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ADAPTIVE OBSERVER/LOAD TORQUE OBSERVER/INDUCTION MOTOR

The load torque normally occurred in motor-load systems is the disturbance and physical
quantities. Such the quantities must be measured by a high-cost measuring device to investigate
and feed them back. One of the methods to reduce such the cost is implementation of the load
torque calculation by using the state-variable called the linear full-order observer to replace a
measuring device as mention. However, error between parameters of a linear full-order observer
and those of a real system effects to load torque calculation process. To solve such problems as
mention, this thesis proposes the adaptive mechanism to update parameters in a load torque
observer called the adaptive load torque observer. This observer makes the estimated steady-state
load torque equal or closed to the actual one in the system. The adaptive load torque observer is
formed by expanding the structure of a linear full-order load torque observer. Fortunately, the
proposed adaptive load torque observer can define initial parameters in estimation process. Such
parameters are not necessary to equal to true parameters of a motor-load system. Moreover, the
proposed adaptive load torque observer can be used in a motor-load system used an induction
motor as an actuator having rotor flux orientated mathematical model. From the experiments, the
results of the proposed adaptive load torque observer are satisfactory. In transient period of
operation, the adaptive load torque observer tracks the variation of actual load torque. In
steady-state period, it yields the estimated load torque more accurate than a linear full-order

observer does.
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#define LPT=0x0378;

int X Data,ii;

int Analog[5];

void A_Inport(int Channel,int Analog[5]);

void A_Inport(int Channel,int A_Data[5])
{

int ii,jj,data,data_t;

for (jj=0; jj<5; jj++) A_Data[jj] = 0;

outportb(LPT+2,0x06);

data = inportb(LPT+1)"0x80;

for (jj=0; jj<5; jj++)
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{ data_t = (data>>(7-jj))&0x01;

A _Data[jj] = A_Dataljj] | (data_t << 12);}

//LTC1298’s data transfer sequence

outportb(LPT+2,0x0c);

outportb(LPT+0,0x01);

outportb(LPT+2,0x08);

outportb(LPT+2,0x0c¢);

outportb(LPT+0,0x01);

outportb(LPT+2,0x08);

outportb(LPT+2,0x0c);
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outportb(LPT+0,Channel);

outportb(LPT+2,0x08);

outportb(LPT+2,0x0c);

outportb(LPT+0,0x01);

outportb(LPT+2,0x08);

outportb(LPT+2,0x0c¢);

for(ii=12;11>0;1i--)
outportb(LPT+2,0x08);

outportb(LPT+2,0x0c);

data = inportb(LPT+1) " 0x80;
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for (jj=0; jj<5; jj++)
{data_t = (data >>(7-jj)) & 0x01;

A_Dataljj] =A_Datal[jj] | (data_t << (ii-1));}

} outporth(LPT+2, 0x00);

for (jj=0; ji<5; jj++)
data_t= A_Datal[jj] & 0x1000;
A_Data[jj] = A_Data[jj] & OxOfff;

if (data_t == 0x1000)
A Dataljjl=(-1*(A_Data[jj] << 1)) | 0x2000;

else A_Dataljj] =A_Data[jj] <<1; }
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Void A_Outport(int datal6)

{ outportb(LPT+2,0x00);

outportb(LPT+0,(datal 6>>8)"0x20);

outportb(LPT+2,0x02);

outportb(LPT+2,0x00);
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outportb(LPT+0,datal6);

outportb(LPT+2,0x01);

outportb(LPT+2,0x00);
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AR GRb] LRUNAYA LRUNAYA AN AT | ydewunld
(Hz) (ms) auw‘ﬂ (pk-pk) Lmﬁ'w&sl (pk-pk) (dB) (Ms) (degree)
100 10.00 9.04 4.72 -5.64 220 7.92
200 5.00 9.12 4.72 -5.72 220 15.84
300 3.33 9.04 4.64 -5.79 220 23.76
400 2.50 9.04 4.64 -5.79 220 31.68
500 2.00 9.04 4.64 -5.79 220 39.60
600 1.67 9.04 4.64 -5.79 220 47.52
700 1.43 9.04 4.72 -5.64 220 55.44
800 1.25 9.12 4.72 -5.72 220 63.36
900 111 9.04 4.8 -5.50 220 71.28
1000 1.00 9.12 4.72 -5.72 220 79.20
1100 0.91 9.04 4.72 -5.64 220 87.12
1200 0.83 9.12 4.8 -5.58 220 95.04
1300 0.77 9.12 4.8 -5.58 220 102.96
1400 0.71 9.12 4.8 -5.58 220 110.88
1500 0.67 9.2 4.8 -5.65 220 118.80
1600 0.63 9.2 4.8 -5.65 220 126.72
1700 0.59 9.12 4.72 -5.72 220 134.64
1800 0.56 9.2 4.72 -5.80 220 142.56
1900 0.53 9.12 4.72 -5.72 220 150.48
2000 0.50 9.2 4.8 -5.65 220 158.40
2100 0.48 9.2 472 -5.80 220 166.32
2200 0.45 9.2 4.8 -5.65 220 174.24
2300 0.43 9.2 4.8 -5.65 220 182.16
2400 0.42 9.2 4.64 -5.95 220 190.08
2500 0.40 9.2 4.8 -5.65 220 198.00
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lo% LTC1298

n‘ ’\D LTC1286/LTC1298

TECHNOLOGY

FEATURES

= 12-Bit Resolution
8-Pin SOIC Plastic Package
= [ ow Gost
= Low Supply Current: 250uA Typ.
= Auto Shutdown to 1nA Typ.
® Guaranteed +3/4LSB Max DNL
m Single Supply 5V to 9V Operation
® On-Chip Sample-and-Hold
= 60us Conversion Time
Sampling Rates:
12.5 ksps (LTC1286)
11.1 ksps (LTC1298)
1/0 Compatible with SPI, Microwire, etc.
Differential Inputs (LTC1286)
2-Channel MUX (LTC1298)
3V Versions Available: LTC1285/LTC1288

APPLICATIONS

m Battery-Operated Systems
® Remote Data Acquisition

= Battery Monitoring
Handheld Terminal Interface
Temperature Measurement
Isolated Data Acquisition

Micropower Sampling
12-Bit A/D Converters In
S0-8 Packages

DESCRIPTION

The LTC1286/LTC1298 are micropower, 12-bit, succes-
sive approximation sampling A/D converters. They typi-
cally draw only 250uA of supply current when converting
and automatically power down to a typical supply current
of 1nA whenever they are not performing conversions.
They are packaged in 8-pin SO packages and operate on
5V to 9V supplies. These 12-bit, switched-capacitor, suc-
cessive approximation ADCs include sample-and-holds.
The LTC1286 has a single differential analog input. The
LTC1298 offers a software selectable 2-channel MUX.

On-chip serial ports allow efficient data transfer to a wide
range of microprocessors and microcontrollers over three
wires. This, coupled with micropower consumption, makes
remote location possible and facilitates transmitting data
through isolation barriers.

These circuits-can be used in ratiometric applications or
with an external reference. The high impedance analog
inputs and the ability to operate with reduced spans (to
1.5V full scale) allow direct connection to sensors and
transducersin many applications, eliminating the need for
gain stages.

TYPICAL APPLICATIONS

25uW, S0-8 Package, 12-Bit ADC
Samples at 200Hz and Runs Off a 5V Supply

47uF 5V
Il
MPU
e.g., 8051
g I (¢.0.,8051)
VRer Vee P14
ANALOG INPUT =2 41N LTc1286 CLK - P13
OV TO 5V RANGE = -In Dour B P1.2
4 fonas 5 SERIAL DATA LINK
J-—' GND CS/SHDN
LTC1286/98 + TADY

Supply Current vs Sample Rate

1000 S
Ta=25°C

[~ Ve = VRer = 5V

| foLk = 200kHz

-
=)
E=]

I

SUPPLY CURRENT (uA)
N

0.1k 1k 10k 100k
SAMPLE FREQUENCY (Hz)

LTC1286/98 - TAO2

LT TR
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ABSOLUTE MAXIMUM RATINGS (notes 1and2)

Supply Voltage (Vgg) 10 GND ..o 12V Power DisSipation ..........cocoveeoviieei s s 500mW
Voltage Operating Temperature Range
Analog and Reference ................ -0.3Vto Vgo + 0.3V LTC1286C/LTC1298C........ccvrvrevereiriciene 0°C to 70°C
Digital INPULS ..o -0.3Vto 12V LTC12861/LTC1298I ........coeerneen, ~40°C to 85°C
Digital Output ......oovvvreerrene. -0.3Vto Vgo + 0.3V Storage Temperature Range —-65°C to 150°C
Lead Temperature (Soldering, 10 S€C.).....cccoc..... 300°C
PACKAGE/ORDER INFORMATION
TOP VEW ORDER PART _ 0P ViEw ORDER PART
v [ [8]vee NUMBER . 5] vec NUMBER
+IN [Z [7] oLk [7] cLk
(3] 2] our LTC1286CN8 - LTG1286CS8
GND [4] 5] CS/SHON LTC1286IN8 }E CS/SHON LTC12861S8
N8 PACKAGE 58 PACKAGE PART MARKING
8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC
Tywax = 150°C. 6,4 = 130°C/W Toax = 150°C, 6yn = 175°CW 1286C
1286
TOP VIEW ORDER PART TOP VIEW ORDER PART
oo 1] = [8] vee e NUMBER 8] vee (Vier) NUMBER
e o LTC1298CN8 o LTC1298CS8
out our
o0 [ o LTC1298IN8 =1 on LTC12981S8
N8 PACKAGE $8 PACKAGE PART MARKING
8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC
Tomax = 150°C, Bya = 130°CW Towax = 150°C, 635 = 175°CAW 11%%%?
Consult factory for military grade parts.
RECOMMENDED OPERATING CONDITIONS
SYMBOL | PARAMETER CONDITIONS MIN MAX UNITS
Vee Supply Voltage (Note 3) LTC1286 45 9.0 \
LTC1298 45 55 \
foik Clock Frequency Vo =5V (Note 4) 200 kHz
tove Total Cycle Time LTC1286, fok = 200kHz 80 s
. LTC1298, ok = 200kHz 90 us
thot Hold Time, Dy After CLKT Vg =5V 150 ns
teus Setup Time CS! Before First CLKT (See Operating Sequence) LTC1286, Vg = 5V 2 us
LTC1298, Vgg = 5V 2 us
tsupl Setup Time, Dyy Stable Before CLKT Vg = 5 400 ns
tWHOLK CLK High Time Voo =5V 2 us
twLoLk CLK Low Time Veg =5V 2 us
bWHES CS High Time Between Data Transfer Cycles Vg = 5V 1S
twiGs CS Low Time During Data Transfer LTC1286, fg1x = 200kHz 75 us
LTC1298, foLk = 200kHz 85 us

2
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LTC1286/LTC1298
CONVERTER AND MULTIPLEXER CHARACTERISTICS (note 5)
LTC1286 LTC1298
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Resolution (No Missing Codes) [ 12 12 Bits
Integral Linearity Error (Note 6) [ ] +3/4 +2 +3/4 +2 LSB
Differential Linearity Error [ /4 +3/4 +1/4  +3/4 LSB
Offset Error [ 3/4 +3 3/4 +3 LSB
Gain Error [J 2 +8 +2 8 LSB
Analog input Range (Note 7 and 8) [ -0.05V to Vg + 0.05V v
REF Input Range (LTC1286) 45<Vep <55V 1.5V to Vg + 0.06V v
(Notes 7, 8, and 9) 55V < Vo <V 1.5V t0 5.55V \
Analog Input Leakage Current (Note 10) ° +1 | *1 pA
DIGITAL AND DC ELECTRICAL CHARACTERISTICS (note5)
SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX UNITS
Viy High Leve! Input Voltage Vee =5.25V [ 2 Vv
ViL Low Level Input Voltage Voo =4.75V [ 0.8 v
m High Level Input Current Vin=Vee [ 25 pA
I Low Level Input Current Vin=0V ° -25 HA
Vou High Level Output Voltage Voo =475V, o = 10pA ° 40 464 v
Vg = 4.75Y, Ip = 360uA ° 24 4.62 Vv
Voo Low Level Output Voltage Vgg =4.75Y, Ip = 1.6mA ® 0.4 v
loz Hi-Z Output Leakage CS = High ° +3 A
ISOURCE Output Source Current Vour = OV ~25 mA
Isink Output Sink Current Vour = Voo 45 mA
RReF Reference Input Resistance €S = Ve 5000 MQ
(LTC1286) CS=GND 55 kQ
IRer Reference Current (LTC1286) CS=Vgg o 0.001 25 LA
toye 2 640us, oLk < 25kHz ° 90 140 A
toye = 80us, foLk = 200kHz ° 90 140 uA
e Supply Current S =V ° 0001 #3.0 pA
LTC1286, toyg 2 640ps, fok < 25kHz ° 200 400 pA
LTC1286, tyc = 80ps, fork = 200kHz ° 250 500 A
LTC1298, toyg 2 720ps, fok < 25kHz o 290 490 pA
LTC1298, toyg = 90ps, fory = 200kHz () 340 640 A
DYNAMIC ACCURACY tgyp, = 12.5kHz (LTC1286), fsypy = 11.1kHz (LTC1208) (Note 5)
SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX UNITS
S/(N +D) | Signal-to-Noise Plus Distortion Ratio 1kHz/7kHz Input Signal 71/68 dB
THD Total Harmonic Distortion (Up to 5th Harmanic) 1kHz/7kHz Input Signal ~84/-80 dB
SFDR Spurious-Free Dynamic Range 1kHz/7kHz Input Signal 90/86 dB
Peak Harmonic or Spurious Noise 1kHz/7kHz Input Signal ~90/-86 dB
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AC CHARACTERISTICS (note 5)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
tsmpL Analog Input Sample Time See Operating Sequence 1.5 CLK Cycles
fsmpLvax)| Maximum Sampling Frequency LTC1286 [} 12.5 kHz

LTC1298 [ ) 114 kHz
tcony Conversion Time See Operating Sequence 12 CLK Cycles
tdapo Delay Time, CLK{ to Doyt Data Valid See Test Gircuits [ 250 600 ns
tais Delay Time, C3T to Dgyr Hi-Z See Test Circuits ° 135 300 ns
ten Delay Time, CLK. to Doyt Enable See Test Circuits [ 75 200 ns
thoo Time Output Data Remains Valid After CLKI Cioap = 100pF 230 ns
t Doyt Fall Time See Test Gircuits [ 20 75 ns
t Dour Rise Time See Test Circuits [ ] 20 75 ns
Cin Input Capacitance Analog Inputs, On Channel 20 pF

Analog Inputs, Off Channel 5 pF

Digital Input 5 pF

The @ denotes specifications which apply over the full operating
temperature range.

Note 1: Absolute maximum ratings are those values beyond which the life
of a device may be impaired.

Note 2: All voltage values are with respect to GND.

Note 3: These devices are specified at 5V. For 3V specified devices, see
LTC1285 and LTC1288.

Note 4: Increased leakage currents at elevated temperatures cause the S/H
to droop, therefore it is recommended that fg x > 120kHz at 85°C, fg « >
75kHz at 70° and fgk 2 1kHz at 25°C.

Note 5: Voo = 5V, Vger = 5V and CLK = 200kHz unless otherwise specified.

Note 6: Linearity error is specified between the actual end points of the
A/D transfer curve.

Note 7: Two on-chip diodes are tied to each reference and analog input
which wilt conduct for reference or analog input voltages one diode drop
below GND or one diode drop above Vcc. This spec allows 50mV forward
bias of either diode for 4.5V < Ve < 5.5V. This means that as long as the
reference or analog input does not exceed the supply voltage by more than
50mV the output code will be correct. To achieve an absolute OV to 5V
input voltage range will therefore require a minimum supply voltage of
4.950V over initial tolerance, temperature variations and loading. For 5.5V
< Ve <9V, reference and analog input range cannot exceed 5.55V. If
reference and analog input range are greater than 5.55V, the output code
will not be guaranteed to be correct.

Note 8: The supply voltage range for the LTC1286 is from 4.5V to 9V, but
the supply voltage range for the LTC1298 is only from 4.5V to 5.5V.

Note 9: Recommended operating conditions
Note 10: Channel leakage current is measured after the channel selection.

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current vs Sample Rate

Supply Current vs Temperature

Shutdown Supply Current vs Clock
Rate with CS High and CS Low
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LTC1286/LTC1298

TYPICAL PERFORMANCE CHARACTERISTICS

Reference Current vs

Sample Rate (LTC1286)
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TYPICAL PERFORMANCE CHARACTERISTICS

Spurious Free Dynamic Range
vs Frequency
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LTC1286/LTC1298

TYPICAL PERFORMANCE CHARACTE

RISTICS

Minimum Clock Frequency Digital Input Logic Threshold Input Channel Leakage Current
for 0.1 LSB Error vs Temperature vs Supply Voltage vs Temperature
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LTC1286 LTC1298

Vger (Pin1): Reference Input. The reference input defines
the span of the A/D converter.

IN* (Pin 2): Positive Analog Input.
IN- (Pin 3): Negative Analog Input.

GND (Pin 4): Analog Ground. GND should be tied directly
to an analog ground plane.

CS/SHDN (Pin 5): Chip Select Input. A logic low on this
input enables the LTC1286. A logic high on this input
disables and powers down the LTC1286.

Doyt (Pin 6): Digital Data Output. The A/D conversion
result is shifted out of this output.

CLK (Pin 7): Shift Clock. This clock synchronizes the serial
data transfer and determines conversion speed.

Ve (Pin 8): Power Supply Voltage. This pin provides
power to the A/D converter. It must be kept free of noise
and ripple by bypassing directly to the analog ground
plane.

CS/SHDN (Pin 1): Chip Select Input. A logic low on this
input enables the LTC1298. A logic high on this input
disables and powers down the LTC1298.

CHO (Pin 2): Analog Input.
CH1 (Pin 3): Analog Input.
GND (Pin 4): Analog Ground. GND should be tied directly
to an analog ground plane.

Dy (Pin 5): Digital Data Input. The multiplexer address is
shifted into this input.

Doyt (Pin 6): Digital Data Output. The A/D conversion
result is shifted out of this output.

CLK (Pin 7): Shift Clock. This clock synchronizes the
serial data transfer and determines conversion speed.

Vec/Vrer (Pin 8): Power Supply and Reference Voltage.
This pin provides power and defines the span of the A/D
converter. It must be kept free of noise and ripple by
bypassing directly to the analog ground plane.
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lo% AD7538

ANALOG
DEVICES

LC?MOS
pP-Compatible 14-Bit DAC

AD7538

FEATURES .

All Grades 14-Bit Monotonic Over the Full Temperature
Range

Low Cost 14-Bit Upgrade for 12-Bit Systems

14-Bit Parallel Load with Doubie Buffered Inputs

Small 24-Pin, 0.3" DIP and SOIC

Low Output Leakage (<20 nA) Over the Full
Temperature Range

APPLICATIONS

Microprocessor Based Control Systems

Digital Audio

Precision Servo Control

Control and Measurement in High Temperature
Environments

GENERAL DESCRIPTION

The AD7538 is a 14-bit monolithic CMOS D/A converter
which uses laser trimmed thin-film resistors to achieve excellent
linearity.

The DAC is loaded by a single 14-bit wide word using standard
Chip Select and Memory Write Logic. Double buffering, which
is optional using LDAC, allows simultaneous update in a sys-
tem containing multiple AD7538s.

A novel low leakage configuration (U.S. Patent No. 4,590,456)
enables the AD7538 to exhibit excellent output leakage current
characteristics over the specified temperature range.

The AD7538 is manufactured using the Linear Compatible
CMOS (LC?MOS) process. It is speed compatible with most
microprocessors and accepts TTL or CMOS logic level inputs.

REV. A

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

Voo
&)
@
AD7538 2) Reo
Vrer @ 14-BIT DAC 3) lour
4 ) AGND
DAC REGISTER 20) LDAC
INPUT 21)Cs
REGISTER
4 22) WR
6) ~ (19 5 24
DB13-DB0  DGND  Vss
PRODUCT HIGHLIGHTS

1. Guaranteed Monotonicity
The AD7538 is guaranteed monotonic to 14-bits over the
full temperature range for all grades.

2. Low Cost
The AD7538, with its 14-bit dynamic range, affords a low
cost solution for 12-bit system upgrades.

3. Small Package Size
The AD7538 is packaged in a small 24-pin, 0.3" DIP and a
24-pin SOIC.

4. Low Output Leakage
By tying Vss (Pin 24) to a negative voltage, it is possible to
achieve a low output leakage current at high temperatures.

5. Wide Power Supply Tolerance
The device operates ona +12 V to +15 V Vpp, with a+5%
tolerance on this nominal figure. All specifications are
guaranteed over this range.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703
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(Vop = +11.4V 10 +15.75 V2, Vpgr = +10 V; Vpyz = Vpiyg = 0V,
Vss = —300 mV. All specifications Ty to Tya unless otherwise noted.)

LK A, B
Parameter Versions Versions S Version | T Version | Units Test Conditions/Comments
ACCURACY

Resolution 14 14 Bits

Relative Accuracy 2 +2 +1 LSB max All Grades Guaranteed Monotonic

Differential Nonlinearity 1 * *1 +1 LSB max Over Temperature.

Full-Scale Error Measured Using Internal Reg DAC
+25°C 4 +4 1 4 LSB max Registers Loaded with All 1s.
T to Tumax +8 +5 +10 +6 LSB max

Gain Temperature Coefficient®;

AGain/ATemperature 12 +2 +2 12 ppm/°C typ

Output Leakage Current Iy (Pin 3)
+25°C +5 5 +5 +5 nA max All Digital Inputs 0 V
Twin to Tumax +10 +10 +20 +20 nA max Vss = -300 mV
Twin to Tumax +25 +25 +150 +150 nA max Vss=0V

REFERENCE INPUT
Input Resistance, Pin 1 3.5 35 35 3.5 kQ min Typical Input Resistance = 6 kQ
10 10 10 10 kQ max
DIGITAL INPUTS

Vin (Input High Voltage) 24 2.4 24 2.4 V min

Vi (Input Low Voltage) 0.8 0.8 0.8 0.8 V max

Iin {Input Current)
+25°C *1 £l 1 1 YA max Vin=0VorVpp
T to Tuax *+10 10 +10 +10 UA max

Cn (Input Capacitance)® pF max

POWER SUPPLY

Vpp Range 11.4/15.75 11.4/15.75 | 11.4/15.75} 11.4/15.75 | V min/V max Specification Guaranteed Over

Vss Range -200/-500 -200/-500 | -200/-500 | -200/-500 | mV min/mV max | This Range

Iop 4 4 4 4 mA max All Digital Inputs Vi or Viy

500 500 500 500 MA max All Digital Inputs 0 V or Vpp

AC PERFORMANCE CHARACTERISTICS

These characteristics are included for Design Guidance only and are not sub-

ject to test. (Vpp = +11.4 V10 +15.75V, Vagr = +10V, Vpiyz = Vg = OV, Vss =
0V or -300 mV, Output Amplifier is AD711 except where noted.)

Parameter Ta = +25°C Ta = Tvin, Tmax Units Test Conditions/Comments
Output Current Settling Time 1.5 Uis max To 0.003% of Full-Scale Range.
Iout Load= 100 Q, Cgxt = 13 pF.
DAC Register Alternately Loaded
with All 1s and All Os. Typical Value
of Settling Time Is 0.8 ps.
Digital to Analog Glitch Impulse | 20 nV-sec typ Measured with Vggr = 0 V. Ioyr Load
=100 , Cexr = 13 pF. DAC Register
Alternately Loaded with All 1s and All Os.
Multiplying Feedthrough Error 3 5 mV p-p typ Vrer = 10 V, 10 kHz Sine Wave DAC
Register Loaded with All Os.
Power Supply Rejection
AGain/AVpp +0.01 +0.02 % per % max | AVpp =15%
Output Capacitance
Cour (Pin 3) 260 260 pF max DAC Register Loaded with All 1s
Cour (Pin 3) 130 130 pF max DAC Register Loaded with All Os
Output Noise Voltage Density
(10 Hz-100 kHz) 15 nVVHz typ Measured Between Rgp and [oyr

NOTES

Temperature range as follows: |, K Versions: 0°C to +70°C
A, B Versions: -25°C to +85°C
S, T Versions: -55°C to +125°C
“Specifications are guaranteed for a Vpp of +11.4 V to +15.75 V. At Vpp = 5 V. the device is fully functional with degraded specifications.

*Sample tested to ensure compliance.

Specifications subject to change without notice.

REV. A
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AD7538

1 (Vpp = +11.4Vto +15.75V, Veer = +10 V, Vomz = Voing = 0V, Vg5 = 0 V or -300 mV.

TlMlNG CHARACTER'ST'CS All specifications Ty to Ty unless otherwise noted. See Figure 1 for Timing Diagram.)

Limit at

Limit at Ta = 0°C to +70°C Limit at
Parameter Ty = +25°C Ta =-25°C to +85°C | T, = -55°C to +125°C Units Test Conditions/Comments
t) 0 0 0 ns min CS to WR Setup Time
t 0 0 0 nsmin | CS to WR Hold Time
ts 170 200 240 ns min LDAC Pulse Width
ty 170 200 240 ns min Write Pulse Width
ts 140 160 180 ns min Data Setup Time
tg 20 20 30 ns min Data Hold Time

NOTES

'Temperature range as follows: ], K Versions: 0°C to +70°C
A, B Versions: -25°C to +85°C
S. T Versions: -55°C to +125°C

Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS* Operating Temperature Range
(Ta= +25°C unless otherwise stated) Commercial (J, K Versions) .............. 0°C to +70°C
Vpp (Pin23) toDGND ................... -0.3V,+17V Industrial (A, B Versions) .............. -25°C to +85°C
Vss (Pin24)to AGND - . ... ............... -15V, +0.3V Extended (S, T Versions) ............. -55°C to +125°C
Veer Pin 1) to AGND ... ... +25V Storage Temperature ................ -65°C to +150°C
Vg Pin2) to AGND . ........................ +25V Lead Temperature (Soldering, 10sec) ............ +300°C
Digital Input Voltage (Pins 6-22) *Stresses above those listed under “Absolute Maximum Ratings” may cause

toDGND ....................... -0.3V, VDD +0.3V permanent damage to the device. This is a stress rating only and functional
Vengto DGND ... ... -0.3V, Vpp +0.3V operation of the device at these or any other conditions above those indicated in
AGND toDGND . ... ... . ... .. 03V, VDD +03V the operational sections of th.is specification is not implied. Exposure le alblsolute
Power Dissipati (An Packa e) maximum rating conditions for extended periods may affect device reliability.

pation y 8

To+75°C . 1000 mW

Derates Above +75°C . ................... 10 mW/°C
CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection. WARNING! d
Although the AD7538 features proprietary ESD protection circuitry, permanent damage may “
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.

ESD SENSITIVE DEVICE

PIN CONFIGURATION
ty t;
— b ] f— DIP, SOIC
cs l : 1 Y
/L X y
|
i : he—te — Veer [1] ® 24] Vss
DAC : . sv
A WY pa e 2] 7] veo
— e lour E E WR
WR | ! 5V -
\_.( ov aGND 4 21] cs
te i
1=t ey oGnD 5] 20] IDAC
I | 5V
DATA X = T v imss) o813 [ 6 | Aorsss [15] oBo (ws8)
D812 E (Not to Scale) 18| DB1
NOTES
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURES FROM 10% TO DB11 E 17| oB2
90% OF +5V. t,=t;=20ns. .y BTa E E B3
L) L
2. TIMING MEASUREMENT REFERENCE LEVEL IS 1 il e (-
3. If LDAC IS ACTIVATED PRIOR TO THE RISING EDGE OF WR,
THEN IT MUST STAY LOW FOR t; or LONGER AFTER WR GOES HIGH. oss[1 F_] DBS
" T . 13 | DBS
Figure 1. Timing Diagram oBY{12 :]
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TERMINOLOGY

RELATIVE ACCURACY

Relative accuracy or endpoint nonlinearity is a measure of the
maximum deviation from a straight line passing through the
endpoints of the DAC transfer function. It is measured after ad-
justing for zero error and full-scale error and is normally ex-
pressed in Least Significant Bits or as a percentage of full-scale
reading.

DIFFERENTIAL NONLINEARITY

Differential nonlinearity is the difference between the measured
change and the ideal 1 LSB change between any two adjacent
codes. A specified differential nonlinearity of +1 LSB max over
the operating temperature range ensures monotonicity.

GAIN ERROR

Gain error is a measure of the output error between an ideal
DAC and the actual device output. It is measured with all 1s in
the DAC after offset error has been adjusted out and is expressed
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in Least Significant Bits. Gain error is adjustable to zero with an
external potentiometer.

DIGITAL-TO-ANALOG GLITCH IMPULSE

The amount of charge injected from the digital inputs to the
analog output when the inputs change state is called Digital-
to-Analog Glitch Impulse. This is normally specified as the area
of the glitch in either pA-secs or nV-secs depending upon
whether the glitch is measured as a current or voltage. It is mea-
sured with Vggr = AGND.

OUTPUT CAPACITANCE
This is the capacitance from Ioyt to AGND.

OUTPUT LEAKAGE CURRENT
Output Leakage Current is current which appears at Ioyt with
the DAC register loaded to all Os.

MULTIi’LYING FEEDTHROUGH ERROR
This is the ac error due to capacitive feedthrough from Vggr
terminal to Ioyt with DAC register loaded to all zeros.

ORDERING GUIDE
Temperature Relative Full-Scale | Package
Model Range Accuracy Error Option*
AD7538]N 0°C to +70°C +2 LSB +8LSB N-24
AD7538KN 0°C to +70°C +1 LSB +4 LSB N-24
AD7538JR 0°C to +70°C +2 LSB +8LSB R-24
AD7538KR 0°C to +70°C +1 LSB +4 LSB R-24
AD7538AQ -25°C to +85°C +2LSB +8 LSB Q-24
AD7538BQ -25°C to +85°C +1 LSB +4 LSB Q-24
AD75385Q -55°C to +125°C 2 LSB +8 LSB Q-24
AD7538TQ -55°C to +125°C +1LSB +4 LSB Q-24
*N = Plastic DIP; Q = Cerdip; R = SOIC.
PIN FUNCTION DESCRIPTION
Pin Mnemonic Description
1 VRer Voltage Reference.
2 Rep Feedback Resistor. Used to close the loop around an external op amp.
3 Tour Current Output Terminal.
4 AGND Analog Ground
5 DGND Digital Ground
6-19 DB13-DB0 Data Inputs. Bit 13 (MSB) to Bit 0 (LSB).
20 LDAC Chip Select Input. Active LOW.
21 CS Asynchronous Load DAC Input. Active LOW.
22 WR Write Input. Active LOW.
CS LDAC WR OPERATION
0 1 0 Load Input Register.
1 0 X Load DAC Register from Input Register.
0 0 0 Input and DAC Registers are Transparent.
1 1 X No Operation.
X 1 1 No Operation.
NOTE: X Don't Care.
23 Vbp +12 V to +15 V supply input.
24 Vss Bias pin for High Temperature Low Leakage configuration. To implement low leakage
system, the pin should be at a negative voltage. See Figures 4 and 5 for recommended circuitry.

—_4-
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D/A SECTION

Figure 2 shows a simplified circuit diagram for the AD7538
D/A section. The three MSBs of the 14-bit Data Word are de-
coded to drive the seven switches A-G. The 11 LSBs of the
Data Word consist of an R-2R ladder operated in a current
steering configuration.

CIRCUIT INFORMATION

The R-2R ladder current is 1/8 of the total reference input cur-
rent. 7/8 I flows in the parallel ladder structure. Switches A-G
steer equally weighted currents between Ioyt and AGND.

Since the input resistance at Vggr is constant, it may be driven
by a voltage source or a current source of positive or negative
polarity.

R SR
R4
S0 Res
I IOUT
54 AGND

Figure 2. Simplified Circuit Diagram for the AD7538 D/A Section

EQUIVALENT CIRCUIT ANALYSIS

Figure 3 shows an equivalent circuit for the analog section of
the AD7538 D/A converter. The current source I gaxack is
composed of surface and junction leakages. The resistor Ry
denotes the equivalent output resistance of the DAC which
varies with input code. Coyr is the capacitance due to the cur-
rent steering switches and varies from about 90 pF to 180 pF
(typical values) depending upon the digital input. g(Vggr, N) is
the Thevenin equivalent voltage generator due to the reference
input voltage, Vggr, and the transfer function of the DAC
ladder, N.

R/4

Res
Ro
AAA
A4 'DUT
+
9(VreeN) ‘ heaxaae Cour
g T AGND

Figure 3. AD7538 Equivalent Analog Output Circuit

DIGITAL SECTION

The digital inputs are designed to be both TTL and 5 V CMOS
compatible. All logic inputs are static protected MOS gates with
typical input currents of less than 1 nA. To minimize power
supply currents, it is recommended that the digital input volt-
ages be driven as close as possible to 0 V and 5 V logic levels.

UNIPOLAR BINARY OPERATION (2-QUADRANT
MULTIPLICATION)

Figure 4 shows the circuit diagram for unipolar binary opera-
tion. With an ac input, the circuit performs 2 quadrant multipli-
cation. The code table for Figure 4 is given in Table I.

Capacitor C1 provides phase compensation and helps prevent
overshoot and ringing when high-speed op amps are used.

REV. A

R3
iNpuT  GROUND 10
DATA \WA-
R4
47k

-5V

Figure 4. Unipolar Binary Operation

Table I. Unipolar Binary Code Table for AD7538

Binary Number In
DAC Register Analog Output, Voyr
MSB LSB
16383
111111 1111 1111 “Viv| {6387
8192
10 0000 0000 0000 -Vin [m] =-1/2Vin
1
00 0000 0000 0001 “Vin| Te38a
00 0000 0000 0000 oV
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For zero offset adjustment, the DAC register is loaded with all
0s and amplifier offset (Vgs) adjusted so that Voy is 0 V. Ad-
justing VoyT to 0V is not necessary in many applications, but it
is recommended that Vi be no greater than (25 x 107%) (Vggg)
to maintain specified DAC accuracy (see Applications Hints).

Full-scale trimming is accomplished by loading the DAC register
with all 1s and adjusting R1 so that Voyra = -V (16383/16384).
For high temperature operation, resistors and potentiometers
should have a low Temperature Coefficient. In many applica-
tions, because of the excellent Gain T.C. and Gain Error speci-
fications of the AD7538, Gain Error trimming is not necessary.
In fixed reference applications, full scale can also be adjusted
by omitting R1 and R2 and trimming the reference voltage
magnitude.

BIPOLAR OPERATION

(4-QUADRANT MULTIPLICATION)

The recommended circuit diagram for bipolar operation is
shown in Figure 5. Offset binary coding is used. The code table
for Figure 5 is given in Table II.

With the DAC loaded to 10 0000 0000 0000, adjust R1 for

Vo = 0V. Alternatively, one can omit Rl and R2 and adjust the
ratio of R5 and R6 for Vo = 0 V. Full-scale trimming can be
accomplished by adjusting the amplitude of Viy or by varying
the value of R7.

The values given for R1, R2 are the minimum necessary to cali-
brate the system for resistors, R5, R6, R7 ratio matched to 0.1%.
System linearity error is independent of resistor ratio matching
and is affected by DAC linearity error only.

When operating over a wide temperature range, it is important
that the resistors be of the same type so that their temperature
coefficients match.

For further information sec “CMOS DAC Application Guide”,

3rd Edition, Publication Number G872b-8-1/89 available from
Analog Devices.

Vin

R1 Re
A2
sou1 Voo ool 20k02
1 22 ¢
Vaer Voo Res 33pF 2;1“

AT (20) IBAT
€5 2)Ts AD7538
we 22) W

0813 -0B0 DGND  Vas
s) (19— 24

R4
a7k

-8V

Figure 5. Bipolar Operation

LOW LEAKAGE CONFIGURATION

For CMOS Multiplying D/A converters, as the device is oper-
ated at higher temperatures, the output leakage current in-
creases. For a 14-bit resolution system, this can be a significant
source of error. The AD7538 features a leakage reduction con-
figuration (U.S. Patent No. 4,590,456) to keep the leakage cur-
rent low over an extended temperature range. One may operate
the device with or without this configuration. If Vss (Pin 24) is
tied to AGND then the DAC will exhibit normal output leakage
current at high temperatures. To use the low leakage facility,
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Table II. Bipolar Code Table for Offset Binary Circuit of
Figure 5.

Binary Number In
DAC Register Analog Output Vgyr
MSB LSB

8191
11111t 1111 1111 +Vin 3192
10 0000 0000 0001 +VIN(8192)
10 0000 0000 0000 oV

1

011111 1111 1111 “Vin| 5792

8191
00 0000 0000 0000 -Vin 3192

Vss should be tied to a voltage of approximately -0.3 V as in
Figures 4 and 5. A simple resistor divider (R3, R4) produces ap-
proximately -300 mV from -15 V. The capacitor C2 in parallel
with R3 is an integral part of the low leakage configuration and
must be 4.7 pF or greater. Figure 6 is a plot of leakage current
versus temperature for both conditions. It clearly shows the im-
provement gained by using the low leakage configuration.

Voo= +18V
Vpgr= +10V

8 8 8

»n
S

3

LEAKAGE CURRENT - nA
@
-4

o

3 40 S0 60 70 80 90 100 110 120
TEMPERATURE - °C

Figure 6. Graph of Typical Leakage Current vs.
Temperature for AD7538

PROGRAMMABLE GAIN AMPLIFIER

The circuit shown in Figure 7 provides a programmable gain
amplifier (PGA). In it the DAC behaves as a programmable
resistance and thus allows the circuit gain to be digitally
controlled.

DIGITAL
INPUT

o Vour

*RESISTOR Rgg IS ACTUALLY
INCLUDED ON THE DICE

Figure 7. Programmable Gain Amplifier (PGA)
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The transfer function of Figure 7 is:

Your __ Req W
VIN RFB

Rgg is the equivalent transfer impedance of the DAC from the
VRer pin to the Igyt pin and can be expressed as

Gain =

REQ = N (2)

Where: n is the resolution of the DAC
N is the DAC input code in decimal

Rin is the constant input impedance
of the DAC (R = Rpap)

Substituting this expression into Equation 1 and assuming zero
gain error for the DAC (Ryy = Ryg) the transfer function simpli-
fies to

Vour _ 2r
Vin - N (3)

The ratio N/2" is commonly represented by the term D and, as
such, is the fractional representation of the digital input word.
Vour _ =27 _-1

Vw N D @

Equation 4 indicates that the gain of the circuit can be varied
from 16,384 down to unity (actually 16,384/16,383) in 16,383
steps. The all Os code is never applied. This avoids an open-
loop condition thereby saturating the amplifier. With the all Os
code excluded there remains 2" - 1 possible input codes allow-
ing a choice of 2" - 1 output levels. In dB terms the dynamic
range is

201og,o V‘fUT =201logyo (27-1)=84 dB.
IN

APPLICATION HINTS

Output Offset: CMOS D/A converters in circuits such as Fig-
ures 4 and 5 exhibit a code dependent output resistance which
in turn can cause a code dependent error voltage at the output

of the amplifier. The maximum amplitude of this error, which

adds to the D/A converter nonlinearity, depends on Vgs, where
Vos is the amplifier input offset voltage. To maintain specified

accuracy with Vggr at 10V, it is recommended that Vs be no

greater than 0.25 mV, or (25 X 10°%) (Vggg), over the tempera-
ture range of operation. The AD711 is a suitable op amp. The

op amp has a wide bandwidth and high slew rate and is recom-
mended for ac and other applications requiring fast settling.

General Ground Management: Since the AD7538 is speci-
fied for high accuracy, it is important to use a proper grounding
technique. AC or transient voltages between AGND and
DGND can cause noise injection into the analog output. The
simplest method of ensuring that voltages at AGND and
DGND are equal is to tie AGND and DGND together at the
AD7538. In more complex systems where the AGND and
DGND intertie is on the backplane, it is recommended that two
diodes be connected in inverse parallel between the AD7538
AGND and DGND pins (1IN914 or equivalent).

REV. A

MICROPROCESSOR INTERFACING

The AD7538 is designed for easy interfacing to 16-bit micro-
processors and can be treated as a memory mapped peripheral.
This reduces the amount of external logic needed for interfacing
to a minimal.

AD7538-8086 INTERFACE

Figure 8 shows the 8086 processor interface to a single device.
In this setup the double buffering feature (using LDAC) of the
DAC is not used. The 14-bit word is written to the DAC in one
MOV instruction and the analog output responds immediately.

ADDRESS BUS S
aLe 16-BIT LATCH g F—— a
P L} Ac
005 4
WR
AD7538*
Ao13,
ADO-ADIS DATA BUS o80-0813
Abo V]
SLINEAR CIRCUITRY

OMITTED FOR CLARITY

Figure 8. AD7538-8086 Interface Circuit

In a multiple DAC system the double buffering of the AD7538
allows the user to simultaneously update all DACs. In Figure 9,
a 14-bit word is loaded to the Input Registers of each of the
DAC:s in sequence. Then, with one instruction to the appropri-
ate address, CS4 (i.e., LDAC) is brought low, updating all the
DAC:s simultaneously.

[ ADDRESS BUS S
16-BIT LATCH ADORESS add &
ALe DECODE ¢
Bose cs4 [ cs3]cs2 AT
WR wR
AD7538*
©080-D813
ADG-AD1S DATA BUS
L] =
p——=ed TBAC
—at WR
LN a0
DBO-DB13
*LINEAR CIARCUITRY
OMITTED FOR CLARITY
—] &
L—— TDAT
R
N  ADs38*
©0BO-DB13

Figure 9. AD7538-8086 Interface: Multiple DAC System
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AD7538-MC68000 INTERFACE

Figure 10 shows the MC68000 processor interface to a single
device. In this setup the double buffering feature of the DAC is
not used and the appropriate data is written into the DAC in
one MOVE instruction.

A-AZ ADDRESS BUS —S
MCE2000

= ADDRESS

A3 DECODE &
DFAcK T LDAC

- ——a W
L
N AD7538*

Do-D15 DATABUS 080-0813

*LINEAR CIACUITRY
OMITTED FOR CLARITY

|—

Figure 10. AD7538-MC68000 Interface

DIGITAL FEEDTHROUGH
The digital inputs to the AD7538 are directly connected to the

microprocessor bus in the preceding interface configurations.
These inputs will be constantly changing even when the device
is not selected. The high frequency logic activity on the bus can
feed through the DAC package capacitance to show up as noise
on the analog output. To minimize this Digital Feedthrough
isolate the DAC from the noise source. Figure 11 shows an in-
terface circuit which uses this technique. All data inputs are
latched from the bus by the CS signal. One may also use other
means, such as peripheral interface devices, to reduce the Digi-
tal Feedthrough.

) ADORESS
As-ats DECODE
AD7538*
SYSTEM @
= e
WK —~ WA
16 BIT
LATCH N
00-D16 080-DB1I
U '
YUNEAR GIRCUITRY
OMITTED FOR GLANTY

Figure 11. AD7538 Interface Circuit Using Latches to
Minimize Digital Feedthrough

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm),

24-Pin Plastic Suffix (N)

AAYARARAYAYAVAYAWATAYA

0.260 20.000
warzo0
4
VYVVYVVVVVVY
122031.19) .32(8.120)
s I‘nmm»'l
L :.vam u;
seane N\ J NN NN N NS N NN ¥
TLANE Lomuo.zm
4008 10.23)
- - v
0.02{05) 0.41(2.79) s0r0178) 15
soisiean omsizan o057 o

NOTES
1. LEAD NO. 7 IDENTIFIED BY DOT OR NOTCH.

2. PLASTIC LEADS WILL BE EITHER SOLDER DIPPED OR TN LEAD PLATED
IN ACCORDANCE WITH MIL.M.38510 REQUIREMENTS.

24-Pin Cerdip (Suffix Q)

Ao o Onono

% ‘ i
asn)
MAX
TOUT oo oo oo o009 _L
1230132771 MAX - [-%:“.H!—‘,ei‘l
Y ] 0.180
) s
seatmg e AU AU AU AU AL L I
PLANE “g.38 e
4 J L mﬂml Lo a.m“F%zn
T o o fe
b SHRY SRES 1
L v
1. LEAD NO. 1 IDENTIRED BY DOT O NOTCH.
2. CERDIP LEADS WiLL BE EITHER TIN PLATED OR SOLDER DIPPED
IN ACCORDANCE WITH MIL-M-38610 REQUIREMENTS.
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SEMICONDUCTOR ™™

DM74LS240 - DM74L.S241

August 1986
Revised March 2000

Octal 3-STATE Buffer/Line Driver/Line Receiver

General Description

These buffers/line drivers are designed to improve both the
performance and PC board density of 3-STATE buffers/
drivers employed as memory-address drivers, clock driv-
ers, and bus-oriented transmittersireceivers. Featuring
400 mV of hysteresis at each low current PNP data line
input, they provide improved noise rejection and high
fanout outputs and can be used to drive terminated lines
down to 133Q.

Features

M 3-STATE outputs drive bus lines directly

B PNP inputs reduce DC loading on bus lines

M Hysteresis at data inputs improves noise margins
M Typical lg_ (sink current)

24 mA._

W Typical Igy (source current)
-15mA

W Typical propagation delay times
Inverting 10.5 ns
Noninverting 12ns

B Typical enable/disable time 18 ns

B Typical power dissipation (enabled)
Inverting 130 mwW
Noninverting 135 mW

Ordering Code:

Order Number | Package Number Package Description
DM74L.5240WM M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
DM74L.5240SJ M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
DM74LS240N N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
DM74LS241WM M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
DM74LS241N N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices aiso available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.

Connection Diagrams

Vee 26 1Y1 2A4 1Y2 2A3  1¥3 2A2 1Y4 2A1

Vee 2G 1Y1 2a4  1Y2 2A3  1Y3 2A2 1v4 2aAl

A dulfjaaAlQ aulf/seyng 31VLiS-€ 18390 LPZSTTPLNA - 0VZSTTVLINA

JOAI929

20 [1o |18 |17 J1e |15 |14 |13 iz |us |20 19 |18 |17 |6 |15 [1a 13 [12 |11
Y N/
vz s Je Js fs 7 J8 Js fro T |2 Ja [+ |s [s {2 & [o T
1T AT 2Y4 1A2 2¥3 1A3 2Y2 A4 2Y1 GNO 16 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND
DM74L.S240 DM74LS241
® 200N Fairchild KRemicandictar Cosnoration NSNNAR411 www.fairchildsemi.com
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Function Tables

DM74L$240 DM74L.5241
Inputs Qutput Inputs Outputs

G A Y G G 1A 2A 1Y 2y

L L H X L L X L

L H L X L H X H

H X z X H X X Z
H X X L L
H X X H H
L X X X z

L = LOW Logic Level

H = HIGH Logic Level

X = Either LOW or HIGH Logic Level
Z = High Impedance

www.fairchildsemi.com
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Function Tables

DM74L$240 DM74L.5241
Inputs Qutput Inputs Outputs

G A Y G G 1A 2A 1Y 2y

L L H X L L X L

L H L X L H X H

H X z X H X X Z
H X X L L
H X X H H
L X X X z

L = LOW Logic Level

H = HIGH Logic Level

X = Either LOW or HIGH Logic Level
Z = High Impedance

www.fairchildsemi.com
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Switching Characteristics

atVee =5Vand Ty =25°C

Symbol Parameter Conditions Max Units
torn Propagation Delay Time C =45 pF DM74L5240 14 -
LOW-to-HIGH Level Output R, =667Q DM74LS241 18
tomL Propagation Delay Time Cp=45pF DM74LS240 18 ns
HIGH-to-LOW Level Output R =667Q DM74L.5241 18
tpzL Output Enable Time C_=45pF DM74L5240 30 3

n

to LOW Level R =667Q DM74L5241 30

tozy Qutput Enable Time C_ =45pF DM74LS240 23 ns
to HIGH Level! R, =867Q DM74L.5241 23

toLz Output Disable Time C =5pF DM74L.5240 25 .
from LOW Level R =667 DM74Ls241 25

tonz Output Disable Time C =5pF DM74L5240 18 ns
from HIGH Level R, =667Q DM74LS241 18

tory Propagation Delay Time Cp =150 pF DM74L.5240 18 -
LOW-to-HIGH Level Output R, =667Q DM74LS241 21

tenHL Propagation Delay Time Cp =150 pF DM74LS240 22 ns
HIGH-to-LOW Leve! Output Ry =667Q DM74LS241 22

oz Output Enable Time C, =150 pF DM74LS240 33 .
to LOW Level R =667Q DM74LS241 33

tezn Qutput Enable Time CL =150 pF DM74LS240 26 -
to HIGH Level R =667Q DM74LS241 26

www fairchildsemi.com
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Physical Dimensions inches (miflimeters) unless otherwise noted

0.291 ~0.289
T a7

0.010-0.028

s -0 <%

‘e

8 MAX TYP
ALL LEADS

i 0.486—0.512

W 18 98 17 36 1§

AARAAAAAAS

TPZEE- 13008

I

i

I
0.394 -0.41%
1“1.00!71!1.6!3]

LEAD Mu 1 J, —

30 TYP

0.082 -0.104
(2.362 - 2.842)

2.010 pax
{0.254)

0.004 -0.012

{0102-0.305)

il ilaln

004 /
0.008 - 0.013 u:?—:lz)
{0.229 0.9} ALLLEAD TIPS,

TYP ALL LEADS

Ik

¢

0.036 - 0.05G
{0.806  1.270)
TYP ALL ELEADS

b
!l

10.356)  —=

—

SEATING
* PLANE

0.014 - 0.020 yyp

(0.356 .508)

0.008 7yp

10.203)

208 BV B

20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
Package Number M20B

WZSTY.Na - 0VZSTYLING
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

12.6+£0.10 ——m—ami

0.40TYP —-_ "
20

5— |
in ! i 1] U[J7

]

]

]
_____l__________ 501 TYP

9.27 TYP

5.3:0.10

]
T~ T 5 o 3

Ll 0000

U |_| [ ] o2]c]e]]
1 10 ALLLEADTIPS —_I
PIN #1 IDENT. 27TV | _ 0.6TYP

LAND PATTERN RECOMMENDATION

ALL LEAD TIF'S

SEE DETAIL A
- Bl pogd®
2.1 MAX.
— 1.8+01

-

o
I_‘-] — 0.1520.05 i _/ 0.15-0.25
1.27TYP 0 35-0.51

[@102®c]A
DIMENSIONS ARE IN MILLIMETERS

NOTES: 0°-8° TYP
A. CONFORMS TO EIAJ EDR-7320 REGISTRATION, -

ESTABLISHED IN DECEMBER, 1998.
8. DIMENSIONS ARE IN MILLIMETERS. *
G. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD 0.6040.15

FLASH, AND TIE BAR EXTRUSIONS. N 1.25 —anl SEATING PLANE

M20DRevB1
DETAIL A

20-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
Package Description M20D
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Physical Dimensions inches {millimeters) unless otherwise noted (Continued)

1013 1,040
D.092 % 0.030 (25.73-26.42)
2.337 X 0.762 032 0,
e\ B[N ) (W1 (5] [ (5] (7 (0 e
N ! RAD
PIN NO. 1 IDENT . _ @ 0.260 +0.005 N
. IN NO. 7 IDENT ™~
—_— e {6.600 :0.127) -
gy OPTION 1 1
it T 0w
oam-aaa0 |z Ll
(1620-8.128) | 0060 NOM om0 omons J—
0065 (1520 u.me)" U0y l ST
iresy 1Y e \| Gk
4 | | \ 0.145-0.200
— - J (3.683-5.080)
9% 5° 0.009-0.015 f 9% D-BMJ——T—_(
0229-0.381) { 0.020
' Tyg °"°"“"°‘°‘__| l__ 0.125-0.140  (0.508)
¢ | JOBEIS {2,580 10.258) ome-0003 i gi7sasss  MIN
o6 0040 (15240127} 10457+ 0.076)
325 _pig
] 11.016
(,”“ _n.:m)

N2OAIFEY G

20-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N20A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent ficenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a} are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

Y aulf/daAuQq surjueyng J1v1S-€ 18190 LyZSTv.LING - 0¥ZSTTPLINA

19A1999

7 www.fairchildsemi.com
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SN54LS245, SN74LS245
OCTAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS

SDLS146A — OCTOBER 1976 — REVISED FEBRUARY 2002

® 3-State Outputs Drive Bus Lines Directly
® PNP Inputs Reduce dc Loading on Bus

Lines
® Hysteresis at Bus Inputs Improves Noise
Margins
® Typical Propagation Delay Times Port to
Port, 8 ns
loL loH
TYPE (SINK (SOURCE
CURRENT) CURRENT)
SN54L.S245 12mA -12mA
SN74LS245 24 mA -15mA

description

These octal bus transceivers are designed for
asynchronous two-way communication between
data buses. The control-function implementation
minimizes external timing requirements.

The devices allow data transmission from the
A bus to the B bus or from the B bus to the A bus,
depending on the logic level at the
direction-control (DIR) input. The output-enable
(OE) input can disable the device so that the
buses are effectively isolated.

SN54L.S245...J OR W PACKAGE
SN74LS245... DB, DW, N, OR NS PACKAGE

(TOP VIEW)
DIR[]1 U2o]vCC
A1[]2 19[] OE
A2(]3 18]] B1
A3[]4 17[] B2
A4(}s 16[] B3
A5[]s6 5[] B4
A6[]7 14]]1 B5
A7[]8 13[] B6
A8[]e 12[] B7

GND [] 10 11[] B8

SN54L5245 . . . FK PACKAGE
(TOP VIEW)

D:O
¥z5°08

A3
A4 17
A5 16[]

A6
A7

15[
14[]

10 11 12 13

@ N O ;A

© A ©KN ©
<z Oomao
&
ORDERING INFORMATION
ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER MARKING
PDIP—N Tube SN74LS245N SN74LS245N
Tube SN74LS245DW
SOIC - DW LS245
0°C to 70°C Tape and reel SN74LS245DWR
SOP_NS | Tapeandreel | SN74LS245NSR 7405245
SSOP —DB | Tape andreel | SN74LS245DBR (5245
Tube SN54LS245) SN54LS245J
coP-J
Tube SNJ54LS245) SNJ54LS245.
_55°C to 125°C
CFP-W Tube SNJ54LS245W SNJ54LS245W
LCCC—FK | Tube SN54LS245FK SN54LS245FK

T Package drawings,

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

B1
B2
B3
B4
B5

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.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include

testing of all parameters.

“"? TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 2002, Texas Instruments Incorporated
On products compliant to MI(L)-PRF;SBSSS, all parameters are tested

uniess otherwise noted

n all other products, production

processing does not necessarily include testing of all parameters.

1
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SN54LS245, SN74LS245
OCTAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS
SDLS146A ~ OCTOBER 1976 — REVISED FEBRUARY 2002
FUNCTION TABLE
INPUTS
———— OPERATION
OE DR
L L B data to A bus
L H A data to B bus
H X Isolation
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vee * —— - * Vee

9 kQ NOM 50 2 NOM

Input —

}7 Output

h

logic diagram (positive logic)

DIR _1‘L— O—I
Snasa

A12—1 o
[

To Seven Other Channels

‘Q’ TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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SN54LS245, SN74LS245
OCTAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS

SDLS146A — OCTOBER 1976 — REVISED FEBRUARY 2002

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

SUPPIY VORBGE, VoG oot ettt e e e 7V
Input voltage, Vi (see NOte 1) ... . 7V
Package thermal impedance, 65 (see Note 2): DBpackage .............c..oovviiiiiinneannn. 70°C/W
DW package: «:wiowsmiswrnimennissnaimepaia 58°C/W
Npackage ..........cccoiiiiiiiiiiiiiii.., 69°C/W
NSpackage .............ccoiiiiiiiiiinn... 60°C/W
Storage temperature range, Tgtg -« ... ovee it —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. All voltage values are with respect to GND.

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

recommended operating conditions

SN54L8245 SN74LS245
MIN NOM MAX| MIN NOM MAX o
Vee Supply voltage 4.5 5 55| 475 5 525 \
loH High-level output current ~12 -15| mA
loL Low-level output current 12 24 mA
TA Operating free-air temperature -55 125 0 70 °C

{'f TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN54L.S245, SN74L.S245
OCTAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS

SDLS146A - OCTOBER 1976 — REVISED FEBRUARY 2002
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

SN54L8245 SN74LS245
PARAMETER TEST CONDITIONST UNIT
MIN TYPf MAX | MIN TYP} MAX
ViH  High-level input voltage 2 2 Y
VIL Low-level input voltage 0.7 0.8 Vv
ViK Input clamp voltage Vg = MIN, l|=-18 mA -1.5 -1.5 \
Hysteresis (V1+ ~ VT_) | AorB Vee = MIN 0.2 0.4 0.2 0.4 \%
Vee = MIN, loH=-3mA | 24 34 24 34
VoH High-level output voltage ViH=2V, v
VIL = Vi (max) |'OH =MAX 2 2
Vee = MIN, loL=12mA 04 0.4
VoL Low-level output voltage VIH=2V, v
VL = VL (max) loL =24 mA 0.5
Off-state output current, Vge = MAX, _
lozH high-level voltage applied OEat2V Voj=2aV 20 2 A
Off-state output current, Ve = MAX, _
I0ZL  |ow-level voltage applied OE at2V V=04V =40 o
Input currentat | Aor B V=55V 0.1 0.1
] maximum input —_— Vee = MAX mA
voltage DIR or OE V=7V 0.1 0.1
IIH High-level input current Voo = MAX, ViH=27V 20 20 nA
I Low-level input current Ve = MAX, ViIL=04V -0.2 -0.2 mA
los  Short-circuit output current$ Vce = MAX -40 -225 40 —225 mA
Total, outputs high 48 70 48 70
Icc Supply current | Total, outputs low | Voo = MAX Outputs open 62 90 62 90 mA
Outputs at high Z 64 95 64 95
T For conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions.
1 All typical values are at Vee =5V, Ta = 25°C.
§ Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
switching characteristics, Voc =5V, Ta = 25°C (see Figure 1)
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
tp! Propagation delay time, low- to high-level output 8 12
- . - - Cy =45 pF, R =667 Q ns
tPHL Propagation delay time, high- to low-level output 8 12
tpzL Output enable time to low level 27 40
- - CL =45pF, R =667 Q ns
tpzH  Output enable time to high level 25 40
tpLz QOutput disable time from low level 15 25
- = - CL=5pF, R =667 Q ns
tpHz  Output disable time from high level 15 28
3 1,
EXAS
INSTRUMENTS
4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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SN54LS245, SN74LS245
OCTAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS
SDLS146A - OCTOBER 1976 — REVISED FEBRUARY 2002
PARAMETER MEASUREMENT INFORMATION
SERIES 54L8/74LS DEVICES

Vee
Test Test R
es 1

Point
Point Vee
v From Output
cc Under Test (see Note B)
RL CL
From Output RL (see Note A) ">
Under Test
(see Note B) From Output Tost
CL Under Test Point =
(see Note A) CL
(see Note A) I 1 S2
LOAD CIRCUIT LOAD CIRCUIT LOAD CIRCUIT
FOR 2-STATE TOTEM-POLE OUTPUTS FOR OPEN-COLLECTOR OUTPUTS FOR 3-STATE OUTPUTS
High-Level Timing &y
Pilss 13V 1.3V Input 1.3V
T i o oV
— ty — ] le—+ tn
| W | tsy —t—> |
Low-Leval | ———3V
ow-Level 13V 13V "":’a:; 13V 13V
P ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE DURATIONS SETUP AND HOLD TIMES
Output
Control
(low-level
Input enabling)

|
tPZL—’: —  — etz

tpLH —-:d—bi | : l
In-Phase ! Wavsform 1 13V | “15V
(see Notes C
Output and D) ———VoL*05V
(see Note D) ——— VoL

| Waveform 2 —— VoH
Out-of-Phase | VOH avetorm ———VoH-05V
Output 1.3V 13V {see NotesiC 13V 1.5V

(see Note D) ———— and D)

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS
. Cr includes probe and jig capacitance.
. All diodes are 1N3064 or equivalent.
. Waveform 1 is for an output with internal conditions such that the output is low except when disabied by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
. S1and S2 are closed for tp| H, tPHL. tPHz. and tp 7; S1is open and S2 is closed for tpz; S1 is closed and S2is open for tpz| .
Phase relationships between inputs and outputs have been chosen arbitrarily for these examples.
. Allinput pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zo =~ 50 Q, tr< 1.5 ns, < 2.6 ns.
. The outputs are measured one at a time with one input transition per measurement.

|
|
| | I —Hl e
t f— t
tPHL ——b] F—F:— tPLH e~ I Pz

NOTES:

O w >

O mmo

Figure 1. Load Circuits and Voltage Waveforms

"@ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5




o 7418377

@ MOTOROLA

OCTAL D FLIP-FLOP WITH ENABLE;
HEX D FLIP-FLOP WITH ENABLE;
4-BIT D FLIP-FLOP WITH ENABLE

The SN54/74LS377 is an 8-bit register built using advanced Low Power
Schottky technology. This register consists of eight D-type flip-flops with a
buffered common clock and a buffered common clock enable.

The SN54/74L.S378 is a 6-Bit Register with a buffered common enable.
This device is similar to the SN54/74L.S174, but with common Enable rather
than common Master Reset.

The SN54/741.S379 is a 4-Bit Register with buffered common Enable. This
device is similar to the SN54/74L.S175 but features the common Enable
rather then common Master Reset.

8-Bit High Speed Paraliel Registers

Positive Edge-Triggered D-Type Flip Flops

Fully Buffered Common Clock and Enable Inputs

True and Complement Qutputs

Input Clamp Diodes Limit High Speed Termination Effects

® o o o o

PIN NAMES LOADING (Note a)
HIGH LOW

E Enable (Active LOW) Input 0.5U.L. 0.25U.L.

Do-D3 Data Inputs 0.5U.L. 0.25U.L.

CP Clock (Active HIGH Going Edge) Input 0.5 U.L. 0.25 U.L.

Qp-Q3 True Outputs (Note b) 10 U.L. 5{2:5) U.L.

Qp-Q3 Complemented Outputs (Note b) 10 U.L. 5(2.5)U.L.

NOTES:

a) 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.
b) The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial
(74) Temperature Ranges.

153

SN54/74L.S377
SN54/74LS378
SN54/74LS379

OCTAL D FLIP-FLOP WITH
ENABLE; HEX D FLIP-FLOP
WITH ENABLE; 4-BIT D FLIP-FLOP
WITH ENABLE

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 732-03

A
N
20
N SUFFIX
PLASTIC
CASE 738-03
20
1
1

DW SUFFIX
SOIC
CASE 751D-03

© sy

, J SUFFIX
li CERAMIC
CASE 620-09
’
1
N SUFFIX
\ PLASTIC
18 CASE 648-08
4
16\g
1

D SUFFIX
SOIC
CASE 751B-03

ORDERING INFORMATION

SN54LSXXXJ  Ceramic
SN74LSXXXN  Plastic
SN74LSXXXDW SOIC
SN74LSXXXD SOIC

FAST AND LS TTL DATA
5-1




SN54/74LS377 « SN54/74L.S378 « SN54/74LS379

CONNECTION DIAGRAM DIPS (TOP VIEW)

SN54/74L8377
Vcc Q7 D7 Dg Ds Dy Q4 CP

mmmmmmmmmm

NOTE:

The Flatpak version

) has the same pinouts
(Connection Diagram) as

Ll flafleflelle Lo Lo JLe JLo]

Q Dy Dy Q@ Q Dy D3 Q3 GND

SN54/74L.8378
Vocc Q@ Ds Dg Q D3 Q3 CP

[16] [15] [14] [1s] [12] [1n] [1o] [6]

NOTE:

The Flatpak version
) has the same pinouts
(Connection Diagram) as

KIRE

E Q

w
&~
o
=3
~

Le]

Dy D Q D Q2 GND

(=]
S
NS

_ SN54/74L8379
Ve¢ Q3 Q3 D3 Dy Q@ &

[16] [1s] [1a] [13] [12] [11] [to]

(@]
Bk

NOTE:
The Flatpak version
) has the same pinouts
(Connection Diagram) as
the Dual In-Line Package.

L] [2

E Q

w
~
o
»
~
oo

Q D D Q Q1 GN

(=}

<
(=3
=)
ry

the Dual In-Line Package.

the Dual In-Line Package.
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FAST AND LS TTL DATA
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SNS4/74LS377 « SN54/74L.S378 « SN54/74L.S379

LOGIC DIAGRAMS

SN54/74LS377
® @ ® @
- Do D4 Dy D3 D4 D5 Dg D7
ENABLE—{>°‘| * . + . ‘I . . -
®
CcP
BLEGH o ik ! 5 & & &
® CP D CP D CP D CP D CP D CP D CP D CP D
Q Q Q Q Q Q Q Q
e  E s
Qo Q4 Q Q3 Q4 Qs Qs Q7
® ® ® ® ® ®
SN54/74LS378
® ® ® ® ®
Do D1 D2 D3 Dy D5
o ] I
CP D CP D CP D CP D CP D CP D
i Q £ Q . Q £ Q - Q = Q
Qo Q1 Q Q3 Q4 Qs
® ® @ ® ®
SN54/74L.S379 ® ® ® ®
Do D4 Dy D3
olke 1 1 ) )
. cP D . CP D 5 CP D . CcP D
@ J’ Q Q J— Q Q J_ Q Q F Q Q
A i s
Qg Qo Qq Q4 Q2 Qo Q3 Q3
® o ® O ® ®

FAST AND LS TTL DATA
5-3



SN54/74LS377 « SN54/74L.S378 « SN54/74L.S379

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 54 4.5 5.0 55 Y
74 4.75 5.0 525
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 C 25 70
IoH Output Current — High 54,74 -04 mA
foL Output Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
VIH Input HIGH Voltage 2.0 \ All Inputs
54 0.7
viL Input LOW Voltage v Guaranteed Input LOW Voltage for
74 08 All Inputs
ViIK Input Clamp Diode Voltage -065 | -1.5 \ Vee =MIN, |y =-18 mA
54 25 3.5 \4 Ve = MIN, IoH = MAX, ViN = VIH
VoH Output HIGH Voltage = o - v or Vi per Truth Table
54,74 0.25 0.4 \ loL=4.0mA Vece = Vee MIN,
VoL Output LOW Voltage VIN = VL or ViH
74 0.35 0.5 \Y loL=8.0mA per Truth Table
20 Vee = MAX, VN =27V
liH Input HIGH Current uA € IN
0.1 mA Vec=MAX, VIN=T7.0V
I Input LOW Current -0.4 mA Vec =MAX, VN =04V
los Short Circuit Current (Note 1) -20 -100 mA Vee = MAX
Ls377 28
lcc Power Supply Current  LS378 22 mA Vee = MAX, NOTE 1
L8379 15

NOTE: With all inputs open and GND applied to all data and enable inputs, I is measured after a momentary GND, then 4.5 V is applied to clock.
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second

AC CHARACTERISTICS (Tp = 25°C, Vo =5.0V)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
fmax Maximum Clock Frequency 30 40 MHz
s Vee=50V
tPLH Propagation Delay, 17 27 s CL=15pF
tPHL Clock to Output 18 27
AC SETUP REQUIREMENTS (Tp = 25°C, Vg = 5.0 V)
Limits

Symbol Parameter Min Typ Max Unit Test Conditions
tw Any Pulse Width 20 ns
ts Data Setup Time 20 ns
e Enable Setup Inactive — State 10 ns Ve =50V

Time Active — State 25 ns
th Any Holid Time 5.0 ns

DEFINITION OF TERMS

SETUP TIME (ts) — is defined as the minimum time required
for the correct logic level to be present at the logic input prior to
the clock transition from LOW-to-HIGH in order to be recog-

nized and transferred to the outputs.

HOLD TIME (tp) — is defined as the minimum time following

the clock transition from LOW-to-HIGH that the logic level
must be maintained at the input in order to ensure continued
recognition. A negative HOLD TIME indicates that the correct

logic level may be released prior to the clock transition from

LOW-to-HIGH and still be recognized.

FAST AND LS TTL DATA

5-4
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SNS4/74LS377 ¢ SN54/74L.S378 « SN54/741.S379

TRUTH TABLE
cP Dn Qp Qn
X No No
ol Change | Change
L - H H L
L - L H

L = LOW Voltage Level
H = HIGH Voltage Level
X = Immaterial

AC WAVEFORMS

SN54/74L8377

SN54/74LS378

) 1
- P W

Q 7Kmv lk 13V

Figure 2. Clock to Output Delays Clock Pulse
Width, Frequency, Setup and Hold Times Data
or Enable to Clock

Figure 1. Clock to Output Delays Clock Pulse
Width, Frequency, Setup and Hold Times Data
or Enable to Clock

SN54/74LS379
11,
CcP 13V 13V
t,
S(H)—T‘::l k—th(H) s(L) F—th(L)

*The shaded areas indicate when the input is permitted to change for predictable output performance.

Figure 3. Clock to Output Delays Clock Pulse
Width, Frequency, Setup and Hold Times Data,
Enable to Clock

FAST AND LS TTL DATA
5-5
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waondi Asaf 1 Asf 2 Ande

1 V. (V) 1(A) V_(V) 1(A) V. (V) L(A)
2 0 0 0 0 0 0

3 0.48 12 0.48 12 0.48 12
4 0.96 2.4 0.96 2.4 0.96 2.4
5 1.464 3.66 1.48 3.68 1.472 3.67
6 1.66 4.12 1.66 4.2 1.66 4.16
7 1.98 4.88 1.98 4.92 1.98 4.9
8 2.26 5.64 2.28 5.68 2.27 5.66
9 2.56 6.4 2.6 6.48 2.58 6.44
10 2.8 7.2 2.9 7.24 2.85 7.22
11 3.2 7.88 3.22 8 3.21 7.94
12 3.5 8.68 3.5 8.76 3.5 8.72
13 3.68 9.16 3.72 9.24 3.7 9.2
14 3.88 9.6 3.9 9.68 3.89 9.64
15 4.04 10.08 4.1 10.16 4.07 10.12
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#include <stdio.h>

#include <conio.h>

#include <math.h>

#define  SAMP TME 0.001 ARHUAATIMITGUAIN*/
#define LI (float)160.00 FAaunUveIRIdana Traanes nuuudus uau*/
#define L2 (float)-20.0719 FAaunUvoIRIdana Traanes nuuuA NS uaT*/

#define PAIR 2
#define PI (double)3.14159265358979

#define K (double)0.59268874666667 pennsiiveanesnmansingn Tl

#define B (double)0.000368 énlszansveasudeamuniiaveszuns
#define  J (double)0.001096 A lmusanmaeve sz

#define  Tr (double)0.0444 AaAIdImanaIvea 5ot/

#idefine  msensor  (double)2.63791127198200  /*nqauiieuauiluddyapanszua iy
#define  mtacho (double)34.95080045872157  /*dqanieutlauiludyanuanuiisens/
. . o o . o 9 9 o
void A_Outport(int Datal6); /#landu A_Outport(int) it uasvoyaduay
gudeududyainuouzasnoonnINy ol
daanaueuzasnodyaveNTlasdya
*/

v 9 @

void A_Inport(int Channel,int T_Analog[5]); Ailafau A_Outport(int) v‘imﬁﬁﬁﬁmagammm
NNFRITYYIVDUNAURINII aadeyayran/

double Dec_Data(int datal6); /*Wﬁfﬁfu Dec_Data(int) ﬁWWﬁWﬁLLﬂﬁQﬁ?Lﬁ%§1u
aeadluduavgrudus/

int Analog[5];

double is1,is3;
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double
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double
double

double
double

double

void

{

t[PAIR];

ao=(-B/J);

bo=K/J;
co=-(1.0/));

isa, isb, isd, isq,ieq;
dimR[PAIR];

imR[PAIR];

wmR[PAIR];

p[PAIR];

w_dot[PAIR];

w[PAIR];

werror[PAIR];

TL _pad_dot[PAIR];

TL pad[3];

Speed_smooth[3];

Speed[PAIR];

azord2[]={1.0,-1.955585, 0.956550};
bzord2[]={0.0, 0.000965};

interrupt user_routine(void)

A_TInport(0,Analog);

is1 =msensor*Dec_Data(Analog[1]);
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is3 =msensor*Dec_Data(Analog[2]);

is3 =msensor*Dec_Data(Analog[2]);

Speed[0] =mtacho*Dec_Data(Analog[3]);

Speed_smooth[0]=bzord2[1]*Speed[1]-azord2[1]

*Speed_smooth[1]-azord2[2]*Speed smooth[2]

t[0]=t[1] + SAMP_TME,;
isa=(1.5)*is1;
isb=(-0.5)*sqrt(3)*(is1+2.0*is3);
isd=isa*cos(p[1])+isb*sin(p[1]);
isq=isb*cos(p[1])-isa*sin(p[1]);
dimR[0]=isd-imR[1];

imR[0]=imR[1]+SAMP_TME*(dimR[0]+dimR[1]) /#fuiuai_

/(2.0%Tr);
ieq= imR[0]*isq;
wmR[0] = 2.0*Speed_smooth[0]+isq/(Tr*imR[0]);

pl0] = p[1]+0.5*SAMP_TME*(wmR[0]+wmR[1]);
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AMUIUAT @ */

w_dot[0]=ao*w[1]+bo*ieq+co*TL pad[1]+L1*werror[1]; ARUIUAT @ */

w[0]=w[1]+0.5*SAMP_TME*(w_dot[0]+w_dot[1]);

TL_pad_dot[0]=L2*werror[1];

TL pad[0]=TL pad[1]+0.5*SAMP TME
*(TL_pad_dot[0]+TL pad_dot[1]);

A_Outport((int)(TL_pad[0]*8191.0/4.5));

t{1]1=t[0];
dimR[1]=dimR[0];
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imR[1]=imR[0];

wmR[1]=wmR[0];

pl1]=pl0];

w_dot[1]=w_dot[0];

wl1]=w[0];

werror[1]=Speed smooth[0]-w[0];
TL_pad[2]=TL_pad[1];

TL _pad[1]=TL_pad[0];
Speed[1]=Speed[0];

Speed _smooth[2]=Speed smooth[1];
Speed _smooth[1]=Speed smooth[0];
}
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#include
#include
#include
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

void

void

double

int

<stdio.h>

<conio.h>

<math.h>

SAMP TME  0.001
PAIR 2

alphal (double)0.1
alpha2  (double)0.1
gammal (double)l

gamma2 (double)l

L2 (double)-100.00

PI (double)3.14159265358979

K (double)0.59268874666667
(double)0.000368

J (double)0.001096

Tr (double)0.0444

msensor  (double)2.63791127198200

mtacho  (double)34.95080045872157

A_Outport(int Datal6);

A TInport(int Channel,int T Analog[5]);

Dec_Data(int datal6);

Analog[5];
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double
double
double
double
double
double
double
double
double

double

double

double
double
double

double
double

double
double

double
double
double
double

double
double

void interrupt user_routine(void)

is1,is2,is3;
t[PAIR];

ao =-(B/J);

bo =K/J;
c=-(1.0/4);

isa, isb, isd, isq;
dimR[PAIR];
imR[PAIR];

wmR[PAIR];

p[PAIR];

w_dot[PAIR];

w[PAIR];

werror[PAIR];

TL _pad_dot[PAIR];

apad_dot[PAIR];

apad[PAIR];

bpad_dot[PAIR];
bpad[PAIR];

ieq;
TL_pad[3];
Speed|[3];

Speed_smooth[3];

azord2[]={1.0,-1.955585, 0.956550};
bzord2[]={0.0, 0.000965};

174

° VA Y ' A P
AMAUAANTUAUMTUTLUUAINITINADST a */
AMrUaaIsuAUMIUTZaaImITmes b */

o ' a s
FAAMUUANNITTNADINANUDN ¢ */

1 v J J o ] <

Faeyusyeanaesnszud ihiumans
= o s g

raszud Iiihhauyanunesmawimian Trf

o 3 a g 7
/oasuSuFayuveanuauuulvanlsmesn
PN NBIINUAUMIAIADT*/

° 1A ' ]
AfwndaFayy () vounuduILLINan

J

s a
Iimﬂi'ﬂﬂﬂ’E’]}'NfNi]']ﬂLLﬂUﬁL@lL@]ﬂi*/

£

v <

FraroyRutvesanmIseuiidrdaunad o
I8/

Aendaseuiisadanasiua g
AAANUAANEIAYBIMIMUIUANUTITOU*
fareyutvesduayInaanes niidrdana

funalax

' a s o ' Vo a

/*ﬂTW15111m'f)5‘Uf‘)\i'ﬂﬁi"lﬁjuig‘ﬂ'ﬂﬂﬁllﬂizﬁﬂ‘ﬁ
a A 7 A

"’U’Omiﬂmﬂﬂmu‘ﬁummﬂmuummmmﬂﬂﬁum

szuundrFunaiiunld

' a 8 o ' ' ' =
AN YDIBATIAIUTEHINAIAINVO

J ] < v o Y J
nosnmauman lihveadrdud was Tuwuad
ANUINDIVBITZUUY/

{ @ ] <}

raszua lilihiauyatunesmaiman Trlihe

o s Ao o o
rdnavTnaanes nidrdunadiuam 1

1 < a
AAANNITITOVITIVOITS U/

' < a A
AAIAUEITOUITIVOITZVUTNNIUMINTBIRY

a g o sad oo o
HawesuvutinmosIsnouaude*/

Ly a o ¢
AMFULTZANT a 1Az b YBINIINTOILANOS
ad o o aa
NINDUAVTRIUVUAINDD*/

Filansuvesisunsugosveididuna Inan



{

A_Inport(0,Analog);

isl=msensor*Dec_Data(Analog[1]);

is3=msensor*Dec_Data(Analog[2]);

Speed[0]=mtacho*Dec_Data(Analog[3]);

Speed_smooth[0] =bzord2[1]*Speed[1]-azord2[1]

*Speed_smooth[1]-azord2[2]*Speed_smooth[2];

t[0]=t[1] + SAMP_TME,;
isa=(1.5)*is1;
isb=(-0.5)*sqrt(3)*(is1+2.0*is3);
isd=isa*cos(p[1])+isb*sin(p[1]);
isq=isb*cos(p[1])-isa*sin(p[1]);
dimR[0]=isd-imR[1];

imR[0]=imR[1]+SAMP_TME*(dimR[0]+dimR[1])
/(2.0%Tr);

ieq= imR[0]*isq;

wmR[0] = 2.0*Speed smooth[0]+isq/(Tr*imR[0]);

pl0] = p[1]+0.5*SAMP_TME*(wmR[0}+wmR[1]);

w_dot[0]=apad[1]*w[1]+bpad[1]*ieq+TL _pad[1]*co

+(gamma2*bpad[1]-gammal *apad[1])*werror[1];

w[0]=w[1]+0.5*SAMP_TME*(w_dot[0]+w_dot[1]);
apad_dot[0]=alphal*(w[1]-gammal*werror[1])

*werror[1];
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apad[0]=apad[1]+0.5*SAMP_TME
*(apad_dot[0]+apad_dot[1]);
bpad_dot[0]=alpha2*(ieq+gamma2*werror[1])
*werror[1];
bpad[0]=bpad[1]+0.5*SAMP_TME
*(bpad_dot[0]+bpad_dot[1]);
TL pad_dot[0]=L2*werror[1];
TL pad[0]=TL pad[1]+0.5*SAMP TME
*(TL_pad_dot[0]+TL_pad_dot[1]);
A_Outport((int)(TL_pad[0]*8191.0/4.5));

t[1]=t[0];

dimR[1]=dimR[0];

imR[1]=imR[0];

wmR[1]=wmR[0];

pl1]=p[0];

w_dot[1]=w_dot[0];

w1]=w[0];
werror[1]=Speed_smooth[0]-w[0];
apad_dot[1]=apad_dot[0];
apad[1]=apad[0];
bpad_dot[1]=bpad_dot[0];
bpad[1]=bpad[0];

TL pad[1]=TL_pad[0];
Speed[1]=Speed[0];
Speed_smooth[2]=Speed smooth[1];
Speed_smooth[1]=Speed smooth[0];
}
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Abstract

This paper brings in the novel adaptive load torque
observer for any motor-load systems whose load torque is
nearly constant or changes very sluggish as compared with
the system dynamics. The structure of the proposed
observer is arranged under the assumption on both motor
torque constant’s and viscous friction coefficient’s
variation from their nominal value. To attain modified
adaptive scheme for supporting such assumption, Lyapunov
function are chosen and stability condition is carried out.
Besides, the proposed observer requires only the angular
speed and equivalent current as input data. Finally.
simulation results are treated for verification.

Keywords:

adaptive observer, load torque observer, motor-load
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Introduction

Few chief aims of invention around any state observers are
served firstly to be in place of the usage of costly
measurement devices for detecting some state variables,
secondly to elude the application with sensors in the
environment that be too noisy and thirdly to judge state
components corresponding to inaccessible internal or
external variables which cannot be measured [1]. In given
motor-load systems, load torque is both an unknown,
almost inaccessible input and a external disturbance. By
this cause, the majority of high-performance servo control
systems with load torque measurements to feed forward,
would become quite impossible and impractical
configurations. Or otherwise, if these servo control systems
were consummately implemented. they would involve great
expenditure on advanced torque sensors or transducers. To
allay the afore-outlined obstacles, a motor-load dynamic
model and its load torque as a state variable were taken into
account for’ forming the linear full-order load torque
observer that estimated the load torque in lieu of measuring
the actual one [2]. Afterwards, from the outcome of
progress about more novel and faster processor chips, other
types of load torque observers were devised in features that
be dedicated towards more intricate computations. They
have been scparately called to Kalman filter and sliding-
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mode load torque observers [3,4]. All types of them kept a
prevalent attribute to assist the closed-loop servo control
systems to have robustness in responses against external
load torque when one of them was included in the systems.
Nevertheless, while these servo control systems were
started and went on running, some real system parameters
frequently deviated from the nominal parameters of load
torque observers. Perhaps this motive reflected upon the
estimated load torque to deflect from the actual one in
steady-state period.

On another avenue, the adaptive load torque observer was
created under the assumption on merely motor torque
constant’s deviation from the nominal value. Its
construction was composed of the constitution of the linear
full-order load torque observer and adaptive mechanism
which solely contain part of on-line updating the motor
torque constant’s parameter. Unluckily, in the true system
the viscous friction coefficient also deviated from its
nominal value. Without part of on-line updating the viscous
friction coefficient’s parameter, the estimated load torque
was feasible to deflect from the actual one in steady state
period too. Furthermore, this adaptive load torque observer
demanded the angular position, speed and the equivalent
current in proportion to developed torque for earning input
data onto calculations [5].

This article reports the novel adaptive load torque observer
inside extended structure that consists of the linear full-
order observer and modified adaptive scheme which
comprises both parts of on-line updating the motor torque
constant’s and viscous friction coefficient’s parameters [6].
Beneath the novel or proposed adaptive load torque one
pending rotation, the estimated load torque nearly grow
identical to the actual one through steady-state period. Over
and above, only both the angular speed and the equivalent
current in proportion to developed torque are desired as
input data towards further calculations by the proposed load
torque observer.

To verify theoretical performance of the proposed adaptive
load torque observer, simulation tasks would be treated in
contrast between the two estimated load torque errors which
be procured from the proposed observer and the linear full-
order one. These demonstrations provide the initial updated
parameters and the observer parameters. to be unlike with
the true ones of system. Extremely, assessment and
discussion around the proposed observer will be strictly
explained and summarized.



Motor ® Load

Figure 1 — Equivalent motor-load system
Approach and Methods

Motor-Load System Modeling

According to any electromechanical system, an electric
actuator: herein dc motor or ac motor is coupled with a load
for driving in manufacturing processes such as machine
tools, plant automation, conveyors, blowers, mixers,
agitators, etc. and in other applications about daily life such
as pumps, fans, compressors, elevators, hoists, tractions,
etc. Of course, these processes and applications constitute a
load on the electrical drive. When the motor-load (Fig 1.) in
aforementioned system is started and then rotates relatively
along requirement of mechanical work, its dynamics is
described by the following eqn.

© = aw+big +CTy )

where o is the angular speed (rad/sec); iy, is the equivalent
current in proportion to developed torque of the motor (A);
T, is the load torque (N.m) affected by friction (windage or
gravity) and its effect resists rotation of system and its
variation is very slow as compared with dynamics of one
during a short period of time ie. T, < 0. In addition,
a=-B/1b=K./J and ¢ = -1/ where Bis the viscous
friction coefficient (N.m.s/rad); K, is the torque constant

(N.m/A) and J is the moment of inertia (kg.m?). Under
constant load’s mode of operation and pending rotation of
the one. B generally varies due to various factors such as
temperature, humidity, wear and operating point while K

commonly also varies with heating, flux linkage, lifetime
and same operating point. But J seems constant through
each an occasion of rotation. Due to load changes, burden
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or payload alteration before begins to rotate, these
situations le¢ad to J’s variation.

The Linear Load Torque Observer

Concerning precision velocity and position control systems,
a Joad torque is external disturbances as unknown input that
occur inherently and become a reason of error responses.
Since in several circumstances a load torque is normally
difficult to measure and often inaccessible; besides, data
acquisition techniques for sensing such quantity have
employed some -expensive or special sensors, the scheme
which desires an actual load torque to directly compensate
for purpose of accuracy is not practical. However as cost
saving is necessary and system model is considered mainly,
a load torque estimation method instead of measurements is
achieved by linear full-order state observer (Fig 2.) that be a
part of control systems and given below.

& = at +big+cT, +4,3 )
T- 68 3)

where @ = o — & is the speed estimation error; &, T are
the estimated speed and load torque, respectively; £,,¢,
are the constant positive and negative gains, respectively. In
eqns. (2) and (3), T, and integrating on df, /dt With
respect to time are regarded as a state variable and an
output of the-observer, respectively. From egns. (1) to (3),
the error dynamics of the conventional observer is derived
as

8=(a-6)8+ T “)

¥ty B (5)

where '1"1 = T, - T, is the load torque estimation error. The
egns. (4) and (5) point out that as the observer parameters
are exactly equal with the relevant system parameters, the
estimated load torque in steady-state period s
corresponding to the actual one. Unfortunately, diverse
factors, variant operating conditions and lifespan in real

Motor-Load Systems

Linear Full-order

Load Torque Observer

Figure 2 — Block diagram of linear full-order load torque observer



events make the system parameters reasonably alterable.
This illustrates that 3 = a,+Aaand p = b, + Ab where 3y
b, are nominal parameter values which be determined from
manufacturer’s data sheets or by system test, off-line
identification, using instruments, formulae or analytical
calculations; Aa,Abare additive perturbations or
uncertainties which happen between rotation of system.

Thus, the observer parameters are always asstgned to the
nominal values as follow;

Y

& = 8oh +bgigg +€T, +€,3 (6
By subtracting eqn. (6) from eqn. (1), the next error eqn. is
attained as

3 = (3 - £,)3+ T, + saw + abi, @)

This denotes that if i is step input, the motor-load system
in steady-state period will rotate by a constant angular
speed that is an identical worth of steady-state estimated
speed from the linear observer. Therefore, the speed
estimation error over steady-state period likewise tends to
2ero (t -, &w)—>0) and

TL(oo) —-(AaoH-Abl ) ®)

This implies that the steady-state estimated load torque
error is independent on selecting the gains £,, ¢, and initial
states (0), 7,(0) but it is depend on ¢, Aa,Ab, @ and iy,
Consequently, when both pertinent system and observer
parameters are sufficiently distinct, both the actual and
estimated load torque are explicitly different too.

The Proposed Adaptive Load Torque Observer
Subsequently, to decrease the estimated load torque error,

expanding the structure of the linear full-order state
observer by appending adaptation laws or on-line parameter
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identification portions to the conventional observer is a way
of contemplation about an adaptive mechanism which be
defined as

& = 26 +bi, +cT,_+;,$ ®

where 2, = -1,8 +7v,b is the time-varying gain; v,,v, are
the constant gains; a,b are the on-line updated parameters.
By taking eqn. (9) fmm eqn. (1), the estimation error is
expressed as

3 = [(y, +1)a - v,b]& + o> - 1,8) + B‘(in +1,0)+ ci (10

where 3 = a-3a, b = b-b are the parameter errors. Tc
obtain the adaptive scheme, the positive-definite Lyapunov
function can be chosen as

C ~
D+ =T,

] o lp, g an
V= TR e L

N =

where «,,u, are the positive adaptation gains. After
differentiating V with respect to time and substituting eqn.
(10) into the derivative, this yields

Vo= [, +1)a- 0] ‘ (12)
where the parameter updates or adaptation laws satisfies

Aa=a 5(&) —yla)') (13)
b ;3 (ieq +728) @14)

and the estimated load torque is available via

T =63 15)

In order to retain uniform asymptotical stability, the y, and
Y, gains are adjusted such that (y, +1)a- y,b< 0 is
established. This renders V definite negative (V <0) and

Motor-Load Systems
@

Adaptive

Load Torque Observer

Figure 3 - Block diagram of adaptive load torque observer
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signifies that the initial updated parameters (4(0) and b(0))
may be essentially unequal with the conformable true
parameters (2 and b) while the initial estimated speed @(0)
is an arbitrary value except the initial estimated load torque
1.00) is usually disposed to be zero. Moreover, the
estimated load torque error through transient and steady-
state periods relies upon trimming the «,, «, ,£,,y, and
Y, design gains in each opportunity of rotation. The
proposed adaptive load torque observer (Fig 3.) consists of
eqns. (9), (13), (14) and (15).

When the whole initial updated parameters are taken to be
the nominal values (5(0) = 2, B(0) = bo) and again i, is
step input, the speed estimation error will converge to zero
(8 - 0) as time continues to infinity (t - ) and eqn. (10)
reduces to

T = -3 Bleig) (16)

where the steady-state actual speed remains bounded to a
final value. Eqn. (16) indicates that while steady-state
period arrives, the estimated load torque error correlates
with both the parameter errors and if all the design gains are
appropriately tuned, both magnitudes of the parameter
errors almost diminishes to zero such that the estimated
load torque error magnitude is nearly exhausted.

When iy, is a sinusoidal input, which expediently contains
single frequency and adequate amplitude, the motor-load
system will rotate clockwise and anti-clockwise, alternately.
As time reaches to infinity, all errors simultaneously
converge to zero although the entire initial updated
parameters are commenced at any numbers or even no a
priori knowledge (a(0) =0, b(0) = 0), based on persistent
excitation property of an adaptive mechanism. This case.
brings the estimated load torque to the actual one.

Results

Table 1 — Nominal parameters of the motor-load system

Rated Load Jo B, K
Torque (kg.m?) (N.m s/ rad) (N.m/ A)
(N.m)
1.91 0.014197 0.018929 0.0568

Table 2 — Nominal parameter of the observers
and the motor-load system

a, b, [

-1.3333 4.0008 <70.4374
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The motor-load system that be used throughout all next
examinations, holds its several nominal parameters as listed
in table 1 and 2. The rated actual load torque that be
prescribed in tests is 1.91 N.m. To compare the extents of
accuracy along load torque estimation of the proposed
adaptive load torque observer versus that of the linear full-
order or conventional load torque observer, simulation
procedures are set to allow these load torque observers’
calculations to accompany the motor-load’s rotation
provided that the true system parameters vary from their
nominal values until a and b increase to 1.2a, and 1.2b,,
respectively (Aa = 20% and Ab = 20%) barring ¢ which be
still firm (¢ = ¢,), whereas all initial updated parameters of
the proposed observer and the conventional observer’s
parameters become equal to the relevant nominal values.
For sake of inspection, load torque estimations of both
these observers are executed at some different levels of the
rated actual load torque such as 20%, 50%, 80% and 100%
(full load torque) of it in first, second, third and fourth tests,
respectively. Touching simplicity of evaluation, the motor-
load system and both these observers in each of four tests
are planned to receive i, as a step input in magnitude of
100 A with plus sign, together, so that the motor-load
rotates towards either clockwise or counter-clockwise
direction. Prior to first test, the ¢,, £, gains of the

conventional load torque observer are picked out as 160 and
-150 respectively via pole placement method with nominal
parameters, then from second test to fourth test the ¢,, £,
gains become still the same, so long as the o, oy, 7,5 7,
design gains of the proposed load torque observer are
adjusted to 2000, 2000, 4.5, and 500 respectively through
these four tests by foregoing trial and error method except
the ¢, design gain which be tuned to -130, -305, -470 and -
570 at 20%, 50%, 80%, and 100% of the actual load torque,
respectively.

Numerical results from first test to fourth test are illustrated
in fig. 4-a, 4-b, 4-c and 4-d, respectively. Load torque
estimations of both these observers are plotted by style of
solid lines but some levels of the rated actual load torque at
20%, 50%. 80%, and 100% of it all are referred by style of
dashed lines.

To examine the persistent excitation property of the
proposed observer, i, is modified to be a sinusoidal input in
amplitude of 100 A with one frequency of 1 Hz for need on
alternately clockwise and anti-clockwise rotation of the
motor-load system whereas the actual load torque is 100%
rated of it. In addition, the true system parameters diversify
from their nominal values till a and b enlarge to 1.2a, and
1.2b, respectively except ¢ which seem constant. For
interest in capability of the proposed observer, its whole
initial updated parameters are put to zero while its design
gainsof o, @,, 7Y;,y, and ¢, are chosen as 100, 100, 100,
100 and -500, respectively. These computational results are
depicted in fig. 5-a, 5-b and 5-c.

For revealing further potential of the proposed observer that
based on persistent excitation, some supposed
environmental factors could urge a condition that the true
system parameters are influenced to vary suddenly from
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their nominal values to 120% of them relevantly at instant
of 30 second, whereas i, become a sinusoidal input in
greater amplitude of 200 A with the same frequency to
achieve a shorter space of time on this simulation. The
actual load torque, the whole initial updated parameters and
all the design gains of the proposed observer are the same
as that of last simulation. These computational results are
shown in fig. 6-a, 6-b and 6-c.

Discussion

These graphs in fig. 4-a, 4-b, 4-c, and 4-d possess the
similar results that in steady-state interval the estimated
load torque of the proposed observer almost coincides with
the actual one while the estimated load torque of the
conventional observer leaves alone at rest below the actual
one, noticeably. Even if the ¢,, ¢, gains of the
conventional observer are changed into the other numbers,
the steady-state estimated load torque error of the latter
remains unchanged under the same level of the rated actual
load torque.

They in fig. 5-a, 5-b and 5-c display that when the motor-
load system rotates by sinusoidal angular speed because of
such sinusoidal speed because of such sinusoidal icq, the
proposed observer obviously secures two sinusoidal data of
icq and o, then over steady-state interval the on-line updated
parameters are reached to their true system parameters such
that the estimated load torque plainly coincides with the
actual one. The transient parameter errors, transient load
torque estimation error and more brief or prolonged
transient interval all reckon upon selecting thea, , o, ¥;,

Y., £,design gains.

They in fig. 6-a, 6-b and 6-c disclose that though the true
system parameter moderately alters in step under sinusoidal
i, and o, the estimated load torque still coincides with the
actual one, again. In transient interval the parameter errors
and the load torque estimation error gradually decay until
they decrease to zero at beginning of steady-state interval.

Conclusion

This article describes an attempt of modification about the
novel adaptive load torque observer for any motor-load
systems. Under the actual load torque which be almost
constant, with motor torque constant’s and viscous friction
coefficient’s deviations from their nominal value. These
assumptions permit to impel the structure of the proposed
observer conmsidering adaptive mechanism  which
counteracts the aforementioned deviations such that the
estimated load torque nearly converge to the actual one. On
account of above simulation results, if the motor-load
system to rotate either clockwise or counter-clockwise by
constant angular speed then all initial updated parameters
would be taken to become their nominal values and all
design gains would be suitably tuned. But if the same
motor-load system was desired to rotate clockwise and anti-
clockwise alternately by sinusoidal angular speed then all



initial updated parameters would be always reset to zero
and all design gains would be tuned moderately and fairly.
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