCON1|ADFM| — | — [ — |FCFG3] PCFGZ | PCFG1 | PCFGO | --0~ 0000 --0- 0000

Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0.
Shaded cells are not used hy PORTA.

$ a et v W -4
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aa o e ol [ Yy, o J
59019193 ADCON1 Li‘lummmwmuaumﬂmmm il.jig"lﬁll’e)il"lﬁﬂﬂilﬂﬂﬂﬂi“ﬂ A lgg

bit7

bit 6-4
bit 3-0

NOSNE
U u-¢ RW-0 u-g R/W-D R/W-0 RIW-0 RW-0
ADFM | — | ~— | — | PCFG3 | PCFG2 | PCFGI | PCFGO |
bit7 bit0
ADFM: A/D Result Format Select bit
1 = Right justiied. 6 Most Significant bits of ADRESH are read as ‘0’
0 = Left justified. 6 Least Significant bits of ADRESL are read as 0.
Unimplemented: Read as '0*
PCFG3:PCFGO: A/D Port Configuration Controf bits:
PCFG3: | ANT' I ANGUH AN AN4 | AN3 | AN2 | ANT | ANO Vaers | Veer cHA?z,—',
PCFGO | RE2 | RE1 | REO | RA5 | RA3 | RA2 [ RA1 | RAD Refs
0000 A A A A A A A A | voo | vss | B0
0001 | A A A A fveer+ | A A A | RA3 | vss | T
0010 D ] D A A A A A Voo | Vss 560
0011 ) o D A |Vaer+ | A A A | RAZ | ves | 4n
0100 D D D D A D A A Vop | Vss ]
0101 D D D ] VRes+ b A A RA3 | Vss n
011lx D D D D D D D D Vop | Vss 0/0
1000 A A A A | Vrgre | VmREr-| A A RA3 | RA2 612
1601 o D A A A A A A | voo | vas | 60
1010 D D A A |vezre | A A A | RA3 | Vas | 54
1011 ha} D A A | Veee+ |VRer-| A A | RA3 | RA2 | 42
1100 D D D A | Vees+ {VRer- | A A | RA3 | RA2 | 32
1101 D D D D | VRer+ [VREF-| A A RA3 | RA2 22
1110 D D D D D D D A Vob | Vss 10
1111 D D D D |wveer+ |VmRes| D A | RA3 | RA2 | 12
A= Analeginput D = Digital YO

Note 1: These channels are not available on PIC16F873/876 devices.

2: This column indicates the number of analog channels available as A/D inputs and

the number of analog channels used as voltage reference inpus,

Legend:
R = Readabile bit
-n = Vaiue at POR

W = Wrilable bit
1" = Bit s set

U = Unimplemented bi, read as ‘¢
0" = Bitis cleared

x = Bit is unknown

{ a Y 4 L) [ 9
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woinla fidesmslffumdaanailuaineaniesuden Tastialuaiste mndlu A
nnedefueunien uaz D nuwds Asaen ieidenudidmuaslusTames Ancont Tl
iy

2) woin B Tassadraveslulasneulnsamed PICI6FS77 veil 8 w1 F3daunesd
Aeadesnisiieueg 2 #214un PORTB 1y Latch Output Buffer fidefu1 70 TRISB iy
SFameifinuquandmihiidu INPUT uag OUTPUT isuidenfiunesn A wein B gn
aammﬂﬁ’ﬁmﬁmn15n%’uﬁ’ﬁgﬁgmms51&ma§§’wﬁmnmauan"lw"ﬁwuﬂ 541 fie RBO/INT
Wunfisulflaoase uazan RB4 - RB7 dwsulFoudunseenuuums sudeyauuy
Keypad cAﬁaLﬂuﬁmﬁ'm’fmgaﬁﬁﬂszﬁﬂ%’quﬁfu amTassadiegldt 10 sxflvrdmsy
AIUANNTS T Weak Pullup oz 130 daynaduines$mi RBOINT uagglil 11uaaeees

Vo o 3 a &
asae deyans lidaunanda RBIF fis 4 41

12,
RBPUZ! Weak
T Pullup
Data Latch
Data Bus
5 Qa —{X]
WR Port K iom
TRIS Latch ‘
¢— D Q !
oot 7
. i
WRTRIS K Butrer
4
RD TRIS
QD

RD Port l‘:

EN
RBO/NT
RBPGM ; }X

S

Schmitt Trigger ‘ Py
Buffer RD Fort

Note 1: VO pis have diods protection 1o Voo and Vg,

2: To enable weak pudi-ups, set the appropriate TRIS
hittsy and clear the RBPU bit (OPTION_REG<T7>).

11 2.12 uaas Tasead 1991 RB3 : RBO



Moo

\Weak
Pui-up
Data Latch
Data Bus D G E\\
. 28]
WR Port oK pint!!
TRIS Latch ]
— D Q d l
WRTRIS T
K maut\/ Y
Buffer ST
4 b Buffer
RDTRIS
T Laich
<1 o Di—s
RD Port l
EN a1
Set RBIF
' ==
e b p—
£rom other RD Port
RB7:RB4 pins EN {—
Q3
RB7:RBS

in Seria Programming Mode

Note 1: I3 pins have dicde protection o Voo and Vss.

2; To enable weak pul-—u%* set the appropriate TRIS

bif{s) and clear the F

51/#1 2.13 uarms Taseard 1991 RB7 : RB4

U bit (GPTION_REG<7>}.
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dq @ v A vy d & g v >
¥1 RB6 uay RB7 L"L‘Iummimmiﬂmﬂsumw BNUUIMNHUIRIY AJUHUNTIDINLUDY

a oaw i { ) v o
1995ResliaInFdunasuniiims ¥ ruvesn 10 dsnanals minszdesssnuuuliueia

nanesinees [sunsuddwegdie awats i 2.11 Walaannzisuiuvieia RESET

9 ] o 9 o o Y a 3 =4 o Y
droannzlanaw szirldinesn B Qﬂmwuﬂimﬂumauwwwm wazin1sinualny

o o o o Y Y
D19 Weak Pull-up ﬂllﬂ'ﬂﬂ“lﬂ ﬂﬁuu‘ﬂ']ﬂ’N"l]57]ﬂﬂﬂllﬂﬂgﬂﬂ']ﬂuﬂiﬁl‘ﬂulﬂ']ﬂﬂ LAY

o ' a J £ 1
Amuaslisimas? TRISB WiThudwmasumsidgnsidaudae

Value on: | Value on
Address Name Bit?7 Bité | Bitd | Bit4d |Bit3|Bit2|Bit1|Bitd0| POR, all other
BOR RESETS
06h, 106h |PORTB RB7 RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO [sonor wooe | uuiu uuuu
86h, 186h | TRISB PORTB Data Direction Register 1111 1111}1111 111}
81h, 18th |OPTION_REG | RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 [PSD 111 1m1{nn un

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.

o =t ot o 9 o o d
ATN 2.11 LAAT IAADINNGIVUBINUNTNNIUUDINDTIN B
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3) woim ¢ lassadreveslulnsaouinsamed PICI6F877 vil 8 11 H3daimash

3/ o

Aerdesmisiinued 2 &1 18ud PORTC 1l Latch Output Buffer fineffuan V0 TRISC 1ily
Aaa I o 9 o Y - o o 4
Fiawmeinnrugqumssimi iy INPUT uaz OUTPUT wwiRgafiuwesn B wein C

a o ° du - o &
wvenuinldenuiiu  1/0 HulnduddegnihldenilerdunienBninnineg dsil A

Name Bit#? | Buffer Type Function

RCOT10SO/TICKI | bitD 87 Input/output port pin or Timer1 oscillator outpul/Timer1 clock input.

RC1/T10SHCCP2 bit1 8T input/output port pin or Timer1 oscilfator input or Capture2 input/
Compare2 output’/PW2 output.

RC2/CCP1 bit2 8T inputfoutput port pin or Capture1 input/Compare1 output/
PWM1 output.

RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI
and 12C modes.

RC4/SDI/SDA hit4 ST RC4 can also be the SPJ Data In (SPI mode) or data JO (17C mode).

RC5/SDO bits ST Input/output port pin or Synchronous Serial Port data cutput.

RC6/TX/CK bité ST put/output port pin or USART Asynchronous Transmit or
Synchronous Clock.

RCT/RX/DT bit7 1 inputioutput port pin or USART Asynchronous Receive or
Synchronous Data.

Legend: ST = Schmitt Trigger input

Il b1
A15197 2.12 510azBuan1s 1991191 1/0 Y8939 C 99 8 1

Value on: | Vaiue onali
Address | Name | Bit7 | Bité | Bit§ | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR, other
BOR RESETS
07h PORTC! RC7 | RC6 | RCA | RC4 | RC3 | RC2 | RCT | RCO [ xxxx xoo0t| uwuuu uuun
87h TRISC |PORTC Data Direction Register 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged

d - ; .
a15197 2.13 STmed h ldmuquasihauaeweiv C
o A A o A - a
21013199 13 TuaneAGusie nie RESET 41 10 wilmanzdiuduym
¢ ¢ - :
4 ) nosn D Iassadrsveslulnsnoulnsaaas PICI6F877 9zdl 8 11 N3damain

Peadesnisfineiuey 2 42 18un PORTD 14 Latch Output Buffer Rdef1¥1 /O TRISD iy

aa ¢ o 9 v s W 4
5ﬂﬁl,ﬂ’f]'i‘ﬂﬂ’lﬂﬂﬁﬂ'liﬂ"l'ﬁu'mlﬂu INPUT gz OUTPUT ¥ ULA8NUNDIN C



° a { 2 {
1 70 pnagnsmualiidiue Paraliel Slave Snuthiiniisniuaisieh 2.14

it
DataLoten VO pin

D A—

K\

— D (o]

TRIS Latch

Ky

RD Port

:3 Buffer

L =]

Hote 1: 170 ping have proteciion diodas to VOO and VSs.

1171 2.14 Tassadeveanesn D

Name Bit# Buffer Type Function
RDO/PSPD bitd STTTLIYN input/output port pin or parallet siave port bit0.
RO1/PSP1 Dit STTTLIN inputioutput port pin or paraliel slave port bit1.
RD2/PSP2 bit2 STTLM input/cutput port pin or paralie! slave port bit2.
RD3/PSP3 bit3 STATLN input/output port pin or paraliel stave port bit3.
RD4/PSP4 bit4 STATLY mput/cutput port pin or parafie! slave port bitd.
RDS5/PSP5 bits STATLM input/output port pin or paratiel slave port bit5.
RDB/PSPS bit6 STATLM inputioutput port pin or paraitel slave port bit6.
RD7/PSPT bit7 STTTLM inputfoutput port pin of paratlel slave port bit7.

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1: Input bufters are Schmitt Triggers when in O mode and TTL buffers when in Paraliel Slave Port mode.

=
A15197 2.14 uansswazideams U 1/0 vesmesn D

Value on: | Value on

Address| Name |[Bit7 | Bitée | Bit5 Bitd Bit3 | Bit2 | Bit1 Bit0 POR, all other
BOR RESETS

08h PORTD | RD7 | RDS | RD5 RD4 RD3 RD2 RD1 RDO | xomx ook | uuuu vuuu
88h TRISD {PORTD Data Direction Register 1111 11117 1111 1111
83h TRISE | IBF | OBF [iBOV|PSPMODE | — |PORTE Data Direction Bifs | 0000 -111 {0000 -111

Legend: x = unknown, u = unchanged, -

a a ol (]
A5197 2.15 uerass venees n idmauauashaveswesn D

unimplemented, read as '0". Shaded cells are not used by PORTD.




29

A a 4

5) woin E laseadrevedlulnsasulnsaaesd PICI6F877 vl 3 @1 H3Taumasd

P v

@Aerdeanisinueg 2 & '18un PORTE 1l Latch Output Buffer finefua1 VO TRISE iy

aa ¢ ° Y o aa oSl

S mmesnnuqumstmihifidiu INPUT uaz OUTPUT ADCONT ({43 Tmmesfinauquams
o o aa o 4 v

T 70 Whendudyaudinea ue suden 1110 veswesy E fignlfenudumn

o ' N i £
AL u Tnuan1se i 1oy uULYHTY ( Parallel Mode Operation ) nniiiiviia

Name Bit# | Butfer Type Function

1£0 port pin or read control input in Parafiel Slave Port mode or analog input:
RD
REGRD/ANS | bito | sTTTL {1 = idie
0 = Read operation. Contents of PORTD register are output to PORTD
1O pins (if chip selected)
WO port pin or wiite control input in Paralle! Slave Port mode or analog input:
WR
REUWR/ANG| bitt | STATL!M |1=idie
0 = Write operation. Value of PORTD JO pins is latched into PORTD
register (if chip selected)
1Q port pin or chip seiect control input in Paratlel Slave Port mode or anatog input:
Ccs
1 = Device is not selected
@ = Device is selected
Legend: ST = Schmitt Trigger input, TTL=TTL input
Note 1: Inpul buffers are Schmitt Triggers when in 1/O mode and TTL buffers when in Paraliel Stave Port mode.

REXCS/ANT | bit2 | sTrTd®

= = v I3
M1T NN 2.16 51{]@2’;L@Uﬁﬂ151"]ﬂ']u‘1n /O 9499N9TNE

Vaiue on: Value on

Address | Name Bit7 | Bit6 | BitS Bit4 Bit3 Bit2 Bit 1 Bito POR BOI.? ail other

: b RESETS
agh FORTE — —_ — - - REZ RE1 REQ |---- -zxx|---- -uuu
8%h TRISE IBF OBF | IBOV |PSPMODE| ~— PORTE Data Direction Bits | 0000 -111 { 0000 -111
9Fh ADCON1 | ADFM |+ — - - PCFG3 | PCFG2 I PCFG1 l PCFGO | --0- 0000} --0- 0000

Legend: x = unknown, u = unchanged, - = unimplemented, read as '0’. Shaded cells are not used by PORTE.

= aa Zalg ¥ 1 o @ o
ATTNN 2.17 i%ﬂlﬁﬂiﬂi‘ﬁﬁ’mi%uﬂuﬂﬂ‘ﬂ@ﬁﬂ E

o @ 4 o a o a 1
mMslFUNeIN E A93z3e iennns aisuda liieu nSen1sifia Reset s aia1g 9

Y

o a o o
vl vofiaanusiiusunm uagsudanneniiu ewrden
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] Data 3us

1
!
|
|
|
|

Lot ot et ot
One Lit of PORTD
Set Intemupt Flag
PEPIFPIR1<77)

Note 1: VO pins have protection diodes 10 VDD and Vas.

4 4 .
510 2.15 ueras Tas s umMsvea1 VO weiw E ey Parallel Stave Port

o o
st lulasaeuInsamedislu Parallel Slave Port Mode ( PSP) fialse Towiilunns
\Wourefuginsal Parallel Data Bus uazwoinveslulaslusiamyes |dlavase Tasli
Qs A 1 d
desmsdutiasia 9 nsiveudeginsel Parallel vzAns 1991 /0 40IN05N An Wasn D ilu

g Y o o =
W’é]’i‘ﬂﬂl?)i&l,ﬁ LUagWNeINn E L‘ﬂuW@’i‘ﬂﬂ’J‘Uﬁ]ﬂJ ’J\Tﬂiﬂ'mg‘ﬂﬂ 14

v -[ T
::‘%:%:E:: 10K x5
emerceENcY 117171 ——
o ACIR Paratel
@ @ RBO! Device
INT
=0.1uF ar
START PIC16F77 MPU
= =
>89 @ RA{ RDD oo
32 =D1 Dt
i RAz  RD2 p2
S3 RD3 D3
RDA4 D4
lb—‘gé RA3 RD5 D5
RCG D6
L1 150 RO7 D7
.»—_—“@w—-—/\m—»«-‘» RB4
L2 150 REO RD
TRy R@z . RE1 RW
L3U RE2 8
~~ 150
t A RB3 psc1|
2/ I
< osce —T1
Il = 1

d' e i 1 4 QU A
Ui 2.16 urAsiIet I MIAeLFeuLgLns el Parallel Data tiie ¥4 luTvun PSP
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Mshane 12C

EC #911910 Inter-IC Communication #apaIn1sAnsesznin led Taefe rc 185un1s
a -3 = oo S o ] s = []
RavuTasusEndafud (litips) froymjananendndie deansld IC nielugadade
Q‘l Qs Qs Qs A -4
Fsnunazaruaune ldaedyanafiveassdygia Aoasdoya ddunilsionis dygm
=Y - 9o [ 9 t o ¥ a 0 t ~ [
WM lFsmuatanizn1sineu msdeginsalsamuude ec dlddwunnifisede
Qs =y o U ar [ 1) Y] 1 o
modoyauasmodyanauiniuesgilns dudazfvuiuniedenaaiulyl daunsdmua
Q [ 'Y o o ] ) @ Q ~ i
ueatasanTodmnisdmivailnssiudazdr sxlds dadeyauazfimuaannizasiniiu

a 1 o
Llﬂﬂlﬁiﬁﬂ!i’)\i?}ﬂﬂimlmﬁzﬂﬂ

SCL
* ————— b4

Slaves
MICRO - LCD STATIC
CONTROLLER DRIVER] RAM CR
A EEPROM
H i " e ‘ 3 i
i spAa
————“‘ A —L' PN _—L . |
[scL | | |
— L — b s
MICRO -
GATE CONTROLLER
ARRAY ADC B
MECESE

{ a A 1 s
319 2.17 uwudsnsyensessuvle I°C
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Y A T é 1

awdeyauuiia rC %5 endnotranileiaedeyasynsuvieo SDA (Serial Interface

1 s a A a 1 o ~ R
Data) a1 Fygnaiindidesonit emedyaauufin1eynsunie SCL (Seral Clock

Line)
Y A v 1 Y £ o A '

1ing 2.17 uaasisnsideudeguns sidrsquutie rC FudluglnsdiFendenainnaiy

1 ~ I a = as < an o aa
51 loSueewesnduyn ledulasdygmeindendudinea uasulasdyauataemiy

o 3 Y
aunaen uau

garmaAm liineiiy 1°C

a6 SDA uaz SCL iiuanodayanae 2 AAMNS (Bi-directional line) Ao eiin1sdadadun1u
WasnAneAaT SasINaBNendeyauuld FC geds 100 Kbivsec 1uTnualna (standard
= . o Il 1 1 @
Mode) LaZgeDa 400 Kbit/sec TuTnuaanuiIge (fash mode) gilnsainnesanuutla EC
] } 4
awdeadiamamy IfhAlAadusgninaesae SDA uaz SCL liiAu 400pF nisididiedeya

Tutfa rC 1¥doyanisidte 2 m Ae 7 da nie 10 da
nanmsveaia I*C

msfimuagluuuvesmsandeuuiia nieisenan Tis Tanealprotocoliiia WA 11U
1 g S 1 1 o ar o W a1 * g a Y
niimaiiglnssiaedesy uazginsald ladludrsududade deluilaveFuednume
Y o a 2 \ s A 9 t A A o
wim uazilvuvesgunsaifieguuta rC erludeanasnouiszeduisnsiniuves
y11 ¢ Ao
! 7 ' o !
gunssinadedeyaniodedoya i5on1 “A2a9 (Transmitter)”
7 o ' o o o > o w
atnsafsudeyasondt “§afu Receiven” gunsaluy 2C mmsodiuldisdisy
v 1 g o 9 A @ 1 -
uazdada ungUnsaimthidiudsuetafe
2 o 9 Y a_ 1 - ' s
ginssinimiinuguimaznsdede BC 58031 “u1anes (master)”

2 Iv as 1
ginsaingnaugunieginsaindenae luwulie eC Fond1 “maw Glave)”
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fefnue 2 Uszn1sdmsy BC Ao
t 9) a d? 9/ d‘ s v 1 ::
1). mtoneadeyaiaiuldlielainunmiy
' 1 4 ] { a
2. luszwinnsdreneadoya ielafinuiine scL fianmzifu andngs medeya

@ 1 a o ¥
dos Snuteyald edrTiAansuldouuasiuharia
da g o
asnzfihaluuuia °C

gy @ A

iAdefiu 5 aanzhe
s 1 dy ~ z A = : 1 Q'l ¥ s

1. 1319 (Bus not busy) annziifiavuileaaiuzasingevisg dunueanundanis
' 9 4 £ Y .
aenendoyalsuiuld
A 9 1 9/ a d? d' =~ o s

2. 15uduni1soiudaa (start data transfer) tiavuLiloas SDA finsilasuulasszdy

) H k4 v
aednngeludluvagiians SCL Tasings Fenanuziidl anizFUAUSTART)
\ ~ 3 Y A 3
3. nyamifiwneadesn (stop data transfer) IfnAUIBTY SDA Umsulasuulasan
v v ¥
aodnd1 lugeluvazfienes SCL Hamuzasings Senaniuziiin anmznga(STOP)
k4 1]

4. maAseeguUITa (data valid) annziiinadavinannzisudulasanizezinaein
d A { ' & a
Iufias SDA Aeteyafideanisoionen iisaw SCL fuaeingsaaiuzdis SDA
v a4 vy /Y v YV s/ oA o Y o
Aesnsfitive Iigunsaliiusuideyadeyasnufiamsdsuntadldluvaznme
spA fiuasingr minifamsildsuudassenireuasiiaw scL Huasingeny

o dd o 9 d oy
gilnsshnameiimimmugunsdwdeyasszmlanunmedu annzuga
w50 anzisu 14
4 ]

5. m3fuideyalacknowledge) AnTuMdIINNIs AN 1BNEATEYAIINAITANTIAITY
a 3 t o o [ =Y A t A o Y . =~
iPaduegsauys s lavazyiimsaeadeyant 1 Oa (Sn310aTU] (acknowledge bit) ¥

anmzfuseingandsnndsdoyaunsudau
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-
- | R ] -
SDA l\l / & A SDA
! i | |
[ [
| |
|
1

I
- e ] L]

scL | D\ / \ / } scL

| S | P

START condition STOP conditon
719 2.18 usAsanMTSHAULAZAANIZHYA

I""“' I"E']
SNV G ) G SR AR D G S G G o
MSB acknowlsdgement acknowledgement | SF

byte complete,
Interrupt within slave

|
|
f
|
l clock line held low while
! Interrupts are serviced

or 1 2 - 7 8 9 1 2 3-8 9 or
ACK ACK I—f--l

|
I
] signal from slave signal from recelver I
I
|
|

|
1|
|
o

Lo
START or STOP or
repeated START repeated START
condition condition

MSC506

51U 2.19 msdedoya uula I°C

QP

Msmuuula 12C

1
¥ 1 as

1 { a ' 3 ' o 1 A a -
AeudliziSudumsaeneadeyanmuaszningilnisidie Hdadesguniiadesiing

s o o o a a
$redarftenou Taonmssreneginsaiuuia rC Wuozl¥nisdreduuy 7 dauaz 10 dalu

el ¢ 1 o ' v =] a & a t oA 4 '
asdindiginssloguutialsiuinldnis Sy 7 dadifivanedeiiieligunisininninizg

Y Y = a o a 1 A v Ny Y Yy a4
weaase v 1dmsddauny 10 dandandasegnsaludasds ldSeuiesuds Hisuns

graneatoyane 11
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a Y a 1 1 Y S a !
Imsdredauy 10 Sandsnndadegunisiudazdr A5 sudesuds Hisundenendeya

#o
Y L Y s . .
N19591903v0yauvY 7 UA(7-bit addressing)

Y ¢ da £ o 3 da £ a9 dq v ¢d

foyaludusniifaiundessnanz deyatuiaiu Aedeyanlineginsaifdesnis
Aanensadeyausansa Taoligaluuuuaashugalf 2.19 T 7 Sasanvis 7 JaMsB Aredeya

o da ' a o =l . .
weatas 7vesgilnsal marndade Taswiadin dadmusueniasansfl (Fix address bit)
o a & ¢ % s o a [} . {
§ 11w 4 a Fedeyagilnisiudazdanzgadmuainnnduia liannsonfouutaud ly'14
1Y = A A o I3 = k4 .
QN8N 3 umﬂummwuﬁmwuﬁ uoatas R0 lsunsula (programmable address bit)
o a [ o A ¥ @ 1
Taogl¥uazdessmuaaauzasiniiiu A0-A2 vesgilnsaireudeuwiia I'C @y
Tuiia LSB fiufadi i muaniss mndedoudeyavesaandniuqminda LsB i <0
@ ¢ o <] N
mnedadesmsdeudoya ludsgunsshiuduily <17 wwflunsemdesyaaa
d Jd 1 Y o {
Foyaluludreufe doyaniugu (Control byte) Tugnsaludasdlimasmuadoyan
= 't W o ' = d Ay Hq 9o oA

auguiiuand1eiuly sndaedis ledvewwesaiifeyaniuguildfmuadi dalady
a a 4 { y o o
sunadaladuedna luvsizh le% ADC/DAC desnisYeyaniuquiiedmualiviau
w2993 ADC %30 DAC Hludu

v d v A Y A o U a a A v 9) [

foyalu'luddeuie doyafivhnsoienensd (data) nasnnhiinowneadeyaluud

4 C4 { o a a Y o A 1
az'ludaunsalaaniildsudagnusuimsfadenduindennasuie Wnszuumstenea
o A 1 o {a 4 a 1 o

feynamsoduilude lu/1d uansdegluuudeyneynsunfiavulunsdadeuuiia 1I°C 19

y X a
DNOILEUU 7 UA

g v g <, -
ES%SLAVE ADDRESS %lej A r//DATAﬁ A ? DATAﬁ NAlZpﬁ
2 L L e Ll s
l— data transferred —]

Q' (write) {n bytes + acknowiedge)

fram master to slave
A = acknowledge (SDA L OW)

A = not acknowtedge (SDA HIGH)
S = START condition

MBOE0S P = STOP condition

I:I from stave to master

o a
7101220 msddedeya 7 da
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LSB

OlO0|OJOJO]JOJO|OJAIXIX|XIX|IX|IXIX|IB}A

first byte second byte ————
(general call address) MBC623

11 221 guunuinlilvesnsiSonldem address

Y A S
msteduy 10 in
Y = o ¥ Y A 1 my 44 a 2 ] v
TumssedeuvvildanslFyuuumiiouny 7 Jaudsz ideyaiindnaunuanios Iy
J v A 4 o a 1 A
Yoya'ludusnudufaganzisudu desdmualil s Sadeyaiu 11110 daudn 2 Sadean
Jal 9 a a 9 4 o o T 9 1
womasagUnssindesmsAndeTuda LSB vesdeya ludusndadums smuadidesnise
o 4 a J o o
niaiioutoyagunsaiman fidesnAndedivdeyaluddaluiuludeyaueansaludf 2

ol v Qlyylllo'cv aﬂy ¥ o Saﬂ
ﬂl@ﬁq‘l’ﬂim‘ﬂﬂ@ﬁﬂ'ﬁﬂﬂﬂ@ﬂ?ﬂ‘ﬂ@l‘!ﬂ ‘]Jﬁﬂﬂllll‘i]\‘i!, uﬂ@gﬂﬂ?ﬂﬂ'ﬁ magaﬂawmumu H

4 9 a t
m@ﬂ%a'ﬂﬁ@ﬁﬂ’ﬁﬂﬂﬁ@
£1110XX 0 11110XX 1
P TIAT % 77 777 ~ i 7 > 7 7 77 77 - /////
77 SLAVE ADDRESST/Z] . [SLAVE. ADDRESS SLAVE ADDRESS 2 77 oy
S TeTs, M e (2B g Es g DA AR
(write) (read) mace1d

11 222 msddedoya 10dn
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sHames (Filter)

o @ o o 3
1995 T aned (Filted n5e9snsesdaaa I dlunumadginnlunszuiumsis
g Aan o v 0 a o { 1 @ { as
sudenuasdtnealddmiusdadygian idesnsesnuazuondygraiiiannwdudeu
[] di 9 1 1 T 24 dslv 9 Qs
sanuidudauaieiloudigreesdrsvesszuuae 1y Felasiiuguund 2995 nseedayg o
dc & ad -4 + oA P
WA usindsa Network) n19 l# Tastlseneuiuana@uNuaus (Impedance) V09
e‘di’ ar 9 F oo Y o < o = o A P ¥ va =
ginsainugweuldud dadwmnu dufuilsey uazdaumiloni e 19 lagaauiian i
9
foan1s
19951589A27WD (Filters) awnsoutieeendu 2 uuulna) Ao LUUNITEN (Passive

filters) tazuuuLBANY (Active filters)
r9asnsesdyanedlvihuvuwiadvl Passive Filter )

@ o
29snsesdyga ldiwuuniaddezilszneulidisgunsamiemadd (Passive
. ar Y 1 e 4 ar = ] o Ao Y {
device) iundnldun Fuduilszy uazdauniiond wrasiengiiddumuilsznaus
vy A @ S g 9 = ' =
pgAav) Lilesanersnsesdayga Wi uuuitsnume nseenuuufdudeuts luiiflun
~ v Y A o a (A =y 9
fowitn deRvesasensesdaanaiiihuuumadnde awisoneuauesanud lagann
sazawse lenlalae ludelduma e I lagiedu
a 1y { o @
Tuaruiusswds daaaieeninnewymyesassnsesdaana Iiihuuuwedd
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239snsesdayanadinihinaudgeriu (High pass Filter)

1 r
= 1

299351309AIMDYINURIFUN 1 (First Order)

Vi,

H
= 1

11 227 2e9s5vRIAIMDGINIUGALR

{g 1 { @ o H o 4 a
1MeesnsesAudd WU TugLN 2.25 dnmsadudwmnis Ruas C Fagulin 2.16
9 & 1 Ao do 1 '
32 1819931509 MDGINIUNTANMIVBIANDARN TN INUEUNTS 2.1)

2993050992 WD FINUAIAUN 2 (Second Order)

R
AV
Cc Cc
y e—{——
pb———0 ¥,
> R,
R g 275Q
RA
4

= = e w oal
717 2.28 299INTRIMIMDGIHUR WU AD



= [} o w A S w 9 @ Ao 1 P
esnsesanudgeiud Rl 2 Tdnwaasesadeiuisssnsesaruddrmlugdy

[ 4 ¥ v
226 Mosaadudumisves R wae ¢ mniudwaaddugalf 217 dwmnnudda (o)

AWM LAINAUMT (2.3)

1
f - 2nRC (2'3)

14 d’; 1 o ar d‘ 5
ﬂ'ﬁﬁiN’N‘ili‘llﬂ»?ﬂTmﬂﬂHlﬁgq&Nﬁﬂuﬁ]ﬂ‘lﬁlQQ‘lﬁ-‘!

vy

sreusaadsesnsesndduazgehuligsnhdduiaes]d Taensineesves

A d o oW 1A v W = 2 o ' &
AITNDNUANUOAALNINUNIABDLTUINU ﬂqgﬂ‘ﬂ 2.29 HIFTUTUANITADUUUUIULATLIAA

R.

L} o

o [ Qf 4 g {
(Cascade) i W IAS PN AUMIHAL INYB 99T ¥RIAIMDNABIT YA

s A4 o
e AR
J— s
1, 1 2 0
i
d E .
o~ i o bl
dguAs
w 4 5 ae
&wud nduf
v, 2 7 Vo
<l 2.
<+ o »
&g
s ffud ddiud )
o ey
¥V 1 2 2 0
a4 L
< — »
£uNs
oz d o o
#nduld AWLF &g ,
Lo )
vy 2 7 2 ¢
ik &
b . 2 g
Aaung



45
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msulaausa (Z-Transform)
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1905ufasendeniluadnea (A/D Converter Circuits : ADC)
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18 63 56.2 - 70.8 447 - 89.1
19 80 70.8 - 89.1
20 100 89.1 - 112
21 125 112 - 141 89.1 - 178
22 160 141 - 178
23 200 178 - 224
24 250 224 - 282 178 - 355
25 315 282 - 355
26 400 355 - 447
27 500 447 - 562 355 - 708
28 630 562 - 708
29 800 708 - 891
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Block Diagram n15%11914v84 Digital Equalizer

Sound source

Micro
controller

PIC

Tx

Digital Filter

IC TAS3004
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Display
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16F877A

I

Key Control

h

o

Power Supply

51/#13.2 u@ae Block Diagram 1151114140 Digital Bqualizer
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115711914904 Block Diagram Digital Equalizer

o a i

#anAsTUEiosAuves Digital Equalizer Ao ielidygnadunnonunasiuiiaies
kY o =] . . = g o 9 o @ a an ..
19u18suaenvea Digital Filter luvaonilszimihndseutanadayn auseatnon (Digital

. . J P s g ¥ = '
Signal Processing) Hawmofarmdanqfiduamsoneuauesld 7 dmaamd udanves

o o i1 ' o 1 ¢ 0
U&en Microcontroller sz M dwuA NI Mine a1 veansRawmesn I M

1 T i 1 =3 d a @ w 9J
Tuudazduaimduazamsives veeszAUAWA (Volume) 3AUITEINN (Bass) LAz
@ A a o ' { 1
sedUFsamNau(Treble) thefiun1siiuvIoaansneuauesvesdgyanaluguaruiaie
-3 a  d LR 1 = d 1 & o

Tauiiuden Key Control iuaiadlumsifendewhusmisilinesane vintudyanauios
A d .. . s v w o =3 . v a
fuden Digital Filter fazgndseon lulfad Inauazuden Display uaauiuss dudagnoiy

TuguamnaIge

Ed () H v
T Taseauiioz ¥ 1C TAS3004 tilesainidlu 1c avmiidludadsyaanamadaygn
as = e s dy
Avnon (DSP) Ugaauiiadall

- Programmable seven-band parametric equalization

Programmable digital volume control

- Programmable digital bass and treble control

- Programmable dynamic range compression/expansion (DRCE)

- Programmable loudness contour/dynamic bass control

- Configurable serial port for audio data

- Two input data channels that can be mixed with digital data from the analog-to-digital
converter (ADC) of the codec (analog input). These channels are controlled by 12C
commands.

- Three output data channels: Left and right data go through equalization; bass, treble,
DRCE, and volume to SDOUT1; SDOUT2 mixes left and right data. SDOUT2 operates
as a center channel or subwoofer channel. The output of the ADC is available for
additional processing

- Capability to configure ADC output to one of two monaural data streams or one stereo

data stream
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Capability to digitally mix left and right input channels for a monaural output to facilitate
subwoofer operation

Serial I?C master/slave port that allows:

Downloading of control data to the device externally from the EPROM or an 12C master
Controlling other I2C devices

Two I2C-selectable, single-ended analog input stereo channels

Equalization bypass mode

Single 3.3-V power supply

Powerdown without reloading the coefficients

Sampling rates: 32 kHz, 44.1 kHz, or 48 kHz

Master clock frequency, 256fS or 5128

Can have crystal input to replace MCLK. Crystal input frequency is 256fS.

Six GPI terminals for volume, bass, treble up/down control, mute, and selection of

equalization filters
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Digital Signal Processing Block diagram
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Biquad Filter

11737 uemsuBen Biquad filter

3
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= v .. . , dy o
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¥
a

{ 1 & 1 ! 1 -9 ¥
ATOLARNAIIDAALA 30 Hz - 15 KHz FelAutiagenrendeil

1. AN (fo) A0 50 Hz LUUAIN(BW) A 44 Hz

2. AWBAS (Fo) Ao 120 Hz LUUAIN(Bw) Aiv 106 Hz

3. AuANans () Ae 290 Hz LUUAINBwW) A0 260 Hz

4. aMuBNATS (fo) A8 700 Hz LUUFIN(BW) Aiv 600 Hz
5. aANeN (fo) e 1.7 KHz WUNAIN(BW) AB 1.7 KHz

6. AN (f) Ao 4.3 KHz LUUAIN(BW) A0 4.1 KHz

7. anuDNa(fe) fie 10 KHz LIUAINBwW) Ao 8.2 KHz
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bl = 0 )
i 1+{ayfay) 27 +layfag)- =™ (3.2)
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o aS=sin{@,)

¢ @C=cos(®,)
=aS/
s A=Y 0)
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* 81 G =GaindB lusimualunisesnuuu

Ao A — d 9 [
fC = ﬂ’Jmﬂﬁﬂ@@‘ﬂ HIDANUDLYULIADT Llaﬁllﬁ‘luﬂ']i@@ﬂllﬂﬂ

{ ¥ 1 4 y
£ =@A Sampling rate UAWA Te wazived Tulassamuil fi=48 KHz

O = f./Bw
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Low Pass Filter

High Pass Filter

Band Pass Filter
Peak gian =Q

Constant = 0 dB Peak gain

Notch Filter
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by ={1-@C)f2
b =1-0C

b, =(1-eC)/2
ay=l+a

a =-1-0C
a, =1-a

by =(1+aC)/2
b =-(1+0C}
b, =(1+@C)/2
a, =1+a

a =—2-0C
a, =l-a

by =—aS/2=-0-a
a,=l+a

b, =1

a, =l+a
ay=-2-aC
a,=l-a
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All Pass filter
. bﬂ =1-a
. bl =-2.aC
« b=l+a
*  dag =1+
o a=-2-0C
. ay =1-o
Peaking EQ Filter

s b =1+{FQ’-A}
] bl ==-2.0C
o by =1-{a 4)
o a,=1+{o/4)
e g =-2.0C

H

o a,=1-{a/4d)

Low Shelving Filter

o by=A-f4+1)-[l4-1)-aCl+{8 oS}

o b=2Af4-1)-[[4+1) oC]}

o b=dA{4+1)-[l4-1)-aC]- (B oS}

o ay={{d+1)+[(4-1) oC]+{B &S)

o a=-2-{{4-D+[{4+1)-aC]

o ay={ld+1)+[{4-1)-oC]-(8-wS)}
High Shelving Filter

o by=d-f4+1+[4-1)0C)+ {8 oS}

o b==2-4{4-1)+{(4+1)-0C]}
e b=4-{4+1)+[(4-1)-eC]-{F aS}
v o, ={{4+1)-[(4-1)-0C]+(8 aS}}

o g =2-{4-1)-[4+1) oC]}
o a=f{4+1-Jl4-1)-0Cl-(8 ws)}

A ' So t 1 1 { [
e 18 by, by, b,, a,, a,uaz a, Miwane Tl aunsh 3.3) wlddwhadu v
s > 30 s o 1 ° a 4 a
Fu nmfuiitevguduehidunvguaewdidesiuiiuesgudunn deldvgdy
=] o - o ] o = y ¥ @
waudadudassouuduwavgiududnade udafdnavgudodldldlddy

o [] ] =1 1 {
ulasaenInsamedludiuveslsunsudes Hezldammarudiisidesns
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o t Y3 d 1 T (
Tunsfuaameb,, b, b, auaza, #nildsunsy ALE figaonisiii i e
d" 1 Y=L a2 9 Q a ; o Y
Tsunsuihigseuavgudunn smezfesinargmdunaiulasduarguduudy

' o 1 [ a o 4
aouthean 1 lgadnasenile
f10819N 15N 1500NUUY

@ v oS . . 9 Ao P
Gluﬂ?ﬂﬂ'\quﬁ)glﬂuﬂ'ﬁﬂ@ﬂlluﬂ Low Pass Filter Vari Q 1‘14?1’313.!9?11’\@@141’\ 1 KHz

¢1@dn £, =48KHz , Q =0.707 , fo = 1KHz
minomg: *Q lafmuaeslulusunsy ALE lane Low pass i High pass AIUATQ VDY

1n3eInNaLLYdug WlF Q = £,/ Bw
¥
o

¥ . [
gatiuaz 1daMifeveiuannis Low Pass Filter A3il

©,=2-7-f./f,

= % ﬂ*(iK/ 48 K)
= 0.13089969

@S =sin{w, }
= sin(0.13089969)
=0.13052619

ol = cos{w€ \
= costO. 13089969)

0.99144486

2=%2.0)

= 0.13052619/(2*0.707)

]

= 0.09230989

o v Ay Y . 4
e 1dunuaslugas ve Low Pass Filter tiNem by, by, by, 4,, q Uz a,

by ={1-@C)2
=(1-0.99144486)/2
= 0.00427757



=(1-0.99144486 )

= 0.00855514
b, =(1-aC)/2
=(1-0.99144486) /2

= 0.0042775
a,=l+a

= (1+0.09230989)

= 1.09230989

= ~(2%0.99144486)

= -1.98288972
(42 =1—a

= 1-0.09230989
= 0.90769011
udwh by, b, b,, a,, a,uaz a, MWunuluguns 33
B, b,/ a,
= 0.00427757 / 1.09230989

1

= 0.003916077
B, = b /a,
= 0.00855514 / 1.09230989
= 0.007832155
B, = b,/ a,
= 0.00427757 / 1.09230989
= 0.003916077
A = a,/a,
= -1.98288972/1.09230989
= -1.815317922
A, = a,/a,
= 0.90769011 / 1.09230989
= (.830982232
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A [T v & v do A a 1A Y & A A 1

dioldaunarfiudrfdnsudasilugmass Tae 4 TausnazAauadagamenedan 4 a3

a ta { o § 4 & U A § o

Tausnlifa fe qiidamiriniiugudnienils daudn 20 fafimdeswigmaeudeuey
1A o a o £ a & -4 o W 1 {

wezdmiidiuauliiinisndugudiflunile ndumiluilugud (’Complement) Fedred1eh

wuanslig

B, = 0.003916077

> E4 ]
Foit 4 Sausn Ao 0000 9MTUHININEA 20 Tafimberirll guasadae e

0.003916077*2 = 0.007832014 :[0]
0.007832014*2 = 0.015664028 :[0]
0.015664028*2 = 0.031328056 :{0]
0.031328056*2 = 0.062656112 :[0]
0.062656112*2 = 0.125312224 :[0]
0.125312224*2 = 0.250624448 :[0]
0.250624448*2 = 0.501248896 :[0]
0.501248896*2 = 1.002497792 1]

*(1.002497792 - 1 = 0.002497792)

0.002497792*2 = 0.004995584 :[0]
0.004995584*2 = 0.00999168 :[0]
0.00999168*2 = 0.019982336 :[0]
0.019982336*2 = 0.039964672 :[0]
0.039964672*2 = 0.079929344 :[0]
0.079929344*2 = 0.159858688 :[0]
0.159858688*2 = 0.319717376 :[0]
0.319717376*2 = 0.639434752 :[0]
0.639434752*2 = 1.278869504 :[1]

*(1.278869504 - 1 = 0.278869504)
0.278869504*2

I

0.557739008 :[0]
0.557739008*2

i

1.115478016 |[1]
*#(1.115478016 — 1 = 0.115478016)
0.115478016*2 = 0.230956032 :[01
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Fohuavgueresiiidie 0000 0000 0001 0000 0000 1010
waslugmdumn fie 00100 fifes1ves B, udualaaudugmdy fle 4106
dausaug Wedmanudaeld
B, = 0.007832155
mugdunn Ae 002014 fifeAmes B, udwdaaiiugmdu fe s212
B, = 0.003916077
raagFunn Ae 00100A fifeawes B, udualaadiugmdu fie 4106
4 = as1s317922  *@ideshnamsndugudiiiunils nduniladugud
(’Complement))
mugdunn Ae E2F476 fiferwes 4, udmalaufiugiudu fe 14873718
A, = 0.830982232

o A N =
iuguAunn A 0D4BB4 fneswes 4 uduasfugmdy fie 871348

o 1 ° v 9 s °
sz @ suameees oz 18as ety Tusunsy ALE dmasunld

Bt TASToobata

I Sample Rate : 48K Hz

1 EQ Description

!
!
14 Filter Parameters

Ht VQLP-1, 1000.000000. 0.707000, Yes, 1
04 001004 002014 001004 E2F476 0D4BBA e
13 001004 002014 001004 E2F476 0D4BB4 ==
4 -6.0 Vplume
50.0Treble e

>

Lo

[ oK ; Cancel

¥ \ 4 4 v v
BO Bl 2 Al AZ

517 3.9 uaasalulsunsu ALE Wisufusiidnian



= J [ o ] d 1 an = ¢
am‘lliwmmzm;mmmummn1s:namlnmsmﬂmNewmﬂimaaeﬂae"lawei

PRI N

511 3.10 uaRsMINeRUnIaiIsAILAY
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717 3.14 urAINTINNRINIAAIvRIATARaBARe lalres

{ 1 aa = o
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giten151491u Digital Equalizer 1020 131515un5% ALE

(7=} 3 . .
Adian131%91u Digital Equalizer

N { o { _aa ¢§
519 Digital Equalizer 1fie4910 1 TAS3004 Mimihfidudiaeailamesded

o 3 = 4 d 4 { ¢ @
Microcontrollen Sl U@ d sua1mis e svesnsfanes ludmarwiarsquaz fudy
] T k4 v
AuquMsIRNaasedudyanaudes lumsiiiuaessdudyanaufosingiiunaiivaney
o ' :.-s' At a o A a 9 a
NIMUA 7 61UAND uasluANNaaRNNAWTES (Volume) LTT837)) (Bass) Uastigyay
(Treble) DEWAZ 5 TTAU
1.Msaedyaaduynuazdmmn

Y

1.1 Foadoudygnansdudunnidioiu 3 vesdygyn 1dun IN1, IN2 uag IN3

(5]

ISR

wazfiveudoudyanelulas Mudwau 2 veedyaa 1dun MIC1 uas MIC2

12 soufrudaanamedudmniidiedu 3 esdygn 1dun OUTL, OUT2 uag

{ oo -
ouT3 Taufi OUT1 uaz 0UT2 Sl aumess Teuaz oUTs Wuny Tulummida
2. mstlSusnszRudyaneudosluudazdnanuduasides Tny
o v o ' ' Al Ay o ' A =
2.1 lumsdSvenszaudganaluudaziuanudFaliaeni 7 $1ua11M09Ne
v 4

LCD uaaanamstivansasImsveisdsll

EQl=0X Aefguamdf 1 isasmsvensmiiu X

g

EQ2=0X foRduaAwdN

2 PR3N VBN X

A A Ad Ao Y
EQ3=0X fofgamuda 2 Ueasmsvenevinny X
EQ4=0X fefidmuaudd 2 Hoasimsveramiiy X
EQ5=0X fsfiduaudi 2 ioasnisveamiiu X
EQ6=0X fafiguaudn 2 Tdasmsveramidy X
EQ7=0X Asngua1mdf 2 idasmsvensnitiu X

Y £ o A 1o o
nnemg X Aesasnsvneisamnsadiuiiunieanasidiias 2 Ardman s sedy
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d
gg1‘saammmam?\lames§”nﬂiﬂ‘suﬂ‘su ALE

1. @Waldsunsy ALE 91nStart Menu> Texas Instruments> TI Software Aug 28 2001>
ALE 4.0 f33U# 4.1

@ soesvon s tcutess
% wton canbg

”
-
.
o
&
.
=
-

AProgran e\ Teas insturnects cTt
soltwars fury 20 2001WLE 40

0 100 1000 10000

* Frequensy Ha
RN [ e i 3 st v © x 1 oo S Cigan fre e T R AR AT

51l9 42 Tafsunsy ALE 1% lunisesnuuudmniuianeg



2. finsdlasdduanasiassianudaie Taoidlaf File>open Raw Response File...
! p

5U% 43 naasmsdladyanasiassvedisunsy ALE

Q oo

k4

3. Aengudanalunilidon curves 11ddegh 4.4

e,

_ b ,
&1 6] 8o plEEe = e

R I
111 -—
JAWa . — -
f V\D\ w‘rm ﬁ/ RV
30 __] R . i '\,\f\,xj\_/\
Yl
ol T ___]/\\ / RO I ]
so}. \ 1= _
V)
%0
db o 100 1000 10000
LF2 Frequency Hz HF 24000 172 Fs 24000
10 —_
ol ] N L]
a0l . I I L _

ab o 100 0 10000
Frequency Hz
st Ml ROy Pl S s o ER B E R o il L
B & T i A b et 3 el €50 ki e e Ll L e e e

A Qs o
517 4.4 uaasgldyanuiaesvesisunsu ALE
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v F4 v
4, 1Benfiny Device>TAS3002 udahinisidennisdsnFitter lagiaeniiy EditEdit

o 1t ) g1 o i
filter Parameter...td291 13 lda msliwesaie Aslugilh 4.5

517 4.5 uamenIsidenAsa Filter Tugiuaaien
4
B9A1 Gain=10 dB, BW=1 KHz, Fc=1 KHz

6. ¥hnssansnisveevesilames lasdeniuiy ViewsDraw Filters 13 1AAI71T 4.6

s A o - { A
-:o T A MR AY 4
/ \ v N ha! /
e 0 A il H A
~t0 /
i
%o Y

s P 100 1000 10000
Froqueney Hz

e i T > S T T
R - - gy e Ty T SR Bl ADBEWRCTR )t e | R Ok BITEET mi

717 4.6 mssraesnisvee Filter ludwdifmuali
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' a d=ln ¥ el . Y 91 o
7 ﬂ’lW’li’lﬂJLﬁ@iﬂ"lﬂ‘ﬂzfz]gmﬂJg Edit>Generate TAS3xxx Data...ll873 %"lﬂﬂ’lfz]ﬂﬂu’lﬂﬁgﬂ

na7

+ Autoraatic Loudspeaker Equalizer - urye -

Edit TaS3uxn Data”

4 Filter Parameters
# EQ-1, 10.000000, 1000.000000, 1000.000000, No, ‘ves. 1

“{06, 1220CA E23GAE OBE74E E239AE DEOS18
:113 1220CA E239AE OBE74E E2390E OE0BIS
14 -6.0 Volume

5 0.0 Treble

0.0 Bass

-12.0 Mixerl

{ ' = g 1 {d o
U7 4.8 uamsAmliaesveIns Filter ludmnamidfidmuall

AT TAR I 180
0A 1220CA E239AE 0BE74E E239AE 0E0818
13 1220CA E239AE 0BE74E E239AE 0E0818
$3910A way 13 (il ADDRESS v0A1EQ Fanifadhonazn udniend 18Ty

gufuudni il uTdsunsuveslulnsneu Insamesdauvesilsidudes



86

y Y

“l.umsaammmhwws1ﬁma§1uu¢iazshummaﬁ'ummm%mmuuamﬂé‘aums
aouaueenydluudazdn’ld Tasns191dsunsu MATLAP %38 Tusunsu ALE
(Automatic Loudspeaker Equalizer) Tagsiiamig Wina3 BO ,B1,B2,A0, Al ung A2 ﬁ
Y& douasiulysunsuveslulasaeulnsamefdruvesiledsudesluudas i1u
aEAdemaanluusstafisaduiuns 1wy smislieeddldainldsunsy ALE 7
ﬂ’ﬂilﬁﬂ’ﬁ’l\‘i FC = 60Hz 1oy Gain =2 dB Vl,ﬁ’ﬁl'lﬂ’ﬂﬂﬂ'll,ﬂ"lﬁﬂ 1001D8 E01E83 OFDFES EO1E83
OFEIBD udaulfouiiuavgudy Ao 1049522 14687443 1040314 14687443 1041261 1161
Laeugmz?uﬁ"lé’f:"lﬂmﬁauaﬂuiﬂﬁu,ﬂsm’fwdwfr

unsigned int EQ1 (unsigned int n1)
{ switch(nl)
case 1:

printf("$eq1,1049522 14687443 .1040314,14687443,104126 1\r\n");

BO B1 B2 Al A2

led_gotoxy(7,1);
printf(lcd_putc,"EQ1 = 02");
delay_ms(500);

Del LCDO;

break;

} maemg: swes A0 =1 lidesld
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Tﬂéa%1smiﬂsnnnsun151114114*1194 Digital Equalizer

Start
i

INIT LCD And UART
¥

INIT Port

1
A

LCD Display

Press (+.

Press (+.

Press (+.

Press (+.

Press (+.

Press (+.

A 4

Send Nata T.CD Disnlav
Send Data " 1cp Display
Send Mata ) T.CD Disnlav
Send Data 1.CD Disnlav
Send Mata M T.CD Disnlav
Send Data > T.CD Disnlav
i Send Data > T.CD Disnlav
Send Data T.CD Disnlav
Send Data > T.CD Disnlav
Send Data | | LCD Display

\ 4




N1 NANDILACHANTINARDY

mInaaes TuauziFudue IC TAS3004 nieluannziida fe

- Clears all the RAM memory content

- Clears all the registers in the circuits

- Purges the codec

- Selects analog input A (RINA and LINA) and scts the input A active indicator (INPA)
low.

- TInitializes the equalization parameters to AllPass filters

- Sets the digital audio interface to 12S—18-bit mode

- Sets the bass/treble to 0 dB

- Sets the mixer gain to 0 dB SDIN1 and mutes both SDIN2 and analog-in

- Sets the volume to —40 dB

- Turns off all enhancement features (DRCE, etc.).

- Reads the I2C address. If the address is 68h, the device reads its EPROM. It is possible to
load the user-defined bass/treble data and break points (optional). If there is no data, the

device loads default bass/treble delta and break points from ROM.



- Ty off
5D010dB
mute S02 and analegin
" {Paramettic
gmlcmmfmm1 Equnlization) trone) i
SOINTL ...
1" LEFT, SR zndcgm o Bass/ 4 san
SN2 L . i R Treble Volume!
ANALOGIN.L | All pass _Gain-404B__:
Alt p ass BassO dB |
Trable Dng
{Ansiog in Frem ADC) L] Gynamic
~—~#f  Control

{ORCE Scating}

Seduration
Legic

89

LEFT_QUT

r
i
i
i

SRR
s, o
" et .-
SR, WR Fiters Tretie |'Y
(Right Chanmat dixery {Parametric (Tore}
Equalization)

Salurstion
Logle

RiGHT_OUY

{DRCE Scaling}

111 5.1 urasudenlaezunsuluantyiida vee IC TAS 3004

ﬂﬁﬁﬂ‘ﬂﬁz!!ﬂiﬂﬂ]iﬁ]ﬂﬂ‘“ﬂﬂ Equalizer

71l 5.2 vdenlaevunsuE IMANYR993 AU Equalizer
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Taw Input! Sludyaaeutiensunaordiililszuanalavase Fame lulaziSendwinden
Sua dau Input 2 waz Input 3 (Hudgyanuendenduya ududrgIic peMisol il
wiaswiiudaana 72S udnilddszananade ldeziSunidineaduyamsaiuguezaiun
dnlulnsaeulnsaaei@iOdadenululasaeu Insiassdndr(MCULURS232

[} ¥ t4
iwediez Wl TasneuInsames MCURWgUHT 1°C Bnass

msiadwans /°S

51l 53 maTadgane 128

Q Qs (-3 Q/ d' &
ms¥adyans 725 1in1iadl 47122 1120 4119 Y¥e4IC TAS3004 Failuu1 SD IN 41
SCLK 111 LRCLK amd ey ifisufudaanaduna Tavez1¥ oscilloscope 4 Ch Janiaw
o A

Fufiya i Taenanesiloudamne Sunanwd 1KHz 159U 100 mVms imiedude

LAY AU ARAINT 1A
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famsnaaed 1°S

Ch2 Freq
3.082MHz
Low signal
amphtide
Ch3 Freq
48.01kHZ
Low signal
ampiitude

Ch3 Pk~Pk
B.20V

Chi SO0me & Eha 500 v e MZ.000s A Ch3 F  4B0mV
B 5.00V A Chdf 500V~ 13 jul 2006
&+~ 2.90000MS | 12:04:20

511 5.4 urawan1snaaes />S

({18 Ch1, Ch2, Ch3 uag Ch4 fie Faanaduna, daygna SCLK, Faygy1MLRCLK uaz

Fyaes SD IN wady

nsnaaedIadannse Volume Bass . Treble and Biquad Filter

§,‘1_|°71 5.5 MIIady st Volume Bass ,Treble and Biquad Filter
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= 9 A

M3 iadayIMVolume Bass ,Treble and Biquad Filter wiloudya udunadin Lef

o q

[ ' @ - =] a o
Channel (¥11)&2UN19 Right Channel(¥140 ) 3$ABDAUNT1IAYS Wlueurdendunaudaims

q
v

@ A o d
Yadayana1aeld Oscilloscope Jaduwn (Hvufy 1©1ANA
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N15NnasYIndaNa Volume

. LaR Channe! Mix Coeflicianta

7T 3G Reglatar Address OBR T —% SON! 4 S0IN2° ADC
g « (3) 24-SH Loh Mix Coeflisten
SOm1_L X dute
/D \ ADJUST Volume -55dB...+18dB
ottt L syl Bl
N R
s ORCE *
= Y
ADC L D; 0987 Al FASSTEE) ALLFASSIGE) i)
E %
% BO0UTI
s NS
\ i
. ;
SOINZ_R Ry 7 Biquaa | : i
----------- B o ]
« S0
ADC_R J 7/ I
e D / RSUN D“M\
- 2 “a
I D, .@ . LrAsum s00U2
"

Right Channel Mix Cosflicants

£2€ Regleler Address 07h I ~—  SDIN} ~ 50iNZ - ADC

= (3) 24-BR Rigiint Mix Coeftichnt

{ [ @
11/ 5.6 uaasudenlaesunsunisnaaenisia Volume

a

msnaaessziloudyaadunnsine Wave A 1 KHz 100vims wdavhnisdlsy

1 =Y 4 > N as
AW IHLADT Gain YDIVolume ﬁ'lllﬂ'li'l\ﬂ‘u Data Sheet @141 -55dB 5\3 +18 Iﬁﬂclﬁ}’ﬂﬂi'lﬂ'li

mmwmm'azmmﬂu ALL PASS(0dB)

ar

Han15NAasIN 13 Induan Volume

Gain(dB) Gain(dB)

datasheet Vout Vrms) | Gain(dB) datasheet | Vout Vrms) Gain(dB)
-55 0.0048 -26.375175 -50 0.00615 -24.222498
-54 0.0052 -25.679933 -49 0.00631 -23.999413
-53 0.0055 -25.192746 -48 0.0061 -24.293403
-b2 0.0056 -25.036239 -47 0.00656 -23.661923
-51 0.00642 -23.849299 -46 0.00651

-23.72838
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Gain(dB) Gain(dB)

datasheet Vout Vims) | Gain(dB) datasheet | Vout Vrms) | Gain(dB)
-45 0.00673 -23.439699 -18 0.0133 -17.522967
-44 0.00606 -24.350548 -17 0.0144 -16.83275
-43 0.00638 -23.903586 -16 0.0165 -15.650321
-42 0.00632 -23.985658 -15 0.018 -14.89455
-41 0.00638 -23.903586 -14 0.0199 -14.022938
-40 0.00656 -23.661923 -13 0.0224 -12.99504
-39 0.00588 -24.612453 -12 0.0247 -12.146061
-38 0.00633 -23.971926 -1 0.0277 -11.150405
-37 0.00648 -23.7685 -10 0.0308 -10.228986
-36 0.00672 -23.452615 -9 0.0347 -9.1934105
-35 0.00632 -23.985658 -8 0.0386 -8.2682539
-34 0.00645 -23.808806 -7 0.0432 -7.2903251
-33 0.00748 -22.521968 -6 0.0483 -6.3210574
-32 0.00667 -23.517483 -5 0.0542 -5.3200143
-3 0.00669 -23.491478 -4 0.0607 -4.3362262
-30 0.00678 -23.375406 -3 0.0716 -2.9017396
-29 0.0071 -22.974833 -2 0.0795 -1.9926574
-28 0.00756 -22.429564 -1 0.0886 -1.0513256
-27 0.00759 -22.395164 0 0.0987 -0.1136569
-26 0.00772 -22.247654 1 0.1 0.8278537
-25 0.00787 -22.080505 2 0.123 1.7981022
-24 0.00827 -21.64989 3 0.137 27344113
-23 0.0093 -20.630341 4 0.154 3.7504144
-22 0.00951 -20.43639 5 0.172 4.7105689
-21 0.0102 -19.827997 6 0.193 5.7111462
-20 0.0117 -18.636283 7 0.216 6.689075
-19 0.0127 -17.923926 8 0.242 7.6763073
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Gain(dB) Gain(dB)

datasheet Vout Vrms) | Gain(dB) datasheet | Vout Vrms) Gain(dB)
9 0.271 8.6593858 14 0.481 13.642902
10 0.305 9.6859968 15 0.539 14631775
11 0.342 10.6805622 18 0.602 156.69193
12 0.383 11.663975 T 0.677 16.611773
13 0.429 12.649146 18 0.725 17.20676

A15199 5.1 wansnaaesiadya e Volume

-20dB AV=117

Tokstop | ; e iapuls ],

..... nepopenify e

5

Ch1 Freq
1 1.001kHz

Ch1 Pk-Pk
303.7mv

] : : ; : : . . . Ch1 RMS
B : : : : : : : 99.66mv

Ch2 RM3
.6mv

ChiTTOomY & TR 10 0mve. M 200Rs] A Ch1 J 4.00m¥,

£+~ 11,200048

16jul 2006
16:45:03

+10 dB AV=308

Cht Freg
1.000kH2

Ch1 Pk-Pk
320.8mV

Ch1 RMS
160.1my

Chi2 RMS
3ty

Chil_ 100mv N B S00mVy M 20

2L 1. S P
AT Chl 7 4.00mv

] o 16
2+ 1.200005 16:48:57

519 5.7 uansdaya-20dB wag +10 dB



15 iaga TONE (BASS & TREBLE

Left Channel Mix Coefficients

e 12C Register Address 08h » SDINt ~ SDIN2 ~ ADC
£ = (3) 24-Bit Left Mix Coefficient
somiL N\
>r\ ALL PASS (0dB) ADJUST Volune 0 dB
somz L N L_suM | 7 Biguad . [ Seft
1 Filters >y Tone > B
A DRCE \\‘
ADC_L a ALL PASS (0dB), \\
Bass +10dB Treble 0dB, ?_sn_og'g’
smm-—/l\l/z Bass (0 dB Treble +10 dB :/
/
- Soft /
oen 8D e ar o o i
ADC_R gI >___
T R_SUM
d |\"2 SUM SDOUT2
N L+ R_
>

»
>
112 N

Vi

__ Right Channel Mix Cosfficients
12C Register Address 07h

—————% SDIN1~SDIN2 * ADC_
= (3) 24-Bit Right Mix Coefficient

{ o @
iﬂﬁ 5.8 LL’cTﬂﬁ‘]Jﬂ'ﬂﬂvlﬂﬁlzLLﬂi%Jﬂ'li‘i’lﬂﬂ’ﬂx‘lﬂ'li’Jﬂ Volume

- - q H A
maiadayanaluiseaues Tone 93 IWAN1SAOUANBIAMD YRS MA InUABUINTBFS
sznov T8 Bass 11az Treble lumaunsnaz Iadaya ad ALL PASS (0 db) Tumsda BASS
33451 Gain 139 10 dB udatlSufinae 15U 0 dB d2un13TA Treble 331/5Y Gain 137 10 dB

] ] 4
udr§ufinde W 0 dB udrihmsdeudaanaduna Aawddwa 1Hz 1ude 30 KHz uda

o v o Jd Y] {
NINTIATYUIULBIANS NIBATINTTVYWLASN 15?]@“”?”1@\“1'3’]“5
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HaMINaaedvay TONE
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ALLPASS (0 dB)
f(Hz) Vout(Vrms) | Gain(dB) f(Hz) Vout(Vrms) Gain(dB)
1 0.0765 -2.32677 200 0.098 -0.17548
2 0.0807 -1.86253 300 0.1 0
3 0.0908 -0.83828 400 0.0996 -0.03481
4 0.0952 -0.42726 500 0.0997 -0.0261
5 0.0956 ~0.39084 600 0.0995 -0.04354
6 0.0982 -0.15777 700 0.0997 -0.0261
7 0.0978 -0.19322 1000 0.0999 -0.00869
8 0.0972 -0.24667 2000 0.0995 -0.04354
9 0.0968 -0.28249 3000 0.0998 -0.01739
10 0.0986 -0.12246 4000 0.0995 -0.04354
20 0.1 0 5000 0.0996 -0.03481
30 0.0998 -0.01739 6000 0.0995 -0.04354
40 0.1 0 7000 0.0992 -0.06977
50 0.1 0 8000 0.0997 -0.0261
60 0.0987 -0.11366 9000 0.0992 -0.06977
70 0.1 0 10000 0.0991 -0.07853
80 0.0998 -0.01739 20000 0.099 -0.0873
90 0.0994 -0.05227 30000 0.0227 -12.8795
100 0.0979 -0.18435

A1919%1 52 WAN1INAAaITONE ALL PASS



Frequency 100 Hz
TekPrevy | s —— e | U —

bbb o bt e i b e
R S 1 B s e ot 4

E+7i—10. 2000m5

ety

Frequency 10 KHz

Tekstop | .. e | ————" .
‘ @ o :

ZOOmV'\, Chzs 100m\1«

U7 5.9 uaasdyy

™ 55 Ous‘ A cm T 4 ‘00mv,

fi-+= (11,2000 |

Ch1 Freq
99.96 Hz

Ch1 Pk-Pk
313.7mV

Ch1t RMS
100.7mV

Chz RMS
101mv

Ch1 freq
9.968kHz

Cht Pk—-Pk
311.8mv

Ch1 RMS
100.5mv

Ch2 RMS
100mv

16 jul
16:39:58

2184 100Hz Uas 10KHz dB 489 ALL PASS

2006
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BASS (+10 dB)
f(Hz) Vout(Vrms) Gain(dB) f(Hz) Vout(Vrms) | Gain(dB)
1 0.317 10.02119 300 0.181 5.153571
2 0.316 9.993742 400 0.137 2.734411
3 0.317 10.02119 500 0117 1.363717
4 0.317 10.02119 600 0.109 0.74853
5 0.317 10.02119 700 0.104 0.340667
6 0.317 10.02119 800 0.102 0.172003
7 0.317 10.02119 900 0.1 0
8 0.315 9.966211 1000 0.0998 -0.01739
9 0.317 10.02119 2000 0.0995 -0.04354
10 0.317 10.02119 3000 0.0992 -0.06977
20 0.31 9.827234 4000 0.0997 -0.0261
30 0.31 9.827234 5000 0.1 0
40 0.306 9.714429 6000 0.0994 -0.05227
50 0.309 9.79917 7000 0.0992 -0.06977
60 0.305 9.685997 8000 0.0995 -0.04354
70 0.307 9.742768 9000 0.0992 -0.06977
80 0.312 9.883092 10000 0.0997 -0.0261
90 0.308 9.771014 20000 0.099 -0.0873
100 0.301 9.567133 30000 0.024 -12.3958
200 0.254 8.096674

MI NN 5.3 WANIINARBITONE BASS +10 dB



Frequency 100Hz

TekStOD L

Cht Freq
998.73 Hz

Ch1 Pk—Pk
313.9mv

Ch1 RMS
100.1mvV

Ch2 RMS

30tmv
200mV'\, Clh., EOOmV v M2, 00ms A’ Ch1 J' 28.0mV
16 jul 2006
g5+ |~6.00000us; 16:24:52
Frequency 10KHz
Tekstop | e S S—
- . N H . ‘: i‘B M e
Ch1 Freq
9.952kHz
'3:;‘.?':::i:::fE:'::f::'.:“::::E;z::i::::i’::::é::::_’ Ch1 Pk—-Pk
L . : : . i 321.9mv
Ch1 RMS
180.2my
Chz RMS
99.7mv
L, N P RTINS S
ZOOmV’\z Ch ZOOmV N M20 ous! A‘ Ch1 S 28 omv:
o 16 Jul 2006
§3++ [0.60000Ms’ 16:15:47

599 5.10 uaAsdeysI1100Hz oy 10KHz dB Y8IBASS +10
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TREBLE (+10 dB)

100

f(Hz) Vout(Vrms) Gain(dB) f(Hz) Vout(Vrms) | Gain(dB)
1 0.0734 -2.68608 300 0.0998 -0.01739
2 0.0915 -0.77158 400 0.0998 -0.01739
3 0.0945 -0.49136 500 0.0995 -0.04354
4 0.0957 -0.38176 600 0.106 0.506117
5 0.0969 -0.27352 700 0.0995 -0.04354
6 0.0978 -0.19322 800 0.1 0
7 0.101 0.086427 900 0.0998 -0.01739
8 0.101 0.086427 1000 0.0986 -0.12246
9 0.101 0.086427 2000 0.0998 -0.01739
10 0.102 0.172003 3000 0.107 0.587676
20 0.102 0.172003 4000 0.126 2.007411
30 0.101 0.086427 5000 0.157 3.917993
40 0.101 0.086427 6000 0.204 6.192603
50 0.1 0 7000 0.23 7.234557
60 0.101 0.086427 8000 0.268 8.562696
70 0.101 0.086427 9000 0.279 8.912084
80 0.101 0.086427 10000 0.286 9.127321
90 0.0978 -0.19322 20000 0.305 9.685997
100 0.0998 -0.01739 30000 0.0261 -11.6672
200 0.0999 -0.00869

A15199 5.4 WaN1INARBITONE TREBLE +10 dB



Frequency 10 Hz

Tek Stop | — & ]
e e - Gl AmE ooy
3 : A
Ch1 Freq
9,985 Hz
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...................................................... 1 Ch2RMS
- E 102my
ST T U TR P DU P S T
chi| 200m\1'\; f{gﬁf 20m~1v« Mi20. 0ms A$ Ch1 5 32 omv,
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§§++10.00000 s 15:55:20
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e e o e@ ..........
P T
S S S 10" U U PR
L4 %&% A AN : p
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4\2/ ........................................................
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=
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A o 1 ¥ 2] ¥
Lilf:)u'lﬂ'lllﬂﬁzﬂ"l‘i"lﬁil'I‘Wﬂf:)ﬂﬂ‘i'lﬂ%&’vlﬂ

all pass(main control)

5
0 T Prm—— T |l\
s \ e
E 5 10 100 1000 10000 100000 Gain(dB)
(D \
-10 \
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)
)
E O | ‘ ‘ SR Gain(dB)
[
(D -5 \
10 100 1000 10000 \ 100000
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\
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Trebel = 10

17
g 7 N
e
1 / e Gain{dB)
8 i - S e T

-3

10 100 1000 10000 \ 100000
-13
Freguency(Hz)

510 5.14 TREBLE GAIN +10 dB

AINANAasd Biquad Filter

Biquad Filter 499 IC TAS3004 fadmua 7 Yesdem e fnuadunisao e
armawd 18famua 7 euaawd msdmungmamizfuegfuamsitinesaen 714
S1UAUAN TUNITEY VB4 Filter 4199 71180819134 udu msdmuasmindines e1vey
1&enmsdmaamuaunsinanlil wie sinsdewudhiu Tasunss ALE (Automatic
Loudspeaker Equalizer) 157811508 muan wesmsHames fidesnisuda lsunsuazhin
Generate A5 1AIARSA199 Feoonuudluiavgu 16 druadaziirliffeufiedmua
A Mwed IRUIC TAS3004 azeglugil nuuvesdulszAnaved Al, A2, B0, B1, B2 910
nsnaaey 18R IN1SNATEUVRS Filter §973 184A Low Pass Filter, High Pass Filter , Nocth Filter

t4
Y 1 a d 1 [}
1Az Band Pass Filter l@nan1snaassaeiifie @i ilwesaaulng lduenlusunsy ALE)



Low Pass Filter

Auromatic taudspeakiat Lgaalizer - [ttt fefinitions]

Slaisiel i

=8l alfE

BS-1
[995.3Hz
7.0db

10 O N A ! I U SO —_

of _ ——r -
b Lo 100 1000 10000
Frequency Hz

‘ﬂ' 1 Qs a Q’ T
‘g,‘ll‘ﬂ 5.15 1e9A9 ALE Generate mauﬂssammmmm Low Pass Filter

Gain=10dB, Cut Off frequency=1KHz

B0 =111F34h
B1 = E309F7h
B2 = 0C8D38h
Al =E2CB9Ch
A2 =0D6E11h
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Wani1inaasd LPF

105

Freq(Hz) | Vin(Vrms) [Vout(Vrms)| Gain(dB) freq(Hz) | Vin(Vrms) |Vout(Vrms)| Gain(dB)
1 58.6 184.7 9.971386 300 90 275.4 9.714429
2 58.6 184.7 9.971386 400 90 272.5 9.62248
3 58.6 184.7 9.971386 500 89.8 267.2 9.471202
4 58.6 184.7 9.971386 600 87.8 260.6 9.449598
5 58.6 184.7 9.971386 700 92.3 252.1 8.727423
6 58.6 184.7 9.971386 800 87.2 230.2 8.431777
7 58.6 184.7 9.971386 900 90.5 210 7.311414
8 58.6 184.7 9.971386 1000 89.8 194.6 6.71733
9 58.6 184.7 9.971386 2000 86.7 101 1.326046
10 58.6 184.7 9.971386 3000 82.6 84.14 0.160449
20 77.6 243 9.914891 4000 77.7 80.12 0.266398
30 83.9 260.5 9.840915 5000 729 71.66 -0.14901
40 89 273.8 9.760869 6000 66.1 67.5 0.182046
50 87.6 270.6 9.796474 7000 64 62.12 -0.25897
60 86.5 269.4 9.86763 8000 57 57.33 0.050142
70 91.1 276.5 9.643535 9000 55.1 52.56 -0.40992
80 92.1 276.4 9.545568 10000 50.7 49.7 -0.17303
90 93.2 275.6 9.417266 20000 29.5 29.07 -0.12754
100 89.4 2753 9.769374 30000 29.5 29.07 -0.12754
200 89.8 276.1 9.755801

A3eN 5.5 UAAINANITNANDS LPF
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Frequency 20 Hz

O el el

Ch1 Freq
19.96 Hz

Ch1 RMS
77.6mv

Ch2 RMS
243.0mv

Chi 1o0mv & S5 S~ MT0.0ms Al Ch1 J—12.0mV

17 Aug 2006
&>+ [0.000008 | 14:22:08

Frequency 10 KHz

Ch1 Freq
10.71kHz

Ch1 RMS
72.9mv

+ : : R : 1 Ch2 RMS
i . : . . 4 71.66mV

W40.0us, Al Ch1 s—-12.0mv,

........... i

Chil 100mV ~ (I8 100mV

- o 17 Aug 2006
@+~ [0.000005 | 14:29:43

5141 5.16 usAsdFyQINU20Hz Uae 10KHz dB Y89 LPF
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High Pass Filter

S-1
95.3Hz
7.0db
1] I RN SRR S T IO 00 0 O S JEEUSE NIV N DU 0 0 W S — .
[ ] _ _
o Po 100 1000 10000
Frequency Hz
BShe Pl Mot | L L ehame o sn e e L e e T T
sjsmglgoagg; » e o S Eee T | B oot Pkt - .. [ Atommatic ondspenkc— Worier o] U PR mEuT:

A ' e a
51/#15.17 1989 ALE Generate AVTN15z@n5A 197909 High Pass Filter

Gain=10dB, Cut Off frequency= 1 KHz
| B0 = 307A4Eh
B1=A4616Ah
B2=2B6BA2h
Al=E31F68h
A2=0D27F3h



WHamsnaaey HPF

108

Freq(Hz) | Vin(Vrms) [Vout(Vrms){ Gain(dB) | freq(Hz) | Vin(Vrms) Vout(Vrms)| Gain(dB)
1 58.8 59.8 0.146477 300 89.9 88.09 -0.17666
2 58.8 59.8 0.146477 400 90.1 95.62 0.516479
3 58.8 59.8 0.146477 500 89.8 105.2 1.374788
4 58.8 59.8 0.146477 600 88.2 120.5 2.710369
5 58.8 59.8 0.146477 700 91.8 133.7 3.265775
6 58.8 59.8 0.146477 800 87.4 155.2 4.987606
7 58.8 59.8 0.146477 900 90.4 178.3 5.8996568
8 58.8 59.8 0.146477 1000 89 194.4 6.786125
9 58.8 59.8 0.146477 2000 86.9 258 9.451999
10 58.8 59.8 0.146477 3000 82.8 252.5 9.684621
20 78 77.49 -0.05698 4000 80.5 237.5 9.397355
30 84.5 83.38 -0.1159 5000 72.8 222.7 9.711777
40 86.4 85.24 -0.11741 6000 66.3 211.1 10.05949
50 87.7 86.06 -0.16397 7000 64 196.8 9.756902
60 86.7 85.67 -0.10381 8000 57.8 180.8 9.905412
70 91.6 88.64 -0.28531 9000 55.4 165.8 9.521495
80 87.1 87.67 0.056657 10000 51 154.6 9.632786
90 90.7 88.64 -0.19955 20000 30.6 87.9 9.165349
100 0 87.05 -0.28947 30000 30.6 87.9 9.165349
200 90 88.59 -0.13716

A5 NN 5.6 LEAAIWINSNAADY HPF



Te

Frequency 50 Hz

100mV'\ Chz)‘ momv A

™ 400us A‘ i f—12 omv,

-+ [0.00000s |

Frequency S KHz

100mv‘\: chzrwomv'«

MI40.015 A. SEsT) omv,

Ch1 Freq
501.1 HzZ

Ch1 rRMS
96.0mv

Ch2 RMS
103.1mv

17 Aug 2006
14:43:51

Cht Freq
5.102kH2

Ch1 RMS
72.8mv

Ch2 RMS
222.7mv

17 Aug 2006
14:47:18

5141 5.18  uereedys1050Hz Loz SKHz dB Y89 HPF
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Nocth Filter

* Aut cavaatic Laudspeaker Truatizes - [Filtes Definitiona’ 3 o T ; ETE
A\ le Divies Dasigh ; Bk’ s - Cakytatie

EFEIEETEEEE
o e
0 .
B 1)) I, S SR N S PN Y I 10 1 OO S—
201 e O S I T ] O, I——
Bl e e e =~ ——— b b b e L]
INT-1
-0 N AR S NS S N N 5 MOV RSOy AU DU DU S 00 P 18 SRR RV [GUNON SN NN SV TS S AP, |
50
db 10 100 1000 10000
Frequency Hz

L the Feks Many For el 52 ST e phases

Gl 25 & ® Sremas | Gibete | ettt b [t Yroroian | S peEEYe e

U1 5.19 uaens ALE Generate A1)52 @n 56199909 Nocth Filter

Band width 1IKHz, Cut Off frequency= 1 KHz
B0 = 0F040Ch
B1=E239AFh
B2 = 0F040Ch
Al=E239AEh
A2 =0E0818h



Wan15nNaaod Nocth Filter

111

Freq(Hz) | Vin(Vrms) |Vout(Vrms) Gain(dB) | freq(Hz) | Vin(Vrms) [Vout(Vrms) Gain(dB)
1 59.1 59.77 0.097916 300 89.7 83.7 -0.60134
2 59.1 59.77 0.0979156 400 89.9 79.63 -1.056366
3 59.1 59.77 0.097915 500 90.1 73.62 -1.75458
4 59.1 59.77 0.0979156 600 89.6 64.4 -2.86844
5 59.1 59.77 0.097915 700 91.8 53.19 -4.74025
6 59.1 59.77 0.097915 800 87.2 38.46 -7.11014
7 59.1 59.77 0.097915 900 90.3 20.43 -12.9084
8 59.1 59.77 0.097916 1000 89.2 10.25 -18.7928
9 59.1 59.77 0.0979156 2000 86.9 70.71 -1.79078
10 59.1 59.77 0.097915 3000 825 75.77 -0.73913
20 77.8 78.13 0.036765 4000 77.9 73.83 -0.46609
30 83.8 83.2 -0.06241 5000 723 69.64 -0.32559
40 86.6 86.05 -0.05534 6000 67.3 65.25 -0.26869
50 87.9 86.51 -0.13845 7000 62.4 60.57 -0.25854
60 86.6 85.75 -0.08568 8000 57.4 57.44 0.006051
70 914 88.07 -0.32236 9000 55 52.62 -0.38424
80 87.1 87.31 0.020917 10000 50.9 49.53 -0.23699
90 91 87.89 -0.30204 20000 30.3 28.89 -0.4139
100 89.4 87.25 -0.21144 30000 0 28.89 -0.4126
200 89.8 66.35 -2.62871

A15799 5.7 UAAINANIINAADY Nocth Filter
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Frequency 100 Hz

Tekstop [ [ é _____ I
1 U : ]
Ch1 Freq
100.2 H2
ch1 RMS
89.4my
ch2 RMS
87.37mvV
Chi] ioémvm k:'h" S W00 Al Chi J-12.0mV
_____ 17 Aug 2006
§-+10.00000s | 15:10:12
Frequency1KHz
Tekstop | L . T rusoneess SRR
9 . é;g 4
Ch1 Freq
994.9 Hz
Ch1 RMS
89.1mv
Ch2 RMS
7.471mVv
(gmr mam 'c‘hz‘:'*doa{v < imx'mips’ ' A‘ ‘dﬁ A 5 'oﬁnv
P 17 Aug 2006
g5+~ [0.00000 s 15:12:27

511520 uwasdayay104100Hz ey 1KHz dB 89 Nocth Filter

Frequencyl5 KHz
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Ch1 Freq
14.41kHz

Ch1 RMS
57.4mv

Ch2 |MS

57.44my
60mv R iémnvé, YEGRTTE Ai ChT J'—12 m'mv1
17 Aug 2006
§>~ [0.000005 15:14:03

511521 uansdyay o 15KHz dB 494 Nocth Filter (#9)

A o 9 o 1%
LiJ'E)u'lﬁJ’éliJ“’ﬁ‘ﬂ'lﬂﬂ'li"lﬂi\l'lwa’é]ﬂﬂi'lﬂﬂgul,ﬂ

Low Pass Filter
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519 522 wassnsmaInnsnaaesLow Pass Filter



High Pass Filter
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5111 524 uaeans™MA1NN1INAADS Nocth Filter
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Biguad Filter

o 100 1000 10000
Frequency Hz

db

5 Fiow

) e et | [t o [ 9 Atoroae “‘ y o nrciie S & i masi i | S ot o] [ Wt et b | B T T

Ui the el Wmerns F0F 160

s LR

11l71 5.25 ueans M Biquad Filter 7 61UA1MD

9
s rines ez ldasaslalil

BO B1 B2 Al A2 BW fc

eql | 10196E E017B3 OFCFOB E017B3 OFE879 44 50

eq2 | 103DO05 E03973 OF8AB8 | E03973 0FC78E 106 120

€q3 109434 EO8EE3 0EE2B5 EO8EE3 OF76EA 260 290

eqd | 114ED3 | E156C4 OD7B7A E156C4 0ECA4D 600 700

eq5 | 134A57 | E3CI1E9 09AASB8 E3C1E9 0CF4E0 1.6k | 1.7k

eqé 177623 EAC605 01A313 EAC605 91937 41k | 43k

eq7 | 1CE7BO | FACEA4 F72891 FACEA4 41040 8.2k 10k

4 1 ) o 1
ﬂ’li’l\‘]ﬁ 5.8 BAKIAINITIUIADIANE
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Wan13viaaed Biquad 50 Hz

Freq(Hz) | Vin(Vrms) |Vout(Vrms)| Gain(dB) | freq(z) | Vin(Vrms) |Vout(Vrms) Gain(dB)
1 58.2 58.2 0 300 90.2 96.68 0.602602
2 58.2 58.2 0 400 90.3 93.06 0.261506
3 58.2 58.2 0 500 90.8 91.37 0.054356
4 58.2 58.2 0 600 90.8 92.23 0.135727
5 58.2 58.2 0 700 92.2 90.7 -0.14247
6 58.2 58.2 0 800 88 87.6 -0.03957
7 58.2 58.2 0 900 9N 88 -0.29117

8 58.2 58.2 0 1000 90 87.36 -0.2586
9 58.2 58.2 0 2000 87.6 83.4 -0.42676
10 60.3 67.5 0.979729 3000 83.3 79.01 -0.45926
20 78 119.2 3.683633 4000 78.7 74.14 -0.51844
30 85 180.2 6.526717 5000 741 69.18 -0.59675
40 86.3 243.9 9.02402 6000 67.5 65.38 -0.27718
50 88 2711 9.772937 7000 65 60.72 -0.591863
60 86.7 2515 9.250378 8000 58.1 54.81 -0.50633
70 91.2 2213 7.699732 9000 55 50.49 -0.74315
80 87.3 1974 7.086658 10000 50 47 -0.53744
90 90.7 173.4 5.628836 20000 30.6 28.4 -0.64806
100 90 168.7 4.926688 30000 30.6 284 -0.64806

200 90.3 107.9 1.546674

A5 5.9 LAAIWANTINAQDY Biquad 50 Hz
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Han13NAaed Biquad 120 Hz

Freq(Hz) | Vin(Vrms) | Vout(Vrms)| Gain(dB) freq(Hz) | Vin(Vrms) |Vout(Vrms)| Gain(dB)
1 58.3 57.44 -0.12908 300 90.6 135 3.464111
2 58.3 57.44 -0.12908 400 90.5 114 2.005125
3 58.3 57.44 -0.12908 500 90.1 105.2 1.345819
4 58.3 57.44 -0.12908 600 88.1 102 1.272485
5 58.3 57.44 -0.12908 700 92.1 98.62 0.594107
6 58.3 57.44 -0.12908 800 88 92.84 0.465049
7 58.3 57.44 -0.12908 900 91.2 92.1 0.085296
8 58.3 57.44 -0.12908 1000 90.1 90.93 0.079648
9 58.8 58.31 -0.07269 2000 87.9 84.39 -0.35396
10 59.1 60 0.131275 3000 83.6 79.35 -0.45319
20 776 84.45 0.734759 4000 78.4 741 -0.48996
30 84 100.4 1.549089 5000 73.3 68.93 -0.53391
40 87 117 2.573332 6000 67.1 65.1 -0.26283
50 88 135.5 3.749132 7000 65.4 60.2 -0.71963
60 88.5 157.7 5.017768 8000 58 55.42 -0.39523
70 914 187.2 6.227193 9000 56.1 51 -0.82785
80 92.3 215 7.344735 10000 51.4 47.67 -0.65436
90 93.3 244 8.350164 | 20000 31.2 27.5 -1.09644
100 90 257.1 9.117191 30000 31.2 275 -1.09644

120 88.1 276.5 9.934385

200 90.2 189.6 6.452636

A15199 5.10

UHAIHANIINAAY Biquad 120 Hz



118

HNAN1INAa9d4 Biquad 290 Hz
Freq(Hz) | Vin(Vrms) | Vout(Vrms)| Gain(dB) freq(Hz) { Vin(Vrms) | Vout(Vrms)| Gain(dB)

1 275 2742 -0.0253 290 91.5 275.6 9.577162
2 275 2742 -0.0253 400 90.4 229.5 8.092285
3 27.5 27.42 -0.0253 500 90.3 184.2 6.192038
4 275 27.42 -0.0253 600 90.3 156.1 4.754303
5 275 27.42 -0.0253 700 90 138.3 3.731593
6 40 39.8 -0.04354 800 88.4 125.8 3.064568
7 46.2 45.35 -0.16129 900 91 117.1 2.19031
8 53.2 52.34 -0.14156 1000 89.9 112.4 1.940132
9 57.8 57.31 -0.07395 2000 87.7 89.64 0.190045
10 59.5 59.3 -0.02925 3000 83.7 81.68 -0.21219
20 78.2 79.25 0.11585 4000 78.7 75.62 -0.34676
30 84.3 86.38 0.211713 5000 73.6 70.05 -0.42939
40 87 91.38 0.426638 6000 68.5 64.42 -0.5334

50 87.9 95.51 0.721199 7000 63.5 60.07 -0.48232
60 88.8 100.3 1.057759 8000 59.2 55.4 -0.57624
70 89.1 105.3 1.451013 9000 55.1 51.73 -0.54818
80 87.7 108.2 1.824553 10000 52.3 48.26 -0.69829
90 91 118.4 2.286206 | 20000 31 27.63 -0.99962
100 89.8 123.8 2.788886 | 30000 3 27.63 -0.99962

200 90.4 219 7.685514

A15197 5.11 LEAINANTINADDY Biquad 290 Hz
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Nan1Inaaed Biquad 700 Hz
Freq(Hz) | Vin(Vrms) |Vout(Vrms)| Gain(dB) | freq(Hz) Vin(Vrms) [Vout(Vrms)| Gain(dB)
1 60.1 60.04 -0.00868 300 90.45 139.4 3.757084
2 60.1 60.04 -0.00868 400 90.72 177.9 5.849458
3 60.1 60.04 -0.00868 500 90.4 222.6 7.827135
4 60.1 60.04 -0.00868 600 88.36 264.5 9.523399
5 60.1 60.04 -0.00868 700 92 273.4 9.460214
6 60.1 60.04 -0.00868 800 88.96 256.9 9.211387
7 60.1 60.04 -0.00868 900 91.32 237.7 8.309266
8 60.1 60.04 -0.00868 1000 89.96 215.3 7.579892
9 60.1 60.04 -0.00868 2000 87.93 115.8 2.39143
10 62.42 62.21 -0.02927 3000 84.11 92.37 0.813666
20 78.46 77.86 -0.06668 4000 78.86 80.74 0.204639
30 85 84.18 -0.0842 5000 73.33 72.53 -0.09528
40 87.44 86.44 -0.09991 6000 68.57 65.81 -0.35685
50 88.9 87.64 -0.12399 7000 63.88 62.32 -0.21475
60 89 89.16 0.015601 8000 60.16 56.4 -0.56057
70 89.4 90.38 0.094696 9000 57.05 51.88 -0.82511
80 90.12 91.44 0.126301 10000 52.34 47.92 -0.76634
90 91.47 93.61 0.200871 20000 52.34 47.92 -0.76634
100 90.06 93.86 0.358972 | 30000 52.34 47.92 -0.76634
200 90.44 111.4 1.810493

A5 9N 5.12

LAAINAN1TNARDY Biquad 700 Hz
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Wan13v1aaed Biquad 1.7KHz

Freq(Hz) | Vin(Vrms) [Vout(Vrms){ Gain(dB) | freq(Hz) | Vin(Vrms) |Vout(Vrms) Gain(dB)
1 55.96 56.21 0.038718 300 901 99 0.818208
2 55.96 56.21 0.038718 400 90.27 107 1.476807
3 55.96 56.21 0.038718 500 90.06 116.9 2.265651
4 55.96 56.21 0.038718 600 88.9 1321 3.440021
5 55.96 56.21 0.038718 700 91.55 143.3 3.891757
6 55.96 56.21 0.038718 800 88 153.6 4.838171
7 55.96 56.21 0.038718 900 89.94 173.5 5.706932
8 55.96 56.21 0.038718 1000 89.36 191.1 6.602351
9 55.96 56.21 0.038718 2000 87.07 254.9 9.330026
10 55.96 56.21 0.038718 3000 831 169.9 6.211847
20 67.18 67.29 0.014211 4000 80.74 121.2 3.528277
30 84.18 83.23 -0.09858 5000 73.56 100.3 2.693184
40 87.88 85.87 -0.20097 6000 60.25 85.8 3.070605
50 88.2 86.91 -0.12798 7000 64.66 74.32 1.2094
60 88.53 87.3 -0.12152 8000 57.86 65.55 1.083885
70 89.18 87.85 -0.13051 9000 55.7 58.44 0.4171
80 89.34 88.41 -0.09089 10000 51 53.6 0.431892
90 90.21 88.62 -0.15446 20000 30.5 28.41 -0.61657

100 89.61 88.97 -0.06226 30000 30.5 28.41 -0.61657
200 90.1 92.9 0.265818

715197 5.13  UEFAINANITNARDY Biquad 1.7 KHz
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Freq(Hz) | Vin(Vrms) [Vout(Vrms)| Gain(dB) | freq(Hz) | Vin(Vrms) |Vout(Vrms)| Gain(dB)

1 56.32 56.41 0.013869 300 90.15 90.1 -0.00482
2 56.32 56.41 0.013869 400 90.21 91.38 0.111929
3 56.32 56.41 0.013869 500 90.15 93.27 0.295525
4 56.32 56.41 0.013869 600 89.07 97.83 0.814812
5 56.32 56.41 0.013869 700 91.53 99.77 0.74873
6 56.32 56.41 0.013869 800 87.94 98.92 1.021953
7 56.32 56.41 0.013869 900 90 103.7 1.230725
8 56.32 56.41 0.013869 1000 89.4 107.7 1.617564
9 56.32 56.41 0.013869 2000 87.44 155.2 4.983631
10 56.32 56.41 0.013869 3000 83.14 210.8 8.081212
20 78.53 78.36 -0.01882 4000 78.22 238.2 9.672479
30 84.29 83.25 -0.10784 5000 68.67 171.8 7.965122
40 86.7 85.35 -0.13631 6000 64.24 134.7 6.431241
50 88.01 86.51 -0.14931 7000 57.86 111 5.658891
60 88.9 87.16 -0.17169 8000 55.72 91.03 4.263469
70 89.17 87.81 -0.1335 9000 51.09 78.4 3.719603
80 89.61 87.61 -0.19606 10000 30.14 29.85 -0.08398
90 90.02 87.58 -0.23868 20000 30.14 29.85 -0.08398
100 89.95 88 -0.19037 30000 30.14 29.85 -0.08398
200 90.2 89.01 -0.11535

A1519% 5.14  LTAINANITNAADS Biquad 4.3 KHz
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Wan15NAaed Biguad 10K Hz
Freq(Hz) | Vin(Vrms) [Vout(Vrms)| Gain(dB) | freq(Hz) | Vin(Vrms) Vout(Vrms)| Gain{dB)

1 58.85 58.88 0.004427 300 90.25 90.28 0.002887
2 58.85 58.88 0.004427 400 90.28 90.3 0.001924
3 58.85 58.88 0.004427 500 90.09 90.1 0.000964
4 58.85 58.88 0.004427 600 90.08 90.1 0.001928
5 58.85 58.88 0.004427 700 90.35 90.56 0.020165
6 58.85 58.88 0.004427 800 89.68 91.16 0.142174
7 58.85 58.88 0.004427 900 89.87 91.88 0.192125
8 58.85 58.88 0.004427 1000 90.21 91.88 0.159326
9 58.85 58.88 0.004427 2000 87.53 101.1 1.251885
10 58.85 58.88 0.004427 3000 83.1 112.9 2.661858
20 78 78.1 0.011129 4000 78.36 126 4125522
30 83.99 83.87 -0.01242 5000 73.17 139 5.573635
40 86.82 86.77 -0.005 ~ 6000 66.49 151.1 7.130163
50 87.96 88.02 0.005923 7000 63.79 162.7 8.132699
60 88.96 89 0.003905 8000 59.17 168.4 9.08481

70 89.09 90.01 0.089236 9000 55.96 164.5 9.365764
80 87.38 87.88 0.04956 10000 51.17 155.4 9.648712
90 90.77 91.02 0.02389 20000 30.83 38.84 2.062644
100 89.66 90 0.032875 30000 30.63 30.84 0.059347
200 90.29 90.3 0.000962

A1599 5.15 UEAIHANIINANDY Biquad 10 KHz
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Features

+ Compatible with MCS-51™ Products

» 2K Bytes of Reprogrammable Flash Memory
~ Endurance: 1,000 Write/Erase Cycles

2.7V to 6V Operating Range

Fuily Static Operation: 0 Hz to 24 MHz

Two-level Program Memory Lock

128 x 8-bit internal RAM

15 Programmabile /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-chip Analog Comparator

Low-power {dle and Power-down Modes

* 9 e e s e P N

Description

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2K bytes of Flash programmable and erasable read only memory (PEROM). The
device is manufactured using Atmel’s high-density nonvolatile memory technology
and is compatible with the industry-standard MCS-51 instruction set. By combining a
versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C2051 is a power-
ful microcomputer which provides a highly-flexible and cost-effective solution to many
embedded control applications.

The AT89C2051 provides the following standard features: 2K bytes of Flash, 128
bytes of RAM, 15 HQ lines, two 16-bit timer/counters, a five vector two-leveal interrupt
architecture, a fuil duplex serial port, a precision analog comparator, on-chip oscillator
and clock circuitry. in addition, the AT89C2051 is designed with static logic for opera-
tion down to zero fraquency and supports two software selectable power saving
modes. The idle Mode stops the CPU while allowing the RAM, timer/counters, serial
port and interrupt system to continue functioning. The power-down mode saves the
PAM contents but freezes the osciltator disabling all other chip functions until the next
hardware reset.

Pin Configuration

PDIP/SQIC
fer

RSTAFP L]+ Ve

(RXD) P2 1weIPLy

{TXD} P24 Y9 1rs

XTAL2 04 17[3PLs

XTAL1[]6 16[3P14

NI P26 1501P1.3

NI P3AL]y uhpiz
(T P24L]8 $2{IPLA (AING
Taessge 12 [1P1.0(AING)

GND 10 Y ulck

—m
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Block Diagram
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Pin Description

vCC
Supply voltage.

GND
Ground.

Port1

Port 1 is an 8-bit bi-irectional I/C} pont. Port pins P1.2 to
P1.7 provide intemat putlups. P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 also serve as the positive input
{AINO) and the negative input (AIN1}, respectively, of the
on-chip precision analog comparator. The Port 1 sutput
butfers can sink 20 mA and can drive LED displays directly.
When 1s are written to Port 1 pins, they can be used as
inputs. When pins P1.2 1o P1.7 are used as inputs and are
externally pulled low, they will source current (I, } becauss
of tha internal pullups.

Port 1 also receives code data during Flash programming
and verification.

Port 3

Pon 2 pins P3.0 to P3.5, P3.7 are seven bi-irectional 1/0
pins with internal pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a general purpose YO pin. The Port 3 output buffers can
sink 20 mA. When 1s are written to Port 3 pins they are
pulled high by the internal pullups and can be used as
inputs. As inputs, Port 3 pins that are externally being
pulled tow will source current (I, ) because of the pullups.

Poit 3 also serves the functions of varicus special features
of the ATBSC2051 as listed below:

Port Pin Alternate Functions
P3.0 RXD (serlat input port)
P3t TXD (serlal output port)
Pa.2 INTO {external interrupt 0)
P33 TNTT (extemal intesrupt 1)
P34 T0 (timer 0 external input)
P35 T1 {timer {1 axternal input)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Resst input. All [/O pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine
cycles while the oscillator is nunning resets the device.

Each machine cycle takes 12 oscillator or clock cycles.

XTALY

Input to the inverting oscillator amplifier and input to the
intermal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Qscillator Characteristics

XTAL1 and XTALZ are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip ascillator, as shown in Figure 1. Either a quantz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTALZ should be left
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the intemal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Figure 1. Oscillator Connections

c2
3 j_ XTAL2
O
ct
1} T XTALY

GNDY

Note: C1,C2 =30 pF +10pF for Crystals

=40 pF £ 10 pF for Caramic Resonators

Figure 2. External Clock Drive Configuration

NG wrsmnet  XTALZ

EXTERNAL
OSCILLATOR

SIGNAL
r GND

XTALY
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Restrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective
member of Atmal's growing family of microcontrollers. It
contains 2K bytes of flash program memary. it is fuily com-
patible with the MCS-51 architecture, and can be
programmed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind
when utifizing certain instructions to program this device,
All the instructions related to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which is
2K for the AT8SC2051. This should be the responsibility of
the software programmer. For example, LJMP 7EO0H
wolld be a valid instruction for the ATRIC20571 {with 2K of
memory), whereas LJMP 800H would not.

1. Branching Instructions:
LCALL, LJMP, ACALL, AJMP, SUMP, JMP @A+DPTR

These unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that the
destination branching address must fall within the physical
boundaries of the program mamory size (locations 00H to
7FFH for the 89C2061). Violating the physical space limits
may cause unknown program behavior.

CJINE[...]. DINZ [...], JB. INB, JC, NG, JBC, JZ, JNZ With
these canditional branching instructions the same rule
above applies. Again, violating the memory boundaries
may cause erratic execution.

For applications inveolving interrupts the normat interrupt
service routine address locations of the 80C51 family archi-
tecture have been preserved.

2. MOVX-reiated instructions, Data Memory:

The AT89C2051 contains 128 bytes of internal data mem-
oty. Thus, in the ATBSC20561 the stack depth is limited to
128 bytes, the amount of available RAM. Extemnal DATA
memory access is not supported in this device, nor is exter-
nal PROGRAM memory execution. Therefore, no MOVX
[...] instructions should be included in the program.

A typical B0C51 assembler will still assemble instructions,
even if they are written in viclation of the restrictions men-
tioned above. itis the responsibility of the controlier user to
know the physical features and limitations of the device
being used and adjust the instructions used
correspondingly.

Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U} or can be programmed (P} 1o obtain the
additional features listed in the table below:

Lock Bit Protection Modes!"

Program Lock Bils
LB1 L82 | Protection Type
1 u U No program lock features.
2 P U Further programming of the Flash
Is disabled.
3 P P Bame as mode 2, also verity is
disabled.
Nate: 1. TheLockBits can only be erased with the Chip Erase
operation.
Idie Mode

In idie mode, the CPU puts itself to sleep while all the on-
chip peripherals rernain active. The mods is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode, The idle mode can be terminated by any enabled
interrupt or by a hardware raset.

P1.0and P1.1 should be setto “0" if no extemnal pullups are
used, or set to “17 if external pullups are used.

It should be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program
execution, from where it left off, up to two machine cycles
before the internal reset algorithm takes control. On-chip
hardware inhibits access to interal RAM in this event, but
access to the port pins is not inhibited. To eliminate the
possibility of an unexpected write to a port pin when Idle is
terminated by reset, the instruction following the one that
invokes tdle should not be one that writes ta a port pin or to
external memory.

Power-down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is
terminated. The only exit from power down is a hardware
reset. Reset redefines the SFRs but doas not change the
on-chip RAM. The reset should not be activated before Vo
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

P1.0 and P1.1 should be setto “0" it no external pullups are
used, or set to “1" if external pullups are used.

—m 5



134

Special Function Registers
A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in the table below.

Note that not all of the addresses are occupied, and unac-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in generaf return

Table 1. AT89C2051 SFR Map and Reset Values

random data, and write accesses will have an indstermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits will always be 0.

OF8H OFFH
OFOH B OF7H
00000000
OEBH CEFH
OECH ACC GE7H
00000000
0DeH ODFH
0DOH PSW oD7H
00000000
0CBH OCFH
OCOH oC7H
0BaH P O0BFH
XXX00000
0BOH ] 0B7H
EARRREE)]
0ASH E QAFH
0XX00000
0AOH QA7H
98H SCON SBUF 9FH
006000000 XAXXKXKX
90H 2] 97H
LEARRAREI
asH TCON TMOD T Tit THO TH1 8FH
00000000 Q0000000 DOOOLOO0 | 00000000 | 000000QC | 00000000
a0H SP DPL DPH PCON 87H
00000111 Q0000000 | 00000000 0XXX0000

3 AT89C2051 e ——
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Programming The Flash

The ATE9C2051 is shipped with the 2K bytes of on-chip

PEROM code memory array in the erased state (i.e.. con-

tents = FFH) and ready to be programmed. The cade

memory array is programmed one byle at a time. Once the
array is programmed, to re-program any non-blank byte,
the entire memoty array needs 1o be erased elscticaliy.

intemal Address Counter: The ATS83C2051 contains an
intemal PEROM address counter which is always reset to

COOH on the rising edge of RST and is advanced by apply-

ing a positive going pulsa to pin XTAL1.

Programming Algorithm: To program the ATBGC2051,

the following sequence s recommended.

1. Power-up sequence:
Apply power between Vo and GND pins
Set RST and XTAL{ to GND

2. Setpin RSTto *H”
Set pin P3.2to "H”

3. Apply the appropriate combination of *H" ar *L" logic
levels to pins P3.3, P3.4, P3.5, P3.7 tc select one of the
programming operations shawn in the PEROM Pro-
gramming Modes table.

To Program and Verify the Array:

4, Apply data for Code byte at focation 000H to P1.0 to

[34]

X Hmse RST to 12V to enable programming.

6. Pulse P3.2 oncs to program a byte in the PEROM array
or the lock bits. The byte-write cycle is saif-timed and
typicaily takes 1.2 ms.

. To verify the programmed data, lower RST from 12V to
logic “H" level and set pins P3.3 to P3.7 to the appropiate
levels. Output data can be read at the port P1 pins.

8. To program a byte at the next address location, pulse
XTAL1 pin once to advance the intemal address
counter. Apply new data to the port P1 pins.

9. Repeat steps 5 through 8, changing data and advancing
the address counter for the entire 2K bytes array or until
the end of the object file is reached.

10. Power-off sequence:
set XTAL1 to*L"
set R8T to "L"

Turn Vg power off

Data Polling: The AT89C2051 features Data Polling to

indicate the end of a write cycle. During & write cycle, an

attempted read of the last byte written will result in the com-
plement of the written data on P1.7. Once the wiite cyale
has been completed, true data is valid on all outputs, and

=~

the next cycle may bagin, Data Polling may begin any time

after a write cycle has been initiated.

Ready/Busy: The Progress of byte programming can also

be monitored by the RDY/BSY output signal. Pin P3.1 is

pulled low after P3.2 goss High during programiming to indi-

cate BUSY. P3.1 is pulled High again when programming is

done to indicate READY,

Program Verity: f lock bits LB1 and LB2 have not been

programmed code data can be read back via the data fines

for verification:

1. Reset the intemal address counter to 0G0H by bringing
RST from “L7 to *H".

2. Applythe appropriate control signals for Read Code data
and read the output data at the port P1 pins,

3. Pulse pin XTAL1 once to advance the intemal address
counter,

4. Read the next code data byte at the port P1 pins.

5. Repeat steps 3 and 4 untit the entire array is read.

The lock bits cannot be verified directly. Verification of the

lock bits is achieved by observing that their features arg

enabled.

Chip Erase: The entire PEROM amay (2K bytes) and the

two Lock Bits are erased electrically by using the proper

combination of controf signals and by halding P3.2 low for

10 ms. The code array is written with ail “1"s in the Chip

Erase operation and must be executed before any non-

blank memory byte can be re-programmed.

Reading the Signaiure Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 00CH, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

{000H) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates B9C2051

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated. will automatically time itself to
complation.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

6 ATEOC 205 100
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Flash Programming Modes
tode RSTAPP P3.2/PROG P33 P34 P35 P37
Write Code Data'* 12v L H H H
—~
Read Code Data!" H H L L H H
Write Lock Bit-1 12v H H H
—~
Bit-2 12V H H L L
™~
Chip Erase 12v @) H L L L
—~_
Read Signature Byte H H L L L L
Notes: 1. The internal PERONM address counter is reset to 0G0H on the rising edge of RST and is advanced by a positive pulse at
XTAL 1 pin.
2. Chip Erase requires a 10 ms PROG pulse. o
3. P3.1is pulled Low during programming to indicate RDY/BSY.
Figure 3. Programming the Flash Memory Figure 4. Verifying the Fiash Memory
5V s5Y
AT89C2051 ] ATB8C2051 ]‘
ADYABSY  e—— P31 Voo Voo
Tl POR PGM
PROG — P32 Py DATA Viw —m P32 Pt DATA
———p| P33 —p! P35
SEEFLASH | el P34 SEEFLASH | ___ i P34
PROGRAMMING PROGRAMMING
MODES TABLE | ——» P35 MDDES TABLE | ——»] P35
| 03,7 ——pl P37
[T X¥AL RST |ja—— ¥./Vp, | —» xTAL1 RST j4—— Vj,
TCO INGREMENT

GND GNO
ADDRESS COUNTER l !

E————
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Flash Programming and Verification Characteristics
Ty =0°C 10 70°C, Voo = 5.0 £ 10%

Symbol Parameter Min Max Units
Ver Programming Enebls Voltags i1.5 125 \'4
lop Programnming Enable Current 250 HA
tovat Data Setup 1o PROG Low 1.0 us
Lanpx Data Hold after FROG 1.0 us
tensn P3.4 {ENABLE) High to Vi 10 us
once Vep Setup to PROG Low 10 us
tonse Vpp Hold atter PROG 10 us
taron PROG Width 1 110 us
teway ENABLE Low to Data Valid 10 us
tenaz Data Float atter ENABLE 0 1.0 us
| Py FROG High to BUSY Low 50 ns
toe Byte Write Cycle Time 2.0 ms
[ ROY/BSY\ to increment Clock Delay 1.0 us
| Increment Clock High 200 ns
Nole: 1. Only used In 12-volt programming mode.
Flash Programming and Veritication Waveforms
ey
PORT 1 DATA IN (_DATA QUY p———
tovar,  Torox
Pa.z2
(PROG) N A
tsrae Yo tanse
RST A Ver INLOGIC 1
(Vpp) LOGIC 0
—1 e brav —’l — l [+ Yewoz
P3.4
ENABLE — l
( ) onaL —*|
Pai__
{RDY/BSY) READY
>
XTALY T
{INCREMENT
ADDRESS)

AT89C2051
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s A T89C 2051

Absolute Maximum Ratings*

Operating Temperalife ......coeeenmsroscsinras -E5°C fo +125°C "NOTIiCE:  Stresses beyond thoss listed under “Absolute
Maximum Ratings” may cause permanent darn-
Storage TeMPErAtUMD ..o e ernonsinssmsceninaes -65°C to +150°C age to the device. This Is a stress rating only and
functional operation of the device atthess or any
Voitage on Any Pin other conditions beyond those indicated in the
with Respect 0 Ground. ..o vceeerveenvecncsrenneene=1.0V 10 47,0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Oparating VoRage .......ccocorenicncnsomsc 8.6V conditions for extended periods may affect device
reliabllity.
DBC Cutput Current..... 26.0mA
DC Characteristics
Ta =-40°C to 85°C, Vo = 2.0V to 6.0V {unless otherwise noted}
Symbaol Parameler Condition Min ax Units
' input Low-voitage .5 0.2 V- 04
Vi input High-voltage {Except XTALT, RST) 0.2Voe+08 | Ve +05 v
Vi Input High-voltage {XTAL1, RST) 0.7 Vee Vee +0.5 v
Vou Output Low-voltage(® lor =20 MA, Ve =5V 0.5 v
Ports 1, 3) loe =10 MA, V. =27V
Von Output High-voitags lon = -80 pA, Voo =5V £ 10% 24 v
(Ports1,3) lon = -30 uA 075 Ve v
low =-12 uA 0.9 Vee v
Y Logleal 0 input Current Vys = 0.45V -50 uA
(Fort= 1, 3)
In Logicat 1 to 0 Transition Current | Vi, =2V, Vo =5V £10% -750 "A
(Forts 1, 3)
e Input Leakage Current 0<Vy < Voo +10 pA
{Port P1.0, P1.1}
Vos Comparator input Offsst Voltage | Ve =5V 20 myv
Ve Comparator Input Gommon 0 Ve v
Mods Voltage
RAST Reset Pull-down Resistor 50. 300 K2
Cwo Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
les Power Supply Current Active Mode, 12 MHz, Vo = 6V/3V 15/5.5 mA
Idie Mode, 12 MHz, Vg = 6V/3V 51 mA
P1O&PI1=0VorV,e
Power-down Modset? Voe= BYPLOGPITI =0V or Vo 100 wA
Ve =VPI0&PILI =0V or Ve 20 nA
Notes: 1. Undef steady state (Ron-iransienit) CONGions, I, must be externally imited as follows:

2. Minimum Ve for Power-down is 2V.

Maximun I, per port pin: 20 A

Maximum total 1, for all output pins: 50 mA
I 15, exceads the test condition, V,, may exceed the related speciication. Pins are not guaranteed to sink current greater

than the listed test conditions.
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External Clock Drive Waveforms

[ tonex
Vg - BV~

0.7 Ve
-7/0.2 Vo= GV
0,45V

External Clock Drive

Veo = 27V IG 6.0V Voo = 4.0V 10 6.0V

Symbol Parameter Min Max Min Max Units
oce Qscillator Frequency 0 12 0 24 MHz
towe Cilock Period 833 416 ns

lomex High Time 30 15 ns

torex Low Time 30 15 ns

teren Rise Time 20 20 ns

tener Fali Time 20 20 ns

10 AAT B0 C 205 1000000000 T
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Serial Port Timing: Shift Register Mode Test Conditions
Voo = 5.0V £ 20%,; Load Capacitance = 80 pF

12 MHz Osc Variable Osciliator
Symbol Parameter Min Max Min Max Units
e Serlal Port Clock Cycle Time 1.0 120 us
{oon Quitput Diata Setup to Clock Rising Edge 760 10t -133 ns
tnax Quitput Data Hold after Clock Rising Edge 50 2o y-117 ns
tnox input Data Hold after Clock Rising Edge o} 0 ns
tenge Clock Rising Edge to Input Data Valid 700 10tg n-133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION ¢ 1 2 3 4 5§ _ | b 7 8 |
xe _nninnin i gy}
faxe
CLOCK ] ‘ [ [ l l | ] | ] l ]
touxm
——of b taox
(WRITE TO SBUF, ST a s a5 XK s X7 7
— l<— ,
QUTPUT DATA triy p—-’ AHDX serm
L CLEARRI e X o) -. ¢
+
INPUT DATA

AC Testing Input/Output Waveforms(!!  Float Waveforms("

Ve 0.5V

02 Vo + 09V
TEST POINTS
02 Vep, = 0.V

Timing Retsrance
Ponts
CRAL)

0.45Y v LOAZ

Note: 1. AC Inputs during testing are driven at V. - 0.5V fora Note: 1. Fortiming purposes, a port pin Is no longer floating

fogic 1 and §0.45V for a tagic {. Timing measurements when a 100 mV change from ibad voltage ocours. A
are made at Vi, min. for a legic 1 and V), max. for a port pin begins to float when 100 mV change frothe
logic 0. loadeat Vi, /Vq level cccurs.
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Notes:
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AT89C2051
TYPICAL ICC - ACTIVE (85°C)

Vee=6.0Y

-
I ooy | ]
] Vec=3.0V

FREGUENCY (MHz)}

AT89C2051
TYPICAL ICG - IDLE (85°C)

Voo=6.0V

Veos5 0V
,...—-»—""_—‘_
.——”ﬂ—,ﬂ‘

o]
b gm0V

FREQUENCY (MHz)

ATRgC2051
TYPICAL ICC vs.VOLTAGE- POWER DOWN {85°C)

Vee VOLTAGE

1. XTALT tied to GND for I {power-down)
2. P1.0and P1.1 =V of GND
3. Lock bits programmed

AT89C2051 e ————————
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Ordering Information

143

Speed Power
(KHz) Supply Ordering Code Package Operation Range
12 27Vtoe0v AT89C2051-12PC 20P3 Commercial
ATBIC2061-128C 208 (0°C o 70°C)
AT89C2051-12P1 20P3 industrial
ATB2C2051-128t 208 {-40°C to B5°C)
24 4.0Vto 6.0V AT89C2051-24PC 20P3 Commercial
ATB3(C2051-248C 208 (0°C to 70°C)
ATB9C2051-24P1 20P3 industrial
ATB9C2051-24SI1 208 {-40°C to B5°C)
Package Type
20P3 20-lead, 0.300" Wide, Plastic Dual Inine Package (PDIP)
208 20-lead, 0.300" Wids, Plastic Gull Wing Smail OCutline {SOIC)

s AT
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Packaging Information
20P3, 20-lead, 0.300" Wide, Plastic Dual Inline 208, 20-lead, 0.300" Wide, Plastic Guli Wing Small
Package (PDIP)} Outline {SOIC)
Dimensions in Inches and (Millimeters)

Dimensions in inches and (Millimeters)
JEDEC STANDARD #S-001 AD
Q.000 (0.5087

£60f"’6.9
N 80T O3}

P"

28A7A1
240,100

i..— mmzm
—4 L—‘DSQUS’ BsCc

m‘z 86} REF
210638} | |~ eiazn
s H
SEA'"NG
Q313 it

= 4105287

ho(am) 15351 N ik e
ERee -t
ou (358}

‘""("13 o'w 72 9012 0,505
FONEES D451, ts) (23 :;n.nrs:: t

i aose ':e)
I 2 per
(g erF?”"
014,368) __‘,
o m——
v ]

TR
!.._...__.| 490(10.82) MAX

AT89C2051 messs———————————
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1.1. Overview of the Supported AT Command Set

147

7 _JAT+CGMI | Issue manufacturer ID code

7 [AT+CGMM Issue moded ID code

7 [ AT+OGMR Quitput the GSM telephone version

8 {AT+CGSN Output the serial number (IMEF)

8 JAT+GSN Output the serial number (IMEl)

8 [ AT+CHUP Teminate calf

8 |AT+CEER Query the reason for disconnection of last call
9 | AT+CREG Network registration

9 | AT+COPS Commands conceming selection of network operator
10_|AT+CLCK Switch locks on and off
10_{AT+CPWD | Change password to a lock
11 _JAT+CUP Display telephone number of calling party

11 | AT+CCFC Call forwarding

12 JAT+CHLD Cafl hold and muitiparty

12 |AT+CPAS Quety the telephone status

-
(<]

AT+CPIN Enter PIN and query lock

it
[~

AT+CBC Battery charge

-
F -9

AT+CSQ Output signel quality

-
E-3

AT+CPES Select a telephone book

-
(2]

Fehler! Kein | Read a tslaphone-book enlry
glltiges
Resultat fiir
Taballe,

15 | AT+CPBW Write a telephone-book entry

16 | AT+CMEE Expanded error messages according to GSM 07.07

17 _JAT+VTS Send a DTMF tone

18 | AT+VTD Set duration of a DTMF tone

18 [ AT+WS4s Select wirsless network

18 | AT+CSCS Select TE character set

12 [ AT+CAQC Advice of charge

19 TAT+CSSN Supplementary service nolifications

20 | AT+CRSM Restricted SIM access

20 {AT+CMI Qutput of IMS!

21 | AT+CACM Accumtdated call meter

21 | AT+CAMM Accumulated call meter maximum

22 |AT+CLCC List Current Calls

23 JAT+CCLK Clock

23 1 AT+COPN Raad operator names

23 JATRCPUC Price per unit and currency table

24 AT+CALM Alett sound mode

24 1 AT+CRSL Ringer sound lavel

24 TAT+CLVL Loudspeaker volume level

24 | AT+CMUT Mute control

25 | AT+CVIB Vibrator mode




148

AT Command Set Reference Manua

26 JAT+CSMS Selection of message service

27 J AT+CPMS Selection of SMS memory

27 | AT+CMGF SMS format

28 1 AT+CSCA Address of the SMS service center
28 JAT+CNMI Display new incoming SMS

28 | AT+CNMA Acknowledgment of a short ge directly output
30} AT+CMGL List SMS

31 [ AT+CMGR Read in an SMS

31 | AT+CMGS Send an SMS

31 |AT+CMSS Send an SMS from the SMS memory
32 JATHCMGWY | Wrile an SMS o the SMS memory
32 | AT+CMGD Delete an SMS in the SMS memory
32 |AT+CSCB Select cell broadcast messages

32 |AT+CMGC Send an SMS command

33 | ATASPBS | Select a telephone book (inCiuding Stemens-specific books)

33 AT*SDLD Delete the “last number redial” memory”

34 ATASPBC Seek the first entry In the sorted telephone book which begins with the
salected {or next available) letter

34 ATASPBG Read entry from the sorted telephone book via the sorted index

35 ATASLCK Switch locks {including user-defined locks) on and off

35 AT*SPWD Change password lo a lock (induding user-defined locks)

36 ATASACM Output ACM taccumulated call meter) and ACMmax

38 IATASPIM Read the PLMN

36 ATASPLR Read an entry from the preferred-operator list

36 AT*SPLW Write an entry to tha preferred-operator list

37 [AT"SCN Output cali number information

37 ATASNFV Set the volume

37 __IAT*SNFS Select NF hardware

38 [AT'SRTC Set the ringing tone

38 ATASCID Output card 1D

38 [ATASCKS | Output SIM card status

39 TATSPIC QOutput PiN countet

38 |ATASMGO SMS overflow indicator

40 ATASMGL List SMS {without status change from unread to read)

40 JATASMGR Read SMS record without Changing unread->read

40 ATASMSO Switch device off

41 ATASLNG Language settings

41 AT*SSTK SM Tookit

41 ATASBNW Binaty Write

43 AT"SBNR Binary Read
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AT Command Set Reference Manual

1.2.1. Haves-Standard Commands
The Hayes-standard commands comrespond to the commands of AT Hayes-compatible

AT... Prefix for all other commands

ATA Accept call

ATD<sfr>; Dial the dialing string <str> with the voice utility
Valid dial modifiers: "T" {tone dialing), "P” (pulse dialing) is ignored.
The character "," is important, for this teifs the phone that the call
should be set up with the voice utility. Otherwise an attempt is made to
set up a data call, which the phone immediately acknowledges with
"ERROR".
The dial command responds with OK to the user right after starting a
voide call.
Other behavior like *# sequences in the dial command and also data
calls remain unchanged.

ATD><n>; Dial the telephone number from the current telephone book location
number <n>
The telephone book is selected with the command at+cpbs (or
at'spbs).

ATD><mem><| Dial the telephone number from the telephone book <mem> location

n>; number <n>

ATDL Dial last telephone number

ATEQ Deactivate command echo

ATE1 Activate command echo

ATHIO] Separate connection

ATQO Display acknowledgments

ATQ1 Suppress acknowiedgments

ATVO Output acknowledgments as numbers

ATV1 Output acknowledgments as text

AT&F[0] Reset to factory profile

ATZ Set to default configuration

AT+GCAP Output the capabilities list

oK 0

RING 2 Ring detected

NQO CARRIER 3 Link not established or disconnected
ERROR 4 nvalid command or command line too.long
NO DIALTONE 6 No dial tone, dialing impossible, wrong mode
BUSY 7 Remote station busy
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All CIRCUIT
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