HHBY THB6016H
THB6016H
PWM Chopper-Type bipolar
Stepping Motor Driver IC
The THB6016H is a PWM chopper-type sinusoidal micro-step THB6016H
ipolar stepping motor driver IC. =
It supports both 2-phase/1-2-phase/2W1-2-phase /4W1-2-phase A
xcitation mode and forward/reverse mode and is capable of [
ow-vibration, high-performance drive of 2-phase bipolar type e "
tepping motors using only a clock signal. W] . L
ppbeee
’ HZIP25-P-1.27

Features

Single-chip bipolar sinusoidal micro-step stepping motor
driver

Uses high withstand voltage BiCD process:

Ron (upper + lower) = 0.60 (typ.)

Forward and reverse rotation control available
Selectable phase drive (2, 1-2, W1-2, and 2W1-2)

High output withstand voltage: VCEO = 40 V

High output current: IOUT = HQ: 3.5 A (peak)
Packages: HZIP25-P-1.27

Built-in input pull-down resistor: 100k (typ.)

Output monitor pin equipped: MO current (IMO (max) =1 mA)
Equipped with reset and enable pins

Built-in overheat protection circuit
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Block Diagram
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Pin Functions

Fin No. 11 Symbol Functional Description
HQ FG
1 42 Input TG2 Torque setting input (cument setting) (builtdn pull-down resistor)
2 43 Input T Tarque sefting input {cument setting) (builtdin pull-down resistor)
3 45 Input CLK Step transition, clock input (built-in pull<down resistor)
4 47 Input EMABLE H: Enable; L: All sutput OFF (built-in pull-down resistor)
5 48 Input RESET L: Reset {output is reset to its initial state) (built-in pull-down resistor)
-] S0051 — SGND Signal ground (control side) (note:1)
T 53 — asCc Connects to and osdllates CR. Output chopping.
8 55/56 Input Ve Maotor side power pin (B phase side) (note:1)
9 61/62 Output QUT_BM OUTE output (note:1)
10 1 — PGNDE Power ground (note:1)
mo | o | .
12 &7 Output OUT_BP QOUT_B output (note: 1)
13 10811 Cutput OUT_AM OUT_A output (note: 1)
e s | — Nea  [enaneloutputcurtent detecio pin (meksor omactio).
15 16 — PGMNDA, Powaer ground
16 15420 Output OUT_aP OUT_A output (note: 1)
17 23 Output Mo Initial state detection output. ON when in initial state (opendrain).
18 25/26 Input VA Motor side power pin (A phase side) (note:1)
19 28 Cutput Pratect When TSD, ON {open drain). Nomal Z.
20 3031 Input Voo Cantrol side power pin. (note:1)
2 a3 Input CIICCW F:Jm:]dﬁ:::dcoﬁ:t::cgg:mﬂ'n. L: Farward; H: Reverse
22 35 Input M2 Excitation mode setting input (built-in pull-down resistor)
23 36 Input M1 Excitation mode setting input (built-in pullkdown resiston
24 38 Input DCY2 Current Decay mode setting input (built<in pulldown resistor)
25 39 Irput DCYA Current Decay mode setting input (builtdin pulldown resistor)
H: No NC

F: Other than the above pins, all are NC
Pull-down resistor 100 k  (typ.): [all control input pins]

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

=Terminal circuits=

Input pinz Output ins
(WA, M2, CLE, CWICCW, (MO, PROTECT)
EMABLE and RESET)

Voo

=100 02

100 £ :; -I

kil

F=an
100
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Absolute Maximum Ratings (Ta = 25°C)

Characteristic Symibol Rating Unit
B
Power supply voltage co W
ViAE 40
HGQ 35 )
Cutput current Peak lo ek Afphase
F& ' ) 25
M drain current I oy 1 mé,
Input voltage VN 5.5 W
5 (Mote 1)
HGQ
43 (Mote 2)
Power dissipation Fo W
1.7 (Mote 3)
F&
4.2 (Mote 4)
Operating temperaturs Topr —20 1o 85 "C
Storage temperature Tetg -55 10 150 °C

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

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

Operating Range (Ta = —30 to 85°C)

Characteristic Symibol Test Condition Min Typ. Max Unit
Voo — 4.5 50 3.5
Power supply voltage
VhaE Viass = VoD 45 — (34)
HO — — — 3
Cutput current louT &
Fi5 — — 1.5
Input voltage VN — 0 — 9.5
Clock frequency foLk — — — 15 kHz
OSC frequency fose — — — 600 kHz
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Electrical Characteristics (Ta=25°C, Vpp =5V, Vm =24 V)

Test

S - . - Ji o, g Uni
Characterizfic Symiol Circuit Test Condition Min Typ Max nit
High YN (H) 2.0 — Voo
Input voltage om — T | M1, M2, cWiCCW, CLK, RESET, Y >
W YIML) EMABLE, DECAY, T2, TQ2, ISD - — o
Input hy=teresis voltage Wy 1 — 400 — my

M1, M2, CWICCW, CLK, RESET,
I EMABLE, DECAY, TQ1, TQZ, ISD
(H)

Input current 1 Viy =30V :
P Built-in pull-down resistor wa

I iLy Vin=0V — — 1
Output open,
oo RESET : H, EMABLE: H — 3 5
(2, 1-2 phase sxcitation)
Output open,
Consumption current Yoo pin lopz 1 RESET : H, EMABLE: H — 3 g ma
(W1-2, 2W1-2 phase excitation)
Iooa RESET : L, EMABLE: L — 2 5
oo RESET: H, EMABLE: L — 2 5
Ipa1 RESET : HIL, ENABLE: L — 0.5 1
Consumption current Vi pin 1 ma
Ipaz RESET : HIL, ENABLE: H — 0.7 2
Cutput channel margin of error AV — |B&, Cose =0.0033 wF -3 — 5 %
VNEHH TQ1=H, Ta2=H 10 20 3o
WINF level WNFHL Tal =L, TQZ=H 47 50 o5 o,
Level differential VNELH Tal =H To2=L 70 75 a0
WHFLL Tl =L, TQZ=L 100
Minimum clock pulse width b oLk — |C=330pF — 7.7 — WS
MO output residual voltage Yo MO — |loL=1m& — — 0.5
TSD T5D — | iDe=ign target valus) — 170 — C
TSD hysteresis TSDhys — | iDe=ign target valus) — 20 — C

Cacillating frequency foee — |C=330pF 60 130 200 kHz
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Electrical Characteristics (Ta=25°C, Vpp=5V,Vm =24 V)
QOutput Block

Characteristic Symbol | 1o Test Condition Min | Typ. | Max | Unit
Circuit
Ron 1 . — 03 | 04
AHG lguT=154
i Ron L1k — | 03 | o4
Cutput OM resistor 4 0
Ron e — 0.35 0.5
AFG lguT=154
Ron L1F — 0.2s 0.5
2012 1-2-
phase phase g=0 — 100 —
excitation |excitation
— — =116 — 100 —
2012 _ 6=2M16
phase g3 58 100
gxcitation
_ — B=3ME6 91 95 100
2W1-2- —_ E=4/16
phase &7 592 a7
excitation
_ — =516 83 85 93
i, 2012 _ — g
0 phase =618 78 83 88
= excitation
,E _ — 6=THE 72 7T a2
£ iz 12
= | phase =arimes = E=3aM6 .
=N p— phase phase Veeto — To1=L TOZ=L G& 7 76 o
_E‘ excitation excitation | excitation seor -
= _ _ =916 58 63 G5
E
L Wi-2-
? phase — g=10M16 51 56 &1
) excitation
— — g=11186 42 47 52
W12
phase — 6=1216 a3 35 43
excitation
— — §=1316 24 29 34
W12
phase — & =146 15 20 25
excitation
— — B=15M6 5 10 15
2-phazs excitation — — 100 —
v T, TQ2 =L (100%) ce L
Feference voltage VHE — OSC' =100 hH[z ! 450 500 550 m
Cutput fransistor switching Ir RL=20 V=0V, — 0.1 -
characteriztice CL=15pF
t — 0.1 —
toLH 7 RESET fo output — 0.1 — pe
Delay time LH —_ 0.3 _
ha EMABLE to cutput
toHL — 0.z —
Upper side ILH — 1
Cutput leakage current 5] Vg =40V i
Lower side I — 1

Mote: Maximum current (& = 0); 100%
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Description of Functions

1. Excitation Settings
You can use the M1 and M2 pin settings to configure four different excitation settings. (The default is 2-phase

excitation using the internal pull-down.)

Input Made
M2 M (Excitation)
L L 2-phase
L H 1-2-phase
H L 4W1-2-phase
H H 2W1-2-phase
2. Function

You can change the output to OFF and Initial mode by using the ENABLE and RESET pins

respectively.
In Initial mode, the CLK and CW/CCW settings don’t matter.

Input
Output Mode
CLK CWICCW | RESET | ENABLE
A L H H CW
A H H H CCW
X L H Initial mode
X X L Z

X: Don’t care
3. Initial Mode
When RESET is used, the phase currents are as follows. In this instance, the MO pin is L (connected to open

drain).

Excitation Mods A Phase Current B Phase Current
2-phase 100%: —100%
1-2-phase 100% 0%
W1-2-phase 100%: 0%
2W1-2-phase 100%: 0%
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4. Current Decay Settings

Output is generated by four PWM blasts; 25% decay is created by inducing decay during the last blast in
Fast mode; 50% decay is created by inducing decay during the last two blasts in Fast mode; and 100%
decay is created by inducing all four blasts in Fast mode.

If there is no input with the pull-down resistor connection then the setting is Normal.

Dey2 ey Cumrent Decay Setting
L L Nomnal 0%
L H 25% Decay
H L 50% Decay
H H 100% Decay

5. Torque Settings (Current Value)
The current ratio used in actual operations is determined in regard to the current setting due to
resistance. Configure this for extremely low torque scenarios such as when Weak Excitation mode is

stopped.
If there is no input with the pull-down resistor connection then the setting is 100% torque.
TQ2 T Current Ratio
L L 100%
75%
H L 500
200
o o (weak excitation)

6. Protect and MO (Output Pins)

You can configure settings from the receiving side by using an open drain connection for the output pins
and making the pull-up voltage variable.

When a given pin is in its designated state it will go ON and output at Low level.

Fin State Protect [ (]
Low Owverheat protection operation Initial state
Z Mormnal operation Other than initial state

Open-drain connection

R
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7.0SC

Output chopping waves are generated by connecting the condenser and having the CR oscillate.

The values are as shown below (roughly: £ 30% margin of error).

Condenser Cadillating Frequency
1000 pF 44 kHz
330 pF 130kHz
100 pF 400kHz
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Relationship between Enable, RESET and Output (OUT and MO)
Ex-1: ENABLE 1-2-Phase Excitation (M1: H, M2: L)

N eigigigigigigigigigigigh

EMNABLE

RESET

MO

|:':!-’::I:II
100
71

-1
—100

tp 9 t2 t3 OFF i7 is

-
(=)

tio T4 t12

The ENABLE =ignal at Low level disables only the output signals. Internal logic funetions proceed in
accordance with input clock signals and without regard to the ENABLE signal. Therefore output current is
initiated by the timing of the internal logic circuit after release of disable mode.

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

CW —

o LALLM e

EMNABLE

RESET

MO

(%)
100
71

71
-100

to ts tz 13 t2 t3 14 f5 fi5 ty fa

When the RESET =zignal goes Low level, output goes Initial state and the MO output goes Low level (Initial
state’ A Channel output current is 100%).

Once the RESET signal returns to High level, output continues from the next state after Initial from the
next raize in the Clock signal.

10
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2-Phase Excitation (M1: L, M2: L, CW Mode)

SN eigigigipigigigh

MO

(%)
100

—100

(%)
100

—100

to tq ta t3 4 ts g ty

1-2-Phase Excitation (M1: H, M2: L, CW Mode)

CW —

I I I B

MO

(%)
100

71

=1
100

(%)

100
71

-1

—100

to ty ta t3 ty tg tg ty ta

11
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4W1-2-Phase Excitation (M1: L, M2: H, CW Mode)

36

12
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2W1-2-Phase Excitation (M1: H, M2: H, CW Mode)

CLK J'I.I'LI'LI'LI'LI'LI'LI'L'L'L*{'L'L'L'L'L'LTLP'L'L'L'L'L'L'L'L'L'L'L'L'L'L

[l e
(%)

oty t2 t3 by 15 Y5 17 tg to Botpitiztiatiatistietirtiatiatzotz g tzateatza tas gtz r iz taa tag 1ay taz

13
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<|nput Signal Example>

<:|<|_]

T[s}

h1

hi2

RESET
(%)
100

1.4

-7.4
-
-100

L L LU

JEpEpsp=

=

=

=

1-2-phase excitation

WH-2-phase excitation

14
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Output Stage Transistor Operation Mode

Vi Vi Vi
ur ]| uz U1 Uz U1 . . uz2
= * o = = = o = o= = [ =k
| Note | L2 Gl C Note OFF  OFF | Note |
: Load ' Load ! Load |
OFF i [on] [on] L2 L i ; L2
= | = = * LI = | # =
L s ERT i s " orr
A o~ s A A
| - — > — -
! I
RnF RuF RuF $
PGND PGND i PGND
Charge Mode Slow Mode Fast Mode
Output Stage Transistor Operation Functions
CLK U1 uz L1 L2
CHARGE oN OFF OFF ON
SLOW OFF OFF ON OM
FAST OFF ON ON OFF

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

CLK (W) 2 L1 L2
CHARGE CFF O ON OFF
SLOW CFF OFF N O
FAST ON OFF COFF O

15
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1. How to Turn on the Power

Turn on VDD. When the voltage has stabilized, turn on VMA/B.

In addition, set the Control Input pins to Low when inputting the power.

(All the Control Input pins are pulled down internally.)

Once the power is on, the CLK signal is received and excitation advances when RESET goes high and
excitation is output when ENABLE goes high. If only RESET goes high, excitation won't be output and
only the internal counter will advance. Likewise, if only ENABLE goes high, excitation won't advance even
if the CLK signal is input and it will remain in the initial state.

The following is an example:

=Recommended Control Input Sequencea:=

CLK
H i
RESET !
R B T T '
H Vo i T
1 1]
h| i
EMABLE L E :
|
H :
ouT L 4 Z ! e Output »
:
] |
Intermal cument Setting .
Cutput current 2etiing z
Internal current setting: Invariable Internal current setting: Variable
Output OFF

2. Calculating the Setting Current
To perform constant-current operations, it is necessary to configure the base current using an external
resistor. If the voltage on the NFA (B) pin is 0.5 V (with a torque of 100%) or greater, it will not charge.
Ex.: If the maximum current value is 1 A, the external resistance will be 0.5 W.

3. PWM Oscillator Frequency (External Condenser Setting)
An external condenser connected to the OSC pin is used to internally generate a saw tooth waveform.
PWM is controlled using this frequency. Toshiba recommends 100 to 3300 pF for the capacitance, taking
variations between ICs into consideration.
Approximation:fosc=1/(Cosc*1.5*(10/Cosc+1)/66)*1000kHz

16
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4. Power Dissipation

The I1C power dissipation is determined by the following equation :
P=Vobp*lout*Ron*2drivers

The higher the ambient temperature, the smaller the power dissipation.

Check the PD-Ta curve, and be sure to design the heat dissipation with a sufficient margin.

5. Heat Sink Fin Processing

The IC fin (rear) is electrically connected to the rear of the chip. If current flows to the fin, the 1C will
malfunction. If there is any possibility of a voltage being generated between the IC GND and the fin, either
ground the fin or insulate it.

6. Thermal Protection
When the temperature reaches 170°C(as standard value),the thermal protection circuit is activated
Swithing the output to off. There is a variation of plus or minus about 20 C in the temperature that
Triggers the circuit operation.

17
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= . i Yy 7
I -:I L -\l | J
-{_ 3 cLK VoD Vi VB
e
- OUTAP
P [
= RESET H-SW A
e
- CUTAM
P [
| ENBBLE | | ogic
-
L
- MFCompd b= .
| m2 - » OUTBP [ —f 1 )
H-S5W B S
»_] cwiccw » OUTBM [ )
..1:-3 Doy Current e L~
i Conirol Mea [~ l
B 3 MFCompE
o 2
LA DCY : RNF2
-
T I
P -
"1\__", TQ2 by
Mra [~
() Protect
RNFB 2
MO 0sC SGND PGMD J_
O] - ) ) -
\I/ 0.5 0 I0OUTmax = 1.0 A
H1f R2z 100 pF = 400 kHz

MCLU
ar
Extemal
nput
33V .r"—'\1
ar
sav S
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Package Dimensions

HZIP25-P-1.27

14.040.2

2.76TYP.

10.040.3

17.340.3

[T

[i.27 0.5540.1 1.0£0.1

Weight: 9.86 g (typ.)

3.740.3

Unit : mm
5.010.3
o
| BT ]
=+ 1%
|— —r— =] Eor]

E 2.578TYF

l! 0.428:5
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