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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest version of
relevant information to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications
applicable at the time of sale in accordance with TI's standard warranty. Testing and other quality control
techniques are utilized to the extent TI deems necessary to support this warranty. Specific testing of all
parameters of each device is not necessarily performed, except those mandated by government
requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury,
or severe property or environmental damage ("Critical Applications").

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR
SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of
Tl products in such applications requires the written approval of an appropriate Tl officer. Questions
concerning potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license,
either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which
such semiconductor products or services might be or are used.
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Introduction

Digital Signal Processors (DSPs) are becoming more common in electronic systems. True system cost effectiveness
requires that the power supply used by the DSP also be properly sized and specified. Many DSPs operate on a
single 5-V or 3.3-V system supply and do not require special interfaces. The Texas Instruments TMS320VC549 is
one of anew breed of dual-powered DSPs that optimize power dissipation and speed considerations by using
separate core and 1/0 supplies. Circuitry must be provided around the DSP and converter modules to ensure that
differential input voltage levels at the DSP inputs remain within safe operating levels. Thisreport discusses
several examples for powering the TM S320V C549 (VC549) Fixed-Point Digital Signal Processor.

Core power supply voltage requirements continue to decrease in order to reduce power dissipation within the
device, thus allowing increased performance with faster thru-put. CMOS DSPs, such as the VC549, dissipate very
little power during their static states. However, during transitions, the DSP gates ook like charging capacitive
loads with significant surge currents. These transient currents (in the megahertz range and above), caused by the
high-speed operations within the DSP, cannot be handled by the power supply alone due to closed oop response
limits within the control loop itself. Even linear regulators, which are typically much faster than switching
regulators, have aloop response only in the tens of kilohertz. Since regulator response is so sow, transient current
energy isprovided by bypass capacitors located near the DSP at each of the supply voltage terminals. Placement of
these bypass capacitorsin close proximity to the DSP source terminalsis critical to minimize loop inductance that
creates transient spikes.

The application report, “Calculation of TMS320C54x Power Dissipation” (Texas Instruments literature number
SPRA164), characterizes the worst-case input current requirements for the core at 1.1 mA per MHz of CLKOUT
with a conservative overestimated value of 1.5 mA per MHz to provide for peripherals. At 100 MHZ, the total core

current available should be 150 mA. Additional information concerning power requirements for various DSP
configurations may be obtained from thH®ee-mentioned report.

This report will discuss:
v' Power-up/power-down sequencing of multiple sources.

v Design of linear single- and dual-source regulators.
v Layout considerations for analog circuits to reduce noise generation and pickup.
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General Considerations

During low-power modes implemented by the VC549 (IDLE1, IDLEZ2, and IDLE3), input current requirements are
greatly reduced. Current demand drops down to a maximum of 1 pA during IDLE3. In order to take full
advantage of these low-power modes, the power supply quiescent current must be reduced proportionally. Many
voltage regulators can be placed into low-power modes by shutting down their outputs; not a good solution if
monitoring of interrupt lines by the DSP isrequired. A better solution would be to power down the regulators
during standby and power the VC549 with current provided by a set of resistor dividers from the main input
source.

Wake-up timing is also a concern in these low-power modes. Power supplies require some finite amount of time
to power up their contral circuits and begin operation. Typically, power supplies reach their operating voltagein
100 psto 100 ms. Thisrepresents an eternity to a DSP. When using a secondary supply to maintain DSP
operation in low-power modes, sufficient time must be given for the primary supply to begin regulating before the
DSP can befully utilized. This may not appear to be acceptable, but is an engineering tradeoff between |ow-power
usage when the system is not being used and speed of response during wake-up. Care should also be exercised to
insure that the primary and secondary sources will operate without latchup or shutdown problems caused by the
two source outputs being connected together.

At power-up and power-down, the two power supplies used for the VC549 DSP should track each other. If this
cannot be guaranteed by design, then two signal diodes and a Schottky diode (D1, D2, D3) should be used between
the 3.3-V source and the 2.5-V source as shown in Figure 1 on the next page. This circuit insures that the 3.3-V
source will never exceed the 2.5-V source by more than 2 V and that the 2.5-V source will never exceed the 3.3-V
source by morethan 0.5 V. Thisisarequirement of the DSP to prevent damage internally due to back-biasing
caused by the two voltages. Thiscircuit will also help prevent damage to the DSP in case an external short
develops on one of the power busses. In this case, the diodes should be able to handle the full short-circuit current
of the power sources.
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EXAMPLE 1: 3.3-V to 2.5-V Supply

Design Criteria

In a system with an existing 3.3-V power source capable of supplying the DSP 1/O power requirements, only a core
supply needs to be added. The core power supply will bea2.5-V, +/- 5% regulator with at least 150-mA of output
current, sufficient for operating the VC549 up to 100 MHz. During IDLE mode, the system current draw will be
less than 10 pA.

Specifications

Input voltage range ........cccceeveeceevienenneenen, 297V t03.63V
Output voltage range..........ccoeceeveereereenneenns 238V to262V
Output CUITeNt FraNGE........ceevveereeeriie e 0to 150 mA
MaX OUEPUL FIPPIE. ..ot 75 mv
IDLE3-mode current (total)........ccocvrreeneenieneenieeniene 10 pA
Operating ambient temperature range................ 0°C to 125°C
Maximum |/O delta voltage during startup...........cccceeueeee. 2V

Design

Since the system supply and the source supply requirement for the core regulator is 3.3 V, the core regulator design
is straight-forward. Several regulatorsin the TPS7xxx families of low-dropout (LDO) regulators can be used for
the 2.5-V supply, including the TPS71025 fixed 2.5-V regulator or the TPS7101and the TPS7301 adjustable output
regulators. The TPS7101 isimplemented in the following design only to show the stepsinvolved in the design of
an adjustable regulator. If using afixed output voltage regulator, the steps concerning the selection of the resistor
divider can be deleted.

33V DVdd
D1
1N4148
ut A3
. D2 ¥ 1N5817
oo ed® 1N4148
% }/NEN SENéEﬁ s o5V ovad
R1 |+ VC549
182KT DSP
= c2
fJF L 100uF

1DVss

R2
162K

CVss

1H

Figurel Basic 2.5V Regulator
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Resistors R1 and R2 are chosen as follows:

R2 issdlected as 162 kQ. A value closeto 169 kQ is recommended, larger values will not allow sufficient
current flow in the divider for good regulation and smaller values waste power. Thevalue of R1 is calculated to
give the desired output voltage with standard 1% resistor values.

oo Vo-1.182) . _ (25-1182)
1.182 1.182

0162 kQ =181kQ 0O 182kQ

C1isused to suppress input transients to the regulator. Depending upon the source and load conditions, typical
valuesfor Clare0.1 pFto 1 pF. If the 3.3-V sourceisfar from thisregulator (greater than approximately 3
inches), additional bulk capacitance may be required on the input (10-uF per 100-mA of load current is suggested
asadtarting point). C2 providesload transient energy for the high-speed current pulses required by the DSP and
isrequired for stability of the LDO. A 10-pF capacitor (or larger) is recommended for the TPS7xxx series of
regulators for good stahility under all load conditions. A 100-uF OS-Con output capacitor with very low ESR (less
than 0.1Q at 100 kHz) is used in this design for excellent high-speed characteristics and low output ripple. Figure
1 shows the basic VC549 power supply for a 3.3-V system. A tight, well-planned layout will minimize loop
inductance that can cause ringing when high current transients occur.

The basic design now has to be enhanced to meet the other requirements of the design. During the lowest-power
states, the maximum input current requirement to the DSPis only 1 pA. When the TPS7101 isturned on,
quiescent current is about 285 PA. In order to enter alow-power state, the TPS7101 will be shut down and
replaced with a bleeder supply consisting of R3, R1, and R2 as shown in the schematic below. Thiswill supply the
2.5-V power during IDLE with a current draw lessthan 10 pA. A D latch isused to control the enable signal to
the LDO regulator. Thelatch isreset (LDO disabled) by a signal from the DSP when it entersthe IDLE3 mode.
Thelatch is set (LDO enabled) by an external signal. An external signal generated by the system will usually be
required for power-on due to the 100-us delay from enable until the LDO output voltageis up and stable. The
interrupt signal to the DSP could be used if sufficient timeis given before actual commands are given to the DSP.
The compl ete schematic for this configuration is shown below in figure 2.

33V Dvdd
D1
DL4148
U1
TPS7101 R3
8 D2 ¥ D 100K
i T ST ) 5IZ\)/L4-14-8 DL5817
2 6 R
L e cvad
" VC549
+
182KT DSP
c2
[ 100uF
R5 DVss
240K R2
162K
1T CVss
Wakeup
ShutDown 27 o xF

Figure2 Complete 3.3-V to 2.5-V DSP Regulator w/L ow-Power M ode
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To calculate the value of R3 in Figure 2, the IDLE-mode current must be taken into account since it represents a
significant portion of the bleeder supply quiescent current. Figure 3 shows the equivalent circuit for the low-power
mode calculations. THE TMS320L C549 has a maximum IDLE3-mode current of 1 pA (with an approximate
range from 0.5 to 1pA):

Vo =V~ ltotal R3
ITotal = IBleeder + Icpu
Vo = IBleeder R1+2

Combining equations and solving for R3 gives:

Rs = «V/ - VO)R1+2)
lcpuR1+2 T Vo
Solving for R3 with the following parameters:
V=33V
Vo=25V
Ry = 344 kQ
ICPU =0.75 IJ.A

R3=99.8kQ [ Use 100 kQ Figure3 Low-Power Mode Cir cuit

Now substituting the new value for R3, assuming worst-case resistor tolerances of 1%, and assuming a worst-case
range of IDLE3 current from 0.5 to 1 YA, the range of values for V is calculated using this equation:

((V/ ~“R3 ICPU)R1+2)
(R1+2 + RS)

Vo=

Vo will rangefrom 2.223V t0 2.774 V. Thisis absolute worst case with all parameters going to the extremes.
Using well established statistical calculations, it can be shown that in all likelihood, the limits of this range will
never be seen.

Tablel Bill of Material (for Figure 2)

Ref Des |Part Number Description Mfgr
C1 ECS-T1CY105R Capacitor, Tantalum, 1 pF, 16 V, 10% Panasonic
Cc2 10SM100M Capacitor, 0OS-Con, 100 pF, 10 V, 20% Sanyo
D1 DL4148 Diode, Signal, 100 V, 10 mA Diodes, Inc.
D2 DL4148 Diode, Signal, 100 V, 10 mA Diodes, Inc.
D3 DL5817 Diode, Schottky, 1 A, 20 V Diodes, Inc.
R1 Resistor, Metal Film, 182 kQ, 1%, 1/10W
R2 Resistor, Metal Film, 162 kQ, 1%, 1/10W
R3 Resistor, Metal Film, 100 kQ, 1%, 1/10W
R4 Resistor, Carbon Film, 240 kQ, 5%, 1/10W
R5 Resistor, Carbon Film, 240 kQ, 5%, 1/10W
Ul TPS7101QD IC, Regulator, Adjustable, 500 mA Texas Inst.
U2 SN74AC74PW IC, Dual Positive-edge-triggered D Flip-flop |Texas Inst.
Copyright © 1998 Texas Instruments Incorporated
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EXAMPLE 2: 5V t03.3-V and 2.5-V Supply

Design Criteria

In this design example, a 5-V sourceis used to generate both the 3.3-V and 2.5-V supplies. This adds sequencing
reguirements to the previous design spec and an additional regulator. Power dissipation requirementswill also go
up dueto the higher source voltage.

Specifications
3.3-V Supply 2.5-V Supply

Input voltage range ........cocceeeeeceveeneeneenenn 475V t05.25V 475V 10525V
Output voltage range.........ccceeeeeveeneeneenneenn 297Vt0363V 238Vto262V
Output CUITENt raNGE........ceevveerree e 0to 150 mA 0to 150 mA
MaX OULPUL FIPPIE....coviiiiiiiereeee e 75 mv 75 mv
IDLE3-mode current (total)........cocvrveeieeneeneeneeniene 10 pA

Operating ambient temperature range............... -25°Ct085°C  -25°Ct085°C
Sequencing of OULPUL VOITAZES .........ceeveereenieeiieiesee e 33Vthen25V

Design

The two regulators required for this application can both be LDOs. However, there are two ways to connect these
to meet the sequencing requirements. The 2.5-V regulator can be connected to the output of the 3.3-V regulator,

thusinsuring that the 2.5 V will come up after the 3.3 V. Connecting the regulators this way will require that all
of the 2.5-V current plusthe 3.3-V current will flow through the 3.3-V regulator. Thiswill result in a maximum
power dissipation for the 3.3-V regulator of:

oo Viwon = Vowin) _ 625V -297v) _ o,
ITotal 0.3A

well above the maximum power dissipation for a SO-8 package. A DIP or TSSOP PowerPadl] package could be
used to get around this problem or possibly the use of a heatsink on the 3.3-V regulator.

The other alternativeisto power both regulators from the 5-V source, use aNAND gate to monitor the 3.3-V
output, and use this signal to control the 2.5-V regulator. Thiswill be the approach for thisdesign. The 3.3-V
regulator will be a fixed output regulator, the TPS7233, while the 2.5-V regulator will be the same circuit used in
the previous example. Low-power-mode circuitry is shown, but may be deleted if it is not a system reguirement.
The design is shown in figure 4 below.
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R4
221K

U3
TPS7233
5y Z IN our ; 3.3V 1/0 DVdd
IN out
C4Jj. IR 4 (170 Supply)
oo L2 y ' 100uF DL4148
T 3.6V U = x ..
C3 TPS7101 D2 ¥ D3 4
TF A/ g + oo edle— pL414g | DLgs17 | 190K
GND N out S 2.5 V Core cvdd

z
3
"" T N ouT] 1 (Core Supply)

R1
RS 182K o
240K T
L:‘[ 8 3 c2 VC549
L | P 100uF DSP

ct 4 74AHC1Ge0 R2
1uF 162K

GND

IS

R6
240K

Wakeup

ShutDown OXF

Figure4 5-V t0 3.3-V and 2.5-V supply

The low-power-mode circuitry functions as stated in the previous example. One addition isthe Q output of U2
which isused for the sequencing circuit. The Q output of U2 is used to invert the/EN signal so that it can be used
to control the 2.5-V regulator. The PG (Power Good) output of U3 is an open-collector output requiring a pull-up
resistor to be used with the NAND gate. R4 (in serieswith R3, R1, and R2) gives a 3.3-V supply for DVdd when
the DSP isin IDLE3 mode and also supplies the low-level 2.5-V divider (R3, R1, R2). Sincethe DSPisin IDLE3
mode, the 1/O current iszero. This makes the calculation of R4 straightforward. D4 is used as an overvoltage
clamp and would not normally have an operating function in the circuit. The equation for finding R4 is:.

(DVDD - V/)

ITotal

R4 =

Using DVpp =3.3V, V=5V, and ltoa = 7.77 HA (Bleeder current + 0.75 pA CPU current), gives avalue for R4
of 219 kQ, use 221 kQ.

Then, to verify the output voltage ranges of the bleeder divider use the following equations:
DVpp = Vi~ Itotai Ra

((V/ ~“R3 ICPU)R1+2)
(R1+2 + RS)

Vo=

Using 1% resistors, V, =4.75V t05.25V, and Icpy = 0.5t0 1 pA givesarange of 2.960 V to 3.605 V for DVpp
and

arangeof 2.205V to2.767 V for Vo. Again, these are absolute worst-case limits. Note that in the equation for
Vo, the values for DV pp should be substituted.
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Table2 Dual Regulator Bill of Material (for Figure 4)

Ref Des |Part Number Description Mfgr
C1 ECS-T1CY105R Capacitor, Tantalum, 1 pF, 16 V, 10% Panasonic
Cc2 10SM100M Capacitor, 0OS-Con, 100 pF, 10 V, 20% Sanyo
C3 ECS-T1CY105R Capacitor, Tantalum, 1 pF, 16 V, 10% Panasonic
C4 10SM100M Capacitor, 0S-Con, 100 pF, 10 V, 20% Sanyo
D1 DL4148 Diode, Signal, 100 V, 10 mA Diodes, Inc.
D2 DL4148 Diode, Signal, 100 V, 10 mA Diodes, Inc.
D3 DL5817 Diode, Schottky, 1 A, 20 V Diodes, Inc.
D4 Diode, Zener, 3.6 V, 5%
R1 Resistor, Metal Film, 182 kQ, 1%, 1/10W
R2 Resistor, Metal Film, 162 kQ, 1%, 1/10W
R3 Resistor, Metal Film, 100 kQ, 1%, 1/10W
R4 Resistor, Metal Film, 221 kQ, 1%, 1/10W
R5 Resistor, Carbon Film, 240 kQ, 5%, 1/10W
R6 Resistor, Carbon Film, 240 kQ, 5%, 1/10W
R7 Resistor, Carbon Film, 240 kQ, 5%, 1/10W
Ul TPS7101QD IC, Regulator, Adjustable, 500 mA Texas Inst.
U2 SN74AC74PW IC, Dual Positive-edge-triggered D Flip-flop |Texas Inst.
U3 TPS7233QD IC, Regulator, 3.3 V, 250 mA Texas Inst.
U4 SN74AHC1G00DBV|IC, Single 2-Input Positive NAND Gate Texas Inst.

The figures below show plots of the waveforms produced by the power-sequencing circuits shown in this example.

3.3V
2.5V

.Enable .,

-

o
2.5V

Reguiator

: Cd
Turn-0on s Shut Down

T UM 50.0us Chi T 2,20 V]

wov T
00V Ch4 1.00V

Figure5 DSP Power-Up

M1.00ms Ch1 7 480mv

— N

[ O
(=3
<

Cha 1.00v

Figure 6 DSP Power-Down

Figure 5 shows the application of power, followed approximately 50 s later by the increasing DVpp
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Supply. Note that the CVpp supply tracks DV pp about 2-diode drops lower, as expected, until the enable signal for
the CVpp supply alowsit to activate. At power-down (shown in figure 6), both supplies shut down immediately.
Fall timeisafunction of the load current at the time of shutdown.

1 2.90v

{ 2.60V

Chi 50.0mA ! M TO0Rs Ch3 7 —37mv
30.0mvA,

Figure7 Transient Waveform with 100-puF Output Capacitor

Figure 7 shows the effect on the output voltage when the load current is stepped from a very low load (approx. 5
pA) to ahigh load (150 mA). Thedivider voltageis set to 2.90 V purposely to insure that the regulator is
completely turned off during the low-current state. When the current is stepped, the output voltage drops as the
output capacitor is discharged until the regulator turns on (2.60 V in this case) and begins supplying the output
current. The bleed-off rate is set by the output load current and the output capacitor.

2.90V 2.90vV

2.60V

AW ATA 2,60V A mw et

AN ‘
Y

1~

Chi soomA MS0.0us ChT 7 =36mv
@E 100mva

Chi 50 0mA MS0.0ds CR3 J  —36mv
T00mMvA,

Figure8 Transient with 10-puF Output Capacitor Figure9 Transient with 33-puF Output Capacitor

Figures 8 and 9 show the output transient waveform when stepping the load from 5 pA to 150 mA using smaller
output capacitors. Note the change in response time and undershoot with different capacitor values (Time and
voltage scales are different from Figure 7). Using a smaller capacitor, such asthe 10 pF used in figure 8, also

produces some ringing during stepped load transients.
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Layout Information

Proper eectrical design isonly half of the effort required in good power supply devel opment. Without a good
layout, noise can be picked up or generated that will have a negative affect on the regulator and/or load. High-
speed current transients must be properly bypassed. The regulator should be located as close as possible to the
DSP. With the TMS320LC549, as is the case with most large-pin-count devices, thisis not easy dueto the
distributed input terminals for the 2.5-V and 3.3-V inputs. Small bypass capacitors (~0.1 pF) should be placed at
each input terminal and the regulator circuit should be placed near terminal 1 to be as close as possible to four of
the seven input terminals. Ground planes and power planes should be used to minimize inductive pickup and to
lower the source impedance of the power sources. Power supply traces should be larger than signal traces for low
impedance even if they need to be trimmed down when going between IC terminals. Wider and shorter traces
mean |ess inductance which trandates to less noise generation. The input capacitor for each regulator should be
very close to the input terminals and ground of the regulator. The ground plane(s) for the DSP power supplies
should be physically isolated from the system ground plane(s), but connected to a single-point connection to system
ground at the regulator ground pins. Thiswill ensure that no system-ground current will flow in the DSP ground
plane. An example layout of the power circuitry is shown below. The 2.5-V and 3.3-V power planes are within the
DSP power ground plane area on adjacent layers.

System Ground 2.5-V
Reg
R2 ¢ u» y w DSP
Comimon [ 289 S8 2 Pwr
o o O o
Gound = u1 i, Gnd
Point =5 mm SS s
= °F ofF IER S =
3 ESsiEmes s S.a
v Tam 2 DSP £
o= Sod’
=% '~|||||||||||||(|)|‘|,||||||(|)||||||c|'.|!||||J
(L L] (o)
D1 L "D3 n mla \ )
3.3-V — tiS Isoldtion
Reg Boundary

Figure 10 Example Power Circuitry Layout

Figure 10 shows an ideal top-plane layout for the power circuitry of a DSP using al of the points mentioned above.
In reality, compromises will be made to thisideal layout due to the system requirements of the DSP circuitry.
Although thiswill always be the case, the above considerations should be included during layout to minimize |ow-
frequency (lessthan 1 MHz), power-circuit noise problems. High-frequency (greater than 100 MHz), signal noise
problems relating to return paths must also be considered to pass emissions standards. Generally, the best layout
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for any noise-related problems on PCBs is minimum area between a signal and its return path (and every signal
will have areturn path!).
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