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TOSHIBA TB6504F

TOSHIBA Bi-CMOS INTEGRATED CIRCUIT SILICON MONOLITHIC

TB6504F

PWM CHOPPER TYPE BIPOLAR STEPPING MOTOR DRIVER.

The TB6504F is PWM chopper type sinusoidal micro step
bipolar stepping motor driver.

FEATURES

® 1 chip bipolar sinusoidal micro step stepping motor
driver.

® OQutput Current up to 150mA

$SOP24-P-300-1.00
® PWM chopper type. Weight : 0.32g (Typ.)

® Structured by high voltage Bi-CMOS process technology.

® Forward and reverse rotation are available.

® 2, 1-2, W1-2, 2W1-2 phase 1 or 2 clock drives are selectable.

® Package : SSOP24-P-300-1.00

® Input Pull-Up Resistor equipped with RESET and ENABLE Terminal : R =200k} (Typ.)
® Output Monitor available with MO. Ig (M0) = £ 2mA MAX.

® Reset and Enable are available with RESET and ENABLE.

961001EBA1

@ TOSHIBA is continually working to improve the quality and the 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 observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product 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 products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

)} @The products described in this document are subject to foreign exchange and foreign trade control laws.

I @ The information contained herein is presented only as a guide for the applications of our products. No responsibility
\h7 o istassumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
N _sparties which may result from its use. No license is granted by implication or otherwise under any intellectual
{p'operty or other rights of TOSHIBA CORPORATION or others.
| @ The information contained herein is subject to change without notice.
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BLOCK DIAGRAM
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TOSHIBA

TB6504F

PIN FUNCTION
PIN No. SYMBOL FUNCTIONAL DESCRIPTION
1 CK1 Clock signal input terminal. TRUTH TABLE A
2 M1 Excitation control input.
3 M2 Excitation control input. TRUTH TABLE B
4 REF IN VNE control input. High Level ; VNE=0.5V, Low Level ; VNF=0.25V
5 MO Monitor output.
6 NC No connection.
7 Vee Supply voltage terminal for contol circuit.
8 VVIB Supply voltage terminal for Motor Drive.
9 4B Output B
10 PG-B Power GND
11 NFB B-ch current detection terminal.
12 $B Output B
13 $A Output A
14 NFA A-ch current detection terminal.
15 PG-A Power GND
16 dA Output A.
17 VMA Supply voltage terminal for Motor Drive.
18 NC No connection.
19 S-GND Signal GND.
20 RESET Reset signal input terminal.
21 ENABLE Enable signal input terminal. TRUTH TABLE A
22 0sC Sawtooth oscilation terminal.
23 CW/CCW [Forward rotation/Reverse rotation input terminal.
24 CK2 Clock signal input terminal. TRUTH TABLE A

PIN CONNECTION (Top view)

ek N~ 24 [] ck2
m1 [ 2 23 fcwrcew
M2 [ 3 22 [l osc
rer v [ 2 21 DENABLE
Mo 15 20 [] RESET
el 1 |3 19 [ s-GND
veell7 18 I nC
vve [} 8 17 1 Vma
131 B 16 [ gA
pc-8 [} 10 15 f PG-A
NFB [} 11 14 [I NFA
s8] 12 N (Note) NC : No connection




TOSHIBA

TB6504F

TRUTH TABLE A

INPUT
CK1 ck2 [ cw/ccw | RESET ENABLE MODE
al H L H L cwW
JL L L H L INHIBIT
H A+ L H L ccw
L I L H L INHIBIT
il H H H L ccw
L L H H L INHIBIT
H 5 H H L cw
L JL H H L INHIBIT
X X X L L INITIAL Z : High impedance
X X X X H 7 X : Don't Care
TRUTH TABLE B INITIAL MODE
M1 INPUTM2 (EXXTOADT'fON) MODE lour 4 | lout ®)
L L 2 Phase 2 Phase 100% -100%
H L 1-2 Phase 1-2 Phase 100% 0%
L H W1-2 Phase W1-2 Phase 100% 0%
H H 2W1-2 Phase 2W1-2 Phase 100% 0%
EXCITATION

2 Phase excitation (M1 : L, M2 : L, CW MODE)

« Huyuudyuuyy

[T L

MO
(%)
10
1A 0
-100
(%)
10
1B 0
-100

t 4

t2 t3 ta t5

te

t7

1-2 Phase excitation (M1

: H, M2 : L, CW MODE)

« HYUUYUUYHULHLL

-72.5
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100

72.5]

-72.5

-10
to 4

t2 t3 ta

t5  tg

t7 18




TOSHIBA TB6504F

W1-2 Phase excitation (M1 : L, M2 : H, CW MODE)

« JYHUYUYUYLUYL UL
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TOSHIBA TB6504F

2W1-2 Phase excitation (M1 : H, M2 : H, CW MODE)

o« Uy UuUUUyyuruuy ooy
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TOSHIBA

OUTPUT CURRENT VECTOR ORBIT (Normalize to 90° for each one step)

-100

-91

-84

=725

=575

-42

-22

S

SO0
Ll

A

3\ 62

// // /77:\,\\\\ 4
vaN
17777
I1//sa%a1)
Lo i —TT
—

0 2‘98 T 554;9 7i1 725 84 91 100
ROTATION ANGLE VECTOR LENGTH
b IDEAL TB6504F IDEAL TB6504F
60 0° 0° 100 100.00 —
a1 11.25° 12.41° 100 102.39 —
62 22.5° 27.78° 100 100.22 —
03 33.75° 34.39° 100 101.80 —
04 45° 45° 100 102.53 141.42
g5 56.25° 55.61° 100 101.81 —
06 67.5° 65.22° 100 100.22 —
a7 78.75° 77.59° 100 102.39 —
g8 90° 90° 100 100.00 —
1-2, W1-2, 2W1-2 Phase| 2 Phase

TB6504F

(2 PHASE ONLY)
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OUTPUT CIRCUIT

CHANNEL
T @ Vaa
1 N/
DECODER [>o
F ¥ Y
Q .l
N |4
> K x —
N
L~ O\ NF
A ” Vecd %
NOISE CANCELER CIRCUIT ‘/VNF
e J’
~ s /10—
DECODER —>——
MAX OUTPUT
0sC
CURRENT CURRENT () 0sC 22)
LIMIT CONTROL J_
| I
SI) ?
REF IN SG
REF IN : “H” Level
VNE=0.5V
REF IN : “L” Level
VNE=0.25V
INPUT CIRCUIT
CK1, CK2, CW/CCW, M1, RESET, ENABLE : Terminal OSC : Terminal c
M2, REF IN : Terminals Vosc Jose
Vee v o
v Y F &
cc cc S he £33
5 s —_—
x KO L 3 =32 Q1 To Comparator
O0— To Logic o wmi—fE>0—d >—=To Logic Va Q>
1k
3 7 3 s ~ g
32 Q B I
GND GND
GND
R3 .
Va={Vee-V, =2.15v
A=(VeC- VP o R 21




TOSHIBA TB6504F

0OSC FREQUENCY CALCULATION

Sawtooth OSC circuit consists of Q1 through Qg and R1 through R4.

Q> is turned “off” when Vpgc is less than the voltage of 2.5V +Vgg Q) approximately equal to
2.85V.

Vosc is increased by Cogc charging through R1.

Q3 and @4 are turned “on” when Vgsc becomes 2.85V (Higher level.)

Lower level of V @ pin is equal to Vgg Q2 +VsaT Q4 approximately equal to 1.4V.

Vosc is calculated by following equation.

VOSC=5-[1—exp(—m)] ......................... Q)

Assuming that Vogc=1.4V (t=1t1) and =2.85V (t=t))
Cosc is external capacitance connected to pin@ and R1 is on-chip 10k resistor.
Therefore, OSC frequency is calculated as follows.

t1=—COSC-R1-€n(1—%) .............................. @

ty=-Cosc-R1-en(1-28% ®
1 _ 1

fOSC - -tz_t,l -

Cosc(R1-¢n (1 —%)_m -en (1 _2?8_5_))

1
=————(kHz) (C . uF
5.15-C05C( 2)(Cosc : #F)




TOSHIBA TB6504F

ENABLE AND RESET FUNCTION AND MO SIGNAL

o S Moo
ENABLE [ l
‘RESET
MO
(%)
100
725
1A Q
-725
-100
to 1t 3 OFF t7 tg t9 t0 t11 ty2

Fig.1 1-2 Phase drive mode (M1 : H, M2 : L)

ENABLE Signal disables only Output Signal.

Internal logic functions are proceeded by CK signal without regard to ENABLE signal.

Therefore, Output Current is initiated from the proceeded timing point of internal logic circuit after
release of disable mode.

Fig.1 shows the ENABLE functions, when the system is selected in 1-2 Phase drive mode.

As RESET is low, the decoder is initialized and MO is low.

After RESET is high, the motion is resumed from next clock as shown in Fig.2.

o JH L L L L
ENABLE
RESET
MO
(%)
100
725

IA 0o —

-725
-100

to 1 t2 3 INTIAL B2 83t ts tg t7 tg

MODE

Fig.2 1-2 Phase drive mode (M1 : H, M2 : L)

MO (Monitor Output) Signals is used as rotaion and initial signal for stable rotation checking.




TOSHIBA TB6504F
MAXIMUM RATINGS (Ta =25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Vce 55
Supply Voltage VM (opr) Vcc-0.3~10 \
VM (MAX) 18
I 150
Output Current 0 (%X) mA
lo (MO) +2
Input Voltage VIN ~Vce Vv
Power Dissipation P 0.59 (Note 1) w
P D 0.83 (Note 2)
Operating Temperature Topr -10~70 °C
Storage Temperature Tstg -55~150 °C
Feed Back Voltage \ 1.0 Vv
(Note 1) No heat sink
(Note 2) With heat sink (50x50x 1.6mm Cu 10%)
RECOMMENDED OPERATING CONDITIONS (Ta= -10~70°C)
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN TYP. | MAX. | UNIT
CUIT
Supply Voltage VeCiopr) | — — 4 5.0 5.5 Vv
Output Voitage VM (opr) — — 5.5 — 8.0 Vv
Output Current louT — — — — 120 mA
Input Voltage VIN — — — — Vee \
Clock Frequency fcLock — — — — 5 | kHz
OSC Frequency fosc — — 15 — 80 | kHz




TOSHIBA TB6504F
ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Ta=25°C, Vcc =5V, Vi =8V)
TEST
CHARACTERISTIC SYMBOL CIR- TEST CONDITION MIN. [ TYP. | MAX. [ UNIT
CUIT
. V
High | VIN (H) 35| — +ga
Input Voltage M1, M2, CW/CCW, REF IN - v
1 i GND
Low | VIN(L) ENABLE, CK1, CK2, RESET ol — 15
Input Hysteresis Voltage | VH — 600 | — mV
IN-1 (H) M1, M2, REF IN, V|y=5.0V — | — 1 100] nA
RESET, V|N =0V, ENABLE
Input Current IN-1 (1) ' |INTERNAL PULL-UP RESISTOR S| 25| S0 #A
lIN-2 (L) SOURCE TYPE, V|y=0V — [ = 1 100] nA
Output Open RESET : H
lcct ENABLE : L — 0] 18
(2, 1-2 Phase excitation)
Quiescent Current Output Open (W1-2, 2W1-2
| 2 |Phase excitation) . 10 18 mA
Vce Terminal cc2 RESET : H
ENABLE : L
lcc3 RESET : L, ENABLE : H — 5] —
Icca RESET : H, ENABLE : H — 5 —
REF IN H
High | V 0.45 0.5| 0.55
Comparator 'gh | YNF (H) , |RNE=50, Cosc=000334F y
Reference Voltage REF IN L
Low | VNF (L) RNF =250, Cosc =0.00334F 0.22 | 0.25| 0.28
Output Differential av B/A, COsC=0.0033xF 10 0] %
utput o ' 0 ~ |RNF=2.5Q, REF IN=L - °
VNF (L) / VNF (H) o
VNP (H) = VNF (L) AVNF ~ | cosc =0.0033.F 43 50 57| %
Maximum OSC Frequency |fosc (MAX)| — — 100 | — — kHz
Minimum OSC Frequency |[fosc(MIN.) | — — — — 10 | kHz
OSC Frequency fosc — [Cosc =0.0033uF 31 44 70 | kHz
Vv — llon = -40.A 45| a9]v
Output Voltage OH (MO) OH £ cC Y
VoL(MO) | — |loL=40xA GND| 0.1] 05




TOSHIBA TB6504F

OUTPUT BLOCK

CHARACTERISTIC SYMBOL T(‘Egr TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT
Upper Side |VsaT U1 — 0.90 | 1.25
. - loyT=0.12A
Output Saturation |Lower Side (VAT L1 — 0.22 | 0.37
- 4 \'}
Voltage Upper Side |VsaT U2 _ — 083 | —
Lower Side | VgaT 12 loyT =0.06A —_ 012 —
Diode Forward Upper Side [ VF y1 5 |iouT=0.12A — | 118 18 v
Voltage Lower Side |VF 1 — | 092 16
ENABLE : “H" Level
IM1 RESET  : "L" Level — — 50 | A
Qutput Dark Current gﬁt%ﬁ O_p(_:,‘,r:_,, ovel
(A +B Channels) WSET g L::ZI
M2 2 Output Open, _ 8 28
2 Phase excitation mode mA
ENABLE : “L" Level
NF Terminal Current INE RESET : "H” Level 1 2.5 7
Output Open
2W1-2¢ [W1-2¢]1-2¢ 6=0 — | 100 —
w124 — | — 6=1/8 — [ 100 —
2W1-24 |W1-2¢4 | — =2/8|REFIN:L 86 91 96
A-B 2W1-2¢4| — — |vECTOR 3 0 =3/8|RNF=2.5() 79 84 89
Chopping[2W1-2¢ [W1-2¢ [ 1-2¢ f=4/8|Cosc=0.0033uF | 675] 725] 77.5|
Current [12W1-2¢| — — f=5/8L=10mH/R=0501| 525| 575]| 625
(Note)  [2w1-2¢|W1-2¢| — 0=6/8 37| 42| 47
2w1-24| — [ — 6=7/8 17| 22| 27
2 Phase Excitation . _ _ — 00| —
Mode VECTOR

(Note) Maximum current (¢ =0) : 100%
2W1-2¢4 : 2W1, 2 phase excitation mode
W1-2¢4 : W1, 2 phase excitation mode
1-2¢ : 1, 2 phase excitation mode




TOSHIBA TB6504F

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT
2W1-2¢ [W1-24[1-2¢ 6=0 — | 00| —
2W1-2¢4| — — 6=1/8 — 100 | —
2W1-2¢ |\W1i-2¢| — G=2/8|REFIN:L —_ 91.2| —
A-B 2W1-24 — — 8=3/8|RNF=3.30) — 84.2 —
Chopping[2W1-24 [W1-2¢[1-2¢ 6=4/8|Cosc =0.00334F — [ 736 — | ,
Current |2W1-2¢4| — — VECTOR | 3 §=5/8|L=20mH/R=600 | — 59 | — %
(Note)  [2w1-2¢|W1-24| — 0=6/8 — | 446 | —
w124 — | — 6=7/8 — | 256 —
2 Phase Excitation 100
Mode VECTOR _ _ T
A0=0/8-1/8 — 0 —
AG=1/8-2/8 10 225 35
20-2/8-3/8 §|E|FFIN2:5LQ 5| 175| 30
Feed Back Voltage Step AVNE — |(46=3/8-4/8 c - 16.25 [28.75 |41.25 | mV
a6=4/8-5/8| B¢ | 25| 375] 50
A40=5/8-6/8| /" [26.2538.75 [51.25
A0=6/8-7/8 37.5 50| 625
tr RL=20, VNE=0V, — 03| —
tf CL=15pF — 22| —
t — 1.5 —
pLH -
tonL CK~Output — 7 —
Output Tr Switching tpLH — 54| —
Characteristics tpHL 7 | O5C~Output — 63| — Hs
t N — 2.0 —
pLH RESET~Output
tpHL — 2.5 —
tpLH - — 50| —
ENABLE~
tonL Output — 601 —
Output Leakage Upper Side | IoH ~ — — 50
Current Lower Side [ IoL 6 |Vm=18V — — 50| ~“A

(Note) Maximum current (¢ =0) : 100%
2W1-2¢4 : 2W1, 2 phase excitation mode
W1-2¢4 : W1, 2 phase excitation mode
1-2¢ : 1, 2 phase excitation mode




TOSHIBA TB6504F

p—o ENABLE

TEST CIRCUIT 1. : V)N (H): (L) IIN (H): (L) TEST CIRCUIT 2. : ICC, IM: INF
P oscilloscope
. 0066 &x CL(SWLGL ® @')@
— 5 ~ Vee MO v OY“ ——o~yu_ K Vee Vv

—c:a) ] CK1 A ° CKZ\J A

»—m—o——@ CK2 @¢T° >J - 24 @?STO\, .
P.EI 1:3 $A \+ © ._m_-_ 1:3¢ co_-_m_“_

»—oHRESET ® D | . RESET % @NFA

o—2'G]  TB6504F  [f° oo l3] TBE504F  [FE

= MZ@ 0 ¢8 ° M2 - 5 ¢ o0
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w
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o~ %52 (DA
[~ — e
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E £E
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’—3 ‘RESET@ @NFA T
A\ N/ /J7 c
oo "G]  TBE504F i 7 g%
2 12— 8 o3
] M2 ¢B T T
—o—o—3 9 § £
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SG PG

19 15 (0

i}
D
©
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a

=
&) (N
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2 .50
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TOSHIBA TB6504F

TEST CIRCUIT 4. : Vg (sAT) Upper, Lower

]

8V

T

QOO ®

BT

®

s

[ o~~—"()] TB6504F

oCW / CCW
—o

<

(Note) 2

o ENABLE

o REF IN
Qf @?@@
4>
= LN

77

(Note) Calibrate Output Current becomes 0.06A (or 0.12A) with this resistor.

TEST CIRCUIT 5. : VF-y, VF-L TEST CIRCUIT 6. : IoH. loL
. oo g
[ /; [Ta] °
@®$% e £®éé ®
@ Vm A . =] @ Vee VM s o—. §
16, o 16, o
@ —") @ —
PA o ] o
@—o—:z @—O—.OL
© TB6504F ® ¢B o G TB6504F ® g8 | =
— o—4 — o—¢
G O G o e N
23 o 53 o—{
g T g 11NFB
0sc osc
@ PG 2— @ $G PG —1 (‘AB
T f T N

{Ngte
NG

N
¥

(Note) Not to take a GND with any non-connecting Pins.
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AC ELECTRICAL CHARACTERISTIC, TEST CIRCUIT

CK(0SQ)-OouUT

CLOCK
(0sC)

Vm

ouTt

GND

50%
(tosc) N

tCLOCK tCLOCK
50% 50% 50%
(tosc) N
90%7 XK‘JO%
50%
10%
tr tf
tpLH tpHL l
1
Pb - Ta
15
@ NO HEAT SINK
g @ HEAT SINK
a (50x50x1.6mm Cu 10%)
o 1.0
=4
€]
<
o \ ®
wy
Jad
e 0.5 ~
-2 . ~
il ~
2 ®\\\\\\
2 ~>s_
~
\\\\1\
s
0
0 50 100 150

AMBIENT TEMPERATURE Ta (°C)

200
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VCE (SAT) - louT VCE (SAT) - louT
15 0.5
OUTPUT UPPER SIDE OUTPUT LOWER SIDE
SATURATION VOLTAGE SATURATION VOLTAGE
13 0.4
s s
= 1 = 03
e e e
b3 < =
g o9 — 5 -~
o . —— o 02
” | ” //
//
0.7 0.1 /,
0.5 0
0 25 50 75 100 125 150 0 25 50 75 100 125 150
lout (mMA) lour (mA)
VM - VNF CHARACTERISTICS
260 T
0] ® Lg=20mH +0£)
— @ @ Ls=20mH + 100
® Lg=20mH +20Q)
220/_,© — ] @ Lg=20mH +300)
,//@,,’-—— ,_,_:—: g Lg=20mH +403
s [ Lg=20mH + 50
E I e I e el I st D i
= 180, /®—' e " @ Lg=20mH + 6082
& T} —T——t— T ] ® L5=20mH+700
> -2~ //" L. AP e ® Lg=20mH +800)
r P
//‘ e.T _1 /// @ Lg=20mH +900
1Hor— /®/‘ e CONDITION :
L~ B ’/®/// Out of PWM control RNF = 2.4
- |- Vee=5V
o~
=0. F
100l Cosc=0.0039.

5.0 55 6.0 6.5 7.0 7.5 8.0

Vv (V)
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APPLICATION CIRCUIT

(Note 1)

(Note 2)
(Note 3)

(Note 4)

Vee=5V

CPU
110

Vee

CK1

CK2

CwW/CCW

RESET

ENABLE

M1

M2

H/L——&) ReF IN

3300pF

0OsC

Vm

OUT-A

OUT-A

OUT-B

TB6504F

OUT-B

NFA

NFB

SG PG

4700pF
R

OV =8V

e
[

Q]g) 15, 10,

7

(Note 2)
GND

Schottky diode (U1GWJ49) to be connected additionally between each output (pin
16/13/12/9) and GND for preventing Punch-through Current.
GND pattern to be laid out at one point in order to prevent common impedance.
Capasitor for noise suppression to be connected between the Power Supply (Vcc,
VM) and GND to stabilize the operation.
Utmost care is necessary in the design of the output line, Vg and GND line since

IC may be destroyed due to short-circuit between outputs, air contamination fault,
or fault by improper grounding.
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OUTLINE DRAWING
SSOP24-P-300-1.00 Unit : mm
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Weight : 0.32g (Typ.)




