TOSHIBA TB6560HQ/FG

Preliminar \ TOSHIBA BiCD Integrated Circuit Silicon Monolithic
TB6560HQ, TB6560FG

PWM Chopper-Type bipolar
Stepping Motor Driver IC

TB6560HQ
The TB6560HQ/FG is a PWMchoppertype sirusoidal micro-step

bipolar st@ping motor drver IC.

It suppotts boh 2-phase/1-2phase/W1-2-hase/2W1-2-pase
excitation mode and forward/reverse maael is capablef
low-vibration, high-performance drive of 2-plase bipaddr type
stepping motos using ony} aclock signal.

HZIP25-P-1.27
Features
TB6560FG

e Single-chip bpolar sinusoida micro-step seppingmotor
driver

o Useshigh withgand vdtage BiCD process:
Ron(upper lower)= 0.6Q (typ.)

e Forwad and reverse ro&tion contol available

e Seletable phase diive (2, 1-2, W1-2, ath2W1-2)

¢ High output withstand voltage:3£o0= 40V

e High outputcurrent: louT= HQ: 3.5 A (peak) HQFP64-P-1010-0.50
FG: 2.5 A (peak) Weight:

o Pakages: HAP25-P-1.Z/HQFP64-P-100-0.50 HZIP25-P-1.27: 9.86 g (typ.)

e Built-in input pull-down resistor. 100 K2 (typ.) HQFP64-P-1010-0.50: 0.26 g (typ.)

o OQutput monitor pin egipped: MO curent (IMo (max)= 1 mA)
o Equipped with reset and enable pins
e Built-in overheat protection circuit

The TB6560HQ/FG is a Pb-e podud.
The followingconditions aply to solderabity:
*Solderahity
1. Use of Sr63Mb solderbath
*solder bath temperatuee230C
*dipping time= 5 seonds
*numberof times= once
*use of R-typdlux
2. Use of $1-3.0Ag-0.5Cu dder bath
*solder bath temperatuee245C
*dipping time=5 seonds
*the numbeirof times= once
*use of R-typdlux

*: Since this product has a MOS structure, it is sensitive to electrostatic discharge. These ICs are highly sensitive to
electrostatic discharge. When handling them, please be careful of electrostatic discharge, temperature and
humidity conditions.
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Block Diagram
VbD % Protect Mo VmA
(20130,31)  (19/28) 17/23 (18/25, 26)
OUT_AP
Decoder | -
M1 (23/36 — —> —>
> Bridge
’ driver A
M2 ( 22/35 }—
13/10, 11
CW/CCW ( 21/33 |— Overheat protection
circuit
NFa
CLK( 3/45 }— 14/13, 14, 15
Input
circuit
RESET( 5/48 J— Current selector C g
circuit A *
ENABLE ( 4/47 J— 8/55, 56) VvB
OUT_BP
DCY1(25/39 |—
Decod Bridge
M ecoder driver B B
DCY2(24/38 |—
OSC( 7/53 J— OSC a 0" OUT_BM
N
Current selector N FB
circuit B ® 12,34
Maximum current
setting circuit
(2143 ) (1/42) 6/50, 51) (15/16 10/1
TQ1 TQ2
SGND PGNDA PGNDB
( TBeS60HQITBES60FG )
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TOSHIBA TB6560HQ/FG

Pin Functions

Pin No.
110 Symbol Functional Description

HQ FG

1 42 Input TQ2 Torque setting input (current setting) (built-in pull-down resistor)

2 43 Input TQ1 Torque setting input (current setting) (built-in pull-down resistor)

3 45 Input CLK Step transition, clock input (built-in pull-down resistor)

4 47 Input ENABLE H: Enable; L: All output OFF (built-in pull-down resistor)

5 48 Input RESET L: Reset (output is reset to its initial state) (built-in pull-down resistor)

6 50/51 — SGND Signal ground (control side) (Note 1)
7 53 — osC Connects to and oscillates CR. Output chopping.

8 55/56 Input VvB Motor side power pin (B phase side) (Note 1)
9 61/62 Output OUT_BM OUT_B output (Note 1)
10 1 — PGNDB Power ground

1 2/3/4 o NFB ghcgr?r:kr]\eeItv?ll;tz?r:sc?;e':né-detection pin (resistor connection). (Note 1)
12 6/7 Output OUT_BP OUT_B output (Note 1)
13 10/11 Output OUT_AM OUT_A output (Note 1)
14 13/14/15 o NFA éhc:rat\rt1rr]1:[[V?llétg?gsc?;:?:néfjetection pin (resistor connection). (Nofe 1)
15 16 — PGNDA Power ground

16 19/20 Output OUT_AP OUT_A output (Note 1)
17 23 Output Mo Initial state detection output. ON when in initial state (open drain).

18 25/26 Input Vma Motor side power pin (A phase side) (Note 1)
19 28 Output Protect When TSD, ON (open drain). Normal Z.

20 30/31 Input VbD Control side power pin. (Note 1)
21 33 Input CW/CCW fb%rm—ai;dé)iﬁxg\?v?\ tr(;gsgiqskteopr))in. L: Forward; H: Reverse

22 35 Input M2 Excitation mode setting input (built-in pull-down resistor)

23 36 Input M1 Excitation mode setting input (built-in pull-down resistor)

24 38 Input DCY2 Current Decay mode setting input (built-in pull-down resistor)

25 39 Input DCY1 Current Decay mode setting input (built-in pull-down resistor)

HQ: No Non-connection (NC)

FG: Other than the above pins, all are NC
(Since NC pins are not connected to the internal circuit, a potential can be applied to those pins.)

All control input pins: Pull-down resistor 100 kQ (typ.)

Note 1: If the FG pin number column indicates more than one pin, the indicated pins should be tied to each other at
a position as close to the pins as possible.
(The electrical characteristics of the relevant pins in this document refer to those when they are handled in
that way.)

<Termind circuits>

Input pins Output ins
(M1, M2, CLK, CW/CCW, (MO, PROTECT)
ENABLE and RESET)

Vbp

100 Q
100 Q

100 kQ
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TOSHIBA TB6560HQ/FG

Absolute Maximum Ratings (Ta = 25°C)

Characteristic Symbol Rating Unit
Vbp 6
Power supply voltage \%
VmA/B 40
HQ 35
Output current Peak lo (PEAK) Alphase
FG 2.5
MO drain current I (mo) 1 mA
Input voltage VIN 55 \%
5 (Note 1)
HQ
43 (Note 2)
Power dissipation Pp w
1.7 (Note 3)
FG
4.2 (Note 4)
Operating temperature Topr -30 to 85 °C
Storage temperature Tstg -55to 150 °C

Note 1: Ta=25°C, No heat sink.
Note 2: Ta = 25°C, with infinite heat sink (HZIP25).
Note 3: Ta = 25°C, with soldered leads.

Note 4: Ta = 25°C, when mounted on the board (4-layer board).
Susceptible to the board layout and the mounting conditions.

Operating Range (Ta =-20 to 85°C)

Characteristic Symbol Test Condition Min Typ. Max Unit
Vpp — 45 5.0 5.5
Power supply voltage
VvaB VmaB 2 VDD 45 — 26.4
HQ — — — 3
Output current louT A
FG — — 1.5
Input voltage VIN — 0 — 5.5 \%
Clock frequency foLk — — — 15 kHz
OSC frequency fosc — — — 600 kHz
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TOSHIBA TB6560HQ/FG

Electrical Characteristics (Ta=25°C,Vpp=5V, Vm=24V)

Characteristic Symbol C-Ii—risl:it Test Condition Min Typ. Max Unit
High VIN (H) 2.0 — Vpb
Input voltage C v T | M1, M2, cw/cCw, CLK, RESET, 02 08 v
ow IN (L) ENABLE, DECAY, TQ1, TQ2, ISD e - :
Input hysteresis voltage VH 1 — 400 — mV

M1, M2, CW/CCW, CLK, RESET,
N (H) ENA_BLE, DECAY, TQ1, TQ2, ISD 30 55 80
VIN=5.0V uA

Input current 1 N = .
Built-in pull-down resistor
N (L) VIN=0V — — 1
Output open,
IpD1 RESET : H, ENABLE: H — 3 5
(2, 1-2 phase excitation)
Qutput open,
Consumption current Vpp pin IpD2 1 RESET : H, ENABLE: H _ 3 5 mA
(W1-2, 2W1-2 phase excitation)
IbD3 RESET : L, ENABLE: L — 2 5
IbD4 RESET : H, ENABLE: L — 2 5
M1 RESET : H/L, ENABLE: L — 0.5 1
Consumption current V) pin 1 mA
Im2 RESET : H/L, ENABLE: H — 0.7 2
Output channel margin of error AVo — | B/A, Cosc =0.0033 uF -5 — 5 %
VNFHH TQ1=H,TQ2=H 10 20 30
VNF level VNFHL TQ1=L,TQ2=H 47 50 55 .
. ) — A
Level differential VNFLH TQ1=H,TQ2=L 70 75 80
VNFLL TQ1=L, TQ2=L 100
Minimum clock pulse width tw (CLK) — |— — 100 — ns
MO output residual voltage VoL MO — JloL=1mA — — 0.5 \%
TSD TSD — | (Design target value) — 170 — °C
TSD hysteresis TSDhys — | (Design target value) — 20 — °C
Oscillating frequency fosc C =330 pF 60 130 200 kHz
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Electrical Characteristics (Ta=25°C,Vpp=5V, Vm=24V)
Output Blo ck
- Test " : .
Characteristic Symbol Circuit Test Condition Min Typ. Max Unit
Ron — 0.3 0.4
HQ ot louT=15A
Ron L1H — 0.3 0.4
Output ON resistor 4 Q
Ron y1F — 0.35 0.5
FG louT=15A
Ron L1F — 0.35 0.5
2W1-2- W1-2- 1-2-
phase phase phase 6=0 — 100 —
excitation |excitation [excitation
2W1-2-
phase — — 6=1/8 93 98 100
excitation
2W1-2- W1-2-
phase phase — 0=2/8 87 92 97
T excitation [ excitation
2 |2w1-2-
+ | phase — — 0=23/8 78 83 88
9.:) excitation
3
ol2W1-2- |w1-2- 1-2- Vector — TQ1=L,TQ2=L %
£ | phase phase phase 0=4/8 66 71 76
g excitation |excitation [excitation
S [2w1-2-
% | phase — — 0=5/8 51 56 61
excitation
2W1-2- W1-2-
phase phase — 0=06/8 33 38 43
excitation [ excitation
2W1-2-
phase — — 0=7/8 15 20 25
excitation
2-phase excitation — — 100 —
TQ1, TQ2 =L (100%)
Reference voltage VNE — | 0SC = 100 kHz 450 500 550 mV
Output transistor switching tr RL=2Q,VNF=0V, — 0.1 —
characteristics CL=15pF
tf — 0.1 —
tpLH 7 RESET to output — 0.1 — us
Delay time toLH — 0.3 —
ENABLE to output
tpHL — 0.2 —
Upper side ILH — 1
Output leakage current 6 Vpm =40V pA
Lower side I — 1
Note: Maximum current (6 = 0): 100%
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TOSHIBA TB6560HQ/FG

Description of Functions

1. Excitation Settings

You can use the M1 and M2 pin settingsto configure faur different exitation sttings. (The defalt is
2-phase excitation usirtge internalpull-down.)

Input Mode
M2 M1 (Excitation)
L L 2-phase
L H 1-2-phase
H L W1-2-phase
H H 2W1-2-phase
2. Function

When the EM\BLE signal goed.ow level,it sets anOFF on the otput. The outpt changes to thanltial
mode shownn the table belw when the RESET signal goed.ow level. Inthis mode, the tmtusof the
CLK and CW/CCW pins are irrelemt.

Input
Output Mode
CLK CW/CCW | RESET | ENABLE
A H H cw
A H H H CCw
X X L H Initial mode
X X X L z

X: Don’t care

3. Initial Mode

When RESET is usd, the phasarrents are adollows. In thisinstance, the MO piiis L (connected to
open drain).

Excitation Mode | A Phase Current | B Phase Current
2-phase 100% -100%
1-2-phase 100% 0%
W1-2-phase 100% 0%
2W1-2-phase 100% 0%

4. Current De cay Setting s

Output isgererated by foulPWM blads; 25% decay isreated by inducing decalring the last blat in
Fast mode; @6 dea@y is aeated byinducing deay during the last two blats in Fags mode; ad 100%
dea@y is aeated byinducing all four blass in Fast mode.

If there isno input with thepull-down resstorconnedion then the settings Nomal.

Dcy2 Dcy1 Current Decay Setting
L L Normal 0%
L H 25% Decay
H L 50% Decay
H H 100% Decay
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TOSHIBA

TB6560HQ/FG

5. Torque Settings (Curre nt Value)

The curent ratio used in atual operaions isdeermined in rggard to the curent setting due o redgstance.
Configure thisfor extremelylow torque scearios sich aswhenWeak Excitation mode istopped.
If there is ro input with the pull-down resistorconnection then the settiig is 100% toque.

TQ2 TQ1 Current Ratio
L L 100%
H 75%
H L 50%
20%
H H (weak excitation)

6. Protect and MO (Outpu t Pins)

You can configure sttings from the receivig 9de by usng an open-drain connetion for the aitput pins
and makirg the pdl-up voltage variable.

When a give pin is in its designatedaste it will go ON and output at Low level.

Pin State Protect MO
Low Overheat protection operation Initial state
z Normal operation Other than initial state Open-drain connection
_ 1
7. OSC

Output choppig waves argenerated by connecg thecondenser antaving the ® oscillae.
The values aras shown below (roughly:30% margin of erra).

Condenser Oscillating Frequency
1000 pF 44 kHz
330 pF 130 kHz
100 pF 400 kHz
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TOSHIBA TB6560HQ/FG

Relationship between Enabl&ESET and Outpu{OUT and MD)
Ex-1: ENABLE 1-2-Ph ase Excitation (M1: H, M2: L)

LS N I I I I I O

ENABLE

RESET

MO

(%)
100
71

-71
-100

to tq t2 t3 OFF tz te o tio t1 ty2

The ENABLESsignal at Low level disablaemly the aitput signals. Internal logiauhctions proceed in
accordancewith inputclocksignds and without regad to the ENABLE signal. Therefore output cuneis
initiated by the timingof the intenal logic circuit after release of disdle node.

Ex-2: RESET 1-2-Phase Excit ation (M1: H, M2: L)

e L e

ENABLE

RESET

MO

(%)
100
71

to t t2 13 t2 3 t4 ts te t7 tg

When the RESET signal goes Lowelvel, outputgoes Initial $ate and the MO outputaes Low leel (Initial
state:A Channel output current is 100%).

Once the RESET signd returnstoHigh level,output confnuesfrom the neat state after Initial from the
next raise in the Clock sigha
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TOSHIBA TB6560HQ/FG

2-Phase Excitation (M1: L, M2: L, CW Mode)

o | LML L L

MO

(%)
100

-100

(%)
100

-100

to t1 to t3 tq ts te t7
1-2-Phase Excitation (M1: H, M2: L, CW Mode)

CW —>

o | LML ML
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TOSHIBA TB6560HQ/FG

W1-2-Phase Excitation (M1: L, M2: H, CW Mode)

CLk Jmmmmmmmmnjmmmmmmm

MO

(%)
100

92

71

38

38

-100

to t1 t2 t3 t4 ts te t7 ts to  tio t1 k2 t3 tg t15 e
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TOSHIBA TB6560HQ/FG

2W1-2-Phase Excitation (M1: H, M2: H, CW Mode)

o [[UUUUUUUUUULUUnuy

MO
(%)
98

8

71
56
38

20

(%)

to t1 t2 t3 t4 t5 t6 t7 tg to t10t11t12t13t14 t5t16 117 t1g 119 top t21 t22 t23 to4 to5 o6 to7 tog tog t30 t31 t32
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TOSHIBA TB6560HQ/FG

<Input Signa | Example>

« L

MO

M1

M2

RESET N

(%)
100

71.4

40

-71.4
-91
-100

1-2-phase excitation W1-2-phase excitation

It isrecommended hat M1 and M2 signds be changed dter setting the REET signa Low duringthe Initial
state (MO isLow). Evenwhen the MO is Low, charging the RESET sigal without settinghe REET signal
Low maycause the disontinuity in thecurrent waeform.
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TOSHIBA

TB6560HQ/FG

1. Current W aveform and Settings of Mixed Dec ay Mode
You can configure the point®f the curent’'s shapedwidth (curent’s pulsating flow) using 1-bit input in
Decgy mode fa congant-current contol.
“NF” refers to the point at whic the output arrent reaches its séing current value and “RNF” refers to
the monitomg timing of the settingurrent.
The snaller the MDT value, the smaller the curentripple (curentwave pe), and the curent’s decy
capabiity will fall.
fchop
OSC Pin
Internal
Waveform ———
[ Setting Current Value |
Normal —
Mode RNF
Charge mode — NF: Setting current value reached — Slow mode
— Current monitoring — (When setting current value > Output
current) Charge mode
[ [
[ Setting Current Value |
25%
Decay
Mode
MDT | RNF
Charge mode — NF: Setting current value reached — Slow
mode — Mixed decay timing — Fast mode — Current monitoring
— (When setting current value > Output current) Charge mode
[ [
-4 Setting Current Value |
50%
Decay
Mode
MDT
Charge mode — NF: Setting current value reached — Slow
mode — Mixed decay timing — Fast mode — Current monitoring RNF
— (When setting current value > Output current) Charge mode
[ [
[ Setting Current Value |
100%
Decay
Mode
Charge mode — NF: Setting current value reached — Fast mode
— Current monitoring — (When setting current value > Output
current) Charge mode
' ' RNF
14 2006-05-31
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TOSHIBA TB6560HQ/FG

2. Current Co ntrol Mode s (Decay Mode effect)

e Directionin which currentvalue increases (sine wave)

Slow Slow
Setting
Current
Value Fast Charge Fast
Slow Slow Charge
Setting
\?:Irl:int Charge Fast | Charge Fast

e Direction inwhich sne wave decreaes
(when ahigh decay ratio (MDT%)s used in MixedDecgy mode)

Slow Slow Since the current’s rate of decay is fast, its compliance
with the setting current value is also fast.

Setting Charge

Current Fast

Value Charge

9 Fast
Slow
Setting Slow
Current
Value
Fast Fast
Charge

e Direction inwhich dne wave decreaes
(when a low dcay ratio (MDT%) isused in MixedDecay mode)

Since the current’s rate of decay is slow, its
compliance with the setting current value takes a
long time (or may not follow at all).

Slow Slow /
Setting
Current Fast Charge Fast
Value Charge g Slow Slow
Fast

Setting Fast
Current

Value

During MixedDecay moderd Fas Decay mode, if th setting currentalue <outputcurrent at RNF:
current monitoring point, the Chargeoce at the next chopping cyeWill disappear and the pattern will
change b Sow Fag Mode ($ow — Fast occus at MDT). (Inredity, achageis applied nromentarily to
confirm the current)

Note: These figures are intended for illustrative purposes only. If designed more realistically, they would show
transient response curves.
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TOSHIBA TB6560HQ/FG

3. Mixed Decay Mode Waveform (Cu rrent W aveform)

fchop fchop

OSC Pin
Internal
Waveform

lout
Setting Current
Value

Setting
Current
Value
25%
Mixed
Decay
Mode

MDT (Mixed Decay Timing) Points
o When the NFpoints ®me aftermixed deay timing

Switches to Fast mode after Charge mode

fchop fchop \
[ |

Setting current value
MDT (Mixed Decay Timing) Points

lout

NF

Setting
Current
Value

RNF
NF

25%
Mixed
Decay
Mode

CLK Signal Input

o When the outputuwrrentvalue > Settingcurrent value n mixed decay mode

fehop fchop fehop

Setting - T T T T T
Current
Value : : : : : : :
lout | | | | | |

\ Setting Current :
25% E E ,_ Value : \<
MIXED E E E E | \ |
DECAY | | | | : : : |
MODE : : : : MDT (Mixed Decay Timing) Points H

: : : : ; ; I | ; :

CLK Signal Input

*: Even if the output current rises above the setting current at the RNF point, a charge is applied momentarily to
confirm the current.
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TB6560HQ/FG

RNF

tion to Charge mode for a brief moment

Transi

fchop

mode transition will take place at even the

current, charge mode — NF — Fast Decay
next cycle.

Since the setting current value > output

After the current value set by RNIBrqueor othermeans is aained, he output current to load will

make the tansition to full egenerative mode.

4. Fast Decay Mode Waveform

TOSHIBA

t
o c —
£ 00 ToXgo
uuNMU ™ O 98 Q0T
euaO T © 099 o 9O
n o> = LO=T 0=

2006-05-31
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TOSHIBA TB6560HQ/FG

5. CLK Signal and Internal CR CK Output Curre nt Waveform
(when the CLK signal is input in the middle of Slow  mode)

25% Mixed Decay Mode

f(:hop fchop
fchop
OSC Pin
Internal
Waveform
Setting NF
Current
Value
lout : :
: } Setting : ]
Current
Value . RNF
E E E E ! RNF
\
\
CLK Signal Input Transition to Charge mode for a brief moment

The CR counter is reset here.

When the CK signal isinput, theChopphg Counter(OSC Countéris forcibly resetat the timingof the
OSC.

As a esult, the esponse to input data issflain compailison to methods that danfeset the ounter

The delay time is one OSC cycle: 19@100 kHz Clopping using the Logic Block logic value.

After the O Counter igest by CLK dgnal input,thetransition is nvariably macde to Chage mode
for a bief moment to ompare the curent.

Note: Even in Fast Decay Mode, the transition is invariably made to Charge mode for a brief moment to
compare the current.
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TB6560HQ/FG

TOSHIBA

6. CLK Signal and Internal OSC Output Current W aveform
(when the CLK signal is input in the middle of Charge mode)

25% Mixed Decay Mode

fchop

fchop

RNF

Transition to Charge mode for a brief moment

fchop

OSC Pin
Internal

Waveform

Setting
Current
Value

CLK Signal Input

The OSC Counter is reset here.

2006-05-31
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TB6560HQ/FG

TOSHIBA

7. CLK Signal AND Intern al OSC Output Current Waveform
(when the CLK signal is input in the middle of Fast mode)

25% Mixed Decay Mode

fchop

fchop

Transition to Charge mode for a brief moment

fchop

OSC Pin
Internal

Waveform

Current

Setting
Value
lout

CLK Signal Input

The OSC Counter is reset here.

2006-05-31
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TB6560HQ/FG

Internal OSC Output Current W aveform w hen Setting Current is Re verse

TOSHIBA

8.

ation)

(when the CLK signal is input using 2-phase excit

25% Mixed Decay Mode

fchop

fchop

RNF

fchop

Setting

Current
Value

Setting

Current
Value
lout

CLK Signal Input

The OSC Counter is reset here.

2006-05-31
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TOSHIBA TB6560HQ/FG

Current Dra w-out Path w hen ENABLE is Input in Mid Operation

When all the output amsisbrs ae forcedOFF during Slow mode, thmil energy is drawn out in the
following modes:

Note: Parasitic diodes are indicated on the designed lines. However, these are not normally used in Mixed

Decay mode.
Vm Vm Vm
ut || i i U2 U1 : E U2 U1 : : U2
¥ SR LI B LI B T <
! Note ! OFF  OFF ! Note ! OFF OFF ! Note ! OFF
i L L=
S S N — o oo —> 9o
Load ' Load ! ENABLE is input ' Load !
OFF E | -ON -ON E : L2 L1 E E L2
= = [ S = = T S o I T S
L1 : : L2 L1 ' | OFF i i OFF
A A & p
[ — .
| | & I
RNF ] RNF ] RNF
PGND
» PGND A PGND
Charge Mode Slow Mode Force OFF Mode

As shown in the figure aboe, an outpit transistor has pamsitic diodes

Normally, when the engy o the coilis drawn out, eactransistor is tthedON andthe power flows in the
opposte-to-normal direcion; as areallt, the paasitic diode is not used. Howenevhen all the oydut
transistos are forcedFF, the coil enegy is drawn out via the paragsi diode.
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TOSHIBA TB6560HQ/FG
Output S tage Transistor Operation Mode
VM Vm Vm
U1 U2 U1 U2 U1 U2
n I T < B = T < B = | <
! Note OFF  OFF ' Note ! OFF OFF i Note !
P P P
o o - o oo — > ? SV, L " S
Load - Load Load !
OFF ; i ON| [ON] 5 i L2 L1 2 ; L2
1< = T | 3 TR ¥ T - 1< | = T S
L1 i : L2 L1 : : -m -EII : ! OFF
A A # * A s
|} L L I
RNF T RNE ] RNF
L PGND | PGND PGND
Charge Mode Slow Mode Fast Mode

Output S tage Transistor Operation Functions

CLK u1 u2 L1 L2
CHARGE ON OFF OFF ON
SLOW OFF OFF ON ON
FAST OFF ON ON OFF

Note: The above chart shows an example of when the current flows as indicated by the arrows in the above figures.
If the current flows in the opposite direction, refer to the following chart:

CLK u1 u2 L1 L2
CHARGE OFF ON ON OFF
SLOW OFF OFF ON ON
FAST ON OFF OFF ON

Upon transitions of aboe-mertioned functions, a dead the of abot300 ns is insetted respedively.
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Measurement W aveform

VM
- 90%
tpHL
- 50%
\ 10%
GND —_ =

Figure1 Timing W aveforms and Na mes

OSC-Charge DELA:

The conversio from theOSC wavefornto the internalDSC wavefom is done by recognizing tHevel of
chopping wave. The vatages of 2 V orabow are mnsidered as a Hig level, and vdtages of 0.5 V obelow ae
consdered asa Low level aslesgned valuesHowevey there is a response delapd that there occurs the
peak-to-peak etage variation.

2V

0osC
Waveform

S

OSC Pin
Internal
Waveform

Figure 2 Timing W aveforms and Na mes (CR and Outpu t)
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TOSHIBA TB6560HQ/FG

Power Diss ipation

TB6560HQ
Pp - Ta Transient thermal resistance (single path condition)
— - 50 UL
(1) Infinite Heat Sink 11 No heat sink
(2) 35°C | W Heat Sink Rih (j-c) = 1.5°C/W 30 RN -
(3) No Heat Sink Rth (j-a) =25°C/W
50 8 v 1
g Lw § 10
S X R
g BN 8 s L — 2°CIWhsat sink
S \ 5 1 L I
= L 2 3
@ 30 - g -~ |1
a @) A 5 =il
@ S £ T
T A T gl
] A o
z 2
o -~
£ 10— Sy \\ g 05 i
C ~I
0 o) e T Byl 2 02 1l
0 25 50 75 100 125 150 1 35 10 3050 100 3005001000 3000 10000
Ambient tempperature Ta (°C) t (s)
25 2006-05-31

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6145752/tb6560hq.html

TOSHIBA TB6560HQ/FG

1. How to Turn on the Pow er

Turn on Vbp. When thevoltage has stabiled, turn o VimaB.

In addition, set the Cordrinput pinsto Low when inputting the powe

(All the Control Input pins a pulled down internally

Once thepowe is on, theCLK signal isreceived and exttion advances whefRESET goes high and
excitation is output wheBNABLE goes hidp. If only RESET goes high, xcitation won't beoutput and
only the intenal countemill advance. Lilewise, if only ENABLE goeshigh, exctation won't advanceven
if the CLK signal is input and will remain in the initial state.

The followingis an example:

<Recommended Control Input Sequence>

CLK
— _ H 1
RESET i
L |
|
————— P
H | !
ENABLE i !
L ! '
I
1
H |
ouT L z ! Output
i
v i
1
Internal current Setting ,
1
1
Output current setting Z
Internal current setting: Invariable Internal current setting: Variable
Output OFF

2. Calculating the Setting Current

To performcanstant-currentoperaions it is necesary to configure the base currentusing an external
resistor If the voltage on théNfa (B) pin is 0.5 V (with a torque df00%) orgreateyit will not charge.
Ex.: If themaximum current VMae is 1A, the externatesisance will be 0.5 W

3. PWM Oscillator Frequenc y (Extern al Condenser Setting)

An external condengr connected b the OSC pin isused D internally generae a saw tooth waveform PWM
is contralled usirg this frequency. Toshiba recommerds 100 to 380 pFfor the @apadtance, takirg
variations beween ICs intaconsideration.

Approximatian: fosc= 1/(Cosc x 1.5% (10/Cosc+ 1)/66)x 1000 kHz

4. Power Dissipation

The IC powedisspaton is deterrmed by the followingequation:
P=VpD x IDD + loUT x Ronx 2 divers

The higher the ambient temperatutiee snaller the power dissipiain.
Check the PDFa curve, andbe sue to design theheat dissiption with a suffiecent magin.

5. Heat Sink Fin Processing

The IC fin (rexr) is electrically conneted to the reaof the chip. If current 8ws to the fin, théC will
malfunction. f there is anyossbility of a wtage beirg generated betveen the IGGND and the fi, either
ground the fin or insulate it.
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6. Thermal Protection

When the tenperature reaches 170T (as stadard value), the therma protedion drcuit is adivated
switching theoutput to off.There is a vaation ofplus orminus about 2QC in the tempexture that
triggersthe circuit operaion.
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TOSHIBA

TB6560HQ/FG

MCU
or
External
input

33V
or
50V

Y

5V 10 uFI 1 uF 47 uFI 1 HFI 24V
v V. V
CLK DD MA MB
__ —— OUTAP [ —
—— (| RESET HSW A
——> OUTAM
———(JENABLE | | i
———(m1
EEE—— IV NFCompA > OUTBP
H-SW B
— (] cwicew —— OUTBM
—)C DCY1 Current ~
Control NFA N/
NFCompB
S RNFA
— (] Ta
() TQ@2 L~
NFB N/
Protect
RNFB
MO 0sC SGND PGND
(
R1 R2

? 0.5Q:I0UTmax=1.0 A
100 pF ~ 400 kHz
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Packag e Dimensions

HZIP25-P-1.27 Unit : mm
5.010.3
30.0+0.2
- == - o
P & i ik
~ | S @
=)
&
- ol 2.5751vP
0.4335s
2.76TYP - 1.27 | 0.5540.1 055 1.0£0.1
36.5MAX
36.0:0.2
Weight: 9.86 g (typ.)
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Packag e Dimensions
HQFP64-P-1010-0.50 Unit : mm
12.0+0.2
10.0£0.2
E 48 33
N
- lilalalalililalatalalililatali
(f/‘ Heat sink %
49— 32
[—— =
= 11
= =
[ = g i
== = | &
= =Ral
[— T
= A =
64 1] Q T 17
N J
o HEEHEHHEHEHE
1 16
H 0.2210.04 310080
1_257,,9_’_@;5]
g x
#l =
Il
'-g -~
[=]
+
ps
2
g
+H
3
S/ .
Fe
6.510:2 °
Weight: 0.26 g (typ.)
Note: The rear heat sink block will be 5.5 mm x 5.5 mm. (PROVISIONAL)
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RESTRICTIONS ON PRODUCT USE

060116EBA

o The information contained herein is subject to change without notice. 021023_bD

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc. 021023_A

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk. 021023_B

e The products described in this document shall not be used or embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicable laws and regulations. 060106_Q

e The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of
TOSHIBA or others. 021023_C

e The products described in this document are subject to the foreign exchange and foreign trade laws. 021023_g
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