Ordering number: EN 3295

j

Overview
The LB1693 is a driver IC for 3-phase brushless motors. It is ideally suited for office autornation equipment and DC fan motors.

Features

Monolithic Digital IC

No. 3295 L -

LB1693

3-Phase Brushless Motor Driver

+ 3-phase brushless motor driver
» 45V withstand voltage and 2.5A output current

PWM switch regulator control section

Current limiter

Overvoltage and overcurrent protection circuit
Termal shutdown circuit

Hall amp with hysteresis characteristic

Absolute Maximum Ratings at Ta = 25°C
Maximum Supply Voltage

Maximum OQutput Current
Allowable Power Dissipation

Operating Temperature
Storage Temperature

Allowable Operating Conditions at Ta = 25°C

Supply Voltage

Voltage Regulator Qutput Current

Vy Supply Voltage

Comparator Output Current

Voo max
Vi max
lo

Pd max IC alone
Topr

Tstg

losc

Package Dimensions 3037A
{unit: mm)

unit

45 v

45 v

25 A

3 W

2W

—20 to +80 °C
—55to +1560 °‘C
unit

9 to 36 v

Vi to 41 v
0to 20 mA
4510556 Vv
0to 30 mA
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Electrical Characteristics at Ta = 25°C, Vg = Vi = 24V

Supply Current loat
lec2

Output Saturation Voltage Vo sati
Vo sat2

Output Leakage Current lo leak

Voltage Regulator Output Voltage V
Voltage Regulator

Load Fluctuation AV
Voltage Regulator
Load Fluctuation AVy2

Voltage Regulator Temperature Coefficient
[Hall Amp]

Input Bias Current e
Common-Mode Input Voltage Range

HyStBreSiS Width AV|N
Low to High Input Voltage VsuH
High to Low Input Voltage VshL
Oscillator

‘H'-Level Output Voltage

‘L'-Level Output Voltage

Oscillation Frequency f

Amplitude

Temperature Coefficient Of
Comparator

Output Voltage Vosc

Rising Time tr

Falling time if
Forward/Stop/Reverse

Forward VEesr1

StOp VFSR2

Reverse VFSHS
Brake Operation Off Vpr1
Brake Operation On Vgr2
Current Limiter

Limiter 1 VHF1

Limiter 2 VRE2
Overvoltage Protection Voltage  Vovsp
Hysteresis Width AVovsp
Thermal Shutdown Temperature TSD
Hysteresis Width - ATSD
Low-Voltage Protection Voltage Vi ygp
Hysteresis Width AV ysp
Upper Dicde Voltage VE

min
Stop mode
Hall current=5mA
lo=1A, VO(SINK) +VO(SOUF!CE)
lo=2A, Vousink +Vorsource
lyy = 10mA 65
Vee = 9.5 to 36V
lvi = 0 to 20mA
1.5
28
8
-32
R = 36k{}, C = 4700pF
21
IOSC=30mA
2.1
4.2
2.0
042
0.34
38
. 0.8
Design goals 150
3.6
0.04
lo=1A 08

typ

15
2.1
3.0

7.0

70

38
20
—20

3.45
1.0
10
2.45
0.1

1.1
0.5
0.5

2.5
5.0

0.5
0.4
42
1.3
180
25
4.0
0.11
2.8

max

21
3.0
4.2

100
7.5

200

Vy—1.8
46
32

28

1.5

0.8
2.9

0.8

0.6
0.48
445

18

4.4
0.18
4.7

unit
mA
mA

mA

myv

mv/°C
A
mV

my
my

kHz
Vp-p
%/'C

“s

<SS

o

cs<cO00<< <<
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Pin Assignment

Pd max — Ta
FSR BR IN1- INI+ IN2- IN2+ IN3- IN3» GND WC 2
ol [ [@) [ 18] 15 [ 15 [f2] [
§ " ~%,
‘g? \”?)}bl
) LB1693 ( G | 1g 1o 4
. @ Y
O« M S
w E ; T 72
$T 12 ‘ :
LT (2] [37 1 [T L] 120 L8] L8] Dl S f | 3
CR O5C VOONT € VH OUTIOUT2Z OUTI Rt WM 3 .
o
2
Top View % [
4 . i
Without heat sink
0 1]
-2 0 2 & 80 8 100
Anbient Temperature, Ta — C
Pin Description
Pin Name Pin No. Description
IN*, IN— 17,18 [ OUT1: Hall element input pins for Phase 1

High logic is the state when IN1+ > IN1-.
15,16 | QUT2: Hall element input pins for Phase 2
High logic is the state when IN1+ > IN1—.
13, 14 OUT3: Hall element input pins for Phase 3
High logic is the state when IN1+ > IN1—.,

OUTH 6 Qutput pin for Phase 1
ouT2 7 Qutput pin for Phase 2
ouT3 8 Qutput pin for Phase 3
Vee 11 Power supply pin for applying voltage to each section other than output section
Vm 10 Power supply for cutput section
Re 9 Output current detect pin; Rg is inserted between this pin and ground to detect the
output currént as a voltage.
GND 12 Ground for other than but output
The minimum potential of output transistor is at the R: pin.
Br 19 Brake pin
The brake is switched on/off by setting this pin high (2 V or more)/low (0.8 V or less).
FSR 20 Forward/stop/reverse control pin
The motor is driven forward, stopped, or driven in reverse according to the voltage at
this pin.

Forward: Oto 0.8 V
Stop :21t028V
Reverse: 421050V

VH 5 Power pin for Hall elements
When using the internal (stabilized) power supply: VH=7 V typ.
When using an external (stabilized) power supply: V=5 V typ.

CR 1 Sets the oscillation frequency for the switching regulator.
0SsC 2 Qutputs duty-controlled pulses; open collector output.
VeonT 3 Speed control pin; varies the switching regulator output voltage.
c 4 Suppresses ripples in the motor current during operation of current limiter 2.
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Truth Table
Iltem Source Sink Input Forward/Reverse
IN1 IN2 IN2 Control
QUT3 — OUT2 L
1 H H L
OuUT2 - OUT3 H
OUT3 - QUT1 L
2 H L L
OUT1 - QUT3 H
ouT2 - OUT3 L
3 L L H
OuUT3 — OUT?2 H
OUT1 — QUTZ2 L
4 L H L
ouTZ2 - OUTH H
OUT2 - OUTH L
5 H L H
OuUT1 — OUTZ2 H
OUT1 — QUT3 L
6 L H H
OuUT3 — QUT1 H
Block Diagram and Peripheral Circuit Diagram
PWM control (1)
5V
2 FV signal
“~
I 9
Lo~
wr
FSR| |BR wr| CR VCONT
20 19 nf_1_3
|4 ﬁ -
WM
— TSD ovee (,Ic?onlrol)
LY
. — 3
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Inu

Hys Amp
INt 7 >_
— :el
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Current Current i
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PWM control (2)

BV
£ Fv signal
I 9 * WM
T\J l ﬁz @ontroa
FSR{ BR v ICR |VOONT |C
2018 n 7 3 4
TS0 |—
!—'5\’
1.2v vs y
‘— Reg ey ovsD
¥H ! Hal [ M
- LVSD —+ | OSC Com
5| v e some
ilﬂu
Hys. Amp
1::' m7) Ir
8
6§ 0T
r 7 outz
N2 I Logic
T : It ours
- * ii
1N 3| I I
14 p
. 8
Current current
Limiter) Limnier2
0.5Y 0.4V
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Veg=VH=5V
PWM control
EFV signal
* Tl
FSR [BR WC| CRi  |VCONT €
2| 19 1o 2 ,
5 2 ‘.___.....1
1 TSD | i 30V
5v
|12V
Reg 3v +— OVSD [—
|7 rectifier
5v VH Halt T 23
+{Lvsn |4 | osc
o +—5 | Re Comp osc
Iwu 0
e Amp VM
1 +
[—E_f w1 17| I x3
| E— 12 =
| § OUT1
N 17 our2
N2 5| Logle
3 L *d Tn ours
A Hea—T3 112
% -
5
nfi
Current Current
Limiter] r_ Limer2
0.5V 0.4V

Higr‘r-_speed
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V=5V )
Vi No speed control
\bcesv

. L )
.

BR VCC| CR |VCONT |C

3
I3
.
=

— TSD —
5V
—
-1:2v L | ovso
F Reg | Lay
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| E— 6 -
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— mi
Current
Limiter1 Lirniter 2

u’y
o

£

’icum

1. Switching regulator oscillation circuit {(PWM generation
circuit)
1-1. Oscillation circuit (40 to 50kHz max.)
Figure 1 shows the oscillation circuit that generates
the triangular waves. The oscillation frequency for
this circuit is determined by the following equation
(with V=7 V typ.)

_
=g K2

tp=~0.56CR {charging)
11=~1.34CRy (discharging)

(Ry is the internal resistance of 1.4 kQ approx.)

In actual applications, R >> Ry is used to suppress the
infiuence of variation in the IC’s internal resistance.

—— —— Yer(H)

— - Ver(

Figure 1 Oscillation Circuit
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1-2. Comparator circuit
Figure 2 shows the comparator circuit for comparing the triangular wave output, the speed control signal, ete.
Input terminals

CR Inputs the triangular wave output.
Veoont Inputs the speed control signal.
C Goes high when current limiter 2 is operating.

(When VC(H) > VCR{H)' the OSC output is off.)

VR

c VeonT

VAONT

/\/‘\ CR_ | ton tOFF

osC
OFF ON OFF ON  OFF
Figure 2 Comparator Circuit

2. Position detection circuit (Hall element input circuit)
The position detection circuit is a differential amp with hysteresis (38mV typ.). For the operating DC level, use within the

common-mode phase input voltage range (1.5 to V|, - 1.8 V). Also it is recommended that the input level is at least three
times (150 to 200mVp-p) the hysteresis.

3. Vy power supply circuit
The Vy, power supply pins can be used from the internal power supply or an external power supply. When using the internal
power supply, the internal logic operales with V=7 V typical (Voc=24 V). When using an external power supply, set
Vee=Vy=5 V and operate the internal logic at 5 V.

4. Current limiter circuits
4-1. Current limiter 1
The current is limited by moving the sink side transistor from saturated to undaturated, so ASQ can be a problem.
(=Yasl  (p
Re
Therefore, design so that as much as possible current limiter 1 is not triggered.
Also, take particular care not to exceed the maximum output current (2.5A) when current limiter 1 is triggered.
4-2. Current limiter 2
This circuit limits the current by lowering the PWM output duty, thus lowering the V), voltage.
When current limiter 2 is triggered, the output current is no greater than 2A,
|=_Vag2
Re
When not controlling the PWM, add a current limiter to the Vum power supply. (A current setting no greater than 60%
to 70% of the current value of current limiter 1 and a short delay time are recommended.)

5. Protection circuits

5-1. Overvolitage protection circuit
If the voltage at the Ve pin rises above the regulated voltage (38 V), PWM output is inhibited and the sink side
output driver is switched off.

5-2. Low-voltage protection circuit
If the voltage at the Vg pin falls below the regulated voltage, just as in 5-1, PWM output is inhibited and the sink
side output driver is switched off.
This circuit is to prevent malfunctioning.

5-3. Thermal shutdown circuit
If the junction temperature rises above the regulated temperature, just as in 5-1, PWM output is inhibited and the
sink side output driver is switched off.

6. Minimurn voltage at V), power
Use a voltage greater than the Vy voltage for the Vyy power supply voltage

VmzVH
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Oscillation Frequency, f — kHz

. f—R Duty Ratio — VCONT
= 100 T |
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M No products described or contained herein are intended for use in surgical implants, life-support systems,
aerospace equipment, nuclear power control systems, vehicles, disaster/crime-prevention sequipment and
the like, the failure of which may directly or indirectly cause injury, death or property loss.

B Anyone purchasing any products described or contained herein for an above-mentioned use shall:

@ Accept full responsibility and indemnify and defend SANYQ ELECTRIC CO, LTD. its affiliates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any
and all claims and fitigation and all damages, cost and expenses associated with such use:

@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or
litigation on SANYO ELECTRIC CO., LTD., its affilates, subsidiaries and distributors or any of
their officers and employees jointly or severally,

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