+

T L VXL E S NE T
PN BRI RS SR

s & a ~ ' . Tl e
-

eescale ElNEEEFAZFE "LEBKLKIW NBESEZS

THEN: MABASHROMMTERFHSHISRE  BHNE, VERREIFLE  RHedw, RIERRE

e REERE— 'y

’Q
' &

2
&"1"{“}44;5) ¥

gl

.y




+

s o F AR
s 2K HE R
n K Fe AR T
FSETTE
« A4 A 4




. *,s’#,

@, f -

e, @%ﬁ.'#.‘ﬁz‘ E £
v N rgo(’ DraNzy \)‘\\‘

N\ A E 3K AT

NNNNNNNNNNNNNNNNNNNNNNNNN

Ikt
kgt
Ikt
kgt
Ik B A Bt 25

iR R aR

ERARRA W TSR

LB REZEeRR

BRI SR




O:
O 4R
OB MR
ORIt BN
ORAEF

. FARK

LN




COYY) #mE i re

J§)  HANGZHOU DIANZI UNIVERSITY

‘L 2. Mm%

O 2 &
O MBS 4 I 1
O& KA 5 57

il B Y Zx X
HEAR N TR
Ofg RN 57
=il




> T BT
B oot FiRE

> P RE

,5’44‘ » ) .
; ) 4"""'\%3’4‘*1’5*'?

J§)  HANGZHOU DIANZI UNIVERSITY




B

LRE

EET

L&

PSS

HLIEfE
Tk e

34 ]

WA gmEE

5,

W




i 3. LR

B SHEBR: &
BFHA .
SEisiiN
JETb

L HL%E S
Bk

B 1%
ENERRIAE YA
VIR R 47




i b . 484t AR iR

SERAAN A e B A A
AT AR, A
HiER, £B 1.




ZPERIEHCEK
AR, BEZEK
TR RS
o MR FF
AR BR R .




v BIRAE IR
VAR

ﬁﬁﬁf@ﬁ?f
Zﬁfln ﬂ' j ,fﬁ \




R FHEAR
AIFTFo BN
bt AR
EEST SR




+

2. 5P
VX Yok

PR 2S5y
(& EH—%:GPA

124y

FHES

PEBER T EEA

BleX

)

1493

LH




33‘ P i a0

SEVA=SAK) R
RS LG
PP BT
TERIEH S
L& 22l




FAERIRZHRE ]
T4 & 4k K sk
RELALE R
TMRALER
A FHRER
B iR oA KA £
Ado it A8 3K




FrE 3 AT

HANGZHOU DIANZI UNIVERSITY

TLO61, TLO61A, TLO61B, TLO62, TLO62A
TL062B, TL064, TL0O64A, TLO64B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS07AE - NOVEMBER 1878 — REVISED MAY 2002

® \Very Low Power Consumption TLOG1, TLOG1A, TLOG1B

® Typical Supply Current . . . 200 uA D, JG, P, OR PW PACKAGE

. (TOP WIEW)
(Per Amplifier) .
® Wide Common-Mode and Differential OFFSET N1 [} 1 8| NC
Voltage Ranges IN-[] 2 TH Voo
® Low Input Bias and Offset Currents v IN+ % f 2 % SEIISET N2
® Common-Mode Input Voltage Range ce-
Includes Vs
. : . TLOG1 ... U PACKAGE
® Qutput Short-Circuit Protection (TOP VIEW)
® High Input Impedance . .. JFET-Input Stage J
; NC|*1 = 1ofl NC
® Internal Frequency Compensation _
o Latch.Up.Free O _ OFFSET N1 [] 2 a|] NC
atch-Up-Free Operation N-1] 2 of] Vees
® High Slew Rate ... 3.5 Vius Typ IN+ [ 4 7|] ouT
o Ve  [15 =[] OFFSET N2
description

—_ ———— . . [ - . T T I T T N e
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TLO61, TLO61A, TLO61B, TL062, TLO62A
TLO62B, TL064, TLOG64A, TL064B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0TEE — NOVEMBER 1878 — REVISED MAY 2002

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

TLOG_C
TLOGE_AC TLOG | TLOG_M UNIT
TLOGE_BC
Supply voltage, Voo (se2 Mote 1) 15 18 18 W
Supply voltage, Voo (se2 Mote 1) -1a -18 -18 W
Differential input voltage, Vo (se& MNote 2) +30 130 130 W
Input woitage, V) (see Motes 1 and 3) 15 +15 o W
Dwration of culput short circuit (see Mote 4) Unlimited Unlimited Lnlimited
Continuous total dissipation See Dizsipation Rating Table
Storage temperature rangs, T-_g‘tg —55t0 150 £S5t 150 |-ESto 150 oC
Cazes temperature for 60 seconds FF. package 260 5C
Lead temperature 1,6 mm (1716 inch) from case for 60 seconds .“I,'.“IG' U, or 300 “C
W package
e . i O, MNP or .
Lead temperature 1,5 mm (16 mch) from case for 10 seconds PW package 260 260 oC
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electrical characteristics, Voc+ = £15 V (unless otherwise noted)

TLOGAC TLOSTALC
TLOG2C TLOGZALC
PARAMETER TEST CONDITIONST TLOGAC TLORAAC UNIT
MIN  TYP MIN  TYP MAX
o Wi = 0. Ty =25°C 3 3 G
Vo input offest voitage SO i mh/
I P g Rs=50Q [T, = Full range 75
i, Temperature coefficient Win=0,Rg =501 10 10 N
2 of input offset voltage Ta = Full range - MV
o Tp =25°C 5 200 5 100 oA
o input offset curent Vip=0 -
Tp =Full range 3 3 n&
| : b " » 0 Ty =25°C 30 400 30 200 o,
ut bias current: Vo=
I8 MU Bias curren o Ta = Full rangs 10 7] na
—12 -12
VicR Common-mode Ta = 25°C £11 to +11 to v
input voltage range 15 15
. Maximum peak output RL =10k,  Tp=25°C +10 #1135 +10  +135 o
Wiy 1 - L1
G voltage swing RL =10 k&, Ta =Full rangs +10 +10
AVD Large-= gnalld.ﬁer.ential '-,-'D.= iﬁ'l o, | Ta=25"C 3 G 4 G yy
voltage amplification R =10 kL2 Ta, = Full range 3 4
B4 Unity-gain bandwidth R =10k,  Ta =25°C 1 i MHz
] Inpuf resistance Ta =25°C 1012 1012 {2
- . i 1VIC =VoRmIin, Vo =0, - ~
CMRR Common-mode rejection ratio Rg =50, T = 25°C 70 86 50 86 dB
o N . Vo= 8W o213,
ksvR Supply-voltage rejection ratie ., == 5 po —sp g 7 95 80 95 d8
lavecHavio) Ta =25°C
Total power dissipation Wi =0, Ta =237C, - e
FD {each amplifier) Mo load g . for
~ Supply current VWi =0, Ta =257C, S - .
lcc {each amgilifier) Mo load == 200 =301 wa
Yoo Crosstalk attenuation Ay =100, Tp =257C 120 120 dB




Vo - Maximum Paak Ouipat Voltage -

Viqay — Maximum Peak Outgul Voltage -V

MAXIMUM FEAK OUTPUT VOLTAGE

w5
SUPPLY VOLTAGE
+15 | [
Ry =10 k2
t125 [ Ta=E5°C
Sae Flgura 2
1D /"f.
+75 /!
L~
£5 //
2
2.5
.-'/
o
] F 4 E B 10 12 14 18
|¥ioos] — Supply voliage — W
Figure 4
MAXIMUM PEAK OUTPUT VOLTAGE
s
LOAD RESISTANCE
115 T 1
L e = B
Tp = 25°C |11
£125 | ses Figure 2 /
10
4
u
7.5
|
=5 /r‘f’
Pl
2.5
[~
o
100 z00 400 T 1K Zk 4k TETOEK

Ry — Lead Reslatance — 0

Figure &
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MAXIMUM PEAK CUTPUT VOLTAGE

WE
FREE-AIR: TEMPERATURE
15
125
1@
7.5
5
=25
Voo =218 W
Ry = 10 ki2
o Sea Flgure 2
=75 =50 =23 0 5 50 75 10D 125
Tga — Frag-Alr Tamperaturs — 5C
Figure 5
MAXIMUM PEAK QUTPUT WOLTAGE
w5
FREGQUENCY
+15 T ||_|||I11I_ T T T TTIIT
Voo =15 W RL =10 kG
) Tp = 25°C
125 ] Zee Flgure 2
Voot =212V
10 [
|
7.5
=3 Voot =2V
"
+2 5 \\‘
H"""-.
o !
1k 10 k 100 k 1M 10 M

T — Frequancy — HzZ

Figure 7



| Features

= High Performance, Low Power AVR®8-Bit Microcontroller
* Advanced RISC Architecture

131 Powerful Instructions — Most Single Clock Cycle Execution
32 x 8 General Purpose Working Registers

Fully Static Operation

Up to 20 MIPS Throughput at 20 MHz

On-chip 2-cycle Multiplier

* High Endurance Non-volatile Memory segments

4181 6K Bytes of In-System Self-programmable Flazsh program memory
256/512/512 Bytes EEPROM
512MKMK Bytes Internal SRAM
Write/Erase cyles: 10,000 Flash/1 00,000 EEPROM
Data retention: 20 years at 85°C/100 years at 25°C'"
Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
Programming Lock for Software Security

* Peripheral Features

Two 8-hit Timer/Counters with Separate Prescaler and Compare Mode
One 16-bit Timer'Counter with Separate Prescaler, Compare Mode, and Capture Mode
Real Time Counter with Separate Oscillator

Six PWM Channels

B-channel 10-bit ADC in TQFP and GQFN/MLF package

G-channel 10-bit ADC in PDIP Package

Programmable Serial USART

Master/Slave SPI Serial Interface

Byte-oriented 2-wire Serial Interface (Philips I’c compatible)
Programmable Watchdog Timer with Separate On-chip Oscillator
On-chip Analog Comparator

Interrupt and Wake-up on Pin Change

* Special Microcontroller Features

Power-on Reset and Programmable Brown-out Detection
Internal Calibrated Oscillator
External and Internal Interrupt Sources

Y ()

8-bit AVR'
Microcontroller
with 8K Bytes
In-System
Programmable
Flash

ATmega48/V
ATmegas8s8/V
ATmega168/V
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1-1. Pinout ATmega48/88/1682545M
TQFP Top View PDIP
]
_sEE__
ﬂ ﬁ E} = —
4341111
T
O L= 2]
Hitil
chelkiisd
fEEFFERY
ooooooon (PCINT14/RESET) PCB [ | 28 [] PC5 (ADCSISCLIPCINTA3)
/ AFRRBERRY (PCINT18/RXD) PDOC] 2 27 O PC4 (ADCA/SDAPCINT1Z)
. , R @ O . , i (PCINTITTXD) PO 2 28 O PC3 (ADCIPCINT11)
(PONTIBIOC28INT)PD3T] 24[1PC1 (ADGIPCNTE) FONTIEINTD) Po2 )4 25 11 PC2 (ADC2POINTIO)
(PCINT20XCIITD) PD4 T 2 23H1PCO (ADCIIPCINTE) (PCINT18I0C2B/INT1) PD3 ] 5 24 [1 PC1 (ADC1/PCINTE)
ﬁgg E':"; i O g';g? (PCINT20/XCKITD) FD4 [ 8 21 1 PCO (ADCOPCINTS)
g zungF veed? 22 11 GND
GNDL) 5 =k 21 [ AREF
. vCC L6 18 ADCE (PCINTEXTALITOSC1) PEG ] 0 200 Avee
(POINTBIXTALTTOSCT) PBB LY 7 13':""1"2"3 , 1 (PCINTT/XTAL2ITOSC2) PET O 10 12 1 PES [SCKIPCINTS)
(PCINTTIXTALZTOSCZ) PET L 8 O O 1T LIFE5 (SCKFCINTS) (PCINT21(0COBITT) PDS ] 11 12 [] PB4 (MISOIPCINTS)
LorNDE0o (FCINT2Z2I0COAAINDG) PDE O] 12 17 1 PB3 (MOSIOCZAFCINTS)
Do oogod (PCINTZMAINTY PDT O] 13 18 0 PB2 [EE/0CIBIPCINTI)
G8E8ndad (FCINTOICLKONCF1) PEOC] 14 15 [1 PB1 (DC1ARPCINT1)
[T TR TR T o R T T i
E Sza=s-23
131=8
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28. Electrical Characteristics

28.1 Absolute Maximum Ratings*
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Operating Temperature..........c..ccoeevevvienenen... =85°C to +125°C
Storage Temperature ..., -65°C to +150°C
\oltage on any Pin except RESET

with respect to Ground ..........ccoeeeeeevieee =05V 10 Voo +0.5V
Voltage on RESET with respect to Ground......-0.5V to +13.0V
Maximum Operating Voltage ... 6.0V
DC Current per 'O Pin ....ccovveeviiiiieiieciceeveeeevnnn.. 40,0 mA

DC Current V- and GND Pins..........cccccceeeiveeenee. 200.0 MmA
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EERFEBTERITTER | FreescalefEERZEFRERRE | FEIBEM R
FE | £H 2EZ (B4R | 2E% |2E |(2EHZ | R | AR | AEK
—&% | X e 34 éﬁ% SR | XK | fER |G
2005 | 2 2 9
2006 1 18 1
2007 | 4 4 1 4 14
2008 | 1 15 2 4 6
2009 | 1 [ 1 3 1 6 14
2010 3 24 4 2 1 12
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