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TPIC6C596 Power+ Logic   Shift Register Application
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ABSTRACT

The TPIC6C596 is a serial-in parallel-out, Power+Logic  8-bit shift register with low-side
switch DMOS outputs rating of 100 mA per channel. The device is designed to drive resistive
and inductive loads and is particularly well suited as an interface between a microcontroller
and LEDs or lamps. The TPIC6C596 is an enhancement of the TPIC6C595, where the shift
register serial output (SER OUT) is clocked on the falling edge of the serial clock to provide
additional hold time in applications where several devices are cascaded. This report focuses
on three of the many possible applications for the TPIC6C596.
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LED Sign

In the first example, eight power shift registers
are cascaded and used to turn on a string of 64
LEDs or lamps sequentially. In this application,
register clock (RCK) is clocked, with only slight
delay, each time the shift register clock (SRCK)
is clocked; hence, the display is updated after
each bit of data is shifted in. The serial input
data (SER IN) is held alternately high and low for
any period greater than 64 clocks causing the

LEDs to strobe on from left to right and remain
on until they strobe off in the same manner. With
the LEDs arranged sequentially as in a written
message, the design gives the appearance of
writing, resulting in an attractive and dynamic
display sign. The output enable (G) can be used
for blinking or blanking the LEDs, if desired. Only
one IC is required in addition to the shift
registers, an LM556 timer to generate the clocks.
An example of the circuit is illustrated in
Figure 1.
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Figure 1. The Self-Writing LED Display Sign
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Graphic Status Panel

In the second example, two TPIC6C596 power
shift registers are cascaded and used to turn on
LEDs or lamps in a graphic panel representing
status, action, and faults of an industrial
machine. In this case, the lamps must be
updated after all 16 bits of the machine status
word have been loaded into the serial shift
registers. The machine controller outputs the
status word to the serial input (SER IN) while
clocking the shift register clock (SRCK). After the
16th clock, a pulse to the register clock (RCK)
transfers the data to the storage registers. If

output enable (G) is low, then the lamps are
turned on corresponding to the status word with
ones being on and zeros off. With this simple
scheme, three outputs from the system controller
can turn on 16 lamps using only two ICs as
illustrated in Figure 2. A graphic panel, with
embedded LEDs representing machine
operation, communicates machine status to the
operator faster than other types of indicators and
is more economical than computer graphic
displays. When more lamps are required, it is
only necessary to cascade additional shift
registers while maintaining the same three input
control signals.
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Fault Status Indicator

In the third example, a single TPIC6C596 power
shift register receives the serial fault diagnostic
byte directly from a FET predriver with diagnostic
capability. In this application, a microcontroller is
sending parallel data to a 6-channel FET
predriver, the TPIC46L01, which is driving a
power FET array that switches the loads (see
Figure 3). When a load becomes open, shorted,
or when the battery voltage is out of range, the
fault terminal (FLT) transitions low. The fault is
monitored by the microcontroller and, in
response to the falling edge of the fault terminal,
sends 8 serial clocks (SCLK) to the FET
predriver to transfer the fault diagnostic data.
The serial data output (SDO) and the serial clock

(SCLK) of the predriver are connected directly to
the serial input (SER IN) and the shift register
clock (SRCK) of the TPIC6C596 power shift
register, respectively; therefore, direct transfer of
the fault diagnostic information to the serial-in
parallel-out shift register is achieved. After the
8th clock, the microcontroller sends a register
clock (RCK) to the TPIC6C596 to transfer the
fault data to the storage register and to the LEDs
providing visual indication of the fault condition.
The fault data is also captured by the
microcontroller where additional diagnostic
analysis can be performed by the software. The
TPIC6C596 and the LEDs provide the user a
very quick and easy medium to see which load
has a problem without the need for additional
diagnostic equipment.
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Timing Considerations With the
TPIC6C596

In the example in Figure 1, data is clocked into
the serial data register and transferred to the
storage register bit-by-bit. The data must be
stable on SER IN at least 20 ns before SRCK.
Data must be stable at the input of the internal
storage register, prior to RCK, as shown in
Figure 4. While the data transfer propagation
delay is internal to the IC and cannot be
measured by the user, it can be determined by
comparison of the input to the output data while
varying the SRCK to RCK delay time. The
resistor and capacitor in Figure 1, at the RCK
terminal (#10), causes the necessary delay of
approximately 20 ns. If SRCK and RCK are tied
together, hence no delay, the data in the storage
register and on the outputs of the device will be
one clock behind the data in the serial register.
In this display sign application, there is no
apparent difference if the data was one clock
late. In an application where the output is
required to be an exact image of the input data,
this would be more significant.

Figure 4. Timing Minimums, Setup, and Hold

In the example in Figure 2, the data update
reflects the current status of the machine and
any flickering of the lamps is considered
undesirable. The data is clocked into the serial
data registers in even increments, 16, 24, 32,
etc., 8 bits for each IC. After the last rising edge
of SRCK plus a delay, RCK can be pulsed.

In the example in Figure 3, RCK is pulsed after
the falling edge of the eighth SRCK while SRCK
is low. There are no timing concerns with this
method.

Incandescent Lamps

Figure 5 shows the inrush current of an
incandescent lamp. Trace 2 is the drain current
and trace 4 is the drain voltage. Note that at the
high peak current portion of the waveform, the
drain voltage indicates that the transistor is not
saturated at currents above 250 mA, which is the
specified peak pulse current limit for this
transistor. Lamps should be chosen with inrush
currents less than 250 mA. A suitable running
current range would be 40 to 60 mA maximum.
The lamp shown has a running current of 80 mA.
The output transistors of the TPIC6C596 have a
continuous current rating of 100 mA.

Figure 5. Lamp Inrush Current at Turn-On

Power and Thermal Considerations

The voltages required to drive the loads in the
above three examples could vary widely;
however, the power dissipation of the
TPIC6C596 remains a function of the number of
outputs on, the load current, and the rDS(on). It is
only necessary to know the load current to figure
the power dissipation. Some assumptions made
are: the loads shown are not inductive, the
update rates are slow as compared to transistor
switching times, and all outputs are on 100% of
the time (worst case).
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Given:

rDS(on) = 12 Ω for TPIC6C596 at maximum
temperature

N = 8, number of outputs on
ID = drain current for each transistor 
PT = total power dissipation capability
          for the package
RθJA = 115°C/W, thermal resistance
              junction-to-ambient temperature of
             D package
TA =  ambient temperature
TR = temperature rise over ambient
TJ = 150°C, junction temperature maximum
ILED = 20 mA, typical
ILAMP = lamp rated at 40 mA at 28 V

Power dissipation for TPIC6C596 package.

PT � I2D� rDS(on)�N

Power dissipation for the LEDs, the LED current
limit resistor was chosen for a 20 mA current.

PT � (20 mA)2� 12 �� 8� 38.4 mW

Power dissipation for the lamps, for VDD = 28 V,

PT � (40 mA)2� 12 �� 8� 153.6 mW

The temperature rise over ambient for the type N
package can be calculated as follows,

PT �
TR

R
�JA

or TR � R
�JA, °C�W� PT

For a TPIC6C596 type D package driving the
lamp,

TR� 115°C�W� 153.6 mW� 17.7°C

Where:           TA = TJ – TR
Therefore,     TA = 150°C – 17.7°C = 132.3°C

The absolute maximum case temperature rating
for the TPIC6C596 is 125°C; therefore, the
device has a junction temperature margin when
switching these loads.

A more practical approach may be to find the
maximum drain current for each output at a
given ambient temperature. Assume that all
eight outputs are being used and the maximum
ambient temperature is to be 70°C.

From equation 1,

PT � I2D� rDS(on)�N or

ID�
PT

rDS(on)�N�
From equation 2,

PT �
TR

R
�JA

Where TR � TJ� TA or

PT �
TJ� TA

R
�JA

Substituting equation 2 into equation 1,

ID�
TJ� TA

R
�JA� rDS(on)�N� or

ID�
150� 70

115� 12� 8
� � 0.085 Amps

Conclusion

The TPIC6C596 power shift register integrates a
74HC595-type shift register and an
eight-channel low-side configured FET output
stage to provide a very economical solution for
switching LEDs. The serial output is designed to
increase the hold time margin for cascaded
applications, allowing maximum flexibility in
device placement and signal waveshaping.

(1)

(2)
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