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Introduction

1 TrilithlC

1.1 New Components for DC Motor Control are
Capturing the Market

With the onward march of electronics in the automotive
sector and virtually every part of everyday life, power
integrated circuits (PICs) are acquiring ever greater im-
portance for system optimization. New semiconductor
technologies are providing replacements for an in-
creasing number of electromechanical components
such as switches or relays, and the trend towards high-
er current values has prompted the development of
new driver devices.

® Tri|lith [gr.; “Stone Triangle”] Prehistoric Stone Monument
(Bronze Age and Early Stone Age)

+VS

A group of these devices is employed in reversible DC
motor drives. For this application, the supply voltage
must be able to be applied to the motor in both direc-
tions.

As shown in Figure 1, this requires 4 switches, one
switch to ground and one to the supply voltage, for
each motor terminal. Clamping diodes are connected
in parallel with the switching transistors for commuta-
tion of inductive loads and above all for active motor
braking. This arrangement is known as an H-bridge by
virtue of its topology, one branch of this circuit being
known as a half-bridge.

As the result of innovative technologies, H-bridges are
becoming ever more prevalent in high-current applica-
tions and are increasingly replacing relays on PCBs.

Figure 1
Principle of an H-Bridge Circuit
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1.2 Requirements Placed on H-Bridges

The ideal bridge contains 4 switches and 4 clamping di-
odes without internal resistance which can be actuated
with no power and without turn-on delays.

In practical applications the following parameters are
therefore of critical importance:

1. The ON-state resistance of the switches; generally
bipolar or power-MOS transistors.

2.The peak current rating of the switches must be as
high as possible, as DC motors are effectively large
capacitive loads because of their inertia.

3. The quiescent current of the device must be as low
as possible.

A bridge must also have “diagnostic” capability, i.e. a
status output (flag) signals to the drive system (micro-
controller) the status of the motor drive. In addition, it is
desirable for the outputs to be provided with short-cir-
cuit and overtemperature protection. Individual switch-
es that can be configured as required (i.e. able to be
used as a bridge, half-bridge or individual high-side or
low-side switch and, of course, connectable in parallel)
are expanding the possible applications of the device.
Increasingly large-scale production is bringing down
costs.

These parameters result in reduced power dissipation,
lower assembly costs and hence lower system costs.

Siemens Aktiengesellschaft

Particular attention has been paid to reducing the pow-
er dissipation, because low on-state resistance values
are essential for using semiconductors in small, inex-
pensive standard packages (for PICs this means pref-
erably SMD plastic packages such as the P-DSO-28).
This reduces system costs in several respects, and as-
sembly costs are considerably lower, as no heatsinks
or even screw or clamp connections are required. Less
space is taken up on the PCB and a lower profile is
achieved. In addition, SMDs can be mounted on both
sides.

Thanks to the latest generation of semiconductors,
loss of electrical energy as heat is virtually eliminated
on the PCB. Consequently, the package containing the
electronics can be of small and light design. Moreover,
as the power required for the drives can be supplied al-
most without energy loss, the entire power budget is
more favorable. As a direct consequence of this, the
DC generator of a vehicle can in turn be made smaller,
lighter and therefore produced more cheaply.

This weight saving will help significantly in lowering the
fuel consumption of modern automobiles. All these
considerations have prompted SIEMENS Semicon-
ductors to come up with the slogan:

“Silicon instead of heatsink”
and have led to the development of the
TrilithIC Family.

The first representatives are the BTS 770 and the
BTS 771.



The Product

2  Technical Specifications

2.1 Choice of Technologies; Lateral or Vertical?

To implement an H-bridge with minimal switch ON-
state resistances, it is necessary to compare the tech-
nologies employing lateral and vertical power-MOS
structures.

Figure 2 shows a lateral power-MOS structure in
cross-section. The current flows here from the drain
lead of the package via the bond wire to the drain of the
MOS structure, through the n-channel to the source
and via the second bond wire to the package's source
contact.

Disadvantages:
e Large lateral spread of the power MOS structure

» Current flow via two relatively high-resistance bond
contacts

Advantages:

« Both power connections can be brought out in
isolated form (monolithic integration of an H-bridge
possible)

¢ Only one cooling surface at ground potential
required

» Typical representatives of these PICs are the
TLE 5205G or TLE 5206G (see chip photo
in Figure 3).

These contain an H-bridge with a branch resistance of

max. 1200 mQ for currents up to 5 A with short-circuit

protection and diagnostic circuitry. The technology re-
quired for producing this device enables bipolar,

C-MOS and D-MOS structures to be implemented on

the same chip. It is known as: SIEMENS Power Tech-

nology, or SPT for short.

Figure 2
Lateral Power MOS Structure
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Figure 3
Chip Photo of the TLE 5205

The basic design for a vertical technology is shown in  From there it flows via a single bond wire to the pack-
Figure 4. Here the current flows from the drain contact, age source lead. The ON-state resistance is therefore
which in this case is always on the backside of the chip,  much lower than with the lateral structure.

i.e. from the heatsink through the chip to the source

contact (i.e. vertically).

Figure 4
Vertical Power-MOS Structure
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The BTS 611L1 as a typical representative of this tech-
nology is shown in the chip photo in Figure 5.

This chip contains two high-side switches (HSS for
short) whose source contacts have been brought out.
The drain leads are permanently connected to the chip
backside (heatsink).
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These components can be fabricated in SIEMENS
Milli-Smart Technology with complete on-chip drive
and diagnostic circuitry, or alternatively in Milli-FET
Technology as a power-MOS transistor with minimal
ON-state resistance.

Figure 5
Chip Photo of the BTS 611L1



2.2 The Trilith

If we compare the ON-state resistances per unit area,
the picture is as follows:

An H-bridge circuit comprising vertical chips can be
fabricated with considerably lower ON-state resistance
than using lateral structures with the same chip surface
area.

It is not implemented as a monolithic, however, but as
a TrilithIC.

Low Side Switch

Figure 6
Principle of the TrilithIC
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The device consists of a chip for the two high-side
switches with the drain lead connected to the supply
voltage, and two other chips for the low-side switches
(LSS). As the drain contacts form the chip backside in
each case, it is possible to employ a package with
three electrically isolated leadframes. This produces a
“Trilithic IC” or TrilithIC for short, as shown in Figure 6.

Chip 2
Dual High Side Switch

Chip 3
Low Side Switch




2.3 The Package

The optimum package for meeting these requirements
is the P-DS0O-28 whose internal layout is shown sche-
matically in Figure 7. The two high-side switches are in
the center, with the two low-side switches above and
below. The power bond contacts required for the four
source leads are implemented using multiple bondings
of 50 um diameter gold wire.

For the high-side switches, a total of four 50 pm diam-
eter wires are bonded to two leads, and for the low-side
switches a total of 8 wires of the same diameter are
likewise bonded to two leads. The reason for this mul-
tiple bonding is to keep the bond wire resistance as low
as possible (max. 10 mQ and max. 5 mQ respectively)
and to ensure a high degree of reliability in the high-
current region. Figure 8 shows the bonding arrange-
ment for a selectively opened BTS 770.

Gl [2 | | H_—{ E SL1
LS-Lead Frame 1

HS-Lead Frame

Sl !

‘lmﬁ_{

Figure 7
Pin Assignment and Internal Layout of a TrilithIC
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Figure 8
Selectively Opened TrilithIC BTS 770

2.4 Design of the TrilithIC

The exacting requirements placed on the bridge circuit,
such as overload and ground short protection, diag-
nostics capability, inputs with TTL-C-MOS compatibili-
ty, overtemperature protection, etc. make it necessary
to implement at least the high-side switches in Milli-
Smart Technology, as the charge pump and diagnostic
circuit require a higher degree of manufacturing com-
plexity (see chip photo of the BTS 611L1; in this case
approx. 50% of the surface area is taken up with these
functions). Milli-FET Technology optimized for mini-
mum ON-state resistance is employed for the low-side
switches. This requires only about half as many mask
steps for chip production as Smart SIPMOS Technolo-

gy.

Siemens Aktiengesellschaft
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Consequently, the high-current low-side switch always
has much lower resistance yet is less expensive than
the associated high-side switches in the bridge arm. In
the event of overload and short-circuits to ground, the
intelligent high-side switch protects the entire bridge by
virtue of its relatively higher ON-state resistance and
protection circuitry.

A short circuit to the supply voltage (as a solder splash
during PCB production, etc.) is detected by the high-
side switch even in the passive state and notified to the
drive circuit via the status flag. It is therefore possible to
ensure by means of software that the low-side switches
are never switched on in response to a short circuit to
the supply voltage. For short circuits occurring during
operation there is even a solution using simple external
circuitry. Further details are given below.



In order to achieve the protection functions already
mentioned, an ON-state resistance ratio (HS/LS) of
about approximately 2 or more is desirable. The follow-
ing combinations of standard products has been se-
lected for this purpose:

For the BTS 770: BTS 611L1 and 2x BUZ 103AL

For the BTS 771: BTS 621L1 and 2x BUZ 101AL
This results in the block diagram shown in Figure 9.
The associated pin assignment is as given earlier in
Figure 7. It applies equally to the BTS 770 and
BTS 771. The three leadframes are indicated schemat-
ically.

Each leadframe is connected to the leads of the stan-
dard package via four metal straps.
 For low-side switch 1 this would be

pins 1, 3, 25 and 28,
« for low-side switch 2,

pins 12, 14, 15 and 18
+ and for the two high-side switches,

pins 5, 10, 19 and 24.
In bridge mode (one high-side and one low-side switch
active) there is a favorable power distribution over two
leadframes and therefore a relatively low thermal im-
pedance.

DHVS

5,10,19, 24

ST 8
DST ) . o .
CéV1 Diagnosis Biasing and Protection
Driver
GH1 IN ouT
1(2)1|2
olofL|L Rou Roz 20, 21
o 1|L[H | SH2
10 kQ 10 kQ
GH2 1|0(H|L
1[1|H|H
— 12,14,15,18
2 DI2 DL2
) Ce6V1 2 23 -
GND
b I 1,3, 25, 28
DL1
GL1 2
K
26, 27 16,17
SL1 SL2 g
g
<
Figure 9

Block Diagram of TrilithIC BTS 770 and BTS 771
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2.5 Thermal Resistance of the TrilithIC

An FEM (finite element method) simulation was used to
determine the thermal behavior. The model is shown in
Figure 10. The molding compound encapsulating the
device has been omitted for the sake of clarity, but was
taken into account in the simulations. The internal de-
sign of the TrilithICs is shown in some detail.

A reference PC board is used to verify the simulation.

The test results on this board are explained subse-
quently.

bond wire
Chip 3

Figure 10

For the application, it is important first of all to know the
steady-state thermal resistance Ry.pinx between the
chip and the a pin of the P-DSO-28 package.

For this purpose, the footprint of the package was kept
at a constant + 85 °C for each simulation. The resulting
temperature distribution during bridge operation for a
power dissipation of 2 W and 5 W proportional to the
resistance is given in Figure 11 and Figure 12.

Itis interesting to note that about 10% of the dissipation
takes place in the bond wires.

Finite Element Model for Simulating the Temperature Response

Siemens Aktiengesellschaft
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Figure 11
Temperature Response for a Steady-State Power Dissipation of 2 W during Bridge Operation
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Figure 12
Temperature Response for a Steady-State Power Dissipation of 5 W during Bridge Operation
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The heat flow is shown in Figure 13. The steep gradi-
ents are found on the pins close above the PCB and
also in the corner of the loaded high-side chip. A solder
fillet directly on the pins therefore helps significantly to
reduce the thermal resistance.

Rispink iS calculated as the temperature difference
Tehipvax @nd Tpin = 85 °C divided by the applied power
dissipation.

Figure 13

Result: Rispink = 20 K/W approx for the high-side
switch, and the value is only slightly differ-
ent for the low-side switch.

If the complete application is taken into account, the
thermal resistance of the PC board to ambient (RPCB)
is added to Ry.pinx- This gives max. 40 K/W. These rel-
atively high values permit steady-state dissipations of a
few watts. Due to the very low ON-state resistances of
the TrilithICs, this is sufficient to deliver relatively high
currents. This is impressively demonstrated below
(Figure 27 and 28).

dT/dx [K/mm]

A=45452
B =136.347

E =409.03

| = 772.607

Heat Flow Behavior for Steady-State Power Dissipation of 5 W during Bridge Operation

2.6 Transient Thermal Resistance of the TrilithIC

The possible dissipations under transient conditions for
times in the seconds range are, however, much higher.
As the majority of DC motor drives with average load
inertia come up to rated speed in a few 100 ms, the re-
sponse of the system in this time range is of critical im-
portance and will now be examined in greater detail.

The thermal impedance Z;, was determined as follows:

Siemens Aktiengesellschaft

An initial simulation of the TrilithIC during bridge oper-
ation yielded the peak temperature characteristic of the
high-side and low-side chip over time. The temperature
attained at time t,, divided by the total dissipation (here
5 W) gives the thermal resistance Z,;, under transient
conditions, shown separately in Figure 14; for the high-
side and low-side chip.
Result:  The Z,;, of the high-side chip remains below
10 K/W for times of up to 100 ms, that of the
low-side switch being even less than 2 K/W.

15



Zy, High-Side-Switch (Chip 2)

Zyn, Low-Side-Switch (Chip 1,3

Figure 14

Thermal Impedance or Transient Thermal Resistance for High-Side Chip and for Low-Side Chip

2.7 The Strengths of the TrilithICs in Typical
Applications

The advantages of the TrilithICs come strongly to the
fore in applications where high starting currents are re-
quired for relatively short periods.

Typical of such applications is the electrical doorlock in
vehicles with a DC motor system, where currents of up
to 8 A are required for periods of up to one second. In
practice, of course, this not only involves single pulse
operation, but the drive has to function with a particular
duty factor for a defined number of operations without
being shut down due to overtemperature. Doorlock
systems typically employ 50 pulses of 500 ms pulse
width with a duty factor of 50% (i.e. 500 ms space be-
tween pulses).

Siemens Aktiengesellschaft

This mode of operation was simulated for the frequent-
ly recurring pulse periods of 500 ms and 250 ms with
pulse powers of 5 W and 10 W respectively. Figure 15
to 18 show the relevant chip temperature characteris-
tics (high and low side with T .,q = 85 °C).

The period until steady state was achieved was simu-
lated in each case (after 100 s), corresponding to the
right-hand side of the diagram. The time axis has been
truncated for the sake of clarity. It is apparent that the
chip temperature and also the temperature changes of
the high-side chip are markedly greater than those of
the low-side chip. The peak temperatures increase ex-
ponentially to the final value. The fit function indicated
contains the parameters for the high-side chip as the
“worst-case” scenario.



BTS 770/P=5W (0.25s)

= Fit With Trnax1 = 127.1 °C, Trax(t-»e0) = 152.6 °C, tmaxs = 0.255, T=4.52's
=== Timax (t) High-Side-Switch Chip 2 Tiax(t- ) = 152.6 °C, ATpeak-peak = 36.5 K
=== Tiax (t) Low-Side-Switch Chip 1 Tay(t-»w) = 107.1 °C

i
(L

e ——

\

Fit: Tmaxt + (Tmax(t+oo) - Tmaxl) * (1 -e(t- fmaxl)/T)

Figure 15
Chip Temperatures in Pulsed Mode with P, =5 W for t, = 250 ms and 50% Duty Factor

BTS770/P=5W (0.55)

— Fit With Trax1 = 131.9 °C, Tax(t») = 155.7 °C, a1 = 0.55, T=3.75 s
= Trax (t) High-Side-Swiitch Chip 2 Tyya(t-» ) = 155.7 °C, ATpeak peak = 43 K
= Tax (t) Low-Side-Switch Chip 1 Tyax(t» ) = 108.2 °C

Fit: Trmaxt + (Tmax(t»oo) - Tmaxl) * (1 - e_(t_ fmaxl)”)

Figure 16
Chip Temperatures in Pulsed Mode with P, =5 W for t, = 500 ms and 50% Duty Factor
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BTS770/P=10W (0.255s)

e Fit With Tinaxs = 166.6 °C, Tax(t-> ) = 223.4 °C, fpaxs = 0.25's, T=2.51s
=== Tmax (t) High-Side-Switch Chip 2 Tax(t» «) = 223.4 °C, ATpeak-peak = 77.1 K
= Timax (t) Low-Side-Switch Chip 1 Trax(«) = 129.4 °C

] SRVA N\

) raNraN

/\- /\{\/"\} I N

A
[ N\ N

Fit: Tmaxt + (Tmax(¢ > o) = Tmaxt) * (1 = e(t- tmaﬂ)”)

Figure 17
Chip Temperatures in Pulsed Mode with P, = 10 W for t, = 250 ms and 50% Duty Factor

BTS770/P=10W (0.55)

e Fit With Tinaxt = 181 °C, Tiax(t » @) = 230 °C, tmaxy =0.58,1=3.76 s

=== Tiax (t) High-Side-Switch Chip 2 Tinax(; »w) = 230 °C, ATpeak-peak = 89.5 K
= Timax (t) Low-Side-Switch Chip 1 Trax(-»«) = 131.5 °C

TN

R

A A\ /\ /\

A AN

\ \ \ .y () ()

Fit: Tmaxa *+ (Tmax(t > ) — Tmax1) * (1= et~ tmax)/ T)

Figure 18
Chip Temperatures in Pulsed Mode with P, = 10 W for t, = 500 ms and 50% Duty Factor
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2.8 Determining Ry, for any Given Application

How will even the best theory stand up in practice? To
find out, the simulation was verified using as reference
standard PCB (see Figure 19) mounted on 1.5 mm
thick FR4 material and clad on one side with a 70 um
Cu coating. Clearly visible are the “cooling surfaces”
whose areas were made proportional to the ON-state
resistance of the switch being cooled and therefore to
the power produced.

To determine Ry, the chip temperature is measured
for various power dissipations. The chip temperature
minus the ambient temperature divided by the dissipa-
tion gives the required thermal resistance.

The chip temperature was measured as follows:

First the forward voltage of an on-chip diode at low cur-
rent is measured as a function of the chip temperature
(e.g. 1 mA); preferably the substrate diode of the status
output (diode to ground with cathode at status output).
The measurement can easily be performed in any con-
trolled-environment chamber. Assumption: The ambi-
ent temperature is equal to the chip temperature, be-
cause little power conversion occurs in the chip. The
resulting temperature calibration curve Vg = f(T,-), ap-
plicable to BTS 770 and BTS 771 is shown in
Figure 20.

Mounting Diagram,
Solder Side, Scale 2:1

0— 0
0—] O -
—] -
= = % Co1
am =) 10 pF
—] 0
— | ico1 | el
0 |BTS 770 |F=
— Fo [E5]
E i Co2 o
(amm o 10 pF
|- =
|- 0
AEA02073
Figure 19

Power is now applied to a bridge circuit. The status out-
put is used as before to measure clamping diode for-
ward voltage Vesr. This yields the function T, = f(P,)
shown in Figure 21 whose gradient is the required
thermal resistance.

For the reference board, this value is between 20 and
25 K/W in moving air. It is sufficient always to deter-
mine the high-side chip temperature, as it is the highest
in the system.

In order to obtain approximate values for smaller cool-
ing surfaces, simulations were performed using small-
er surface areas. Figure 22 shows the thermal resis-
tance determined in this way as a function of the cool-
ing surface area. As this function is dependent on a
large number of parameters, it is only valid for the ref-
erence board.

For applications with a different geometry and any giv-
en additional features, the thermal resistance of the
system to ambient may easily be determined using the
above method.

A further application-supporting step is being taken by
providing a thermoelectrical model for P-SPICE. Sepa-
rate models are available for BTS 770 and BTS 771.
This enables the electrical behavior of the power MOS
transistors to be taken into account. The relevant chip
temperatures are output as voltage equivalents. The
performance of the model and the advantages for the
user will be demonstrated with the aid of an example.

PC-Board, Solder Side, Scale 2:1

SIEMENS
HL LH TM3

BTS 77XLP 1.0

AEA02077

Layout of the Standard PCB for BTS 770 and BTS 771

Siemens Aktiengesellschaft
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Calibration Curve Vg = f; for Determining the Chip Temperature of the High-Side Chip

— Tjin°C

g

/
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Chip Temperature and Thermal Resistance of the TrilithIC in the Reference Board as a Function of the
Dissipation

— Ripj-a N KIW




_ain K/W free air
_ain K/W moving air

Figure 22
Thermal Resistance of the TrilithIC in the Reference Board as a Function of PCB Cooling Surface
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2.9 Basic Data for the TrilithICs

Table 1 summarizes the basic data for TrilithICs

BTS 770 and BTS 771.
Table 1

Parameter BTS 770 BTS 771
Package P-DS0O-28 P-DS0O-28
Supply voltage 4Vio40V |4Vio40V
operating range

Peak output current at | min. 5.5 A min. 7.5 A

85 °C

Current flowing in max. 35 yJA | max. 35 pA
standby state

Roson HSS at 25 °C typ. 165 mQ |typ. 85 mQ
Roson HSS at 150 °C max. 360 mQ | max. 200 mQ
Roson LSS at 25 °C typ. 55 mQ typ. 40 mQ
Roson LSS at 150 °C max. 110 mQ | max. 100 mQ
Diagnostics: Overload |Yes Yes
Diagnostics: Overload |Yes Yes
Diagnostics: Yes Yes
Overtemperature

Diagnostics: Yes Yes

Short to GND

Diagnostics: Yes; Yes;

Short to Vs passive? passive?

1) Each output is monitored for prohibited potentials
when the high-side switches are in the passive state.
If the output voltage rises to more than about 3 V due
to leakage or short circuit to supply voltage Vs, the
status output is switched to LOW. This feature can
be usefully employed to protect the low-side switch-
es.

Siemens Aktiengesellschaft

The key parameters Rysoy = fir;) and peak output cur-
rent lsc = fr;) are shown in Figure 23 to 26. Note the
very low branch resistance of less than 500 mQ for the
BTS 770 and even less than 300 mQ for the BTS 771.
These are unrivaled values. The same applies to the
high peak currents and not least to the extremely low
currents flowing in the standby state.

For all drives requiring continuous operation, the cur-
rent which the TrilithIC can supply for any given ther-
mal resistances is a critical parameter. If Ry, , is known
for a particular application, this current value can be
determined as follows:

Timax = 150 °C  (max. chip temperature)

Ry = 35 K/W (thermal resistance junction

to ambient)
Tamax = 85 °C  (max. ambient temperature)

we obtain via the relation:

Pumax = (Timax = Tamax) / Rija (Max. dissipation)
and
Pvmax = (Iout)2 x Rpath

by equating the function:

the maximum possible
continuous output current

These functions are given in Figure 27 and 28 for the
BTS 770 and the BTS 771. Parameter Ry, of these
curves is dependent on the external cooling arrange-
ments and can be determined for each application as
described above.

Result: With the BTS 770, applications with continu-
ous currents of up to 2.5 A are possible under
the above conditions.

For the BTS 771, applications up to 3.2 A are
possible.

I outmax — f(Ta) ’

22
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= Rpatn/ mQ
== Rpsonp/ MQ
= Rpsonn/ MQ

=
/
/
//
//

Figure 23
High- and Low-Side ON-State Resistances of the BTS 770 as a Function of Chip Temperature, the Sum of
the Two as Path Resistance being Additionally Given

== Rpan/ MQ
= Rpsonp/ M2
== Rpsonn/M

Figure 24
High- and Low-side ON-state Resistances of the BTS 771 as a Function of Chip Temperature, the Sum of
the Two as Path Resistance being Additionally Given
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Figure 25
Short-Circuit Output Current of the BTS 770 as a Function of Chip Temperature

\\
T~
\ —
—
\\\\ T—
T —

Figure 26
Short-circuit Output Current of the BTS 771 as a Function of Chip Temperature
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Figure 27
Maximum Permissible Continuous Current of the BTS 770 in Bridge Configuration as a Function of Chip
Temperature (with the junction-to-ambient thermal resistance as parameter)
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Figure 28
Maximum Permissible Continuous Current of the BTS 771 in Bridge Configuration as a Function of Chip
Temperature (with the junction-to-ambient thermal resistance as parameter)
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Application

3 Application

A typical application is illustrated in Figure 29. It shows
the BTS 770 chip as driven by a microcontroller.

The control interface consists of five lines; one for each
switch and one for the status signal, thereby providing
maximum flexibility. It should be noted that the charge
pumps of the high-side switches require a relatively
long time (approx. 400 ps) for turning on/off compared
to the extremely fast low-side switches. When the
bridge reverses direction with simultaneous control sig-
nals, high- and low-side switches would briefly become
conducting, producing a transverse current through the
half-bridge arm. Although this cannot damage the de-
vice, as it is controlled by the high-side switch, it may

Watchdog

Reset

° Q

cause an unwanted power dissipation pulse. In addi-
tion, the current pulse produces electromagnetic emis-
sions. The simple solution to this problem is to provide
suitable timing for the drive system, e.g. by inserting a
dead time of approximately 1 ms between high-side
switch OFF and low-side switch ON.

The microcontroller is fed by the SIEMENS TLE 4268G
low-drop voltage regulator and initialized using the
watchdog and reset functions of this highly EMI-resis-
tant product designed for standalone systems.

Motor bridge BTS 770/1 requires no external circuitry
apart from the polarity reversal protection diode and a
relatively small storage capacitor CS.

O Vg=12V

\VA
L Cs

GND

D
Rq Cq Co
100 kQ IZZuF IlOOnF 22 uF
WD R Ve DHVS
R
_|:S sT|8 5,10,19, 24
10 kQ
DST . N 1 _
CoV1 Diagnosis Biasing and Protection
R Driver
. GHL|7 —=
> ouT 1, —
Bl 12]1]2
DIl
cevifolo|L|L Ro1 Roa 20 | sH2
_ GHz2|o 2 01 LlL H 0k | 10k 21
> [ 1 1|0|H|L
HP 35kQ 111luH 1 12,14,15,18 |DL2
DI2
7/ ot 22,23 |SH1
_ GND |6
_L L L 1,3, |DL1
25,28
. Gl1|2 i
4 Ly,
y GL2|13
26, 27 16,17
J_ sL1 SL2 s
- - =
<
Figure 29
Standard Application Circuit for the TrilithIC
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3.1 Short Circuit and Overload

The outputs are protected against overload and short-
circuits to ground.

As already mentioned, the output of the two high-side
switches in the passive state uses a comparator with
an internal reference voltage of about 3 V (output ex-
aminer voltage, Vo). If the output voltage exceeds 3V,
a status signal is produced.

Watchdog

Reset

This can be usefully employed to protect the low-side
switches against shorts to the supply. The output po-
tentials normally will drop to ground potential via two
resistors Ry;, Ry, incorporated in the high-side switches
(see block diagram) when the high-side switches are
OFF. If they fail to do so, a leakage or short circuit to
the supply voltage is present which is reported to the
interface via the status signal. An intelligent controller
can thus prevent the low-side switches from operating
in response to overloads.

AV

Q
¢
D GND
RQ CQ CD CS
100 kQ I 2uF I 100 nF I 22 4F
WD R Ve DHVS
R
2 ST|8 5,10,19, 24
10 kQ
DST T I .
CoVL Diagnosis Biasing and Protection
. Ri Driver
1 IN | ouT [ -
3.5kQ 120112
ojlofL|L Ro1 Ro2
g Lit i 10kQ | 10kQ =
1[0 (H|[L
1] 1]H|H _ 12,14,15,18
22,23

Figure 30
Application Circuit of TrilithIC with Short-Circuit Protection with Respect to Supply Voltage
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If short-circuit protection with respect to the supply volt-
age is additionally required, the circuit shown in
Figure 30 can be used. In this case the output voltages
are monitored by the RC networks (RO, CO0), isolating
resistors R, and NPN transistors TO1/TO2. The RC
combinations are used to suppress transient interfer-
ence pulses such as may be produced by the motor's
brush sparking. The time constant must be approxi-
mately 10 to 50 ps, during which time the low-side chip
can handle currents of up to 50 A at full voltage. The
drive circuit is isolated from the gate via series resis-
tors. For output voltages of below 0.7 V (basis-emitter
threshold of the NPN transistor), the circuit remains
passive. However, if the output voltage is increased
due to a leakage or even a short to the supply, the NPN
transistors switch the gate of the power MOS being
protected to ground potential. This state remains
stored until the leakage or short circuit at the output is
removed. The fault flip-flop is reset when the output
voltage falls below the holding threshold of about 0.6 V
via resistors Ry;, Ry, = 10 kQ incorporated in the high-
side switches.

The signal response for passive high-side switch is il-
lustrated in Figure 31 left (output examiner function).
The right-hand side shows the behavior of the addition-
al circuitry with active high-side switch.

As indicated above, each high-side switch contains a
so-called output examiner. This circuit monitors the
output for impermissibly high potentials while the high-
side switch is off.

Siemens Aktiengesellschaft

If the output exceeds the fault threshold of about 3 V
due to a fault current being injected into the output, the
status output switches to LOW. Appropriate control
software detects this and blocks activation of the corre-
sponding low-side switch.

This facility requires no additional circuitry. However, it
does not provide protection against hard short circuits
during bridge operation. In this case help is provided by
the external error memory as follows:

At instant 3, high-side switch 1 is activated. Shortly af-
terwards (at instant 4), the status output signals
“OL = open-load” because LS switch 2 of the bridge
was not switched on. The error memory at the gate of
low-side switch 2 is already set. The switch-on com-
mand supplied from the interface for low-side switch 2
at instant 5 therefore remains ineffective (gate is
clamped to ground). To reset the error memory, high-
side switch 1 is turned off between instants 6 and 7.
The output voltage floats to ground via integrated resis-
tors Ry, Ry, the gate clamping is removed and the
bridge assumes rated operation from instant 7 on-
wards.

At instant 8, output 2 is shorted to the supply. During
the dead time t,. of the error memory (approx. 12 us),
the output current rises to high values. Low-side
switch 2 is then turned off until the error memory is re-
set by the high-side switch also being turned off.

This elegant solution provides the BTS motor bridge
driver with complete short-circuit protection.
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Figure 31
Functional Diagram of Short-Circuit Protection Arrangement in Figure 30
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3.2 Measurements in the Application

Let us first consider the short-circuit behavior. If the
BTS bridge switches in response to a short circuit, the
current rises steeply through the power transistors (re-
tarded only by the parasitic inductance) see
Figure 32.

The high-side switch limits the current to a value de-
pending on the relevant chip temperature (instant 1).

Note:

The peak power in the P-DSO-28 package during

this instant is

approx. 12V x 7 A =84 W for the BTS 770 and

as much as approx. 12 V x 13 A = 154 W for the

BTS 771.
Controlled by the heat dissipation, the current value
falls until the temperature protection threshold is
reached (instant 2). The bridge is then clocked at a
duty ratio controlled by the chip temperature. Observa-
tion of the drop voltages (voltage difference between
the output and the supply voltage for the high-side
switch and between the output and ground for the low-
side switch) indicates that the low-side switch produc-
es little dissipation during this time (peak values of only
about 0.4V x7 A =28 W for the BTS 770 and about
0.7V x13 A=9.1W forthe BTS 771).
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In order to maintain the high SIEMENS quality stan-
dard, BTS bridges are subjected to this mode of oper-
ation for 2000 h in the product qualification life test.

If the motor current is to be controlled, sense resistors
can be inserted in the source lines of the low-side
switches so that the motor current can be controlled by
pulsing the relatively fast low side switches.

Low-frequency current control at approx. 1 kHz is illus-
trated in Figure 33.

The commutation voltage and current peaks are clearly
visible. The motor current response for locked motor is
likewise shown. We can see that the BTS 770 is capa-
ble of switching currents of 5.5 A, the BTS 771 corre-
spondingly more.

The “sign-magnitude” control principle is illustrated in
Figure 34. Here the motor inductance is used to deter-
mine the current by higher-frequency switching of the
relevant low-side switch, such as in switched-mode
power supplies. A chopping frequency of 100 kHz was
selected for the above example. As the switching times
are extremely low, this mode of operation could also be
used with higher frequencies.



CH1 5V [w A Ims 352V CH1 Test Conditions:
CH2 500 mV VeLa = Input
RF2 10 mV 1ms 670 MV = Vi of BTS 771 -H
RF3 500 mV 1ms
RF4 10 mV 1ms
\ Input signal Vg1
\ lout Of BTS 771
N _With 2 AIDIV
- lpuserzs =9 A
Instant 1 ﬁ
lout Of BTS 770
with 2 A/DIV
S
1 LH‘ lpuse770 = S A
Vyut Of BTS 771
— |
Vout Of BTS 770 [
Instant 2
Figure 32
Response of the TrilithIC when Switched on in Response to a Short-Circuited Motor
CH1 5V [w A Ims 352V CH1 Test Conditions:
CH2 10 mv Freguence approx.
RF2 5V 1ms 55.2 mV 1 KHz
RF3  |[[5Vv ( "1 msI
RF4 10 mv 1ms
Input signal V, N
;/?,,..f“ lgjock = 5.5 A at approx. -25 °C

Voltage at motor te

rminal 2

S

.2 Awith 1 AIDIV

Voltage at motor te

rminal 1

/ lout Of BTS 770

with 1 A/DIV

Figure 33
Low-Frequency Motor Current Control with a TrilithIC Using the Low-Side Switch in Switched-Mode
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3 5V 2s A
Fa 10 mv 2 / Input signal V11
Voltage at motor terminal 1
Voltage at motor
terminal 2
} \ Current in LS switch
with 1 A/DIV
AA AAAA AA
\Ad uw yywy
f f
L |
Current in commutating diode of HS switch with 1 A/DIV

Figure 34
High-Frequency Motor Current Control (sign magnitude) with a TrilithIC Using the Low-Side Switch in

Switched-Mode
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Outlook

4  High-Current-Motor Bridge

The BTS 770/1 TrilithICs are limited to applications
where relatively small switching performances are re-
quired. The reason for this is to be found in the thermal
data of the P-DSO-28 package.

As illustrated in Figure 35, the automobile offers a host
of applications for motor drivers if the output current of
the TrilithIC can be increased to approx. 20 to 30 A
peak current. The most important applications are like-
ly to be the power window drive (max. 30 A), the sun
roof drive (max. 20 A), the power seat drive (max. 30 A)
and the windscreen wiper drive (max. 20 A with two-
motor drive).

|
Power seat|

| Wiper

Gearbox

Fan

Figure 35

Climate control

In order to advance into the current class up to 30 A it
was first necessary to develop a new package: Starting
with the TO220 package with its massive cooling tab,
which permits heat to be dissipated vertically from the
chip to a heatsink, the developers produced the Power-
Package (see Figure 36).

This package permits the two low-side chips and the
double high-side chip to be mounted in accordance
with the TrilithICs. For economical production this pak-
kage is based on the standard TO220 package.

Door Lock

Sun roof |

Power window

Mirror Control

Starter

Automotive-Applications for High-Current Motor Bridges

‘4'4A

127 4 216 -~
24 || 58 -
4 21.6 _ 0.1; - : 84
i } i i} ' |
‘ \ m) I |
‘ O 17 5 |
L \ = s 1Y |
TR S " |
L S - 000 00
S 1
|\ 1 i jl ; 2.4 )
Figure 36
Power-Package and Footprint
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Moreover, the latest-generation chip technology has
been used:

For the low-side switch, use was made of the brand
new S-FET technology. The high-side switches are
produced in the “Smart” variant of this technology, i.e.
S-Smart technology.

The first high-power TrilithIC is called BTS 780. The
most important data and features are illustrated in .
Figure 37 shows an open BTS 780. The high-current
bonding wires with 350 pum diameter are clearly re-
cognizable.

Table 2

Main Parameters of BTS 780

Parameter Data

Package Power Package
Supply voltage functional range 5Vupto40V

Very high peak current capability

44 AatT;=25°C; 26 AatT,=150°C

Very low quiescent current

15 pA typ.; 50 pA max.

Rpson-LOw-Side-Switch 15 mQ; 25 °C
Roson-High-Side-Switch 35mQ; 25 °C
Short-Circuit to GND protected Yes
Overload and Load-Short-Circuit protected Yes
Overload Diagnosis Yes
Underload Diagnosis Yes
Overtemperature Diagnosis Yes

Short Circuit to + Vg Diagnosis

Yes; in passive state

Figure 37
Multi-Chip Construction of BTS 780
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An application board as shown in Figure 38 was as- ditional cooling measures. For higher currents, a heat-
sembled together with the BTS 780 as an FEM model.  sink, insulated by means of an approx. 300 um thick
The same board is used for laboratory and application  polyimide film, can be placed directly under the
measurements. For small currents (up to approx. 10 A) BTS 780. The FEM simulation of this structure yielded
the BTS 780 can be operated on this board without ad-  the following results (for model see Figure 39).

aM3I2
EMT HJ JH
O
I o
=0 ¥
"O
| TGL2 0
{\,_/'
=
- -Motorbridge
Figure 38
Application Board BTS 780
LS-Chip 1 Dual-HS-Chip LS-Chip2 PCB-cooling area

Heat sink

BTS 780

Figure 39
FEM-Model of BTS 780 and Application Board
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Figure 40 shows the heat distribution in the BTS 780 at
a constant power dissipation of 10 W (corresponds to a
current of ~12 A). The thermal resistance to the heat-
sink is only approx. 4.6 K/W (relative to the hottest
point in the system, the active HS switch). The system
can cope with considerably higher currents [power] in
pulsed mode.

Figure 41 shows the thermal impedances of the sy-
stem. The value determined for continuous operation,
of approx. 4.5 K/W from the chip to the heatsink under
the polyimide film, is represented by the green curve
(No. 2) at the right-hand edge. The black curve above

Parameter:

this (No. 3) indicates the thermal impedance for the ap-
plication board without additional heatsink. It can be
seen that for pulse times up to approx. 1s the Z;, values
deviate only negligibly from those of the additionally
cooled structure.

For the worst-case simulation of an application it was
assumed that the device (backside cooled via polyimi-
de film) is under load for 500 ms with a current that re-
sults in a dissipation of 20 W (blocked motor at low
temperature). At ambient temperature the BTS 780
can deliver approx. 20 A under these conditions.

Rihj-teat sink= 4-6 KIW

Figure 40
Temperature Distribution for the Case of Cooling via 300 um Polyimid-Foil and fixed Heatsink of 85 °C

P, =20 W

PLow-side = 6:2 W, Pyjgnsige = 13.8 W

== 1.Ticad = 85°C (ZingL-static = 0.45 KIW')
2. Tpolyimid + air = 85 °C (Zinyc-static = 4.6 KIW')

e 3. Tair = 85 °C (Zhia-static = 21 KIW; P=4 W)

30

Parameter: K/W L

LS-SW1 and HS-SW?2 active U ==

Pys=6.2W Zin 10 L

Pyps = 13.8 W L

Standart-PCB Cooling: S 1 A " o I N N R

300 pum Polyimid-Foil and Heat sink ¥ g5”

Theat sink = 85 °C

Zin = ijax 1Py

el

Definitions: 1 =

1. = Zijc

g- = Zihj-Heat sink )

.= Zija I 0 < 1 M A T A AR
7
/
/
0.1
0.001 0.01 0.1 1 10 100 s 1000
— tp §
S
(=)
<
Figure 41

Thermal Impedance of BTS 780
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If the BTS 780 is driven at a pulse repetition frequency
of 1s (fouse = fpause = 500 ms), it results in the curve
shown in Figure 42 for the chip temperatures for HS
and LS switches over time. Result:

The low Z;, (approx. 1.3 K/W for the HS switch and ap-
prox. 0.5 K/W for the LS switch) enables repeated
switch-ons under worst-case conditions (blocked mo-
tor).

For continuous operation, as can also be seen in Figu-
re 42, the HS chip with integrated temperature monito-

ring will regulate the load current with thermal pulse
width modulation (cf. Figure 32). The low-side switch
is not at risk at any time.

Figure 43 shows the startup behavior of a commercial-
ly available power window motor. The red curve indica-
tes the current pattern in the motor. The commutation
ripple clearly shows how the motor runs up to its rated
speed. The startup operation is completed after ap-
prox. 50 ms. The current drops to under 10 A.

Py=20W, T;=85°C, v =0.5, t, =500 ms, Tpolyimid + air = 85 °C (Znsc)
== 1. ow-Side Chip (#1) P=6.2 W

Figure 42

Dynamic Junction Temperature in Full Bridge Operation
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Motorcurrent 5 A/Div
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Ch2 |2.00V
Ch4 |10.0mvVQ

I
M500ms| Chl|/

Source Coupling Mode &
Chl Hf Reject . Holdoff

Figure 43
Start of a Power-Window Motor V, =12V

This excellent thermal performance and features such
as:

« function from as low as 5 V input voltage;
up to max. 40 V

¢ maximum standby current in OFF state only
max. 50 pA

¢ only 50 mQ (branch resistance (HS and LS switches
together))

« four switches freely configurable
« very high peak currents
e 2-bit diagnosis
* high chop frequency of the low-side
switches possible
offer many new opportunities for users.
Many applications currently using electromagnetic re-
lays or discrete transistors can be implemented with

just one single SMD device measuring only approx.
22 by 17 mm?2,

4.1 Further Information
Ordering numbers:
BTS 770  Q67007-A9254
BTS 771  Q67007-A9274
BTS 780  onrequest

Data sheets are available on the current
semiconductor CD-ROM and on the www under
http://www.siemens.de/Semiconductor/products/
36/364.htm or via our sales agencies.
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