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Features

+ High-performance, Low-power AVR™ 8-bit Microcontroller
» Advanced RISC Architecture
- 1)1 Powerful Instructions — Most Single-clock Cycle Execution
- 32 x 8 General Purpose Working Reglsters
— Fully Statle Operation
- Up to 16 MIPS Throughput at 16 MHz
~ On-chip 2-cycle Multiplier
* Nonvolatile Program and Data Memories
- 16K Bytes of In-System Self-Programmable Flash
Endurance: 10,000 Write/Erase Cycles
- Optlonal Boot Code Sectlon with Independent Lock Blts
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
- 512 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
= 1K Byte Intermal SRAM
- Programming Lock for Software Security
» JTAG (IEEE std. 1149.1 Compllant) Interface
— Boundary-acan Capabifitles According to the JTAG Standard
- Extensive On-chip Debug Support
— Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Inlerface
+ Peripheral Features
- Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
= One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
—~ Real Time Counter with Separate Oscillator
- Four PWM Channpels
= 8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels In TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, ar 200x
- Byle-orlented Two-wire Serial Interface
- Programmable Serlal USART
~ Master/Slave SP] Serial Interface
—~ Programmable Watchdog Timer with Separate On-chlp Oscllator
= On-chlp Analog Comparator
Special Microcontroller Features
- Power-on Reset and Programmable Brown-oust Detectlon
— Internal Callbrated RC Osclllator
— External and internal imterrupt Sources
- Six Sleep Modes: Idle, ADC Nolse Reduction, Power-save, Power-down, Standby
and Extended Standby
/O and Packages
— 32 Programmable KO Lines
— 40-pin PDIP, 44-fead TQFP, and 43-pad QFN/MLF
* Operaling Voltages
= 27 - 55V for ATmegal6L
= 4.5 - 5.5V for ATmegalb
* Speed Grades
- 3 -8 MHz for ATmegal6L
— 0 -16 MHz for ATmegal6
* Power Consumption @ 1 MHz, 3V, and 25°C for ATmegal6L
= Active: 1.1 mA
— idle Mode: 0.35 mA
- Power-down Mode: <1 gA

ATMEL
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Pin Configurations

ATIEL

Flgure 1. Pinout ATmegal6
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Disclaimer Typical values contained in Lhis datasheet are based on simulations and characteriza-
tion of other AVR microconlrollers manufactured on lhe same process technology. Min
and Max values will be available after the device is characlerized.

2 ATmegal6(L) mee—————e—
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S A T Mega16(L)

Overview The ATmegal6 is a low-power CMOS 8-bit micracontroller based on the AVA enhanced
R'SC architecture. By execuling powerful instructions in 2 single clock cycle, the

ATmegal6 achieves lhroughputs approaching 1 MIPS per MHz allowing the system
designer lo oplimize power consumplion versus processing speed.

Block Diagram Figure 2. Block Diagrarn
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA
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6-Pin DIP Optoisolators
Transistor Qutput

Thea 4N25/A, 4N26, 4N27 and 4N28 devices consist of a gallium arsenide
infrared emilling diode optically coupled lo a monolithic silicon pholotransistor
detecior,

* Most Economical Oploisolator Choice for Medium Speed, Swilching Applications

= Mests or Exceeds All JEDEC Registered Specificalions

¢ To order devices that are tested and marked per VDE 0884 requirements, the
suffix "V" must be included at end of part number. VDE 0884 is a test option.

Applications

General Purpose Switching Circuils

+ Interfacing and coupling systems of different polentials and impedances

* /O Interacing

Solid State Relays

MAXIMUM RATINGS (Tp = 25°C unless olharwise nolad)

4N25*
4AN25A*
4N26*

[CTR » 20% Min)

4N27
4N28

[CTR =10% MIn]

*Motorola Proformod Devices

STYLE 1 PLASTIC

6
1

STANDARD THRU HOLE
CASE 7T30A-04

SCHEMATIC

ot 5
2 . 5
30— 4
PIN 1, LED ANODE
2. LED CATHODE
I NC
4, EMITTER

5. COLLECTOR
6. BASE

| Rating | symbot | vawe | une |
INFUT LED
Raversa Voltage VR 3 Volts
Forwand Currenl — Conlinuous Ig 60 mA
LED Power Dissipation @ Tp = 25°C Pp 120 mw
with Negligible Power in Oulpul Detector
Derala above 25°C 1.41 mwi°C
OUTPUT TRANSISTOR
Collsctor-Emilter Voltage VYcEo 30 Valts
EmillerCollector Vollage VECO 7 Volts
Collector-Base Vollage VcBD 70 Volts
Collector Currani — Continwous Ic 150 mA
Detector Powsr Dissipalion @ Ta, = 25°C D 150 mwW
wilh NegFgible Power in Input LED
Derate above 25°C 1.76 mwWFrEC
TOTAL DEVICE
Isalation Surge Valtage{1) Viso 7500 Vacipk)
(Peak ac Vollage, 60 Hz, 1 sec Duralion)
Tolal Davice Power Dissipalion @ Ta, = 25°C Pp 250 mw
Derale above 25°C 294 mwWiFC
Ambienl Opemting Tamperature Rangel2) Ta -55to +100 °C
Storage Temperature Range{2) Tsig | -55ta +150 °C
Soddering Termperatura {10 sec, 1/15” from case) T 260 °C

1. Isolalion surge voltage is an internal device dialectric breakdawn raling.
For this tesi, Pins 1 and 2 are comman, and Pins 4, 5 and § are common,
2. Refer to Quality and Reliahility Section in Opto Data Book for information on lest conditions.

Prefarred devices ara Molorola recommended choices for fulura use and best overall valus,
GlobalCploisolatoris a trademark of Molomla, Inc.

REVS

@ Moloroia, Inc. 1985
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4N25 4AN25A 4N26 4N27 4N28

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)1)

[ Characteristlc Symbo! min | Typ() | Max | unit |
INPUT LED
Foraar Yoliage 1 = 10 mAY Ta=25C Ve — 19 15 olis
Tp = -55°C - 13 -
Tp, = 100°C — 1.05 —
Reverse Leakage Cument (Vg = 3 V) IR — — 100 A
Capaciance (¥ =GV, f= 5 MHZD C, — 18 — pF
OUTPUT TRANSISTOR
Collector—Emilter Dark Current 4N25.25A.26.27 ICEQ - 1 50 nA
(VoE =10V, Ta = 25°C 4NZ8 — 1 100
(VCE = 10V, Ta = 100°C) All Devices lcED — 1 - pA
Colleclor-Base Derk Current (Vcg = 10V) lcBo — 0.2 — nA
Collector—Emilter Breakdown Voliage (Ic = 1 mA} V(BRICEC 30 45 - Volls
Collector—Base Breakdawn Voltage {ic = 100 pA) VERICBO 70 100 — Volis
Emitter-Collector Broakdown Voliage (I = 100 pA) V{BR)ECO T 78 — Volts
DC Cument Gain {loc =2 mA, Ve =5V) hFE — 500 — —
Collector—Emitter Capacitance (f = 1 MHz, Vg = 0) CcE — T — pF
Collecior-Basa Capacitance (= 1 MHz, Vg =0) CcB — 18 — pF
Emltter-Base Capadilance {f= 1 MHz, VEg = 0) CeR — 9 — pF
COUPLED
Qutput Callector Cument (Ip = 70 mA, Vog = 10V) Ic (CTR}2) mA (%)
4N25,25A.26 2{20) 7 (70) —
4NZ7,28 1{10) 5(50) —
Coliector—Emilter Saturation Voltage (I = 2 mA, Ir = 50 mA) VCE(sa) — 0.15 0.5 Volls
Tum-0n Time {IF = 10 mA, Voc = 10V, R = 100 Q){3) ton — 28 — ps
Tum—Off Time {IF = 10 mA, Vee = 10V, R, = 100 9)(3) ot — 45 — us
Rise Time {If = 10 mA, Vo = 10V, R =100 Q){® b = 1.2 — ps
Fall Time (iF = 10 mA, Voo = 10V, Ry =100 0)(3) tf = 1.3 — us
tsolation Voltage {f = 60 Hz, 1= 1 sec)4) Viso 7500 — — Vac(pk)
Isolation Resistance {V = 500 V}4) Riso 1M — - Q
Isolalion Capacitance (V =0V, f = 1 MHz){4) Ciso — 0.2 — pF

1. Alwzys design lo the spedfied mirimum/maximum electrical limits (where applcabie).

2. Current Tansfar Ralio (CTR) = Ic/IE x 100%.
3. Farlest circuit setup and waveforms, refer to Figure 11.

4, For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
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TOSHIBA 2SD2553

TOSHIBA TRANSISTOR SILICON NPN TRIPLE DIFFUSED MESA TYPE

25D2553

HORIZONTAL DEFLECTION QUTPUT FOR HIGH RESOLUTION Unit in mm

DISPLAY, COLOR TV
HIGH SPEED SWITCHING APPLICATIONS I e e el
B a R i
O o 2 o )
e  High Voltage : Vopo = 1700V & S
e d
®  Low Saturation Voltage : VOE (sat) = 5 V (Max) LU:L 49° _ W |
: . pp— an ] - kS
e  High Speed ttp = 0.3 x5 (Typ.) 2ananr] BE
@  Bult-in Damper Type Q.95MAXE 3
@  Collector Metal (Fin) is Fully Covered with Mold Resin. 545 545
:
MAXIMUM RATINGS {Ta = 25°C) 1_":-‘ 12 2
CHARACTERISTIC SYMBOL | RATING | UNIT "‘ﬁi [:' . BASE
Collector-Base Voltage VCBRO 1700 v ; ESI:'.'L.EECIIOR
Collector-Emitter Voltage VCeRED 600 v ]
Emitter-Base Voltage VEBOQ 5 v h—
DC IC 8 EIAJ -
Collector Current Pulse iop 6 A TOSHIBA  2.1GE3A
Base Current, I 4 A Weight : 5.5g (Typ.)
g‘:llic’g;cl:)ower Dissipation Pe 50 W
— EQUIVALENT CIRCUIT
Junction Temperature Tj 150 °C oo
Storage Temperature Range Tete —55~150 °C LLECTOR

BASE
50 () (Typ.)& EMITTER

96190 1EAATL

@ TOSHIBA is ¢ontinually working to improve the guality and the reliability of its products. Nevertheless, semiconducior
devices in general can malfunction or [ail due Lo their inherent electrical sensitivity and vulnerability to physical stress,
It is the résponsibilily of the buyer, when utilizing TOSHIBA preducts, to observe standards of safety, and to aveid
situations in which a mallunction or failure of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent preducts specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

@ The informalion cortained herein is presented only as a guide for the applicatians of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or olhers.

@ The information conlained herein is subject to change without notice.
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TOSHIBA 25D2553
ELECTRICAL CHARACTERISTICS (Ta = 25°C)
I I
CHARACTERISTIC SYMBOL ; TEST CONDITION MDD~ ) TYP. | MAX, ( UNIT
Collector Cut-off Current Iceo Vep=1700V, Ig =0 — — 1| mA
Emitter Cut-off Current IgRO VER=56V,Ic=0 66 —_ 200 | mA
Emitter-Base Breakdown Voltage| VEpo |IE =400mA,Ic=0 5 — —_ \'i
] brra) IVee=5V,Ig=14A a — 28
DC Current Gain hrE(2) |VoR =57, Ic = 6A 5 — 3| —
Collector-Emitter Saturation
Voltage VCE(at) |Ic=64A,Ip=12A —_ — 5 v
Base-Emitter Saturation Voltage | VRE (gat) |IC =6A. I =1.24A — 09| 12| V
Forward Voltage (Damper Dicde) | —Vp Ip=8A — 1.6 | 2.0 A\
Transition Frequency fr V=10V, Io =014 — 2| — | MHz
. Vep=10V,Ig =0,
Collector Output Capacitance Cob f= 1 MHz — | 156 | — pF
Switching Time | Storage Time | tsig Icp = 64, Igy (end) = 154 | — ] 12 .
(Fig.1) [ Fall Time tf fir = 15.75kHz ~lo3[oe7|”

Fig.1 Switching time test circuit

'5)

25C2482 10 zH 100 uF B
- = |[rur,

Lk

1000 30

1M 3TH41

25040

100,F 0 01yxF

L
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0.018 4F

—]L

2. 0uF

0. 52mH

10mH

635 s | VDD vee
=
BASE CURRENT 0 -
\/ |3
— 1
A" Yo% CF
Base Current Gradient COLLECTOR.
r 41 CURRENT 0w
dig/dt= BL7B2 (p ) 0 S
fstg tstg | bf
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TOSHIBA 2SD2553

DC CURRENT GAIN hpg COLLECTOR CURRENT Ig (A)

COLLECTOR-EMITTER SATURATION
VOLTAGE VCE (paty (V?

i - V(R Vi - in
BT R ] B U ARt | -
'//2.0 16 - :: — " my 4\5AG \ ::JM.\'[(;:.CEMITI'ER
] il W = -
. (/;""' _'::'"..-.-...-----"""""3..-:;J : 8 \ \ 7T
//-""—'—‘.-____...-—" _2_'?__.-—-' % \ \]c—'-'fﬁ
D O X5 B o A WAV
‘ 7 E WAV WA
’.--.--._— 02 E 4 \
[ e : UATY N1 N
g | COMMON E 2 \ \
(’" la=0-1A—| EMITTER g h \ . \\
\ \ Te = 26'C = \ NN
0 S50
] Z 4 6 8 10 0 04 08 12 16 20 24
COLLECTOREMITIER VOLTAGE Vgg (V) BASE CURRENT Ip (A)
hFE - IC ! VCE — I
COMMON EMITTER - _ 1 L LJ ¢} | commON BMITTER
30 7e = 26°c £ \ Te = 26%C
I
T PR s R
Te = 160°C d pa— 3 6
; £ | A
A - AN A SR
2RI 2 TAYA'IRINEY
0 A AR R WAVIAN
—nf) R NARENEVAN
| 2 \_L\ S e T
om 003 o1 03 1 3 10 ° 9 0s 08 12z 1§ 20 24
COLLECTOR CURRENT I¢ (A) HASE CURRENT Iy (A)
YCE (sat) — IC \ ) YCE - IB
- L]
rcommN EMITTER - | \ \ \ | COMMOX
0 o 7 5 \ \ EMITTER
Te = 100°C J{]] 2 \ ‘l Tc = 100°C
0 } | E a4 5 & I 'TI.P\
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il At NN N
o1 et . / é < \ \\ A
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0l 0.3 1 3 10 % 04 08 12z 16 20 24
COLLECTOR CURRENT Ig (A) BASI CURIENT Ip (A)
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TOSHIBA

25D2553

BASE-EMITTER SATURATION VOLTAGE
YEE (sa) V)

TRANSIENT THERMAL IMPEDANGE
(JUNCTION-CASE) ripjqr CC/W)

COLLECTUH POWER DISSIPATION Pp IW)

VHE catt = T¢

10
COMMOX EMITTER
A=s
? i
|
Tc = =25°C L
I 25 ; =
= ]
100
0.4
o1
0.1 [¥) i 3 10
COLLECTOR CURRENT g (A}
rth(j<) — tw
Te = 25°C (INFINTTE HEAT SINK)
CURVE SHOULD BE APPLIED IN THERMAL
LIMITED AREA
(SINGLE NONREPETITIVE PULSE)
fo = =5 £
111 H ’—“ T 1 H 1
1 1T =
== —= = — —-
T :
I
0.l = = 5 FIHE =k =E
i Iit
S i raEnil
10y 1m 10m Q.1 t 10 100
PULSE WIDTI[ t, (8)
Pg — Te
1]
INFINITE HEAT SINK
60 D
\‘
40
I B
\‘\
30 N
™,
.
70
A
1 M
0 N
N
0 N
0 2 4 66 80 10 120 140 LGO

CASE TEMFERATURE Tc (1)

o tA)

COLLEGTOR CURRENT

I )

COLLEGTOR CURRENT

[ — Yur
T
COMMON EMITTER {[ f}
G| VCE =6V i
{
’ I
B i1
1001 261 Tc = ~25'C
3
J ff,
: Tt
1 £
,
0 11/
o 0z 04 06 0B 10 12 14

BASE-EMITTER VOLTAGE Ygg (W2

SAFE OPERATING AREA

30r I 1 S R A -
LILLI
1otk 100 a3 NN mai®y. | - :
== I MAX, L =
L (CORTINUOUS) S 1D gt
RN 100 gakid {1
[T MAL ] i
(PULSED} # ] =
smm ! | | | l 111 I 11 \\
DC OPERATION AN
1) m Te = 25°C
———H = 2
30m 1 11111 | | NSRS H-H
¥ SINGLE NONREPETITIVE 1]
10m PULSE Te = 25°C —
CURVES MUST BE DERATED =5
dm] LINEARLY WiTH INCREASE IN o THRA
L TEMPERATURE, Vcap MM— m
t 3 10 30 T

COLLECTOR-EMTTITER VOLTAGE Vop (V)

Perancangan rangkaian kontrol..., Slamet, FTUI, 2008

1999-09-02 4/4





