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1. Introduction

As general purpose components, logic devices are used at different frequencies and power supply
voltages in many different varieties of applications. This large diversity has produced the need to
express a single parameter that can be used in determining the power dissipation of a device in a
given application.

This application note describes different components of power dissipation and how they may be
calculated.

2. Static considerations
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2.1. CMOS

When a CMOS device is not switching and the input levels are GND or V¢, the p-channel and
n-channel transistors do not conduct at the same time; no direct MOS transistor channel path
exists between V¢ and GND. In practice however, thermally generated minority carriers, which are
present in all reverse biased diode junctions, allow a very small leakage current to flow between
Ve and GND. As this leakage current is typically a few nA, quiescent CMOS power dissipation is
extremely low. Maximum quiescent power dissipation for the above conditions is calculated as:

Pp = Ve X g (1)

where:
Icc is specified in the device data sheet.

2.2. BiCMOS

In the case of BICMOS devices; the current in the output bipolar stage is different when the output
is set high or low. This results in two data sheet specifications for quiescent current Icc. and Igcp.
Quiescent power dissipation for input levels of GND or V¢ is calculated as:

Po = Vee X (Nylger + Nolecn) /(Ng+ np) 2

where:
n is the number of outputs LOW
n, is the number of outputs HIGH

2.3. Input stage current due to GND <V, < V¢

In the case where the input levels of the device are not held at GND or V¢, a direct MOS transistor
current path can exist between V¢ and GND; this leads to additional supply current through the
input buffer stage of both CMOS and BiCMOS devices, and additional power dissipation. In device
data sheets this is represented as Alcc, the additional current due to an input level other than V¢
or GND. In the case of 5.5 V logic families this parameter is generally measured at an input voltage
of Vgc — 2.1 V; in the case of 3.3 V logic families it's measured at an input voltage of Vo — 0.6 V.
Static power dissipation is then calculated as:

Po = Ve X [(NyleeL + Maleen) /(Ni+ny) + nAlgc ] (3)

where:
n is the number of inputs at the intermediate level.
Note: For CMOS I¢c = IccH = lce, simplifying Equation (3).

Table 1 and Table 2 show comparisons of I and Algc for the ‘244 function of several logic
families.
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Table 1. Specified Icc and Alcc for CMOS families

Device Voltage lccQ Vi Alcc Units
74HC244 6V 80 Veg-21V 450 pA
74AHC244 55V 40 Vee-21V 1500 pA
74LV244 55V 20 Vec-0.6V 500 pA
74LVC24 36V 10 Vec-0.6V 500 pA
74ALVC244 36V 10 Vec-0.6V 750 pA

Table 2. Specified Igc and Algc for BICMOS families

Device Voltage lccz lccL lccH \'A Alcc Units
74ABT244 55V 0.25 30 0.25 Vec-21V 1.5 mA
74LVT244 36V 0.19 12 0.19 Vec-0.6V 0.2 mA

3. Dynamic considerations
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When a device is clocked, power is dissipated through the charging and discharging of on-chip
parasitic and load capacitances. Power is also dissipated at the moment the output switches when
both the p-channel and the n-channel transistors are partially conducting. This transient energy
loss is typically only 10% of that due to parasitic capacitance.

The total dynamic power dissipation per device is:
Po = £(Cpp Ve’ i) + Z(Cp Ve o) (4)

where:

Cpp is the power dissipation capacitance per buffer
fi is the input frequency

fo is the output frequency

C_ is the total external load capacitance per output.

It should be noted from the Equation (4), that Cpp is a useful parameter for determining power
dissipation in any device for which power dissipation is a linear function of frequency. Fig. 1 shows
lcc as a function of frequency for the devices listed in Table 1 and Table 2. From this we can
conclude that for all of Nexperia’s CMOS and BiCMOS logic families Cpp can be used in order to
determine the worst case power consumption of a device in a given application.
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Fig. 1. Power dissipation as a function of frequency
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3.1. Duty cycle considerations with unbalanced outputs

In the case of unbalanced output drive, such as is found in BICMOS, the output duty cycle could
also be considered. Fig. 2 shows the effect of duty cycle on the power dissipation of the 74LVT244.
It can be concluded from these measurements that the duty cycle has little effect on the total power
dissipation. This is due to the switching currents within BICMOS products being more dominant
than steady state currents.
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Fig. 2. Effect of duty cycle on Average current versus frequency

3.2. Power dissipation due to slow input rise/fall times

When an output stage switches, there is a brief period when both output transistors conduct. The
resulting through-current is additional to the normal supply current and causes power dissipation
to increase linearly with the input rise or fall time. As long as the input voltage is less than the n-
channel transistor threshold voltage, or is higher than V¢ minus the p-channel transistor threshold
voltage, one of the input transistors is always off and there is no through-current. When the input
voltage equals the n-channel transistor threshold voltage (typ. 0.7 V), the n-channel transistor
starts to conduct and through-current flows, reaching a maximum at V| = 0.5 V. For devices with
CMOS inputs, the maximum current is determined by the geometry of the input transistors. When
Schmitt triggers are used to square pulses with long rise/fall times, through-current at the Schmitt-
trigger inputs will increase the power dissipation (see Schmitt-trigger data sheets).
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4. Power dissipation capacitance
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Cpp is specified in the CMOS device data sheets, the published values being calculated from

the results of tests described in this section. The test set-up is shown in Fig. 3. The worst-case
operating conditions for Cpp are always chosen and the maximum number of internal and output
circuits are toggled simultaneously, within the constraints listed in the data sheet. Appendix 1
gives the pin status for devices during a Cpp test. Devices that can be separated into independent
sections are measured per section, the others are measured per device.

The recommended test frequency for determining Cpp is 10 MHz, 50% duty cycle. Loading the
switched outputs gives a more realistic value of Cpp, because it prevents transient through-current
in the output stages.

The values of Cpp provided in data sheets have been calculated using:

(lccave)x Vee) — [(C.x Vee? x fo) + Vee x lstar]
V002 X f|

Cep =

where:

Cpp = power dissipation capacitance (per buffer)
Icc(ave) = supply current

Ve = supply voltage

C_ = output load capacitance

fo = output frequency

fi = input frequency.

IstaT = supply current at dc (approx. zero for CMOS).
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Fig. 3. Test set-up for Cpp determination

4.1. Example Cpp calculations

CMOS:

In the case of 74LVC244, Ista7 is negligible and can be considered as zero for the purpose of Cpp
calculation. The test set-up for the '244 as indicated in Appendix 1 was used, with the load shown
in Fig. 3. At Vee = 3.6 V, fi = 10 MHZ; Iccave) Was found to be 2.24 mA.

Using Equation (5):

(24mA x 36V) —[(50 pF x 3.6V ?x 10 MHz) +0 mW ]

C =
e 3.6 V2 x 10 MHz

Cpp = 12.2pF
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BiCMOS:

In the case of 74LVT244, Istat cannot be considered as negligible at low frequency. As a result, a
higher frequency is recommended for modeling its Cpp. The test set-up for the ‘244 as indicated
in Appendix 1 was used to perform a measurement, with the same load shown in Fig. 3, however
at a frequency of 30 MHz. Icc(ave) Was found to be 11.53 mA. We then apply Equation (5) with the
assumption that Igtar is negligible.

Using Equation (5):

(1153 mA x 3.6 V) — (50 pF x 3.6 V> x 30 MHz)
3.6 V2 x 30 MHz

Cpp =

Cep = 56.8 pF

5. Using Cpp to calculate power dissipation
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5.1. CMOS device calculation

Connsider a 3.6 V application in which every 40 ms a 74LVC244A device is used to buffer four

40 MHz, 75% positive duty cycle signals and two 80 MHz, 75% positive duty cycle signals, for a
duration of 25 ms. The unused inputs are tied to 3.6 V, the outputs drive 30 pF loads, and when not
buffering, four inputs are held at 3.0 V and two inputs held at GND.

In calculating the average power dissipation we need to consider both the power dissipation for the
15 ms when the device is not buffering, and the power dissipation for the 25 ms when the buffers
are active.

In the first 15 ms the device is static and power dissipation is calculated using Equation (2). In this
case we have four inputs that are connected to Vo — 0.6 V.

Pp1=33.6 x 10 pA +4 x 3.6 x 500 pA

PD1 =7.24 mW
In the second 25 ms the total power dissipation can be estimated as the combination of static
the dynamic dissipation due to the four buffers and outputs switching at 40 MHz, and dynamic
dissipation due to the two buffers and outputs switching at 80 MHz.

Pp2 =4 x (Cpp + C) x 3.6% x 40 MHz + 2 x (Cpp + C() x 3.6 x 80 MHz

Pp2 =87.1 mW + 87.1 mW

Pp2 = 174.2 mW
The average power dissipation is then:

Pbiave) = (15 x 7.24 mW + 25 x 174.2 mW) / 40
PD(ave) =111.6 mW

5.2. BiCMOS device calculation
Consider the LVT244 in the same application.

In the case of BICMOS devices, the duty cycle must be taken into consideration because I¢¢. and
lcch are not identical. In the first 15 ms of the application the static power dissipation is calculated
using Equation (2) to determine quiescent power dissipation and adding the power dissipation
caused by the four inputs that are connected to Vo — 0.6 V.

PD1 =3.6x(6x lCCH+2x ICCL)/8+4x3-6xA|CC
Pp1=11.3 mW + 2.9 mW
PD1 =142 mW

The power dissipation in the next 25 ms contains in addition to those of the 74LVC244A case the
component Istat- Pp1 can be used to approximate Igtar-
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Pp2 =4 % (Cpp + C) x 362 x40 MHz + 2 x (Cpp + C|) x 3.62 x 80 MHz + 3.6 x Ig7aT
Pp2 =180 mW + 180 mW + 14.2 mW
PD2 =374.2 mW

It should be noted that in using Equation (3) to determine our dynamic dissipation components we
are assuming a rail to rail output swing. As BICMOS outputs don’t swing rail to rail this will produce
a worse case approximation.

The calculated average power dissipation is then:

Pbiave) = (15 x 14.2 mW + 25 x 374.2 mW) / 40
PD(ave) =239 mW

6. Results and conclusion

Table 3. Comparison of measured and calculated results

Device Static 15 ms Dynamic 25 ms Total
Icciave) Pp1 (MW) Icciave) Pp2 (mW) Pp(ave) (MW)
(mA) Measured | Calculated (mA) Measured | Calculated | Measured | Calculated
74LCV244A 0.008 0.028 7.24 48.2 173.5 174.2 108.4 111.6
74LVT244 25 9 14.2 102.4 368.6 374.2 233.8 239.2

7. References

Determination of power dissipation is an essential part of system design. By understanding the
static and dynamic components of power dissipation, and how they can be modeled; a system
designer is able to estimate the worse case power dissipation of an application.

Table 3 shows the comparison of the measured results to those calculated. The values of static
and dynamic current that were calculated are within 10% of the measured values. Importantly

the calculated values are higher than the measured values. This is due to the calculations being
made with worse case data sheet limits. This is considered advantageous in system level power
calculations, as it provides extra power budget margin in the application. It can be concluded, from
the examples presented, that any device that has a linear relationship between supply current and
frequency can be modeled as a single power dissipation capacitance Cpp for the purpose of power
dissipation calculations of that device used in any application.
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* Nexperia HCMOS users guide
* Nexperia AN241: Thermal Considerations for Advanced Logic Families
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8. Appendix 1: Conditions for Cpp tests

Gates. All inputs except one are held at either V¢ or GND, depending on which state causes the
output to toggle. The remaining input is toggled at a known frequency. Cpp is specified per-gate.

Decoders. One input is toggled, causing the outputs to toggle at the same rate (normally one of
the address-select pins is switched while the decoder is enabled). All other inputs are tied to V¢ or
GND, whichever enables operation. Cpp is specified per-independent-decoder.

Multiplexers. One data input is tied HIGH and the other is tied LOW. The address-select and
enable inputs are configured such that toggling one address input selects the two data inputs
alternately, causing the outputs to toggle. With 3-State multiplexers, Cpp is specified per output
function for enabled outputs.

Bilateral switches. The switch inputs and outputs are open-circuit. With the enable input active,
one of the select inputs is toggled, the others are tied HIGH or LOW. Cpp is specified per switch.

3-State buffers and transceivers. Cpp is specified per buffer with the outputs enabled.
Measurement is as for simple gates.

Latches. The device is clocked and data is toggled on alternate clock pulses. Other preset or
clear inputs are held so that output toggling is enabled. If the device has common-locking latches,
one latch is toggled by the clock. 3-State latches are measured with their outputs enabled. Cpp is
specified per-latch.

Flip-flops. Measurement is performed as for latches. The inputs to the device are toggled and any
preset or clear inputs are held inactive.

Shift registers. The register is clocked and the serial data input is toggled at alternate clock pulses
(as described for latches). Clear and load inputs are held inactive and parallel data are held at V¢
or GND. 3-State devices are measured with outputs enabled. If the device is for parallel loading
only, it is loaded with 101010..., clocked to shift the data out and then reloaded.

Counters. A signal is applied to the clock input but other clear or load inputs are held inactive.
Separate values for CPD are given for each counter in the device.

Arithmetic circuits. Adders, magnitude comparators, encoders, parity generators, ALUs and
miscellaneous circuits are exercised to obtain the maximum number of simultaneously toggling
outputs when toggling only one or two inputs.

Display drivers. Cpp is not normally required for LED drivers because LEDs consume so much
power as to make the effect of Cpp negligible. Moreover, when blanked, the drivers are rarely
driven at significant speeds. When it is needed, Cpp is measured with outputs enabled and
disabled while toggling between lamp test and blank (if provided), or between a display of numbers
6and 7.

LCD drivers are tested by toggling the phase inputs that control the segment and backplane
waveforms outputs. If either type of driver (LCD or LED) has latched inputs, then the latches are
set to a flow-through mode.

One-shot circuits. In some cases, when the device I¢ is significant, Cpp is not specified. When it
is specified, Cpp is measured by toggling one trigger input to make the output a square wave. The
timing resistor is tied to a separate supply (equal to V¢¢) to eliminate its power contribution.
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8.1. Pin conditions for Cpp tests; devices with 14 to 28 pins

Table 4. Pin conditions for Cpp tests

Pin number

14

28

27

26

25

24

23

22

21

20

19

18

17

16

15

13

12

1"

10

Function

00
02
03
04
uo4

08

10

11

14
20
21

27
30
32
42

58

73
74
75
85
86
93
107
109
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Pin number

14

28

27

26

25

24

23

22

21

20

19

18

17

16

15

13

12

1

10

Function

112

123

125
126
132
137
138
139
147
151
153
154
157

158
160
161
162
163
164

165
166
173
174

175
181
182
190
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Pin number

14

28

27

26

25

24

23

22

21

20

19

18

17

16

15

13

12

1

10

L

P

Function

191
192
193
194
195
221
237

238
240
241
242
243
244

245
251
253B
257
258
259
7266
273
280
283
297
299
354
356
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Pin number

14

28

27

26

25

24

23

22

21

20

19

18

17

16

15

13

12

1

10

D

Function

365
366
367
368
373
374
377
390
393
423
533
534
540
541
563
564
573
574
583
597
7597
640
643
646

648
670
688
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Pin number

14

28

27

26

25

24

23

22

21

20

19

18

17

16

15

13

12

1

10

C
P
o
C
C
P
C
o
\Y
\
0}
o
o
P
C
o
o
P
H
o
o
o

o
L

L
H
H

Function

4002

4015

4016

4017

4020

4024
4040
4046A

4049
4050

4051

4052

4053

4059

4060
4066

4067

4075

4094
4316

4351

4352
4353
4510

4511

4514

4515
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Function Pin number
1 2 3 4 5 (] 7 8 9 10 | 11 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 22 | 23 | 24 | 25 | 26 | 27 | 28
4516 L C D D L C C G L H C D D C P \% - - - - - - - - — - — -
4518 P H C C C C L G D D (0] (0] (0] (0] D \% - - - - - - - - - - - -
4520 P H C C C C L G D D (0] 0] (0] (0] D \% - - - — - - - - - - — -
4538 G R H P H C C G 0] 0] D D L (0] G \% - - - - - - - - — - — -
4543 H L L H L P L G C C C C C C C \% - - - - - - - - - - - -
7030 G| G C P Q Q Q Q Q Q Q Q Q G L C C C C C C C C C C P H \%
7046A O] C L (0] H (0] 0] G 0] 0] (0] 0] (0] P (0] \% - - - - - - - - — - — -
40102 P H L L L L L G H L L L L C H \% - - - - - - - - - - - -
40103 P H L L L L L G H L L L L C H \% - - - — - - - - - - - -
40104 H Q D D D D D G H L P C C C C \% - - - - - - - - — - — -
40105 L C P Q Q Q Q G L C C C C C P \% - - - - - - - - - - - -
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8.2. Pin conditions for Cpp tests; devices with > 28 pins

Table 5. Pin conditions for Cpp tests

Function Pin definition

16240 1 2 3 4 5 6 7 8 9 10 11 12 | 13 14 | 15 | 16 17 | 18 19 | 20 21 22 | 23 | 24 | 25 | 26 | 27 | 28
L C 0] G 0] (0] \% (0] 0] G (0] (0] (0] (0] G (0] o] \% (0] (0] G (0] (0] D D D D G

29 1 30 |31 32|33 |34 |35 |36 |37 | 38| 39 | 40 | 41 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 52 | 53 | 54 | 55 | 56

D D \% D D G D D D D G D D \% D D G D P D - - - - - - - -

16241 1 2 3 4 5 7 8 9 10 11 12 | 13 14 | 15 | 16 17 | 18 19 | 20 21 22 | 23 | 24 | 25 | 26 | 27 | 28
L C 0] G 0] (0] \% (0] 0] G (0] 0] (0] (0] G (0] 0] Vv 0] (0] G (0] (0] D D D D G

29 |1 30| 31|32 |33 |34 |3 |36 |37 38|39 40| # 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 52 | 53 | 54 | 55 | 56

D D \% D D G D D D D G D D \% D D G D P D - - - - - - — -

16244 1 2 3 4 5 6 7 8 9 10 11 12 | 13 14 | 15 | 16 17 | 18 19 | 20 21 22 | 23 | 24 | 25 | 26 | 27 | 28
L C 0] G o (0] V (0] O G (0] 0] (0] (0] G (0] o \Y, 0] (0] G (0] (0] D D D D G

29 |1 30| 31|32 |33 |34 |3 |36 |37 38|39 40| ¢ 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 52 | 53 | 54 | 55 | 56

D D \% D D G D D D D G D D \% D D G D P D - - - - - - - -

16245 1 2 3 4 5 6 7 8 9 10 11 12 | 13 14 | 15 | 16 17 | 18 19 | 20 21 22 | 23 | 24 | 25 | 26 | 27 | 28
L P D G D D \% D D G D D D D G D D \% D D G D D D D (0] (0] G

29 1 30 |31 32|33 |34 |35 |36 |37 | 38| 39 | 40 | 41 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 52 | 53 | 54 | 55 | 56

O] O \% (0] 0] G 0] (0] 0] 0] G 0] (0] \% (0] (0] G (0] C L - - - - - - - -

16260 1 2 3 4 5 6 7 8 9 10 11 12 | 13 14 | 15 | 16 17 | 18 19 | 20 21 22 | 23 | 24 | 25 | 26 | 27 | 28
L H D G D D \% C 0] 0] G 0] (0] (0] (0] (0] 0] G 0] (0] (0] \% P D G D H H

29 |1 30| 31|32 |33 |34 |3 |36 |37 38|39 40| # 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 52 | 53 | 54 | 55 | 56

H D D G D D \% D D D G D D D D D D G D D D \% D D G D D H
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Function Pin definition
16273 1 2 3 4 5 6 7 8 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
H G V G o] o O o G o 0] \Y o O G O o L D D D G
29 1 30 |31 32|33 |34 |35 |36 |37 38 |39 |40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 62 | 63 | 54 | 55 | 56
D D V D D G D D D D G D D \Y D D G D Q P - - - - - - - -
16373 1 2 3 4 5 6 7 8 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 26 | 26 | 27 | 28
L o 0] V G O o O o G 0o 0 \Y o O G O 0o D D D D G
29 130 |31 32|33 |34 |35 |36 |37 38 |39 |40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 62 | 63 | 54 | 55 | 56
D D Vv D D G D D D D G D D \% D D G D Q P - - - - - - - -
16374 1 2 3 4 5 7 8 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 26 | 26 | 27 | 28
L G G O o O o G O 0] \Y, o O G o] O D D D D G
29 1 30 | 3132|3334 |35 |36 |37 |38 |39 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56
D D \% D D G D D D D G D D \Y D D G D Q P - - - - - - - -
16500 1 2 3 4 5 6 7 8 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
H Q D V D G D D D D D D G D D D \Y D D G D H L
29 1 30 |31 32|33 |34 |35 |36 |37 38 |39 |40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 62 | 63 | 54 | 55 | 56
G| D O | G OO0 |V O] O 0] G o O o O 0o 0 G o O o \Y, 0o 0] G Cc D G
16501 1 2 3 5 7 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 26 | 26 | 27 | 28
H G D G D D D D D D G D D D \Y, D D G D H L
29 130 |31 32|33 |34 |35 |36 |37 38 |39 |40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 62 | 63 | 54 | 55 | 56
G| D O | G O, o0|V 0O0]O 0] G o O o O o 0] G o O o \Y O 0] G Cc D G
16540 1 2 3 4 5 6 7 8 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 26 | 26 | 27 | 28
L O | G 0] \% G O o o] o G o 0] \Y, o O G o] O D D D D G
29 1 30 | 3132|3334 |35 |36 |37 |38 |39 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56
D D \% D D G D D D D G D D \Y D D G D P L - - - - - - - -
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Function Pin definition
16541 1 2 3 4 5 6 7 8 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
L G V G o] o O o G o 0] \Y o O G O o D D D D G
29 1 30 |31 32|33 |34 |35 |36 |37 38 |39 |40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 62 | 63 | 54 | 55 | 56
D D V D D G D D D D G D D \Y D D G D P D - - - - - - - -
16543 1 2 4 5 6 7 8 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 26 | 26 | 27 | 28
L L Q V D G D D D D D D G D D D \Y, D D G L L L
29 130 |31 32|33 |34 |35 |36 |37 38 |39 |40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 62 | 63 | 54 | 55 | 56
H H H G O, o0|V 0O0]O 0] G o o] o O o 0] G o O o \Y, O C G H H H
16600 1 2 3 5 7 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 26 | 26 | 27 | 28
L Q| G| Q D G D D D D D D G D D D \Y, D D G L L H
29 1 30 | 3132|3334 |35 |36 |37 |38 |39 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56
D D H G 0| 0|V O] O 0] G o o] o O o 0] G o} O o \Y o Cc G Cc P L
16601 1 2 3 4 5 7 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
L Q Q Vv D G D D D D D D G D D D \Y D D G L L H
29 1 30 |31 32|33 |34 |35 |36 |37 38 |39 |40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 62 | 63 | 54 | 55 | 56
D| D H G OO0 |V O] O 0] G o O o O 0o 0 G o O o \Y, 0o C G Cc P L
16623 1 2 3 5 7 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 26 | 26 | 27 | 28
L G G D D D D G D D \Y, D D G D D L L 0] (0] G
29 130 |31 32|33 |34 |35 |36 |37 38 |39 |40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 62 | 63 | 54 | 55 | 56
oO,O0|V O] O)|G Ol o0 | O 0] G o O \% O o G o] Cc L - - - - - - - -
16646 1 3 5 6 7 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 26 | 26 | 27 | 28
H P G| Q \% D G D D D D D D G D D D \Y, D D G L D H
29 1 30 | 3132|3334 |35 |36 |37 |38 |39 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56
L D D G 0| 0|V O] O 0] G o o] o O o 0] G o O o \Y o Cc G D D L
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Function Pin definition
16652 1 2 3 4 5 6 7 8 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
H G | Q V D G D D D D D D G D D D \Y D D G L D H
29 1 30 |31 32|33 |34 |35 |36 |37 38 |39 |40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 62 | 63 | 54 | 55 | 56
H | D D G OO0 |V O] O 0] G 0} O o O O 0 G o O 0o \Y, 0o C G D D H
16731 1 2 3 4 5 7 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 26 | 26 | 27 | 28
G o C V D D L L H D D D D G O o \Y, 0o 0] G o o] G
29 130 |31 32|33 |34 |35 |36 |37 38 |39 |40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 62 | 63 | 54 | 55 | 56
V| O] O] G O, o0|V 0O0]O G O o G o O \Y 0] o] G O o \Y, O O G o O \%
16821 1 3 5 7 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 26 | 26 | 27 | 28
L G 0] G o O o O O 0] G o O o \Y, O 0] G o O L
29 1 30 | 3132|3334 |35 |36 |37 |38 |39 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56
D D D G D D V D D D G D D D D D D G D D D \Y D D G D Q P
16823 1 2 3 4 5 6 7 8 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
H Cc 0] V 0] G o} o] o O o 0] G o O o \Y o 0] G o L H
29 1 30 |31 32|33 |34 |35 |36 |37 38 |39 |40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 62 | 63 | 54 | 55 | 56
L D D G D D V D D D G D D D D D D G D D D \Y, D D G Q L P
16825 1 2 3 5 6 7 8 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 26 | 26 | 27 | 28
L G 0] G 0} O o O 0o 0 G o O o \Y, 0o 0] G o o] L
29 130 |31 32|33 |34 |35 |36 |37 38 |39 |40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 62 | 63 | 54 | 55 | 56
L D D G D D \% D D D G D D D D D D G D D D \Y D D G D P L
16827 1 2 3 4 5 6 7 8 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 26 | 26 | 27 | 28
L O | G 0] \% 0] G o o] o O o 0] G o O o \Y, O O G o O L
29 1 30 | 3132|3334 |35 |36 |37 |38 |39 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56
L D D G D D V D D D G D D D D D D G D D D \Y D D G D P L
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16835 1 2 3 4 10 | 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
b bjc, G|OoO]O|V 0O]O @] G o o] o (¢} O ] G o o] o \Y, 0] ] G o L L
29 1 30 | 3132|3334 |35 |36 |37 |38 |39 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56
G| P D | G D D |V D D D G D D D D D D G D D D Y, D D G Q D G

(&,
e}
~
(oo}
©

16841 1 2 10 | 11 12 |13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
L, c|{o0o|]G| O 0]V ] 0O]|O 0 G o o] O O O 0] G o o] 0o \ 0o 0] G o o] L
29 1 30 | 31|32 |33 34|35 |36 |37 |38 |39 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56
H | D D | G D D|V | D D D G D D D D D D G D D D \Y D D G D P H

w
N
o
»
\,
0]
©

16843 1 2 3 10 (11 |12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
H | L c/ gG|ojO0O|V O]O 0] G o O 0} O O 0] G o O o \Y o 0] G o L H
29 1 30 | 3132|3334 |35 |36 |37 |38 |39 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56
H| H D/ G| D|D|V D|D D G D D D D D D G D D D \Y D D G P H H

(¢,
»
~
o)
©

16899 1 2 3 4 10 | 11 12 |13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
D | L c G|O0O|]O0O|0O0| 0]V @) O o D D G D D O o O \Y O O 0] O G o] P
29 1 30|31 32|33 34|35 |36 |37 |38 |39 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56
H D| G | D D D D | V D D D D D G D D D D D \Y D D D D G Q H L

(&,
e}
~
(oo}
©

16952 1 2 3 4 5 6 7 8 9 10 | 11 12 |13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
L | P L G| Q| D |V D D D G D D D D D D G D D D \Y, D D G L D L
29 1 30| 31|32 |33 34|35 |36 |37 |38 |39 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56
H | D H/ G|]O O|V|O|O 0] G o O o O O 0] G o O o \Y o C G H D H

164245 1 2 3 4 10 |11 |12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
HlC|]O  G|O|O|VIT OO G O o O 0} G o o | V1 o O G O o H L D D G
29 1 30 | 3132|3334 |35 |36 |37 |38 |39 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56
D/ D|Vv2| D | D G |D|D|D D G D D |Vv2| D D G D P L - - - - - - - -

()}
~
©
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8.3. Pin conditions for Cpp tests; notes and key

Note: For 32-bit devices, the Cpp set-up of control pins is identical to those of the 16-bit equivalent.

The extra inputs are set as D, the extra outputs as O.

Key

V = V¢ (in the case of level translators V1 =5.5V, V2 =3.6 V).

G = ground.
H = logic 1 (V¢cc).

L = logic 0 (ground).
D = don’t care (input either H or L but not switching).

C =50 pF load to ground.

O = an open pin (50 pF to ground is allowed).
P = input pulse (see Fig. 4)

Q = half frequency pulse (see Fig. 4)

R =1 kW pull-up resistor to an additional supply (not V¢c)

B =both Rand C

Fig. 4.

o[

Input pulse (P) and half frequency pulse (Q)

U UL

Vce

GND

Vce

GND

aaa-035787

9. Revision history
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10. Legal information

Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. Nexperia does not give any representations or
warranties as to the accuracy or completeness of information included herein
and shall have no liability for the consequences of use of such information.

Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, Nexperia does not give any
representations or warranties, expressed or implied, as to the accuracy

or completeness of such information and shall have no liability for the
consequences of use of such information. Nexperia takes no responsibility
for the content in this document if provided by an information source outside
of Nexperia.

In no event shall Nexperia be liable for any indirect, incidental, punitive,
special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, Nexperia’s aggregate and cumulative liability towards customer
for the products described herein shall be limited in accordance with the
Terms and conditions of commercial sale of Nexperia.

Right to make changes — Nexperia reserves the right to make changes
to information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. This
document supersedes and replaces all information supplied prior to the
publication hereof.

Suitability for use — Nexperia products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical
systems or equipment, nor in applications where failure or malfunction

of an Nexperia product can reasonably be expected to result in personal
injury, death or severe property or environmental damage. Nexperia and its
suppliers accept no liability for inclusion and/or use of Nexperia products in
such equipment or applications and therefore such inclusion and/or use is at
the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. Nexperia makes no representation
or warranty that such applications will be suitable for the specified use
without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using Nexperia products, and Nexperia accepts no liability for
any assistance with applications or customer product design. It is customer’s
sole responsibility to determine whether the Nexperia product is suitable
and fit for the customer’s applications and products planned, as well as

for the planned application and use of customer’s third party customer(s).
Customers should provide appropriate design and operating safeguards to
minimize the risks associated with their applications and products.

Nexperia does not accept any liability related to any default, damage, costs
or problem which is based on any weakness or default in the customer’s
applications or products, or the application or use by customer’s third party
customer(s). Customer is responsible for doing all necessary testing for the
customer’s applications and products using Nexperia products in order to
avoid a default of the applications and the products or of the application or
use by customer’s third party customer(s). Nexperia does not accept any
liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Trademarks

Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.
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