SIEMENS

Stepper Motor Drivers TCA 1561B

TCA 1560
Advance Information: TCA 1560 G Bipolar IC
Features

® 2.5 A peak current

® High-speed integrated clamp diodes

® Simple drive

® Thermal overload protection with hysteresis

Type Ordering Code Package
ETCA 1561 B | Q67000-A8209 | P-SIP-9
BTCA 1560 B | Q67000-A8208 | P-DIP-18-L9

B YTCA 1560 G | Q67000-A8272 | P-DSO-20-L12 (SMD)
V¥ New type

The TCA 1561B is a bipolar monolithic IC designed to
control the motor current in one phase of a bipolar
stepper motor. It can also be used to drive direct-
current motors as well as all inductive loads operated
by constant current.

The IC has TTL-compatible logic inputs and contains
a full-bridge driver with integrated, high-speed free-
wheeling diodes and chopper-operated dynamic motor
current limiting. The nominal current is infinitely variable
with a control voltage. Using a minimum of external
components and a single supply voltage, two TCA 1561 B
ICs form a complete and directly MC-drivable system
for two-phase bipolar stepper motors with output currents
up to 2.5 A per phase.

The functionally identical TCA 1560 B in P-DIP-18-L9
package is designed for output currents up to 1.25 A.
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TCA 1561B
TCA 1560B

Pin Configurations

{top view)
TCA1561B TCA 1560B
@ oi—] RN a1 1] - ] 18
Phase Input 2 =] Phase input 2 [] ]
Enable input 3 =] Enable tput 3 [] ] 1
Actual Current & =] Actual Current & [] 115
Vs 5 —< ] O v 5[] ] Lot be Connected
GND 6 ——C ] o 6] :]13 to n€
Sync Input/RE 7 =] sync Input/RC 7 [ ] 12
Nominal Current Input 8 =] Nominal Current input 8 ] ]
02 9 =— ] 0z 9] o |
Pin Definitions and Functions
TCA 1561 B TCA 1560 B
Pin Symbol Function Pin Symbol Function
1 Q1 Qutput Q1 1 Q1 Output Q1
2 Phase input 2 Phase input
3 Enable input 3 Enable input
4 Actual current 4 Actual current
5 Vs Supply voltage 5 Vs Supply voltage
6 GND Ground 6 GND Ground
7 RC Sync input/RC 7 RC Sync input/RC
8 Nominal current input 8 Nominal current input
9 Q2 QOutput Q2 9 Q2 Output Q2
10-18 GND Ground (must be
The cooling fin is connected connected to pin 8)
internally to pin 6 (ground).
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TCA 1560G

Pin Configuration

P-DS0-20-L-12
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Pin Definitions and Functions

Pin Symbol Function
1 Q2 Output
2,3 N.C. Not connected
4-7 GND Ground
8 N.C. Not connected
9 Iy Actual Current
10 M Output
11 | PH Phase Input
12 | ENA Enable Input
13 N.C. Not connected
14-17 GND Ground
18 | SYN/RC | Synchron. Input/RC
19 | Iyom Nominal Current Input
20 Vs Supply Voltage
643
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TCA 1560

Notes in brackets refer to TCA 1560 G!

Block Diagram
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TCA1561B
TCA 1560

Circuit Description
Notes in brackets refer to TCA 1560 G.

Outputs

Outputs Q1, Q2 at pins 1, 9 (pins 1, 10) are fed by push-pull output stages. The two
integrated free-wheeling diodes, referred to ground or supply voltage respectively, protect
the IC against flyback voltages from an inductive load.

Enable

Outputs Q1 and Q2 are turned off when voltage V;<0.8 V is applied to pin 3 (pin 12).
The supply current then decreases maximally to 1 mA. The same occurs if pin 3 is not
connected. The sink transistors are turned on when V322 V.

Phase

The voltage at pin 2 (pin 11) determines the phase position of the output current. Output Q1
acts as sink for ¥, <0.8 V and as source for {,>2 V.

Similarly output Q2 acts as

sink when V|, =22 V and
source when [, <0.8 V

The sink transistors are current-chopped. An internal circuit avoids undesired cross-over
currents at phase change.

Nominal Current Input

The peak current in the motor winding is determined by the voltage at pin 8 (pin 19).
A comparator compares this with the voltage drop at the actual current sensor at pin 4.
if the nominal current is exceeded, the output sink transistors are turned off by a logic circuit.

Sync Input/RC

Outputs are turned on by a signal at pin 7 (pin 18). Two operating modes are possible:
synchronizing by a fed-in TTL signal or free-running with the external RC combination.

Free-Running Operation

When the supply voltage is applied, capacitor C, at pin 7 (pin 18) charges to a limiting
voltage, typically 2.4 V. With increasing current in the motor winding, the voltage rises at the
actual current sensor R, at pin 4 (pin 9). After exceeding the predetermined value at the
nominal current input (pin 8) the comparator, in conjunction with pulse suppression, resets
an RS flipflop. The logic turns off sink transistors T3 and T4. C, ceases charging and the
parallel resistance R, the discharges C,. The sink transistors remain turned off until the
lower threshold voltage of the Schmitt trigger is reached. This off period is thus controlled
by the time constant t, = R, x C;. After the lower trigger threshold has been passed, the
monoflop is triggered by the falling edge of the Schmitt trigger output and, provided the
voltage at the actual current sensor at pin 4 (pin 9) is lower than the nominal value at pin 8
{pin 19), the RS flipflop is reset. The logic circuit then turns on the sink transistors T3 or T4
and recharges capacitor C,. If the voltage at pin 4 (pin 9) rises above the comparator
value at pin 8 (pin 19), the sink transistors T3 and T4 are turned off again. Turn-on cannot
be repeated until capacitor C; has discharged to the lower trigger threshold, the discharge
time being a function of R, and C,.
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TCA 1560

Synchronous Operation
Notes in brackets refer to TCA 1560 G

If a TTL level sync signal is fed to pin 7 (pin 18), the negative edge sets the RS flipflop,
via the Schmitt trigger/monoflop combination, provided that the voltage at pin 4 (pin 9) is
below the nominal value at pin 8 (pin 19). As in the free-running operation mode, the relevant
output transistors become conductive. Similarly they are cut off by resetting the RS flipflop
once the voltage at pin 4 (pin 9) is higher than the nominal value at pin 8 (pin 19).

Pulse Suppression

In all cases the pulse suppression circuit eliminates positive pulses, typically of 0.5 ps
duration, at pin 4 (pin 9). These can result from cross-over currents in chopper operation
through the integrated free-wheeling diodes. As a result, the voltage at pin 4 (pin 9) rises
well above the nominal value, and without pulse suppression this would lead to dynamic
current limiting. The duration of these basically unavoidable cross-over currents is of the
same order of magnitude as the reverse-recovery time of the free-wheeling diodes.

Temperature Safeguard

If the temperature of the IC rises to approx. 150 °C, the final stages are turned off. At approx.
130°C they are turned on again.

Logic Table

Enable L L H H

Phase L H L H

Output Qi / / L H

OQutput Q2 / / H L

Transistor T1 X X X . at:

Transistor T2 X X - X V,>10mV (V,>10 mV)*
Transistor T3 X X - X R,>0Q (Ry>0Q)*
Transistor T4 X X X -

L Low voltage level, input open
H = High voltage level
X = Transistor turned off
= Transistor conducting
- = Transistor conducting with current limiting turned on
/= Output high-impedance
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TCA1561B

Absolute Maximum Ratings
T.=—40°Cto 85°C

Limit Values
Parameter Symbol min. max. Unit
Supply voltage, pin 5 Vs -0.3 45 \
Supply current, pin § I 0 25 A
Peak current in
output transistors, pin 1, 9 I -2.5 25 A
Diode Currents
Diode to +Vg Iy 25 A
Diode to ground Ir 25 A
Input voltage, pins 2, 3,7, 8 v -0.3 6 v
Output current, pin 4 I, —2.5 A
Voltage, pin 4 Vs —0.3 5 \
Ground current, pin 6 Ig 2.5 A
Junction temperature T; 150 °C
Storage temperature Tetg —40 125 °C
Thermal resistance
system — ambient Rin sa 70 K/W
system — case Rin sc 8 K/W
Operating Range
Supply voltage, pin 5 Vs 8 40 \'
Case temperature Te —40 85 °C
Input voltage, pins 2, 3, 7 v 5 \
Output current Iq -2 2 A
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TCA 1561B

Characteristics
Ve=24V; T, =25°C
Limit Values
Parameter Symbol | min. typ. max. Unit Test Conditions
Supply current, pin 5 I 18 30 mA Via = Vi
Supply current, pin 5 Is 0.5 1 mA Vig=WV,
Output, Pins 1, 9
Output voltage: source Van 1.7 1.8 \Y IHgl=1A
Output voltage: source Van 1.9 2.1 \ tIqgl=15A
Output voltage: sink VoL 1.2 1.4 v I Igl=1A
Output voltage: sink Var 1.5 1.7 \' IIgl=15A
Reverse current 1 Ins i 300 WA
Phase dead time tr 0.1 0.3 1.0 us figure 1
Forward voltage of diodes Ve 1.0 1.2 Vv Iry=1A
to +Vg Ven 1.1 13 Vv Ien=15A
Forward voltage of diodes Vel 1.1 1.3 % I =1A
to ground Vi, 1.3 1.5 v I =15A
Inputs: Enable, Pin 3
and Phase, Pin 2
H-input voltage Vin 2 \
L-input voltage ViL 0.8 v
H-input current Iy 50 100 A Vih=5V
L-input current —I 100 pA Vii=0V
Rise and fall time t, b 2 us
Nominal Current, Pin 8
Control range Vig o] 2 \)
Input current —Ig 5 pA Vig=0V
Input offset voltage Vis-a) 0 mv figure 3
Actual Current, Pin 4
Control range Via 0 2 \ figure 3
Turn-off delay i 2 3 s figure 4
Sync Input/RC, Pin 7
Sync frequency f 1 100 kHz Duty cycle: 0.5
Duty cycie D 0.1 0.9 f=40kHz
Rise and fall time t, t; 2 us
Qutput current, pin 7 —Iq7 1.2 1.6 2.0 mA
Trigger threshold, pin 7 Vi7 0.6 0.8 \Y figure 2
Charging limit C; Var 2.2 24 '
Off period torr 64 us figure 5
Dynamic input resistance Rz 1 kQ V=15V
pin7
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TCA 15608

TCA 1560G

Absolute Maximum Ratings
T.=—-25t085°C
Notes in brackets refer to TCA 1560 G

Limit Values
Parameter Symbol min. max. Unit
Supply voltage, pin 5 (pin 20)* Vs -0.3 45 v
Supply current, pin 5 (pin 20) I o] 1.25 (1.0) A
Peak current in
output transistors, pins 1, 9 (pins 1, 10) I —1.25 (—1.0) 1.25 (1.0) A
Diode Currents, Pins 1,9 (pins 1,10)
Diode against + Vg Iry 1.25 (1.0} A
Diode against ground I 1.25 (1.0} A
Input voltage, pins 2, 3,7, 8 Vi -0.3 6 \
(pins 11, 12, 18, 19)
Output current, pin 4 (pin 9) I, (1g) —1.25 (-1.0) A
Voltage, pin 4 (pin 9} Vi, (Vo) -0.3 5 v
Ground current, pin 6 (pin 4 to 7) I (14 7) 1.25 (1.0) A
Ground current (pin 14 to 17) F1447) (1.0) A
Junction temperature Tj 150 °C
Storage temperature Tetg —40 125 °C
Thermal resistance
junction — ambient Rinia 70 K/W
junction - case
(measured at pin 14) (pin 4 to 7) Rinic 15 K/W
Operating Range
Supply voltage, pin 5 Vs 8 40 \'
Package temperature
measured at pin 14 (pin 4 to 7) Tc —25 (—40) 85 (120) °C
Input voltage, pins 2, 3, 7 (pins 11, 12, 18) v 5 \
Output current, pins 1, 9 (pins 1, 10) I —1{-0.5) 1(0.5) A
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TCA 1560B

TCA 1560G

Characteristics
Vs=24V;T.=25°C
Notes in brackets refer to TCA 1560G.

Limit Values
Parameter Symbol min. typ. max. Unit Test Conditions
Supply current, pin 5 (pin 20) | Ig 18 30 mA Vis= Wy
Supply current, pin 5 (pin 20) | Ig 0.5 1 mA Via=W,
Output, Pins 1, 9 (pins 1, 10)
Output voltage: source Von 1.6 1.8 v 1I1=05A
Output voltage: source Vau 1.65 1.90 v 1Ig1=0.75A
Output voltage: sink Voo 1.0 1.2 v 1Ig1=05A
Output voltage: sink Var 1.1 1.4 \ 1Ig1=075A
Reverse current I Igg | 300 pA
Phase dead time tr 0.1 0.3 1.0 us figure 1
Forward voltage of diodes Viu 0.9 1.1 A Iry=05A
to +Vg Ver 095 |115 |V I =0.75A
Forward voltage of diodes 1% 0.95 1.15 \' I, =05A
to ground % 1.0 1.2 v I =075A
Inputs: Enable, Pin 3 (pin 12)
and Phase, Pin 2 (pin 11)
H-input voltage V4 2 \
L-input voltage ViL 0.8 v
H-input current Iy 50 100 LA V=5V
L-input current = 100 pA V=0V
Rise and fall time b 1 2 us
Nominal Current, Pin 8 (pin 19)
Control range Vi (Vig) 0 2 v
Input current ~Iig (—11g) 5 pA Vg=0V
Input offset voltage Vi (8-4) 0 mv figure 3
Actual Current, Pin 4 (pin 9)
Reguiating range Via (Vo) 0 2 v figure 3
Turn-off delay tp 2 3 [TE] figure 4
Sync Input/RC, Pin 7 (pin 18)
Sync frequency f 1 100 kHz Duty cycle: 0.5
Duty cycle D 0.1 0.9 f=40 kHz
Rise and fall time t, & 2 us
Output current, pin 7 (pin 18) | -Ig; (-Igg)| 1.2 1.6 2.0 mA
Trigger threshold, pin 7 Viz Mas) 0.6 0.8 Vv figure 2
(pin 18)
Charging limit C; (Cy4) Var Vi) | 2.2 24 \%
Off period torr 64 us figure 5
Dynamic input resistance Rz (Ri1g8) 1 kQ V, =15V
pin 7 (pin 18) Vig=15V
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Internal Wiring of Pins
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Figure 1
Phase Dead Time
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TCA1561B
TCA 1560

Figure 4
Turn-OFF Delay
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TCA 1561 B

Quiescent Current /,
versus Supply Voltage Vg
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TCA 1560B

TCA 1560G
Quiescent Current [ Permissible Power Dissipation P,
mA versus Supply Voltage Vg wversus Case Temperature T
b0—- 12 T N
I L
I i Prot I
30 \ ‘ 9 : J
O N\
! | i i it
20 H — 6 . \\
1 LN
|
N i 1 \
10 3 - \\
ot ! 0 L l
0 10 0 30 40 50V -25 0 25 50 75 100 125 150 175°C
— % —
Output Saturation Voltages V,; Forward Current /; of Free-Wheeling
versus Output current /, Diodes versus Forward Voltages V;
v A
20 I 10
[ V=24V ]
— T =25°C
et | Source — &
15 Diode !
L to + VS !
T;=25°C
// 06
// ,
10 — :
74, i 04 )
— V=24V Diode
1, =25°C to Ground
0.5 F— gink T =25°C
0.2 [‘
j I
i i
0t 0 L ]
0 0,2 04 0,6 08 10A 0 0.5 10 15 0V
— 10 —_—— VF

Siemens Aktiengesellschaft 655



TCA 1561B
TCA 1560B

Application Circuit
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TCA 1560B

Pulse Diagram for Application Circuit
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Standby \ Half-Step Oriving /= 0.5A Half-Step Driving /= 1A

Calculation of Power Dissipation
The total power dissipation P, comprises

Saturation losses P, (transistor saturation voitage and E
diode forward voltages)

Quiescent current losses P, (quiescent current multiplied by supply
voltage)

Switching losses R (turn-on/turn-off operation)

The following equations give the power dissipation for chopper operation without phase
reversal. This can be regarded as “worst case”, as, in addition to the switching losses,
full-load current flows for the entire time.

Ptot=Psat+Pq +P,

with Psat= IR {vsatu -D+ VFo (1-D) +vsatol'
P=1, Vs
Vo ( ip-t {ip + i) t I
>} 2735 o lbon ptflllon | dr +1 }
S T 5 + 2 5 D oFf T loFF
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TCA 1560B
+ Vo
I, = Rated current {mean value)
I, = Quiescent current I
ip = Reverse current during turn-on delay time
i = Peak reverse current
t, = Conducting time of chop transistor n Ao Koz 12
toy = Turn-ontime L
torr = Turn-off time -
tbon = Turn-on delay time
toore = Turn-off delay time B3 /RD3 NDe 4
T = Cycle duration A 1
D = Dutycyclet,/T v
V., = Saturation voltage of sink transistor (T3, 4) Pin i, =~*+—%
Viato = Saturation voltage of source transistor (T1, 2) P
Vi. = Forward voltage of clamp diode (D1, 2) El

Vs = Supply voltage

Calculation of Power Dissipation

Turn-0n Turn-Off
. .
(=]
2
=) %)
SR e
o o g
$EE Vs Vi,
oy
558
> uﬁ

Viatu* Voins

oo ] [t I A P

h

Characteristics for determining the typical power dissipation during chopper operation
without phase reversal.

Parameters: L ,,, =10 mH, C, =820 pF; R, =33 kQ; T.=25°C
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TCA 1560B
Saturation Loss P;,; versus Quiescent Current Loss P, versus
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