TOSHIBA

TB62201AFG

TOSHIBA Bi-CMOS Processor IC  Silicon Monolithic
TB62201AFG

Dual-Stepping Motor Driver IC for OA Equipment Using PWM Chopper-Type

The TB62201AFG is a dual-stepping motor driver driven by
chopper micro-step pseudo sine wave.

To drive two-phase stepping motors, Two pairs of 16-bit latch and
shift registers are built in the IC. The IC is optimal for driving
stepping motors at high efficiency and with low-torque ripple.
The IC supports Mixed Decay mode for switching the attenuation
ratio at chopping. The switching time for the attenuation ratio
can be switched in four stages according to the load.

The suffix (G) appended to the part number represents a
Lead(Pb)-Free product.

Features

® Two stepping motors driven by micro-step pseudo sine/wave
are controlled by a single driver IC

Monolithic Bi-CMOS IC

Low ON-resistance of Ron = 0.5 Q (Tj = 25°C @ 1.0(A: typ.)
ESD protection Exceeds 2000 V, MIL-STD-883D

Two pairs of built-in 16-bit shift and latch registers

Two pairs of built-in 4-bit DA convertersfor-micro stéps

Built-in charge pump circuit (two externalcapacitors)
36-pin power flat package (HSOP36-P-450-0.65)
Output voltage: 40 V max

Output current: 1.5 A/phase max

(The attenuation ratio table cah-be overwritten externally.)

higher.

Note: When using the IC, pay attention to thermal.conditions.
These devices.are easy damage by high stati¢ voltage.
In regards to-this, please handle with care.

HSOP36-P-450.0.65

Weight: 0.79 g (typ.)

Built-in ISD, TSD, VDD&VM power monitor (reset) circuit for protection

Built-in Mixed Decay mode endbles specification of four-stage atténuation ratio.

Chopping frequéncy carn’be-set byyexternal resistors and.capacitors. High-speed chopping possible at 100 kHz or
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Block Diagram

Ccp1

1. Overview (Power lines: A/B unit (C/D unit is the same as A/B unit))
RESET Mixed decay timing, table logic circuit
> 16-bit shift  [—> — 5
! register Mixed decay |:
g 9 ’| 16-bit latch timing tablé
: selector,
SETUP R Sl - N RRRR Rt '
! Current control data logic circuit 1 Chopping reference !
DATA ' 16-bit shift E jeireutt : |
DATA | register ! ! Chopfplng '
CLK [ : 16-bitdatch | | ; waveform g
input ! AN : ! generator j Ei' CR
STROBE selector : g : circuit ;
iCurrent Settng |\ v/ Wavefor/”
! J ! ' shaping '
H ! circuit !
: Torque 4-bit DIA : P SN I ;
Vref | Xf------ ERERREE -- i
ref Eﬁ ' control (angle/controt !
{Current feedback circuit AN §
5 —  Vrs [T >~ RgCOMP | o
: circuit 1 g S airouit 1 Output control circuit
; Vrs ([ {71 RgCOMP | ™
circuit2 N\ S/ > circuit 2
8 1D ||| TSD |
S Chalrge o circuit circuit | !
bump. Output.cwcun :
circuit (H-bridge)
" VDDR/VMR [+
1 Vm circuit Vpp

------- > Analog

Logic|data

data

|E IC Terminal

High=\oltage Wiring (Vi)

Stepping
motor
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2. Logic Unit A/B (C/D unit is the same as A/B unit)
Function

This circuit is used to input from the DATA pins micro-step current setting data and to transfer them to the
subsequent stage. By switching the SETUP pin, the data in the mixed decay timing table can be

overwritten.
P Mixed decay timing table logic circuit ‘
| - Mixed Mixed Mixed Mixed Mixed
1 Initial
' decay || decay || decay || decay decay
H setup L L L L L
! ircuit timing timing timing timing timing
cireul table 1 table 2 table 3 table\4 table selector
; T 111
: 16-bit latch
! T Mixed
0]1]2]3]4]15]|6]7]|8]9[10]11]12}13]14]15 decay. s
| R D S A 4 7 P O timing |~ Output
| [ol1]2]3]4]5]6]|7]8]9l10]11l12]13]14]15| sontrol
| NN R /s
16-bit shift register
SETUP Micro-step current setting-data Iogic circuit
16-bit shift register
Lol ) ARRATVUYRRRRARY
DATA ; 6 :
. E [of1]2]3]4]5]6[7|8]9]10]11]12]13[14]15]
CLK '\ T T T T T T T T 77T T T
: : | | | T | | | | | | | | | | I
: of1]2(08]4]s)|6]7]|8]9|10]11|12|13}14]15
] 1
sTrRoBE [ N [ 16-bittatch—] A unit side
Data input :
selector ! —
......... e S e RNt
Torque Decay Current Phase
<2 bité x 2 bits ¥ 4/its x 1 bit
RESET E{'_> Bnitside B unjt side B unit side
Current feedback circuit D/A circuit Output control circuit

Note: The RESET and SETUP pins are pulled down in the IC by 10 kQ resistor.
When not using these pins, connectithem to GND. Otherwise, malfunction may occur.

3 2006-01-20



TOSHIBA TB62201AFG

3. Current Feedback Circuit and Current Setting Circuit
(A/B unit (C/D unit is the same as A/B unit))

Function

The current setting circuit is used to set the reference voltage of the output current using the micro-step
current setting data input from the DATA pins.

The current feedback circuit is used to output to the output control circuit the relation between the set
current value and output current. This is done by comparing the reference voltage output,to the current
setting circuit with the potential difference generated when current flows through .the cuyrent sense
resistor connected between RS and VM.

The chopping waveform generator circuit to which CR is connected is.used to geherate clock used as
reference for the chopping frequency.

TORQUE Logic CURRENT
0,1 unit 0to3
Vref I}g“i‘ """""""" > 15 . E
: 100% 14 o :
: 85% 13 § = CR
5 70% 12 i ‘
H 509 ' H
| . " Micro-step| | 1/ M :
! 10 current .
; TORQUE 9  setting N ;
control selector
circuit circuit o
: i ; Mixed
z Sl M —T s decay
. \ timing
4-bit Waveform shaping circuit circuit
i D/A o :
circuit i1 Chopping reference/Circuit
Current setting circuit
: o i Output.stop signal (ALL OFF)
Use in Charge mode | !
VRs/circuit™ Out
! ' 1 I put
H . (detects ! Rs.COMP [
' ' ; ' — control
Lo dpotentlal T | circuit 1 P irouit
' 1 ——{_difference ; (Note 1) NF . circul
. between ; b
Rs ; } 059 > (set current P
IEQ . Rs and Vi) reached signal)
v - Vrscircuit2 | [ P
. (detects oo > Rg COMP —
; q dpfc]ztentlal circuit 2 RNF P
! \ ifference [
\ {) | SIS ST NG NS > (Note 2) (set current [
i ! bet . . o
: E VMea\:lngRE]s) monitor signal) f
Use in Fast mode
i Current feedback circuit

Note 1: RS COMP 1: Compares the set current with the output current and outputs a signal when the output current
reaches the set current.

Note 2: RS COMP 2: Compares the set current with the output current at the end of Fast mode during chopping.
Outputs a signal when the set current is below the output current.
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4. Output Control Circuit, Current Feedback Circuit and Current Setting Circuit
(A/B unit (C/D unit is the same as A/B unit))

Micro-step current setting
data logic circuit

Chaopping
referenee circuit

L iy PRt I Az
' S A i Decay Mixed !
' Output control circuit Phase i1 mode decay. 1
1 P timing, |
¥ b cifcult | 1
o | L ¥
Current : set current H R :
1 i b o
feedback : reached signal o counter i
ircuit (i P P
circul 1! RNF Mixed ! i l H :
| ' H !
B set current decay | 1 | P
' monitor signal timing j<—=—— CR counter . .
1 charge start i :
1 1 [ S S Ay 4 A S RIPR 4 »
1 ! 1
Curr.ent i Output stop U1 : .
setting . signal Uz 1
circuit 1 L : ! Output
[ H t . .
! P 1 I eircuit
: : Output control circuit Ly S
I, SO ] !
e g !
Output reset signal Vbb My
N I N ; WYY Power supply
! for upper |
RESET : ; ) output MOS
! i ! transistors Output
ISD (current | Charge , Vi ot
Output pin shutdown) ! pump | : circui
! circuit i halt
! i signal '
VMR Reset signal| : Ez Cep A
Vi ! ircui selector | ! | Charge pump ; P
: circuit o ' : circuit '
; circuit 1 ; 1
Voo cireuit ;
Thermal —I X CepC
| shut down : ; :
4 (TSD) ) ; 1
circuit ! ;
! ' Charge pump
! Protection circuit circuit
Micro-step Mixed decay
current timing table
setup latch clear clear signal VpDR: VDD power on Reset
signal VMR: VM power on Reset
Logic ISD:  Current shutdown circuit
TSD: Thermal shutdown circuit
Note: The RESET pins is pulled down in the IC by 10-kQ resistor.
When not using the pin, connect it to GND. Otherwise, malfunction may occur.
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5. Output Equivalent Circuit (A/B unit (C/D unit is the same as A/B unit))

ToVm
Rs A
Output driver
circuit _ _
Uq : f
U U4 1 i Uo
— 2 —= T o
E L i |
rom L : |
output 1 i
R :
Cf)ntr.ol Output
cireuit g6 wer supply L L4 ; outod G N
: ' u
for upper 1 |E_ * = E" 2 R i
output MOS ' '
transistors //Z >
(Vh) e . S Q /
d
Phase A N \kk/
AL % V'V'lf(j s
/K (\\ Ree
Output driver
circuit [\( N /\
0 N
U1 U1 : U2 <
—— e e S
1 :
From L2 /(—'77 E Ly
output ¢ <\ Qutput B -
control N o B 3| ®
circuit ~ [Power supply : L4
L | i
for upper + 452\
output
trangistors
Phase B ,;/

N

)
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6. Input Equivalent Circuit

(1) Logic input circuit (CLK, DATA, STROBE)

Vbp @
1

IN

30/29/31

25/26/24 j
GND

150 Q

[Fn]

(2) Input circuit (SETUP, RESET)

Voo 27)

IN

O

6/28

10 kQ

GND

K
3

[Fv]

A
WA

150 Q

X
L

(3) Vrefinput circuit

Vbb @

To logic IC

To logic IC

IN

O

9/10

)
—p}-
MA—@—MA

MN—@— N\ —@— N\ —@
W W W W

GND

s

———> To D/A circuit

]

Note: The'SETUP and RESET ,pins-arepulled down. Do not use them open.

When-not using theése pins, connect them to GND.
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Pin Assignment

Vm B
OUT B
Rs B
PGND
OUT B
SETUP
Ccp A
CR

VREF AB
Vss (FIN)

VREF cD
NC

Ccp B
Ccp C
OUT D
PGND
Rs b
OUT D

VMD

(Top view)
01 36 []
02 35(]
s 34 (1
[ 4 33[]
s 321
s 31[]
07 30[]
s 29
o 28 []
[ TB62201AFG }
I 10 271
I 11 261
12 251
13 24 (]
[ 14 231
15 22
[l 16 211
17 20 [1
018 19{]

VM A

ouT A

Rs A

PGND

OUT A
STROBE_AB
CLK AB
DATA AB
RESET

Vss (FIN)

Vbbp

DATA CD
CLK CD
STROBE CP
ouT/C
PGND

Rs\c

ouT C

VMmc

Note: [Important] If this IC is inserted reverse, voltages exceeding'the voltages of standard may be applied to some

pins, causing damage.

Please confirm,the.pin assignment before_ mountingand using the IC.
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Pin Description

Pin No. Pin Symbol Description

1 Vv B Voltage major for output B block

2 ouTB Output B pin

3 RsB Channel B current pin

4 PGND Power GND pin

5 OoUTB Output B pin

6 SETUP CR setup switching pin (L: normal, H: setup)
7 Cep A Capacitor pin for charge pump (Ccp1)

8 CR External C/R (osc) pin (sets chopping frequency)
9 VREF AB V¢ef input pin AB
FIN Vss FIN (Vss): Logic GND pin

10 VREF cD Vref input pin CD

11 NC Non conection

12 Cep B Capacitor pin for charge pump (Ccp2)

13 CepC Capacitor pin for charge pump.(Ccp2)

14 OouUTD Output D pin

15 PGND Power GND pin

16 Rsp Channel D current'pin

17 OuTD Output D pin

18 VM D Voltage major for-output D block

19 VMmc Voltage major for output C block

20 ouTC Output € “pin

21 Rsc Channel C current pin

22 PGND Pewer GND/pin

23 OuT C QOutput C pin

24 STROBE CD” / CD/STROBE (latch) signat-input pin-( _f_ : LATCH)
25 CLK/CD CD clock input_ pin

26 DATA CD CD serial data signal_input_pin

27 Vpp Powerin for logic-bloek

FIN Vss FiN (Vss) : Logie GND pin

28 RESET Output reset signakinput pin (L: RESET)

29 DATA AB AB serijal data signal input pin

30 CLK AB AB'elock input pin

31 STROBE AB /[ AB.STROBE (latch) signal input pin (_f : LATCH)
32 OUT A Output A pin

33 PGND Power GND pin

34 Rs A Channel A current pin

35 OUTA Output A pin

36 VM A Voltage major for output A block

Note: How to handle GND pins

All power GND pins and FIN (Vss: signal GND) pins must be grounded.
Since FIN also functions as a heat sink, take the heat dissipation into consideration when designing the board.
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Signal Functions
1. Serial Input Signals (for A/B. C/D is the same as A/B)
Data No. Name Functions

0 LSB | TORQUEO DATA No.0, 1= HH: 100%, LH: 85%
1 TORQUE 1 HL: 70%, LL: 50%
2 DECAY MODE Bg 00: DECAY MODE 0, 01: DECAY MODE 1
3 DECAY MODE B; 10: DECAY MODE 2, 11: DECAY MODE 3
4 Current Bg

Used for setting current.
5 Current B (LLLL = Output ALL OFF MODE)

4-bit current B data
6 Current By (Steps can be divided into 16 by 4-bit data)
7 Current B3 (Note 1)
8 PHASE B Phase information (H: OUT A: H, OUT A: L)
9 DECAY MODE Ag 00: DECAY MODE 0, 01/ DECAY,MODE 1
o DECAY MODE A, 10: DECAY MODE 2, 11; DECAY'MODE 3
11 Current Ag

Used for setting current.
12 Current A (LLLL = Output/ALL OFF MODE)

4-bit current Ardata
3 Current A2 (Steps can be divided into’16 by 4-bit data)
14 Current A3
15 MSB| PHASEA Phase-information(H: OUT A: H, OUT Ak L)

Note 1: Serial data input order
Serial data are input in the order LSB(DATAQ)
— MSB (DATA 15)

Role of Data
Data Name Number.of Bits Functions

Roughly regulates-the current (four stages).

TORQUE 2 Commonto A’and B units.
Selects Dectay mode.

DECAY MODE 2.x 2 phases A and B units aré set separately.

CURRENT 4 x 2 phaseg Sets-a 4—b|.t micro-step electrical angle.
A and-B-units are set separately.
Determines polarity (+ or —).

PHASE 1% 2 phases A and’B units are set separately.

10
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2. Serial Input Signal Functions

Input Action
VDDR o ti f
CLK STROBE | DATA RESET |(Note2)or| CPerationor i e 2y
V, TSD/ISD
MR
_f_ x x H H L No change in shift register.
l x H H H L H level is input to shift register.
l x L H H L L level is input to shift register.
x f x H H L Shift register data-arg latched.
X x X H H L Qn
y y y L " L Output off, charge-pump halted

(S/R DATA CLR)
Output off (S/R/DATA CLR)

x x x x L L Charge pump halted

Mixed decay timing table cleared (only-VppRr)
Output off (S/R DATA HOLD)

x X X H H H Charge’pump halted

Restored when/ RESET\gees/from Low to High

X: Don’t Care
Qn: Latched output level when STROBE is_f_.
Note 1: VppRr and ViR
H when the operable range (3 V typical) or higher and L when lower.
When one of VppR or V\\R is operating, the-system resets (OR relationship).
Note 2: High when TSD is in operation.
When one of TSD or ISD is operating,the system resets (OR relationship).
Note: Function of overcurrent protection circuit
Until the RESET signal is input after ISB.is triggered, the overcurrent protection circuit remains in operation.
During I1SD, the charge pump stays halted\
When TSD and ISD are operating, the charge pump halts.

3. PHASE Functions

Input Fanction
H Positive-polarity (A:H, A L)
Negative polarity-(A:L, A :H)
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4. DECAY Mode X0, X1 Functions
DECAY MODE X1 DECAY MODE X0 Function
L De.c.ay mode 0
(Initial value: SLOW DECAY MODE)
L De.c.ay mode 1
(Initial value: MIXED DECAY MODE: 37.5%)
H De.c.ay mode 2
(Initial value: MIXED DECAY MODE: 75%)
H De.c.ay mode 3
(Initial value: FAST DECAY MODE)
5. TORQUE Functions
TORQUE 0 TORQUE 1 Comparator Reference Voltage Ratio
H H 100%
L H 85%
H L 70%
L L 50%
6. Current AX (BX) Functions
Step Set Angle A3 Ao Ay Ao B3 Bz B1 Bo
16 90.0 H H H H (= L L L
15 84.4 H H H H L L L H
14 78.8 H H H L L L H L
13 73.1 H H L H L L H H
12 67.5 H H L L L H L L
11 61.2 H L H H L H L H
10 56.3 H L H L L H H L
9 50.6 H L L H L H H H
8 45.0 H L L L H L L L
7 394 L H H H H L L H
6 33.8 L H H L H L H L
5 28.1 L H L H H L H H
4 22.5 L H L L H H L L
3 16.9 L L H H H H L H
2 11.3 L S H L H H H L
1 5.6 L L L H H H H H
0 0.0 L L L L H H H H

By inputting the above current data (A: 4-bit, B: 4-bit), 17-microstep drive is possible. For 1 step fixed to 90
degrees, see the section on output current vector line (83 page).

12
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7. SETUP Functions

Input Function

H Decay timing data input mode

Normal operating mode

Note: The SETUP pin is pulled down in the IC by 10-kQ resistor.

8. Serial Data Input Setting (Normal operation)
SETUP pin: L

oaTA X0 X1 X2 X3 X8 K8 Ko X7 X8 X X0 k2 X e X4 X15)

STROBE ||

Note: Data input to the DATA pin are 16-bit serial data.
Data are transferred from DATA 0 (Torque 0) to DATA 15 (Phase A). Data are_input and transferred at the
following timings.
At CLK falling edge: data input
At CLK rising edge: data transfer
After data are transferred, all data are latched\on the.rising edge of the STROBE)signal.
As long as STROBE is not rising, the signal can be either Low-or High-during data transfer.

9. Serial Data Input Setting (Decay timing setup)
SETUP pin: H

oaTa X0 X1 X2 X3 XX X X Xekoe Xro Xt Xz X 18 X4 X1s )

STROBE ||_

Note: Data input to the DATA pin are 16<bit serial data:
e Data are transferred from DATA 0(Current Mode 1) to DATA 15 (DECAY MODE X-4). Data are input and
transférred at the following timings.
o AtCLKalling edge: data input
o AtCLK'rising edge: data transfer
¢/ (Afterdata are transferred, all data are latched on the rising edge of the STROBE signal.
As long/as STROBE is notrising, the signal can be either Low or High during data transfer.
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10. Conditions on Overwriting MIXED DECAY TIMING Table

If the following conditions are satisfied, the table can be overwritten.

e When RESET = H (when RESET = L, the shift register is cleared, thus data cannot be input)
e When an internal reset is not triggered.

1) When the temperature is such that TSD is not triggered (or not reset by TSD).
2) Under a condition where ISD is not triggered (or not reset by ISD).
3) Both VDD and VM are within the operating voltage.

Note 1:

Note 2:

11. Data Input Signal at Setting Mixed Decay Timing Table

While the output transistors are operating, do not rewrite the values.in the mixed decay timing

table.

The SETUP pins is pulled down in the IC by 10-kQ resistor
When not using the pin, connect it to GND. Otherwise, malfunction may occur.

Data No. Name Function Initial Value
4 15 MSB Current Mode 3 Selects Slow or Mixed Decay mode 1 : MIXED DECAY MODE
14 DECAY MODE 3-2 Sets decay 3 ratio (decay 3 raito) 1
13 DECAY MODE 3-1 T 1
12 DECAY MODE 3-0 11 1:100% : FAST-DECAY MODE
11 Current Mode 2 Selects Slow or Mixed.Decay mode 1: MIXED'DECAY MODE
10 DECAY MODE 2-2 Sets decay [2/fatio i
9 DECAY MODE 2-1 T 0
8 DECAY MODE 2-0 0 1\ 75% MIXED DECAY
7 Current Mode 1 Selects Slow or/Mixed Decay mode 1): MIXED DECAY MODE
6 DECAY MODE 1-2 Sets decay [l ratio 0
5 DECAY MODE 1-1 1 1
4 DECAY MODE 1-0 T 0:37.5% MIXED DECAY
3 Current Mode 0 Seléects Slow or Mixed Decay-mode 0: SLOW DECAY MODE
2 DECAY MODE 0-2 Sets decay 0 ratio 0
1 DECAY-MODE-0-1 il 0
0LSB DECAY/MODE 0-0 1 0 (SLOW DECAY MODE)
Note 1: Input.order of serial data

When setting decay timing;-first inputH to the SETUP pin,

input data from LSB (DATAQ) te MSB (DATA 15).

the same as for ordinary data, then

When power-isfirst turned on, the/initial values in the table above are set as defaults.
Once tatched, data are not cleated \except by VDDR (power-on and power-off reset).
Nexty after)the mode changes to SETUP, the data are retained until mixed decay timing data are input and

latched.

14

2006-01-20



TOSHIBA

TB62201AFG

12. Function of Setting Mixed Decay Timing

CthJgER)EI;I(T DECA)Z_;\/IODE DECA)Z:\/IODE DECA)Z(I)\/IODE MIXED DECAY TIMING
L Don't care Don’t care Don't care (SLOW Dlé)g‘,)AY MODE)
H L L L 12.5%
H L L H 25.0%
H L H L 37.5%
H L H H 50:0%
H H L L 62.5%
H H L H 75.0%
H H H L 87.5%
H H H H (FAST BEOAY MODE)

Mixed decay timing means the time for switching Slow mode to-Fast mode in MIXED DECAY MODE.
In Mixed Decay mode, the Fast mode time at the end of chappirg{Cycle (Tchop) is fixéd by data.
The IC is switched from Slow to Fast mode according to the percentage representing mode/time in the table

above.

(For example, 12.5% means that 12.5% of the time is‘in Fast.anode and the restof the-time, 87.5%, in
Charge and Slow modes.)
Only when the value is maximum (100%), the modeis Fast’'Decay mode.

15
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Absolute Maximum Ratings (Ta = 25°C)

Characteristics Symbol Rating Unit
Logic supply voltage Vpbp 7 \%
Output voltage Vm 40 \%
Output current lout 15 A/phase | (Note 1)
Current detect pin voltage VRs Vmt4.5 \%
(Cé1calr3g1ep;)irl:;np pin maximum voltage Vi Vg + 7.0 v
Logic input voltage VIN toVpp + 0.4 \Y,
1.4 w (Note 2)
Power dissipation Pp
3.2 W (Note_3)
Operating temperature Topr —40 to 85 ~C
Storage temperature Tstg -50 to 150 °C
Junction temperature Tj 150 $C

Note 1: Perform thermal calculations for the maximum current value-undér normal conditions. Usethe JC'at 1.2 A or
less per phase.
Note 2: Input 7 V or less as V|N.
Note 3: Measured for the IC only. (Ta =25°C)
Note 4: Measured when mounted on the board. (Ta=25°C)
Ta: IC ambient temperature
Topr: IC ambient temperature when starting operation
Tj: IC chip temperature during operation Tj (max)is controlledby TSD (thermal shut down circuit)

Recommended Operating Conditions (Ta = 0 to 85°C)

Characteristics Symbel Test/Condition Min Typ. Max Unit
Power supply voltage VpD — 4.5 5.0 5.5
Output voltage Vm Vpp = 5.0V 20 24 34 \
louT (1) ;rv?hzgsoor% r?\%rtc?rhizsgriven) - 1.1 1.3 A
Output current 7
lout (2) Iv?h:er? ?w%rﬁizoprza;r: driven) o 11 13 A
Logic input voltage VAN — GND — Vpp \%
Clock frequency foLk Vpp=50V 1.0 6.25 25 MHz
Chopping frequensy fchop Vpp~=5.0V 40 100 150 kHz
Reference veltage Vref VM =24V, Torque = 100% 2.0 3.0 Vpp \%
Current detect pin\voltage VRs Vpp=5.0V 0 +1.0 +1.5 \%

Note:. Use the-MaximumyJunction(Temperature (Tj) at 120°C or less
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Electrical Characteristics 1
(unless otherwise specified, Ta=25°C,Vpp=5V, Vy=24 V)

Characteristics Symbol C-Ii-rist}it Test Condition Min Typ. Max Unit
) Vbb
High VIN (H) 2.0 Vbbb +0.4
Input voltage 1 CLK, RESET, STROBE, DATA pins \Y
Low ViN L) ?’a‘_a eND’| 0.8
lIN1 (H) v — 1.0
Input current 1 CLK, STROBE, DATA pins uHA
lINT (L) — — 1.0
2
lIN2 (H S — — 700
Input current 2 Gl RESET , SETUP pins pA
lIN2 (L) — — 700
Vpp =5V (STROBE, RESET,
IpD1 DATA =L), RESET =L, — 3.0 6.0
Logic, output all off
Power dissipation (Vpp pin) 2 mA
Output OPEN, fo[ k=625 MHz
IDD2 LOGIC ACTIVE|[ Vpg £ 5V, — 40 80

Charge Pump = charged

Output ORENYSTROBE, RESET,
| DATA=L),| RESET =L, ~ 50 6.0
M1 Logic, output-all off X ’

Charge Pump=no operation

OQutput OPEN, feLk = 6.25 MHz
| LOGICACTIVE, Vpp =5V,

Power dissipation (Vj pin) M2 Vi = 24\, Output off mA
Charge Pump = charged

Qutput-OPEN, foyk ~ 6.25 MHz
LOGIC ACTIVE,“100-kHz

IM3 4 chopping (emulationy), Output OPEN, — 30 40
Charge Pump = charged-Ccp1 # 0.22
UF, Ccp2 = 0.01pf

Output standby VRs = VM =24V Vout=0V,
U I -400 | — —
current pper R RESET = H, DATA=ALL L
. VRs =Vm=24 VY, Vout= 24 V,
Output bias current Upper | 5 -200 — —
utput bias e PP ¥ RESET =H, DATA=ALLL wA
Output leakage VRg # Viw=LcpA = Vout =24 V,
current Lower, oL RESET/ - L — — 1.0
High Vit = 3.0V, Vet (Gain) = 1/5.0 o o
(reference)| VRS (H) TORQUE = (H.H) = 100% set 100
- Vref = 3.0V, Vief (Gain) = 1/5.0
Comparator, Mid high | VRS (MH) TORQUE = (H.L) = 85% set 8 | & | &
reference voltage 6 %
ratio ; Vyef=3.0V, Vief (Gain) = 1/5.0
Mid low | VRs () TORQUE = (LH) = 70% set 68 | 70 | 72
Vref = 3.0 V, Vyef (Gain) = 1/5.0
Low VRS (L) TORQUE = (L.L) = 50% set 48 | 50 | 52
Differences between output current
Output-current differential Alout1 7 channels -5 — 5 %
lout = 1000 mA
Output-current setting differential Alout2 7 lout = 1000 mA -5 — 5 %
RS pin current IRS g |YRS-24V,V=24V, RESET =L1 /| 49 | A

(RESET status)
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Characteristics Symbol C-Ii-recSL:it Test Condition Min Typ. Max Unit
lout=1.0A,Vpp=5.0V
RoN (0-5) 1 Tj =25°C, Drain-Source B 0.5 0.6
lout=1.0A, Vpp=5.0V
RON (D-S) 1 out = - ' = 0.5 0.6
Output transistor drain-source ©-5) 9 Tj = 25°C, Source-Drain Q
on-resistance
lout=1.0A,Vpp=5V,
RoN (0-s) 2 Tj = 105°C, Drain-Source X 09 0.75
lout=1.0A, Vpp=5V,
RoN (-s)2 T, = 105°C, Source-Drain =) 06 | o7
Electrical Characteristics 2
(unless otherwise specified, Ta =25°C, Vpp=5V, Vy =24 V)
Characteristics Symbol C-Ii—:ssijtit Test Condition Min Typ. Max Unit
. Vm =24 V/Vpp #5V, —~
Vyef input voltage Vyef 10 RESET - M,/OUtputlon 2.0 VDD \%
RESET “=H, ©utpat off
Vyef input current Iref 10 xM £ Z;S/VVDD =5V, 0 — 100 A
fef = 9«
Vm=24WV\Vpp=5V,
V(ef attenuation ratio Vref (GAIN) 6 RESET =H, Output on, 1/48-1/1/5.0 | 1/5.2 —
Vief=2.0to Vpp - 1.0V
TSD temperature (LJOE?) T+ Vpp =5V, Vi =24 V 180 | — | 170 | °c
. _ o T,TSD o
TSD return temperature difference AT;TSD ™M T;TSD = 130.t0-170°C — 1_35 — C
VM =24V, RESET =H
Vpp return voltage VDDR 12 STROBE = H 2.0 — 4.0 \%
Vpp =5 V5 RESET =H,
Vm return voltage VMR 13 STROBE - H 2.0 — 4.0 \%
Over current protected circuit Isp 14 Vpp.=5W. V=24V, o 26 - A
operation current (Note 2) fchop.=100kHz set ’

Note 1: Thermal shut down (TSDB) circuit
When thedC junction temperature reaches the specified value and the TSD circuit is activated, the internal
reset circuit.is-agtivated switching the outputs.of beth'motors to off.
When the temperature is set between 130-(min)to 170°C (max), the TSD circuit operates. When the TSD
circuit is activated, the function data Jatched at that time are cleared. Output is halted until the reset is
released. While the TSD circuit is in operation, the charge pump is halted.
Even,ifithe TSD circuit is activated and RESET goes H — L — H instantaneously, the IC is not reset until
the IC junction’temperature drops 35°C (typ.) below the TSD operating temperature (hysteresis function).
Note 2: /Overeurrent protection circuit
When current exceeding the-specified value flows to the output, the internal reset circuit is activated
switching the outputs of both shafts to off.
When the ISD circuit is activated,|the function data latched at that time are cleared.
Until the RESET sighal is input,the overcurrent protection circuit remains activated.
During ISD, the charge pump halts.
For failsafe operation, besure to add a fuse to the power supply.
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Electrical Characteristics 3
(Ta=25°C,Vpp=5V, V=24V, loyt=1.0 A)

Characteristics Symbol C-Ii-risutit Test Condition Min Typ. Max Unit
0A =90 (0616) ~ 100 —
0A = 84 (015) — 100 —
0A =79 (614) 93 98 —
0A =73 (613) 91 96 —
0A =68 (012) 87 92 97
0A =62 (611) 83 88 93
0A =56 (610) 78 83 88
0A =51 (69) 72 77 82
Chopper current Vector 15 | 6A =45 (88) S 66 7A 76 %
0A =40 (07) 58 63 68
0A = 34 (06) 51 56 61
0A = 28(05) 42 47 52
0A = 23((64) 33 38 43
AT 17 (63) 24 29 34
0A =11N02) 15 20 25
0A=6.01) 5 10 15
6A =0 (60) — 0 _
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AC Characteristics (Ta=25°C,Vy=24V,Vpp=5V, 6.8 mH/5.7 Q)

Characteristics Symbol C-Ii-rist}it Test Condition Min Typ. Max Unit
Clock frequency foLk 16 — 1.0 — 25 MHz
tw (CLK) 40 — —
Minimum clock pulse width twp (CLK) 16 — 20 N— — ns
twn (CLK) 20 ) —
tSTROBE 40 — —
Minimum STROBE pulse width tSTROBE (H) 16 — 20 — — ns
tSTROBE (L) 20 — —
tsusiN-CLK 20 — —
Data setup time U 16 — ns
tsusT-CLK 20 — S
. tHsin-CLK 20 < —
Data hold time 16 — ns
thecLk-sT 20 = =S
ty — 0.1 —

Output Load; 6.8 mH/5.7 Q
tf < 0.1 —

Output transistor switching tpLH (ST) 18 | STROBE (1)toVOUT 7 15 — s
characteristic toHL (ST) Output-Load; 6.8 mH/5.7 Q / 10 o
fpLH (CR) CRte.VOUT =1 12 | —
tpHL (CR) Qutput Load; 6.8 mH/5.7 O N\ 25 o
Noise rejection dead band time tBLNK 19 tout=1.0A 200 300 400 ns
ooy e stanal oseilation for 20| Cose = 560 pFRosc =36k | — | 736 | — | kHz
fechop \(min) Output active (Ioyt =1.0.A)
Chopping frequency range fchop (typ.) Step fixed, Ccp1 = 0.22.uf, 40 100 150 kHz

fohop (max) 20 |Ccp2=001puF

Chopping frequency fchop ggt%ut}(ag'ggéll‘(’ﬂ; 1.0A) — 100 — kHz

Ccp2 =0.22.uF, Ccp =0.01 uF
Charge pump rise time foNG 21 Wm=24V,-\pp=5V, — 2 4 ms
RESET. =L > H
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Test Waveforms (Timing waveforms and names)

tsusT-CLK thCLK-ST

E — fun  twp
STROBE b 50%-.1- \

——— < {STROBE (H)
< ItSTROBE (L)

CR waveform

(reference)
thHL (CR) ;
P toHL (57) E
Output_
voltage A : ;
g ; tpLH (CR) )
: tpLH (ST)
OUTPUT '
Voltage A
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Test Waveforms (Timing waveforms and names)

OSC (CR)

Output
voltage A

Output_
voltage A

Set current

Output
current

OSC-charge delay

OSC-fast delay

22
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Calculation of Set Current

Determining RRS and Vyef determines the set current value.

1 Torque (Torque =100, 85, 70,50% : input serial data)
—————— %X Vyef (V) q q 289 7V,
Vref (GAIN) ~ " ™° RRs (Q)

Tout (max) =

1/5.0 is Vryef (gain): Vyef attenuation ratio (typ.).

For example,
to input Vyef = 3 V and Torque = 100% and to output Igyt = 0.8 A,
RRs = 0.75 Q (0.5 W or more) is required.

Formulas for Calculating CR Oscillation Frequency (Chopping reference frequency)

The CR oscillation frequency and fchop can be calculated by the following formulas:

1
gx(CxRxng)

fCcR = [Hzl

KA (constant): 0.523
KB (constant): 600

fchop :fCTR [Hzl

Example: When Cosc = 1,000 pF and Rosc = 2.0 kQ are connected, fCR = 735 kHz.
At this time, the chopping frequency fchop is: fchop = fCR/8.= 92 kHz.

1
Note: fcr=—
CR tcRr

tcrR =t(Charge) +t(Dis-Charge)

CR oscillation CR charge CR distance
cycle time time

At this time, t (CR — discharge) is subjectto the-fellowing condition :
600 ns >t (CR - discharge) >.400 ns|

Be sure to set the CR value in, accordance with this condition.
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CR Circuit Constants

OSC circuit oscillation waveform

t (CR - charge) < t (CR —dis-charge)

Ammmmmmmmm e

E2

R

t=0

—~

The OSC circuit generates the chopping reference signal by charging dnd discharging the externdl capacitor Cosc
through current supplied from the external resistor Rosé.in\the OSC block.

Voltages E1 and E2 in the diagram are set by dividing-the VbD-by approximately-3/5(E1) and 2/5 (E2).

The actual current chopping time is 1/8 the CR frequency:

[Important: Setting the cr circuit constants]

The CR oscillation waveform is converted in the-ICto the CLK waveform (CR-CLK signal) and used for control.
If the CR waveform discharge time is set outside the|range shown below, the-operation of the IC is not guaranteed.
Be sure to set the CR waveform discharge time within the following range.

600 ns > t (CR discharge) > 400 ns
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IC Power Dissipation

IC power dissipation is classified into two: power consumed by transistors in the output block and power consumed
by the logic block and the charge pump circuit.

(1) Power consumed by the Power Transistor (calculated with Ron =0.6 Q)

In Charge mode, Fast Decay mode, or Slow Decay mode, power is consumed by the upper and lower transistors
of the H bridges. The following expression expresses the power consumed by the transistors of '@ H bridge.

P (out) =2 (Ty) x Iout (A) x VDS (V) = 2 x Tout*2 X Ron ceveeemeeeeeeeeeeeeseeennnd i ¢1)

The average power dissipation for output under 4—bit micro step operation(phase difference between phases A
and B is 90°) is determined by expression (1).
Thus, power dissipation for output per unit is determined as follows (2) under the)conditions below.

Ron=0.6Q (@1.0A)

Tout (Peak: max) = 1.0 A

VM =24V

VbD=5V

P (out) =2 (Ty) x 1.0 (A)A2 x 0.60 () .o e NSNS Dl (2
=1.20 (W)

(2) Power consumed by the logic block and IM

The following standard values are used as power dissipation of*the logic block and-IM at operation.

I (LOGIC) = 2 mA (typ.): /unit
I (IM3) = 12.5 mA (typ.): operation/unit,
I (IM1) = 6.0 mA (typ.): stop/unit

The logic block is connected to VDD (5 V). IM (tetalof current consumed by the circuits connected to Vi and
current consumed by output switching) is\connected to VM (24 V). Power.digsipation is calculated as follows :

P (Logic & IM) = 5 (V) x 0.002 (&) + 24-€V) x 0.0125 (A) 41.cveveereerrerieeeereeee. (3)
=0.31 (W)

(3) Thus, power dissipation,for-t-unit (P) is determined as follows by (2) and (3) above.

P =P (out) +/PALogic &IM) = 1.51 (W)
Power dissipation fer 1 unit-at standby is determined as folows:

P (standby) = 24.(W.x 0.006 (A) £ 5 (V)x-0.002 (A)
=0.154(W)

When one moter driving = 100 %, power dissipatiensis determined as follows:
P (alD)=1.51-(W) + 1.664 (W) =1.66 (W)

For thermal design on the board, evaluate by mounting the IC.
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Mixed Decay Mode Waveforms (concept of mixed decay mode)

fchop

CR pin
input
waveform

M« . 1
[DECAY woDE ] ek e
DECAY MODE 0} -~ pm———fmmmmmnaccccct oo oo S Py il AR IR S i AR

NF

SLOW
DECAY

MODE

DECAY MODE 1f---------q------------- p e e 2 s Rt wieah” Sl ol e bbby ---4'Set current vallef---4
[DECAY MODE 1} — {L;S,om [Set currentvaile}

NF
DECAY Monitoring
MODE [mT]

set current
value
RNF

DECAY MODE 2 p==sac_ { """""""""""""""""""""""""""" ---—|Set current valuel'---

75% \
MIXED
DECAY \
MODE [mDT

\ Monitoring
\ set current
value

1 Set current vaIue}---

DECAY MODE 3

FAST
DECAY
MODE

Monitoring
set current

\ Va|ue

100% 87.5% 75% 62.5% 50% 37.5% 25% 12.5% 0

A B C D E F G H |

In Decay modes 1 to 4, any point from A to H can be set using 3-bit + 1-bit serial data x 4.

(Slow Decay mode for Decay mode 0 in the above figure can be set by setting current Decay mode X to 0.)

NF is the point where the output current reaches the set current value. RNF is the timing for monitoring the set
current.

In Mixed Decay and Fast Decay modes, where the condition RNF (set current monitor signal) < (output current)
applies, Charge mode is cancelled at the next chopping cycle (charge cancel circuit). Therefore, at the next chopping
cycle, the IC enters Slow + Fast modes (Slow — Fast at MDT).
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Mixed Decay Timing which can be Set

fi
Internal chop
CR
waveform -
) P P! A KU I SR Defau “‘fer‘x
NF Decay miode-Q |
0% CURRENT M w
DECAY MOD -1, X=0)=(x, x, x)
NF
12.5% (X-2,X-1,X-0)=(0, 0, 0)
NF
25% 0. 1)
NF
37.5%
? I{E/ DE (X) = 1
C (X-2,X-1,X=-0)=(0, 1, 0)
NF NT MODE (X) = 1
50% Y MODE (X-2,X-1,X-0)=(0,1,1)
(]
NF CURRENT MODE (X) =
(X)=1
62.5% DECAY MODE (X -2, X -1, X-0)= (1,0, 0)
. '0
RNF
Defaults for
Decay mode 2
75%
° CURRENT MODE (X) = 1
RNFE DECAY MODE (X -2,X -1, X~-0)=(1,0, 1)
CURRENT MODE (X) = 1
7 5% DECAY MODE (X -2,X -1, X-0)=(1,1,0)
. 0
\? RNF
57RO R I A I ISR I D
NF [ —— Defaults for
\\ Decay mode 3
FAST —
DECAY | FAST MODE — RNF: CURRENT MONITOR — —~——| CURRENT MODE (X) =1
(WHEN SET CURRENT VALUE > OUTPUT CURRENT) DECAY MODE (X-2,X-1,X-0)=(1,1,1)
MODE | CHARGE MODE —» FAST MODE \? RNF J J v b
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Test Circuit (A/B unit only. C/D unit conforms to A/B unit.)
1. VIN H); VIN (L)

2% ] R i—i
oE) l SGND
o v SGND
O
RRsA
A
A 27
\=/Ipp1, IpD2 Voo
g¥ Lf > (31) STROBE AB
SV LML >0 ek e
5V
oV ~—(29) DATA AB
Vary Vin.
Rrs B
N H): TN L) (A)
___ SGND
<—(28) RESET
0Vito5V f’ "
No reset at testing Vel 3 Gop 2
—_ S
RESET =5 [V] o 1>
I3
Vop 1> CIDG SETUP/ p.gND i B
1
SGND ] i tJ INCeopt  =:PGND
- = O

7 SGND (Vss)

Test Method

VIN () : Set/RESET) to High-and vary the logi¢ input voltage from 0 to 7 V.
Moritor Inp_and measure thé-change'\péint (Vy = 24 V).

VIN (L) : Set RESET to High and vary thelogic input voltage from 5 to 0 V.
Monitor IpD-and measure the change point.

SetupData

DATAH

L

L

H - o e
STROBE

A fL_
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2. IiN (H), IN (L), IDD1; IDD2 (A/B unit only. C/D unit conforms to A/B unit.)

Q¢
& ©
o ™
o
2y ] CR 41>
L]
89 l & SGND
o w© SGND
O
RrRs'A
A 27
“=/Ipp1, Ipp2 VoD
g¥ Lf >— (31) STROBE AB
SV >89 ok as
5V
oV (29) DATA AB
Vary Vi.
RreB
N H): I L) (A)
_ SGND
<—<2@ RESET
0Vto5YV f d
No reset at testing Vo 3 Ccp2
J— Q
RESET =5[V] = L>
i N
Voo 1> 6 )SETUR P-GND W 3
:|: SN
SGND ], l = I&Cept = :PGND
= =° 7 : SGND (Vsg)

Test Method

IIN@®): Set RESET to\High, set the the logic input voltage to 5 V, and measure the input current.
IIN(®) ¢ Set RESET\ to'High; set the the logi¢’input’yeltage to 0 V, and measure the input current.
IpD1 : Apply VDD, input RESET, and measureIpD.

IppD2 : Input 6.25 MHz clock and measure the current when the logic is operating. Set output to OPEN.

Setup Data
H

DATAL o 1 2,13 4 5 6 7 8 9 10 11 12 13 14 15
L

STROBE 'E """"""""""""""""""""""""""""""""""""""""""""""""""""""""" f_l_
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3. 1M1, IM2 (A/B unit only. C/D unit conforms to A/B unit.)

1>
™
/I SGND

560 pF

COSC

5V 29) DATA AB

]
At IM1 testing: RESET =

L
At IM2 testing: RESET =H (5V) P-GND\ SETUP
(6)

e

24V

L

= : PGND
7 : SGND (Vsg)

Voo + &
SGND l

iH

Test Method

IM1: Set the logicblock to/nén-adtive (DATA = all 0), VDD.= 5 V, VM = 24 V, and output to open. Measure
the curréntinput fremViw/'supply. RESET=L
IM2: Set thé logic block-only to active (CLK = 6.25 MH2z), VM = 24 V, and output to open. Measure the

currentinput from Vv supply. RESET= H

Setup Data
H

DATAL o 1 2 3(4 5 6 7 8 9 10 11 12 13 14 15
v

STROBE H =7 (T ) e 1_[_
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4. IM3 (A/B unit only. C/D unit conforms to A/B unit.)

Vref AB(9 1>
28 I «
88 Vm A(36 SGND
O
Rrs A(34
AB2
A
5V )
oV
B
5V @
ov =
B-)
5V
oV 29) DATA AB
RrRSB(3
Vim B (1
Vss
(FIN)
f/o—@@ RESET @ m
> CcpC
u')/l' P @
Ceb B 1>
: <
Vop 4 U>7 No reset at testing L g
SGND | RESET =5[V] P-GND\ SETUP CepA(T)
)

= : PGND
7 : SGND (Vsg)

This is the IM current when-all*of thecircuits, including“the output transistors, in the IC are operating.
The IM current includeg the’crrent dissipation in4heeharge pump circuit, output gate loss, and output
predriver.

Because the IM/current (IM3) is'input from the RS/pin/ which is also used for the output current, IM3
cannot be measured by thenermal testing methods.

Use the method shown below.

Setup Data
The serial’data PHASE signal (both A and B)switch over to high or low.

H

DATA
DL Xo 12 3 a4 5 6 7Y8Xo9 10 11 12 13 14Y15)
L

STROBE [‘ r‘_

Test Method

Set output to open, change phase data from 1 - 0 — 1 — 0 and perform switching. When testing, input
phase data at double the chopping frequency Gf fchop = 100 kHz, fDATA = 200 kHz) and measure the
current value of VM supply.

fDATA = 200 kHz means that the phase switches at 200 kHz.
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Number of Switchings at Phase Switching Number of Switchings at Actual Operation

Mode changes three times
in one chopping cycle.

To Vm One phase switching To VM
(16-bit data input)

Four transistors switching

RRs

Chopping-cycle

o2
OFE OFF
— - —

—— >
Two transistors

OFF OFF

Switches by phase data

ET Ta

—] lﬂvitching —]
L1 Lo L1 Lo OFF
— = — (o Charge Slow
Two transistors
OFF OFF l switching
One phase switching Four transistors switching )
PGND (16-bit data input) PGND Eight transistors switching _| I_
in one chopping cycle OFF
| Four transistors are switched at one phase switching | Fast

Number of switchings at actual operation = 2 x number of switchings at phaseéswitching.

Therefore, switching the phase at 2 x chopping-eycle matches the numbér-of switchings at actual operation
with the number of switchings at phase switching, and allows the actual'\clirrent|dissipation, IM3, to be
measured.
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5. loB, loH, loL (A/B unit only. C/D unit conforms to A/B unit.)

>
m J- ™
< o
§ § SGND
O
o9
lo
5V
ov lon, loL
SN A A M A)Awar e s\
oV
5V
oV 29) DATA AB
f/o—@@ RESET
> loL
1l
— >
Vop -4 u>'> No reset at te\iting L S
SGND RESET =5[V] P-GND) SETUP
9 (® : PGND
= \”r/ : SGND (Vgs)

Test Method

Ion: With VM =24V, VDD/=/5 V, and logic input all = O-applied, set RESET = H, connect the output pins
to GND, /and measure the supply current.

IoB: With Viw= 24V, VpD = 5V, and logic input ‘all’= 0)applied, set RESET = H, connect the output pins
to VM, andumedsure thé supply current.

IoL: With VM =24 V, VDD =5V, and-legic input all = 0 applied, set RESET =L, connect the output pins
to GND, and measure the supply current:

Setup Data
H

DATAL 0 1 2 8 >~4, 5 6 7 8 9 10 11 12 13 14 15
L

sTrRoBe H
L
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6. VRs (Hto L), Vier (GAIN) (when measuring phase A) after Measurement
(A/B unit only. C/D unit conforms to A/B unit.)

>
m w J- [sp]
< s /I
§ % SGND
O
5V 1»—@—0
oV "
Oscilloscope
oy [Oscitoscope
oV
5V
oV 29) DATA AB
Vary between/_.g
0 and +'V-
SGND
f/o—@@ RESET
>, w
0 cl
l S Cep 2
S 1>
i <
Vop - U>7 No reset at te\itmg L N
SGND J, RESET =5[V] P-GND/ SETUP ly/
=1 o~ .
o % lg Cep 1 = : PGND

7 : SGND (Vsg)

VRS (H to L): Input torquie datas 100% (HH) and vary the voltage between VM and RS pins.
Measure the/yoltage (VRS) when output changes from fixed Charge mode to another mode.
Also measure-VRg'when torque data £ 85% (HL), 70% (LH), or 50% (LL) as above and
¢alculdte theratio using VRS walue at. 100% as reference.

. _ VRS (%) s . 1000
Vref (GAIN):  Vref (GAIN) = <=2/ ((*) VRS*-whentorque data = 100%)
by

Vryef
Setup Data
H
DATAL23456789101112131415
L
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7.  Alout1, Alout2 (A/B unit only. C/D unit conforms to A/B unit.)
Y-
w 1 i
s
587 A/SGND
O
Monitors current
waveform.
5V
oV
5V
oV
5V
oV 29) DATA AB
f/o—@@ RESET
>
]
. L>
Vpp L I-‘>7 No reset at testing I g
SGND | RESET =5[V] P-GND\ SETUP =
[—5)
= :PGND

With L load, perform chopping in Mixéd Decay mode. Monitor the output current waveform and measure

7 : SGND (Vsg)

the various output currénts/at gonstant current opératien:.

Setup Data
., /Setto100%
DATA { 0o 1 2\3/4 5~6 7 8 9\10/11 12 13 14 15
L

STROBE

Current | Output current | 0%
waveform| value (set Slow
current value)

100% | 0%

Charge Measurement of

peak current

Charge
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8.

IRS (when measuring phase A) (A/B unit only. C/D unit conforms to A/B unit)

o]
X
2 ©
e 7
>
. ] (8) CRAB J;. >
88 ] SGND
$ 8 7 sGND
1}
27) Vpp
(31) STROBE AB
' (30) CLK AB
! 29) DATA AB
¢———(28) RESET
RESET =L
77 1 >
T <
Voo = i = o
SGND P-GND\ SETUP
- (® = :PGND
= ;/ 7 :SGND (Vss)

With L input to RESET ,-connect- VM and RRS to the power-supply, and measure the current input to the
RS pin. (Either drop all the input pins to GND level-or input all Low data to the DATA pin, then perform

measurement. At that time{leave all other output pins open’)

Setup Data

H
DATA_ /5, 0 1 2 3 4.5 6 7 8 9 10 11 12 13 14 15

L

By =7 e
STROBE

) fFl_
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9. RoN (p-s), Ron (s-p) when Measuring Output A
(A/B unit only. C/D unit conforms to A/B unit.)
Vret AB(9 1>
L:Ii /I [sp]
3 § VM A(36 SGND
O
Rrs A(34
AB2)
5V A (35
v Gurv racer|
5y B 9 Curve tracer 1
oV _
B
5V 29) DATA AB &)
oV
Rrs B(3 \
Vs (1
Curve tracer
Vss I
(FiN) SGNp
f/o—@@ RESET
> CepC
u)l P @ "'5_
S Cep 2
GcpB @ 8 IS
1> No reset at testing T
T* RESET =5[V] Cep A(7) =
SGND RESET P-GND/ SETUP W
0 \m?/ I&Cep1 = :PGND
= =° 7 : SGND (Vss)

Input the current setting/datd GIHHH signal) to tHe DATA pin and measure the voltage between VM and
OUT when Iouy= 1000 mA dr thie/voltage betweenn OUT and-GND. Then, change the phase and repeat
measurement. At that)time;leave the output pins which\are not measured open.

Setup Data (Vary the phase data during testing:)

H
DATAL 0 1 2 3 4 56 7 8 9 10 11 12 13 14 15

L

YOS S O
STROBE

’ f1_
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10. Vyef, Iref (A/B unit only. C/D unit conforms to A/B unit.)

Oscilloscope (*) When measuring Iref,

2g fix Vyef = 3 V and
n(:g = Monitor measure.
Vref B(9 (A)
o w L e CR AB Ir:F/(*) Vary Vet f
‘égl 221to Vply — 1.0V 4> SGND
8 8 7 seND VMA(36
O
Rrs A(34 L
RRs A
27) Vpp A(32
K \_/m\J
. STROBE AB
B(2) :%
. CLK AB <
B (5
29) DATA AB
RRs/B(3
Vs (1
Vss
— (Fin) SGND
-|:°/°—<2@ RESET
> Cep C(131— w
ml 3
S.Ccp2
Cep'B(12) S 1=
Vpp -+ i No reset at testing l N
SGND J, RESET =5[V] P-GND | SETUP Cep A(R} 1L B}
i, 6 §Cept = :PGND
O et =

7 : SGND (Vss)

Vref : Vary Vyef =2 to VDD= t Vand confirm that putput\is on.

Iref : When VM =24 Viand VDD\= 5V, apply the specified veltage of 3 V to the Vyef and monitor the
current/flow-value:
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11. T;TSD, AT;TSD (Measure in an environment such as an constant temperature chamber where
the temperature for the IC can be freely changed) (A/B unit only. C/D unit conforms to A/B

unit.)
Vrief AB(9 1>
s ®
g /I SGND
28 VMA(36
O
Rrs A(34
AB2)
A
5V 89
oV
B [Curve tracer |
5V 9 Curve tracer ]
oV =
B/(8)
5V
oV 29) DATA AB
RrsB(3 \
Vme(1
Curve tracer
Vss I
(FIN) SGND
[
> Cop C
u')/l' y @ "'5_
S\ Cep 2
CcpB @ 3 1>
1> No reset at testing l N
0 -
SGND ) RESET =5[] penD setup SPA(D— L
{1 (6) N
z 7 § Cop 1 = :PGND
= © /7 : SGND (Vss)
TjTSD : Increase the ambiént temperature. Measure the terhperature when output stops.

AT{TSD : Gradyually lower the temperature from thé level when the TSD circuit was operating (output off).
At that time, contrel the RESET input thus :/H — L - H — L. Output will begin at a certain
temperature level.

AT|TSD is the difference between the-temperature at which output begins and the temperature at
which TSD istriggered.

Setup Data
H

DATA— / 0 1/, 2.3>~4 5 6 7 8 9 10 11 12 13 14 15
L

STROBE
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12. VppRr (A/B unit only. C/D unit conforms to A/B unit.)

Oscilloscope

1 >
w ™
v > oo ), senp
bb T 28
SGND /I O
5V
oV
5V
oV
5V
oV 29) DATA AB
f/_@@ RESET
>
]
L >
No reset at testing Vm l N
RESET =5[V] =
P-GND | SETUP
% |7 = 6 -
DD = Vary from 0 V. = b . = :PGND
SGND 4, = m : SGND (Vss)

Monitor the output pins.Increase-the VDD voltage from\0. Measure the VDD value when output starts.
Next, decrease the VDD| voltage and measure the VDp-vatue.when output stops.

Setup Data
H

DATAL o ¥ 2 3 4.5 6 7 8 9 10 11 12 13 14 15
L

STROBE *L' """""""""""""""""""""""""""""""""""""""""""""""""""""""""" 1_[_
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13. VMR (A/B unit only. C/D unit conforms to A/B unit.)
Oscilloscope
Vref AB(9 1>
™ ™
- ,I SGND
g8 VMA(36
O
RrRsA(34 AW
Rrg'A
A32
oV
5V B(2)
oV £
5V ———— — B (5)
oV 29) DATA AB
RrRSB(3 AR
Rrs B
Vms(1
Vss
(FiN)
f/o—@ RESET >N
CcpC
> o3
Cep-2
CépB(1—"o Vary from 0 V;-.z'
No reset at testing
RESET =51V P-GND|SETUP Cop A w -
Voo T2 E km?) l§ Cep 1 = . PGND
SGND = - : SGND (Vss)

With the CLK signal and DATA (all-High) input, increasethe-Vy1 voltage from 0.
Measure the VM value whenoutput starts.
Next, decrease/the VM voltage and measure the/VM value when output stops.

Setup data

H
DATAL 0 1 2 3 4 >5~6 7 8 9 10 11 12 13 14 15

L

S
STROBE

) fL—

41
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14. Overcurrent Protector Circuit (ISD) (To measure output A: )
(A/B unit only. C/D unit conforms to A/B unit.)

Vret AB(9
>
2y To
SGND
L;%’) 8 VM A(36
I

5V
ov
oV =

oV 29) DATA AB
RrsB(3 \
VMB(1
Curve tracer
Vss I
(FiN) SGND
f/o—@@ RESET
>, Ccp C
u')/l' : @ ui
S Cep 2
(o]
CepB(12— S 1>
1> At measuring, non-reset l S
L) RECSET -
SGND J, RESET =5[V] P-GND/ SETUP Cep A(D iy
=1
6 § Cep 1 = : PGND
T 3 13 -

7 : SGND (Vsg)

Test method: To monitor gperdting current of the overcurrent protector circuit when output A is
short=eircuitéd to the power supply,

Input the current setting data HHHH signal) to/the/DATA pin. If short-circuited to the supply, measure

the lower output transistors-If short-circuited to ground, measure the upper output transistors (see how to

measure RON):

When measuring RQN,.increase the current-flow. There is a current value at which output is switched off

and RON cannot be medsured. This value.is the set current value for the overcurrent protector circuit.

Make/suré to leave open the output pins hot being measured.

Note that if-the temperature changes, the valué may fluctuate. Try to avoid applying power to the IC by
one-shot measuring.

Setup'Data (Example: The phase sighal must be changed depending on the pin.)

DATA

CLK

STROBE ; ﬂ_

I rmr I r I
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15. Current Vector (A/B unit only. C/D unit conforms to A/B unit.)

1>
L )
g8 A/SGND
o w
O
Monitor current
waveform
5V
oV
5V
oV
5V
oV 29) DATA AB
-|:°/°—<28> RESET
>,
]
4>
Vpp 4 U>7 At measuring\,/non-reset ; I
SGND J, RESET =5[V] P-GND\ SETUP
[—5)
= : PGND

= ~ :SGND (Vss)

Perform chopping in Mixed Decay mode with load L. Monitor the output current waveform and measure
the output current at constant current operation. At this time, vary the 4-bit data for current setting and
measure the current.values/ Using the set output-currentas/100%, calculate the output current ratio.

Output current

{example)
71%
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16. fcLK, tw (CLK), twp (CLK), twn (CLK), tSTROBE:; tSTROBE (H), t{STOBE (L)
tsuSIN-CLK> tsuST-CLK> thSIN-CLK, thcLK-sT (A/B unit only. C/D unit conforms to A/ B unit.)

>
L J- ™
oo SGND
g8
O
5V
ov
5V
ov
5V
oV 29) DATA AB
f/o—@@ RESET
>
]
L >
No reset at testing l N
RESET =5 =
v R-GND SE/'[l\JP
Voo T o = \i/ : PGND
SGND = : SGND (Vss)

Input any data at fCLK (max)/ perform chopping, ahd monitor the output waveform.
For the measuring points,’sée the timing chart below.

Setup Data

paTA N
L
L
STROBE. T 777 1

MeasuringPoints

tw (CLK)
oo thST-CLK
E Y twn (CLK)  twp (CLK)
STROBE Y AR
!} —l-----<—STROBE (H)
| <>1STROBE (L)
| e———nt
SUSIN-CLK 1 e thinoLK STROBE
—>

DATA 50% X DATA15 X 50% X DATAO X
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17. OSC-fast Delay, OSC-charge Delay (A/B unit only. C/D unit conforms to A/ B unit.)

>
[T [s2)
3 § ; SGND
ST
5V
oV
5V
oV
5V
oV 29) DATA AB
f/_@@ RESET
>
]
L >
> No reset at testing l N
Voo Tw RESET -5 =
SGND 4 =5M P-GND| SETUP

= : PGND
~ : SGND (Vsg)

o

Fix the output current value in Mixed Decay mode and turn-theoutput on. Measure the time until the
output switches from the(CRpin'waveform and the output voltage waveform.

Setup Data
H

DATAL QO 1 2 B4 5.6 7 8 9 10 11 12 13 14 15
L

STROBE E """""""""""""""""""""""""""""""""""""""""""""""""""""""""" 1

f
'
'

1

Osc-fast delay «—> Osc-charge delay

Vout A N\ 50% £-50% : 50%
/ N- 50% 50%

Charge Slow Fast Charge

]
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18. toHL (ST)s tpLH (ST): trs tf (A/B unit only. C/D unit conforms to A/B unit.)

Monitor

1>
s ; «
23 SGND
o
O
RRS A
R/=57Q
5V
ov
5V
ov
5y ——
oV 29) DATA AB
RrsB
I SGND
f/o—@@ RESET
>, L
Yo} =3
l S Ccp2
o 1>
> No reset at testing I N
Voo T o RESET =5[V =
SGND =5 M P-GND\SETUP E
1
6 &/ Cep 1 = : PGND
A 12 -

 : SGND (Vsg)

Setup Data

H
DATA

U K0 w2 s 4 s ey e 9 10 11 12 13 14)(15)
ck N apazigipesNpNEZpinininininininl

L

O e S
STROBE

A fl_

Switch PHASE ewery 130 us and measure the-6utput pin voltage and the STROBE signal.

[Oscilloscope Waveform (example)]

: 130 :
STROBE SQ% /_\ i o0% /_\

| toHL (ST)
Output
p— 1 \ 0,
voltage A \ 50%
i tpLH(ST)
Output
voltage A
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19. tBrANK (A/B unit only. C/D unit conforms to A/B unit.)
Q¢
L B«
2 0o
A4
2y ] (8) CRAB 1>
3 SGND
g8 il SGND
O
27) Vbp AB
oy (31) STROBE AB
5V
oV (30) CLK AB
5V
oV 29) DATA AB
f/o—@@ RESET
>,
1
L>
1> No reset at testing N
T © — =
RESET =5[V] P-GND) SETUP -
SGND 77
D
- 6 = :PGND

Pt

~ : SGND (Vsg)

tBRANK is the dead time band for avoiding malfunction-eaused by noise. Apply sufficient differential
voltage (when Vyef = 3 V, 0:6-V or-highier) to VM-RS and.apply duty. When the pulse width reaches a certain

value, triggering feedback and ¢hanging the output:-Cheek the value.

My

Measure the pulse width
where output changes.

R¢ pin voltage -------------L—Jd___ 5 s

Apply pulse to the Rg pin
so that the Rg pin
=V voltage - 1.0 V.

Output’ operation

L

Setup Data
H
DATAL 0 1 2 3 4 5 7 8 10 11 12 13 14 15
L
=7l
STROBE
’ f—

47
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20. fchop (fchop (mMin), fChop (Max)) (A/B unit only. C/D unit conforms to A/B unit.)

Oscilloscope

1>
(s
/I SGND

28
73 ©
AT
8) CRAB
o w
47
S 777 SGND
27) Vop

Vbb T w
SGND

. STROBE AB
. CLK AB

29) DATA AB

(28) RESET
P-GND SETUP
+—6)
T ¥

7

i}
24V

: PGND
: SGND (Vss)

Change the Rosc and Cogcvalues and measure the frequency on‘the CR pin using the oscilloscope.
At this time, 1/8 of the fregquéncy of the measured CR waveform is fchop.

Oscilloscope’'Waveform-(example)

1/8 fehop (SYNC) = fcr

48
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21. tong (A/B unit only. C/D unit conforms to A/B unit.)

>
s 7o
23 SGND
o w
O
5V
oV
5V
oV
5V
oV 29) DATA AB
-|:°/°—<28> RESET
>,
]
L >
> At measuring, change l N
Voo T from reset to non-reset =
SGND 4 om resetto non-reset. ' " p.GND\ SETUP
[1—6)

= : PGND
 : SGND (Vss)

Apply VM and VDD and change~RESET from L to H.
Measure the time until the CepA pin becomes VM £VDB-X 90%.

Vpp + Vm

RESET
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22. Mixed Decay Timing (A/B unit only. C/D unit conforms to A/B unit.)
g ¥ SGND

COSC

ov
5V

5V
ov

29) DATA AB

1 |

At measuring, non-reset

>  RESET =5[V]
Vbb T w

SGND f/i—@ SETUP

When overwriting the i
mixed decay timing /I
table, setto 5 V.

When the motors are
operating, set to

GND level.

i}
24V

: PGND
: SGND (Vss)

With VM =24V, Vhp=-5-V, /RESET = H;.change the SETUP pin from L to H and overwrite the MIXED

DECAY TIMING TABLE.

Then change the SETUP pin from ‘H te-L--With load L, perform chopping and monitor the output current
waveform at that time. Confirm that the switching timing from Slow Decay Mode to Fast Decay Mode
within.ad fchop cycle is the specified MIXED DECAY TIMING.
(Depending on theload L value and the test environment, chopping may be performed every two cycles or
there-may be ne-Slow Decay Mode! If so, conditions, for example, load condition, may need to be changed.

Output current value

: MDT . MDT
0% MDT | 100% |0% T

(set current value)

Charge

Charge

Current waveform

50
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TOSHIBA

Waveforms in Various Current Modes (Ideal waveform)

Normal MIXED DECAY MODE Waveform

NF is the point at which the output current

reaches the set current value.

fchop

fchop

CR CLK
signal

Set current value

Set current
12.5% MIXED
DECAY MODE

lout
value

When NF is after MIXED DECAY TIMING

Fast Decay mode’after Charge mode.

RNF

]
2
©
>
-
=
o
2
=
3
o
-
[
%]

Set current

value

lout
37.5% MIXED
DECAY MODE

STROBE signalinput

2006-01-20
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TOSHIBA

In MIXED DECAY MODE, when the Output Current > the Set Current Value

Set

value

lout

12.5%
MIXED

DECAY
MODE

FAST DECAY MODE Waveform

e output

I(é\set current value.

Wi

o

NF is th
current ri

(N

next cycle, too

alue > the output current,

in 1

ITAST DEQ'AY\M'O

t current, CHARGE
cycle, too

fchop

DE in the next

F&\oﬁu

t )
ECAY M

rren
AST

SZ‘?‘I

MODE — NF

\sze the

Set current

value

lout

C

FAST DECAY
DECAY MODE)

MODE
(0% MIXED

STROBE signal input

2006-01-20
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TB62201AFG

fchop

[37.5% MIXED DECAY, MODE |

fchop

fchop

STROBE Signal, Internal CR CLK, and Output Current Waveform

(When STROBE signal is input in SLOW DECAY MODE)

TOSHIBA

Set current

2006-01-20

Momentarily enters
CHARGE MODE

53

Reset CR-CLK
counter here

r

When the C-CEK cqunter is reset due to STROBE signal input, CHARGE MODE is entered momentarily
In FAST,DECAY MODE, too, CHARGE"MODE is entered momentarily due to current comparison.

(The delay timg, thetheoretieal value in the logi¢ portion, is expected to be a one-cycle CR waveform:
due to current comparison.

Because of this, compared with/a method in which the counter is not reset, response to the input data is
1.25 us @ 100%Hz CHOPPING.)

When STROBE signal is input, the chopping counter (ER-CLK counter) is forced to reset at the next
faster.

STROBE signal input
CR-CLK timing.

Note:




TOSHIBA TB62201AFG

STROBE Signal, Internal CR CLK, and Output Current Waveform
(When STROBE signal is input in CHARGE MODE)

fchop fchop

Set current
value

37-5% MIXED DECAY MODE

lout

' '
Set current
value

)

RNF

STROBE signal input T_l Momentarily enters

CHARGE MODE
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(When STROBE signal is input in FAST DECAY MODE)

fchop fchop

fchop

B | 37.5@1)(5]3 DECAY MODE |

! INF
Set : A !
current i i

value

lout

: :
Set current
value

omentarily enters
STROBE signal input T_l CHARGE MODE
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(When PHASE signal is input)

RNF
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(When current point 0 control is included)

|37.5% MIXED DECAY MODE

fen
fehop e
M i M (N
Set current
value
lout
0
Set current ; ! (?j?
value — R /“\
STROBE signal input T_l x ﬁ\& \\
Reset CR-CLK Rese
counter here counter h

@@

Y
5.&
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(When Fast DECAY MODE is included during the sequence)

fchop » fchop , fchop ) fchop ) fchop
KD 0 0

Set current T
value /\\/

<«—{37.5% MIXED DECAY MODE |

{ ' |
- FAST DECAY MODE |———i

Set current

value
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TOSHIBA

(When SLOW DECAY MODE is included during the sequence)

o
®©
< . u
S 250
......................... W = © 0
c ©O
a 5§ &=
Q 2>z
g = 580
= > g ou
W© < Q w o
O gaoz
w AL Ne)
[a] o
............................. [ Nl = o n
w QB2
X S 8/2
o = Z)o
5 X QJE 1o
..m o aYe
s z 30
bid 0 £
....................... (TN S g R
23]
=
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Q
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ey
O
e
Qo
o
<
W© -
i
[m]
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=
>
g S
2 w
W© [a)
(o]
.................... i
(%]
<
a g
g E
< 3
[
5 5 2
©
" >
w
8
-
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..n_uu. = w
©
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S w
«© X
=
N
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L |

7

STROBE
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Current Modes (mixed (= SLOW + FAST) Decay Mode Effect)

o Sine wave in increasing (Slow Decay Mode (Charge + Slow + Fast) normally used)

Set current Slow ‘ Slow
value [\ T
Fast | Charge
Fast
Slow Slow ‘ Charge T

Set current /\ :
value v
’/Charge Fast | Charge Fast ,

e Sine wave in decreasing (When using MIXED DECAY Mode with large attenuation ratio MDT%) at

attenuation)

Set current Slow Slow
value Y /\ Beécause current attenuates o quickly, the current
immediately follows.the set'current ¥atue.
ICharge, Fast y
Charge
Fast
Slow Slow
Setcurrent \ [\
value
Rast Fast
Charge

e Sine wave in decreasing (When using MIXED DECAY Mode with small attenuation ratio (MDT%) at

attenuation)
Because current attenuates slowly, it
takes a long time for the current to follow
the set current value (or the current does
Set current Slow Slow not follow).
N —— A — /

value A\\g
Fast Charge Fast
Charge Charge Charge
Fast

Set current
value

Fast

Note: The above charts'are schematics’ The actual current transient responses are curves.
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Output Transistor Operating Mode

ToVMm ToVm
%) 1)
1q s o =
T 3 = 3
! Rgpin !

Uq | * * U2

[

i i (Note) | _EI|_

—
o r—o—o
Lq * Load * L] L2
_|E ' ' -l
PGND

Slow mode Fast mode
(Drastically-atténuates

Charge mode

(Charges coil power) (Slightly attenuates

coil power) coil.power)
Output Transistor Operation Functions
CLK U4 Uo k4 Lo
CHARGE ON OFF OFF ON
SLOW OFF OFF ON ON
FAST OFF ON ON OFF

Note: The above table is an example-where-current flows in the direction of the arrows in the above figures.

When the current flows in the dpposite direction of the arrows, see the table below.

CLK Uq Uz L1 L2
CHARGE OFF ON ON OFF
SLOW OFF OFF ON ON
FAST ON OFF OFF ON

61
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TOSHIBA

Output Transistor Operating Mode 2 (Sequence of MIXED DECAY MODE)

ToVm

Fast mode

ToVm

e

[ R

ToVMm

U1
—
out A
Output
voltage A
Output
voltage A
Set current --------
Ouput
current

Slow mode

The constant current is-controlled by/changing mede from Chatrge — Slow — Fast.

2006-01-20
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Current Discharge Path when Current Data = 0000 are Input during Operation

In Slow Decay Mode, when all output transistors are forced to switch off, coil energy is discharged in the following
MODES :

Note: Parasitic diodes are located on dotted lines. In normal MIXED DECAY MODE, thie current does not flow to the
parasitic diodes. However, when signal 0000 is input during operation, the current flews to them.

To VM ToVm To VM power supply

! Rgpin | ! Rgpin | ! Rgpin |
Uq |- -*- -*- Uz Uy -*- -*- Uz Uy -*- -*- Uz
'—_ ! (Note) | El';FF = ! (Note) | = ) (Note) ! =
{ (Note ¢ OFF { (Note) ¢ OFF OFE { (Mote) ¢ OFF
: t — ! ; Input Current DATA ; v
oo o —0—4
1 ' ! R - 0000 "
L1 * Load 'IK L2 L1 * Load 'IK I g ) L1 L2
e E = e == — SiP=
OFF : : : : OFF OFF
}’GND }’GND
Charge mode Slow Decay-mode Foreed OFF mode

As shown in the figure at right, an output transistor\has parasitic diodes.

To discharge energy from the coil, each transistor/ig-switched on allowingcurrent te flow/in the reverse direction to
that in normal operation. As a result, the parasitic 'diodes-are not uséd.If all'the output transistors are forced to
switch off, the energy of the coil is discharged via the parasitic diodes:
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PD - Ta (Package power dissipation)

Pp-Ta
35
) (1) Rth (j-a) IC Only (96°C/W)
(2) When mounted on the board
3.0 N (38°C/W)
g N Board size
= 25 \ (100 mm x 200 mm x 1.6 mm)
- = * Rth (j-c): 8.5°C/W
o
2.0
s N
s N
Q
3 O N
©
~
g 19 ~ AS
: S N
o N ~
05 =D
N~ N
SN
o ~
0 25 50 75 100 126 150

Ambient temperature Ta (°C)
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Power Supply Sequence (Recommended)

~ VDD (max)
Vbbp (min)
V|
VoD < VbDR
- GND
VM (min)
Vm <
VMR
L GND
—  Non-
reset
Internal
reset
lL_ RESET ‘ﬂ
RESET H .
input RESET i
..... * L :........
Takes up totong until operable. t
/~Non-operablé area

Note 1: If the Vpp drops to/the level of the VppR or below/Wwhile the specified voltage is input to the Vy pin, the IC is
internally.reset,/This-is-a_protective measure againstmalfunction. Likewise, if the V) drops to the level of
the VR or below while regulation voltage'is input to the Vpp, the IC is internally reset as a protective
measure againstumalfunction. To.aveid-malfunction, when turning on V\ or Vpp, we recommend you input
the RESET signal at the above timing.

It'takes’time for the output control charge-pump circuit to stabilize. Wait up to tong time after power on
before-driving the motors.

Note 2: When-the Vjp'value is between 3.3 to 5.5V, the internal reset is released, thus output may be on. In such a
dase, the charge pump cannot drive stably because of insufficient voltage. We recommend the RESET state
be-maintained until V) reaches 20.V,or more.

Note-3:~Since-Vpp = 0 Vand V) (= voltage within the rating are applied, output is turned off by internal reset. At that

time, a current of‘'seyveral mA flows due to the Pass between V), and Vpp.
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Relationship between V) and VH

VH is the voltage of the CcpA pin. It is the highest voltage in this IC (power supply for driving the upper gate of the
H bridge).

VM = VH (& Vcharge up)

50
— V/H voltage
=
== =« = Charge up voltage
ge up 9 VpD& 5V
< — — VM voltage A Cept L 022 uF
= 40 N Ccp2 <0.02 uF
o pd o -
o » Aot VH = VDD + VM (CcpA)
]
g Input RESET (RESET =0V pd 4 L
- / S A
> 30 /]
5 // ) JEER
g VMR v 2Mes
5 L Maximum
<>1 // v’
S /1 1 AT
) 20 m
o A / (¢
© / » Usable\area
s p o
o || / P
o /1 ke T T A
g Vs N
S 10 ; <
> 3 L Recommended operation area
T L 3
3 / (
» b 1
L d T
0 A
0 5 10 15 2Q 25 30 35 40

Supply voltage V1 (V)

® Vcharge Up is the voltage to boost VM to VH. Usually equivalent to VDD.
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Operation of Charge Pump Circuit

RRrs
. Vip=24V

Vpp=5V Rs VM
Y 3/16/21/34 |=== === === —— == 1/18/19/36
. i
1 1
! |
: VH fn\CcpA
R O —— N
. 5 i

i ; 1
| ; Di2 § 2
: Di1 1CcpB
1 )

' | » {124
! : ) = n
) !
1 Comparator | i output h I 1ao 5
| convoter | v P R &
| ontroller utpu T
1 H switch @_ =
' R CcpC o
1
1
1
1
1

VH = VM + Vpp = charge pumplvoltage
s = charge pump current
i2 = gate block power digsipation

® [Initial charging

(1) When RESET is released, Tr1 is turned ON and T2 turned OFF. €cp2 is charged from Ccp2 via Dil
(This is the same as when TSD and ISD are pperating and the IC is.restéred from Reset state.)

(2) Tr1 is turned OFF, Tr2 is turned ON, and Cep1 is charged from Ccp2 vid Di2.

(3) When the voltage difference bétween Yy and VH (CcpA pin woltage = charge pump voltage) reaches VDD or
higher, operation halts (Steady. state’ Because the capgaciter\is. naturally discharged, the IC is continually
charging to the capacitor),

® Actual operation
(4) Ccpl charge is sed at fchop-switching afhd-the VH potential drops.
(5) Charges up by (1) and (2) above.

Output switching

_— \/—\>*\ T
i : v v V

v
v

Charge pumpvoltage

M

67 2006-01-20



TOSHIBA TB62201AFG

External Capacitors for Charge Pumps

When VDD = 5V, fchop = 100 kHz, and L = 10 mH is driven with VM = 24 V, Iout = 1100 mA, the theoretical values
for Ccpl and Ccp2 are as shown below:

Ccp1 — Ccp2
0.05
Usable area

pos M §°"2‘§2‘E§7L
_ m Ccp2=
Z — S
8 0.03
==
S / A(
'g / Recommended area
o
g 002

Recommended value

% /o 2N
Q )
. \\

0.01

3 .
0 1 1 1 1 1 1 | 1 1

0 0.1 0.2 0.3 0.4 0.5

Ccp1 capacitance (uF)

Combine Ccpl and Ccp2 as shown in the shaded area in the.above graph.
Select values 10: 1 or more for Ccpl: Cep2.

When making a setting, evaluate properly and set'values with’a margin,
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Charge Pump Rise Time

Vpp + VM
(Vm + VDpD) x 90%

VM

5V

RESET

ov

tONG: Time taken for capacitor Cep2 (charging capacitor) to fill up Ccpl (capacitor used to/save charge) to VM +
VDD after a reset is released.
The internal IC cannot drive the gates correctly until the voltage of Cepl r¥eaches VM + VDD. Be sure to
wait for tONG or longer before driving thé motors.
Basically, the larger the Cepl capacitance, the longer the initial charge*up time but the smaller the
voltage fluctuation.
The smaller the Cepl capacitance, the shorter the initial charge-up time but the larger the voltage
fluctuation.
Depending on the combinatioh-of capacitors (especially with small capacitance), voltage may not be
sufficiently boosted. Thus, use the capacitors under the capacitor combination conditions (Cepl = 0.22 pF,
Ccp2 = 0.01 puF) recommended by Téshiba.
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Operating Time for Overcurrent Protector Circuit
(ISD non-sensitivity time and ISD operating time)

Output halts (Reset'status)
CR oscillation
(basic chopping
waveform)
min

max

max

(Non-sensitivity time)
ISD BLANK time ISD operating time

Point where overcurrent flows to output transistors (overcurrent status/start)

A non-sensitivity time is set for the overcurrent protéctor. circuit’to avoid misdetection of overcurrent due to spike
current at irr or switching.
The non-sensitivity time synchronizes with the frequeney-of the CR fot _setting-the-chopping frequency. The
non-sensitivity time is set as follows :

Non-sensitivity time = 4 x CR cycle
The time required for the ISD to actually operate after the no-sensitivity-time i$ ds follows :

Minimum: 5 x CR cycle

Maximum: 8 x CR cycle
Therefore, from the time overcurrent flows to\the output transistors to the time output halts is as follows.
Note that ideally, the operating time is‘the-operating time when overcurrent flows. Depending on the output control
mode timing, the overcurrent protector eircuit may not be triggered,
Therefore, to ensure safe-operation,add a fuse to the VM poewer supply for protection.
The fuse capacity would'vary according to the use conditions/However, select a fuse whose capacity avoids any
operating problems/and doeg not-exceed the powerdissipation for the IC.
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Application Operation Input Data (Example: 2-Phase Excitation mode)

TOROQUE TOR1QUE DEBCOAY DE;AY Bo | By | B2 | B3 PHQSE DEgAY DEACOAY Ao | A1 | A | A PHQSE
Bit 0 1 2 3 4 5 6 7 8 9 10 1111213 | 14 15
1 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1
2 1 1 1 0 1 1 1 1 0 1 0 1 1 1 1 1
3 1 1 1 0 1 1 1 1 0 1 0 1 4 1 1 0
4 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 0

Data are input on the rising edge of CLK. Every input of a data string (16-bit)Tequires input of the Strobe signal.
For the input conditions, see page 9, Functions.
We recommend Mixed Decay mode (37.5%) as Decay mode. Set torque to 100%:

Output Current Waveform of 2-phase Excitation Sine Wave

(%)

100 | T = T
| | | |
| | | I
| | | I
| | | I
| I | I
| 1 | |
| 1 I |
| | |
Phase B | 1 1
| | I |
| 1 1 |
| 1 | |
0 T T T T
| | | |
| | | |
ued : : :
I | | |
| | | |
I | | |
I I | |
| I | |
| 1 | |
| | | |
~100 | I | |

Note: We recommended 2-phase excitation.drive in 37.5% Mixed Decay mode.
Pleaserefér to the caution of 2=phase-éxcitation mode on next page.
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A
15

A3
14

A2
13

TB62201AFG

Aq
12

11

Ao

10

Ao

PHASE | DECAY | DECAY

B3

B2

B1

Bo

B1

Bo

TORQUE | TORQUE | DECAY | DECAY

Bit

Data are input on the rising edge of CLK. Every input of a data string{16-bit)requires input of the Strobe signal.
When using this excitation mode, high efficiency can be achieved by-setting the phase data to~10% (~10%). Set

Application Operation Input Data (Example: 1-2 Phase Excitation mode Typ. A)
current values in the order +100% — —10% — —100% — +10%:

Output Current Waveform of 1-2 Phase Excitation Sine Wave (Type. A)

We recommend Mixed Decay Mode (37.5%) as Decay Mode.

For the input conditions, see page 10, Functions.
Set torque to 100%.

TOSHIBA

...................... 1
...................... L
<
[0}
) f—— - - e e ]
©
e
o
o o
ooOoOo
= A =4
|

(%)
100
10
0
-10
-100
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Points for Control that Includes Current of 0%

In modes other than 2-Phase Excitation mode (from 1-2 Phase Excitation mode to 4W1-2 Phase Excitation mode),
when the current is controlled to 0%, the TB62201AFG’s output transistors are all turned off.

At the time, the coil's energy returns to the power supply through the parasitic diodes. If the same current is
applied several times and is within the rated current, then : the power consumed by the~on-resistance when current
flows to the output MOS will be less than the power consumed when current is applied tothe parasitic diodes.
Therefore, when controlling the current, rather than setting 0%, set the current to the néxt step\beyond 0% (the
minimum step in the reverse direction) for better power dissipation results.

However, if the 0% (actually 10%) current cycle is long, the power dissipation may bé greater than in Off mode
because of the need for constant-current control.

Therefore, Toshiba recommend setting the current according to the actual operating patterr’. (1-2 Phase Excitation
mode is the most effective.)

Flyback Diode Mode

[%] l Charge @ 10’V power supply
100 . -
Constant- :
current ' o—eo—o
control '\ Rgpin ! The’coil's enetgy returns through
! U1 = = Up the-parasitic diodes.
Output off | OFF ”E E“ OFF Becausé X/ps < VF, the power
period \ | > RS
10 : : : dissipation is large.
18 : oo
E 'k Load *
' L1 | i ! | Lo
: c OFF = i : = OFF,
: onstant- |
! current L I _ ;
~100 " control - | l Forced Off mode
T Diode parasite =pGND
Non-flyback Diode Mode
(%] l Charge oL |Tovm The coil’s energy returns through
100 i @3 the MOS, which is turned on.
CO”StaT' Then the coil is charged to a level
curren ! L 2 L 4 0,
control g ! Rgpin | of 10%. o
! U x T Uy The power dissipation is smaller
' na ' E“W than when the energy is returned
10 ; P via the parasitic diode.
0 . ) ' ¢ (However, the longer the £10%
-10 " Constant- rated current control time, the
}  current . 2 longer the period of current
] % Lload ¥ g p
i OFF \ 1 L
control T”E : : E“T dissipation.)
: Caonstant- ] .
! current g
400 | " controf l Charge mode
T Charge

Specifies a level of 10%,
either side of 0.

= PGND
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A1
12

11

Ao

DECAY
A
10

MDM A

PHASE
B

B3

B2

B1

Bo

DECAY
B

MDMB

TORQUE|TORQUE

Bit
(%)
100

Set torque to 100%. Same as 1-2 phase excitation (typ. A) in the previous section, powex dissipation can be reduced

Data are input on the rising edge of CLK. Every input of a data string{16:bit) requires input of the Strobe signal.
by changing 0% level to 10% or —10%.

Application Operation Input Data (Example: 1-2 Phase Excitation mode Typ.B)
For the input conditions, see page 10, Functions.

Output Current Waveform of 1-2 Phase Excitation Sine Wave (Typ. B)

We recommend Mixed Decay Mode (37.5%) as Decay Mode.

TOSHIBA

e e o
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71

-71

-100
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Application Operation Input Data (Example: 4-bit micro steps)

(2 bit micro steps = W1-2 phase excitation drive)

TOROQUE TOR10UE DE;)AY DE;AY 8o | 81 | B, | Bs PHQSE DEACOAY DEAiAY no | A1 | An | As PHZ\SE

Bit 0 1 2 3 415 |6|7 8 9 10 M1 12|13 |14 15
1 1 1 1 0 1111 1 1 0 o[afo]|o 1
2 1 1 1 0 oo |11 1 1 0 o o/|1 | o 1
3 1 1 1 0 olofo]1 1 1 0 o001 1
4 1 1 1 0 olof1]o 1 1 0 oo 1] 1
5 1 1 1 0 olo|o]o 1 1 0 T 1] 1|1 1
6 1 1 1 0 olofo]o 0 1 0 111 1
7 1 1 1 0 olof1]o 0 1 0 oo | +a 1
8 1 1 1 0 olo]|o]1 0 1 0 0| oo 1
9 1 1 1 0 olof1]1 0 1 0 0| 07| ~ o0 1
10 1 1 1 0 1111 |1 0 1 0 0 (@) o0 1
11 1 1 1 0 1111 0 1 1 o] 01[0/|/0 0
12 1 1 1 0 oo 1] 0 1 1 0 Mo {0 0
13 1 1 1 0 oo oAl 0 1 1 040 [0 ] 1 0
14 1 1 1 0 oo |+]w 0 1 1 oo [ 1] 0
15 1 1 1 0 o | ol(o 0 0 1 1 111 0
16 1 1 1 0 0o Ko [~afo 1 1 0 111 0
17 1 1 1 0 0|01 |0 1 1 0 oo 1] 0
18 1 1 1 0 0 o\ 0] 1 1 1 0 olofo]1 0
19 1 1 1 0 ol 0] 1|1 1 1 0 olof1]o0 0
20 1 1 1 0 NN 1 1 0 olofo]o 0

Data are input on the rising edge-of CLK:-Every input of a data'string (16-bit) requires input of the Strobe signal.

For the input conditions, see pagé 9, Functions.

We recommend Slow Décay Mode 11 the dscending direction of the sihe wave; Mixed Decay Mode (37.5%) in the

descending direction/Sét torque to 100%.
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Output Current Waveform of Pseudo Sine Wave (2-bit micro steps)

(%)
100 T "

I | |
o] [ |

71

oL

-92
-100

5 micro-step from 0 to 90° drive is possible b
For input Current DATA at that time, see se
Depending on the load, the optimum conditi
rises and falls. Select the appropriate MIXE

Q-

o’

76 2006-01-20



TOSHIBA TB62201AFG

Application Operation Input Data (Example: 3-bit micro steps)
(3 bit micro steps = 2W1-2 phase excitation drive)

TOROQUE TOR1QUE DEB%AY DE;AY Bo | B1 | B2 | B3 PHQSE DEACOAY DEAiAY Ao | A1 | Ag | As PHQSE
Bit 0 1 2 3 4 5 6 7 8 9 10 112113 | 14 15
1 1 1 1 0 1 1 1 1 1 1 0 0 0+ 0 0 1
2 1 1 1 0 0 1 1 1 1 1 0 0 1 0 0 1
3 1 1 1 0 0 0 1 1 1 1 0 0 0 1 0 1
4 1 1 1 0 0 1 0 1 1 1 0 0 1 1 0 1
5 1 1 1 0 0 0 0 1 1 1 0 0 0O 1 1
6 1 1 1 0 0 1 1 0 1 1 0 0 1 0 1 1
7 1 1 1 0 0 0 1 0 1 1 0 0 0 1 1 1
8 1 1 1 0 0 1 0 0 1 1 0 0 1 1 1 1
9 1 1 1 0 0 0 0 0 1 1 0 1 1 1 1 1
10 1 1 1 0 0ofoO 0O 0 1 0 1 1 1 1 1
11 1 1 1 0 0 1 0O 0 1 0 0 ) 1 1 1
12 1 1 1 0 0ofoO 1 0 0 1 0 0 0 1 1 1
13 1 1 1 0 0 1 1 0 0 1 0 0 1 0 1 1
14 1 1 1 0 0O 0 1 0 1 0 0 0 0 1 1
15 1 1 1 0 0 1 0 1 0 1 0 0 1 1 0 1
16 1 1 1 0 0 [0 1 1 0 1 0 0 0 1 0 1
17 1 1 1 0 0 1 1 1 0 1 0 0 1 0 0 1
18 1 1 1 0 1 1 1 1 0 1 0 0 0 0 0 1
19 1 1 1 0 1 1 1 1 0 1 1 0 0 0 0 0
20 1 1 1 0 0 1 1 1 0 1 1 0 1 0 0 0
21 1 1 1 0 0/ O 1 1 0 1 1 0 0 1 0 0
22 1 1 1 0 0 1 0 1 0 1 1 0 1 1 0 0
23 1 1 1 0 0O 0 1 0 1 1 0 0 0 1 0
24 1 1 fl 0 0 1 1 0 0 1 1 0 1 0 1 0
25 1 1 1 0 0 [~0 1 0 0 1 1 0 0 1 1 0
26 1 1 1 0 0 1 0 pO 0 1 1 0 1 1 1 0
27 1 1 1 0 0. [~0 0|0 0 1 1 1 1 1 1 0
28 1 1 1 0 0O 0O 1 1 0 1 1 1 1 0
29 1 1 1 0 0 1 0O 1 1 0 0 1 1 1 0
30 1 1 1 0 0O 1 0 1 1 0 0 0 1 1 0
31 1 1 1 0 0 1 1 0 1 1 0 0 1 0 1 0
32 1 1 1 0 0O 0 1 1 1 0 0 0 0 1 0
33 1 1 1 0 0 1 0 1 1 1 0 0 1 1 0 0
34 1 1 1 0 0O 1 1 1 1 0 0 0 1 0 0
35 1 1 1 0 0 1 1 1 1 1 0 0 1 0 0 0
36 1 1 1 0 1 1 1 1 1 1 0 0 0 0 0 0

Data are input on the rising edge of CLK. Every input of a data string (16-bit) requires input of the Strobe signal.
For the input conditions, see page 10, Functions.

We recommend Slow Decay Mode in the ascending direction of the sine wave; Mixed Decay Mode (37.5%) in the
descending direction. Set torque to 100%.
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Output Current Waveform of Pseudo Sine Wave (3-bit micro steps)
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9 micro-step from 0 to 90° drive i@ i

e by combining Cu TA (AB & CD) and phase data.

For input Current DATA at that time, sé¢ section on C t X in the list of the Functions.
Depending on the loa ptimum condition changes f@ électing MIXED DECAY MODE when the sine wave

NG according to the load.
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TOSHIBA

Application Operation Input Data (Example: 4-bit micro steps)

PHASE
A

15

A3

14

A2

13

Aq

12

Ao

11

10

PHASE | DECAY | DECAY
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B3
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B1

Bo

B1

Bo

TORQUE | TORQUE | DECAY | DECAY

Bit
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TOROQUE TOR1QUE DEB%AY DEI;AY Bo | B1 |82 B3 PHQSE DE;JOAY DEAiAY Ao | A1 | Ag | As PHQSE
Bit 0 1 2 3 4 5 6 7 8 9 10 1 12 113 | 14 15
35 1 1 1 0 1 1 1 1 0 1 1 0 0 0 0 0
36 1 1 1 0 1 1 1 1 0 1 1 1 0 0 0 0
37 1 1 1 0 0 1 1 1 0 1 1 0 1 0 0 0
38 1 1 1 0 1 0 1 1 0 1 1 1 1 0 0 0
39 1 1 1 0 0 0 1 1 0 1 1 Q 0 1 0 0
40 1 1 1 0 1 1 0 1 0 1 1 1 0 1 0 0
41 1 1 1 0 0 1 0 1 0 1 1 0 1 1 0 0
42 1 1 1 0 1 0 0 1 0 1 1 1 1 1 0 0
43 1 1 1 0 0 0 0 1 0 1 1 0 0 0 1 0
44 1 1 1 0 1 1 1 0 0 9 1 1 0 0 1 0
45 1 1 1 0 0 1 1 0 0 1 1 0 1 0 1 0
46 1 1 1 0 1 0 1 0 0 1 1 1 9 0 1 0
47 1 1 1 0 0 0 1 0 0 1 1 4] 0 1 1 0
48 1 1 1 0 1 1 0 0 0 1 1 1 0 1 1 0
49 1 1 1 0 0 1 0 0 0 1 1 0 1 1 1 0
50 1 1 1 0 1 0 0 0 0 1 1 1 1 1 1 0
51 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 0
52 1 1 1 0 0 Q 0 0 1 1 0 1 1 1 1 0
53 1 1 1 0 1 0 0 0 1 1 0 1 1 1 1 0
54 1 1 1 0 0 1 0 0 1 1 0 0 1 1 1 0
55 1 1 1 0 1 1 0 0 1 1 0 1 0 1 1 0
56 1 1 1 0 0 0 1 0 1 1 0 0 0 1 1 0
57 1 1 1 0. 1 0 1 0 1 1 0 1 1 0 1 0
58 1 1 1 0 0 1 1 0 1 1 0 0 1 0 1 0
59 1 1 1 0] 1 1 1 0 1 1 0 1 0 0 1 0
60 1 1 1 0 0 0 0 1 1 1 0 0 0 0 1 0
61 1 1 1 0 1 0 0] 1 1 1 0 1 1 1 0 0
62 1 1 1 0 0 1 0 1 1 1 0 0 1 1 0 0
63 1 1 1 0 1 1 0 1 1 1 0 1 0 1 0 0
64 1 1 1 0 0 0 1 1 1 1 0 0 0 1 0 0
65 1 1 1 0 1 0 1 1 1 1 0 1 1 0 0 0
66 1 1 1 0 0 1 1 1 1 1 0 0 1 0 0 0
67 1 1 1 0 1 1 1 1 1 1 0 1 0 0 0 0
68 9 1 1 0 1 1 1 1 1 1 0 0 0 0 0 0

Data are input on the rising edge of CLK. Every input of a data string (16-bit) requires input of the Strobe signal.
For the input conditions, see page 10, Functions. In the above input data example, Decay mode has a Mixed Decay
mode (37.5%) setting for both the rising and falling directions of the sine wave, and a torque setting of 100%.
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4W1-2 Output Current Waveform of Pseudo Sine Wave (4-bit micro steps)

CYEENEEEEEESEEINERESTEREEEEIRERELERRREE RN SAA TN
oplii b

T s B B B S S B B
| T T S T S T S T S T S A S A O S S S S S ST N S S S S B B B B

17 micro-step from 0 to 90° drive is possible by combining'\Current DATA (AB & CD)\and phase data.
For input Current DATA at that time, see section‘on*Current X in the list of the Eunetions.

Depending on the load, the optimum condition changesfor selecting MIXED. DECAY MODE when the sine wave rises and falls. Select the

appropriate MIXED DECAY TIMING according/tocthe load.
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Output Current Vector Line

4W-1-2 phase excitation (4-bit micro steps)

X=16 X=15
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. / / //, e /i AT

it caill
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m ///// o L

1
7 | L Ll o

For data to be input, see the furction of Currént AX (BX) in the list of Functions (10 page).

82 2006-01-20



TOSHIBA

TB62201AFG

Output Current Vector Line 2 (Each mode: except 4W1-2 phase)

1-2 phase excitation (Typ. A)

1-2 phase excitation (Typ. B)

100, 100p=s
.
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i / B /TN
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0 100 0 74 100
B (%) g (%)
W 1-2 phase excitation 2W 1-2 phase-excitation
100, —_— 98100 —
92 — 92
I
7T . ] 7
/ N y ] /
D /
71 71 7
F / EEAN . / /]
R N 3 56
= N 2
= A = / /
38 = 38 =
/ P [/ 1
P \ S / L~
/ P // 7 1 | LT
/ // —1
V& e
0 58 71 92 100 20 38 56 71 83 92 100
98
I/ (%) B (%)
2006-01-20

83



TOSHIBA TB62201AFG

Temperature Characteristics Depending on Voltages between Output Transistor
Drain and Source (Vy=24V,Vpp=5V)

1200, | | | |
105°C
Reference values /*
1100 /* / |
/ / 85°C
105°C (max) /
1000 / // /r I
25°C
S
€ /
£ 900 ﬂ 7 o°c 7
25°C (m? / / /
800 » yd ~40°C ]

/V

NN

700!

p
vd

600

ARARSNY
MNARNRRNE
N\
N
N

Voltage between output transistor drain and source

500
~f— 105°C
/ —— 85°C
400 74 —he— 25°C
—36— 0°C
300 A —Nf —40°C
—— 25°C max
y A / —afp— 105°C max
200 / %‘7
100 // Absolute maximum rating
0

0 100 /200. 300 4004 500/ /600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Qutputicufrgnt  Jout  (MA)
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Resistance Characteristics Depending on Voltages Output Transistor Drain and
Source (Vm =24V, Vpp = 5 V) (Forward, reverse)

1600
RERNE
Reference values
1400
“
v
1200
/1
v
1000
L /25°C(referencevalues)
ALY
z 00 25°C (max] // X/
. %
< V.
S 600 1
2 / /1 —8— 25°C
2 / p—tp—"25°C Mmay
® 400 o
£ // A
o L/ <
S /|
8 200
%]
Z A
o
3 o /
= / . .
2 Absolute maximum rating / Absolute maximum rating
2
B 200 ,//
& 5,7
S %
g v
S 400 LA
P /
-600 //
-800 Vi
'
—-1000
g 8 83/ &) )8 8 ¥ | QRIL/ S\ 8 8 8 8§ 8 8 8 8§ 88 8 &8 8
(\‘J ‘_\ \T \T ‘_\ ‘T | I | ] -~ -~ -~ -~ -~ N N N N N (2]

Output current” lgyt  (MA)

The IC’s absolute absolute absolute maximum rating is 1.5 A and recommended current is 1.2 A max.
Use the IC within this range.

The on-resistancewvalue fluctuates according to temperature. Pay particular attention to the temperature
conditions when-using:
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Recommended Application Circuit

The values for the devices are all recommended values. For values under each input condition, see the
above-mentioned recommended operating conditions.
(Examplei fchop =96 kHZ, CR: Iout =0.7 (A), LF: Iout =1.1 (A) )

g
(6]
2 o
" N VrefAB I =
S CR -
23 Vref AB © w
b Lo 17
177 SGND SGND
\YZ
Vbp Vm A }A
5V o O— STEPUP RRSA0.75Q
0V — 8
ov_ UL CLK AB AlX]
L i
SV TTTTTTT1] DATA AB B | @Stepping
ov 4 B N ° motor 1
AN CR:68MH/5.7 Q
N L STROBE AB ( D )
V%
R AvAvAr
RSBLX Rrs 5075 Q
VivoB
P-GND
L Vss
(FiN)
5V SGND
oV CLKCD
5y Ve
ov LI LdIT] DATA €D RRs C A
iy ” Rrs c 0.75Q
oV 1L STROBE CD C
5V | 55 RESET C
ov =
D h Stepping
D P | motor 2
(LF: 6.8 mH/5.7 Q)
RRsD AW
Rrs D 0.75 Q
Viv D
) Cop A CopB_ Cope ' P '
w cp Ccp cp
>1 5
T e 5 S S
- - = 5
SGND =]

Note:  Werecommend the user add bypass.capacitors as required.
Make sure as much,as possible that GND wiring has only one contact point.
Also, make sure that the VM pins/are connected.

For the data to be input, see the section on the recommended input data.

Because there may be shorts between outputs, shorts to supply, or shorts to ground, be careful when designing
output lines, VDD (VM) lines, and GND lines.
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TOSHIBA

Example of 1-2 Phase Drive Current (actual) Waveform
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Using Toshiba. test board100
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Package Dimensions
HSOP36-P-450-0.65
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About solderability, following conditions were confirmed
o Solderability

(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

RESTRICTIONS ON PRODUCT USE

060116EBA

¢ The information contained herein is subjéct to change without notice. 021023_D

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

devices in general can malfunction ©r 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 theentire-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 decument are—intended for usage in general electronics applications
(computey;-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-(*tUnintended 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_8

»_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

¢ 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

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