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ABSTRACT

This thesis describes shout principle of ED motor and

i
how +to control speed of it. In this case, Z-80 microprocessor is
used for processing and controlling the control system which

consists of A to D converter D to A converter , trigding

circuit and , certainly , ED motor. The key objective of this
thesis 1is to control ED motor to run at a constant speed despite

astable load. According to Control theory , the used system is a

3

type of P Contrqller (Proportional Controller) which is suitable

for ED motor*s characteristics. To +test +this prototype

variable 1load is applied while a constant setpoint is set and we

consider the speed response of ED motor..
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SPECIFICATION
Model F N Drive Motor Max, Output Torque (kg-m) Speed Control Range Standard Accessory
ode rame TO- Poles WP " 60Hz 50Hz 60Hz 50Hz Speacon Panel
VSEDA05B | A0917B Ve 0.2 0.24
VSED41B A.10208 1 0.4 0.48
VSEDA42B A11228 2 0.8 0.06 1500—150
VSEDA3B A13258 . 3 1.2 .44 1200120 BVTMNS-R1200
VSED45B A1427B 5 2.0 24
VSED47B A-16358 7 3.0 36
VSED410B 816358 10 4.0 48 1650—150
VTMNS-R
VSED4158 | _ A-20408 5 | 60 72 SVIMNS-R350C

Ditnensions in mm

Mode! HP Frame No. | Fig Cc o] E F G H J K KL L M N R
VSED4058 Y5 A-08178B \ 90 | 200 80 | 89.0| 15 | 225 | 40 — | 119 | 458 | 200 | 210 | 1825
VSED41B 1 A-1020B 100 | 210 80 |101.5] 15 248 45 — 121 | 485 | 210 | 240 [181.5
VSEDA42B 2 A-11228 112 | 230 95 |114.0] 15 | 272 | S0 60 | 150 | 570 { 230 | 270 j221.5
VSED43B 3 A-1325B 132 | 270 | 108 |127.0} 20 | 311 60 75 | 173 | 632 | 270 | 300 |242.5
VSEDA4SB 5 A-1427B > 145 | 300 | 127 {139.5] 20 | 343 | 65 85 | 1182 | 687 | 300 | 330 |270.0
VSED47B Ve A-16358 160 | 340 | 127 {17801 25 [ 390 | 75 o5 | 218 | 816 | 340 | 425 {3375
VSED410B 10 B-1635B 160 | 340 | 127 [178.0] -25 390 75 95 | 218 | 854 | 340 | 425 |337.5
VSED415B 15 A-20408 200 | 400 | 159 |203.0| 30 | 460 | 85 |125 256 | 977 | 400 | 500 |372.5

Shaft End Approx.
Frame No. Z T a oK S T 0 W Welght (kg)
A-0917B 12 40 25 18 6 3.5 6 28
A-1020B 12 40 25 18 6 3.5 6 35
A-1122B 12 50 35 22 6 3.5 6 58
A-13258 12 60 45 28 7 4.0 8 77
A-14278B 15 60 45 28 ! 7 4.0 8 106
A-16358 15 80 65 35, 8 5.0 10 175
‘A-16358B 15 80 65 35 8 5.0 10 190
A-20408B 19 90 70 42 8 5.0 12 296

REMARKS: 1. Tolerance of Dimension *8' according 1o (ISA) hé.

2. Tolerance of Dimension “C" +0, ~0.5

+




PECIFICATION

Model Bins Mo Drive Motor Max. Output Torque (kg-m) Speed Control Range (rpm) | Standard Accessory
o : Poles HP 60Hz |  50Mz 60Hz2 | ___50H2 | Speacon Panel
V§4208 A-28548B 20 8.0 | 9.6
V54258 A-28548 25 10.0 12.0
V4308 B-28548 4 30 12.0 14.4 1500— 150 1200—120 | SVTMNS-R360C
V54408 A-3264B 40 16.2 194
VS4508 B-3264B 50 20.0 | 240
} L
‘L__.I-—-i
Lo-f
w
-o\t-
u J_ll—]-v
L\Ll
S
Dimensions in mm
L Frame " Shaft End
Mode! No. Fig| C D E F G H J X [KLINE M N R z o ok s T TUTwW
VS420B | A-2854B | 3 | 280 | 550 | 205 | 270 | 40 | 550 | 120 | 150 | 228 |1156 | 530 | 600 | 490 | 24 | 105 85 | 48 8148 12
VS425B | A-2854B | 3 | 280 | 550 | 205 | 270 | 40 | 550 | 120 | 150 | 291 | 1207 | 530 | 600 | 490 4 24 | 105 85 | 48 8 |45 | 12
VS4308 | B-2854B | 3 | 280 | 570 | 205 | 270 | 40 | 570 | 120 | 150 | 291 {1245 530 { 600 | 490 | 24 | 105 | 85 | 48 8 |45 | 12
VS440B | A-3264B | 3 | 320 | 620 | 235 | 320 | 45 | 635 | 130 | 205 | 329 | 1447 600 | 700 | 540 | 24 | 140 | 120 | 55 | 10 | § 15
vS4508 | B-3264B | 3 | 320 | 650 | 235 | 320 | 45 | 650 | 130 | 205 | 339 |1481| 600 | 700 | 540 | 24 | 140 | 120 | 55 | 10 | 5 15

REMARKS: 1. Tolerance of Dimension “'8§" According to (ISA) hé

2. Tolerance of Dimension “C" *8 g lor 235mm and Under, * L5 Y tor 280mm and Above

SPECIFICATION
' Mode! Erime No Drive Motor Max, Output Torque (kg-m) Speed Control Range (rpm) | Standard Accessory
: Poles HP 60Hz 50Hz 60Hz | 50Hz | Speecon Panel
VSED4608 A-35638 60 240 288 1650==165 1350—13¢
__VSEDA75B A-35638 4 75 30.0 350 1600=265 1275215
VSED4100B A:3563B 100 40.0 47.0 1500—600 1200~~600
VSED6508B A-35638B 50 30.0 35.0 1000—165 B800— 135
VSED660B A-3563B 60 36.0 42.0 950—315 750—250 bl i e
| VSEDB308B A-35638 30 24.0 28.8 75075 600—60C
VSEDB840B A-35638 40 32.0 38.0 650—215 500— 165
__VSED850B A-3563B 50 40.0 47.0 600—300 | 450—22%

k

Fig. 4
. Dimensions in mm
Shaft End

Model Fig| C D E F G H J K KL L M N R z o) oK S T m W
VSEDA460. 830 4 355 | 711 | 265 | 315 | 45 | 725 | 130 | 210 | 377 | 1480 | 660 | 720 | 564 | 24 140 | 110 | 60 11 7 18
VSEDA75, 650, 840 | 4 355 | 711 | 265 | 315 | 45 | 725 | 130 | 210 | 377 |1480| 660 | 720 | 564 | 24 140 | 110 | 60 1 7 18
VSED660. 850 5 355 | 711 | 265 | 315 | 45 | 758 | 130 | 210 | 490 [1517| 660 | 720 | 564 | 24 140 | 110 | 75 12 |75 | 20
VSED4100 -] 355 | 711 | 265 | 315 | 45 | 758 | 130 | 210 | 490 | 1555| 660 | 720 | 564 | 24 140 | 110 | 75 12 | 7.5 20

REMARKS: 1. Tolerance of Dimension “S" According to (ISA) mé
2. Tolerance of Dimenslon"C"'_':1
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SPECIFICATION
' Drive Motor Max. Output Toraue (kg-m) | Speed Cotrol Range (rpm) Standard Accessory
No.

BT e No. s | HP | G0z | S0M: 60Hz 50Hz Speecon Panel i ol
__VSED4125 3590 4 125 47 57 | 1650—165 | 1300—130 TL o N?
_VSED4150 3590 4 150 57 68 1650—165 | 1300—130 TLa N?

VSED675 3590 6 15 40 49 1000—100 850—85 SVTMNS-R360C TL e N?

VSED6100 3590 6 100 54 65 1000—100 850—85 TLa N?
__VSED860 3590 8 60 40 49 700—70 550—55 TL & N?

VSED875 3590 8 75 50 60 700—70 550—55 j TL a N?

REMARKS: 1. TL: Load Toraue 2. N: Speed (r.o.m.)

L

[ a— KL

enerotor "

&)
[
b

B

LI

, , ‘ [ R 1Y
I‘LKA 4 L S‘J -l . E—tt

F =t F —
L N
Fig. 6 f M
Dimensions in mm
Drive Motor Shafe End
ModelpuimHPCDEFGHJKKLLMNRKZQQKSTUW
VSED4125 4 125 | 355 [ 750 | 305 | 450 | 40 | 855 | 1501240 | 520 |1779 730 | 980 | 754 | 704 | 428 | 170 | 140| 85 | 14 9 | 22
VSED4150 150 | 355 | 750 | 305 | 450 | 40 | 855|150 | 240 | 520 |1829| 730 | 980 | 754 | 704 | 28 |170 | 140| 85 | 14 9 | 22
VSED675 6 75 [ 355 | 750 | 305 | 450 | 40 | 855 | 150 | 240 | 490 |1760} 7301980 | 754 | 704 | 28 |170|140( 85 | 14 | 9 | 22
VSED6100 100 | 355 | 750 | 305 | 450 | 40 | 855 | 150|240 | 520 [1779] 730 | 980 | 754 | 704 | 28 | 170|140 | 85 | 14 9 K22
VSEDB860 8 60 | 355 | 750 | 305 | 450 | 40 | 855 | 150 | 240 | 490 |1760} 730|980 | 754.|704 | 28 |170|140| 85 | 14 | 9 | 22
VSED875 751355 | 750 | 305 | 450 | 40 | 855 | 150 | 240 } 520 {1779| 730 | 980 | 754 | 704 | 28 | 170|140 | 85 | 14 9 | 22
DESCENDING TORQUE-SPEED CURVE
100
} \
80 + :
SPECI I7'.TRIOL RANG!
~ 60+
= %4
20
19 /////////////////////// Impossible Fielg Fo
0 Soeed Contre
100 80 60 40 20 [ e

Fig. 7 (SPEED b |




INSTRUCTIONS FOR

VS MOTORS

W

Instructio:

TOE-C21

Februory,

| TYPE VBOZN
0.2 - 45kW

0.75kW 1200-120rpm

L 11kW 1350-135rpm

$ah
o L3

275 - 122

22kW 1350-135rpm

IMPORTANT

VS motor is an AC-operated variable speed !
motor. which containg VS coupling (eddy current
coupling) and three-phase squirrel-cage induc-

i - When megger test is necessary, disconnect VS
motor from VS motor regulator before the test.

tion motor in one compact unit, : For details, refer to the section BEFORE PUT-

When properly installed, operated and main-
tained, this motor will provide a lifetime of
optimum operation. Before starting read thorough-
ly these instructions, and keep them for future

the frequency.

TING INTO SERVICE on page 8 .

- Connection to the external terminal 50 or 60 of .
VS motor regulator should be done according to
Refer to the section WIRING on

i /papge’S,
reference. :
CONTENTS
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s VS MOTORS

WIRING (Cont'd)

Fig. 11 shows a typical connection of VS motor
irive system. Fig, 12 shows a basic wiring dia-
gram of VS motor drive system .

AC POWER SUPPLY

L
ADOVI30Hs CONTROLLER TYPE JROP-Cig

220V 60H: VS MOTOR REGULATOR
TYPE JRCV.021E3s, -041E38

MAGNETIC
STARTER

" -

'n POWER
' ON.OFF ———
' SWITCH

(W NS

TRANSFORMEF

VS MOTOR TYPE VBOZIN

Fig. 11 Connection of VS Motor Drive .System
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VS MOTORS
.,
]
< !
l .
. AC POWER SUPPLY § s s ]
L R wl fviu.
VS MOTOR =
TYPE VBOZN P
VS MOTOR REGULATOR TYPE JRCY MTO'
‘ 1
t T IFU Vs
2 3y
. * Connect to regulator terminal 50 when 50Hz, and
60 when 60Hz. g
** Whe upply voltage is other than 200/220V provide 3
a lr:::losmer whose output is 200/220V (750VA for — PPOMWE&SFWUCH
0.2kW motor and 1500VA for 0.4kW). (P - !0_25_
L J yo.!<_
CONT 'ng' [EF
Fig. 12 Basic Wiring Diagram of VS Motor Drive System TYPE JROP-Cs
CONNECTIONS OF INDUCTION MOTOR Direction of Rotation
Size of Leads The standard direction of rotation is counter-
clockwise viewing from the drive end.
y 8 ize should be e : :
| llncogn:nﬂ pow ec;' lezdwqi:)}f gr:;)erzs To reverse the direction, interchange any two
se ecte‘ n accordanc n‘ e 2. of (1 Feudes
) Table 2 Induction Motor Full Load Current onc
Diameter of Terminal Fostening Screws CONNECT'ONS OF VS COUPLING
Induction Current (A) | N?minu' DIT AND TACH'GEN
Motors T 1 of Termine
(4+pole) Y |23 | Fostening
Output (kW) 50Hz | 60Hz | 60Hz | Screws Size of Leads
0.2 1.2 1L 135 4" 1.48 Use the lead 2mm? and over for the excitation
04 21 1 NA_ o 4.0 coil of VS coupling and the lead 1.25 mm? and over
0.75 3.7 L QA tg3s » W for tachometer generator. The diameter of termi.
1.5 62 | S{Y ¥4 nal fastening screw is M4,
2.2 8.9 | 8.6\ %82 ;
37 144 | 143 NP Currents of VS motor regulator at supply
55 210 | 210 1 100 voltage 200/220V AC are shown below
! M6 !
7.5 290 | 270 | 260 Type JRCV-021E3 used for VS
K 430 | ©1.0 1 380 motors 0.2 to 11kW e .s... DC, 2.5A
15 61.0 | 60.0 | 54.0 ;
, 22 N 750 15743 Type JRCV-041E38 used for VS
30 T | T R Mg motors 15 to 45kW sl DC, 5A
37 189 It — | 128
45 162 | — | 158 Connections
¢ Connections of VS motor and its regulator
. Connections ' are shown in Fig. 13 .

Across-the-line starting is in general employ-
ed for induction motors. Wye-delta starting may
be emploved for motors 5..6kW and above,

Connections for across-the-line starting are
as follows:
+ Motors 3. 7kW and below — have 3 leads U, V
and W. U, V and W should be connected to three-
phase line leads R, S and T respectively.

~ + uiotors 5:5kW and above — are-furnished ‘with ——
6 leads U, V, W, X 'Y and Z. Leads U-Z,
V-X and W-Y should be connected to line leads
R, S and T respectively.

FOR VS COUPLING FOR_TACHOMETER
| s> |

EXCITATION COIL
(BLACK) I
H YE‘I’MNAlS OF
L__ 3 s MOTOR | ._,
; &
A | 34T termmials o ST 6
VS MOTOR
I- REGULATOR l

Fig. 13 Connections of VS Coupling
ond VS Motor Regulator



OPERATION

EFORE PUTTING INTO SERVICE

heck the following items:

. Make sure that thrust block is removed.

. Disconnect VS motor from load, if connected.

The shaft should be clear of any obstructions
for rotating.

Be sure that wiring is correct and screw is
tightened up on each terminal,

Insulation resistance of induction motor and
VS coupling should be above 0.2M 0 , and
that of tachometer generator, above 0.1 MQ,
when tested with a 500V megger.

CAUTION:

BEFORE MEGGER TEST OF VS COUPLING,

DISCONNECT IT FROM VS MOTOR REGU-
TOR. IF NOT, VS MOTOR REGULATOR
MAY BE DAMAGED.

Leads and coils should not be shortcircuitecd,

here VS motor is to be operated after storage
r 3 months or more, replenish bearings with
‘ease, referring to MAINTENANCE on page 15.

EST RUN
st Run at No Load

Make sure that the power ON<OFF switch of
controller is in OFF position and turn the
speed setting potentiometer full counter-
clockwise, Then start the induction motor
by depressing START button of the pushbutton

station.
o4 ]

Direction of rotation

1f the output shaft rotates in the wrong direc-

tion, correct the connection according to
CONNECTIONS OF INDUCTION MOTOR on
page 7

Set the power ON-OFF switch of controller to
ON.

The wind pressure of induction motor and the
rotating friction of intermediate bearing may
_cause the output shaft of VS motor to rotate
slowly, but this does not cause any trouble,

Turn slowly the speed setting potentiometer
of controller clockwise, and VS motor will
accelerate its speed gradually. As the load
is disconnected, the speed cannot be control-
led accurately,

5. Check for vibration and noise.
If unusual vibration and noise are observed,
take a necessary action referring to TROU-
BLE SHOOTING GUIDE on page 19 . Where
VS motor is to be operated after storage for

3 months or more, replenish bearings with
grease,

6. Turn the speed setting potentiometer of con-
troller full counterclockwise, Set the power
ON-OFF switch to OFF position and depress
STOP button of pushbutton station to stop the
induction motor,

Test Run at Load

1. Connect to the driven machine.

Where V-belt drive, see Belt Tension Adjust-
ment (Fig.8) on page 5

2. Check to see that the power ON-OFF switch of

controller is in OFF position, and turn the
speed setting potentiometer full counterclocke-
wise. Then depress the START button of push-
button station to start the induction motor,

3. Set the power ON-OFF switch to ON position.
4. Turn the speed setting potentiometer clockwise

slowly, and the speed of VS motor increases
gradually, Then see that VS motor speed varies
according to the speed setting.

If VS motor speed does not increase, adjust gain
with SPEED potentiometer turned slightly clock-
wise using VS motor regulator.

5. Turn the speed setting potentiometer counter-

clockwise, Set the power ON-OFF switch to
OFF position and depress STOP button of push-
button station to stop the induction motor,

OPERATION

For starting VS motor, take the same procedure

described in the section Test Run at Load, consider-
ing the following:

* The nominal output of VS motor represents the
output of induction motor., Actual output of VS

motor is 80% output of induction motor at maxi-
mum rated speed,

* Operate VS motor within the rated speed range
specified on the nameplate. Operation below the
rating may make accurate speed control difficult
and cause motor failures.

* When VS motor is operating under 5% rated load,

accurate VS motor speed control cannot be made,

Speed regulation of type E 3p regulators is 2%
or below, when load torque varies between 100%
and 10%. 4



DISASSEMBLY AND REASSEMBLY

Before disassembling, observe the following:

* Disassemble or reassemble the motor in a clean
and dry place free from water drops.

* Keep small parts such as screws so that they
- should not be missed for reassembly.

* Rest the disassembled parts on clean wooden
board, paper or cloth,

* Care should be taken to avoid damage to the
bearing, Do not blow bearing outer race with
' a hammer or apply undue stress to the bearing,

MOTORS 0.2 TO 1.5kW (Fip. 14)

Disassembly Procedure

Loosen screws (6)and remove terminal box
cover (.

2. Disconnect the leads in the terminal box.
Mark terminal leads and incoming cables to
insure correct reconnection,

3. Remove eyebolt ¢) and screws (. Remove
lead cover (& .

4. Loosen screws 5 and remove tach-gen cover

4]
=

5. Remove snap ringQ..
6. Pull off tach-gen rotor (@),
7. Remove nut ¢) for the through bolt.

8.

Pull out drive-end bracket @) together with
output shaft ¢&&. Then hollow shaft @) is re-
moved.

CAUTION:

+ Care should be taken not to damage the. coil of

induction motor and the excitation coil leads of
VS coupling, when removing output shaft,

* Keep the diaphragm @ and spring washer .

* Protect the exposed rotor assembly from dust.

9

10.

14 .
121
13.

14,

. Remove voke fastening bolts @ ,

Separate bracket @) from yoke @D and drive-
end bearing @i .

Pull off opposite=drive-end bearing @with a
gear puller,

Hook a puller on a hollow shaft bearing.
Push the output shaft extension and opposite-
drive-end bearing is removed. See Fig.15.

Remove hollow shaft @ from output shaft .
Remove snap ring (..

Pull off drive-end bearing (2 with a gear pul-
ler, and bearing cover @3 is removed.

Remove yoke D from inductor @ with exclta-
tion coil @) attached.

GONIRDDOROERD @ @
o)

g1




VS MOTORS Yf,;

15. Remove intermediate bearing @.

Reassembly

The bearing can be removed by screwing the

bolts in the holes of metal plate applied. See

Fig. 16 .

16, Pull off hollow shaft bearing () with a gear pul-

ler,

GEAR PULLER

Reassembly is primarily a matter of reversing

the disassembly operations.
Before mounting bearings, apply a thin coat of

molybdenum disulfide to the bearing outer race {it

of brackets®, @ and hollow shaft @.

OPP.DRIVE.END
.~ BEARING

HOLLOW SHAFT
BEARING

Fig. 15 Removol of Opp-drive-end Beering

METAL BLOCK

INDUCTOR

INTERMEDIATE
BEARING

Fig. 16 Removal of Intermediote Bearing

2999922929999999993

SNAP RING

TACH-GEN COVER
TACH-GEN ROTOR
TACH-GEN STATOR
SCREW

SCREW

T-BOX COVER

BRACKET
OPP-DRIVE-END BEARING
SPRING WASHER
HOLLOW SHAFT BEARING
THROUGH BOLT

COLLAFR

BUSHING

SCREW

LEAD COVER
INTERMEDIATE BEARING
MOTOR STATOR

MOTOR ROTOR

@

@3
@
/5]
@

292222202299

HOLLOW SHAFT
EYEBOLT

FLINGER
INTERMEDIATE BEARING
BEARING SEAL
DRUM

DIAPHRAGM

NUT

BRACKET

INDUCTOR
EXCITATION COIL
YOKE

BOLT

BEARING COVER
DRIVE-END BEARING
COLLAR

SNAP RING

KEY

OUTPUT SHAFT




,[; VS MOTORS

DISASSEMBLY AND REASSEMBLY (Cont'd)

MOTORS 2.2 TO 11kW fig. 17)

Disassembly Procedure

1. Loosen cover fastening screws of terminal box
and remove cover (),

Ny

. Disconnect the leads in the terminal box.
' Mark terminal leads and incoming cables to
insure correct reconnection.

w

. Unscrew screws(®), @5 and remove lead covers

@, @.
4. Loosen screws G)and remove tach-gen cover(®.
5. Remove snap ring(.
6. Pull off tach-gen rotor@,.

7. Remove bracket fastening bolts @3,
Then hangers (8 are removed, Keep them.,

8. Pull out bracket @ with output shaft §). Then
hollow shaft @) is taken off.

CAUTION:

* Care should be taken not to damage the coil of
induction motor and the excitation coil leads of
VS coupling, when removing output shaft,

" Keep the spring washer (I.
" Protect the exposed rotor assembly from dust,
9. Remove yoke fastening bolts (.

Separate bracket (2 from yoke @) and drive end
bearing @.

10. Pull off opposite-drive-end bearing @ with a
gear puller,
Hook a gear puller on a hollow shaft bearing (),
Push the output shaft extension and opposite-.
drive-end bearing is removed. See Fig. 15,

11. Remove hollow shaft @ from output shaft €.

12. Remove snap ring 0.

13. Pull off drive-end bearing @ with a gear puller

14. Remove yoke (@) from inductor @9 with excita-
tion coil @0 attached.

15. Remove intermediate bearing @ .
The bearing can be removed by screwing the
bolts in the holes of metal plate applied.
SeeFig. 16,

16. Pull off hollow shaft bearing (3 with a gear
puller, :

17. Remove bracket fastening bolts ®.

18. Remove bracket Q0.
Care should be taken not to damage the leads
of tachometer generator. =

Reassembly

Reassembly is primarilv a matter of reversing

the disassembly operations,

Before mounting bearings, apply a thin coat of

molybdenum disulfide to the bearing outer race fits
of brackets (9, @ and hollow shaft @).

L]

60
]

BTRRREORR 2B OBOBBB D BB O @ o
AN WS/ T/

N emal == S
® i - :
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| Fig. 17 Construction of VS Motors

(I SNAP RING ¢9 SCREW

(2) TACH- GEN COVER ¢ LEAD COVER

(@ TACH-GEN ROTOR @5 FLINGER

() TACH-GEN STATOR ¢ BOLT

(%) SCREW G2 INTERMEDIATE BEARING

® SCREW G DRUM

@ LEAD COVER . @ INDUCTOR

@® OPP-DRIVE-END BEARING @ EXCITATION COIL

@D SPRING WASHER @ YOKE

(2 BRACKET @ BRACKET

@» BOLT @ BOLT

@5 HOLLOW SHAFT BEARING @9 BOLT

@® HANGER @ BEARING COVER

@9 INTERMEDIATE FRAME @ DRIVE END BEARING

@0 MOTOR STATOR @ COLLAR

¢ MOTOR ROTOR G SNAP RING

¢2 HOLLOW SHAFT 6 KEY

@3 BUSHING ¢) OUTPUT SHAFT
T-BOX COVER

@

22-11 kw
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| DISASSEMBLY AND REASSEMBLY (Cont'd)

MOTORS 15 TO 45kW (Fig. 18) 3. Unscrew screws @and remove lead cover(®.

3 4. Loosen screws (5 and remove cover (2.
Disassembly Procedure

5. Remove bearing cover by loosening nuts ® of

Steps 11 - 18 enclosed in the box, below, apply cover fastening bolts.

only to 15kW motors.
6. Remove bracket fastening bolts @.

1. Loosen cover fastening screws of terminal box 7. Remove bracket (.
and remove cover (4. Insert bar between bracket and motor frame

2. Disconnect the leads in the terminal box. and work it lightly back and forth.
® Mark terminal leads and incoming cables to Care should be taken not to damage leads of
insure correct reconnection. ] tachometer generator.
|
1) SNAP PING @ INTERMEDIATE FRAME @ GREASE VALVE
@ TACH-GEN COVER @ MOTOR STATOR @ INDUCTOR
@ TACH-GEN ROTOR ¢ MOTOR ROTOR @ EXCITATION COIL
@ TACH-GEN STATOR @2 HOLLOW SHAFT @ YOKE
| ® SCREW @ BUSHING @ BRACKET
| ® SCREW ¢¢ T-BOX COVEFR @ BOLT
| (7 LEAD COVER @5 SCREW @ BOLT
® GREASE NIPPLE @ LEAD COVER ' @ BEARING COVER
@ BOLT €7 FLINGER @ BOLT
00 OPP-DRIVE- END BEARING 6k BOLT @) BEARING COVER
| @0 SPRING WASHER @ SNAP RING @ DRIVE END BEARING
| @ BRACKET G) GREASE VALVE @ COLLAR
@d SNAP RING 62 INTERMEDIATE BEARING 6 SNAP RING
v @ GREASE VALVE @ BOLT 6D GREASE VALVE
¢ @ BOLT Gh BEARING COVER ¢) KEY
@® HOLLOW SHAFT BEARING ® GREASE NIPPLE ) OUTPUT SHAFT
0» BEARING COVER @ DRUM
@® HANGER S0 @SRING

I 7?/’/ "
4 JJ/J//':;

'd

® g @

@ @ @

@ &

Fig. 18 Construction of 'VS ‘Molors 15-45kW




VS MOTORS /1

8. Screw two eyebolts in the end of frame, 12. Kemove snap ring(D).
Set the frame upright on the block using the 1
eyebolts, Fig.19. Care should be taken to 3. Hemove tach-gen rotor@.
prevent output shaft @) from being in contact 14. Kemove opposite-drive-end bearing () usin
with the earth. b gear puller,

EYEBOLT FRAME 15. Loosen bolts @ and remove the cover &.
i " Mark the cover and drum @ so that they ca
be reassembled properly.

16. L.ift hollow shaft @ using longer eyebolts
ncrewed in the bearing cover, Fig.20(b).
Nemove hollow shaft from output shaft, usin
h gear puller,

eyt

¢ . LONGEF
7 EVEBOLT

9. Unscrew screws @), and remove lead cover
@. Pull out the leads in the terminal box.

10. Remove bracket fastening bolts @.

(Motors 15kW)
11. Remove snap ring@).

12. Remove tach-gen rotor @)

13. Remove opposite-drive-end bearing (@ using {9, Motor 15kw (b) Motors 22-45kw
' a gear puller, Fig. 20 Removol of Hollow Shaft

14. Remove snap ring @ .
15. Remove hollow shaft bearing (9, grease valve
@4 and bearing cover @) using a gear puller,

16. Remove the frame, lifting it with two eyebolts.

Separate the frame from rotor assembly and
bracket @.

17. Remove bolts @ .

Mark the cover @) and drum @ so that they
can be reassembled correctly.

/GEAR PULLER !

HOLLOW SHAFT
/  BEARING

/HOLLOW SHAFT

18. Remove hollow shaft @) from output shaft @,
Stretch a wire round motor rotor and lift the sl e
rotor with the wire, Fig.20 (a), b Y BEARING
‘CAUTION : i
* Wrap a cloth around the rotor before stretching
a wire to protect the aluminium rotor from
damage. _
* Care should be taken not to contact wire with Fig. 21 Removal of Hollow Sheft Using Gear Puller
rotor fins.

17, ke
11. Lift the frame by using hooks in two eyebolts kemove snap ring @.

on its top, 18. hemove hollow shaft bearing (® and grease
Separate the frame and the rotor assembly valve (3, using.a gear puller, Fim, 29, ... ..
{from bracket @.
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DISASSEMBLY AND REASSEMBLY (Cont'd)

. Screw two evebolts in bearing cover@of hollow 22. Separate bracket @ from yoke @ and drive-
shaft, Fig. 22 . Relocate the output shaft horizon- end bearing @. Care should be taken not to
tally using two eyvebolts.The blocks to support damage the excitation coil.

:;’tp;; SRile0d Inductor should be provided, 23. Remove yoke @) from spider. Then excitation
9. .

; coil is taken off,
. Loosen bolts @ and remove bearing cover @.

24, Remove grease valve by loosening set-
. Remove yvoke fastening bolts @. Scréws:. g D by €

25. Pull off drive-end bearing @® with a gear pul-

ler.
! 26. Remove snap ring @.
lb, _our 27. Remove intermediate bearing 3.

Screw bolts in tapped holes in bearing cover @
and intermediate bearing is separated from
bearing cover, Fig. 24.

Fig. 22 Lifting of Output Shafi

DRIVE-END
BRACKET

QuTPUT
SHAFT

Fig. 24 Removal of Intermediate Bearing

Reassembly

Reassembly is primarily a matter of reversing
the disassembly operations.

Before mounting bearings, replace O ring @
with a new one, if deteriorated or damaged,

M

Fig. 23 Relocation of Output Shott

MEMO



MAINTENANCE

Table 3 Inspection Schedule

Schedule
-~ -
- i} o !
Component Inspection ltem > g - g Inspection or Maointenance Operation
£ | 2> c w
= |Egiis el e §
5|l 8l 8I|IZEEI=E )
o|l2|>(22(23
Feel by hond. If excessive, measure the
Vibration < O vibration with @ vibrometer. Mox. emplitude:
50u. Poy ottention to voriation ol vibroetion.
Il unusuol magnetic noise is heard, or unusvol
Noise e O noise is occompanied with mechonical vibro-
tion. searching inspection is necessary.
VS Motor K odi = One con touch with finger for 1wo seconds
proper il ~ O (70-80TC). If high. meosure with o thermometer.
= h | 1 .
Ventilotiog o Cc gck or clogped winoow or dust occumy
iy lation.
Bolts W) @) Il loose. tighten with o wrench.
Cléoning = i Cleon the ports without disossembling with
r Z compressed oir.
Check for ony intermitient ond unusual noise.
Noise = & i excessive, inspect beoring surloce and ring
Beoring for weao: .
Externol
inspection Greosino 1 4 Greaose with o greose gun
ond Grease b - 253
Cieaning Inlet Por onsoe e C epair.
Outpout Shalt ond trong- | 4 Ny It vibrotion and noise are unusuvol, searching:
Shofy mission peor ~ ~ inspection is necessory.
loose cover = 2 . .
Teeming {osgeniePedws = @) Tighten with o driver
Box
Deteriorotion ol leads W) {7 kepoir leads
Induction Insulation - . Be sure thot insulation resistonce is not
Motor resistonce ~ ~ below 0.2MQ. Use o megger.
VS Couplin Insulotion - ~< Be sure that insulotion resistance is not
Sy resistonce ' ~ below 0.2Mfl, Use o megge:.
Tachometer Insulation e ~ Be sure thet insulotion resistonce is not
Generator resistance ~/ ~ below 0.1 M1, Use o megger. X
Coble Deterioranon, domage N ) Reploce il domaged.
2 Grounding -
. Wire Slock, domoge - @) Tighten with vo wrench,
Magnetic - -] Check with an ommeter il lood current is
lood current
Storter - ~ less than the rating.
A = Check using o speedometer it output sholy
| h 5
roniraller Ouvtput shatt speed g ~/ soeed is within the rared speed ronge.
Beoring Domage O O Replace.
Frome Dust. domage O 8] Remove dust. Replace if domoged
e nbl Coil Vornish deteriorated )] O Retreot coil.
Inspection Rotor Damage O Q) Repair or reploce.
and ” =
Cleoning Brocket Bearing fit, domage @] ) Repoir or repioce.
Fon Dust, domage ) O Remove dust. Repoir if damaged.
Inductor Crock, domage (@) ) Repoir il domoged.
Drum Crock, damoge O () Repoit or reploce.
Tochometer
s | Generoror | Domoee . O B3 dute oo (MR L S el
Output shalt | Domage. bens 0 M | Repoir or reploca.




MAINTENANCE (Cont'd)

a) Hollow shaft bearing and drive-end bearing

BEARINGS

VS motors use either regreasable ball bear-
ings or shielded ball bearings, Where shielded
ball bearings are used, suffix ZZ is added to the
bearing number.

Lubrication

The life of grease highly depends on bearing
temperature, operating conditions and environ-
ments. Replace bearings once every two vears
in general, referring to the motor nameplate or
Table 8 Spare Parts for bearing number.

Toble 4 Type of Bearings

\_Bearing @ | @ @ | §]
2 Holl : ,
V23 EO:p-aDmo. ;h:f\: Ir\'evrml,dmle | D[:wo.End
Motors nd Beoring Beoring Beoring ’ eoring
0.2-11 Shielded Ball Bearing
kw 91 & 221 0 s z2)
15-45 ! J -
1Z2) | Regreasable Ball Bearing
kW | | |

ZZ: Double metal shields
LLB: Double rubber shields

3 {ooE {
. -Q\i

(Regreasable ball bearings)

* Regreasing interval and volume .««.See Table § .

+ Kind of grease
Use a lithium base grease. YASKAWA utilizes
Sun Light EM-3 made by SHOWA OIL Co., Litd.,
Japan. Avoid mixing different kinds of grease,
or bearing failure may occur.

* Regreasing
WITH VS MOTOR AT STANDSTILL, FORCE-
FEED FRESH GREASE USING GREASE GUN.
As new grease enters, used grease is squeezed
out along grease drain port, The grease valve

keeps the amount of grease proper by its pump-
ing action. (Fig.25).

Grease inlet and drain ports are shown in Fig. 26 .

For amount of grease, refer to Table 5.

Toble 5 Recommended Regreasing Interval and Amount of Grease

Bearing Greose Required Regreasing Interval
No. (proms per unit) drotal operoting hours)
6312 60
6313 70
6314 B0
6315 90 5000
6316 100
s . D3VAR] - 120
6318 140

1.
2.
3.

5

INNER BEARING
COVER

LAEV!MH -
SECT

Clean grease inlet and drain ports.
Remove the cover at grease drain port.

Set grease gun to grease nipple and feed
grease,

. To expel excess grease, continue operating
VS motor for approximately 15 minutes,

. Stop VS motor and install the cover,

~-GREASE GUN

GREASE NIPPLE

_~ SETSCREW

SHAFT -
Fig. 25
Bearing Construction

e

S~ GREASE VAIVE

[™—USED GREASE
GREASE DRAIN PORT

{ioo} @ @\ ®
e \

GREASE INLET PORT
HOLLOW SHAFT BEAR

N @ GREASE INLET PORT
2 INTERMEDIATE BEARI!
T @ GREASE INLET PORT

DRIVE-END BEARING
@ GREASE DRAIN PORT

b) Int
NE

_][_—‘I"-ﬂﬂf——'ﬂﬂﬂ ® GREASE DRAIN PORT
== — a

Fig. 26 Grease Inlet and Drain Ports

ermediate bearing
VER OPERATE VS MOTOR, WHEN FEEDING

GREASE WITH INTERMEDIATE BEARING.

1,
2.

Remove the cover at inlet port, Fig. 27,

For access to grease nipple, turn the drum

slowly in the grease inlet port by hand until

the grease nipple appears at grease inlet
port.

COVER

Fig.

- of “Intermediate Bearing

. Set the nozzle of grease gun to grease nipple
and pump in grease as shown in Fig. 28,

GREASE
NIPPLE

27 Greose Nipple

\

IFig. 28 Greasing of Intermediate Bearing
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* Draining of grease

a) Drain ports of hollow shaft bearing and drive-
end bearing

b) Since grease drain ports are located downward,
grease is naturally discharged.

Drain port of intermediate shaft bearing

Drain port is inside the motor, and used
grease accumulates in the motor, (Fig.29).

Remove the accumulated grease everv three
“or four vears in general,

GREASE
GUN |

|
INLET

PORT
COVER 9
? ,GREASE NIPPLE

— :
== ] INOUCTOR
P = L=

RIC
7 I

/ /
USED GREASE  INTERMEDIATE
BEARING

BEARING COVER

(Shielded ball bearing)

When the grease deteriorates or is contaminated,

replace the bearing with new one.

Bearing Temperature

Since the lithium base grease is employed,
permissible bearing temperature is 95°C. (40°C
ambient plus 55°C rise).

Bearing Noise

Check the bearing noise with a listening rod
applied to the frame or bracket of VS motor. If
unusual noise is heard, check the cause and take
necessary action referring to Table 7 Trouble-
shooting Guide,

Shuﬂingdown,over Long l‘eriod

Where VS motor is shutdown over a long period,
operate it electrically or manually for a short time

at two- or three-month intervals to redistribute

bearing grease and to prevent bearings from becom-

ing brinelled. -

COILS
Induction Motor Coil

Class E insulation (maximum allowable temper-

ature: 120°C). Temperature of frame may read

—~-75-85°C on-the surface. -The insulation resistance

should be above 0.2M N .

Fig. 29 Construction of
Intermediate Bearing

Excitation Coil

Class B insulation for motors 0.2-11kW (ma;
mum allowable temperature: 130°C). Class F i,
sulation for motors 15-45 kW (maximum allowab
temperature: 155°C). The insulation resistance
should be above 0.2M (1. Measure coil resistan
with a tester applied across terminals J and K o
VS coupling section ( Fig.30), If the measured
value is different by more than 20% from the tab
ulated value in Table 6, it indicates abnormality
In case of wire breakage or shortcircuit, the co
should be replaced with a new one.

Table 6 Excitation Coil Resistance
of VS Coupling

Nominol Resistance ()
Output (kW) ot 20°C
0.2 | 28
0< 28
0.75 22
LS 33
2.2 26
3.7 24
$.5 24
7.5 25
1 24
15 12
22 14
30 1
37 13
45 13

Resistonce Compensation According to Coil
Temperoture of Time of Resislante Measurement

e o) | Commomien
10 0.9
20 1.00
3¢ 1.04
40 1.08
50 1.12

ex.) With 22kW VS Motor, when the temperature of
coil is 40'C,
Coil resistance = 14 x1.08 & 15(())

Fig. 30 Resistonce Meosurement of Excitotion Coil
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MAINTENANCE (Cont'd)

TACHOMETER GENERATOR
Construction

The stator of tachometer generator is built into
the bracket cover, and the stator coil resin encap-
sulated, The rotor is made up of a permanent
magnet and fixed to the shaft together with a
bushing.

] OPP.DRIVE.END
. BRACKET

COVER ;
FASTENING ;
SCREW /
TACH.GEN\ |l
STATOR
TACH.GEN .
ROTOR

TAPPED HOLES S~

FOR ag«gvmc ™ } ) =
ROTOR — =
SNAP RING - : Lt ]
COVER 7
OPP.DRIVE.END _INTMD 4
BEARING  BEARING OUTPUT SHAFT

Fig. 31 Construction of Tachometer Generator

Voltage Genercted

Voltage 35V AC is generated at 1800rpm.
Measure the voltage applying a tester across the
terminals 5 and 6 of VS motor regulator or cone
troller. The voltage generated should be approx-
imately 24V AC at 1200rpm, 30V AC at 1500rpm.

INSPECTION AND CLEANING

Periodic inspection should be made, according
to Table 3 Inspection Schedule,

Vibrution

Excessive vibration causes damage to bearings
and windings, A corrective action should be taken
where. the total amplitude exceeds 50 # at 1800rpm.

Noise

Noise of VS motor may be caused chiefly by
electromagnetism, ventilation, bearing, trans-
mission gear and metal-to-metal contact.

Unusual noise during the daily inspection must

be eliminated in accordance with Table 7 Trouble-
shooting Guide. )

Temperature

As the load torque and shaft speed change, the
temperature of VS motor varies. Caution should
be taken to avoid the influence due to the exhausted
air from VS motor or heated dir from other facil-
ities.

Drive the motor within the rated speed range
indicated in the nameplate of VS motor.

The temperature rise of drum and frame of VS
coupling, and the temperature difference between
intake and discharge air are approximately pro-
portional to load torque and relative speed, As the
shaft speed decreases, the temperature of frame
or discharge air becomes higher, However, this
is not 'unusual,

The temperature rise at minimum speed, while
dependent on the VS motor output, will be 40-70°C
for frame and 20-70°C for exhausted air (both rarely
100°C). See the test report or consult us for the
normal temperature of each part,

Cleaning

Excessive dust accumulation at inlet or outlet of
the duct and inside the coupling causes serious trou-
bles such as the disturbance of cooling effect and
abnormal temperature rise Inside the V5.coupling.

A large deposit of resin powder inside VS cou-
pling will melt into and fill in the gap between drum
and inductor, making the speed control difficult.

Disassembly and inspection should be done every
other year in general though the frequency of dis-
assembly and inspection highly depends on the kind
and amount of dust,

Since the induction motor is of totally-enclosed
construction, dust cannot enter the motor. How -
ever, cleaning is necessary, for the dust collecting
on the frame and bracket surfaces decreases the
cooling effect of motor,



VS MOTORS

]

Table 7 Troubleshooting Guide

Symptom Possible Cause What to do
o Check for adjacent vibration source, scttled foundation,
Foundation not rigid crevice and rigidity of mount,
Rebuild. Reinforce mount,
Low rigidity of bed Reinforce bed or rebuild foundation.
P_mchor bolts loosely Tighten nuts for anchor bolts. Rebuild foundation.
tightened .
V'S motor loosely Tighten frame fastening bolts.
mounted '
V'S motor feet uneven Add shims under foot pads to mount each foot tight,
Loose screws of . '
V'S motor Tighten. .
Eccentricity Meassure run-out tolerance and compare with that
Coupling - of shaft. Il over 0.05mm, correct.
) ) or V-belt Weight Chideot
Vibration sheave unbalance 79/
Damage Repair or replace.
Worn or
damaged Repair or replace.
Pin-tvpe coupling pin
”eXi?']C Poor position
coupiing accuracy of S 3
holes for cou- | Check position of tram marks. Correct.
pling pin

Misalignment

Correct by realignment of drive.

See ALIGNMENT on page 3.

Worn or damaged bearing

Check for vibration of bearing.
Detect noise with listening rod.
Replenish grease,if regreasable type. Replace bearing.

»

Vibration in driven machine.

Disconnect VS motor from driven machine. Correct.

Bearing noise

Insufficient lubricant.
Shrill chatter due to
metal-to-metal contact.
Where ambient temp. is
below 0°C, noise may occur
right after starting.

Slip between raceway balls.
High pitch chatter.

Flaking, a form of pitting
resulting from fatigue.
Rattling or chattering.

Cracked ball or ring.
Ratuing or chattering.

Indentation due to dirt and
dust. Grinding.

)

1

Check with feeler or bearing checker.

Replenish bearings, if regreasable type, with grease,

or replace.

Electric pitting caused by
the passage of eiectric
current across the surface
of raceway,

Buzz or low pitch buzz.

Check with feeler or bearing checker.
Disassemble motor and inspect bearings.
Check for axial current and vibration.

Replenish bearing, if regreasable type, with grease,

or replace.

Quter race rotates.
Grinding.

Check with feeler or bearing checker.

Check bracket fit.

Noise of
VS motor

Noise due to electromagne-
tism including high freque -
ncy 1000Hz or above. -
With powet switch OFF,

magnetic noise disappears,

1

Motor Renerates magnetic noise in general,
No trouble unless noise is extremely high.




Table 7 Troubleshooting Guide (Cont'd)

Svmptom Possible « zuse What to do
Noise of zla';lceur;lt;ltgfi':nn:flsl?ofeuienw Disassemble VS motor.
VS motor matter beiween induc% . Remove foreign matter.
{Cont’d) ° Check atmospheric conditjons.

and drum

Coupling Noise
(Chattering)

I Insufiicient Supply oil.
Gear | lubricant Check for oil leakage and repair.
coupling | Worn gear Remove coupling and check tooth mesh.
| tootn Replace coupling.
b Worn or dam=~ | cpeok bushing.
Pin-type | aged bushing
coupling | Poor accuracy

| of bushing :

Replace.

Motor runs hot.

Output shaft speed low

Read tachometer of controller.
Operate VS motor within rated speed range.

Overload

Check primary curtent of induction motor.
Operate VS motor below rated current,

High ambient temperature

Keep ambient temperature below 40°C at all times.
Check ventilation conditions and air temperature at inlet,
Remove obstacles.

Deposits of dust |

Check for dust, ventilation and heat dissipation.
Disassemble and clean motor.

Too high
belt tension

Correct belt tension,

Smali bearing

Replace bearing.

With VS motor
coupled to
driven' machine,
starting induc~
tion motor
causes rota-
tion of VS
motor without
excitation.

Energized VS
motor rotates
when speed
setting poten-
tiometer is set
at zero.

| gap
Bearing
tempepa= | Eccentricitv a1
ture 1 time of bear- Remount bearing correctly.
excessively | ing assembling
high 7
(See NOTE!:| Burnout of ; /
i bearing Replace bearing. J
i Excessive
thrust from Eliminate.
driven machine
. 1
Defective wiring Correct.
Load 100 light Increase.

Foreign maner stuck
between inductor and drum

See if inductor and output shaft rotate simultaneous-
ly, turning output shafi by hand,
Clean.

Seizure of intermediate
bearing

Replace.

Adjustment of bias
polentiometer improper

Check bias adjusting, referring to instructions for
regulators.

v

Speed setting pot.
is connected at reverse
'polarity,

Check the voliage across 9(—) and 50/60(+) with
tester. The voltage measured should be zero volts
whenspeed setting pot.is set (o zero,and approx. 15 volts
when turned' full clockwise. Correct wiring diagram.

NOTE 1: 7Tempersture cannot be measured from outside.
rise if temperature of bearing becomes extremely high.

However, temperature of frame and bracket wil}
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Toble 7 Troubleshooting Guide (Cont'd)

Symptom Possible Cause What to do

Dust stuck between

. Remove dust.
inductor and yoke

Bearing of output shaft See if motor output shaft is locked.
seized Replace bearing. ‘

Check to see that the voltage across regulator ter-
minals 1 and 2 is 200/220 volts.
Check wiring.

Supply voltage is not
proper.

}
Energlged Vst Protective fuses 1FU and Replace
motor does noll o iy are blown. 5 .
rotate even if

speed setting .

potentiometer Break f L !
is set to high- rflaal 8!:19 ol excratigu Check insulation resistance of excitation coil and
er speed, coLy yee external excitation circuit with tester by opencircuit-

ing either terminal 3 and\ 4.

Ehicitation) Eoil, Hariaged Refer to Table 6 . Replace.

Check' to see that output voltage of 0-80volts appe-
Output voltage is not ars across teminals 3 and 4 as speed setting pot.
proper. is turned clockwise.

Replace regulator.

Speed setting is not

See NOTE 2.
proper.
Laver short circuit of Measure coil resistance with tester applied across
excitation coil terminals. Replace coil.
/

: . h Hand-rotate output shaft.
VS motor does Bearing seizure

Replace bearing. ‘
‘not come up
to rated speed.
Foreign matter stuck Hand-rotate output shaft,
between inductor and yoke Disassemble the motor and clean.
. Overload , Reduce to the nameplate rating.

I

NOTE 2:

0-12 Volis appesr
scross regulawr terminals
9(—) and 50/60(+).

12 Volts appear
across regulstor terminals
7 and 9.

NO

Réplace regulator,

12 Volts appear
across ocontroller terminals
7 and 9

Replace regulator, Correet external wiring.

..

Replace eontroller.
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Toble 7 Troubleshooting Guide (Cont'd)

Symptom Possible Cause What to do
. See if load is less than 10% of rating.
No load or little load Increase load to rating.
Load driving VS motor | Reduce to the nameplate rating.
j
. See il inductor and output shaft rotate simultaneously,
Foreign matter stuck .
. turning output shaft by hand.
between inductor and drum .
Disassemble and clean.
Speed of VS
motor 1 di s .
unadjustable ntermediate bearing BaRe
siezed
Defective wiring in See NOTE. 3
tach-gen
! If, wit ttin ot. Y
Thyristor 1SCR or 2SCR » with setting speed p set to zero . S motor
. | | speed does not decrease, check the thyvristor.
is still conducting.
Replace regulator.
. . Check driven load. ,
Periodic load fluctutions Mount flywheel or refer to instructions for regulators
Check with a tester connected across speed setting
pot. terminal 8 and either 7 or 9. Turning slowly
Speed of VS Poor contact of speed the potentiometer clockwise will cause needle of
motor setting pot. or other tester to fluctuate in case of poor contact. \
unstable components Repair or replace.
Leads between controller,
regulator and tach-gen Check wiring and correct.
poorly ' connected
NOTE 3:

Aporox. 30 volts

at 1500 rpm appear I-ercn

regulator terminaly
5 and

Tachometer
operates.

Voltage appears
across wach-gen terminale
Ued vV,

Replace regulator.

- - G639 9 9. 4] =N

X Correct wiring. ~...Replace tach-gen.



Toble 7 Troubleshooting Guide (Cont'd)

Symptom

Possible Cause

What to do

Sudden stop
of VS motor

(Frequent
failure of
protective

fuses 1FU

and 2FU
inside the
regulator)

Excitation coil of VS cou-
pling or output circuit of

regulator is shortcircuited.

Check with a tester.
Replace coil.

Thyristor 1 SCR or fly-
wheel diode 5D is short-
circuited.

Check with a tester.
Replace regulator.

Surge absorbing circuit
and diodes 1D-4D are
shortcircuited.

Check diodes with a tester.

Replace regulator.

Selection of regulator

capacity is not suitable.

Select the regulator according to motor capacity.

Regulator is grounded.

Check with a tester between each terminal and
grounding.

TOOLS FOR DISASSEMBLY

Puller

-

To remove bearings (Fig. 15, 20)

Metal Block

j

To remove intermediate bearing (Fig. 16)

Eyebolt

To lift VS motor (Fig.19)

-

Longer Evebolt

To remove hollow shaft from output shaft

(Fig.20)

Q

Block

To rest VS motor proper or support output

shaft (Fig.19, 22, 23)

ADDITIONAL INFORMATION

For further details, refer to the following

instructions:

* VS MOTORS (TSE-C211-3)

* Type E3as VS Motor Regulators (TOE-C714-

' Autopack Series MANUAL CONTROLLERS

(TOE-C734-1)
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VS MOTORS TYPE VBOZN 0.2-45 kW

As insurance against costly downtime, it is

onglvy recommended that spare parts be kept
hand iln accordance with the table below,
When ordering spare parts, please specify!
Parts Name, Parts Code No. and Quantity.

Toble 8 Spare Parts

SPARE PARTS

*  Nominol

Paris No.
" Ou'pul arts No
S kW
Parts 02 | 04 [o7s | 15 | 22 | 37 | 55 | 75.] n 15 { 22 | 30 | 37 | as
Opp-drive-end | 6203 | 6203 | 6203 | 6204 | 6204 | 6205 | 6305 | 6305 | 6305 | 6307 | 6308 | 6309 | 6310 | 6310
bearing 2z |2z 2z |2z {2z |2z |2z {2z {2z |2z | 2z |2z | 2z | 2z
209 | 621
Hollow shoh | 6206 | 6206 | 6207 | 6208 | 6208 | 6209 | 6209 | 6209 T30 10N | 6216 | 6218 | s218
bearing - 22 Wi | 2zttt 922 || Vg2, 2t
Intermediote | 6304 | 6304 | 6305 | 6306 | 6306 | 6307 | 6309 | 6300 | 6310 3
6313 | 6315 | 6316 | 6317 | 6318
beoring we [ us | us | wue | us | us | ue | ue | us
\ ! 1 !

Drive-end "| 6304 16304 | 6308 | 6306 | 6306 | 6307 | 6309 | 6309 | 6310 | (o | (ovotuars | e3te | 631
beoring 2z | zz 22 2z 22 22 22 22 22 g
O-ring seo! — — — —_ — — — — — | G150 | G165 (G175 | G185 [ G195
Excitofi i tc. tc- | te. 1C. 1c. LC. LC- Lc- 1C- IC- | tC- | 1C. ic. | 1c.
retiotion €O ) 540 | ss0 | 551 | 552 | 553 | 554 | 555 | 856 | 557 | 570 | 571 | 572 | 573 | 574

1 GVAH.02. '
ochometer GVAH.02-1B-10 GVAH.02-18-20 OVAH.02.1B.2b
generotor 1B.1b
Y
NNRUEIRTI NN LB LR PR R R L LD L AL LR TR e G AT p A L R LR L O s e L T LT L LT L LT TR R T L TR T T 2T T

YASKAWA Electric Mfg. Co., Ltd.

TOKYO OFFICE Ohtemachi Bldg., Chiyoda-ku, Tokyo, 100 Japan
Phone (03)217-4111 Cable address YASKAWAMOTOR TOKYO

Telex 222:2273YASKAWA )

DUSSELDORF OFFICE Brehmstrasse 9, 4000 Dusseldorf 1, West Germany
Phoné (0211) 626284 Cable address YASKAWAMOTOR DUESSELDORF

Telex (41) 8588673 YASD D

SINGAPORE OFFICE No.2303, C.P.F. Bldg.. Robinson Road, Singapore 1, Singapore
PHone 2217530 Cable address YASKAWACO SINGAPORE
- Telex (87) 24890 YASKAWA RS 24890

“YASKAWA ELECTRIC AMERICA, 'INC. : SUBSIDIARY

3303 Harbor Boulevard, Suite D8, Costa Mesa. California -92626. U.S.A.
- ~—~Phone(714) 751-4103 Cable address"YASKAWAUSA QOSTA MESA CALIFORNIA

Telex (230) 67839 YASKAWAUS CSMA

YASKAWA ELETRICO DO BRASIL COMERCIO LTDA. 1 SUBSIDIARY
Av. Nilo Peganha, 50-Sala 1811, Rio de Janeiro, RJ. Brasil
__‘Phone_(021) 221-3318 Cable -address*YASKAWAMOTORIO.

Telex {38) 2123177 YASK 'BR

- -
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0000
0000
2000

0090
009C
00SE
009F
0000
0050
0020
3EO01
0002
0007
3FFD
3FF9
3FEF
000B
3DEE

2000
2002
2004
2006
2009
200¢C
200F
2012
2015
2018

]

2020
2023
2025
2026
2029
. 202C
202F
2032
2034
2035
2038
203B

203C
203E
2040
2042
2044
2046
2048

w i nunnnnu

3E90
D39F

3E00

32003E
32883E
32893E
CDC320
CDF720
CDOB21
18F5

22F23F
3ECA
D7
2AF43F
22103E
2A103E
22EF3F
3EO07
D7
21406D
22EB3F
C9

3EQO
D39E
3E50
D39E
3EO0
D39E
0608

CPU -

HOF
ORG

CONTROL_WORD:
PORT_IN:
PORT_CON:
PORT_SET:
ADD_INO:
ALE_START:
OE_SIGNAL:
A_TO_D:
SCANED:
UNPK:
SYSFLAG:
MEMY:
BUFFER:
D_TO_H:
STORE:

"780.TBL" nMaNwIn A

" INTB"

2000H

EQU 90H

EQU 9CH

EQU 9EH

EQU 9FH Y
EQU OOH C

EQU 01010000B '
EQU 00100000B '

EQU 3EO1H

EQU O02H

EQU O07H

EQU 3FFDH Rk
EQU 3FF9H

EQU 3FEFH

EQU OBH

EQU 3DEEH

REEKKRKKXRKKKK KRR KRKKK KKKk R KRR KKKk K

MAIN PROGARM

kKRR KERE KRR KK RRRKKR KRR KKKk Rk KKKk

MAIN: LD
ouT
LD
LD
LD
LD

NEW: CALL
CALL
CALL

JR

A,CONTROL_WORD
(PORT_SET) ,A
A,00H
(3EQOH), A
(3E88H),A
(3E89H),A
RECEIVE_SPEED
RECEIVE_START
RUN '
NEW

%k 2 ok ok ok ok ok ok ok ok sk ok ok sk s ok ok sk e ok ok ok ok o ok sk ok ok ok ok ok ok ok

PAPIN

Fokokokokdkk ok ok ok keskok kokkokokokkkkkkkkkkkkkk kK

PAPIN: LD
LD
RST
LD
LD
LD
LD
LD
RST
LD
LD
RET

(3FF2H),HL
A,0AH

10H ’
HL, (3FF4H)
(3E10H),HL
HL, (3E10H)
(3FEFH),HL
A,07H

10H

HL, 6D40H
(3FEBH) ,HL

2 ok ok ok 2 oKk ok K ok 3 ok ok sk ok ok ok o ok ok ok ok ok ok o K ok K ok K

RECEIVE A TO D
Ak ek ok ok ook sk ok Kok K KOk ok ok ok sk ok Kok ok sk koK Rk X

RECEIVE_A_TO, D:

LD
OouT
LD
ouTt
LD
ouT
LD

A, O00H
i (PORT_CON), A
A,ALE_START

(PORT_CON),A

A,ADD_INO

(PORT_CON), A

B,08H

i



204A
2048
204cC
204D
204E
2050
2052
2054
2055
2057
205A
205C
205E

205F
2062
2063
2065
2067
2069
206A
206C
206D
206F

2070
2073
20175
2077
2078
207A
207C
207E
207F
2080
2082
2084
2085

* we we

2086
2089
208C
208F
2090
2091
2095
2097
209A

C5
Cl
C5
Cl
10FA
3E20
D39E
00
DB9C
32013E
3EOO
D39E
C9

21033E
66
2E20
1600
0608
29
3001
19
10FA
c9

210000
0610
CB11
17
ED6A
ED52
300L
19
3F
10F3
CB11
17
C9

3A053E
32033E
CD5F20
7C

4D
ED5B043E
1600
cb7020
C9

]
COUNT: PUSH BC ! )
POP BC | ;
"~ PUSH BC .
POP BC i
DINZ COUNT ' - b
LD A,OE_SIGNAL
OUT (PORT_CON),A
NOP b
IN A, (PORT_IN)
LD (A_TO_D),A
LD  A,ADD_INO
OUT (PORT_CON),A
RET
**********************************
COON
**********************************
COON : LD HL,3EO03H
LD  H, (HL)
LD L,00H
LD D,00H
LD B,08H
MULTI: ADD HL,HL
JR  NC,NOADD
ADD HL,DE '
NOADD: DJNZ MULT1
. RET
**********************************
HAN
**********************************
HAN ; LD  HL,O0H
LD B,10H
DIV1: RL C ‘
RLA ;
ADC HL,HL '
SBC .. HL, DE
JR  NC,DIVO
ADD HL,DE |
DIVO: CCF ;
DJNZ DIVi
RLA N\C
RLA ,
RET
*********************************
DIV
*********************************
DIV: LD A, (3EO06H)
LD  (3EO3H),A
CALL COON
LD A,H
LD C,L |
LD DE,(3E04H)
LD D,00H ;
CALL HAN |

RET '

[

| !
|

*********************************

MULT

**********************‘***#******




209B
209E
20A1
20A4
20A7
20AA
20AD
20BO
20B1
20B2
20B6
20B8
20BB
20BC
20BE
20C1
20C2

20C3
20C6
20C9
20CcC
20CD
20D0
20D1
20D2
20D4
20D5
20D7
20D8
20D9
20DA
20DD
20E0
20E1
20E3
2036
20E9
20EA
'20EB
20ED
20EF
20F2
20F3
20F6

20F7
20FA
20FD
20FF
2100
2102
2103

3JA089E
32033E
CD5F20
22093E
3A073E
32033E
CD5F20
4D

7C
ED5BO63E
1600
CD7020
59
1600
2A093E
19

C9

01E304
210000
11406D
C5
CD4A30
c1

E5
ED42
El
30EC
7D

4F

7C
110500
CD7020
59
3E66
32033E
CD5F20
7C

4D
1600
1E64
CD7020
79
32123E
c9

11A922
010520
3EOC
D7
3EO05
D7
3AFB3F

MULT:‘ LD
o LD
‘ ™~ CALL
LD
LD
LD
r CALL
! LD
: LD
LD
LD
CALL
LD
LD
LD
ADD
RET

A, (3EO08H)

(3EO3H),A

COON :

(3EO9H) ,HL
A, (3EOTH)

(3E03H),A

COON

C,L

A,H

DE, (3EO6H)
D,00H

HAN

E,C

D,00H

HL, (3EO9H)
HL,DE

%k e 3k ok oK o ok ok Kok K K oK ok sk ok sk K sk ok sk ok sk sk k ok ok ok sk ok ok

RECEIVE SPEED
e 3k 3k 3k ok ok ok sk ok sk sk oKk ok K ok sk ok sk ok sk Kk K sk koK ok sk ok ok ok

RECEIVE_SPEED:
LD
, LD
SWEDEN: LD
PUSH
CALL
POP
PUSH
SBC
POP
JR
LD
LD
LD
LD
CALL.
; LD
LD
LD
CALL
LD
: LD
; LD
! LD
: CALL
LD
LD
RET

1

BC, (04E3H)
HL,0000H
DE, 6D40H

BC
RECEIVE_KEY
BC

HL

‘HL, BC

HL

NC, SWEDEN
A,L

C,A

A,H
DE,0005H
HAN

E,C

A,66H
(3EO03H),A
COON

A,H

C,L

D,00H
E,64H

HAN

ApC
(3E12H),A

*********************************

RECEIVE START
RkkKkEkkkkkkkkkkkkkkkRkkkkkkkkkk k%

RECEIVE_START:
‘ LD
‘ LD
‘ ' LD
] RST
| LD
| ‘ RST"
; LD
|
|

DE, 22A9%H
BC,2005H

A,O0CH

10H

" A,05H

10H

A, (3FFBH)



2106 FE12 CP . 12H

2108 20ED JR  NZ,RECEIVE_START
210A C9 RET

H **********************,************
; RUN

H **********************************
210B CD3C20 RUN: CALL RECEIVE_A_TO_D
210E ED5BO13E LD DE,(3EO1H)
2112 3E04 LD A,04H

2114 32083E LD (3E08H),A
2117 3E2E LD A,2EH

2119 32073E LD (3E07H), A
211C 3E33 LD A,33H

211E 32063E LD (3EO6H),A
2121 CD9B20 CALL MULT

2124 cDp2020 ~ CALL PAPIN

2127 0601 LD B,O0lH

2129 3E04 LD  A,04H

212B D7 RST 10H

212C 3A003E LD A, (3EOQH)
212F 47 LD B,A

2130 3A123E LD A, (3E12H)
2133 BS CP B

2134 2812 JR Z,GO

2136 3809 JRY\T&, DEE

2138 3A003E LD A, (3EOOH)
213B 3C INC A

213C 32003E LD (3EQO0H), A
213F 1807 JR '~ GO

2141 3A003E LD A, (3EOOH)
2144 3D DEC A

2145 32003E LD (3E0O0H), A
2148 3A013E LD A,(3EO1lH)
214B 47 LD B,A

214C 3A123E LD  A,(3EL2H)
214F BS CP . B

2150 2028 JR  NZ,PASS
2152 ED5B013E LD  DE,(3EO01H)
2156 3E04 LD A,04H

2158 32083E ' LD (3E08H),A
215B 3E2E LD  A,2EH

215D 32073E LD (3E07H), A
2160 3E33 LD  A,33H

2162 32063E LD (3EO6H), A
2165 CD9B20 CALL MULT

2168 CD2020 CALL PAPIN

216B 3E05 LD A,05H

216D D7 RST 10H

216E 3AFB3F . LD A, (3FFBH)
2171 FE14 CP 14H

2173 2005 JR  NZ,PASS
2175 3E00 LD A,00H

2177 D39D OUT (9DH),A
2179 C9 RET

217A ED5BO13E | PASS: LD :DE,(3EO1H)
217E CD8620 CALL' DIV

2181 3A003E LD © A,(3ECOH)
2184 B9 cP. ¢

2185 3803 JR C,PA

2187 91 SUB ¢



2188
218A°
218cC
218D
218F
2192
2194
2197
2199
219cC
219F
21A1
21A2
21A4
21A6
21A7
21A9
21AD
21AF
21B2
21B4
21B7
21BS
21BC
21BF
21¢c2
21C4
21C5
21c1
21C9
21cB
21¢CD
21CF
21D2
21D4
21D5
21D7
21DA
21DB
21DD
21DF
21E2
21E4
21E7
21E8
21EB
21EC
21EF
21F1
21F4
21F6
21F7
21F9
21FC
21FD
21FF
2201
2204
22086
2209
220A

1802 |
3E00 PA:
5F PAA:
3E02 L
32083E l

3E00

32073E '

3E01

32063E

CD9B20

3E00

BC

2802

2EFF

D QQ:
D39D

ED5BO13E

3E04

32083E

3E2E

32073E

3E33

32063E

CD9B20 ]

CD2020

3E05

D7

FE11

2806

FE13

2824

1842

3A123E YES1:

0600

B8

283A
3A883E .
3C |
FEO5 -
2805
32883E
18D2
3A123E i OK1:
3D '

32123E

AF

32883E

1820

3A123E YES2:

06FF

B8

2818

3A893E

3C

FEO5

2805

32893E

180B L
3A123E OK2:
3C '
32123 '

JR PAA

LD A,00H

LD E,A

LD A,02H

LD (3EO8H),A
LD A,00H

LD (3E07H),A
LD A,01lH

LD (3EO6H),A
CALL MULT

LD A,O00H

CcP H

JR 2,QQ

LD L,FFH

LD A,L

OUT (9DH),A
LD DE, (3EO1H)
LD A,04H

LD (3E08H),A
LD A,2EH

LD (3EO07H),A
LD A,33H

LD (3E06H),A
CALL MULT

CALL PAPIN

LD A,O05H

RST 10H

CcP 11H

JR Z,YES1

CP 13H

JR Z,YES2

JR  CONTINUE
LD A, (3E12H)
LD B, 00H

CcP B

JR Z ,CONTINUE
LD A, (3E88H)
INC A

cP 05H

JR Z,0K1

LD (3E88H),A
JR CONTINUE
LD A, (3E12H)
DEC A.

LD (3E12H),A
XOR A

LD (3E88H),A
JR CONTINUE
LD A,(3E12H)
LD 'B,FFH

cP B

JR Z,CONTINUE
LD A,(3E89H)
INC A

cP 05H

JR 2,0K2

LD (3E89H),A
JR ' CONTINUE
LD A,(3Ei2H)
INC A

LD (3E1ZH),A



220D
220E
2211

304A

304A
304D
3050
3054
3056
3057
305A
305D
3060
3062
3064
3065
3067
3069
306C
306E
306F
3071
3072
3073
3076
3079
307B
307¢C
307F
3082
3084

3086

3088
308B
308E
308F
3092
3094
3085
3098
3099
309B
309D
309E
30A1
30A3
30A4
30A6
30A9
30AC
30AE
30AF
30B2
30B6

AF XOR * A
32893E | . LD  (3E89H),A
C30B21 CONTINUE: JP  RUN
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkk
RECEIVE KEY
33 2k Kk ok e ok koK sk sk ok ok ok ok ok ke ok ok ok ok ok kosk ok ek ok ok k
ORG 304AH
RECEIVE_KEY:

22EE3D LD  (STORE),HL
22EF3F LD  (BUFFER),HL
ED53F93F LD  (MEMY),DE
3E07 LD  A,UNPK
D7 " RST 10H
2AF93F LD  HL, (MEMY)
22EB3F, LD  (3FEBH),HL
21FDF3 , LD  HL,SYSFLAG
CBE6 SET 4, (HL)
3E02 SCAN: LD  A,SCANED
D7 RST 10H
FEOA CP  OAH
301B JR  NC,CHECKI1
2AEE3D LD  HL, (STORE)
0604 LD  B,04H
29 SHIFT: ADD  HL,HL
10FD DINZ SHIFT
85 ADD A, L
6F B i i
22EE3D LD  (STORE),HL
22EF3F LD  (BUFFER),HL
3E07 LD  A,UNPK
D7 RST 10H
2AF93F LD  HL,(MEMY)
22EB3F LD  (3FEBH),HL
18DE JR  SCAN
FE16 CHECK1: CP ' 16H
2011 JR  NZ,CHECK2
2AEE3D LD  HL, (STORE)
22F43F LD  (3FF4H),HL
AF XOR A
32F63F LD  (3FF6H),A
3EOB LD  A,D_TO_H
D7 RST 10H
2AF23F LD  HL,(3FF2H)
Cc9 RET
FE11 CHECK2: CP 11H
20C5 JR  NZ,SCAN
AF XOR A
21EF3D LD  HL,STORE+1
ED67 RRD
2B DEC HL
ED67 RRD
2AEE3D LD  HL, (STORE)
22EF3F LD (BUFFER),HL
3E07 LD A,UNPK
D7 RST, 10H
2AF93F LD  HL, (MEMY)
22EB3F LD (3FEBH),HL
18AB JE  SCAN
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.ADCOBO& ADC0809

it

NIARUIN ¥

National AtoD,Dto A
ADC0808 ADC0809 8-Bit uP Compatlble A/D Converters
With 8-Channe| Multipléexer
General Description Features SRR
The ADC0808, ADC0809 data acquisition componentisa .. B Resolution — 8-bits
monolithic CMOS dovice with an 8bit analog-to-digital  m Total unadjusted arror — # 172 LSB and = 1 LSB
converier, 8-channel mulliplexer and microprocessor n miasi
compatible control logle. The 8-bit A/D converter uses suc- | - g: ”'."g ::lode.s 100
ceasive approximation as the conversion tethnique. The nversion time — 100 8 . L

, converler foatures a high Impedance chopper stabliizad M Singla supply « 8 Vg
comparator, a 256A voltage divider with anatog switchtree M Operates ratlometricaily or with 5 Vg or anslog span
and a successive approximation register. The 8-channel adjusted voltage referencs
multiplexer can directly access any of &slngle—ended ana- © W 8-channel multiplexer with latched control logle
log signals. . B Easy Interface to all microprocessors, or operater
The device aliminates ihe need for extarnal zero and full- “'stand alone”
scale adjustments: Easy Interfacing to microprocessors R Outputs meet TL voltage level specifications
Is provided by the lalched and decoded muitiplexer ad- m oV 1o 5V analog Input voitage range with single 5V
dress Inputsand latched TTL TRI-.STATE® outputs. supply
Tha dasign of the ADCOR0A, ADCO809 has bnan optimizad - . B No zaro or full-scale adjuat raquirad
by Incorporating the most deslrable aspects of soveral 8 Standard hermetic or molded 28-pin OIP packago
AJD convarslon techniques. Tha ADC0808, ADC0809 of- Temporature range —40°C to +85°C or —55°C to
fers high speed, high accuracy, minimal temperature ' +125°C
dependence, excallent long-term accuracy and regeatabl. n 1
lity, and consumes minimal power. These features make = KoM powes consum:llon 5 mwW
' .this devico Ideally suited to appilcations (rom process and Latchod TRI-STATE® output
machina control to consumer and automotive applica-
tions. For 18-channel multiploxer with common output
(sampla/hold port) so0 ADC0818 data sheot. (Seo AN-247
for more information. )
Block Diagram START clock
- Maran AT ~7[C7—1
o= | | _n THD OF CONYERSION
- | CONTROL & TIMING I < anreRaurT)
| !
o—| i ]
Omad §CHANNELS : l
1 ANALOG INPYTS — L At oee :
Ol SWITCRES /1.,5_ ' r
. ]
: COMPARATOR : . 0
; o | e | o
| L i oY o [HuTOUTIUTS
Ol tATCH
] | sy 0
0 i { 3
b : SWITCH TREE :
31T ADORESS {o——i L_ : !
ADDRESS s A s
-l N |
ADDAESS
LATCH EnaBLL otcanen l 14 AESSTOR LABOER '
| {
. | |
Vcc GND REFIo} ALFt~) OUTPUT
enacty
TRLITATE® |y 3 180 of .- rems Tece



Absotute Maximum Ratings (Notes 1and2)

Supply Voltaga{ Vg }HNote d)

Voltage at Any Pin

Except Control Inputs

Voitsge at Control Inputs .
(START, O, CLOCK, ALE, ADD A, ADD B, ADO C)
Storage Temparature Range

Package Dissipation st Ty « 25°C,
Lead Temperature(Soldering, 10 3econds)

8.8v Tamparatura Range (Note §)
=0.3Vio(Vge +0.3V) ADcoscacy
ADCO0803CCJ, ADCOBOBCCN,
~0.3V16 +18V ADCOB0OCCN
- Range of Vo (Note 1)
~85°Cto + 150°C * vt
878 mw
300°C

[
.

Eloctrlca'l Characteristlc‘s

Converter Specitications: - Vccns Vbc" VHEF(#F VREF( y= GND, TMINSTASTMAX and 'CLK’“O KHZ ==eov om0

unless otherwlise stated.

[N

Operating Ratings (Notes 1and 3

TMIN S TA % TMAX
=88°CxTax +128°C

. ~40°CxTprs+83°C
45Vpeto8.0Vpg

v

SR O N
Cod o Prrameterst o v, Condltlons .  Min . Typ Max:: |Units
o ADCOB08 - - SO | AL Aoy R B
L . Total Unadjusated Erro: WY . L =i 3 +1/2.7-].L88
: ~".- (NO(G 5) H TN 10 Taax o+ o Ll 234 LS8
ADC0809 ik R k e
[ Total Unadjusted Error 0°Cto 70°C R e A Y Ls8-
(Note 5) TMIN 10 Thax = 109 . . =11/4 LSB
Input Resistance From Ret(+)|o Ref(—-) .10 .25 . kq_
. Anglog Input Voltage Range (Note 4) V(+) or V() GND-0.10 : Vee+0.10 Vl;é'
Vaer(+) Voltage, Top of Ladder Msasured at Ref(+) o) Vee. | Veet+0a 1
YEEE.(LL;;Y_’LE_&:’ Voltage, Conter of Ladder Veel2<01' | Veel2 | Vepl40.4] iV
VhEer(-) Voltage, Bo‘ttom of Ladder Measured at Ref(-) -b.1_ 3o 0f, v,
Comparator Input Current fo= 840 kHz, (Note 8) -2 .| %05, NE pA

| Electrical Characteristics

Digital Levels and DC Speclfications: ADCOBOBCJ 4.5V =V <5.5V, ~55°C sTas + 125'C unless otherwise noted ‘_ 5
ADC0808CCJ, ADCOB08CCN, and ADCOB09CCN 4.75 =Vee=<5.25V, —40°C <Tyx +85°C unless otherwise noted ' »
Parsmeter ] . Conditions [ Min | Typ l Max | Units
ANALOG MULTIPLEXER . ’ ' -
lore(+) OFF Channel Leakaga Current | Voo =5V, Vg =5V, co B
- =25°C. 10 200 nA
. B 'TMIN to TMAX . ’ 1.0 ﬁA
. rous
lorr(~) OFF Channel.Leakage Current | Veg = 5V, Viy =0, . .
Ta=25C ~200 %10 nA
. Thin 10 Tyax - “=1.0- ¢ q mA™
CONTROL INPUTS ﬁ
Vinen Logical 1" Input Voitage Vee-1.6 3 v
Vinogy Logical 0" Input Voltage . i 1.5 v
Uity Logleal 1" Input Current Vin= 15V H 1.0. rA
(The Control Inputs) X ’
gy Logical “0™ Input Current Vin=0 ~10 | KA
(The Control Inputs)
lee Supply Current o1k =640 kHz 0.3 3.0 mA

608000V ‘808000Y
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ADCO0808, ADC0809

Electrical Characteristics (continueq)

Digltal Levels and DC Specifications: ADC0808C. 4.5V sVees5.5V, =56°C =Ty 5 + 125°C unless otherwise noted -
ADC0808CCJ, ADCOB0BCCN, and ADCOBOSCCN 4.75 = Vo <5.23V, ~ 40°C =Ta= 4 85°C unless otherwise noted.

LR

v

* Paramator R I Conditions J Miry I Typ [ Max . [ Units
DATA OUTPUTS AND EOC (INTERRUPT) . " ., oy
" Vourm Loglcal "1" Output Voltage lo= =360 sA Veee0d'| 1T T v ._g
Vourm '  Loglcal “0" Output Voltage lo=16mA s 045 [ v
Vouro Logical 0" Output Voltage EOC | Ig=1.2mA 045 | v |
fout TRI-STATE® Output Current Vo=5V Aot sail s AR
. . Vo=0 -3 pA
. . TR AN
Electrical Characteristics ,
Timing Specifications: Voo = Vagr(s)= 5, Vigr(-) =GND, ty=1y= éb'h’s"én&'_rg%'g_é_fé'bﬁles«'a pfhor;n{léb_noteq: o
. Bymbol | Parameter Condltlons Min_ Typ Max | Units
twg: * e Minimum Start Pulse Width (Flgure 5}, . v ] 100 200 ns
twaLe ' Minimum ALE Pulse Width (Figure 5) 5 . ) +-100. 200 | ns
l.ﬁ: i .. | Minimum Address Set-Up Time | (Figure §) "'~ ~ ' i * g ’ 25 80 ns
. y : Minimum Addreas Hold Time (Figure 5}" ) \ AVYE 25 50 ns
tp " Analog MUX Delay Time 1Rg=00 rFIgur_a"s) ‘ LS . 1 25 n8
) From ALE L ‘¢ E 2 ' ..
tHe tho « OE Control to Q Loglc State C,_=50 PF, R =10k (Figure 8} 425 250 f-*ns
Litw tonw - , OE Contral to HI-Z. C =10 pF, R = 10k (Figure 8) - 125. | ~250 s
te - . Conversion Time fc =640 kHz, (Figure 5) (Note 7). 90 100 118 »s
1 Clock Frequency = 10 840 | 1280 | kHz
teoc\ L EOC Delay Time (Figure §) 0 | | 8+24slclock
Periods .
Cin Input Capacitance At Contro! Inputs 10 15 pF
Cour TRI-STATE® Output AtTRI-STATE® Outputs, (Note 12) “10 ] s [T
Capacitance 1Y . : - .

Note 1: Absotute maximum tatings are those values beyond which the life of the
Nota 2 All voiteges ara messured with respect to GND, uniess otherwlse spocifl
Note 3: A zener diods exiets, internally,

However, if an 8l zero code Is desired for an anslog Input other tha

- N

itages can be adj]
Note 6: Comparator Input current Is s blas current Int
has lttie temperature dependence {Filgure 8). See paragraph 4.0,
Note 7: The outputs of the dats raglater are updat

d to this, See Figure 13,

L S

daevice may be Impalred.

from Vo 1o GND and has & typlcal breskdown voltage of 7 Vpe.
Note 4: Two on-chip diodes are tled to each analog input which wiil forward conduet for anal
greater than tha Ve supply. The spee allows 100 mV forward blas of sithar diegs. This

* voltage by mare than 100 mV, the output cade wil! be correct. To achleve an abaoluts 0 V;
ply voltage of 4.900 Vg over tampsraturs variations, Initle! tolerance and loading.
Note 5: Total unadjusted srror includes offset, full.scale, IInearity,

DG to8 Vg Input

Y

0g Input voltages one iﬂo'do drop btlo\'v'nrwnd orone modua'eb
means that as long as the analeg V) coea not axcead the supply

itage range will th
P Pl

require s

sups

and multiplexer errors. See Figure 3. None of these A/Da requires a zero or full-acale adjust,

0 or out of the chopper stablifized cx

The biss

#d one clock cycle before the rising odge of EOC,

a

e b st o

-~

n 0.0V, orlf anarrow full-scale span sxists (for example: 0.5V 1o 4.5V full-scale) the reforence

varies direcily with clock frequency and
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Functional Description

Multiplexer: The device contalns an B-channel single-
ended analog signal multipleker. A particular input chan-
nel Is selocted by-using the address decoder. Table |
shows the input stataa for the addreas lines to nelect any
channel. The addreas |Is latched Into the decoder on the
low-to-high transition of the addross latch enable signal,

I Seve  TABLEL - oF

w: SELECTED "% | ADDRESS LINE
‘ANALOGCHANNEL [T T B [ A

YRR
g

e N2
CINB e

IN4

IN3

ING

IN7

wtt
r o

ITTXTFC - oo
b= S - - A N
I+~ Ic-crXTr I

CONVERTER CHARACTERISTICS .
The Converter ... . ;' i A, %)
The heart of this single chip data acqulsition system iIs Its

8-bit analog-to-digital converter. The converter Is dasigned

CONTROLS FROM $.A.R.
1.

v » LT} ¥

to glve fast, accurate, and repeatable conversions over a
wlide range of temperatures. The converter Is partitioned
Into 3 major sectlons: the 256R ladder network, the suc-
cosslve approximation rogistar, and the comparator. The
converter's digital outputs are positive true.

The 256R ladder network approach (Flgure 1) was chosen
over the convantional R/2R ladder bacause of its Inherent
monotonicity, which guarantees no missing digital codes.
Monotonieity Is particularly Important In closed loop foed-
back control systems. A non-monotonic rolationship can
cause osclliations that will be catastrophic for the
system. Additlonally, the 258R network does not cause
load varlations on the reference voltage... .- ;. e

The bottom rdsiator and the top'resiator of the lidder
network In Figure: 1 ars not the same valuo as” the
romainder of the network, The differonce In these
resistors causes the output characteristic to be sym.
motrical with the zero and full-acalo points of the transfer
curve. Tho first output transition occurs when the analog
signal has reachod +1/2 LSB and succeeding output
transitions occur every 1 LSB later up to full-scale.

The successive approximation register (SAR) performs 8 -

iterations to approximate the Input voltage. For, any SAR
type converter, n-lterations are required for an n-bit con-
vorter. Figure 2 shows a typical example of a 3-bit con-

verter. In the ADC0808, ADC0809, the approximation’

technique Is extended to 8 bits using the 256R network.
; ) .

~
a
=
seee
.

wR

a A

o SN
T0 .
) o~ COMPARATOR
0 A PR BTSN .
. N

REF(=) Ot

FIQURE 1. Resistor Ladder and Switch Troe
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Functional Description (continued)

The A/D converter's successive approximation reglster
(SAR) Is reset on the posltive edge of the start conversion
(S8C) pulae, The conversion Is bogun on the talling edge of
the start conversion pulse, A conversion in process will be
Interrupted by recaipt of a new atart conversion puise,
Continuolss conversion may be accomplished by tying the
end-of-conversion (EOC) output to the SC input. If used in
this inode, an external start converslon pulse should be
applled after power up. End-of-conversion will go low be-
tween 0 and 8 clock pulses after the Hslng edge of start
conversion. e L T '
HAGTND U segr cwne o DR eg LR Lo
The most Important section of ‘the A/D converter is the
comparator. it Is this section which is responsible for the
ultimate accuracy of the entire converter. It Is also the

Cpe, e

PR . VS SN .
AL AT e gate . K4 e ]

Sl oawy (o K . N\t CE I }
st aal hee s - 2 L

PORSO P SN ' !
RIS N 0 2 PR AN % 4

HE S T = i Jeas ' %

. . IR LI
comparator drift which has the greatestinfiuence on the

‘repeatabllity of-the daevice. A chopper-stabliized com-

parator provides the most oflactive méthod of satistying
all the converter requiroments. . - .y gbr  « esemy

The chopper-stabillized comparator converts the DC inpult
signal into an AC signal. This signal la then fed through a
high galn AG.amplifier and has the DG levet restored: This
tochnique limits the Urift comnponéht of tHe amplifier since
the drift 1s a DC component which ls ot passed by the AC
amplifier. This;makes the entire A/D converter extremely
Insensitive to temperature, long term drift and Input olfset
errors. i 4. ¢ “ I

R i
Figure 4 shows & typlcal orror curve-for the ADC0808 as
measured using the procedures outlined In AN-179.

, ]
A A ol :
! i
i « neat LA
1 \ [l
' i
) H
| P

Ve > =\ ;.
BEin e fIAC P02 e At el s et
TR L T VIR BN T2 L INFINITE RESOLUTION
i 4 e A 8 FLSEALE” ! re PERFECT CONVERTER
e RS JDEAL CURVE pe ERROA = 1/2088 ' P S
N 2 R i Ay \,'z' 115 nAL came IDEAL 3017 ENVERTER'T
A LLE B W Ty [\, | TOTAL TR BN § NIRRT AT §)
. i {01 | -Unadsusreo ™.l ! R
e trogft S ‘ SERCPRTRVREN, PIT e CRRLLLLULAR Y o B PR A IR
o g ABSOLUTE .
g NONLINEARITY « 172 L83 g 3t Accunacy <o
"o -2 b 0 -172188 .
. NONUINEARITY » ~1/2 LS8 qu’:'}f[l"ﬂb"
001 L] ERROR
o) |- ZERO ERROA = ~t1/4 LSB .
o0o Wt L Vin “ 900 Vin
8% M U8 AW 4/ S 6R I J by cee O UM IMIN AR S 6N 1N
Vin AS FRACTION OF FULL-SCALE : ViN AS FRACTION OF FULL-SCALE o
: ' {h C P P < MU .
FIGURE 2. 3-Bit AID Transfer Curve FIGURE 3. 3-Bit A/D Absolute Accuracy Cutve ‘.ﬂ
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Connection Diagram C X%
.
Duat-in-Line Package
! 3 ol
SR Ty .
. o m=d . c
b ¢omad s ” v et g e b
¢ o e [ Py : 1‘ : m—L - il .. L
- . ., 3
' | B P T : .
. 3 fey
{ , | 43 stant =3 -
' 4 ] “
i ' | . €0C ~—df ADCOReS ] -.’ ‘ R
; . ' r‘ "!‘ L e . ) v a
ouTMIT 8] ’
, EXADLE .
TR R ol "l TR L
. \“.'}ch-—- PCa L.
a1 STy . o
; ano Y 1% neriy N .
,-1.2.1 2 s ~ > -
.t . o . e Vv
: AT e e ELL N, \\ 0L 3T
Timing Diagram - . _
i - '_':!‘.? £ 5 a° [ P, & f}
,-——m .
cotK . .. N | - | I ] | | l I I I | l
. T .
i o ; . R L TR ; ’ : ]
sTARt nu;l sim T\ e v/l
- 1Y - - e ¢ « o~
ALE m;l [ e M B j
ate—{
STABLE A »
Aoontss ::7{ }{m .
- - > i
't "
awaron ~ \/ AV Y
eyt K ¢ K A
BN - < N re R
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- K
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Typical Performance Characteristics . R e

T v
fe = 1200 My Tae15°C

" i,

N g Ta®25°C p
'%E °-: ?M‘“““" ;"-?"5'; ' /-\\ SO
3 Te= BA0 kHE : Fa g TN
ad | " Taetoe | - |i-

-1 I = 1200 kHs —— oL ‘ oo

R ., Lo :

. L , .. .

Lot 8 18 15 W -§ o 125 28 Al
- vin V) e BN Vin (V)

4 s e ’ o
FIQURE 8. Comparator Iy va V. " FIQURE 7. Multiplexer Roy va Vi
(Vcc= VRE'E 5V) B ‘e (ch-vREg= SV)
= A
TRI-STATE® Test Circuits and Timing Diagrams
) . al,,‘-.'.,‘.:..i oo )
Lt e Ly CL=10pF ' s, Cp =50 pF
=2 . (V2000 9 ). . ey ;
. . Vee '
3. A o L b4 . OUTPYT . 1
. ENABLE
outeur ) . T
enase 1 0 § T 1
[ e 108 Von
l outPyUT
R ET) R ... GND. -
crie wsikimen v \ TR R oo . ISR A e eea ..../‘ - ee e
e AT R e g AR L e e i e
i Z o - ot e
it . R T i W " fip Gy = 50 BF
Vee Vee o

- e
oUTPUT
PR DT Y ENABLE

outruT O—n
ENABLE a

Vee

- A e A oW cl. .. I——
I : oUTPUT
= . VoL .

R FIGURE 8
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Applications Information
OPERATION '

1.0 Ratlometric Conversion |

The ADC0808, ADCOB0D Is designed as a completo Data
Acquisition System (DAS) lor ratiometric’ conversion
systema. In ratiometric systems, .the physical varlable
being measured Is expressedas a porcentage of full-acale
which I8 not necessarily related to an absolute standard.
The voltage input to the ADCOBOB Is expressed by the
equation LN

B} N

urooe &

V'N - Dx .
Vie—Vz  Dmax— Dy
Vin = Input voltage Into the ADC0808
Via = Full-scale voltage g
Vz=Zero voltage
Dx = Data point being measured
Duax = Maximum data limit
Dyin = Minimum data limit

(1)

A good example of a ratlometric transducer is a poten-
tlometer used aa a position senaor. The position of the
wiper Ia diractly proportional to the output voitage which
Is & ratlo of the full-scale voltage across It. Since the data
Is ropresented as a proportion of full-scale, raference
requirements are greatly reduced, eliminating a large
source of error and cost for many applications. A major
advantage of the ADC0808, ADCO0809 Is that the Input
voltage range Is equal to the supply range so the
transducers can bs connected directly across the supply
and thelr outputs connectad directly Into the multiploxer
Inputs, (Figure 9). -~ N @

’

Ratlometric transducers such as potantiometers, strain
gauges, thermistor bridges, pressure transducers, otc.,
are sultable for meacuring proportional relationships;
however, many lypes of measurements must bo rolerred
to an absolute standard such as voltage or current. Thia
means a system raference must be used which relates

the lull-scale voltage to the standard voit. For example, If*
Vee = Vagr = 8.12V, then the full-scale rango s divided in-

to 256 standard steps. The smallest standard step la {
LSBwhichisthen20 mv. .. .

o, Lea Vet

Ve e .

R HENTARY

L N
2.0 Raslstor Ladder LImitations

The voltages from the resistor fadder are compared {0 the
salected Input 8 times In a converslon. These voltages are
coupled to the comparator via an analog switch tres which
Isreferenced to the supply. The voltages at the top, center

and bottom of the ladder.must ba controlled to malntaln .

proper operation. : \

Thetop of the laddér.’hof( +) 8hould not be more positive

,  han tté supply, and the-bottom of the ladder, Ref(-),

should not be more negative than ground. The center of
the ladder voitage-must also ba near the center of the

. aupply becsuse the annlog switch troe changee from

N-channel awitches to P-channel switches. Those limita-
tlons are automatically satistied In ratlometric systems
and can bae easlly met In ground referenced systems.

Figure 10 shows a ground relershced system with a
separate supply and reference. In this system, the supply

-must be trimmad o match the reforence voltage, For in

stance, If 8 8.12V Is used, the supply should be adjusted to
the same voitage within 0.1V,

Vee
L—--n REF(+)}

Ms8

P
~

DIGITAL
ouTPUT

Qour PROPOATIONAL
TO ANALOG

INPUT

o0 0900

Ino
LS8

. [-—-nm—l
28 -4 N0

»
ADCO208 Ratiometric tranaducers

FIQURE 9. Ratlometric Conversion System ** e
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Applications Information (continued)

The ADC0808 neads less than a mililamp of supply currant
80- developing the supply from the refarence s readlly
accomplished. In Figure 11 a ground referenced systems
shown which generates the supply from tha reference. The
buffer shown can be an op amp of sufficient drive to
supply the militamp of supply current and the desired bus
drive, or If a capacitive bus Is driven by the cutputs a arge
capacitor will supply the translent supply current as seen
in Figure 12, The LM301 Is overcompensated to insure

. '
w5

The top and bottom ladder voltages cannot axceed Voo
and ground, tespectivoly, but they can be symmaetrically
less than Vec and greater than ground. The center of the
ladder voltage should always be noar the center of the
supply. The sensitivity of the convertet canbe Increased,
(l.e.,’size of the LSB steps decreased) by using a sym:
metrical reference system. In Figlre 13,4 2.5V referencs’
‘I symmotrically cenlered about Veo/2 'since the sams
current flows In identical resistors. This system with a

stabliity when loaded by the 10 #F output capacitor, .

FIGURE 1. Ground Referenced Conversion System with

Referance Gensrating Ve Supply

b

2.5V reference allows the LSB bit1o be haif the size of a

" : 5V reference system. o .
. . e . 2y
S Thae o, ATt o ' c
2t : o - "~ e EE I T 1 R
clarne e ey < AR L NI
: P Ry “ e AT eaaw,
i . e e
. * - : » N a . 1} H ' - N §
. ! T R L]
. .
A DA LR l‘n " Voo B — . ] e ;n,;)ﬂ [ SRR A O]
L oo BurPLY: Vee .
e s - Ve Sl MSB : %, - v et AN e A
- X . TIANA ST e gy i ererrei)
. 0, y A | Vagg . REF(s) ' Y S PR ETIN ‘h:;f_‘-v“
’ d Pl n ouTPYT b
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£ R L e (L) =y’ 0 .
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L 3 W
il ‘mmd | PRS P 9 Ot Tno A
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Applications Information (continued)

10-15vpe

LM3298

REF(s) &0 T

+

+ 10ufF
= SO0

[
T TANTALUM "
. ' .

lemran

——P GNO

REF(-)

P " WRTY,
| FIQURE 12. Typlcal Reference and Supply Clrcuit
.t - re ! sv M
Ra
' 275V
Al - -
»
-
1,25V
Yy
REFERENCE || A~ fg

N —

Yoo {4 ~

- B
nEF(s) Mg
Ing
L]
" f DI0ITAL OUTPUT

: PROPONTIONAL TO
=Y four ANALOG INPUT
o 1BV vy <318y
Ing
AERL-) ' v vt
. Lss / .

GND " K "RA=Rg

* Ratlometric tranaducers

FIQURE 13, Symmetrically Centered Reference

3.0 Converter Equations

The transition betwoen adjacent codes N and N +1 Is
given by:

@

N 1
\‘ Vin={ Vrer(+)— VREF(-))[Z"SE + 51—2]1 Vrue)+ Veer(-)

The center of an output code N is given by:

@
The butput code N for an arblfrary Input are the integera
wl(hlr\ the range:- . .

A V- VREF(

N N7 TREF(S)
Vaerie) — Vagr(o)

N
Y‘:N -' (VReris)— Vher(-)) [2?6] +Vyygi+ VRe(-)

. e

X 288 x Absolule Acouracy (4)

where: Vi = Voltage at comparator Input
V‘REF(,,‘,a Vpitage at Ref(+)
V,Eﬂ_,- Voltage at Ref{-}
Vrye = Total unadjusted error voltage (typlcally
Vaersy+ 512)

.t

4.0 Analog Comparator Inputs

The dynamic comparator Input current Is caused by the
perlodie swilching of on-chip stray capacitances. These
are connectad altgrnately to the output of the resistor
ladder/switch tree network and to the comparator input as
part of the operation of the chopper stabilized comparator.

The average value of the comparator Input current varies:
dlrectly with clock frequency and with Vin as shown In
Figure 6,

It no filter capacitors aro used at the analog Inputs and the
signal source impedances ars low, the comparator input

“eurront should not Introduce convarter arrors, as the tran-

slent croated by the capacitance diacharge will dle out
before the comparator output !s olroped.

It Input fliter capaclicrs are dosired for nolse retuction
and signal conditioning they will tend to average out the
dynamic comparator Input current. It will then take on the
characterlstics of a DC blas current whosa effect can.be
predicted conventionally. .

608000V ‘808000Y
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Typlcal Application \
REXD
- INTERRUPY
S0k~ CLX . .. DpE .
. * +
ATOAER LOOV—{ Vaepry) | goc INTERRUPY
{AD4-AD15) 9.000V —VReF(-) s
. ) 21 jrwm—edp D87 MS8
! STARY | i g=fmeeepp DES
ALE ~3 P> 085
WHITE A AU T .
s 4 ——>084
. ~  ADO—{A e 2=5 j———bp- 083
- < AD 8 b ADGIR - 3-8 [ty 02
i ST AD2~—{C .. 2~7 f——> D81
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" ' anound == 3 . <} ANALDSG
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., . % Addraas laiches neodad lor 8088 and 8CHMP interfacing the ADCO808 to a microprocesser * .
. ¢ 3 = o mle e

PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR ~ MENW INTR (Thru RST Circuit)
8033 RD CWR INTR (Thruy RST Circult)
2-80 RO WR INT (Thru RST Clrcuit, Mode 0)
SCIMP NRDS NWDS SA (Thru Sense A) .
6800 VMA- 2-RW VMA2TIW | TAGA or THGB (Thru PIA)
Ordering Information B
-TEMPERATURE RANGE —40°C 1o +85°C. ~55°Cto +125°C
Error - %+ 1/2 Bit Unadjusted ADCO0808CCN ADCO0808CCJ ADCO0808CJ .
+1 Bit Unadjusted ADCO809CCN . L '
Package Qutline N28A Molded DIP |J28A Hermetic DIP | J28A Hermetlc DIP |-
. ‘.'. ) A
11N Rl
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DAC0808, DAC0807, DAC0806 8-Blt DIA Converters

General Description

The DACOGO8 series is an 8-bit monolithic digital-to-
analog converter (DAC) festuring a full scale output
current settling time of 150 ns while dissipating only-
33 mW with 25V supplies, No refarence current “REF)
trimming is required far most applications sinca ‘the, full
scale output current s typically £1 LS8 of 255 Ingg/

256. Relative: accurscies of better than +0.19% -assure: ;,

8-bit monotonicity end linearity while zero level output
current of less than 4 A provides 8-bit zero aécuracy
for’ IREF 2 2 mA. The power supply currents of the
DACOB08 serles are independent of bit.codes, and
exhibits essentially constant device. characteristics over

.

Features e T
= Relative 'nccuncy , 10.1996 error maximum
4 i(DAcosog) [ T

" 'Full scale current match: £1 LSB typ
x7 .and 6-bit sccyrgcy avallable {DAC0807, DACOBOS)
i Fast sttingtimei 180 nstyp
Nonlnvonlng diqitnl lnpuu lruTl'l,'-lnd CMOS
compatible "’ s Sy ]
8 High speed mul!lplylng Input slew-rate: 8 mA/us

Powur :upply voltage :anga 14.5V 10 £18V

L e aipameima

H

;. Low power consumpt:on..33 mW @ tSV..: S

S g .' C’
the entire supply voltage range. L g ' T TNy EEI \ o
t .- .
The DACOBOB will interface directly with popular. TTL,. -
DTL or'CMOS logic levels, and i4 a cirect replacament -+ .
for the MC1608/MC1408, For higher speed appllcmons, #
see DACOBOO data sheet. o
aatdy *
Block and Connection Diagrams Ovat-In-Line Package o
vt L
- ? ? ? ? ? ? ?7 ? re were -1 U 2. couptnsarion
c,:::::&-{ CcURRENT swiTERES 25T “":' ’ f:'v""‘"
5 0 O P {7 [
' ! _ Ly, '3
RINLAD, A ] [ml u;\m '—ocn. ..°M-'_ o;z:? ..‘.!.A:u.
E t [} !
v - RN CURRINT [0 Yee o _""
SOURCE PAIN Ay 1L
Yrert-) O— [ [)
perenence b—O towren e | as
Yee Tor ViEw
Typical Application Ve 3
“s A O—L
o
AJO—;'-
DIBITAL obiary
INPUTS A5 O]
ol
uo-'.'- .
s a0 0 oS erer

Ordering Information

i_:r

Veg * -ISY .
FIGURE 1. +10V Output Digital to Analog Corverter

Al A2 A8
V, 1OV [om e # v g
Jo* ( 2 4 256)

—

AccURAcy | OPERATING TEMPERATURE ORDER NUMBERS*®
RANGE D PACKAGE (D16C) J PACKAGE (J18A) N PACKAGE (N18A}
8-bit -56°C & Ta < +125°C DACO808LD | MC1608L8 .
8-bit 0°C < TAo < +75°C DACOB08LCY MaﬁoeLa DACOBOBLCN | MC1408P8
7-bit 0°C < TA < +75°C DACO0BO7LCS | MC1408L? OACO807LCN | MC1408P7
6-bit 0°C < TAoS+I5°C DACO806LCS | MC1408L6 | .DACOBOSLCN | MC1408PS
“Nota. Devices mav he acdtacadt hat ineina alstes acdar number. ' '




' Absolute Maximurn Ratings

, powaer Supply Voltage *

¥ Vee
VEE .
Digital Input Voltage, V6-V12. .

‘ Agplled OQutput Voltsge, Vg

~10Vpc to +18 Vpe
=11 Vpcto+18 Vpe

+18Vpe
-18Vpe

Power Dissipation {Package Limitation)

Derata sbove Tp = 25°C
Operating Temperature Rangs

DACO808L

DACOA08LC Serien

N oA

1000 mW
8.7 mwW/C

~B6°C < TA S +125°C
05 Ta S+78°C

| Reference Current, l14 BmA Storage Tempersture Range ~ ~86°C t0 +150°C
{Reference Amplifier Inputs, V14, V18 Vee: Vee . '
. : e | . S g It . ' t ; o 1
o' At o 4 0 -2 .:.A. S FEEEIIINY Y (BRI L H ' W oa :_‘ ‘e .
Electrical Characteristics DA P P Py
(veg = 8V, Viae = =18 Vpe, VRER/A14 = 2 mA,'DACO808: Ta = ~BB°C to +126°C, DACOS0AC, DAcossre, .., : |
DACOB06G, TA = 0°C to +78°C, and all digitat inputs at high logic level unless otherwlise noted.) g w1 ]
A J ‘ . W . . i
I PARAMETER , ., ' CONDITIONS ° MIN - TYP MAX UNITS
UE . 7 Relative Accuracy (Error Relative - (Figure 4] = === - - e et § X
1 o Full Saale g) ' o ' O T :
' " DACO0808L (LM1508-8), . il o RETAT I L
! DACOB08LC (LM1405.8) : ) % 1 e .
! DACOBOLC (LM1408.7), (Nowe 1} | N PR %
. DAC0806LC (LM1408%), (Nots 1) ,, , 5 A% 40.78 L 3
= Settling Time 10 Withir /2158 TA™ 25°C (Note 2), mm e e ypg e ao ’
. P8 A - LN
. {nctudes tpL L —! =riss <o ~ (Figure 5) . . . . . ;
APLH.  Propagation Delay Time'.- -t v 5| - i Tp @ 28°C, (Figure 6) o 8. PN SO 100 L]
"HL‘ Lo LA e e l. PO ' s wrap ' E 4 Y ...' s ‘ .
TClo  Output Full Scale Current OHfy  + i il L -; , , 20 3 pom/C -
MSB  Oigitat Input Logic Lavals " (Figure 3) ALY BN h
ViH High Level, Logie “1**  + H Ka 2 = g . voc
ViL Low Level,Logle 0™ |, ', — B Ve & . 0.8 Vpe |
MS8  Digital Input Current ; _; ** . (Flgure 3) = ==y .
High Level . Vi = 8V 0.040 . mA |
Low Level Alf L Vi = 0.0V +~0,003 -0.8 mA
"g Reference Input Blas Current (Figure 3) -1 -3 A
Output Current Range (Figure 3] £
o | & Veg=-8v " 0 2.0 ~2 F' mA
Y VEE= ~18V, TA = 25°C 0 20 . A2 mA '
lo * Output Current | N Vheg ™ 1.000V,. ’ . . !
. . 1 R14 = 100082, S 4 & -
(Figure 3} 1.9 1.99 2.1 . mA
Output Currant, All Bits Low (Flpure 3) . 4] 4 MA
Output Voltags Complisnce €, <0.10%, TA « 25°C
.Pin 1 Grounded, y - v ~0.55, 40.4 -Vpe
"VEE Dslow ~10V ~5.0, +0.4 . Vog
SRIREF Reference Current Stew Aate (Figure 6} 4o, 8 : mA/us
Output Current Powar Supply ~5V S VEE € 18,5V 0.06 27 | aawv
Sanaitivity D .
Powar Supply Current (Al Bity {Figure 3)
Low) .
'cc ‘ oy 23 22 mA
Ige . i ! ~13 mA
Power Supply Voltsge Range l " TA=26°C, {Figure 3) - . - .,
vee . : R ) : 45 5.0 s5 Voe
VEE . . .45 , =15 -16.5 voe
Pawaer Dissipstion v o
All Bits Low . Vee» SV, Veg = -5V . 32 170 mwW
'Veg * 5V, VEg = —15V 108 306 mw
All Bits High " Veg = 16V, VEg = -5V 00 mw
Vee = 18V, Veg = -1V 180 mw
Nots 1: ANl current switches are tested to guarantes st least 50% of rated current. ‘
Note 2: Al bits switched, . i ' :
Note 3: Rengs control is not requited.

‘80800VQ

90800va 20800Va



~

-~

DAEC0808, DAC0807, DACO8O\

Typical Performance Characteristics
Veg =BV, VEE= 15V, TA = 25°C,'t:mless otherwise noted

1

N Logic Input Current vs '

R I TN - Logic Threshold Voitsge ve  +
\ ‘Input Volitsge . Bit Transfer Charscteristics: ; ' Temperature. , .
o W T 3 1 ‘
1 12 Herim ] g M B
5 i ) 2 1 P
5 L Al s ]
s ! B
§ 2 ~ry
‘4 " g T 5 <l
i 2 ¢ §-‘~:‘, SN EE S
(0 .
TT it s & A - y .
¥ A A - g “*[mve -ty S :. 1 delhy
8 1 Leta Broas -+ oL = I ing 8 Ery Rt "t s saey A
~ L +--v--sv 1 A3 8
T S . P - Ry / R — ] - T I
A 2 At ! = A v
SomE T - I PR FA RN AN et SRR Y o o P ey oy s oo g I8
- ® o s WL LT 1 f r_‘ ‘. -
’ ~12-18-0-8-4-202 4 6 B10I2 14018 . ~12-10-3-0-8-20 24 0 S RUIIATIIE | ~58-37200 -1 11 38783 N 107938
. Y ¥y - LOGIC INPUT VOLTAGE (V) C ¥y - LOGIC INPUT VOLTAGE (V) : l,\_,t‘\-r:ignmmg«u'!:)
N ‘ . ' y . R AT PO
: h .
! .. Output Current vs Output { g )

‘Voltage (Output Voltage

Output Voletin‘ C;vppll;;lu" !

Yt Compllance)  : vs T-mr«mn G e,
28 q - 20 f .
AtLaits-on- | T ] 1 "
2 a1 I : i AT R A AN AN AN X , .
T ; 3 :
:,_E S Veg o185V Vg -8V - Vs \\\ \\\
= . l [ heeImA ¥ w NONTNNR »‘\\\\
& 48 L1 | - | SHADED AREA INDICATES
- . g - ". 3 PEAMISSIBLE OUTPUT .
b ; ANGEA.... £ 4 VOLYAGE RANGE FOR
E p 'l‘ . E-o VER e -0V, 11g s 2mA . .
2 ¥
. 3 " y ' 2254 N | |
' S Y] ligeImA -8 \ -
» ’l 1 1 y - ap T S W s A1 I B
. - of0 <8 =2 2 8 10 146 8 R AR R | 1] 100 180
' Vg - OUTPUT VOLTAGE (V) ' TEMPERATURE (C)
‘ N v ’
Typlaat Pawer Supply \ Typieal Powsr Supply Typleal Power .Bupnly
Current vs Temperature Current vs Vgg Currsnt vi Vg
80 iU aiTs HiGh on Low L rm BITS HIGH OR LOW ] Y [AiLos wion on 1w
3 18 fhuimA— 3 Teg WITWIg + 2 mA—T] 3 ! L 1a=2mA i
g (X ] ‘Igg E. L] T : N g L] T lge
‘5 50 [ E J IEEMTHIjg» TmA z 5
5 4 : o, Nyt " : S,
> > TSel—I15 311 »
£ 5 B0, e WITH g~ 02mA | |- | E
a2 ¥ a t ]
Py
"5 ] eg g b3 Mc‘;‘.‘éﬁ:- g 1 =t leg T
2 1 A — g
5 - . N ,
. -80 ] ' 188 158 B =24 -8R -10-12-1410-1]-20 02 &' IR UBER
. TEMPEAATURE {'C) Vi = NECATIVE POWER SUPPLY (V) Ve - POSITIVE POWEA SUPPLY (V)
1
i Referance Input
I Frequency Response
s Unfess otherwisa specified: R14 .=,
. R16 =1 kN, C = 16 pF,pin 16 o Veg:
. . A, = 80N, pin 4 to ground.
g ' L ™ Curve A: Large Signal Bandwidth
E TS, N Method of Figur~ 7, VReg = 2 Vo-p -
E _a N\ a offset 1 V above ground
s N Curve B:'Small Signsl Bandwidth
E e R Method of Figure 7, Ry = 2500,
3 VAEr * 60 mVp-p offset 200 mV
& above ground, .
- - T"Cuive C: Largs snd” Small’ Signal
s Bandwidth Method® of. Figure 9 (no-
u oW 1 3 1 op smp, B = 500l As = 507,
¥ Vage = 2V, Vg = 100 mVpp cen.
1~ FREQUENCY (MHx} tered st OV,



DAC0808, DAC0807, DAC0806

-

’

ssueS SOBOOVQ 84 §O 3N Juspainbl 7 AUNOIS

%,




'DAC0808, DAC0807, DAC0806

Test Clrcuits ‘

1

P L

orarTAL | MO— pacorms
Weurs] asow  stmits

E )
T

V) and 14 apply to Inputs At~AS, .

The resistor tied to pin 181 1o umpe;nmrn cémﬁonun the

biss current and may not be y for oll pplicatians,
- CfAl A2 A4 "AE A8 A7  AS ‘
e S ——— — P, ——

! "‘.(.z T S T v T T 268) .
tw I X . a
ol VREF: i !

h p(- ——— ¢

w! e:‘ ~~R14 ¢ [V

ey

and AN =17 [1 Ay Is at high level ’
POAN =0 11 Ay Is at low level
e -

Ve . .o ..
FIGURE 3. Notstion Dsfinitions Test Cireuit
. g - - .
: ' s m
A
e
A2 3 H
% P (rend oACIION
o8 "am fee
£ an] o4 © W ,
e Canl “
AR ] i oy aro v oyt .
Pa O“ [LLILT) {3 By mee e .
o3 PRI BURSE TN :
K . i L] y f‘& : ¢ .
; . :m prananiaty] S S :
v \_‘ 3 L) 4
ke i A
Vagrsiv
- itn T o
. Ml. Yee
" . .
[T KL u_‘
o o—.'
e 0= ' .
PO - —0— -
0y e O-—1 oacoem |4 - !
counren |y Q'_:_ staes O™ !
’ \LJ
C ) ) )
R . Sy LR '
; T §
S . [T ERE]
" ¢ ;e
- v
5 veg :
PIGURE 4. Relstive Accuracy Test Clroult
Vee . -
e T 7 =\
.- . o A g 1AV
P |
2vpe USRS A (U LR L
u_ N o ?
.'_‘.O_MN_._._:L . LIV mmeey CLAMP LEVIL USE By TO AND 70N TURK “0FP*
" " L (TP R nmll:um - . SO | R, ‘ Heasiatunt gex Tom
Demace S TYINES
aACoNe P < e . . . " +
semigy - 7o SETTLING TINE . ’
] meesry 1SAL T Raid
O SWITCHED LOW T MIGH) - o TO 20U .
" ‘i:tos:m .- .
P")] =L ." Py e
1 ot TRANTE L ™
y nseonst . .
"7 INUALA [LOW EaBACITANCE, Sty e [ ]
AST ARcE 0
Ay VIRY p1ose) o ‘__.m‘ Jd | P
- T
vie A
FIGURE 8. Translont Respcnss snd Settling Time %
PUSRVRY ¥ - -~ - B —
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Test Circuits {Continued) '>
vee - g
Vee g
. i R14wA18 . 0.
| - .
' 1 2V ‘vrer o L o :
| . .
| o Vagr . I l . ; > \
| ] RN . Con |
. n N : : ,
v| oacooe | J U0 Q
' [0 R e
1 ' oot ) U
(AR LI Ot
! 12 SCOPE g 0 TN 2 - TN
K LA ‘
. . SLEWING s e \
) .. ot g T SEETEXT FOR VALUESOFC ' .|’
e - 1. _'_ ‘_Y (LTS C TR -t S ;
. . !ll R, 4 / [ “Vee . '
eonsVEE e R R R . o pier T
o i ' y e FIGURE 7, Positive Ve
' FIGURE 8. Refersncs Current Slew Aate Measurement «
. XY ’ 3 . 1 N
[R5 LN =Y, = Sanch Lt .
P A
WeVeg CF d >
. . g i
. ot
(3T g LALE S I T U VRer "
1 L.
M O3 L ' b N
o 31 ok — . R
© © RIS = O . . AT
A ? 15 ' “vpee LT 0 g ] When Vs‘ 0,144 = 2.0mA
A3 : i o & RIS
A O—1 pacosps |13 Veee . Vs |- !
aso-Y semes [TOVec  Vo- [Tﬂ— *ag ] \&) o
. MO :\: ' 5 -
. g ~ MOT; 3 . - - :
9 AL O . Fove . . '
, 5 +*Rp . -, .
- 11 1 e AAA e ¢ |
SEE TEXT FOR VALUES OF € '
Vee . - ] oo . .
. . R ; = : b—le-ow
. FIGURE 8. Negative Vi -
. . . i I - .
. o . -, FIGURE 9. Programmeble Galn Amplifier o‘r Digitst .Anomulor Clv'euii
Application Hints ' ce .

e [ . . . G - o
REFERENCE AMPLIFIER DRIVE. AND .COMPEN- 114. For bipolar referanca signals, as In the multiplying -
SATION e e s - . mode, R15 can be tied to-a, negative voltage corres.

o oL et L wroe ponding to the minimum input level. It is possible to
The reference amplifier provides & voltage st pin 14 for, elimingte R15 with only & small sacrifics In scguracy C.
converting the reference voltage to a current, and a and temperature drift. '
turn-sround circuit or current mirror for feeding the
i ladder. The reference amplifier Input current, 14, must  The compensation capacitor valus must be increased

always flow into pin 14, regardiess of the set-up method
I or reference voltage polarity,

Connections for a positive voltage are shown in Figure 7.
The reference: voltage source supplies the full current:

with increases in R14 to maintain proper phase margin;
for R14 values of 1, 2.5 and 6 k§2, minimum capacitor
values are 15, 37 and 75 pF. The capacitor may be tied
to either VEE or ground, but using VEE increases
negative supply rejection, ’




- DAC0808, DAC0807, DACO0806

Application Hints (continued) W

A ‘negative reference voltage may be used if R14 is of the monolithic resistor ladder. The reference current
grounded and the reference voltage is applied to R15 as may drift with temperature, causing a change in the
shown.in Figure 8. A high input impedance is the main absolute accuracy of output current. However, the
advantage of this method. Compensation involves a DACO808 has a very low full-scale current drift wnth "
capacitor to VEE on pin 18,  using the values of the temperature,

. previous paragraph, The negative reference voltage must

be at least 4V above the Vg supply. Bipolar input
signals may be handlad by connecting R14 to 2 positive The DACUSOG urles h puuranmd sccurste to within.y

al LR tews T aen

- £1/2 LSB st a fullscale output current of 1.892'mA, .
::';;:": ; voltage. aqual.to tha pask pasitiva Input laval This corresponds to a raferance smplifier output current |
— " drive to the lsdder network of 2 mA, with the lon of
PR 1 LSB (8 nA) which Is tho ladder remalinder shunted to

When a DC reference voltaga Is used, capecitive bypess ground. The input current 1 pin 14rhas a guarantded™ s

to ground Is recommended, The 5V logic supply Is not ({valuc of between 1.9 and 2.1 mA, allowing some mis-*?
racommended as 8 reference voltaga. [f 3 well regulated '~ ‘match in the NPN eurrent source pair. ‘The sccuracy test™
8V supply which drives logic Is to ba Used as the refar-==/ * eireuit.ls shown In Figure 4. Tha 12-bit convertsr Is
ence, R14 should be’ decoupled by connecting it to + i, Calibrated for ‘a full-scale output current of 1.892 mA.,
BV through another resistor and bypassing the junction . This is n optional step since the DACOB08 acouracy Is
of the 2 resistors.with, 0.1 uF to ground. Por reference’” . guantially the same batwean 1.5 snd 2.5 mA, Then the
voltages greater than 5V, a clamp diode Is recommended‘ "™ DACO0808 circuits’ full-scale current is trimmed to the

between pln 14 and Q'OU“d ' same value with R14 so that a zero value appears at the

j error amplifier output: The counter is activated and the
If pin 14 is driven by a high impedance such as a error band may be displayed on an oscilloscope, detected
transistor current source, none of the above compensa- by comparstors, or stored In a peak detector.

tion methods apply and the amplifier must be-heavily

compensated, decreasing the overall bandwidth,
PA‘S

Two 8-bit D-to-A converters may ot be used to
3 construct a 16-bit accuracy D-to-A converter, 16-bit
OUTPUT VOLTAGE RANGE A, \ sccuracy implies a total error of +1/2 of one part in

o | (1 T " 65,536, or +0.00076%, which is much more accurate
The voltage on pin 4is restricted o a range of ~0.6 1o - than the 0.019% specification provndoq by the
0.5V when VEE = -5V dus to the current switching DAC0808. % v !
methods employed i in the DACO0808. - ae ’ .
- MULTIPLYING ACCURACY- -
The negative output voltaga'compliance of the DAC0808 !

is extended to -5V where the negative supply voltage is
more negative than —10V, Using a full-scale current of -
1.992 .mA and load resistor of 2.5 k{2 between pin 4
and ground will yield a voltage output of 256 levels
betwaen 0 antl ~4,980V. Floating pin 1 does not affect,
tha convarter spend or powar dissipation, Howavar, the
value of the load resistor determines the switching time

The DACO808 may be used in the multlplylng mnde
with B-bit accuracy when the roference currant is varled
over a range of 256:1. If the reférerice current in’ the
multiplying mode ranges from 16 uA to 4 mA, the
additional error contributions ara less than 1,8 uA; This
Is wall within 8-bit accuracy whan raferred to full-scale,

due to increased voltage swing. Values of R up to - ' -

50002 do not significantly affect performance, but a A monotonic converter is one which supplies an increase

2.5 k2 losd increases worst-case settling time to in currant for each increment in the binsry word,

1.2.us {when all bits are switchad ON), Refer to the Typlcally, the DAC0808 is monotonic for all values of

subsequent text section on Slmling Tlme for more referance current above 0.5 mA. The recommended

details on output loading. ' rango for operation with a DC refarenca current is 0.5 to’

- T 4mA. .

OUTPUT CURRENT RANGE

A LN ) SETTLING TIME

The output current maximum rating of 4,2 mA may'be .

used only for negative supply voltages more negative The worst-case switching condition occurs when all

than —7V; due to the increased voltage drop across the bits are switched ON, which corresponds to a low-to-high

resistors'in the reference current amplifier, ' transition for alk, bits, This time is typically 1160 ns
. e N for _settling to within £1/2 LSB, for B-bit accuracy,

ACCURACY *' ¢ '« ) and 100 ns to*1/2 LSB for 7 and 8-bit accuracy. The

turn OFF is typitally under 100 ns. These tlmes apply

F
Absolute sccuracy is the measuro of each output currnnt when RL < 5000 and QO £2%p

level with respect to its intended value, and is dependent

P

upon relative accuracy and full- -scale current drift. Extra care must be taksn in board layout since this is
Relativa aceuracy is the maeasure of sasch output current usually the dominant factor In satisfactoy tost rasults
level as a fraction of the full-scale current. The relative when measuring . mﬂmg time. Short leads, 100 uF .
accuracy of the DACOR08 is essentially constant with supply ‘bypassing for low frequencies, and minimum
temperature due to the excellent temperature tracking | scope |ead Iangt}; are all mandatory.

- - — ~_~_.._A.4 i




" The sense voltage used to astablish operating current in

National
Semiconductor

LM134/LM234/LM334 .
3-Terminal Adjustable Current

General Description pr

The LM134/LM234/LM334 are 3-terminal adjustable.
current sources featuring 10,000:1 range In opersting
current, excellent current regulation and a wide dynamic:
voltage range of 1V to 40V. Current is established with': -
one extsrnal resistor and no other parts are required; ' «
Initial current accuracy is £3%. The LM134/LM234/
LM334 are true floating current sources with no separate
power supply connections, In addlitlon, reverss applied
voltages of up to 20V will draw only a fow microamperes

of current, allowing the devices to sct as both s rectifier

and current source in AC applications,

Industrial Blocks

Sources

LIRS

LM134.3/LM234-3 and LM134.6/LM234:8 ara dpdcitied

a3 ftrue temperature sensors with quaranteed initial
. "#ccuracy of £3°C and $6°C, respectively. These devices

sre ideal in remote sense applications becayse series
resistance in long wire runs does not affect accuracy.
In addition, only 2 wires are required. .. 1 o, 1, Ny,

The LM134 is guaranteed over 8 temperature range of
=55°C to +125°C, the LM234 from -25°C to +100°C
and the LM334 from, 05C to, +70°C, These davices are
available in TO-48 herﬁietlc and TO-92 blastic packages.

Wiy LN

|
A

" the JLM134 is. 64 mV. st 25°C"and s directly prépor- CHA R , AT ErAS.
tiona! to absolute temperamture-{?K). The simplest one - - - Features -~ - - A R R
external resistor connoction, then, genorates a current ® Operstes 1 ﬂ; 4 V“.! . ’ TR
. i ) § ' b
with ~+0:33%/°C tomperature ‘dependence. ‘Zero drift . 2Ty Iroging (e 40 - o
operation: can ba obtained by adding one extrs resistor 0.02%/V'currant régulation .
and & dioda. ! B D ® ' Programmable from t uA to 10 mA
4 (] W Y ' . .
Applications for the new current sources include blas = Trus 2-tarm|n§| oporation e .
networks, surge protection, low power refsrence, ramp " Avallable ss fully specified temperature sensor . -
genaration LED driver,' and temperature sensing The ® . +3% initial accuracy '
: . : { = . LAY PRI N
Typical Applications _
. Basic 2-Terminal Citrrant ‘Soun:p. Zero Temperaturs Coefficlent Current Source
Pin Vim
vt v~| ‘ i
G s
Reer
v- Vo AAA
«J l'vv
_ 0 LLAN T
1has? LT
. “Vin |
c > . N8 s
- *Setect ratio of A1 to AgeT to obtain zero drift, 1* ~ 2 1SET
Terminating Remote Sensor for Voltage Qutput Ground Referred Fehrenheit Thermometer - " g

WiV

Vour = 10 mvrE
qur;:crv

Your = {geritng)
o] WEMIH}'DR
Regy » 2200

Yin

L LI ] B

“Satact A3 = Vaep/583 A, VRgr may be sny stable positive voltage > 2V

Trim R3J to callbrate

e

i

PR omas

VEEINTTVECINTTIVELINT



LM134/LM234/L.M334

Absolute Maximum Ratings

V* to V= Forward Voltage

aov PP

LM134/LM234 v .
LM334/LM134-3/LM134-6/LM234-3/LM234-6 3ov v

V* to V= Reversa Voltage . 20v

RPintoV™ Voltage 5V

Set Current 10mA | . o

Power Dissipation , 200 mw v ! 1

Operating Tomperature Rangn . e . R . '
LM134/LM134.3/LM 134.6 ~-55°C to +125°C o .
LM234/LM234.3/L.M234-6 N ~25°C t0 +100°C ‘: ' P L) I
tMass ‘ 0°C to +70°¢ T

Lead Temperature (Soldering, 10 saconds) 300°C - oo A

Electrical Characteristics (Notej) ; N

Ct LM134/1.M234 LM334 -

N PARAMETER CONDITIONS MIN | TvP | MAX | WiN | Tve T Ak UMITS -
Sat Currant Error, V* = 2.6V, | 10 A< Iggt < 1 mA 3%\ 8 %
(Note 2) ImA<IgeT < 5mA - ' BRI CF: SR I "I

' 2uAS IsET <10 UA | g v % | Rt4 %
Ratlo of Set Current to 0MALISETS ImA L o1a [ 4g 23 (14 |18 26 ;
V™ Current ImA<ISET < EmA 14 | | 14 \ 4

2UA L ISET < 10 UA 18 23 [ 14 | g 6. |.
Minimum Operating Voltage ' | 24a < ISET < 100pA TN 08 Yoo | " {7 v
100 A < 15ET < 1 mA 0.9 0.9 : v
1TmA <IgeT < 5mA 1.0 e 1.0 v
Average Changs in Set Current | 15< v* < 5v 002 | 005 0.02 | 0.1 %/V
with Input Voltage 2uA<ISET < 1 mA
§V_s V"_' <4ao0v 0.01 0.03_ 0.01 0.05. %/V
L5V <V <EY 0.03 0.03 %/V
TmA<ISET<5mA 4
BV < V< d0v 0.02 0.02 %IV
Temperature Dependence o& 25 pA SISET < I mA 0.96T| T 1.047 | 0.96T| T 1.04T
Sot Current {Note 3) y
Effective Shunt Capacitance 15 15 pF

Note 1: Unless otharwise tpecified, tosts are performed at T - 25°

Note 2: Sat currant Ig

I8 ISET measured st To °K).

the current flowing inta the v*
current error is expressed as 8 percant daviation' from.this

Note 3: Igey is directly proportional to absdlute temperature (°K). ISET atany

pin. It is

amount, }

C with pulse testing so that junction tem
determined by the following formula:

Darature does not chonge during test,

ISET * 67.7 mV/Rgey (@ 25°C). Set
SET increasns at 0.336%/°C @ Tj=25°C,

[ SN

d from: g1 = 1, {T/Tq) where 1,
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Electrical Characteristics (continued) (Note 1)

YEEWTHECNTIVELIN

N . LM134.3, LM234.3 LM134-8, LM234-0
PARAMETER CONDITIONS MIN | TP | MAX T N VP T WAX UNITS
) Set Current Error, V¥ = 2.5V, 100 A < iseT< 1 mA ) 1 %2 %
{Note 2} T|=25°C
Equivalent Tempersture Error +3 ' 6 . °c
Ratlo of Set Current to V™' 100 pA < IgeT<1mA 14 18 28 14 18 26
Current o te v R A
Minimum Operating Voltage 100 A IgeT < 1T mA 0.9 | o9 v
Average Change in Set Current | 1.5<V* <5y 002 | 0.05 "] 002 | 01 %V
with Input Voltage 100 A < IgeT <1 mA
) sv<vt<aov . 0.01 | 0.03 0.01 | 0.05 %/V
Temporature Depandence of 100 A< IgeT< 1 mA Q98T | T 1.02T | 0.97T Tl roar| ‘"
Set Current (Note 3) and |, ., e ) 4 e .
Equivalent Stope Error E ‘ 2 G 3 D%
Etfective Shunt Capacitance ’ 15 15 R o pF
+ W . 1 4 A - . M W
' W [N Lol ]
Typical Performance Characteristics L
Lo e T L
. . . Maximum Slaw Rate for 0
Qutput Impedance Linesr Operation - ., Start-Up_ A
"") EEE :r . £ 7‘10 ."-' [ l
N . e m N aE =
1 10 ..
g o x: 5 4 -
- 1984 1 eg
g \! s wu ) =
i 1» 108 pA E £
w } C
T 1N . TmA
1=1mA H ant N -~ -—;u
N N
1 [ 00 :: INPUT
" 100 ® L thA  19pA  108pA  tmA  10mA . i
FREQUENCY (N1} Isgy + “TIME (Nota sale changss 5t omch eurront towei}
Transient Response Volitsge Across Rger " Currant Notsa
"
T =TT . 7 ol
Al ISET= tmA 4 .
" [~y AT n
- VETO V- gy | > g "k
! Ao BAY s AL aey o SmA S
4 ' K bt © 00 5 1 4 g n Iggy = ImA
50—\ N L // £ 1o ey
§ . = Z u A . E isgy = 108 A T
A > ' T rH— 111
': A N : 8 " 'sey ° 100A
g7 * 10 0A r 9 0 11 1X
-1 [ -] ]
Sl Pl T 1] “ . I
-2 8 2% S8 T8 18 128 " 1w " ™
TIME (Nota sesle changes for sack enrromt) TEMPERATURE (°C) FREQUENCY (Hr)

N
!
!
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LM134/LM234/LM334

Application Hints

Typical Performance Characteristics (continved : ‘

Turmn-On Voltage ,
10mA Y e
Ty 25°C ! =
. | Psere 140
TmA {

A

F ]; T T
Ay = 8A0Y ==y
100 A i = ’l" e |
y 4 i

= fgpy - i

<

<

)
Ngpr e 8.00
1004 v -
‘ . 1
i |
K R 7 TR TR T Y B TR Y
V*T0 V= VOLTAGE

I

i LAY
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The LM 134 has been designed for ease of application,
but a general discussion of design features is presentad
hare to familiarize the designer with device charactsris-
tics which may not ba immediately obvious. Thaese
include the sffects of slewing, power disslpatlon capa-
citance, nolse, end contact rasistance.

SLEW RATE

'
W

At stew rates abovs a given threshold (see curve), the = -’

LM134 may exhibit non-linear current shifts. The sléw-
ing rate at which thls occurs Is directly proportional to

ISET- At ISET =10 #A, maximum dV/dt Is 0.01V/us; -
-8t ISET = 1 mA, tha limit is 1V/us, Slew rates above
.. the limit do not harm tha LM134 or cause large currents
. .to flow, . . }

THERMAL.EFFECTS

« . jnternal heating can have a significant effect on current

regulation for ISET greater than 100 A, For example,
each 1V increase across the LM134 at |SET' 1 mA will
increase junction temperature by = 0.4°C in still ajr.
Output current (ISeT) has a temperature coefficient of
23 0,33%/°C, so tha change in current due to temperature
rise will be (0.4)(0.33) = 0.132%. This Is a 10:1 dagrada-
tion in regulation compared to true electrical effects.
Thermal effects, therefore, must be taken into account
when DC regulation is critical and ISET excaeds 100 1A,
Heat sinking of the TO-46 package or the TO- 92 leads
can reduce this affect by more than 3:1,

SHUNT CAPACITANCE

In-certain applications, the 15 pF shunt capacitance of
the LM134 may have to be reduced, either because of
loading problems or because it limits the AC output
impadance of the currant source, This can be nasily
accomplished by buffering the LM134 with en FET as
shown in the applications. This can reduce capacitance
to less than 3 pF-and improve regulation by at least an
order of magnitude. DC characteristics (with the excep-
tion of minimum input voltage), are not affected.

NOiSE

Current noise generated by the LM134 is approximately
4 times the shot noise of a transistor, If the LM134 is
used a3 an active load for a trensistor smpliticr, inp:lr

e —————— e b

i

" LEAD RESISTANCE "~

Ratio of ISET to V™ Current 1

RaTIe
-

LT B

" L S e s o

referred noise will be increased by about 12 dB. Inmany :

cases, this is accoptable and s single stage amplifier can. ol

be built with a voltaga gain exceoding 2000 ,

s e e - aurre v ant

“The tanse voltage which datarminas oparsting cOrfent-of -+

the LM134 Is less than 100 mV. At this favel, thermo-
couple or lead resistance effacts should be minimized
by focating the current setting resistor physically'close

-to the device. Sockets chould be avoided if- possible.:

It takes only 0,782 contact resistance to reduce ‘output
current py 1% at the 1 mA Tevel, CaR!

SENSING TEMPERATURE Lo

. 1
The LM134 makes an ideal remote temperature sensor
because its current mode- operation does not lose
accuracy over long wire runs. Outout current is directly
proportional to ahsolute temperature in degrees Kalvin,
according to the following formuls: .

uz7uvaNﬂ
RSeT

N

Calibration of the LM 134 is yreatly simplifiad bacause of

‘the fact that most of the initial inaccuracy is due to a
‘ gain term (slope error) and not an offset. This means

that # calibration consisting of a gain ldlustment only
will- trim both slope and zero at the same time. In addi.
tion, gain adjustment is a one point trim because the
output of the LM134 extrapolates to zero at” 0'
indapnndont of RgeT or eny lnitval Inaccuracy

. 3

fser

IMTIAL BUTPUT - -~
1 b ; AR : “
%

/. outRT .
1]

rx n 72 n

This property of the LM134 is illustratad In the sccom-
panying gre=~ 1ina abc Is the sensor current belore

i

"



Application Hints (continueq)

trimming. Line a'b'c’ is the desired output. A gain trim
done at T2 will move the output from b to b’ and will
simultaneously correct the slope so that tha output
at T1 and T3 will be correct. This gain trim can be done
on RSET or on the load resistor used to terminate the
LM134, Slopa error after trim will normally be less
than £1%, To meintain this accurscy, however, o low
temperature coefficient resistor must be used for RSET.

. Typical Applications (continued)
Vin24av

A 33 ppm/°C drift of RgET will give a 1% slope error
because the resistor will normally see about the same
temperature variations as the LM134, Separating RSET
from the LM 134 requires 3 wires and has lead resistance
problams, so is not normally recommended, Meta! fiim
rasistors with lens than 20 ppm/*C drift ere readily
available, Wire wound resistors may also be used whera
best stability Is required,

.

Low Output Impedance Thermometer

Voyr ® 19 mv/,K 3 -
Zgyt < 1000

®Output Impedance of the LM134 at tha “R** pin Is

-R

epproximately

a . B 4
N whegu Rg is the equivalont,

extarnal resistance connected to the V™ pin. This
negative resistance can be reducsd by 8 factor of B or

with the output,

Low Output Impedance Thermomaeter

Vin

Rt A2
Sk 300

> R4
- 4.5k

vb
t1 R Vour = 10 mv/K
0.0022 Zoyrs2n
: A3
7

* mora by inserting en equivalent resistor in serios

Higher Output Current

*Vin

2N290%

*Select R1 and C1 for optimum stabitity - -

VESINTVEZINTVELINT




LAH34/LM234/LM334

Typical Applications (continued)

Mieropowser Siss
’

Vi
—
LM250 > .
* .
| 12A
v
A
. n PeET '
™
=

~Vin

V-

o
0.009 =—y==
Lamand

> j1*
B0k .
%

1857

R
Ik

' Low input Voltsge Refersnce Driver )
Wi Vaep+ 200 my 4 .
. . .
C O ey AT o
‘ .
Vduye Ve MAv LD
lourg¥ma  °
" . CYROTH '
tm129
LM138
M1l
£rC. .
.
K :‘.: AT, r“i_ ] f__ .
Nt
; ".
(s 1A
Ramp G-nomt_:r
Wiy UL
v
L ¥ I
.
Rser
: V- . . ,
s Vour ..
o e

Vour© 12V
lout <14A

*Salect ratio of R1 to R2 to obtain zero temparature drift

1.2V Regulator with 1.8V Minimum Input

Vg2t

24250

Voyr* 12V
loyur S200A

1N457

"Selact ratio of R1 to R2 for zero temparature drift
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Typical Applications (continued) . <
‘s
Zener Blasing Alternate Trimming Technique But{ar for Photoconductive Cett §
»
. v ‘
iy " 2
[v S L g X
Al S
] L] .
* 8. 3 , AR N v F R ;‘
1.8y o g .
e S S IS A L D
v 1 Gl L R I ) n §
Vopr Aty T Y B ' g
> g x ¢ = < . ;
vz v f * ceenef o E
. . -Vin . .
- ... “For £10% adjustment, select RgeT M
. .~ 10% high, and make R1 ~ 3 RgeT . . ~
- i
FET Cascoding for Low Capacitance snd/or Uitrs High Output Impedance..« i
/ Vv e
e - W
- IseT § -
o’ & ) Ce
v : ) ¥ k]
, Ol
R
. o %
“ ] " SPsET .
s y=. « ;
Shger
k! i :
- a2* ]
2 .
Isev .
% f
1N Vi

*Select Q1 or Q2 to ansure at least 1V across the LM134. Vp 11 —IgeT/ipss) > 12V.

Generating Negs Output Imped In-Line Current Limiter
+Vin < Reer
R n
v .
Rt* v* ,7‘ v-
Vin
R o/
, .
RseT = .
v- '
) .
oP AMP )
-Yin

*ZouyT ™ -16 + R1 (R1/Vyy must not exceed IgeT)

*Use minimum value required to snsure stablility of protected
device. This minimizes inrush current to a direct shore,

b e e




| LM134/LM234/LM334

i

Schematic and Connection Diagrams

A '

TO48 - .
Metal Can Package | '

v* .

BOTTOM VIEW
Pln d s steatrically coannacted 10 cara (

Order Number LM134H, LM134H.3, LM134H.6, LM234H,

LM234H-3, LM234H.0 or LM334H
Seo NS Package HOIH

N N
A A AN

v
HINAN
LSRN L]

' 70402
- 1 Plastic Package |,

Yol e vt R V-t

BOTTOM VIEW -

Order Number LM3342, LM2542-3 or LM2342-8
<~ S09 NS Package Z03A
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