Ordering number; EN 5131 ]

Monolithic Digital IC
L.B1889/1889M/1889D

3-phase Brushless Motor Driver
for VTR Capstans

Functions Package Dimensions
* 3.phase full-wave current linear drive system unit : mm
* Torque ripple correction circuit built in (variable 3206-QFP34H
compensation ratio)
* Current limiting circuit built in/with control characteristic [LB1889]
gain switch

* Output stage upper/lower oversaturation prevention circuit

16
built in (no external capacitor required) : . MT [
* FG amplifier built in HHM }
* Thermal shutdown circuit built in Y | L]
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LB1889/M/D

Specifications

Absolute Maximum Ratings at Ta = 25 °C

Parameter Symbol Conditions Ratings Unit
Maximum supply voltage Vee max 7 v
Vg max 24 v
Maximum output current lp max . 1.3 A
Arbitrarily large heat sink  LB1889 125 w
Arbitrarily large heat sink  LB1889D 15.0 w
Allowable power dissipation Pd max Independent IC LB188% 0.77 w
’ Independant I1C LB1889M 0.95 W
Independent IC LBe18s9b 3.0 w
Operating temperature Topr —20 to +75 G
Storage temperature Tstg 55 to +150 o
Allowable Operating Ranges at Ta = 25 °C
Parameter Symbol Conditions Ratings Unit
' Vg 5to 22 v
Supply voltage
Vee 451055 Y
Hall input amplitude VHaLL Between Hall Inputs +30to £80 |mVp.p
GSENSE input range Vasense | Relative to control system GND =0.20 to +0.20 v

Electrical Characteristics at Ta =25 °C, V=5V, Vg =15V

Paramater Symbol Conditions min typ max | Unit
Ve supply current lec R = = (when stopped}, Ve =0V, V u=0V 12 18 | mA
[Cutput]
lp = 500 mA, Rf = 0.5 Q, Sink + Source
Output saturation voltage Vosat! VoTL = Vium = 5 V (with saturation prevention) 21 26 v
g Vo2 |lo=10A, Ri=05 0, Sink + Source 26| 85| v
Osat VorL = Vum = 5 V (with saturation prevention) ’ )
Qutput leakage current loleak 1.0 | mA
[FA]
FR pin input threshold voltage VEse 225 | 250 | 275 | V
FR pin input bias current Ib (FSR) -5.0 HA
[Control)
CTLREF pin voltage VeRer 237 | 250 263 | V
CTLREF pin input range Verere!N 1.70 350 V
CTL pin input bias current Ib {CTL) [Vey =5 V. CTLREF : Open 8.0 [ pA
} CTL pin control start voltage Ver (ST) n’;}'l‘lr?;; %Siff.igalrﬂ(; 3‘:\, 'gH% :io E‘;A' 220 | 235 | 250 | v
CTL pin control swlich voltage VerL (8T2) |[RE=05Q, V=5V 3.00 | 315 | 3.30 v
. With Rf = 0.5 Q, Alg = 200 mA,
CTL pin control Gm1 Gm1 (CTL) Hall input logic fixed, u, v, w = H, H, L) 052 065 078 | AN
With Rf = 0.5 Q, AV = 200 mV,
CTL pin contrel Gm2 Gm2 (CTL) | Lo input logic fxed: v weH H L) 120 ] 150 1.80 | AV
[Current Limif]
LIM current limit offset voltage | Voff {LIM) ﬂ’;}fi?;; I‘(’ng C"f-b:;%ﬂz:f Vo2 JOLF)"A' 140 ] 200| 260| mv
LIM pin input bias current Ib (LiM) WL'I‘; ‘icg'lf 5 V, CTLREF : Open, 25 uA
LIM pin current limit level I lim w:lru?;; &;?f’u}i%ni;f Yv :li_"“"": f_)o 6V, 830 | 900 | 970 mA
{Hall Amplifier]
Hall amplifier input offsat
voltage , Voif (HALL) —6 +6| mv
Hall amplifier inpul bias current | Ib (HALL) 1.0 3.0 wA
Hall amplifier common-mode
Input voltage : Vem (HALL) 1.3 33 V

Continued on next page.
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LB1889/M/D

Continued from proceeding page.

Parameter [ symbol | Conditions [ min | typ [ max | unit
[TRC]
Torque ripple correction factor TRe ?F;IE an rg Snigj?gplréﬁ; W?{g{g? atlp = 200 mA 9 %
ADJ pin voltage Vadj 237 | 250 263 V
[FG Amplifier]
FG amplifier input offsst voltage | Voff (FG) ‘ _ -B +8| mv
FG amplifier input blas current Ib (FG} =100 nA
sfl't:;:p"ﬂer output saturation Vosat (FG) | At internal pull-up resistor load on sink side 05| Vv
FG amplifier common-mode
input voltage Vom (FG) 0.5 401V
[Saturation]
Saturation prevention circuit Voltage between sach OUT and Rf at I = 10 mA,
lower set voltage Vosat (DET) | ot “6 s Q, Vor = Vi =5V 0175 | 025 | 0325 Vv
(s
TSD operation temperature T-TSD (Design target) Note 1 180 °C
Lf;?h‘emp"ra‘“m hysteresis ATSD | (Design targst) Note 1 20 oC

Note 1: No measurements are performed for any values listed in the conditions column as design targets.
Note 2: The torque ripple correction factor is calculated using the Rf voltage waveform as follows.

\ "
TR, (RN S Vb

—m—pmm———fa

D Vi VvV
Hall input logic settings
GND level
AD395E
Correction factor = M__ x 100 (%)
Vp+ Vb
Truth Table & Control Function
Source — Sink Hall input FR Note: “H™ in the FR column represents a voltage of 2.75 V or
u v w more; “L” represents a vollage of 2.25 V or less.
VoW H (At Vec=5V)
L W oV H H L L Note: “H" in the Hall input colurans represents a state in
which “+" has a potential which is higher by 0.01 V or
U-w H w_n :
) H L L more than that of the “-"" phase inputs.
W-Uu L Conversely, “L"” represents a state in which “+" has a
U-v H potential which is lower by 0.01 V or more than that of
3 - H L H “ . .
vosU L the “-'* phase input,
WV H ‘
4 L L | H
Vow L
W-ou H
5 L H H
U-sw L
VU H
6 L H L
Uu-v L

Note: Since 180° energized system is used as the drive system, other phases than the sink and source phases are turned off.
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LB1889/M/D

Control Function & Current Limit Function

Iout

Gml=0.65A/V typ

Control characteristics VLIM=5V
CTLREF: OPEN

/

Gm2=1.50A/V typ

)
Current limit characteristics yoTL=5v

Jout CTLREF : OPEN

Slope = 0.50 AV typ

. T VCTL . = VLM | -
0 1 24 3 4 oT 1 2 3 4 -
2,35V typ 200mV typ
3.15Vtyp
Pin Functions
The pin number in ( ) is for MFP, that in < > is for DIP, and other than these is for QFP.
Pin name ] Pin No. Function

FR 1 (33) <26> Forward/reverse select pin. The pin voltage selects forward/reverse. (Vith = 2.5 V typ at
Vee=5VY)

GND 2 (34) <27> GNO for other than output translstor. Minimum potential of output transistor is at Rt pin.

FGin (=) 5 (3) <28> Input pin whan FG amplifier is used with inverted input. Feedback resistor is connected
between this pin and FG-OUT.

FGin {+) 6(4) <1> Noninverting input pin when FG amplifier is used with differential input. Internal bias is
not applied.

FG-OUT B (5) <3> FG amplifier output pin. Resistive load provided internally.

CTL 9 (6) <4> Speed control pin. Control is exercised by constant-current drive with current feedback
applied from Rf. Gm = 0.65 AV & 1.50 AV typ at Ri= 0.5

CTLREF 10 (7) <5> Control referance voltage pin. The voltage is set internally to approx. Vec/2 but this can
be varied by applying voltage through a low impedance (input impedance = approx.
2.5 kQ).

LIM 11 (B) <6> Current limiting function control pin. The output current is varied linearly by this pin
voltage; slope = 0.5 A/V typ at Rf = 0.5 Q.

FC 12 (9) <7> Speed control loop frequency characteristic correction pin

Uin*, Uin~ 13, 14 (10, 1) <8, 9> U-phase Hall device input pin; logic “H” represents IN+ > IN-.

Vin*, Vi~ 15, 16 (12, 13) <10, 11> V-phase Hall device input pin; logic “H" represents IN+ > IN-.

Win*, Win~ 17, 18 (14, 15) <12, 13> W-phase Hall device input pin; logic "H" represents IN+ > IN—,

Vee 19 (16) <14> Power supply pin for supplying power to all circuits except output section in IC; this
voltage must be stabilized so as to eliminate ripple and noise.

Vg 22 (21) <15> Output selection power supply pin _ ]

ADJ | 23 (22) <16> Pin for external adjustment of torque ripple correction factor. When this factor Is to be
adjusted, a voltage is externally applied to the ADJ pin through a low impedances. If the
voltage applled Is increased, the factor drops; conversaly, If it is reduced, the factor rises.
The factor varies between 0 and 2 times that of the open state. (The voltage is set inside
to approx. Yee/2 internally, and the Input impedance is approx. 5 kQ.)

Rt (PWR) 24 (23) <17> Output current detection pin. Current feedback is applied to the control section by

Rt (SNS) 33 (31) <24> connecting Rf between this pin and GND. The lower oversaturation prevention circuit
and torque ripple correction circuit are activated In accordance with this pin voltage.
Since the oversaturation prevention level Is set with this voltage, the lower
oversaturation prevention effect may deteriorate in the high current range if the Rt value
is reduced to an extremely low level. The PWR and SENSE pins must always be
connected.

Uout 27 (26) <21> U-phase output pin

Vout 29 (27) <22> V-phase output pin (Built-in spark killer diode)

Wout 31 (28) <23> W-phase output pin

GSENSE 34 (32) <25> GND sensing pin. By connecting this pin to the neighboring GND on the Rf resistor side
of the motor GND wire which contains Rf, the effect that GND common impedance
exerts on Rf can be eliminated. {This pin must not be lef open.)
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Block Diagram
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Pin Assignment [LB1889]
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(PACKAGE : QFP-34H-A)
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Pin Assignment [LB1889M)]

(PACKAGE : MFP-365-LF)

FAAME | 1 O 35| FRAME

FRAME E 3_—sl FRAME
FGin (-) E E GND

FG“‘-, (+) | 4 3_—3‘ FR
FG-OUT (& E GSENSE

CTL |6 E Rf (SENSE)
CTLREF | 7 EE'

LIM| B EBI

aal W~0UuT

uin () |10 a?l vV-ouT

Uin (- |11 25[ uU-ouT
F====q

Vin (4 |12 ! ' 25[
| i |

- B
Vin t-) (13 1 1 24
[}

N688LET

l..._—_.l

L] L}

]
Win (+) (14 aai Rf (POWER)
Win (=) (15 22| ADJ

Voo [16 21| Vg
FRAME |17 aol FRAME
FRAME |18 19[ FRAME

Top view

ADIDE1

Note: Although thera Is no internal connection between the FRAME pin
and GND, FRAME must be connected to GND externally for GND
potential stabilization. ‘ ’
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Pin Assignment [LB1889D]

Allowable power dissipation, Pd — W

DIP-28HS bent opposite

! E’ F&in (=}

GND

FG=0UT |3 ]! {ies| FR
| s
] 1
- CTL |4 ! a GSENSE
| |
[] (]
CTLREF E : ; _?_4[ Rf {SENSE)
: :
] 1
LIM|B|! :EH-DUT
I = a
Yl
Fc7]! 2 w E_a_—alv-our
] = )
wesl 2 8
tin |8 i 3; 3 | El U-ouT
] )
] ]
Uin = [g|! o :E’
| i
i i
vin (4} E : ! E]
| 1
[] )
vin (=) E | ' El
| = &
Win {+) E ' Iy Y ! 1__7] Rf (POWER)
L Y o | DY o
Win (-) E E‘ ADJ
Yoo |14 EI Vg
Top view
AD3IBSE
Pd —Ta
32 -
30 Pd max=3.0W
2.8 N
2.4 \\
2.0 \\
Pd=1.8W
1.6
1.2
0.8
0.4
0
=20 o 20 40 60 80 10

Ambient temperature, Ta — <C

No.5131 - 8/13



LB1889/M/D

t [LB1889]
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Sample Application C
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t [LB1889M)
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Sample Application C
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t [LB1889D)]
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Sample Application. C
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Pin Input/Output Equivalent Circuit

Fin name Input/Qutput Equivalent Circuit
Uin (+)
Uin () Each (+) input ;
Vin (+) (+) inp Each (-} input
Vin ().
Win (+)
Win (=) '
AD30EB
U-OuT 0 v
V-OuUT a cec
W-OUT
\IéfS(POWER) o 4  Eachoutput 18084 Lower oversaturation
i ircuit i bi
Rf (SENSE) T prevention circuit input block
M veeo
2000 ']
—t Faokn 10ma
200e
Af (SENSE)
nr
Af (FOWER)
A03BB7
CTL
LIM
CTLREF
AD3568
FR vee
AD.J vee
ADJ
. 6ko H00o 6&ko
se L
Voo 10ka 10kn=E
r
FYdk}-1:1-3

Continued on next page.
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Continued from proceeding page.

Pin name Input/Output Equivalent Circuit
FGin (-}
FGin (+)

vce

SmA

FGin (=) FGin (+})

- ADABTD
FGOUT Voo
FC
10kn
FcC
A03871

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 equipment 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 hersin for an above-mentioned use shall:

@ Accept full responsibility and indemnify and defend SANYO ELECTRIC CO., LTD,, its affiliates, subsidiaries and distributors
and all their officers and employees, jointly and severally, agalnst 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 litigation on SANYQ
ELEGTRIC CO., LTD., its affiliates, subsidiaries and distributors or any of their officers and employees jointly or severally.

B Information (including circult diagrams and circult parameters) herein is for exampla 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 September, 1995. Specifications and infarmation heraln are subject to change without notice.
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