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ABSTRACT

This thesis presents the study about "sensorless brushless dc motor
drive" because there're a lot of advantages compared with a conventional dc motor
and needs less maintenance. Therefore, we study and design this motor drive system
with sensorless method by finding zero-crossing point of trapezoidal back EMF. A
comparison of efficiency between Hall-sensor and sensorless method is given. In this

project, we use brushless dc motor with rated 350 watts, 24 volts and 46 poles.
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P = Vinl;

n =2 x 100
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lne

Wy = wavesidvin + wavendion + giuanegunimidn (Rlansi)
< v o a 9
W, = wansulannmdeaus Rlansy)

= spprInaguinanaalmsiiumindon (Wns)

—

N, = AnuSueines (sauseuni)
Vi = usedulviihondn (aad)

e = NSTLATILEN (LauuUs)

P, = maalviiwndn (Tme)

Pt = Madlvihvioen (Ine)

P,  =maakiimiana (ne)

n = Usgavisnn (Wosidus)

r=0.12 (lung)
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Pout/Pin Pm/Pout
Wl WZ Nr Vin |in Pin POut Pm i
Drive Motor
ke) | ko) |pm)| V) | A | W) | w) | W) | (N-m)
: (%m | (%mn)
0 0 2108 | 24.35 | 0.85 | 20.70 | 18 0.00 0.00 | 86.97 0.00
0.86 | 0.150 | 303.5 | 24.70 | 200 | 49,40 | 45 | 26.57 | 0.8% | 91.09 59.05
1.36 | 0.250 | 297.0 | 24.70 | 2.65 | 65.46 | 59 | 40.65 | 1.31 | 90.14 | 68.91
1.86 | 0.360 | 294.0 | 24.73 | 3.20 | 79.14 | 72 | 54.38 | 1.76 | 90.98 75.53
2.36 | 0520 | 290.0 | 24.73 | 3.70 | 91.50 | 83 | 65.80 | 2.16 | 90.71 79.28
2.86 | 0.665 | 282.0 | 24.53 | 4.25| 10425 | 92 | 76.33 ' 2.58 | 88.25 82.97
3236|0895 | 278.0 | 24.30 | 4.75 | 11543 | 103 | 84.51 | 2.90 | 89.24 | 82.05
3.86 | 1.050 | 269.0 | 24.60 | 5.40 | 132.84 | 118 | 93.22 | 3.30 | 88.83 79.00
4.36 | 1.180 | 268.0 | 24.57 | 5.80 | 142,51 | 124 | 105.10 | 3.74 | 87.01 84.76
4.86 | 1.430 | 266.0 | 24.70 | 6.20 | 153.14 | 133 | 112.51 | 4.03 | 86.85 84.60
536 | 1.620 | 262.0 | 24.68 | 6.65 | 164.12 | 143 | 120.84 | 4.40 | 87.13 | 84.50




4,92 ﬂ'l‘iﬂﬂﬂﬂ'u&lﬂlFIBﬂﬂﬂ’]ﬂizuﬁﬂix‘l‘l‘%’llﬂNd"l'IJLLU‘U'LJ‘S’IHQ"Iﬂﬁ?ﬂi?ﬁl'\’l’U

ransformer

AC
220/15

220W

— e
AL Auto Transh
220v
——— e
R J—

AC/DC

AC/DC

T

A —p Prof

tection

3 —

Inverter

Bridge rectifier

Fluke 438

= L3 a o
3UN 4.18 MInnaeuNenosLuvYIIMRINAINTI9IY

A v 1 o o
A13190 4.3 wan1snadouspleeslylinseuansals LUSINUUUUYSIAD NGNS

Pout/Pin Pm/Pout
A W; N Vin lin Pin Pout P 15 \
Drive | Motor
kg) | kg) |(rpm) | V) | A | W) | W) | W) | (N-m)
(%n) | (6m)
0 0 310.0 | 24.35 | 0.80 | 19.48 | 17 0.00 0 87.27 0.00
0.86 | 0.150 | 303.0 | 24.20 | 200 | 48.40 | 44 | 2653 | 0.83 | 90.91 60.29
1.36 | 0.275 | 300.0 | 24.60 | 255 | 62.73 | 57 | 40.14 | 1.28 | 90.87 | 70.42
1.86 | 0.430 | 299.0 | 24.65 | 3.00 | 73.95 | 67 | 5273 | 1.68 | 90.60 78.70
2.36 | 0.570 | 296.0 | 24.50 | 3.55 | 8698 | 79 | 65.34 | 2.11 | 90.83 | 82.71
2.86 | 0.705 | 293.0 | 24.67 | 4.20 | 103.61 | 92 | 77.87 | 2.53 | 88.79 | 84.64
3.36 | 0.915 | 287.0 | 24.30 | 4.75 | 115.43 | 103 | 86.53 | 2.88 89.24 84.01
3.86 | 1.120 | 286.0 | 24.56 | 5,30 | 130.17 | 116 | 96.64 | 3.22 | 89.12 83.31
436 | 1,265 | 277.0 | 24.43 | 5,70 | 139.25 | 123 | 105.72 | 3.64 | 88.33 | 85.95
4.86 | 1.540 | 277.0 | 2432 | 6.00 | 14592 | 127 | 113.41 | 3.90 | 87.03 | 89.30
536 | 1.720 | 273.0 | 24.30 | 6.60 | 160.38 | 140 | 12254 | 4.28 | 87.29 | 87.53
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TOOES

GBPC35005/W - GBPC3510/W

N € ©O R P O R A T E D

35A GLASS PASSIVATED BRIDGE RECTIFIER

Features

Glass Passivated Die Construction
Diffused Junction

Low Reverse Leakage Current

Low Power Loss, High Efficiency
Surge Overload Rating to 400A Peak

Electrically Isolated Metal Base for Maximum

Heat Dissipation
Case to Terminal Isolation Voltage 1500V

UL Listed Under Recognized Component
Index, File Number E94661

Mechanical Data

Case: Molded Plastic with Heatsink Internally

Mounted in the Bridge Encapsulation

Terminals: Plated Leads Solderable per
MIL-STD-202, Method 208

Polarity: As Marked on Case
Mounting: Through Hole for #10 Screw

Mounting Torque: 8.0 Inch-pounds Maximum

GBPC Weight: 20 grams (approx.)
GBPC-W Weight: 14 grams (approx.)
Mounting Position: Any

GBPC

GBPC /| GBPC-W
Dim Min Max
A 28.30 28.80
B 7.40 8.25
c 16.10 17.10
E 18.80 21.30
G 13.80 14.80
H Hole for #10 screw
5.082 5.590
J 17.60 18.60
K 10.90 11.90
L 0972 1.07@
M 31.80 —
P 17.60 18.60
All Dimensions in mm

“W" Suffix Designates Wire Leads
No Suffix Designates Faston Terminals

Maximum Ratings and Electrical Characteristics @ Ta = 25°C unless otherwise specified

Single phase, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.

Charie = symbol | GOER | AW | O3 | oW | SaN| oo | aomm| Unie
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 50 100 200 400 600 800 1000 \
DC Blocking Voltage VR
RMS Reverse Voltage VR(RMS) | 35 70 140 280 | 420 | 560 700 v
Average Rectified Output Current @ T =50°C lo 35 A
Non-Repetitive Peak Forward Surge Current
8.3ms single half sine-wave superimposed on rated load IFsM 400 A
(JEDEC Method)
Forward Voltage (per element) @IF=175A | VEm 1:4 \%
Peak Reverse Current @Tc= 25°C I 5.0 "y
at Rated DC Blocking Voltage @ To = 125°C R 500
1%t Rating for Fusing (Note 1) 12t 660 As
Typical Junction Capacitance (Note 2) Cj 300 pF
Typical Thermal Resistance per leg (Note 3) | Rec 1.2 "C/W
Operating and Storage Temperature Range T, Tste -65 to +150 °C

Notes: 1. Non-repetitive, for t > 1.0ms and t < 8.3ms.
2. Measured at 1.0MHz and applied reverse voltage of 4.0V DC.

3. Thermal resistance junction to case mounted on heatsink.

DS21210 Rev. H-2

10f2
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International
TGR Rectifier

Data Sheet No. PD60043 Rev.O

IR2101(S)/IR2102(S) &(PbF)

HIGH AND LOW SIDE DRIVER

Product Summary

Features

® Floating channel designed for bootstrap operation
Fully operational to +600V
Tolerant to negative transient voltage
dv/dt immune

® Gate drive supply range from 10 to 20V

® Undervoltage lockout

® 3.3V, 5V, and 15V logic input compatible

® Matched propagation delay for both channels

® Qutputs in phase with inputs (IR2101) or out of

phase with inputs (IR2102)
® Also available LEAD-FREE

Description

The IR2101(S)/IR2102(S) are high voltage, high speed
power MOSFET and IGBT drivers with independent
high and low side referenced output channels. Pro-
prietary HVIC and latch immune CMOS technologies
enable ruggedized monolithic construction. The logic

VOFFSET 600V max.
lo+/- 130 mA / 270 mA
Vourt 10 - 20V
ton/off (typ.) 160 & 150 ns
Delay Matching 50 ns
Packages
ploef SO &-Lead PDIP
|IR21015/IR2102S

IR2101/IR2102

input is compatible with standard CMOS or LSTTL

output, down to 3.3V logic. The output drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. The floating channel can be used to drive an N-channel power MOSFET or IGBT in
the high side configuration which operates up to 600 volts.

Typical Connection

TO

LOAD

up o BOOY
Vea " Bl
= Voo Ve 2
P HIN HO T
un LIN Ve : 5%
coM Lo E
rh
IR2101
up o 800V
v e
= Veo Ve =
A AN HO
(Refer to Lead Assignments for correct pin m LN Vs T
configuration). This/These diagram(s) show COM LO =
electrical connections only. Please refer to }‘_'L'r
our Application Notes and DesignTips for IR2102
proper circult board layout. +

www.irf.com




IR2101(S)/IR2102(S) & (PbF)

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions.

International
ISR Rectifier

Symbol Definition Min. Max. Units
Ve High side floating supply voltage -0.3 625
Vs High side floating supply offset voltage Vg-25 Vp+0.3
VHo High side floating output voltage Vg -0.3 Vg + 0.3 v
Vee Low side and logic fixed supply voltage -0.3 25
Vio Low side output voltage -0.3 : Voo +0.3
VIN Logic input voltage (HIN & LIN) -0.3 Ve + 0.3
dVg/dt Allowable offset supply voltage transient — 50 Vins
Pp Package power dissipation @ Ta < +25°C (8 lead PDIP) — 1.0
(8 lead SOIC) — 0.625 v
Rthya Thermal resistance, junction to ambient (8 lead PDIP) — 125 W
(B lead SOIC) Y 200
i) Junction temperature — 150
Ts Storage temperature -55 150 °c
iy Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the

recommended conditions. The Vg offset rating is tested with all supplies biased at 15V differential.

Symbol Definition Min. Max. Units
Ve High side floating supply absolute voltage Vg + 10 Vg + 20
Vg High side floating supply offset voltage Note 1 600
VHo High side floating output voltage Vs Ve v
Vee Low side and logic fixed supply voltage 10 20
Vio Low side output voltage 0 Vee
VIN Logic input voltage (HIN & LIN) {IR2101) & (HIN & TIN) (IR2102) 0 Vee
TA Ambient temperature -40 125 °C

Note 1: Logic operational for Vg of -5 to +600V. Logic state held for Vg of -5V to -Vps. (Please refer to the Design Tip
DT97-3 for more details).

2
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International
TSGR Rectifier

PD - 94970A

IRF2807PbF

HEXFET® Power MOSFET
e Advanced Process Technology
e Ultra Low On-Resistance D
e Dynamic dv/dt Rating Vbss =75V
e 175°C Operating Temperature
e Fast Switching Ros(on) = 13mQ
e Fully Avalanche Rated
e Lead-Free - Ip = 82A®
Description

Advanced HEXFET® Power MOSFETSs from International
Reciifier utilize advanced processing techniguesto achieve
extremely low on-resistance per silicon area. This benefit,
combined with the fast switching speed and ruggedized
device design that HEXFET power MOSFETs are well
known for, provides the designerwith an extremely efficient
and reliable device for use in a wide variety of applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal

resistance and low package cost of the TO-220 contribute TO-220AB
to its wide acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
In @ Tg =25°C Continuous Drain Current, Vgs @ 10V 820
Ip @ Tg = 100°C| Continuous Drain Current, Vgs @ 10V 58 A
Iom Pulsed Drain Current @ 280
Pp @T¢ = 25°C Power Dissipation 230 w
Linear Derating Factor 1.5 W/°C
Vas Gate-to-Source Voltage +20 \%
laR Avalanche Current® 43 A
Ear Repetitive Avalanche Energy® 23 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.9 V/ns
T, Operating Junction and -55 to + 175
Tsta Storage Temperature Range o
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Typ. Max. Units
Resc Junction-to-Case 0.65
Recs Case-to-Sink, Flat, Greased Surface 0.50 —_ °C/W
Reua Junction-to-Ambient — 62
www.irf.com 1
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IRF2807PbF International

ISR Rectifier

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min, | Typ. | Max. | Units Conditions
V(BRrjpss Drain-to-Source Breakdown Voltage 75 | — | — | V | Vgs=0V, Ip=250pA
AVerpss/AT,| Breakdown Voltage Temp. Coefficient | — |0.074| — | V/°C | Reference to 25°C, Ip = TmA
Ros(on) Static Drain-to-Source On-Resistance | — | — | 183 | m2 | Vgs =10V, Ip=43A @®
Vasith) Gate Threshold Voltage 20 | — | 40 V | Vps =Vags, Ip = 250pA
gis Forward Transconductance 38 | —|— | S | Vps=50V, Ip =43A@
s — | — | 25 Vps =75V, Vas = 0V
Ioss Drakyin-Sotie Lyghegpin —T——T250 | ™ [Vos=60V,Vas =0V, T, =150
b Gate-to-Source Forward Leakage — | — | 100 hA Vas = 20V
Gate-to-Source Reverse Leakage — | — | -100 Vas = -20V
Qg Total Gate Charge = | | 160 Ip = 43A
Qgs Gate-to-Source Charge — | — | 28 | nC | Vps =60V
Qgd Gate-to-Drain ("Miller") Charge — | — | 55 Vas = 10V, See Fig. 6 and 13
ta(on) Turn-On Delay Time — ] 13 | — Vpp =38V
t Rise Time — | 64 | — - Ip = 43A
ta(oth) Turn-Off Delay Time — | 49 | — Rg =2.5Q
1 Fall Time — | 48 | — Vgs = 10V, See Fig. 10 @
¥ ok Dran | /B -+ - Between la.ad.
nH :m: ;0.2;52.) 1
0 acKage
nieffi Sagep oo AL and center of die contact $
Ciss Input Capacitance — | 3820 — Vgs =0V
Coss Output Capacitance — | 610 | — Vps = 25V
Cres Reverse Transfer Capacitance — | 130 | — | pF | f =1.0MHz, See Fig. 5
Exs Single Pulse Avalanche Energy® — [12800)340@ | mJ | lag=50A, L = 370pH
Source-Drain Ratings and Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
Is Continuous Source Current MOSFET symbol o
(Body Diode) PPN 4 | showing the
lsn Pulsed Source Current =\ (P NE 7 integral reverse 9
(Body Diode)d p-n junction diode. s
Vsp Diode Forward Voltage _— — 1.2 V | Tu=25°C, lg=43A, Vgs =0V ®
ter Reverse Recovery Time — | 100 180 | ns | Ty=28°C, |p=43A
[ Reverse Recovery Charge — | 410| 810 | nC | di/dt = 100A/us @
ton Forward Tum-On Time Intrinsic tum-on time is negligible (tum-on is dominated by Lg+Lp)
Notes:
@ Repetitive rating; pulse width limited by @ Pulse width £ 400ps; duty cycle < 2%.
max. junction temperature. (See fig. 11) ® This is a typical value at device destruction and represents
@ Starting T, = 25°C, L = 370pH operation outside rated limits.

Ra = 250Q, Ixs = 43A, Vgg=10V (See Figure 12) & This Is a calculated value limited to Ty = 175°C
@ lsp < 43A, difdt < 300A/s, Voo < Viern @ Calculated continuous current based on maximum allowable
T,& 175°C ' IERS, junction temperature. Package limitation current is 75A.

2 www.irf.com



Current Transducer LA 25-NP

For the electronic measurement of currents : DC, AC, pulsed,
mixed, with a galvanic isolation between the primary circuit
(high power) and the secondary circuit (electronic circuit).

C€

l,, = 5-6-8-12-25 A

| Electrical data
I

- Primary nominal r.m.s. current 25 At Features
I Primary current, measuring range 0..+£36 At
R, Measuring resistance R/ it/ /B e Closed loop (compensated) multi-
with + 15V @ + 25 At 100 320 Q range current transducer using the
max
@+36At, 100 190 0 i"a"le‘:fe;‘ - -
s Insulated plastic case recognize
L, Secondary nominal r.m.s. current 25 mA according ‘:0 UL 94-V0. .
K, Conversion ratio 1-2-3-4-5 : 1000
L' Supply voltage (+ 5 %) 3y, 5 vV Advantages
I Current consumption 10 + 1 mA
Vv, R.m.s. voltage for AC isolation test, 50 Hz, 1 mn 205 kV s Excellent accuracy
'A R.m.s. rated voltage ", safe separation 600 M28 28 Very good linearity
basic isolation 1700 M3 9Ca) T oW temperature drift
e Optimized response time
[ Accuracy - Dynamic performance data * Wide frequency bandwidth
X Accuracy @1, , T, =25°C +05 % ® No insertion losses
€, Linearity <02 % e High immunity to external
Tyol [MG% interference
I, Offsetcurrent? @1, =0, T, = 25°C 2 0.0BEDTE pACY T Wrent oygsiony gapabiliy.
losi Residual current® @ I, = 0, after an overload of 3 x 1, | £ 0.05(+ 0.15 mA .
Iy Thermal drift of I, 0°C..+25°C |+ 0.06|£0.25 mA App"catlons
{RR QYL NG 0SS Tk e AC variable speed drives and servo
t Response time ¥ @ 90 % of I, ., <1 us motor drives
di/dt  di/dt accurately followed > 50 Alus e Static converters for DC motor drives
f Frequency bandwidth (- 1 dB) DC .. 150 kHz e Battery supplied applications
e Uninterruptible Power Supplies
General data | (ups)
T,  Ambient operating temperature 0..+70 ¢  ® Switched Mode Power Supplies
| Ambient storage temperature -25..+85 °C (SMPS) . .
R,  Primary resistance per turn @ T, = 25°C <1.25 ma ® Power supplies for welding
R,  Secondary coil resistance @ T, = 70°C 110 Q applications.
R  Isolation resistance @ 500 V, T, = 25°C > 1500 MO
m Mass 22 g
Standards © EN 50178

Notes : " Pollution class 2
% Measurement carried out after 15 mn functionning
% The result of the coercive field of the magnetic circuit
4 With a di/dt of 100 A/us
5 A list of corresponding tests is available

980909/8

LEM Components

www.lem.com
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N =D Bl S
| Ny | e
s ve

Dimensions LA 25-NP (in mm. 1 mm = 0.0394 inch)

Bottom view

26

Right view

Top view

792, 1016_, 752
4x2,54 | 10x @ 0.7x0.6mm o
| [T ' m
~ Ll - ‘F E
1 5 gs.
ol = 0 6 e
| Ixaimm ;
| ,_,_,/i L
‘1‘1 L+ o i
' |762 7,62 _los ‘ / N
538 152¢ b3d 16,65 Standard 00 Year Week
o or N° SP..,
Secondary terminals Connection
Terminal + : supply voltage + 15V : Y +
'":t‘s Is Ru
= Terminal M: measure Ip LA 25-N°F M av
g i out 6-10 _
A Terminal - : supply voltage - 15V
Number | Primary current 'Nominal Turns Primary | Primary insertion Recommended
ofprimary | nominal | maximum output current ratio resistance | inductance connections
turns | [A] [l [A] g, [mA] K, R, [mQ]| L, [HH]
| 54321 IN
o—0—0—00
1 25 36 25 1/1000 s 0.023
n oA NV OUT 6 7 8 910
5§ 4321 IN
2 12 18 24 2/1000 .1 0.09 7y
ouUT 6 78 910
54321 IN
3 8 12 24 3/1000 25 0.21 o
B - OUT 6 7 8 810
54321 IN
4 6 ) 24 4/1000 44 0.37 ooy
OouUT 6 7 8 910
54321 IN
o]
5 5 7 25 5/1000 6.3 0.58 B
\ ouT & 7B 910
Mechanical characteristics Remarks
e General tolerance £ 0.2mm e | is positive when I, flows from terminals 1, 2, 3, 4, 5 to
e Fastening & connection of primary 10 pins 0.7 x 0.6 mm terminals 10,9,8,7, 6
» Fastening & connection of secondary 3 pins @ 1 mm e This is a standard model. For different versions (supply
» Recommended PCB hole 1.2 mm voltages, turns ratios, unidirectional measurements...),

please contact us.

LEM reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice.



LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007H — SEPTEMBER 1973 — REVISED AUGUST 2003

® Fast Response Times @ Can Operate From Single 5-V Supply
® Strobe Capability ® Available in Q-Temp Automotive
® Maximum Input Bias Current. . . 300 nA - High-Reliability Automotive Applications
. — Configuration Control/Print Support
® . B :
Wk |pek Ot Rt o HIA - Qualification to Automotive Standards
LM111. .. JG PACKAGE LM111 ... FK PACKAGE
LM211 ... D, P, OR PW PACKAGE (TOP VIEW)
LM311 ... D, P, PS, OR PW PACKAGE =
(TOP VIEW) 3
- +
EMToUT[1 ~ & Voo oS0 8o
IN+ [] 2 7[] coL ouT p LAk
Vee_[]4 5[] BALANCE NC 4 18[] NC
IN+ []5 17[] coL ouT
NC [6 16[] NC
IN-]7 15[] BAL/STRB
N 14| | NC
3 ]89 10 11 1213 !
i rriri
|
£g2882
N =2
3
<
[22]

NC — No internal connection
description/ordering information

The LM111, LM211, and LM311 are single high-speed voltage comparators. These devices are designed to
operate from a wide range of power-supply voltages, including £15-V supplies for operational amplifiers and
5-V supplies for logic systems. The output levels are compatible with most TTL and MOS circuits. These
comparators are capable of driving lamps or relays and switching voltages up to 50 \ at 50 mA. All inputs and
outputs can be isolated from system ground. The outputs can drive loads referenced to ground, Vc+ of Veoe-—.
Offset balancing and strobe capabilities are available, and the outputs can be wire-OR connected. If the strobe
is low, the output is in the off state, regardless of the differential input.

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

T T ey e
Copyright © 2003, Texas Instruments Incorporated

PRODUCTION DATA information s current as of publicalion date.
cts conform lo specifications per the terms of Texas Instruments i On products compliant fo MIL-PRF-38535, all paramelers are lested
standard warranty. Production processing does not necessarily Include ¢ TEXAS umfss uihmvlsg noled. On all other products, production

testing of all parameters. processing does nol necessarily include testing of all parameters.
INSTRUMENTS

POST OFFICE BOX 6855303 ® DALLAS, TEXAS 75265 1



LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007H - SEPTEMBER 1973 — REVISED AUGUST 2003

e S ETST o e
description/ordering information
ORDERING INFORMATION
Vig max ORDERABLE TOP-SIDE
Ta AT 25°C PACKAGET PART NUMBER MARKING
PDIP (P) Tube of 50 LM311P LM311P
Tube of 75 LM311D
S0IC (D) LM311
Reel of 2500 LM311DR
—0°C to 70°C 7.5mV
SOP (PS) Reel 0f 2000 | LM311PSR L311
Reel of 150 LM311PW
TSSOP (PW) L311
Tube 0f2000 | LM311PWR
PDIP (P) Tube of 50 LM211P LM211P
Tube of 75 LM211D
S0IC (D) LM211
—40°C to 85°C 3mv Reel of 2500 | LM211DR
Reel of 150 LM211PW
TSSOP (PW) L2411
Reel of 2000 | LM211PWR
Tube of 75 LM211QD
—40°C to 125°C 3mv SOIC (D) LM211Q
Reel of 2500 | LM211QDR
CDIP (JG) Tube of 50 LM111JG LM111JG
—55°C to 125°C 3mv '
LCCC (FK) Tube of 55 LM111FK LM111FK

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

functional block diagram

BALANCE
BAL/STRB
IN+ coL ouT
NS EMIT OUT

*? TexAas
INSTRUMENTS

2 POST OFFIGE BOX 655303 ® DALLAS, TEXAS 75265



1A LOWDROP OUT VOLTAGE REGULATOR (ADJUSTABLE & FIXED) LM1117

FEATURES SOT-223 PKG (FRONT VIEW)

@ Output Currentupto 1 A
@ Low Dropout Voltage ( 700mV at 1A Output Current )

' : ' PIN FUNCTION
@ Three Terminal Adjustable or Fixed 1.5V, 1.8V, 2.5V, 2.85V, 1. Adi/Gnd
3.0V, 3.3V, 5.0V 2. Vout
@ 2.85V Device for SCSI-Il Active Terminator « £ 8 3. Vin

@ 0.04% Line Regulaion, 0.1% Load Regulation

@ Very Low Quiescent Current

@ Internal Current andTerminal Limit

@ Logic—Controlled Electronics Shutdown

@ Surface Mount Package SOT-223 & TO-263 (D2-Pack)
® 100% Thermal Limit Burn-In

TO-263 (D2 PKG, FRONT VIEW)

PIN FUNGTION

1. Adi/Gnd
APPLICATION 2. Vout

3. Vin
® Active SCS| Terminators
@ Portable/Plan Top/Notebook Computers
@ High Efficiency Linear Regulators 1 ik 3
@® SMPS Post Regulators ORDERING INFORMATION
@ Mother B/D Clock Supplies Device (Marking) Package
@ Disk Drives TV RLAS O SOT-223
@ Battery Chargers LM1117S-XX

LM1117T
= -LM1 117T=XX TO-263 (D2)

DESCRIPTION (X=Output Voltage=1.5V, 1.8V, 2.5V, 2.85V,

3.0V, 3.3V, 5.0V, Adjustable=AD)
The LM1117 is a low power positive-voltage regulator designed to meet 1A output current and comply
with SCSI-II specifications with a fixed output voltage of 2.85V. This device is an excellent choice for use
in battery-powered applications, as active terminators for the SCSI bus, and portable computers.
The LM1117 features very low quiescent current and very low dropout voltage of 700mV at a full load  and
lower as output current decreases. LM1117 is available as an adjustable or fixed 1.5V, 1.8V, 2.5V, 2.85V,
3.0V, 3.3V, and 5.0V output voltages.
The LM1117 is offered in a 3-pin surface mount package SOT-223 & TO-263. The output capacitor of
104F or larger is needed for output stability of LM1117 as required by most of the other regulator circuits.

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTIC SYMBOL MIN, MAX. UNIT
DC Input Voltage Vin 7 vV
Lead Temperature (Soldering, 5 Seconds) TsoL 260 ¢
Storage Temperature Range Tara -65 150 5
Operating Junction Temperature Range Torg 0 125 (&

HTC



1A LOWDROP OUT VOLTAGE REGULATOR (FIXED & ADJUSTABLE) LM1117
THERMAL DATA
PARAMETER SYMBOL | SOT-223 TO-263 UNIT
Thermal Resistance Junction-Case Rrhi-case 15 3 T
TYPICAL APPLICATION
Y O I LM1117 1 0
1004F .l, _’, 104F
ELECTRICAL CHARACTERISTICS FOR LM1117 si-AD(ADJUSTABLE)
(Refer to the test circuits, T,=0 to 125C Co=104F unless otherwise specified)

PARAMETER SYMBOL TEST CONDITION MIN, TYP. | MAX. | UNIT
Reference Voltage Virer Vin= Vo= 2V, o= 100mA, T,=25C 1.238| 1.25 | 1.262 Y
Reference Voltage Veer lb=10to 1A, Viy=Vo=1.4t0 10V 1.230 1.270 V
Line Regulation AVg Vin— Vo =1.51t0 13.75V, Ig = 10mA 0.035| 0.2 %
Load Regulation AVo Vin— Vo=3V, Ip=10mA to 1A 0.1 0.4 %
Temperature Stability AVg 0.5 %
Long Term Stability AVg 1000 hrs, T, =125T 0.3 %
Operating Input Voltage Vi 7 v
Adjustment Pin Current |y Viy < 15V, leaa=10mA 50 120 LA
seliietmentPin:Eirent Aoy | Vin=Vo=1.410 10¥, 5= 10mA to 1A 1 5 | m
Change
Minimum Load Current lomminy Viy= 15V 17 5 mA
Output Current lo Vin— Vo= 5Y, T;=25T 800 950 | 1200 mA
Output Noise (%Vy) eN B = 10Hz to 10Kz, T,= 25T 0.003 %

L lo=40mA | f=120Hz, T,=25C
Supply Voltage Rejection SVR 60 75 dB
i 4 J Vin = Vo = 3V, Viepe = 1Vpp
lo=100mA | VieVourt+ 0.8V 1 1.1 V
Dropout Voltage Vo [ lo=500m, Vi=Vourt 0.8V 1.00: | 1.15 v
lo= 1A, VieVourt 0.8V 18 | 138 v
Thermal Regulation Ta= 25T 30ms Pulse 0.003 %/W
HTC




Order this document by LM2575/D

@ MOTOROLA
LM2575

Easy Switcher™ 1.0 A

Step-Down Voltage Regulator EASY SWITCHER™
1.0 A STEP-DOWN

The LM2575 series of regulators are monolithic integrated circuits ideally

suited for easy and convenient design of a step—down switching regulator VOLTAGE REGULATOR
{buck converter). All circuits of this series are capable of driving a 1.0 A load

with excellent line and load regulation. These devices are available in fixed SEMICONDUCTOR
output voltages of 3.3V, 5.0V, 12V, 15V, and an adjustable output version. TECHNICAL DATA

These regulators were designed to minimize the number of external
components to simplify the power supply design. Standard series of
inductors optimised for use with the LM2575 are offered by several different
inductor manufacturers.

Since the LM2575 converter is a switch-mode power supply, its efficiency

S = X . g ‘ 4 & T SUFFIX
is significantly higher in comparison with popular three—terminal linear PLASTIC PACKAGE
regulators, especially with higher input voltages. In many cases, the power CASE 314D
dissipated by the LM2575 regulator is so low, that no heatsink is required or
its size could be reduced dramatically.

The LM2575 features include a guaranteed +4% tolerance on output Pin 1. Vip
voltage within specified input voltages and output load conditions, and +10% 2. Output
on the oscillator frequency (+2% over 0°C to 125°C). External shutdown is 3‘ S:;;'g:ck
included, featuring 80 pA typical standby current. The output switch includes 5. DN/OFF
cycle-by—cycle current limiting, as well as thermal shutdown for full
protection under fault conditions.
Features

y : TV SUFFIX $

® 3.3V,5.0V,12V, 15V, and Adjustable Output Versions PLASTIC PACKAGE W
e Adjustable Version Output Voltage Range of 1.23 \/ to 37 V +4% CASE 314B 4

Maximum Over Line and Load Conditions N e, =0
® Guaranteed 1.0 A QOutput Current connected to Pin 3,
® Wide Input Voltage Range: 4.75V to 40 V
® Requires Only 4 External Components
® 52 kHz Fixed Frequency Internal Oscillator PLAgi'TCSI'l’J:gI!()LGE w
® TTL Shutdown Capability, Low Power Standby Mode CASE 936A 1

i ) (D2PAK) 5

® High Efficiency
® Uses Readily Available Standard Inductors
@ Thermal Shutdown and Current Limit Protection Heatsink surface (shown as terminal 6 in case outline

drawing) is connected to Pin 3.

Applications
® Simple and High—Efficiency Step—Down (Buck) Regulators
® Efficient Pre—Regulator for Linear Regulators

DEVICE TYPE/NOMINAL OUTPUT VOLTAGE

s LM2575-3.3 33V
® On-Card Switching Regulators LM2575-5 5.0V
® Positive to Negative Converters (Buck-Boost) LM2575-12 12V
s LM2575-15 15V

® Negative Step-Up Converters LM2575-Ad] 1.23V1o 37V

® Power Supply for Battery Chargers
ORDERING INFORMATION

Operating
Device Temperature Range| Package

LM2575T-** Straight Lead
LM2575TV-"* | Tj =—40° to +125°C |Vertical Mount
LM2575D2T—** Surface Mount

** = \oltage Option, ie. 3.3, 5.0, 12, 15V and
Adjustable Output,

© Motorola, Inc. 1998 Rev 2, 07/1989



LM2575

Figure 1. Block Diagram and Typical Application

Typical Application (Fixed Output Voltage Versions)

70V-40V
Unregulated
DC Input

N

1
Cin L+
100 uFI

Feedback

#Vin LM2575 4

L1

330 pH
Qutput
o?—’mbg—o
— 3 i ;
== >0l
Sit-‘and 520N/0FF _msawimPF

5.0 V Regulated
Qutput 1.0 A Load

Representative Block Diagram and Typical Application

Unregulated *Vin 3.1V Intemal — ON/OFF
DC Input® l 9 Regulator b Ly 3
Cin =~ l =
i 4
= [
Feedback Current *—L
R2  Fixed Gain Limit_— T
Error Amplifier - Gomparator 3
¥
Driver
R1
1.0k Freq Latch
Shift o)
18 kHz
1.235V T
Band-Gap 52 kHz Resat Thermal C
Reference Oscillator s Shutdown 1

Output R2
Voltage Versions ()
v 1.7k
50V 31k
12V 8.84 k
15V 1.3k
For adjustable version
Ri=open,R2=0Q
Regulated
Output
Vout
Load

This device contains 162 active transistors.

ABSOLUTE MAXIMUM RATINGS (Absolute Maximum Ratings indicate limits beyond

which damage to the device may occur.)

Rating Symbol Value Unit
Maximum Supply Voltage Vin 45 \
ON/OFF Pin Input Voltage - -0.3VV+V \%
Output Voltage to Ground (Steady-State) - -1.0 V
Power Dissipation
Case 314B and 314D (TO-220, 5-Lead) Pp Internally Limited W
Thermal Resistance, Junction—to—Ambient RaJA 65 °CwW
Thermal Resistance, Junction—to—Case ReJdc 5.0 °C/W
Case 936A (D2PAK) Pp Internally Limited W
Thermal Resistance, Junction-to—Ambient ReJA 70 °C/w
(Figure 34)

Thermal Resistance, Junction—to-Case ReJc 5.0 °C/W
Storage Temperature Range Tstg —65 to +150 &
Minimum ESD Rating (Human Body Model: C - 3.0 kv

=100 pF, R=1.5k)
Lead Temperature (Scldering, 10 s) - 260 °C
Maximum Junction Temperature TJ 150 °C

NOTE: ESD data available upon request.

MOTOROLA ANALOG IC DEVICE DATA



LM79XX LINEAR INTEGRATED CIRCUIT

3 TERMINAL 1A NEGATIVE
VOLTAGE REGULATOR

DESCRIPTION
The Contek LM79XX series of three-terminal negative
regulators are available in TO-220 package and with several

fixed output voltage, making them useful in a wide range of T
application. Each type employs internal current limiting, I \/;,
thermal shut-down and safe area protection, making it | 1% e
essentially indestructible. A

FEATURES

*Output current up to 1A

*-5V;-8V;-8V;-12V;-15V;-18V;-24V output voltage available
*Thermal overload protection

*Short circuit protection

TO-220

1:GND 2:Input 3:Output

BLOCK DIAGRAM

GND

;

RZ | OUTPUT

Voltage
reference

Protection
circuitry

INPUT

Contek

. Contek Microelectronics Co.,Ltd. 1

CONTEK http://www.contek-ic.com E-mail:sales@contek-ic.com



LM79XX LINEAR INTEGRATED CIRCUIT

Contek7924 ELECTRICAL CHARACTERISTICS
(Refer to test circuits, 0<Tj<125 C,lo=500mA,Vi=-33V,Ci=2.2uF,Co=1uF,unless otherwise specified)

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNIT
Tj=25 C -23 -24 -25 Y
Output voltage Vo 5.0mA<lo<1.0A,Po<15W
Vi=-27V to -38V -22.8 | -24 | -25.2 V
Line regulation AVo Tj=25 C\Vi=-27V {0 -38V 15 480 mV
Tj=25 C,Vi=-30V to -36V 8 240 mV
Load regulation AVo Tj=25 C,lo=5.0mA to 1.5A 15 480 mV
Tj=25 C,lo=250mA to 750mA 5.0 240 mV
Quiescent current [e] Tj=25 C 3 6 mA
Quiescent current change Ala lo=5mA to 1.0A 0.5 mA
Vi=-27V to -38V 1.0 mA
Output voltage drift AVO/AT  |lo=5mA -1 mV/ C
Output noise voltage VN f=10hz to 100kHz, Ta=25 C 00 uv
Ripple rejection RR f=120Hz, Vi=-28V to -38V 54 60 dB
Dropout voltage Vo 0=1.0A,Tj=25 C 2 v
Short circuit current Isc Vi=-35V,Ta=25 C 300 mA
peak current Ipk Tj=25 C 2.2 A

APPLICATION CIRCUITS

_J_ c1 co
e 2.2 uF 1 uF

1

= 2 Contek 3 - <
LM79XX
Fig.1 Fixed output regulator
+20V
‘ Contek ‘ RV

O _L il Lvrets |3 J_ O

.I_ 0.33 uF 2 0.1 HFT 1N4001

J__.— J-_-: 2.2 4F 1 1 uF .L 1N400* J-_—

T 2 Contek 3 T
o ' LM7915 ' O
-20V -15V

Fig.2 Split power supply(+-15V,1A)

Contek Microelectronics Co.,Ltd. 5

CONTEK http://www.contek-ic.com E-mail:sales@contek-ic.com
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LM7905, LM7912, LM7915

SNOSBQ7C -JUNE 1999-REVISED MAY 2013

LM79XX Series 3-Terminal Negative Regulators

Check for Samples: LM7905, LM7912, LM7915

FEATURES

* Thermal, Short Circuit and Safe Area
Protection

* High Ripple Rejection
* 1.5A Output Current
* 4% Tolerance on Preset Output Voltage

DESCRIPTION

The LM79XX series of 3-terminal regulators is
available with fixed output voltages of -5V, =12V, and
-15V. These devices need only one external
component—a compensation capacitor at the output.
The LM78XX series is packaged in the TO-220 power
package and is capable of supplying 1.5A of output
current.

These regulators employ internal current limiting safe
area protection and thermal shutdown for protection
against virtually all overload conditions.

Low ground pin current of the LM79XX series allows
output voltage to be easily boosted above the preset
value with a resistor divider. The low gquiescent
current drain of these devices with a specified
maximum change with line and load ensures good
regulation in the voltage boosted mode.

For applications requiring other voltages, see LM137
datasheet.

Connection Diagram
INPUT

[ ——— ouTPUT
O | ——— NPT
O] ————— GROUND

Figure 1. TO-220 Package
Front View
See Package Number NDE0003B

Typical Applications

_L L c1* _]: ca2t
= — 2.2.F — 1.F
GND

‘ ouT
INPUT i LM79XXCT

QUTPUT

*Required if regulator is separated from
filter capacitor by more than 3". For value
given, capacitor must be solid tantalum.
25F aluminum electrolytic may be
substituted.

tRequired for stzbility. For value given,
capacitor must be solid tantalum. 25pF
aluminum electrolytic may be substituted.
Values given may be increased without
limit.

For output capacitance in excess of 100pF,
a high current diode from input to output
(1N4001, efc.) will protect the regulator
from momentary input shorts.

Figure 2. Fixed Regulator

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

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright ©® 18892013, Texas Instruments Incorporated



LM7905, LM7912, LM7915

SNOSBQ7C —JUNE 1999-REVISED MAY 2013
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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

‘w i‘ during storage or handling to prevent electrostatic damage to the MOS gates.

ABSOLUTE MAXIMUM RATINGS ™

Input Voltage

(Vo =-5V) -25V

(Vo =-12V and -15V) -35V
Input-Output Differential

(Vo =-5V) 25V |

(Vo =-12V and =15V) 30V

Power Dissipation @

Internally Limited

Operating Junction Temperature Range

0°C to +125°C |

Storage Temperature Range

-65°C to +150°C

| Lead Temperature (Soldering, 10 sec.)

230°C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is intended to be functional, but do not ensure Specific Performance limits. For ensured specifications and test

conditions, see the Electrical Characteristics.
(2) Refer to DESIGN CONSIDERATIONS for details.

ELECTRICAL CHARACTERISTICS

Conditions unless otherwise noted: loyr = 500mA, C; = 2.2uF, Cour = 1uF, 0°C £ T, < +125°C, Power Dissipation < 1.5W,

| Part Number ‘ LM7905¢C Units ‘
Output Voltage 3 -5V |
Input Voltage (unless otherwise specified) =10V I
' Symbol Parameter i Conditions ' Min ‘ Typ | Max : }
Vo Output Voltage T,=25°C -48 -5.0 Bsp | v
‘ | 5MA < oyt < 1A, -4.75 -5.25 (A
| P < 15W ; (=20 € Vjy < -7) v
[ AVo Line Regulation Tie| 25564 8 50 | mv ‘
(25 V-7 \%
2 15 mv
! (12 2 V) £ -8) Y ‘
AVp Load Regulation T, =25, M |
5mA < lgyr £ 1.5A 15 100 mv |
250mA < lgyT < 750mA 5 50 | mv
la Quiescent Current T,=25°C 1 1 2 | ma
Alg Quiescent Current | With Line 0.5 mA |
| Change (-25 = Vg £ -7) Voo
With Load, 5SmA £ gy £ 1A 0.5 . mA
;Vn Output Noise Voltage Ta=25°C, 10Hz s f £ 100Hz 125 uv
Ripple Rejection |f=120Hz 54 66 dB
(-18=Viy<-8) v
Dropout Voltage | Ty=25°C, lgyT = 1A 1.1 V
lomax Peak Output Current T,=25C 2.2 A
Average Temperature lout = 5mMA, 0.4 | mv/°C |
Coefficient of 0C=T,=<100°C
Output Voltage

(1) Regulation is measured at a constant junction temperature by pulse testing with a low duty cycle. Changes in output voltage due to
heating effects must be taken into account.

2 Submit Documentation Feedback Copyright @ 1998-2013, Texas Instruments Incorporated

Product Folder Links: LM7905 LM7912 LM7915



SN54HC08, SN74HC08

QUADRUPLE 2-INPUT POSITIVE-AND GATES

SCLS081E — DECEMBER 1982 — REVISED JULY 2003

® Wide Operating Voltage Range of 2V to 6 V

Outputs Can Drive Up To 10 LSTTL Loads

® Low Power Consumption, 20-uA Max Icc

SN54HCO08...J OR W PACKAGE

SN74HC08...D, N, NS, OR PW PACKAGE

(TOP VIEW)
WA[‘I U14:|VCC
1B (]2 13]] 4B
1Y |3 12[] 4A
2A [} 4 1[] 4y
28[l5 10[] 3B
2y [|s [l 3A

GND[]7 8l] 3y

description/ordering information

Typical tpq

=8ns

® +4-mA Output Drive at 5V

Low Input Current of 1 LA Max

SN54HCO08 . .. FK PACKAGE

(TOP VIEW)
@]
29 e
P Gl S | S § e § i |
3 21 2019
i £ :|4 18[ 4A
NC [] 5 17[] NC
28] s 16[] 4y
NC[]7 15[ NC
2B []8 14[] 3B
910 1112 13
- e e | o | o
>0 0O > <
RIRZ O M
@]
NC — No internal connection

The 'HCO8 devices contain four independent 2-input AND gates. They perform the Boolean function

Y =

AsBorY = A + Bin positive logic.

ORDERING INFORMATION

A PACKAGET BART NOMBER MARKING
PDIP =N Tube of 25 SN74HCO08N SN74HCO8N
Tube of 50 SN74HC08D
SOIC =D Reel of 2500 | SN74HCOSDR HCO8
| - Reel of 250 SN74HCO08DT
“RED) sor 0 Reel 0f 2000 | SN74HCO8NSR HCO8
Tube of 90 SN74HCO8PW
TSSOP - PW Reel of 2000 | SN74HCO8PWR Hcos
Reel of 250 SN74HCOSPWT
CDIP-J Tube of 25 SNJ54HCD8 SNJ54HC08
-55°C 10 125°C | CFP—W Tube of 150 | SNJ54HCO8W SNJ5AHCOSW
LCCC - FK Tube of 55 SNJ54HCO8FK SNJ54HCO8FK

T Package drawings,
available at www.ti.com/sc/package.

standard packing quantities, thermal data, symbolization, and PCB design guidelines are

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

PRODUCTION DATA information is currenl as of publication date,
Products conlform to specifications per the terms of Texas Instruments
standard warranty, Production processing does not necessarily include

testing of all parameters,

‘i’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright € 2003. Texas Instruments Incorporated

On products compliant te MIL-PRF-38535, all parameters are tested
unless otherwise noted. On all other products, production
processing does not necessarily include testing of all parameters.

1



SN54HCO08, SN74HC08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

SCLS081E — DECEMBER 1982 — REVISED JULY 2003

logic diagram (positive logic)

FUNCTION TABLE
(each gate)

INPUTS OUTPUT
A B Y
H H H
L X L
X L L

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

Supply voltage range, Vo o . - . . i o™ NN ALt e o NN o -0.5Vto7V.
Input clamp current, Ik (V<0 orVi>Veg)(seeNote 1) oo v i =20 mA
Output clamp current, gk (Vo <0 orVg >Veg) (see Note 1) . ovu i ciiin i, =20 mA
Continuous output current, Ig (Vo = 040 VEE) <o v vttt o e £25 mA
Continuous currenytifoug™Voc of GNB RV p g (/b N\ BAA DI~ LL ... . NN =50 mA
Package thermal impedance, 6 (see Note 2): D package . ... ...t 86°C/W
Npaghdge, -7~ R e . 0. . Y V... 80°C/W
NS packagefd, Don N, gamimel, P o BN .. 76°C/W
BWaEkRgelr WA/ L0 0L \F < RN 113°C/W

Storage temperature range, Tstg

-65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES:

1. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.
2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 3)

SN54HCO08 SN74HCO8
MIN NOM MAX| MIN NOM MAX YR
Vee Supply voltage 2 5 6 2 5 6 \
Veg=2V 1.5 1.5
VIH High-level input voltage Voo =45V 3.15 3.15 Y,
Ve =6V 4.2 4.2
Vec=2V 0.5 0.5
ViL Low-level input voltage Ve =45V 1.35 1.35 v
Veg =6V 1.8 1.8
V) Input voltage 0 Vee 0 Vee V
Vo Output voltage 0 Vee 0 Vee Y%
Veg =2V 1000 1000
AtAV  Input transition rise/fall time Vec =45V 500 500 ns
Veg=6V 400 400 .
TA Operating free-air temperature -55 125 -40 85 °C
NOTE 3: All unused inputs of the device must be held at Ve or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBAD04.

‘t’? TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN54L.5240, SN54L.S241, SN54L.5244, SN545240, SN54S241, SN545244
SN74LS240, SN74L.5241, SN74L.S244, SN74S240, SN74S241, SN745244
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

SDLS144B — APRIL 1885 — REVISED FEBRUARY 2002

® 3-State Outputs Drive Bus Lines or Buffer SN54LS’, SN54S’ ... J OR W PACKAGE
Memory Address Registers SN74L.5240, SN74LS244 ... DB, DW, N, OR NS PACKAGE
SN74LS241...DW, N, OR NS PACKAGE

® PNP Inputs Reduce DC Loading SN74S’...DW OR N PACKAGE
® Hysteresis at Inputs Improves Noise (TOP VIEW)
Margins 1G 11 20(] Vee
L 1A1[] 2 19[] 2G/2Gt
descri n
escriptio ov4 [ " 18] 1Y1
These octal buffers and line drivers are designed 1A2 ] 4 17[] 2A4
specifically to improve both the performance and 2Y3[]s 16]] 1Y2
density of three-state memory address drivers, 1A3[]6 15[] 2A3
clock drivers, and bus-oriented receivers and 2v2 [z 14[] 1v3
transmitters. The designer has a choice of 1A4 [] 8 13[] 2A2
selected combinations of inverting and 2v1[]9 12[] 1v4
noninverting outputs, symmetrical, active-low GND [ 10 11[] 2A1
output-control (G) inputs, and complementary
output-control (G and G) inputs. These devices 126G for 'LS241 and '5241 or 2G for all other drivers.

feature high fan-out, improved fan-in, and 400-mV
noise margin. The SN74LS" and SN74S’ devices

can be used to drive terminated lines down to SN54LS’, SN54S’ . .. FK PACKAGE
133 Q2 (TOP VIEW)
€
— (SR
T Z000
N~ > 'N
e Lot PFL_TL S
19
1A2 ]43 ¢t & 18[] 11
2Y3 []s 17[] 2A4
1A3 s 16[] 1v2
2ye = 15[] 2A3
1A4 || 8 141] 1Y3
I 9 10 11 12 13 1
| o s o |
™ [ tEas 0N
>z <> <
O &N, — ey

T2G for 'LS241 and 'S241 or 2G for all other drivers.

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

PRODUCTION DATA information is current as of publication date. " Copyright € 2002, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments v} On products compliant to MIL-PRF-38535, all parameters are tested
standard warranty. Production pri ing does not r ly include IEXJAS unless otherwise noted. On all other products, production

testing of all parameters. processing does not necessarily include testing of all parameters,
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1




SN54LS240, SN54L.S241, SN54L.5244, SN54S240, SN54S241, SN54S244
SN74LS240, SN74LS241, SN74L.S244, SN745240, SN74S241, SN745244
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

SDLE144B — APRIL 1985 — REVISED FEBRUARY 2002

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

Supply voltage, Vo (see Note 1) ... . 7V
INPUL VORAE, Vi LS i ci i i it i r e mn s s s i i et s e ae e e s e s e e 7V
'S g e SRR s 70 R B HEE 55 fun s smes v st g e 55V

Gff-staterottput VOGS = oo vin v 53 5 i 500 G55 0 55 555 55 Hik fur e smie Somterm sese s Ser oot s s srro 55V
Package thermal impedance, 6 (see Note 2): DB package ..............c.ouueuiunuinnooo... 70°C/W
DWDBOKAUE! 1 wen s s &5 5iss bies mus simst s 2osn sims s 58°C/W

N packages 5 s ses uis is 65 555 55 555 5500 x e sran v 69°C/W

NS package . oo wes ve s v 55 s vosas o 5o o 60°C/W

SIOFAGE ICMPEtalUE faNGR, Tt von o v v s soume s wovon wwimss scmny wwswss ssss Sl 1 Wi6is 48 W —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and

funct

ional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. Voltage values are with respect to network ground terminal.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

SN54LS’ SN74LS’
MIN  NOM MAX| MIN NOM MAX N
Vee Supply voltage (see Note 1) 4.5 5 55| 475 A 525 Vv
VIH High-level input voltage 2 2 Vv
ViL Low-level input voltage ‘ 0.7 0.8 Y
loH High-level output current -12 -15 mA
loL Low-level output current 12 24 mA
TA Operating free-air temperature -85 125 0 70 "C
NOTE 1. Voltage values are with respect to network ground terminal,

{’f TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN5474, SN54LS74A, SN54S74
SN7474. SN74LST4A, SN74S74

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

SDLS119 - DECEMBER 1983 - REVISED MARCH 1988

* Package Options Include Plastic ""Small
Qutline’” Packages, Ceramic Chip Carriers
and Flat Packages, and Plastic and Ceramic
DiPs

¢ Dependable Texas Instruments Quality and
Reliability

description

These devices contain two independent D-type
positive-edge-triggered flip-flops. A low level at the
preset or clear inputs sets or resets the outputs
regardless of the levels of the other inputs. When preset
and clear are inactive (high), data at the D input meeting
the setup time requirements are transferred to the
outputs on the positive-going edge of the clock pulse.
Clock triggering occurs at a voltage level and is not
directly related to the rise time of the clock puise.
Following the hold time interval, data at the D input may
be changed without affecting the levels at the outputs.

The SNbB4' family is characterized for operation over the
full military temperature range of —55°C to 125°C.
The SN74° family is characterized for operation from
0°C t0o70°C

FUNCTION TABLE

INPUTS QUTPUTS

PRE CLR  CLK D | a a
L H X X | R L
H L X dmh 1 H
L ! x| By nt
H H t H H L
H o] T L L H
H H L x | Qg o7}

t The cutput Jevels in this conhguranon are not guaranteed
10 meet the minimum levels in Vo if the lows at preset
and clear are near V|| maximum, Furthermore, this con-
figuration is nonstable; that is, it will not persist when
@ither preset or clear returns 1o ts inactive {highl leve!

fogic symbol?

|10

1PRE = s ) .4
1CLK o > C1

iD 1D - &l <75

1ICLR -ﬁ%}-&n =
PRE IO

PR 9
2PRE — 9 5
2cLk L f
2eLR L3, ]

IThis symbol is in accordance with ANSIIEEE Std 91-1984
and IEC Publication 617-12.
Pin numbers shown are for D, J, N, and W packages.

SN5474 . . . J PACKAGE
SNE4LS74A, SN54ST4 . . . J OR W PACKAGE
SN7474 ... N PACKAGE
SNT74LS74A, SN74874 .. . D OR N PACKAGE

(TOP VIEW)
1R Usavee
10002 13} 2CLR
1ck s 120320
1PREJ4 11[] 2CLK
100s 10[] 2PRE
1a(0s s{j2a
GND(T? g[12a

SN5474 .. . W PACKAGE

{TOP VIEW)
1eeklr U a1 PRE
002 13(J1Q
1CROs 120310
VccEd HjGND
2CLRs 102G
2006 s{]2a
2CLK 7 8[12PRE

SNS4LST74A, SN54S74 . . . FK PACKAGE
(TOP VIEW)

uagzo
17UNC
2CLK
NC
2PRE
g 10 111213
opoligo
-2 2NN
)

NC - NG internel connection

logic diagram (positive fogic)

CLK

PRODUCTION DATA information is curreni as of publication date
Products conform to specificalions per the lerms of Texas instruments
standard warranty, Production processing does not necessarily include
testing of ali parameters

*? TEXAS

Copyright £ 1988. Texas Instruments Incorporated
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SN5474, SN54LS74A, SN54S74
SN7474. SN74LS74A, SN74S74

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

SDLS119 - DECEMBER 1883 — REVISED MARCH 1988

recommended operating conditions

SNE5474 SN7474 UNIT
MIN NOM MAX | MIN NOM MAX
Vee  Supply voltage 4.5 5 55 | 4.75 5 526 v
Vi High-level input voltage 2 2 v
Vi Low-level input voltage 0.8 0.8 vV
loH High-level output current - 04 - 0.4 mA
loL Low-level output current 16 16 mA
CLK high 30 30
tw Pulse duration CLK low 37 37 ns
PRE or CLR fow 30 30
tg,  Input setup time before. CLK T 20 20 as
th Input hold time-data 8fter CLK ¢ 5 5 ;;5
Ta  Operating free-air temperature — 55 128 0 70 o

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

SNS4A74 SN7474
PARAMETER TEST CONDITIONS? UNIT
MIN  TYPE MmAax | MIN TyP¥ max
Vik Voo = MIN, I} = =12mA - 1.5 -1.5 \%
- Voo = MIN, ViH= 2V, ViL=08v, 43\P23 26 N ‘J
IgH = — 0.4 mA
VoL Viyay M Vi PR VLN TYG oz 04 02 04 | v
oL = 16 mA
I Vog = MAX, Vi=55V 1 1 | mA
3} 30 40
L4y | CLR ' . s 120 120 | HA
Al Other  Charae 11T 80 80
o w3 146
PRE? - 1.6 Eiis
e v Vo =MAX, Vi=04V ) - mA
CLK 4132 252
los Voe = MAX 20 -57 |-18 ~57 | mA
lec# Vee = MAX, See Note 2 85 15 85 15 mAJ

TFor conditions shown as MIN or MAX, use the approprigte value specified under recommended operating conditions
YAl typical values are 8t Voo = 5V, T4 = 25°C.

§Clear is tested with preset high and preset is tested with clear high.
1Not more than one output should be shown at & time.

*average per flip-flop.

NOTE 2: With all outputs open, lcp & measured with the Q and Q outputs high in turn. At the time of measurement,

grounded.

switching charateristics, Voo = 5 V, Ta = 25°C (see note 3)

the clock input is

FROM TO
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
{INPUT) {OUTPUT)
fmax 15 25 MHz
tPLH =T T = 2’| s
PRE or CLR QorQ -
PHL ' RL = 400 Q, Cy = 15pF 40 | ns
PLH = 14 25 ns
CLK QorQ
P 20 40 ns

NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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JFET Input Operational
Amplifiers

These low—cost JFET input operational amplifiers combine two state—of—
the-art linear technologies on a single monolithic integrated circuit, Each
internally compensated operational amplifier has well matched high voltage
JFET input devices for low input offset voltage. The BIFET technology
provides wide bandwidths and fast slew rates with low input bias currents,
input offset currents, and supply currents.

These devices are available in single, dual and quad operational
amplifiers which are pin—compatible with the industry standard MC1741,
MC1458, and the MC3403/LM324 bipolar products.
® |nput Offset Voltage Options of 6.0 mV and 15 mV Max
® Low Input Bias Current: 30 pA
® | ow Input Offset Current: 5.0 pA
Wide Gain Bandwidth: 4.0 MHz
® High Slew Rate: 13 V/us
® | ow Supply Current: 1.4 mA per Amplifier
® High Input Impedance: 1012 0

ORDERING INFORMATION

Op Amp Operating
Function Device Temperature Range Package
TLO81CD SO-8
Single Ta =0°to +70°C
TLOB1ACP Plastic DIP
TLO82CD S0-8
Dual Ta = 0° to +70°C
TLO82ACP Plastic DIP
Quad TLO84CN, ACN Ta = 0% 1o +70°C Plastic DIP

Representative Circuit Schematic (Each Amplifier)

Qutput

© Vee

+ v d + —0
Ak} 04y usTm | v Q2 »/T I !
034 ] = ; |\C | |
06 | |
s i T | [ |
Inp:lISO_;m_—,‘- . 'J I 220k i
L
{oz | |
[% } Q23
y Q15 10 pF ﬁﬂ? w | ‘
- o — 9 I J
an | |
. ’_‘) Q22 (24
mﬁ- Lot o ot J— ! |
oo [ [ sl i
r N hE B T
J I
Offset atg 7 | |
Nl
meoss ) 2K 1Bk l [
7 S ——| Bies Circuitty Vg
Common to All
Amplifiers

Order this document by TL081C/D

TLO81C,AC
TLO82C,AC
TLO84C,AC

JFET INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

L &
8 1
1
P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 626 CASE 751
(S0-8)

PIN CONNECTIONS

Offset Null

TLO82 (Top View)

N SUFFIX
PLASTIC PACKAGE
CASE 646

PIN CONNECTIONS

——
Output 1 E E Oulput 4
Inputs 1 {E:DJ L@E } Inputs 4
I L B £F
Vee [4] [11] Vee

Inputs 2 {E E } Inputs 3
[Ep="E| |45
Qutput 2 [ 7 ] | 8] Output 3

TLO84 (Top View)

€ Motorola, Inc. 1997 Rev 1



TLO81C,AC TL082C,AC TL084C,AC

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vece 18 \Y
VEE -18
Differential Input Voltage ViD =30 \
Input Voltage Range (Note 1) VIDR =15
Output Short Circuit Duration (Note 2) fsc Continuous
Power Dissipation
Plastic Package (N. P) Pp 680 mw
Derate above Tp = +47°C 1/8A 10 mw/eC
Operating Ambient Temperature Range TA 0to+70 °C
Storage Temperature Range Tstg —-65 to +150 °C

NOTES: 1. The magnitude of the input voltage must not exceed the magnitude of the supply voltage or
15 V, whichever is less.
2. The output may be shorted to ground or either supply. Temperature and/or supply voltages
must be limited to ensure that power dissipation ratings are not exceeded.
3. ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Vg =15V, VEE = =15V, T = Tigw to Thigh [Note 1].)

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg < 10 k, Vg = 0) Vio mV
TLO81C, TL082C - - 20
TLOB4C - - 20
TLO8_AC - - 7.5
Input Offset Current (Vg = 0) (Note 2) o nA
TLOB_C - = 5.0
TLO8_AC - - 3.0
Input Bias Current (Ve = 0) (Note 2) B nA
TLO8_C - - 10
TLO8_AC - - 7.0
Large—Signal Voltage Gain (Vo==10V.R. 22,0k} AvoL VimV
TLO8_C 15 = e
TLO8_AC 25 - -
QOutput Voltage Swing (Peak—to—Peak) Vo V
(RL=10k) 24 _ _
(RL=22.0k) 20 = -
NOTES: 1. Tigy = 0°C for TLOB1AC.C Thigh = 70°C for TLOB1AC
TLO82AC,C TLOB2AC,C
TLOB4AC,C TLOB4AC,C

2. Input Bias currents of JFET input op amps approximately double for every 10°C rise in Junction Temperature as shown in Figure 3. To maintain
junction temperature as close to ambient temperature as possible, pulse techniques must be used during testing.

Figure 1. Unity Gain Voltage Follower Figure 2. Inverting Gain of 10 Amplifier
10k
AN

1.0k
- o—AV—8
Vo Vin Vo
o +
Vin
RL=20k CL =100 pF = RL CL =100 pF

2 MOTOROLA ANALOG IC DEVICE DATA
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ABSTRACT

This thesis study about “sensorless BLDC motor
drive" because there'e a lot of adventages compared with
conventional dc motor and need less maintenance. Therefore,
we study and design this motor drive system with Hall effect
sensor and develope to sensorless by trapezoidal back emf
method. In this project we use brushless de motor with rated

350 watt, 24 volt and 46 poles.
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