Calculating Power Dissipation for the
16-Bit Transceiver Family

Table 1: Cross Reference of Applicable Products

Product Name ‘ Manufacturer Part Number Device Type Internal PIC

. . 01, 02, JMO01, JMO03,
MultiPurpose Transceiver UT54ACS164245S/SE 5962-98580 03, 04, IM04
with Cold Spare /0 05
MultiPurpose Transceiver | ;542 c5164245SE] 5962-98580 06, 07 JIM06
with Cold/Warm Spare /0 '
MultiPurpose Registered
Transceiver with Cold/Warm | UT54ACS164646S 5962-06234 01 KEO1
Spare /O
MultiPurpose 3-Volt
Transceiver with Cold/Warm | UT54ACS162245SLV 5962-02543 01 WA04,WAO05
Spare /0
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1.0 Overview

The CAES 16-bit Logic family contains products such as the UT54ACS164245S/SE, UT54ACS164245SE|,
UT54ACS164646S, and the UT54ACS162245SLV. These products perform functions such as: asynchronous twaay
communication, Schmitt input buffering, voltage translation, mu ltiplexed real-time and stored data, as well as cold
and warm sparing.

This application note walks the designer through the calculations needed to determine power dissipation capacitance
(Cep) and power dissipation (Pp) for the 16 -bit Logic Family with user specific capacitive loads (G).

2.0 Technical Figures and Data

Accurate power calculations are necessaryto determine systempower supply and thermal managementrequirements.
The two primary components that determine the power consumptionina CMOS circuit are static and dynamic power.
Static power is the power dissipated under DC conditions. Dynamic power consumption occurs when the device is
switching capacitive loads.
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Power consumption can be decreased by lowering supply voltage, reducing the capacitive load that the device has to
drive, or lowering the devices operating frequency. Usually none of these reductions can be made without
compromising system performance. It then becomes very importantto be able to estimate the power requirements

of the device.

From the device SMDs, power dissipation per switching outputis offered as P.ota = X MW/MHz with a tester load C.

=Y pF. SMD values enable the user to determine worst case power dissipation for the system. A power dissipation
analysis can ako determine the maximum reliable operating frequency of the device.
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Calculating Power Dissipation for the
16-Bit Transceiver Family

2.1 Characterization Data UT54A CS164245SEl

The following plots show active current, or AIDD, measurements versus frequency, over temperature and are used
as input current for calculating power dissipation and power dissipation capacitance(Gnp). The AIDD values are from
maximum measurements taken during characterization of numerous devices under the following conditions.

Temperature: Tc= 125 ,-555

Voltage: VDD1=VDD2= 3.0V
VDD1=VDD2= 3.6V
VDD1=VDD2=5.5V
VDD1=5.5V VDD2= 3.6V

Frequency: ¥ =10MHz, 25MHz, 50MHz

UT54ACS164245SEI AIDD vs. Frequency —4— VDD1=VDD2=3.0V

Tc=125°C C,=40pF ---#--- VDDI=VDD2=3.6V
—=— VDDI=VDD2=5.5V

—-»-=VDDI=5.5V VDD2=3.6V
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Figurel. AIDD Values for 125  with all 16 outputsswitching
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—&— VDDI1=VDD2=3.0V
---#--- VDDI1=VDD2=3.6V
VDDI1=VDD2=5.5V
— - -—VDDI1=5.5V VDD2=3.6V

UT54ACS164245SEI AIDD vs. Frequency
Tc=25°C C,=40pF
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Figure 2. AIDD Values for25 with all 16 outputs switching

—a— VDDI=VDD2=3.0V
---¢--- VDDI=VDD2=3.6V
—=— VDDI1=VDD2=5.5V
—-» - = VDDI=5.5V VDD2=3.6V

UT54ACS164245SEI AIDD vs. Frequency
Tc=-55°C C=40pF
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Figure 3. AIDD Values for-55  with all 16 outputsswitching
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Using the AIDD graphs above (figures 1-3), or the data in tables 2 through 5 below, an estimate of the power supply
current can be calculated by taking the slope of the line between two adjacentfrequen ciesata given temperature
and multiplying by the designero6és operating frequency
the power supply input current that will be used in determining the power dissipation and dynamic current
consumption later in this application note .

Power dissipation capacitance or (Gep) for the 16 -BitLogic Transceiversis calculated using equation 1 asfollows. Since
the outputs switch rail to rail V pp = 3.3V or 5.0V, the capacitive load per switching output added by the automated
tester (C.t) must be accounted for. Calculations for Cepare found in sections 3.0 and 4.0 of this application note.
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Table 2. AIDD over frequency and temperature with VDD1 =VDD2 = 3.0V AIDD is listed for all 16
outputs switching, C  pp and C .t are listed per switching output.
Tc( ) Frequency (MHz) AIDD (mA) Slope (MA/MHZz)
25 SIDD 0 12.62
25 10 14.41
25 25 36.08 1.45
25 50 80.71 1.79
VDD1=VDD2=3.0V -55 SIDD 0 12.71
I';Igl CLr=40pF -55 10 14.50
1L -55 25 36.45 1.46
g Crp=15.0pF -55 50 81.29 1.79
v 125 SIDD 0 13.21
O 125 10 14.89
$ 125 25 37.11 1.48
ag 125 50 79.07 1.68
=
=
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Table 3. AIDD over frequency and temperature with VDD1 =VDD2 = 3.6V AIDD is listed for all 16
outputs switching, C  pp and C .t are listed per switching output.
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Tc( ) Frequency (MHz) AIDD (mA) Slope (MA/MHz)
25 SIDD 0 15.33
25 10 17.50
25 25 44.26 1.78
25 50 98.55 2.17
VDD1=VDD2=3.6V -55 SIDD 0 15.59
-55 10 17.71
CL1=40pF
-55 25 45.07 1.82
Cpo=15.0pF -55 50 98.15 2.12
125 SIDD 0 15.87
125 10 17.99
125 25 45.01 1.80
125 50 97.99 2.12
Table 4. AIDD over frequency and temperature with VDD1 =5.5VVDD2 =3.6V AIDD is listed for all 16
2y, outputs switching, C  pp and Cr are listed per switching output.
m
|-'|_-| Te( ) Frequency (MHz) AIDD (mA) Slope (MA/MHz)
a 25 SIDD 0 20.49
g VDD1=5.5V 25 10 23.29
g VDD2=3.6V 25 25 59.12 2.39
Lk 25 50 129.12 2.80
~~ —
- CLr=40pF 55 SIDD 0 21.04
1 Crp=15.0pF 55 10 23.71
-55 25 60.97 2.48
-55 50 127.58 2.66
125 SIDD 0 20.92
125 10 23.71
125 25 58.95 2.35
125 50 128.72 2.79
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Table 5. AIDD over frequency and temperature with VDD1 =VDD2 =5.5V AIDD is listed for all 16
outputs switching, C  pp and C .t are listed per switching output.
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Tc( ) Frequency (MHz) AIDD (mA) Slope (MA/MHz)
25 SIDD 0 25.18
VDD1=VDD2=5.5V 25 10 28.43
CLT=40pF 25 25 72.74 2.95
25 50 154.03 3.25
Cpo=15.0pF -55 SIDD 0 26.06
-55 10 29.08
-55 25 75.42 3.09
-55 50 150.94 3.02
125 SIDD 0 25.36
125 10 28.74
125 25 71.78 2.87
125 50 156.26 3.38
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2.2 Characterization Data UT54A CS164245S/SE
Temperature: Tc=125 , 55

Voltage: VDD1=VDD2= 3.0V
VDD1=VDD2= 3.6V
VDD1=VDD2=5.5V
VDD1=5.5V VDD2= 3.6V

Frequency: ¥=10MHz, 25MHz, 50MHz

UT54ACS164245S AIDD vs. Frequency —A—NDDI=VDRE0Y

Tc=125°C C =40pF ---#--- VDDI=VDD2=3.6V
—s=— VDDI=VDD2=5.5V

—-%-—VDDI1=5.5V VDD2=3.6V

>
T
T
AN
Q
>
m
O
Z
Z
O
_|
m

160

140

— —
(=3 5]
S (=)
\

\

\

AIDD (mA)

TT /T /€Ad3sSv3a13d

40 45 50

. 30
Frequency (MHz)

Figure4. AIDDV al ues f with all 1&dktputsswitching
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—a— VDDI1=VDD2=3.0V
---#-- VDDI1=VDD2=3.6V
—=——VDDI1=VDD2=5.5V
—-»--VDDI=5.5V VDD2=3.6V

UTS54ACS164245S AIDD vs. Frequency
Tc=25°C C,=40pF
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Figure5. AIDD Values for2 5 with all 16 outputs switching
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Figure 6. AIDD Values for-5 5 with all 16 outputs switching

4350 Centennial Blvd. | Colorado Springs CO 80907 USA | 1800-645-8862 | caes.com

PIONEERING
CHEE ADVANCED
ELECTRONICS




>
T
T
AN
Q
>
m
O
Z
Z
O
_|
m

AN-LOG002-001

Calculating Power Dissipation for the

16-Bit Transceiver Family

Table 5. AIDD over frequency and temperature with VDD1 =VDD2 = 3.0V AIDD is listed for all 16

outputs switching, C

po and Crare listed per

switching output.

Tc( ) Frequency (MHz) AIDD (mA) Slope (MA/MHz)
25 SIDD 0 12.83
VDD1=VDD2=3.0V 25 10 14.24
CLT=40pF 25 25 34.92 1.38
25 50 70.29 1.41
CPo=15.0pF 55 SIDD 0 10.18
-55 10 11.36
-55 25 27.88 1.10
-55 50 57.48 1.18
125 SIDD 0 13.19
125 10 14.49
125 25 35.63 1.41
125 50 67.95 1.29

Table 6. AIDD over frequency and temperature with VDD1

outputs switching, C

po and C.r are listed per switching output.

=VDD2 = 3.6V AIDD is listed for all 16

Py
E Tc( ) Frequency (MHz) AIDD (mA) Slope (MA/MHz)
L 25 SIDD 0 15.52
I_UI_JI VDDI=VDD2=3.6V e 0 17 30
8 CLr=40pF 25 25 42.48 1.67
i 25 50 86.96 1.77
H
— Cro=15.0pF 25 SIDD 0 15.46
B .55 10 17.24
55 25 42.41 1.67
-55 50 86.86 1.77
125 SIDD 0 15.81
125 10 17.53
125 25 43.08 1.70
125 50 86.11 1.72
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Table 7. AIDD over frequency and temperature with VDD1
po and C.r are listed per switching output.

outputs switching, C

=5.5VVDD2 =3.6V AIDD s listed for all 16

Tc( ) Frequency (MHz) AIDD (mA) Slope (MA/MHz)
25 SIDD 0 19.38
VDD1=5.5V 25 10 21.56
VDD2=3.6V
25 25 52.96 2.09
CLT=40pF 25 50 107.38 2.17
CPo=15.0pF -55 SIDD 0 20.32
-55 10 22.55
-55 25 55.52 2.19
-55 50 111.36 2.23
25 SIDD 0 20.25
125 10 22.54
125 25 55.31 2.18
125 50 112.58 2.29

Table 8. AIDD over frequency and temperature with VDD1
po and C.r are listed per switching output.

outputs switching, C

=VDD2 = 3.0V AIDD is listed for all 16

Te( ) Frequency (MHz) AIDD (mA) Slope (mMA/MHz)
25 SIDD 0 24.72
VDD1=VDD2=5.5V 25 10 27.49
CLTE=40pF 25 2 o719 2%
25 50 136.92 2.76
Cpo=15.0pF -55 SIDD 0 25.12
55 10 27.74
55 25 68.78 2.73
-55 50 134.33 2.62
25 SIDD 0 24.65
125 10 27.52
125 25 67.84 2.68
125 50 139.5 2.86
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2.1 Chara cterization Data UT54A CS164646S
Temperature: Tc=125 , 55

Voltage: VDD1=VDD2= 3.0V
VDD1=VDD2= 3.6V
VDD1=VDD2=5.5V
VDD1=5.5V VDD2= 3.6V

Frequency: ¥= 10MHz, 25MHz, 50MHz

UT54ACS164646S AIDD vs. Frequency —&— VDDI=VDD2=3.0V

Tc=125°C C =40pF ---¢-- VDDI=VDD2=3.6V
VDDI1=VDD2=5.5V
| — -~ VDDI=5.5V VDD2=3.6V
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Figure7.AIDDV al ues f with all 1&dtputsswitching
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UT54ACS164646S AIDD vs. Frequency —&— VDDI=VDD2=3.0V

Tc=25°C C;=40pF ~--& - VDDI=VDD2=3.6V
—s— VDDI=VDD2=5.5V

— - = VDDI=5.5V VDD2=3.6V
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Figure8. AIDDV al u es fwithmll 18 dutputs switching
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Figure 9. AIDD Values for-5 5 with all 16 outputs switching
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