TOSHIBA

TB6559FG

TOSHIBA Bi-CD Integrated Circuit

Silicon Monolithic

TB6559FG

Full-Bridge Driver IC for DC Motor

TB6559FG is a full-bridge driver IC for DC motor which uses
LDMOS for output transistors. It adopts MOS processes for upper
Pch and lower Nch transistors, and introduces a constant-current
or direct PWM drive system. Owing to the MOS processes and the
PWM drive system, it can enable high thermal efficiency drive
without using a charge pump.

Four modes such as CW, CCW, short brake, and stop can be
chosen by IN1 and IN2.

Features

e Power supply voltage: 50 V (max)

e Output current: 2.5 A (max)

e Low ON resistor (U +L): 1.5 Q (typ.)

e Average current controlling or PWM controlling
e Standby system

e CW/CCW/short brake/stop function modes.

e Built-in overcurrent protection

e Built-in thermal shutdown circuit

g
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HSOP 16 P-300-1.00

Weight: 0.50 g (typ.)

(1) Use of Sn-37Pb solder Bath
- solder bath temperature = 230°C
- dipping time = 5 seconds
- the number of times = once
- use of R-type flux

(2) Use of Sn-3.0Ag-0.5Cu solder Bath
- solder bath temperature = 245°C
- dipping time = 5 seconds
- the number of times = once
- use of R-type flux

The TB6559FG uses Sn-Ag plating free of lead.

About solderability, following conditions were confirmed
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TOSHIBA TB6559FG

Block Diagram

VREG ALERT Vee
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REG [—— 1

Over current
thermal protection * *

INL (L
P—D 7) OUT1

IN2 (16}—
Decoder 9) OUT2
sB (2)}— r Y ¥

Timing logic

—35 ]
osc/PwM (14) OSC/PWM

4/12/13 ©) 8 10
SGND e RSA PGND
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TOSHIBA TB6559FG

Pin Functions

Pin No Pin Name Functional Description Remarks
1 IN1 Control signal input 1 Input 0-/5-V signal
2 SB Standby pin H: Start, L: Standby
3 Vref Supply voltage pin for control 2,;0\? tz’%%‘;gg@mgg;gg?noh
4 S-GND GND pin —
5 Vce Power supply input pin Ve (ope) = 1010 27 V
6 (NC) No Connection —
7 OouT1 Output pin 1 Connect to motor coil pin
8 RSA (?our:ﬁgf: tclg;r%rlmr: detection resistor L
9 ouT2 Output pin 2 Connect to motor coil pin
10 P-GND Power GND —
11 ALERT Protective operation detection output In Protection mode, output (VREG)
12 S-GND GND pin —
13 S-GND GND pin —
14 OSC/PWM | Capacitor connection/PWM input Set an internal clock. PWM input by Vref
15 VREG 5V output pin Connect a capacitor to S-GND
16 IN2 Control signal input 2 Input 0-/5-V signal

Maximum Ratings (Ta = 25°C)

Characteristics Symbol Rating Unit
Supply voltage Vce 50 \%
25
lo (Peak)
Output current (Note 1) A
lo (Ave) 1.5
S 1.4
Power dissipation Pp w
(Note 2)
Operating temperature Topr -30to 85 °C
Storage temperature Tstg -55 to 150 °C

Note 1: The maximum ratings must be observed strictly. Make sure that all the characteristics listed above never
exceed the maximum ratings.

Note 2: This value is obtained by 115 x 75 x 1.6 mm, PCB mounting occupied 30% of copper area.

Operating Range (Ta = 25°C)

Characteristics Symbol Rating Unit
Supply voltage Vce 10 to 27 \%
PWM frequency foLk up to 100 kHz
VREG output current VREGout uptol mA
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Electrical Characteristics (Vcc =24V, Ta=25°C)
- Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Ilcc1 Stop mode — 4 8
lcc2 CW/CCW mode — 6 10
Supply current 1 mA
Iccs Short break mode — 4 8
Icca Standby mode — 1 2
VINH 2 — VREG
Input voltage 2
VINL -0.2 — 0.8 \Y
Control circuit Hysteresis voltage |  VIN (HYS) — | (Not tested) — 0.2 —
IINH ViIN=5V — 50 75
Input current 1 pA
IINL ViN=0V — — 5
VPWMH 2 — VREG
Input voltage 3
VpwMmL -0.2 — 0.8 \Y
Hysteresis voltage | VpwM(HYS) — | (Not tested) — 0.2 —
OSC/PWM input IPWMH Vpwm =5V — 55 75
circuit Input current 3 WA
IPwmL Vpwm =0V — — 5
PWM frequency fPwMm Duty = 50% — — 100 kHz
Minimum clock t s 5 o o s
pulse width w(PWM) M
VINSH 2 — VREG
Input voltage 2
VINSL -0.2 — 0.8 \Y
Standby circuit Hysteresis voltage |  VIN (HYS) — | (Not tested) 0.2 —
lINSH ViIN=5V — 50 75
Input current 1 pA
IINsL ViIN=0V — — 5
) lo=02A — 15 1.8
Output ON resistance Ron (U + L) 4 Q
lo=15A — 1.5 1.8
IL ) Vcec=30V — — 10
Output leakage current 5 pA
I Vcc=30V — — 10
VE (U lo=15A 1.3 1.7
Diode forward voltage ) 6 ° \%
VE (L) lo=15A 13 1.7
Internal reference voltage VREG 4 |VREGout=1mA 4.5 5 5.5 \%
Overcurrent detection offset time Isp (OFF) — | (Not tested) — 50 — us
Overcurrent detection current Isp (Not tested) 2.5 — — A
Thermal shutdown circuit operating o
temperature Tsp — | (Not tested) 150 170 — C
Thermal shutdown circuit histeresis (Not tested) 20 °C
OSC frequency Cosc = 0.89 nF 500 kHz
VREG
VaLert(H) IALERT = -1 mA -1
ALERT voltage \%
VaLerT(L) IALERT =1 MA 0.5
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TOSHIBA TB6559FG

Component Description
1. Control Input/PWM Input Circuit

VREG VREG

IN1
(IN2, OSC/PWM, SB) O L

100 kQ

e The input signals are shown below. Input at the CMOS and TTL levels can be provided. Note that the
input signals have a hysteresis of 0.2 V (typ.).
VINH: 2 to VREG V
VINL: GND to 0.8 V
e The PWM input frequency should be 100 kHz or less.
e All the circuits other than the standby circuit and the internal 5-V circuit are turned off when in standby
mode.
¢ You should not apply PWM or other signals to the standby pin to control output. Otherwise, the output
may become unstable, with the IC damaged. (The recommended period is 50 ms or higher.)
e To switch standby mode to operation mode, you have to preset IN1 and IN2 to the “L” level (stop mode),
waiting for the power supply to be stabilized.
e OSC control function (0 V < Vref <3 V)
You can set up constant-current operation by connecting a capacitor to the OSC/PWM pin to start CR
oscillations.
e PWM control function (4.5 V < Vref < VREG)
You can control the speed by applying a 0/5-V PWM signal to the OSC/PWM pin. Normal operation and
short braking operation are repeated when in PWM control mode.
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TOSHIBA TB6559FG
Input/Output Function
Input Output
0,
Vref IN1 IN2 SB PWM/OSC IO((;[O)(;A)) OuUT1 ouT2 Mode
H H H Condenser — L L Short break
Constant
current
chopping
L CCW
L H H Condenser vref
6-RS L M Short break
Constant
(@)
» loto3V current
(@] chopping
L CW
H L H Condenser vref
6-RS M L Short break
OFF
L L H Condenser — . Stop
(Hi-2)
OFF
X X L Condenser — ) Standby
(Hi-z)
H
H H H L L L Short break
H L H CCW
L H H
L L L Short break
= 145Vto H H L CWwW
H L H
E VREG L L L Short break
L L H H OFF Sto
L (Hi-2) P
H OFF
X X L ) Standby
L (Hi-2)
Note: X =Don't care
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TOSHIBA

TB6559FG

Output Operation
e Control mode selection

Use of Vref enables selection of constant-current control based on a current sensing resistor or of PWM
control under which external PWM is entered directly. The following gives the ranges you can select.

Constant-current control: 0 < Vref <3V

PWM control: 4.5 V < Vref < VREG

The constant-current function is inactive when in PWM control mode.

When constant current control and PWM control are provided, normal operation and short brake operation are

repeated.

If the upper and lower power transistors in the output circuit were ON at the same time, a penetrating current
would be produced. To prevent this current from being produced, a dead time of 300 ns (design target value) is
provided in the IC when either of the transistors changes from ON to OFF, or vice versa.

Therefore, PWM control by synchronous rectification is enabled without an OFF time being inserted by
external input. Note that a dead time is also provided in the IC at the time of transition between CW and CCW or
between CW (CCW) and short brake mode, thereby eliminating the need for an OFF time.

PWM ON — OFF
t1 t2 =300 ns (typ.)

Vce

RS

PWM OFF — ON
t4 =300 ns (typ.)

t5
Output voltage "
waveform t3
(OUTY)
= t4
t2

t3

Vce

GND

2005-10-31



TOSHIBA

TB6559FG

Constant Current Regulation

(1) Constant-current chopping mode
When VRs reaches a reference voltage (Vref), the IC enters discharge mode.
After 4 clocks generated from an oscillator, the 1C moves from discharge mode to charge mode.

OsC

memaicos [1[1 [1 F1_fl_T

VRs —

Vref/6/|/|/|/|/|/|/|/|/|

<

S Y ) R e

Vref/6

GND

(2) Operation when changing the set current (during deceleration)

VRS —

Discharge

N

Charge

Discharge

When VRS reaches the reference voltage (Vref/6), the IC enters discharge mode. After 4 clock pulses
the IC exits from discharge mode and enters charge mode. If VRS > Vref/6 when it enters charge mode,
however, it then reenters discharge mode. After 4 clock pulses, VRS is again compared with Vref/6. If
VRS < Vref/6, the IC enters and stays in charge mode until VRS reaches Vref/6.

OSsC

Internal clock

Vref/6
VRs

GND

L JL{l

LA AL A

Discharge

Discharge

Charge

Charge
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TOSHIBA

TB6559FG

(3) Transition from discharge mode to charge mode (for acceleration)

Even when the reference voltage becomes higher, discharge mode lasts for 4 clocks and then it is

toggled to charge mode.

0SsC

Internal clock H |_| ﬂ ﬂ ‘H l

Vref/6

GND

LT AL A1 A1 ]

Discharge

VRs

Charge

Discharge

Calculation of Internal Oscillation Frequency

The OSC oscillation frequency can be calcurated by the following formulas:

fosc = 1/(0.523 x (Cosc x 3700 + Cosc x 600))

Reference Voltage Generator

Current value at 100% is determined by applying voltage at Vref pin.

The value can be calculated as:
10 (100%) = Vref/RS x 1/6 [A]

Control circuit

1/6
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TOSHIBA TB6559FG

2. Internal Constant-Voltage (5 V) Circuit

Vee

Vce

VREG

MA—@

J

NV
FH—W—e— W\

e This IC includes a 5-V power supply for control circuit.

e Acapacitor for prevention of oscillation should be connected to S-GND associated with the pin VREG.
No other loads should be connected to pin VREG. Although the pin can be used to control input pins of the
IC, note that any variation in voltage on this pin causes the IC operation to be unstable. (1 mA (max))

e This IC has a power monitoring function and turns the output OFF when VREG goes down to 3.0 V
(design target value) or less. With a hysteresis of 0.3 V (design target value), the output are turned ON
when VREG reaches 3.3 V (design target value) again.

3. Output Circuit
— Vcc

i OUT1
O (0UT2)

K

7
P-GND

e This IC adopts a Pch MOS transistor for the upper output part, and an Nch MOS transistor for the lower
output part.

e Asoutput Ron is 1 Q (sum for the upper and lower parts/typ.)
e The switching characteristics of the output transistors are shown below.

PWM input

Output voltage
(OUT1, OUT2)

<Typical value>

Item Typical Value Unit
tpLH 700
tpHL 1000
tr 150 ns
t 200
Dead time 800
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TOSHIBA TB6559FG

4. Vcc Power Supply Section
e The Vcc power supply delivers a voltage to the output circuit and internal 5-V circuit.
The operating voltage range is shown below.
VccC (opr.)=10to 27 V
e This IC has a power monitoring function for preventing an output malfunction on power-up. However,
Toshiba recommends that IN1, IN2, and SB be set to the Low level at power-on.

5. GND Sections

e This IC includes two separates GND sections: S-GND for controlling P-GND for outputting. Be sure to
short-circuit these two GNDs as close to TB6559F/P as possible.

6. Thermal Shutdown Circuit (TSD)

The IC incorporates a thermal shutdown circuit. When the junction temperature (Tj) reaches 170°C (typ.),
the output transistors are turned off.
After 50 ps (typ.), the output transistors are turned on automatically.
The IC has 20°C of temperature hysteresis.
TSD = 170°C (target spec)
ATSD = 20°C (target spec)

<TSD operating>

170°C (typ.) ~=---=-mmmmmmm et aAeR T
150°C (typ.) === mmm T TN

Degree

ALERT output

7. Overcurrent Protection Circuit (ISD)

The IC incorporates an overcurrent protection circuit to detect voltage that flows through the output
transistors. The overcurrent threshold is 3.5 A (typ.).

Currents that flow through the output transistors are monitored individually. If overcurrent is detected in at
least one of the transistors, all transistors are turned off.

The IC incorporates a timer to count 50 us (typ.) for which the transistors are off. After 50 us, they are
turned on automatically. If an overcurrent occurs again, the same operation is repeated. To prevent false
detection due to glitch, the circuit turns off the transistors only when current that exceeds the overcurrent
threshold flows for 10 us or longer.

<ISD operating>

(1Y R (A [ /
Output current
0 b
{1 OFF ! ! OFF |
10ps | ¢ 50ps 1 | i 50ps i
typ) i (yp) o1 (yp) !
N tdetectea): < g :
° | L 0w
i P yp)

H
ALERT output I-
L

The design target value of a limiter value is 3.5 A (typ.), and has the variation in 2.5 to 4.5 A.
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TOSHIBA TB6559FG
Characteristics Charts
TB6559FG TB6559FG
B =t P - Ta
- ro
3 11} IC by gl padss I 1) W rigudind &0 POB
5’_:'. 13} Wb kel on BEB P Jra- iy PO Pdeiling
= ass-agsey PEH rewrdng B0 50 1 B e E 1.5 - - E0in 3 n 1H Fm
= oonpesd B Of QORREr anea — Efh _"I:_ sooupiesd B of coppsr mraa
- S 2 . () I anly g m 14T /W
| | (] 1111 1 T B
E T — | ﬂ'L Ird] ] B '_Eu | [ | I
B =t 7 g - mo[
i B ] -~ —
WS niiiiiassi: M- I AR
o o - LS
E 3 I I i| § D "l r "\ e
5 T | S
1 - o
E . | 1 | | |I 0o | I b |
i m 0 1300 [ [T ] w135 1= 175
Pulse wadih 1 (s} Ambent mmpersture T ("Ch
External Components
Symbol Use Recommended Value Remarks
C3 Prevention of VREG oscillation 0.1 pFto 1.0 uF —
Cy Absorption of power noise 0.1 pFto 1l pF —
Cs Absorption of power noise 50 pF to 100 pF —

Note: The recommended values for charge pumps depend on the V¢ value.

12
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TOSHIBA

TB6559FG

Typical Application Diagram

| PWM driver | Note 4) Note 1) Fuse
c
5V I 8
T 15
Vbp Jul VREG Vcc
PWM —>—‘ OSC/PWM
PORT1 —>—® IN1 ouTL\ 7
TB6559FG
PORT2 IN2 out2 (9
Note 2)
PORT3 —»—@ SB
GND Vref S-GND P-GND
J’ 3 4/12/13
, [ TB6559FG ]
Microcontroller Note 3)
5V
| Constant current driver |
Note 4) Note 1) Fuse
Cs
c
STV I 3 Ca ;I % ;l 24V
VbD PORT1 —>—® IN1 VREG Vcc
PORT2 IN2 outi (7
PORT3 <2> SB TB6559FG
out2|[ 9
PORT4 4@ vref Note 2)
0Vto3V
GND OSC/PWM S-GND P-GND

)

Microcontroller

Note 1:
to the IC.

Note 2:

5

»

4/12/13

[ TB6559FG ]

Note 3)

Connect Vcc and P-GND through the power supply capacitor. This capacitor should be as close as possible

When connecting the motor pins through the capacitor for reducing noise, connect a resistor to the capacitor
for limiting the charge current. The switching loss increases for PWM control. Therefore, whenever
practicable, avoid connecting the capacitor if PWM control is required.

Note 3: Short-circuit S-GND and P-GND as close to TB6549 as possible.

Note 4: Connect the capacitor C3 to S-GND.

Usage Precautions

e This IC includes an overcurrent detection circuit. However, if a short circuit takes place between output pins or if
an output pin is connected to the voltage source or ground, a heavy current temporarily flows through the IC. It
might destroy the IC. This possibility should be fully considered in the design of the output line, Vcc line, and
GND line. If the IC is destroyed, a heavy current might continuously flow through it as a secondary effect.
Therefore, Toshiba recommends that a fuse be connected to the power supply line.

e Install this IC properly. If not, (e.g., installing it in the wrong position), the IC might be destroyed.
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TOSHIBA TB6559FG
Package Dimensions
HSOP 16-P-300- 1,00 Unit @ mm

6 A.420.1 o |
j— 11111

G,440.2
9.6+0.3

O
LHLIS LN —

/3 I

1
. 1.0 0.420.1
1.0TY¥P || . I.:l 4
|i".5
. 13.5MAx .
13.040.2
["_ T o Z
o
| ' G
& ) —
g |
o 0.92+0.2
Weight: 0.50 g (typ.)
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TOSHIBA TB6559FG

Notes on Described Items

1. Block Diagrams

Some function blocks, circuits, constants and other items in block diagrams are omitted or simplified for
convenience of function descriptions.

2. Equivalent Circuits
Some equivalent circuits are omitted or simplified for convenience of circuit descriptions.

3. Timing Chart
Some timing charts are simplified for convenience of function and operation descriptions.

4. Maximum Ratings

Do not use devices under conditions in which their absolute maximum ratings (e.g. current, voltage, power
dissipation or temperature) will be exceeded. A device may break down or its performance may be degraded,
causing it to catch fire or explode resulting in injury to the user.

The absolute maximum ratings are rated values which must not be exceeded during operation, even for an
instant. Although absolute maximum ratings differ from product to product, they essentially concern the
voltage and current at each pin, the allowable power dissipation, and the junction and storage
temperatures.

If the voltage or current on any pin exceeds the absolute maximum rating, the device’s internal circuitry can
become degraded. In the worst case, heat generated in internal circuitry can fuse wiring or cause the
semiconductor chip to break down.

If storage or operating temperatures exceed rated values, the package seal can deteriorate or the wires can
become disconnected due to the differences between the thermal expansion coefficients of the materials from
which the device is constructed.

5. Examples of Applications Circuits

The examples of applications circuits are offered for your reference. You should fully evaluate those
examples for commercial production design. We do not intend to grant use of any industrial property rights.

6. Test Circuit

Component parts in measuring circuits are used to check characteristics. We do not warrant that
applications equipment neither malfunction nor become out of order.

Caution for Using

Installing this IC properly. If not, (e.g., installing it in the wrong position), the IC might be destroyed.

Overcurrent and Thermal Protectors

These protectors temporarily prevent output shorting and other abnormal operation, but do not ensure that the
IC is not destroyed.

Out of the guaranteed operation range, the protectors do not function and the IC may be damaged when output is
shorted.

The overcurrent protection function aims to protect the IC against temporary short-circuit. With short-circuit
continued for an extended period, the IC may be damaged owing to overstress.

You have to so configure your system that overcurrent may be reset rapidly.

Counter Electromotive Force

When you reversely revolve or stop the motor, current may flow from the motor into the power supply owing to its
counter electromotive force. If the power supply lacks sink capability, the IC’s power supply pin and output pin
may provide voltages exceeding the rated ones. The motor’s counter electromotive force depends on usage
conditions and its characteristics. You must fully verify that the IC neither is destroyed nor malfunctions by
counter electromotive force, and that the peripheral and other circuits neither malfunction nor are damaged.
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TOSHIBA TB6559FG

RESTRICTIONS ON PRODUCT USE 305 16ERA

= The mformation containsd herein = subject to change without notice.

= The information contained herein is presented only &s a guide for the applications of our products, Mo responssbisty
= assumed by TOSHIBA for any infringements of patents o otier Aghts of the third padies which may result fram
iz use, Mo heense |s grantsd by imghcaton or atherssse under any patent o patent nghits of TOSHIBA or others,

= TOSHIBA s continually working to improve the guality and reliability of its produects. Mevertheless, semlconductor
devices in general can malfunction or fall due to thelr inherent electrical sensitity and vulnerabadity to physical
gtregs. |t s the responsibility of the buyer, when utllizing TOSHIEA products, to comply with the standards of safety
i making & safe design for the entre systam, and to avold situations in which a matfunction ar fallure of such
TOSHIEA products could cause kess of humses life, boddy npury oF damsadges o property
In dessetopeng your designs, please ensure that TOSHIBA products are used within specified aperating ranges as
get forth @ the most recent TOSHIBA products speciications. Also, please keep in mind the pracautions and
condibicns set forh in the *Handling Guide for Semiconductor Devicas,” or "TOSHIBA Semiconductor Rebabdty
Handbiook™ ete..

= The TOSHIBA products listed o this docwment are intended for wsage in general elecironics applications
{earmpuler, personal equipment, office equipment, measuring equipment, industrial robotics, domestc appliances,
el). These TOSHIEA products are nelther intended nor warranted for usage in equipment that requires
extracadinarily hegh quality and/or reliability or a matfunction or failere of which may cause loss of human life or
bodity injury ("Unintended Usage™). Unintended Usage include atomic energy confral instruments, airplane o
spaceship instruments, transporation instruments, frafic signal instruments, combustion confral instruments,
medical insfrurments, all ypes of safely devices, ete. Unintended Usage of TOSHIEA products listed in this
dacurment shall be made at the customers own fsk

= The products descibed in this docwment are subject 1o the forelgn exchange and foreign rade laws,

= TOSHIEA products should not be embedded to the downstream products which are prohibited to be produced and
sold, under any e amd regulations.
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