Ordering number : ENN6109A

Monolithic Digital IC

LB1987, 1987D, 1987M, 1987H
SA////WYO Three-Phase Brushless Motor Driver

for VCR Capstan Motors

Overview 3147B-DIP28H

The LB1987, LB1987D, LB1987M, and LB1987H are [LB1987D]

optimal capstan motor drivers for usein VCR sets. 4 A

Functions 3 s C B

 Three-phase full-wave current-linear drive i ——— L 3
1 200 14 |

» Torqueripple correction circuit (fixed correction ratio)

e Current limiter circuit with control characteristics gain
switching

» Oversaturation prevention circuits for both the upper and
lower sides of the output stage (No external capacitors
arerequired.)

e FG amplifier 3129-MFP36S-LF

» Thermal shutdown circuit

SANYO: DIP28H

[LB19S7M]
SHGHHHHHHHHHHHHHHHHIHQ —]

Package Dimensions

unit: mm 2 58
3240-QFP34H-B O
LB1057] ﬁHHHHHHHHﬁHﬁHHHHHHHg o :E
132 |
: [ FE
. o 99 li0 o AR “'5[
. |
aell alllis® 5aAnyO: MFP36S-LF
= ! 3233-HSOP28H
= [LB1987H]
=1
5
28 15
HAAARAR——RAAARAT
SANYO: QFP34H-B AN N N 2
o \
BEEEELEISSEELEET 2R
s [l s _Jlos q
= SANYO: HSOP28H

B Any and all SANYO products described or contained herein do not have specifications that can handle
applications that require extremely high levels of reliability, such as life-support systems, aircraft's
control systems, or other applications whose failure can be reasonably expected to result in serious
physical and/or material damage. Consult with your SANYO representative nearest you before using
any SANYO products described or contained herein in such applications.

B SANYO assumes no responsibility for equipment failures that result from using products at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges, or other
parameters) listed in products specifications of any and all SANYO products described or contained
herein.

SANYO Electric Co.,Ltd. Semiconductor Company

TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110-8534 JAPAN
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LB1987, 1987D, 1987M, 1987H

Specifications

Absolute Maximum Ratings at Ta=25°C

Parameter Symbol Conditions Ratings Unit
. Vee max 7 \Y
Maximum supply voltage
Vs max 24 \%
Maximum output current lo max 1.3 A
(LB1987) 0.77 w
L (LB1987D) 3.0 w
Allowable power dissipation Pd max (LB1987M) 005 W
(LB1987H) 0.77 w
Operating temperature Topr —20to +75 °C
Storage temperature Tstg —55 to +150 °C
Allowable Operating Ranges at Ta=25°C
Parameter Symbol Conditions Ratings Unit
Vs 5to 22 \%
Supply voltage
Vee 451055 \%
Hall input amplitude VHaLL Between Hall inputs +30 to +80 mVo-p
GSENSE pin input range Vgsense | Relative to the control system ground —0.20 to +0.20 \%
Electrical Characteristics at Ta=25°C,Vcc =5V, Vg=15V
» Ratings .
Parameter Symbol Conditions - - Unit
min p max
V¢ current drain lcc RL = o, Ve = 0 V (Quiescent) 12 18 mA
[Outputs]
lo =500 mA, Rf = 0.5 Q, Sink + Source,
. Vosatl Vet = Vi = 5 V (With saturation prevention) 21 26 v
Output saturation voltage -
Vosat2 lo=1.0A, Rf =0.5 Q, Sink + Source, 26 35 v
osa Vet = Vum = 5 V (With saturation prevention) : .
Output leakage current loleak 1.0 mA
[FR]
FR pin input threshold voltage VEsr 2.25 2.50 2.75 \%
FR pin input bias current Ib(FSR) -5.0 HA
[Control]
CTLREF pin voltage VCREF 2.37 2.50 2.63 \%
CTLREF pin input range VcererIN 1.70 3.50 \%
CTL pin input bias current Ib(CTL) | Vet =5V, CTLREF: open 8.0 HA
. Rf=05Q,V m=5V, o210 mA
CTL pin control start voltage VetuST) | with the Hall input logic states fixed at (U, V, W = H, H, L) 2.20 2.35 2.50 v
CTL pin control switching voltage |Vcr (ST2)| RF=05Q,V m=5V 3.00 3.15 3.30 \%
. Rf=0.5 Q, Alg =200 mA
CTL pin control Gm1 Gm(CTL) With the Hall input logic states fixed at (U, V, W =H, H, L) 052 065 0.78 AV
. Rf=0.5 Q, AVcr =200 mV
CTL pin control Gm2 Gm2(CTL) With the Hall input logic states fixed at (U, V, W = H, H, L) 1.20 150 1.80 AV
[Current Limiter]
. Rf=0.5Q, Ve =5V, lo =10 mA
LIM current limiter offset voltage Voff(LIM) With the Hall input logic states fixed at (U, V, W = H, H, L) 140 200 260 mV
LIM pin input bias current Ib(LIM) | Ve =5V, Vcrer: open, V=0V -25 HA
. - Rf=0.5Q, VCTL=5V, VLIM =2.06V
LIM pin current limit level ILim With the Hall input logic states fixed at (U, V, W = H, H, L) 830 900 970 mA
[Hall Amplifiers]
Input offset voltage Voff(HALL) -6 +6 mV
Input bias current Ib(HALL) 1.0 3.0 HA
Common-mode input voltage Vem(HALL) 1.3 3.3 \%
T ool " i TRC At the bottom and top of the Rf waveform 9 Y
orque ripple correction ratio when Ig = 200 mA. (Rf = 0.5 Q) (Note 1) )
[FG Ampilifier]
FG amplifier input offset voltage Voff(FG) -8 +8 mvV
FG amplifier input bias current Ib(FG) -100 nA
FG amplifier output saturation voltage | Vosat(FG)| At the sink side internal pull-up resistor. 0.5 \Y
FG amplifier common-mode input voltage | VCM(FG) 0.5 4.0 \%

Continued on next page.
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LB1987, 1987D, 1987M, 1987H

Continued from preceding page.
. Ratings .
Parameter Symbol Conditions - Unit
min typ max
[Saturation Prevention]
Saturation prevention circuit lo=10 mA, Rf = 0.5 Q,
lower side voltage setting Vosat(DET) VerL = Lyim =5V, The voltage between each OUT and Rf. 0.175 025 0.325 v
[Schmitt Ampilifier]
Duty ratio DUTY | Under the specified conditions a7 50 53 %
Upper side output saturation voltage | Vsatu(SH) 4.8 \%
Lower side output saturation voltage | Vsatd(SH) 0.2 \%
Hysteresis Vhys 32 50 60 mV
Thermal shut ti
ermal shutdown operating T30 |+ 170 e
temperature
Note: * Items marked with an asterisk are design target values and are not measured.
Note: 1. The torque ripple correction ratio is determined from the Rf voltage waveform as shown below.
Vp
Vb
1 2 3 4 5 6
Hall Logic Settings
GND level
. ) 2-(Vp-Vb)
= —~ "= 7 100 (%
Correction ratio Vp + Vb 00 - (%)
A12204

Truth Table and Control Functions

Hall input Note: 1. The “H” state for FR means a voltage of 2.75 V or higher, and the “L”
Source - sink ER state means a voltage of 2.25 V or lower. (When Vcc =5 V.)
U \% W
V- W H 2. For the Hall inputs, the input “H” state means the state in which the
1 W oV H H L L (+) input for that phase is at least 0.01 V higher than the (-) input for
that phase. Similarly, the “L” state means the state in which the (+)
2 u-w H L L H input for that phase is at least 0.01 V lower than the (=) input for that
W - U L phase.
U-V H
3 vou H L H L 3. Since this drive technique is a 180° power application technique, the
- phase that is neither the source phase nor the sink phase does not
W - VvV H
4 L L H turn completely off.
V- W L
W - U H
5 L H H
U-w L
V- U H
6 L H L
U-V L

No. 6109-3/17



LB1987, 1987D, 1987M, 1987H

Control and Current Limiting Functions

lout

Control characteristics

Current limiting characteristics

Vim =5V Vel =5V
CTLREF: open CTLREF: open
'_
2
o
Gm2 = 1.50 A/V typ Slope = 0.50 ANV typ
Gml = 0.65 A/V typ
Il Il Il | | Il Il Il Il
1 2 3T 4 5 0 T 1 2 3 4 5
Vet VM
2.35Vtyp 3.15Vtyp 200 mV typ

Pin Functions

Pin Function Equivalent circuit diagram
Uin+ U phase Hall element input.
Uin— Logic H refers to the state where IN+ > IN—
(+) inputs (=) inputs
Vint V phase Hall element input.
ViN- Logic H refers to the state where IN* > IN- ; ;
Win+ W phase Hall element input. A12207
Win— Logic H refers to the state where IN+ > IN—
UouTt U phase output.
VouTt V phase output. (These pins include internal spark killer diodes.) Ovs v
Wour W phase output. cc
L OUT for
4K 'y 150 pA
each phase . .
Vs Output block power supply. P Lower S.IdE qverfsa}turanon
Cf prevention circuit input
23(; N block vee
Output current detection.
) ' . ) . g
Current feedback is applied to the control block by inserting the resistor Rf 4K § 2 10 pA
between these pins and ground. Also, both the lower side saturation @
Rf(POWER) | prevention circuit and the torque ripple correction circuit operate according to
S ) . . 200 kQ
Rf(SENSE) |the voltage on this pin. In particular, since this voltage sets the S o
oversaturation prevention level, the lower side oversaturation prevention Ri(POWER) Rf(SENSE)
operation can be degraded if the value of this resistor is set too low.
Note that the PWR pin and the SENSE pin must be connected together.
A12208
Speed control.
cTL This circuit implements constant current drive based on current feedback
from the Rf pin. cc Vce
Gm=0.58 A/VtypatRf=0.5Q
cTL 200 pA
max
Current limiter function control. CTLREF
LIM The output current can be modified linearly by the voltage on this pin. LIM
Slope = 0.5 AV typ at Rf = 0.5 Q ; L S
CTLREF
(LB1987/D) pzzos

Continued on next page.

No. 6109-4/17



LB1987, 1987D, 1987M, 1987H

Continued from preceding page.

Pin

Function

Equivalent circuit diagram

FR

Forward/reverse selection.

The direction (forward or reverse) is selected by the voltage applied to this
pin.

(Vth=2.5Vtyp at Vcc =5V)

ADJ

External torque ripple correction ratio adjustment.

To adjust the correction ratio, apply the stipulated voltage to the ADJ pin
from a low-impedance external circuit.

If the applied voltage is increased, the correction ratio falls, and if the applied
voltage is lowered, the correction ratio increases.

The range of variation is from 0 to two times the correction ratio when the pin
is left open.

(This pin is set to about Vcc/2 internally, and has an input impedance of
about 5 kQ.)

Vee

Vee

20 pA

Vce

10 kQ

500 Q

6 kQ

10 kQ

77

A12210

FGIN—

Input used when the FG amplifier inverting input is used. Connect a
feedback resistor between the FGoyt pin and this pin.

FGNt

Non-inverting input used when the FG amplifier is used as a differential input
amplifier.
No bias is applied internally.

FGin(-)

FGin(+)

/':t A12211

FGour

FG amplifier output.
This pin includes an internal load resistor.

FC

Speed control loop frequency characteristics correction.

Vcc  Vee

Vee

10 kQ

FC

A12212

GND

Ground for all systems other than the output transistors.
Note that the lowest potential of the output transistors is determined by the
Rf pin.

FGS

FG pulse output.
This pin includes an internal load resistor.
(The output impedance is about 3 kQ.)

Vee

10 kQ

Vee, Vee
[e]

w0 FGS

A12517

Vee

Power supply for all IC internal circuits other than the output block.
This power supply must be stabilized to prevent ripple or other noise from
entering the circuit.

GSENSE

Ground sensing.

The influence of the common ground impedance on Rf can be excluded by
connecting this pin to ground near the Rf resistor side of the motor ground
wiring that includes Rf.

(This pin must not be left open.)

13.2 kQ

GSENSE

A12518

No. 6109-5/17
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Pin Assignment

3] FRAME
5] vee

] vs
] FRAME

AN
%3] oND

RF(PWR) [24) 17] win*
[25] ----------------- 16] Vin-
[26] 15] vin+
Uout [27] 14] U~
[28] 13 U+
Vour [29 LB1987 12 Fc
[30 11] Lim
Wout [31] 10] CTLREF
32 9] cTL
RF(SENSE) [33 8] Fas
GSENSE [34] Q N 7] FeouT
N /
L [2] (8] (4] [s] [e]
& x 2 2 Top view

A12217

Note: The FRAME pins must be connected to ground for ground potential stabilization.

Pd max — Ta
1.0

=
I
&
£ 08
c 077W \
5 3 N
B os 1 ~
B 1 \
U Il
2 04 f 0.46 W
o '
3 !
o
3
E 0.2
<
920 0 20 ‘ 40 60 80 100

Ambient temperature, Ta— °C
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Pin Assignment
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Pin Assignment

JAVYS

JNVYS

SA

anNo

(dMd)4d

ON
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LB1987M
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Top view

A12216

Note: Although the FRAME pins and the GND pin are not connected internally in the IC, the FRAME pins must be connected to the GND pin externally for

ground potential stabilization.
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Pin Assignment
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Block Diagram
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Sample Application Circuit (LB1987)

‘pasjuerent jou ale sonsualoeIeyd Buiresado 1NdI pue ‘sajdwexa se papiroid Ajp1aw ale ajdwexa 1Nalid uoiesljdde Siy) Ul UMoYS sanjeA Juauodwod ay| 20N

8T2CTVY

uid paydde
abejjon puewwod anbior O

uid paydde sbejon 434710 O

QO indino o4

uid paydde O
abe)oA Bumas Janwi| JuaLIND

indur reH
| 4n H.o%

Pn O

EEEE%%:aEE% :

\ / oNeE =2

[ Lefle]

LB1987

Tlg

N O—&
punolo O|_m

0S50

N e
AR e o e B T

2PN Jo seig
[} aN
41 170
ndino e d ‘1ndino losuas
naneiEr ay1 0} Buipiodde paldsIes aq
1snw Y Joisisal seiq |jeH ayL
ity
Hg
] — -
Th 1 >
ndino reH —T

punoib waishs semod (O ﬁ M

uid paydde

puewwod asienaipremiod O

| ‘JusWale |[eH Sse
4110 S90IA3P SYBD JO 3N

| SU) PUSWIWIODI SN
41 1°0

I
41 1°0

No. 6109-11/17



LB1987, 1987D, 1987M, 1987H

‘pasiuerent jou ale sonsualoeIeYD Buresado 1Nd1D pue ‘sajdwexa se papiroid Ajp1aw ale ajdwexa 1Nalid uoiesljdde Siy) Ul UMoYs sanjeA Juauodwod ay| 90N

6Tcce1v N\OO\/ jo seig

ndino
O ndino o4 0]

uid paydde
abejjon puewwod anbiol O

uid payjdde abeyon 434710 O

=14
uid paydde I

abeyjon Bumas Janwi| Juaind O

indut e
DN OO——e 4l to %

|
_ k H ndino ey bal 6 ndino Josuas
3] 01 DUIPIOIIe P31IJ|3S B
] o7 77 . &1 [ [ 51 5] (o] [E L (el 7] b LT

ohee 2
a/zsetga
m
1 %l

AAA
VVVv

o] o] (2] 57/ ) o9 2] 2l el 2 ) el [ o e e

S, || .
AN O 1o | ‘JUBWI[o |[eH Se
11 S92INSP SYRD JO asn
punoin O 10 " " 83U} PUBWIWIOJ] DM
0G0 o
punoib walsAs Jamod (O ﬁ Ay 410
11

No. 6109-12/17

uid paiidde puewwod 11
asianai/premiod O

Sample Application Circuit (LB1987D)




LB1987, 1987D, 1987M, 1987H

@) @]
uid paidde
abeyjon puewwod anbio O
uid paydde O O 6€
abeyjon Bumas Janwi| walnd A |
u_LH.o
abeyjon Alddns O
indur jreH
| T
HEEHHHEHE%HEEHEE
w w (8} I + I + I + o s = n =t L
= S o Z Z Z Zz P 4 s = ﬂ U] 2 Z =
T 2 > £z > 5 5 5 5 - R O
[ I i
N.86Td .
- )
W _._ML W = — M $ w w
S 2 , 2 £ g ¢ 383 ¢ o &8 o = 2
g K > 0 g =z =z 5 92 = =z & e 38 F & ¥ £
G 2 I 2 5 O 2 22 - 5 O 5 5 S 5
| |
T
4110
SA N
ndino |reH »
punoin O | |
4110
11
LI}
4110

Sample Application Circuit (LB1987M)

oceery

ndino asind 94

2PN Jo selg

punoib waisAs Jamod O

uid paidde puewwod

9SIaAal/plemioS O

| N ] ud uw

‘JUsW9|9 ||eH Se

S32INSP SYED JO asn
8y pUBWIWOI] B

ndino |jeH

OO/

No. 6109-13/17



LB1987, 1987D, 1987M, 1987H

Teeety

uid paidde puewwod

asianal/premiod (O

uid paydde
abejjon puewwod anbio]

uid paydde
abeyjon Bumas Janwi| Jualind

Sample Application Circuit (LB1987H)

ndui |reH \—

20/ O

SA

uJQH_:O ww_DQ 94 N\OO\/ jo seig
@] @)
o) 6€ arTo
e |
_WA zt] [t Jor] [e] [s L] [9] [s] [¥] [e] [=] [t
(@) s _H_ (%)) = + | fa) w =) o w L () @) [
8 ¢ ¢ & g 0 & 2
s [ %)
]
H.86T4aT
L
= [
+ [ + _ * > o o 2 a > 5
zZ z <=
z £ 2 £ £ 5 7 5 & ¢ 5 e 5 9
i P e Bz & @

ndino |reH »

\—!——

S

3
F! —

punoib walshs lamod O

VVv

0S0

No. 6109-14/17

‘JuswIale [[eH se

SOINBP SYBD JO asn
3y} PUSWILIOIAI SN




LB1987, 1987D, 1987M, 1987H

Test Circuit 1
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Test Circuit 2
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B Specifications of any and all SANYO products described or contained herein stipulate the performance,
characteristics, and functions of the described products in the independent state, and are not guarantees
of the performance, characteristics, and functions of the described products as mounted in the customer’s
products or equipment. To verify symptoms and states that cannot be evaluated in an independent device,
the customer should always evaluate and test devices mounted in the customer’s products or equipment.

B SANYO Electric Co., Ltd. strives to supply high-quality high-reliability products. However, any and all
semiconductor products fail with some probability. It is possible that these probabilistic failures could
give rise to accidents or events that could endanger human lives, that could give rise to smoke or fire,
or that could cause damage to other property. When designing equipment, adopt safety measures so
that these kinds of accidents or events cannot occur. Such measures include but are not limited to protective
circuits and error prevention circuits for safe design, redundant design, and structural design.

H In the event that any or all SANYO products (including technical data, services) described or contained
herein are controlled under any of applicable local export control laws and regulations, such products must
not be exported without obtaining the export license from the authorities concerned in accordance with the
above law.

B No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, or any information storage or retrieval system,
or otherwise, without the prior written permission of SANYO Electric Co., Ltd.

B Any and all information described or contained herein are subject to change without notice due to
product/technology improvement, etc. When designing equipment, refer to the “Delivery Specification”
for the SANYO product that you intend to use.

B Information (including circuit diagrams and circuit parameters) herein is for example only; it is not
guaranteed for volume production. SANYO believes information herein is accurate and reliable, but
no guarantees are made or implied regarding its use or any infringements of intellectual property rights
or other rights of third parties.

This catalog provides information as of August, 1999. Specifications and information herein are subject to
change without notice.
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