[Ordering number : EN4264

Monglithic Digital IC
No.4264 [f LB1824

Power Brushless Motor Driver
for OA Equipment

SANYO

Overview | Package Dimensions

The LB1824 produces the direct PWM drive output  unit; mm
appropriate for the brushless motors used in office data  3147A-DIP28HS
processing (OA) equipment, and integrates on a single
chip the speed control circuits, FG amplifier, and other
circuits required to form the drive circuit.

12.7
1.2

Features

= Breakdown voltage: 30 V, output current: 2.5 A

* Direct PWM drive output

* Crystal oscillator circuit

» Speed discriminator plus PLL speed control system
» Forward/reverse switching circuit

» Start/stop switching circuit 3 U
» Current control circuit

4.0

. Ovcrheating protecr.ion circuit 1 J.79 . J.0 ‘ SANYQ: DIP28HS (500mil)
* Built-in FG amplifier
« Lock detection output
Specifications
Absolute Maximum Ratings at Ta = 25°C
Parameter Symbol Condition Rating Unit
Maximum supply voltage Ve max 30 v
Supply voltage V) max 30 v
Cutput current Ip max T<100ms 2.5 A
Allowable power dissipation Pd1 max The IC independently 3 w
Pd2 max With an arbitrary large heat sink 20 W
Operating temperature Topr —-20 1o +80 °C
Storage temperature Tsig -85 to +150 °C
Allowable Operating Ranges at Ta = 25°C
Parameter Symbol Condition Rating Unit
Supply voltage range Veo 95028 v
Supply voltage range Vi 91028 v
FG Schmitt output, applied voltage Vegs 06 v
Fixad voltage output current oy 7 V output 0 to ~20 mA
lo2 5 V output C1o0-20 mA
loa 4 ¥V output 01-15 mA
FG Schmilt output, output current kas - Oto5 mA,
Lock detection output current Lo Oto20 mA
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Electrical Characterlstics at Ta = 25°C, Voo =V =24V

. Rating )
Parameter Symbol Condition - Unit
min typ max
Supply current loey kL 50 mA
loea When stopped 8 " mA
Qutput saturation voltage Vosatt lo=1A 2.0 3.0 v
Vosatz lg=2A 2.7 4.2 v
Qutput leakage current I0leak 100 PA
7 V fixed voltage output QOutput voliage Vy lg=-10mA 6.65 7.0 7.35 v
Voltage variation AV Veg=85t028YV 50 200 my
Load variation AV lp =510 -20 mA 49 200 my
5 V fixed voltage output Quiput voltage Vy lg =-5 mA 4.45 4,80 5.156 \i
Voltage variation aVyy Veg=9.5t1028V 50 200 mV
Load variation AVyo lg=-510-20 mA 5 200 mv
4\ fixed voltage output Output voltage Veg lg=-5mA 365 4.0 435 v
Voltage variation AVEGY Vop=95t028V 40 200 mV
Load variation AVEge ig==-5to-15mA 110 200 mv
Halt amplifier Input bias current IHg —4 -1 WA
Common mode input voltage range Viem 15 5.1 v
Hal input sensitivity 80 mVpp
Hysteresis AVIN 8 14 24 my
Input voltage low = high VgLH 7 my
Input voltage high — low VaHL -7 mv
Oscillator Output high level voltage Vorichy 2.8 3.4 3.4 v
Output low level voltage VoLch 0.8 1.4 1.4 v
Oscillator frequency ficmy R = 56 ki), C = 1000 pF 15 kHz
Amplitude V[CR) 2.0 Vp-p
Current control operation Limiter Vee -V 0.4 0.5 0.6 v
Thermal shutoff operation | Thermal shutoff operating temperature TSD Design target 150 180 °C
Hysleresis ATSD 50 *C
FG amplifier Input offset voltage Viora) -10 10 mv
Input bias current Isecy -1 1 A
Output high levet voltage VoHiFG) lpg=—-2mA 55 6 \i
Output low level voltage Volrg) lrg=2mA 1 1.5 v
FG input sensitivity 100x gain 3 mv
Next stage Schmitt width 100 180 250 mv
Operating frequency range 2 kHz
Open loop gain fiFg) =2 kHz2 45 51 dB
FGS output Qutput saturation voltage Voras) loirgsy = 2 MA 0.1 0.5 v
Output leakage current ILiFGs Vo=56V 10 KA
Speed discriminator Qutput high level voltage Vo 4.0 4.3 v
Qutput low level voitage loLipy 08 1.1 v
Number of counts 512
PLL output Output high level voltiage VoH(p} 3.2 3.5 3.8 v
Cutput low level voltage Voum 1.2 1.5 1.8 v
Lock detection Cutput low level vollage VoL hp=10mA 0,15 0.5 v
Locking range 16.25 %
Integrator Input bias current lapNTy -0.4 0.4 KA
Qutput high level voltage VoH(nng 3.7 43 v
Output low level valtage VoLinT 08 1.2 v
Open loop gain (5] dB
Gain-bandwidth product 1.6 MHz
Reference voltage -5% Vy/2 5% v
Crystal oscillator Operating frequency range fosc 1 10 MMz
Start/stop pin Input high level voltage Vinsis) 4.0 \
Input low level voltage ViLsrs 1.6 v
Pull-down resistance Rosisy | ao 50 70 kQ
Forward/reverse pin Input high level voltage Vinesmy 4.0 v
input low level voltage ViLiEmy 1.5 v
Hysteresis AVIN 05 v
Pull-down resistance RpiFiA) 30 50 70 kQ
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Application Circuit Example
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Logic Table
F/R = Low F/R = High
Parameter Source — Sink
IN1 IN2 IN3 IN1 IN2 IN3
1 OUT3 = OUT2 H H L L L H
2 OUT3 - OUT1 H L L L H H
3 OuT2 - 0UT3 L L H H H L
4 OUT1 - QUT2 L H L H L H
5 OUT2 = OUT1 H L H L H L
6 OuUT1 - OUT3 L H H H L L
Note: ‘H for an input indicates the state where IN+ > IN-—.
H: High
L: Low

The formula below gives the relationship between the crystal oscillator frequency {fose) and the FG frequency (fq).

frg (servo) = fggc/(the ECL divider factor (16) X the number of counts)
= fosc/8192

{(External crystal oscillator circuit)

Pin Functions

External Constants (reference values)

X'tal (MHz) C1 (pF) C2 (pF) R (k)
3to4 39 82 0.82
4105 39 82 1.0
507 39 47 1.5
7t010 39 27 2.0

Note that the crystal used should have a ratio between the fundamental

wave [g impedance and 3fg impedance of 1:5 or greater.

Pin Pin No. Function

IN1+, IN1= 20,19 QUT1 Hall input pin

IN2+, IN2- 18,17 OUT2 Hall input pin

IN3+, IN3- 16,15 QUT3 Hall input pin

ouT1 8 Cutput pin 1

ouT2 9 Output pin 2

ouT3 10 Output pin 3

Veo 3 Pin for the pawer supply applied 10 all blocks other thar the output block

Vi 14 Output block power supply pin, Also used for output current detection: connecting a resistor
(Ry) between this pin and Vo allows the output current to be detected as a voltage.

GND1 22 Ground for all blocks other than the ocutput block

GND2 11 Qutput block ground

CR 7 Pin for setting the PWM oscillater frequency

INT IN 25 Integrator input pin

INT CUT 26 lntegrator output pin (speed control pin)

D ouT 24 Speed discriminator output pin: overspeed -» high

POUT 27 PLL output pin

LD 23 Lock detection pin. Open collector output. Goes low when the moler Speed is within the lock
range (16.25%;).

FG IN+ 4 FG pulse input pin {4 V power supply pin)

FG IN- 5

FG OUT 6 FG amplifier output pin

FGS QUT 28 FG amplifier output pin {(post-schmitt). Cpen collector output.

X'tal 21 Crystal oscillator pin. Connect the crystal oscillator to this pin.

5v 1 5V power supply pin

7V 2 7 V power supply pin

S5 13 Start/stop control pin
Start — low, stop — high

F/R 12 Forward/reverse controf pin

Forward — low, reverse — high

No. 4264-5/9
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LB1824 Functional Description {Including external components)

1. Speed control circuit

The LLB1824 uses a combination of a speed discriminator circuit and a PLL circuit for speed control. The speed discriminator circuit outputs an error
signal once every two FG periods using a charge pump method. The PLL circuit outputs a phase eror signal once every FG period also using a
charge pump method. As compared with earlier speed control methods that used only & speed discriminator circuit, the combination of both a PLL
circuit as well as a speed discriminator circuit employed in the LB1824 results in improved suppression of speed variations in cases where motors
with large load variations are used. Since the FG servo frequency determined as shown in the formula below, the motor speed is set by the FG pulse
count and the crystal oscillator frequency.

frglservo) = /8192
fosc = crystal oscillator frequency

2. Direct PWM drive

The LB1824 adopts a direct PWM drive method in order to reduce the power loss at the output. The output transistor is always saturated when on,
snd it adjusts the motor drive power by varying the duty that the output is on. Since the output switching is performed by the lower side transistor,
Schotiky diodes (I}, D2 and D3} must be attached between QUT and V. (This is because if diodes with a shont reverse recovery lime are not
used, through current will flow at the instant that the lower side transistor tums on.) Normal forward current diodes can be used for the diodes
between QUT and GND.

3. Current control circuit

The current control circuit performs its control operation with a current detemmined by I = 0.5/Ry. (This limits the peak current.) The control
operation functions to reduce the on duty and thus suppress the current. No phase compensation capacitor is required.

4, Speed locking range

The speed locking range is within +6.25% of the set speed, and when the motor speed enters the Jocking range the LD pin goes low (open collector
output). When the molor speed is cutside the locking range, the motor drive output on duty is changed according to the speed ertor, thus
implementing the control required 1o return the motor speed to within the locking range.

5. PWM frequency
The PWM frequency is determined by the resistor R3 and the capacitor C6 that are attached to the CR pin.
»  When R3 is connected 10 the 4 V fixed voltage power supply:
fpum =~ 1/(1.2 X CxR)
*  When R3 is connected to the 7 V fixed voltage power supply:
fpag = 1/(0.5 x C xR)

Do not use a resistor of less than 30 k2 for R3. A PWM frequency of about 15 kHz is desirable. If the PWM frequency is 100 low, the motor could
oscillate at the PWM frequency during motor constraint and become noisy since the oscillation will be in the audible frequency range. On the other
hand, if the PWM frequency is too high, the output transistor switching lime loss will increase.

6. Ground leading

GND1 (pin 22): ground for blocks other than the output block
GND2 (pin 11): outpul block ground {sink transistor emitter)

Connect D4, D5 and D6 1o GND2. All other extemal components should be connected to GND1. The GND1 and GND2 leads should be grounded
at a single point at the connector. Since GND2 carries a large current, its lead should be as short as possible.

7. Output parasitic effect

Parasitism occurs when the voltage on an output pin falls more than =0.7 V below GND1 and GND2. (The -0.7 V figure is reduced by the

temperature characteristics.) Also, do not let the voltage on the oulput pins exceed Ve by more than 1 V. When parasitism occurs, first speed

control will be lost intermittently, and then, if it becomes larger, the output transistors can be damaged. D1, D2 and D3 are used to prevent through

currents, and Schouky diedes with a low V¢ should be used. Therefore the potential difference between the output pin and Ve will not be a
serious issue. Although normal forward current diodes can be used for D4, D5 and D6, care must be taken to keep the ground leads short, as

mentioned in item 6 above, to avoid parasitism.

Continued on next page.
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Continued from preceding page.

8. Extemal interface pins
*+ LDpin
Output type: open collector
Breakdown voltage: a maximum current voliage of 30 V
Sawration voltage variance reference value (at I = 10 mA)
01010015V

+ FGS pin
Output type: open collector
Breakdown voltage: a maximum current voltage of 30 V
Saturation voltage variance reference value (at Ipgs = 2 mA)
01210 0.18V
FGS is the FG amplifier output converted to pulses by a hysteresis comparator (for high speed monitoring).

+ Start/stop pin
Input type: PNP wransistor base with a 50 kQ pull-down resistor o ground
Threshold level (typical): about 2.6 V
Tums off the 4,5 and 7 V fixed voltage power supplies in steps.

« FRpin
Input type: PNP transistor base with a 50 k2 pull-down resistor to ground
Threshold level (typical): about 2.2 V (high — low}, about 2.7 V {low — high)
With a hysteresis of about 0.5 V.
F/R switching must be performed when stopped.

9. Fixed voltage power supply temperature characteristics

* 4V power supply: about —0.5 mV/°C (typical)
+ 5V power supply: about 0.6 mV/°C (typical)
= 7V power supply: about —2.5 mV/°C (1ypical)

10. FG amplifier

The FG amplifier gain is set by R1 and R2 to be a gain of G = R2/R1. C4 and C5 determine the FG amplifier's frequency characteristics. (R1 and
C4 form a high pass filter, and R2 and C5 form a low pass filter.) Since a Schmitt comparator is connected following the FG amplifier, the FG
amplifier's output must be set to be over 250 mVp-p by R1, R2, C4 and C5. (Tt is desirable that the FG output be between 1 to 3 Vp-p during
normal motor rotation.)

11. External capacitors

+ C3
C3 is required for FGIN+ pin fixed voltage power supply stabilization and for IC intemal logic initial reser pulse generation. Although a low
capacitance is acceplable for the power supply stabilizaion function, a relatively large capacitance (about 4.7 pF) is required for reset pulse
generation. The reset pulse is generated when the FGIN+ pin goes from 0 V to about 1.3 V. If the reset does not occur, it is possible that LD
could go on briefly at start time. If this phenomenon is not a problem, a value of 0.1 pF can be used for C3. After C3 has been charged o 4 V,
when Ve is turned off (or in stop mede) the charge on C3 is dissipated through an IC intenal load resistance of about 10 k€ that is connecied
to ground.

+ ClandC2
C1 and C2 are required for fixed voltage power supply stabilization, Since this IC adopts a direct PWM method and a large cament is switched
at the output, noise is generated extremely easily. Accordingly, adequate stabilization is required on the power supplies so that noise does not
cause incorrect circuil operation.
The connections between C1, C2 and C3 and ground should be kept as short as possible. Special care should be exercised with respect to C1,
since its characteristics are easily influenced by grounding problems. B

Continued on next page.
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Continued from preceding page.

12. Extemal resistors

R4 and RS
R4 and RS are used to apply a high level to the F/R pin. Since there is a pull-down resistance of about 50 k€2 on the F/R input pin it goes low
when open. A high level input 1o the F/R pin should be at least 4.0 V and not more than 6.3 V.

R15

R15 is used to apply a high level to the $/S pin. Since there is a pull-down resistance of about 50 kQ on the S/ input it goes low when open.
{In the start siate a high level input to the 5/5 pin should be at least 4.0 V and not more than 6,3 V.) As is the case with the F/R pin, the
resistance is divided into 2 resistors, and while this scheme is resistant to noise (since the inpul impedance can be lowered), if noise is not a
problem the high level can be set by connecting a single Tesistor such as R15. (A value of 180 k€2 is recommended.)

If the initial rise in Ve is slow (under about 10 V/ms) the motor may um 1o some extent (in stop mode) when Ve is first applied. This is
because the 5/S input voltage is resistor divided, and when Vi is under 12 V, the input voltage will be under 2.6 V (the start input level). If
the rise slope cannot be increased and this phenomenon is a problem, it can be handled by connecting a capacilor between Ve and §/8.

13. Through currents due 1o the direct PWM method

In the direct PWM method through currents flow in the outputs due to the switching, e.g., when used in a discrete structure or in LB1822

applications. This is due to the outpul transistor's delay and parasilic capacitance. Previously, an external capacitor was used to handle this kind of

sitnation. However, the LB1824 provides intemal circuit measures to handle this problem, and no measures based on external components are
required. Although an overshoot with & duration of under 10 ns will appear on the RF voliage waveform during switching, this will not be a

problem.

14. Oscillator

A crystal oscillator is normally used with the LB1824. If the speed control conditions are not critical, a ceramic oscillator could be used. To avoid

problems always consult the oscillator's manufaciurer conceming the oscillator itself and the extemal resistances and capacitances used.

15. IC internal power dissipation calculation example (calculation for a Ve of 24 V and iypical ratings)

Power dissipation due to the power supply carrent {I¢)
At start time:

Pl=VeexIoo =24 x34m=082W

At stop time:

P2=VeexIem=24x8m=019W

Power dissipation when a =10 mA load current is taken from the 7 V fixed voltage output
Pi=(Vee-Nx10m=1Tx10m=0.17TW

Power dissipation due to the output drive current {for an output on duty of 100%)
P4 = (Ve - DBk} {(Voo - 20410k}
= (2328 k) + (2210k) = 0.12 W

Power dissipation in the output transistor (for I = 2 A and an cutput on duty of 100%)
P5=Vounnlp=27x2=54W

Therefore the IC overall power dissipation is:
At stop time:

P=P2=019W

Al start time:
P=Pl+P3+P4+P5=651W

(for an output on duty of 100%)

16, Techniques for measuring the IC temperature increase

Measurement with a thermocouple
When using a thermocouple to measure the IC temperature, the thermocouple should be attached 1o a fin. While this measurement technique is
simple, it is subject to large measuremnent errors if the IC is not in a stable heat generation state.

Measurement using the characteristics of an IC intemal diode
We recommend using the parasitic diode between INT.IN and GND internal 1o the IC. (According to our data, I = 1 mA with about

1.8 mV/°C) Remove the external tesistor when making the measurements,
: Continued on nexlL page.
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Continued from preceding page.

17. Servo constanis

When calculating the servo constants, they will be heavily dependent on the motor actually used. Since experience is generally required, these
constants should be determined by the motor manufacturer. We can provide the IC characteristics data required for the servo constants calculations
as well as frequency characteristics simulation data for the filter constants set by the motor manufacturer.

If the resistor connected between DOUT and INT.IN (R10) is 100 small, C8 and C9 are 100 large, and R10 is 100 large, speed errors will be likely
to occur due to the speed discriminator cutoff current and the integrator input current, Therefore, a 10 1o 100 k€2 resistor should be used. If the
resistor connected between POUT and INT.IN (RB) is too small, the PLL system influence will become 100 large and the in-phase pull-in to
locking will get worse. Therefore, do not make this value too small, (We recommend | MQ when R10is 75 k€2.) First set the constants just for the
speed discriminator system (R9, R10, C8 and C9) and then set the RS value for the PLL syslem.

W 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 equipment and
the like, the failure of which may directly or indirectly cause injury, death or property loss.

W Anyone purchasing any products described or contained herein for an above-mentioned use shall
@ Accept full responsibility and indemnify and defend SANYO ELECTRIC GO, LTD,, its affiliates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any -
and all claims and litigation 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
fitigation on SANYQO ELECTRIC CO, LTD, its affilates, subsidiaries and distributors or any of
their officers and employees [ointly or severally. .

B Information {including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eed 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,
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