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Bipolar Transistors (1.2)
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Bipolar '\I;ransistors (2.2)
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Bipolar TranS|stors (2.2)
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MOSFET Transistors (1.2)
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MOSFET Transistors (2.2)
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What is CMOS?
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Digital Inputs
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What are the Voltage Levels?
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How is the Voltage Specified?
- \JV‘\\W

Recommended Operating Conditions

[ o
Symbol Parameter DM54LS00 C DM74LS00 D Units
Min Nom Max Min Nom Max
Vee SupplyVoltage 4.5 5 5.5 4.75 5 5.25 _V
Vlﬁ High Level InputVoltage 2 C2) (
Vi 9D ng Levellnput Voltage 0.7 Q)vSD V
lon High Level Output Current 0.4 -0.4 mA
loL Low LevelOutput Current 4 8 mA
T Free Air Operating Temperature 55 125 0 70 °C
"~ TN
Haql
(£
(/ W \__44\\ ’ g
L
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It takes Voltage and Current to make a
device work!

Electrical Characteristics  over recommendedoperating free airtemperature range (unlessotherwise noted)

T
Symbol Parameter Conditions Min (Noﬁf 1) Max Units
V| Input Clamp Voltage Vce = Min, | = -18mA -1.5 V
V oH High LevelOutput Vee = Min, lon = Max, DM54 2.5 3.4 V
Voltage ViL = Max DM74 2.7 3.4
VoL Low Level Output Vee = Min, I = Max, DM54 0.25 0.4
Voltage Vi = Min DM74 0.35 0.5 \
loL = 4mA, Vcc = Min DM74 0.25 0.4
I Input Current @ Max Voo = Max, vy =7V 01 mA
lnnut Vol .
p i fngn — r\
| IH High Levellnput Curr@ Vce = Maxjy = 2.7V 2 wA
L Low Level Input Current ) V¢ = Ma\Y, = 0.4V l—2036)| mA
| 0s Short Circuit =~ Vcc = Wax DM54 | -20 - 100 A
Output Current (Note 2) DM74 -20 - 100
| Supply Current with VA= Max
CCH cC
Outputs High 0.8 16 mA
I ccL Supply Current with Vce = Max . 24 4.4
Outputs Low \\ A ' '

J'~ ) %
&
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Interconnecting

70 - 40008, | 40008,
FR HCT HC |HC,AC| NMOS | 74Cc | 74C
) TTL | ACT AC | @33v| LSl | @s5v | @1ov
L OK OK A oK OK A B
HCT
OK K
el OK OK' NO OK 0 B
{' oK oK OK NO OK OK B
-— — —— —-— — ~
' HC, AC
) K K
By | oK 0 NO. o OK B B
NMOS | ok oK A oK oK A B
LSl N -
4000B,
74c | oKa OK OK NO oK OK B
@5V
40008,
74C | Ca. | C o c c c OK
ooy x| . ¢ | ¢

(8 with limited fanout. A — pullup to +5V, or use HCT as interface.
' . B-usei)OC pullup to +10V, or i) 40109, 14504, or LTC1045 level translator.

C —use 74C901/2, 4049/50, 14504, or LTC1045 level translator.
»z::éi

LR
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Digital Logic: Bipolar TTL Output
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Digital Logic: Open Collector Output

1) o\ Shides W% ! voe
0
\6)’“> Input A —Oﬁ—‘i
\/ﬂ)ﬁt)"’ 100 ﬁOutputY
A

Resistor values shown are nominal.
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Digital Logic: CMOS Totem Pole
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SN74HC05
EXINVERTERS
WITH OPEN-DRAIN OUTPUTS

SCLS080C - MARCH 1984 — REVISED NOVEMBER 2002

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

Tp = 25C SN54HC05 SN74HCO05
PARAMETER TEST CONDITIONS Vee UNIT
MIN  TYP MAX| MIN MAX| MIN MAX
l0H Vi=ViHorViL,. Vo=Vce ‘ 6V 5 0.01 0.5 10 5 pA
2V 0.002 0.1 0.1 0.1
loL =20 pA 45V 0.001 0.1 0.1 0.1
Vi=VqorVL 6V 0.001 0.1 0.1 0.1 @
( loL = 4 mA )g 45V ’3 017 0.26 0.4 ng?
——————
loL = 5.2 mA 6V 0.15 0.26 0.4 .
Iy Vi=Vegor0 6V +0.1  +100 +1000 +1000 | nA
lcc V=V or0, lo=0 6V 2 40 20 pA
Ci 2Vio6V 3 10 10 10| pF

Tom = b ﬁ[ \:J‘Q:s‘”

CMPE 118/218 — Intro. to Mechatronics



S74HC04

Vit

DC Electrical Characteristics ~ (Note 4)
Symbol Parameter Conditions W Ta=25°C |T’q - Aot BEUC‘ Ta=5510125°C Units
Y I ce Typ Guaranteed Limits
Vin Minimum HIGH Level 2.0V 15 1.5 1.5 v
Input Voltage —y 45V 55 | ais Sﬁ v
6.0V 4.2 4.2 4.7 W
ViU Maximum LOW Level 2.0V 0.5 0.5 0.5 v
Input Vialtage 4.5V 1.35 1.35 1.35 v
6.0V 1.8 18 1.8 W
Vou Minimum HIGH Level Vi ="V
Output Voltage gyt <20 pA 2.0v 2.0 19 19 1.9 v
4.5V 4.5 4.4 4.4 4.4 W
8.0V 6.0 59 5.9 59 W
Vi =YL
Nyl = 4.0 mA 4.5V 4.2 3.98 3.84 3.7 W
ayT! < 5.2 mA 6.0V 5.7 5.48 5.34 5.2 W
VoL Maximum LOW Level [V =Vu
Qutput Violtage gyt = 20 pA 2.0V 01 0.1 0.1 W
4.5V 01 0.1 0.1 W
6.0V 01 0.1 0.1 W
Vi =V
gyt! < 4.0 mA 4.5V 0.2 0.26 0.33 0.4 W
gyt < 5.2 mA 6.0V 0.2 0.26 0.33 ﬁ
N Maxigum Input Vi = Voo of GND 6.0V 401 .o H.0
Current -
lee Maximurm Quieseent Vi = Vg of GND 6.0V 20 20 40 WA
Supply Current layT=10 uA
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SN54HC05, SN74HC05
HEX INVERTERS
WITH OPEN-DRAIN OUTPUTS

SCLS080C - MARCH 1984 — REVISED NOVEMBER 2002

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

Ta = 25C SN54HC05 | SN74HCO05
PARAMETER TEST CONDITIONS Voo UNIT
MIN  TYP MAX| MIN MAX| MIN MAX
loH Vi=VijHorViL, Vo=Vce 6V 0.01 0.5 10 5 pA
2v 0.002 0.1 0.1 0.1
loL=20 pA 45V 0.001 0.1 0.1 0.1
VoL Vi=V|qorVv_ 6V 0.001 0.1 0.1 0.1 \Y
loL =4 mA 45V 017 0.26 0.4 0.33
loL=5.2 mA 6V 0.15 0.26 0.4 0.33
I Vi=Vgceor0 6V +0.1 100 +1000 +1000 | nA
Icc Vi=VggorO, lo=0 6V 2 40 20 pA
Ci 2Vto6V 3 10 10 10| pF

DC Electrical Characteristics  (Note 4)

- T, =25°C Ta-401085°C| T, =550 125°C ]
Symbol Parameter Conditions Vee Units
Typ Guaranteed Limits
Vi Minimum HIGH Level 2.0V 15 1.5 1.5 v
Input Voltage 4.5V 3.15 3.15 315 v
6.0V 4.2 4.2 42 W
VL Maximum LOW Level ﬁ e — ?.5 v
Input Voltage < 4.5V 5 1.35 1.35 v
‘/ 6.0V 18 18 1.8 W
Vaou Minimum HIGH Level Vin=ViL
Output Voltage lloutl =20 pA 2.0V 20 1.9 19 1.9 v
4.5V 45 4.4 4.4 44 W
6.0V 6.0 5.9 59 5.9 W
Vin=ViL
oyl = 4.0 mA 4.5V 42 3.98 3.84 a7 W
oyt = 5.2 mA 6.0V 57 5.48 5.34 5.2 W
VoL Maximum LOW Level Vin=Viu
Qutput Voltage gyl £ 20 pA 2.0v 0 01 0.1 01 WV
4.5V 0 01 0.1 0.1 WV
6.0V 0 01 0.1 01 WV
Vin=Viu S
oyl = 4.0 mA 4.5V 0.2 0.26 0.33 0.4 W
oyt = 5.2 mA 6.0V 0.2 0.26 0.33 0.4 W 2
Iing Maximum Input Vi = Vg of GND 6.0V 0.1 H.o H.0 pA
Current
lee Maximurm Quiescent Vi =Vig or GND 6.0V 2.0 20 40 pA
CMPE 118 Supply Current lout =0 pA




Absolute Maximum Ratings

CD54HCO00, CD54HCTO@, CD74HCO0, gD74HCTOO

Absolute Maximum Ratings Thermal Information
DC Supply Voltage, Ve oo -0.5Vto 7V Thermal Resistance (Typical, Note 1) Ja (OC/w)
DC Input Diode Current, Ik PDIP PaCKAQE . . oo tvetee et e e 80
ForV|<-0.5V orV|>Vgg + 0.5V 20mA SOICPackage. . ..o e e 86
DC Output Diode Current, lok Maximum Junction Temperature (Hermetic Package or Die) . .. 175°C
Foryg < -0.5V orVg > Vog £+ 05V 20mA  Maximum Junction Temperature (Plastic Package) .. ......150°C
DC Gutput Source or Sink Current per Output Pin, Ig Maximum Storage Temperature Range .......... -65°C to 150°C
Vo >-0.5V orVg <Vgg + 0.5V 25mA ) Maximum Lead Temperature (Soldering 10s).............300°C
DC Ve or Ground COmrermt i or [GND BOMA (SOIC - Lead Tips Only)
Operating Conditions
Temperature Range (Ta) -« . .ovovevenenenan... -55°C to 125°C
Supply Voltage Range, Ve
HCTypes ..o 2V 1O BV
HCTTypes ... e 4.5V to 5.5V
DC Input or Qutput Voltage, V|, Vo ... ... ... .. 0V to Ve
Input Rise and Fall Time
OV 1000ns (Max)
BBV, 500ns (Max)
ceven... 400Nns (Max)

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

—_—
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Logic Levels and Noise Margins

High-State
DC Noise Margin

( ABNORMAL )

Low-State
DC Noise Margin

time ——p

For TTL For CMOS @Vcc=5V
Vo =0.4V VoL=0.5vV

V| =0.8V ViL=1.5V
VIH=2.0V VIH=3.5V
VOH=2.4V VOH=4.5V
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What about Slowly Changing Inputs?

n_nmm output
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How do you get Hysterisis
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&Nﬂtiunul Semiconductor

Movember 1895

MM54HC14/MM74HC14
Hex Inverting Schmitt Trigger

General Description Features

The MM54HG14/MM74HC14 utilizes advanced silicon-gate  ® Typical propagation dalay: 13 ns

CMOS technology to achieve the low power dissipation and m Wide power supply rangs: 2-6Y

high noise immunity of standard CMOS, as well as the capa-  m Low quiescent current: 20 pA maximum (74HC Series)
bility to drive 10 LS-TTL loads. m Low input current: 1 wA maximum

The S54HC/T4HC logic family is functionally and pinout com- @ Fanout of 10 LS-TTL loads

patible with the standard 54LS/74LS logic family. All inputs Typical hysteresis voltage: 0.9V at Vg =4.5V

are protected from damage due to static discharge by inter- ' ’

nal diode clamps o Vg and ground.

Connection and Schematic Diagrams

Dual-ln-Line Package

Vee AB 6 AS ¥5 A Y4
|12 13 |12 11 |10 9 |8
% g
|1 2 |3 4 5 3 17
A1 Y1 Az Y2 A3 ¥3 GND
TLFS5105-1
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74HC14

DC Electrical Characteristics (note4)

Ta=25C 74HC 54HC
Symbol Parameter Conditions Vee Ta=—401085°C | Tp= —5510125°C | Units
' Typ Guaranteed Limits
V14 Positive Going Minimum 20V | 1.2 1.0 1.0 1.0 vV
Threshold Voltage 45V | 2.7 2.0 2.0 20 Y
6.0V | 3.2 3.0 3.0 3.0 vV
Maximum 20V | 1.2 1.5 1.5 1.5 v
45V | 2.7 3.15 3.15 3.15 \%
6.0V | 3.2 4.2 4.2 4.2 \%
V- Negative Going Minimum 20V | 0.7 0.3 0.3 0.3 Y
Threshold Voltage 45V | 1.8 0.9 0.9 0.9 \
6.0V | 2.2 1.2 1.2 1.2 Vv
Maximum 20V | 0.7 1.0 1.0 1.0 \%
45V | 1.8 2.2 2.2 2.2 \%
6.0V | 2.2 3.0 3.0 3.0 vV
VH Hysteresis Voltage Minimum 20V | 05 0.2 0.2 0.2 Vv
45V | 0.9 0.4 0.4 0.4 Vv
6.0v | 1.0 0.5 0.5 0.5 vV
Maximum 20V | 05 1.0 1.0 1.0 Vv
45V | 09 1.4 1.4 1.4 \
6.0V 1.0 1.5 1.5 1.5 Vv
VoH Minimum High Level | Viy=V)_
Output Voltage llouT|=20 pA 20V | 20 | 19 1.9 1.9 v
45V | 45 4.4 4.4 4.4 '
6.0V | 6.0 5.9 5.9 5.9 vV
Vin=ViL
[louT]= 4.0 mA 45V | 42 | 3.98 3.84 37 v
[lout|=5.2mA 6.0V | 57 | 548 5.34 5.2 %
VoL Maximum Low Level | ViN=V|H
Output Voltage lloutl=20 pA 20| O 0.1 0.1 0.1 v
4.5V 0 041 © 041 0.1 \
6.0V 0 0.1 0.1 0.1 vV
Vin=VIH
llouTt|=4.0 mA 45V | 02 | 0.26 0.33 0.4 \
[louTtl=5.2 mA 60V | 0.2 | 0.26 0.33 0.4 v
N Maximum Input Vin=Vgcor GND | 6.0V +0.1 +1.0 +1.0 A
Current
—— ~mn AR AN AN A
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Power Outputs: The Darlington
03T
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March 1995

National Semiconductor

— ———— |
DS3658 Quad High Current PeripheralD@ §§ ‘

General Description

The DS3658 quad peripheral driver is designed for those
applications where low operating power, high breakdown
voltage, high output current and low output ON voltage are
required. A unique input circuit combines TTL compatibility
with high impedance. In fact, its extreme low input current

The outputs are capable of sinking 600 mA each and offer a
70V breakdown. However, for inductive loads the output

turn off (inductive fly back protection—refer AN-213). An on-
chip clamp diode capable of handling 800 mA is provided at
each output for this purpose. In addition, the DS3658 incor-
porates circuitry that guarantees glitch-free power up or
down operation and a fail-safe feature which puts the output
in a high impedance state when the input is open.

The molded package is specifically constructed to allow in-
creased power dissipation over cenventional packages. The
four ground pins are directly connected to the device chip
with a special copper lead frame. When the quad driver is
soldered into a PC board, the power rating of the device
improves significantly.

Applications
Relay drivers

Lamp drivers

Solencid drivers
Hammer drivers
Stepping motor drivers
Triac drivers

® LED drivers

B High current, high voltage drivers
m Level translators

®m Fiber optic LED drivers

Features
Single saturated transistor outputs
Low standby power, 10 mW typical

igh jmpedance TTL compatible input
® Outputs may be tied together for increased current ca-

pacity

igh output current
600 mA per outpul | &
2.4A per package

® No output latch-up at 35V

Low output ON voltage (350 mV typ @ 600 mA)
High breakdown voltage (70V)

Open collector outputs

Output clamp diodes for inductive fly back protection
NPN inputs for minimal input currents (1 pA typical)
Low operating power

Standard 5V power supply

Power up/down protection

Fail safe operation

2W power package

Pin-for-pin compatible with SN75437
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DS3658

Dual-In-Line Package

IN A INB EM

GND

113

16 15 14

\I

Connection Diagram Truth Table
GND ‘-’r‘:c INC mlu N EN ouT
12 11 10 9 H | H L
l L H 7
; H L Z
L L - Z

H = High state
L = Low state

Z = High impedance state

Potried Vee

1 2 |3
OUTA CLAMP1 OUTB

B

4

GND

5 6 |? 8
GND OUTC CLAMP2 OUTD
TL/F/5B19-1

> 795

-
-
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DS3658

Electrical Characteristics (notes 2 and 3)

_Symbol Parameter Conditions Min Typ Max Units

ViH Input High Voltage 2.0 \

ViL Input Low Voltage ’D_h v
T/ Input High Current Vin = 5.25V, Vg = 5.25V 10 |~ pA

_@) Input Low Current Vin = 0.4V @

Vik Input Clamp Voltage = —12mA —-0.8 —1.5 vV

oL Output Low Voltage IL=300mA ) TE??E 0.4 Vv

< ) %L?s_uﬂ—nﬁote 4 ( 035 | o v
lcEX Output Leakage Current TICE = 70V, V|n -ﬁ — f pA

VE Diode Forward Voltage lg = 800 mA 1.0 1.6 v

IR Diode Leakage Current Vg = 70V 100 P A
oo Supply Current All Inputs High 60 85 mA

All Inputs Low 2 4 mA
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ULN2001A THRU ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 - D2624, DECEMBER 1976 — REVISED APRIL 1993

E HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS
D OR N PACKAGE

500-mA Rated Collector Current

Single Output) (TOP VIEW)
® High-Voltage Outputs...50V J
. 1B[] 1 16{] 1C
® Qutput Clamp Diodes =il 5[] 26
® Inputs Compatible With Various Types of 38[] s 14f] ac
Logic 4B[] 4 13]] 4C
® Relay Driver Applications sB[] 5 12]] 5¢C
® Designed to Be Interchangeable With 6B[] 6 1] 6C
Sprague ULN2001A Series 7B[] 7 10]] 7¢
o E[]8 9]] com
description

The ULN2001A, ULN2002A, ULN2003A, and ULN2004A are monolithic high-voltage, high-current Darlington
transistor arrays. Each consists of seven npn Darlington pairs that feature high-voltage outputs with
common-cathode clamp diodes for switching inductive loads. The collector-current rating of a single Darlington
pair is 500 mA. The Darlington pairs may be paralleled for higher current capability. Applications include relay
drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), line drivers, and logic buffers.
For 100-V (otherwise interchangeable) versions, see the SN75465 through SN754689.

The ULN2001A is a general-purpose array and can be used with TTL, P-MOS, CMOS, and other MOS
technologies. The ULN2002A is specifically desngned for use with 14- to 25-V P-MOS devices. Each input of
this device has a zener d|ode and resistor jn-se ‘Umrur the Mput current 10 & Safe-Hmi—Lhe lJLNQOOSA

that use supply voltages of 6to 15 V. The required mput cu rrent of the ULN2004A is below that of the ULN2003A,
-and the required voltage is less than that required by the ULN2002A.
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\"qz ULN-2003A
%
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ULN2003A:

ULN2004A: Rg

ULN2003A, ULN2004A
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ULN2003A Specifications (1.2)

electrical characteristics, Tp = 25°C (unless otherwise noted

TEST ULNEDDSAJ ULN2004A
PARAMETER TEST CONDITIONS UNIT

FIGURE MIN MAX | MIN TYP MAX

Ic=125mA 5

Ic=200mA 2.4 6
. I =250 mA 2.7

Vi(on) On-state input voltage 6 Vog=2V =275 mA > v

I =300 mA 3

I =350 mA 8

Collector-emitter
VCE(sat) sgaturation voltage

=250 pAC Ic=100m 09 1.1 09 1.1
> 5 |=350pA, lo-200m : 1 13 @

[} = 500 pA, E 1.2 1.6 1.2 1.6
1 VeE=50V, =0 —— 50

ICEX Collector cutoff current Veg=50V, |[1=0 100 100 pA
2 TA=70°C  |vi=1V 500

VE Clamp forward voltage 8 |F =350 mA 1.7 2 1.7 2 v

Vee=50V, Ic=2500pA,

|]{Dﬂ) Off-state input current 3 Th = 70°C 50 65 50 65 LA
; Qv =385V C 09 13
= \—/
Input current 4 Vi=5V 0.35 0.5 mA
Vi=12V 1 1.45
Vr=50V 50 50
[=! Clamp reverse current 7 UA
Vr=50V, Tpa =70°C 100 100
Input capacitance V=0, f=1MHz 15 25

25 15
B2
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ULN2003A Specifications (2.2)

D PACKAGE N PACKAGE
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
Vs Vs
/ DUTY CYCLE DUTY CYCLE

600

600

500

JER\N
N
LRSS

M\ NN D
==\\§ \x;ﬂ N

100 [~ 15 =70°C ~ —
N = Number of Outputs
| Conducting Simultaneously

/
N
-l
]
Y
|

i
/ [/
5

inn

[ |

2 2
L

!

744
//// /

s
[
1/

200

-4

oo

aNo
L

T~
N

I/

//
1/

100 |- Tp = 85°C

N = Number of Outputs
| Conducting Simultaneously

Ic — Maximum Collector Current — mA

<
E
|
oo
c
)
=
3
O
Lo
S
8]
Q2
)
o
E
=3
E
x
©
=
|
°

0

0 S
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
) Duty Cycle — % Duty Cycle — %
. =
Figure 14 Lu Lo Figure 15
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Questions?
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