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ABSTRACT

In this paper we provide a comprehensive analysis and new mathematical foundation to design any number
of parallel LDO's using ballast resistors. Using this foundation, we show how to optimize the parallel LDO
performance by including the parasitic PCB impedance in the ballast resistance analysis. This enables lower
values of discrete ballast resistance and maximum performance in the design.
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1 Introduction

Paralleling LDO’s using ballast resistors have been discussed in the industry for many years. Previously,

the analysis techniques that had been developed were limited to two parallel LDO’s and did not take into
consideration nonideal parasitic effects such as PCB impedance. Design and analysis of ballast resistance has
not previously been fully explored, forcing the practicing engineer to use look up tables or common values such
as 20 mQ seen in many reference designs. Unfortunately, these look up tables give no methods to calculate
how these ballast resistance values impact the load voltage and could be overdesigned leading to degraded
performance.

Modern systems require parallel LDO designs to meet more than just additional load current or spread the heat
generated by the power dissipation of the LDOs. Methods to accurately design with more than two parallel
LDO’s needed to be developed as many engineers want to use 5-10 parallel LDO’s to meet their load current
requirements. The voltage at the load must be calculated to ensure it meets the system requirement. This
technical white paper provides a new mathematical foundation to calculate the load current and load voltage for
any number of parallel LDOs. From this, we can support a new generation of designs which may parallel any
number of LDO’s to meet the system load voltage and load current while optimizing the ballast resistance to
include the parasitic PCB impedance for maximum performance.

2 Comprehensive Review of Error in LDO's

In a typical LDO, the voltage feedback amplifier (error amplifier) compares the sensed output voltage to the
reference voltage and adjusts the feedback loop accordingly (Figure 2-1). The nonideal components of the error
amplifier include the offset voltage (Vog) and bias currents (Igjas). In an ideal LDO, there are no sources of error
and the output voltage is configured using Vrgr, R1 and Ro.

Vop Vour

lgias + R1
VERROE</+—@—
\_@_| VRer R, Ve

laias - Vos i

(a) (b)

(a) Basic structure including nonideal bias current and offset voltage of op-amps. (b) Reference voltage generated via a precision
voltage. (c) Reference voltage generated via a precision current source and resistor.

Figure 2-1. Feedback and Error Amplifier of LDO's

(1

R1+Ry
Vour_ipeaL = VREF\ —r;

The output voltage error sources include the reference voltage, error amplifier, feedback resistors, and pass
element. Other sources of error on the output voltage include load regulation and line regulation. An LDOs line
and load regulation measure how the voltage reference, error amplifier and pass element react to changes in
line voltage and load current, respectively.

The source of load regulation inside an LDO is concentrated around the error amplifier and pass element. The
reference voltage is minimally affected, if at all, to changes in load current. In contrast, the reference voltage, the
error amplifier and pass fet are all affected by changes in line, which combined make up the line regulation of an
LDO. Thus, the reference voltage can be thought of as dependent on the line voltage, while the offset voltage
can be thought of as dependent on both the line voltage and load current.
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We can write an equation to describe the error, Vg, on the output (Equation 2). The bias current flows into the
resistor Regy. If Igjas+ is flowing into the error amplifier input, Rpgx = R4 and the term IgasRrgy is positive. If Igjas+
is flowing out of the error amplifier input, Rggx = R, and the term IgasRrgx is negative.

ARl + ARZ
AVp = ((A VRer + A Vos)(A—Rz) - VOUT_IDEAL) + AlpiasARppy (2)

A special use case exists such that the feedback resistors are removed and the feedback pin is directly tied to
Vour- In this case, Equation 2 can be modified to become Equation 3.

AVg= AVgppr+ AVpg 3)

2.1 Commentary on Real World Error Voltage (Vg) in Single LDO's

The equations describing Vg can be simplified in most cases for real world LDO's based on what nodes are
accessible to the designer. We will identify these error terms in modern data sheets and later discuss their
impact on current sharing in parallel LDO's.

In the simplest design scenario, the LDO contains all of the Figure 2-1(a) elements inside the integrated circuit
(with either Figure 2-1(b) or Figure 2-1(c) generating the voltage reference) and the only terminals accessible to
the designer are V |y, Vout and return (or ground). The data sheet will provide an output accuracy specification
which can be used as Vg for the parallel converter.

In the most complex design scenario, the LDO is designed from discrete components. Here, the Vog and Igjas
terms must be known and will be located in the discrete op-amp’s data sheet. Most designs will be somewhere
in between these extreme cases, thus guidance for most designs can be generalized based on which node the
designer has access to — the Vrer pin and / or the Vg pin.

211 VREF Pin

While the reference voltage is most often derived from a precision voltage source Vrgg, in some voltage
regulators, a precision current source Iggr flows into a resistor to set the Vrgr voltage (Figure 2-1(c)). In
converters where Irer and / or Ve is internal to the device, Igjas is included in the tolerance of Iggg, and Vpg is
included in the tolerance of Vggg.

If the Vger pin is accessible to the designer with the intent that Vger is generated externally, Vg of the

internal error amplifier must be known and may be located in the LDO data sheet. Although the term (AVRrgr

+ AVg) is rarely included in LDO's, when external resistors are used to program VoyT this information is
needed to complete (Equation 2). Texas Instruments has developed a new down-loadable software tool with this
information included for some of our LDOs see reference [7]. In the event that a TI LDO does not have this
information in the data sheet or the software tool, submit a request for the information on our E2E forum.

2.1.2 Vgg Pin

When the Vg pin is accessible to the designer, the Ig|as term is required only in designs where the error
amplifier does not operate in unity gain. The Igjag term is located in the data sheet and is sometimes described
as the adjust pin current, set pin current or the feedback pin current. In non-unity gain designs (where external
resistors are used to program VgoyT), we must first identify the (AVggr + AVps) term in (Equation 2) as discussed
in Section 2.1.1. Then we must conduct a statistical analysis on Equation 2 to derive AVg see reference [ 4].
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3 Current Sharing and Load Voltage Analysis for n Parallel LDO's

A model of the parallel LDO's can be developed, and used to provide a universal equation for current sharing
in n parallel converters (Figure 3-1). Using mesh current analysis, we can derive the output current for any n
number of parallel LDO's:

Vourn—VL0AD N VEn

(4)

loytn =

Rpn Rpn
lILOAD Re1 TIOUTI Ran % T loutn

r———""71"" | ___]I
| | +

Vioap (_) i Ve ! VEn:?i

|

| | |
| | 1
| | |
! | + |
Vour Voutn <_> !
| 1 !
_____4 1 | P _
LDO#1 LDO#n

Figure 3-1. Equivalent Model for n Parallel LDO's Using Ballast Resistors.
The total load current is equal to the summation of current provided by each individual LDO. Thus:

Vourn=VL0AD +*VEn
Rpn

ILoap = Sn =1 (5)
In addition to deriving the current sharing of each LDO, we wish to compute the voltage on the load. Equation 5
can be rearranged to calculate V| oap.

Vournt+VEn
Rpn

n
Xn=1

Sn=1 = 1L04D
1 (6)

Rpn

Vioap =

The universal equations for the current sharing and load voltage analysis are summarized in Equation 4,
Equation 5 and Equation 6 for any n number of parallel LDO's using ballast resistors.

Equation 5 can be used to determine the maximum current provided by any LDO in a parallel system. This
occurs when the error term for one LDO is the most positive while the error terms for the other LDO's are

the most negative. In this worst-case scenario, loyTy raises to its maximum possible value using Equation 4.
This analysis provides the maximum current that each LDO must be designed to, and should be used in power
dissipation analysis and thermal analysis for the parallel LDO's.

3.1 Commentary on Parallel LDO's in Real World Applications

Upon review of Equation 4 and Equation 5, there are no theoretical limitations on the number of LDO's that

can be paralleled. Also, there is no assumption that all of the LDQO's or output voltages must be the same. To
simplify implementation, it may be advantageous to reduce variability by selecting the same LDO with the same
nominal output voltage. The worst-case current sharing of each LDO can be obtained and is a function of the
error voltage and ballast resistance chosen. As discussed in Section 2, the sources of variability for single LDO's
are located on the Vggr node and Vg node.

When the designer has access to the Vggr node, they can short all Vggr nodes together, providing an identical
reference voltage for each device. The reference voltage is typically the dominant source of variability in steady
state analysis, so connecting the reference voltage nodes together can make a significant improvement in the
current sharing of each parallel LDO. With the references shorted we can simplify Equation 7 and Equation 8 for
our current sharing analysis.
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AR1+ ARy
AVp = ((VREF +4 V05)<A—RZ> - VOUT_IDEAL) + AlprasARppy )
AVg = AVpg (8)

The feedback for each LDO must be before the ballast resistors and not directly on the load voltage V| oap.
Thus, we cannot tie the Vg nodes together to eliminate its contribution to V. When selecting parallel LDO's
without unity gain feedback, it is desired to minimize Alg|as (listed in the LDO data sheet) or its effects on
accuracy by choosing the proper feedback resistance.

4 Ballast Resistor Design and Analysis

4.1 Selecting the Ballast Resistor Value

A ballast resistor is an electrical component used to prevent current faults in a system. For parallel LDO designs
it is placed between separate LDO outputs, and also between the LDO output and the load. This limits the
current that a single LDO can provide to the load.

Equation 4 and Equation 5 have too many unknowns to be uniquely solvable. For simplicity, engineers will
typically set Voyt of each converter to be the same. Similarly all ballast resistors will be set to the same value.
As shown in Equation 4 the remaining unique contributor to loyTn is Ven.

Traditionally the ballast resistance was chosen using Equation 9 to set the current imbalance Iyax of the parallel
LDO's. This formula ensures that the LDOs do not go into current limit but does not account for the required load
voltage, V| oap, Which is also a requirement for most modern power supplies designed with parallel LDO's. A
down-loadable software tool has been developed to design Rg for commonly used LDO's given a set of system
requirements (see references 6 and 7).

Use either Equation 9 or the software tool to calculate the ballast resistor. Then using Equation 4, Equation

5, and Equation 9 we can solve for lgyt, in Equation 10. Calculate Ioyt, in accordance with Current Sharing
and Load Voltage Analysis for n Parallel LDO's to verify that no LDO enters current limit after accounting for
component tolerance. Use Equation 10 in designs with identical Vot and Rg values for each LDO, otherwise
use Equation 4.

max Vgp— min Vgp
RB=1<x<n 1<x<n 9)

Alyax

Ve
IL0AD — (Zﬁ - 1R—Bn)
loyTn = m Ty (10)

4.2 PCB Ballast Resistor Design vs. Discrete Ballast Resistance

A ballast resistor can be a discrete component or the parasitic resistance of a PCB trace could be used when the
ballast resistance is very small see reference [1]. In general, PCB trace resistors favor applications which are low
cost and which operate in a narrow temperature range or experience very high temperatures. Discrete resistors
favor applications which require maximum performance (where output voltage tolerance and transient responses
are critical). Designing with a discrete ballast resistor becomes challenging when ambient temperatures exceed
125°C.

Formulas are provided in see reference [1] to determine the cross section in square mils and the PCB trace
length. Here, [ is the current in amperes, A is the cross section in square mils, AT is the change in temperature in
Celsius, k is a constant such that it is 0.048 for outer layers or 0.024 for inner layers, / is the length of the trace,
R is the resistance in ohms, a is the temperature coefficient of copper (3.9 x 10-3 (°C-1)), T is the ambient
temperature, and p is the resistivity of copper (1.74 x 10-8 (Q-m)). The cross-sectional area A is a function of
copper trace height (or copper weight) and copper trace width.

— 0.725 I
=072l (11)
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_Ixpx(1+ax(Tg—25°C))
- A

R (12)

- RxA
px (1+ax(Tg—25°C))

(13)

When designing a PCB trace resistor, limit AT to the maximum rise above the board temperature that the PCB
can withstand. For instance, when the board material is FR4, the glass transition temperature Tg is 135°C for
standard FR4 and at least 175°C for high Tg FR4. The board temperature as seen by the PCB ballast resistor
should consider any thermal spreading of heat generated by the voltage regulator or surrounding circuitry. Thus,
setting AT to 20°C is a common value where the LDO's can reach a junction temperature of 150°C and high Tg
FR4 is used. Thus, setting AT to 20°C is a common value where the LDO's can reach a junction temperature of
150°C and high Tg FR4 is used.

Calculate Equation 11 from the allowable temperature rise, then determine the length of the PCB trace resistor
from Equation 12 and the desired PCB trace resistance. The trace length should always be calculated at the
coldest temperature the trace will experience as this provides the lowest ballast resistance (Figure 4-1). Once
the PCB trace length is obtained, use Equation 13 to obtain the PCB trace resistance at the maximum operating
temperature of the PCB trace. Thus, the minimum and maximum PCB trace resistance is now known. The
parallel voltage regulator design must then be reviewed for both values of ballast resistance. Use Equation 4

or Equation 9 to ensure lgyt, does not exceed the LDO internal current limit, and Equation 6 to assess for
regulation band compliance. If the PCB trace resistance does not meet the system requirements a discrete
ballast resistor can be used since they tend to vary much less across temperature (Figure 4-1).

PCB Trace

Resistance {millichms)

100 ppm Discrete Resistor

Raonowon s o e

n
w
=]
i

10 30 50 70 90 110 130 150 170

Temperature (Degrees Celsius)

Figure 4-1. Tolerance Comparison of PCB Trace and a 100 ppm Discrete Resistor Over Temperature

Figure 4-2 compares discrete versus PCB trace ballast resistor techniques to show that as current increases, the
PCB trace length is much larger than comparable discrete resistors. Parasitic inductance of the PCB trace may
also hinder performance of the LDO during transient conditions.

400

ype ’ 4 1
0 20 milliohms | « /| 10 milliohms
T
w b ’
F 300 - z
c ! ,r
£ =0 {‘ 7 -
B0 . 2.5 milliohms
(7] T rl
- ’ ’ -
g 150 —
k] A — 1206
2 100 - == _
K L N — 0805
50 = — 0603
Lo -7 0402
(1] A

] 0.5 1 15 2 25 3
Amperes flowing through Ry

Figure 4-2. Length Comparison of PCB Trace Resistors (Dashed Lines) Versus Discrete Resistor
Packages (Solid Lines) at Room Temperature for AT = 20°C

If a discrete resistor is chosen, the power derating curve must be reviewed if the resistor temperature exceeds
70°C (Figure 4-3). At high values of current, the power derating curve may push the resistor into a larger size
package.
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Figure 4-3. Typical Discrete Resistor Derating Curve Across Temperature

5 Impacts and Opportunities of PCB Parasitic Impedance

PCB parasitic impedance increases the effective ballast resistance. In designs with a large value discrete ballast
resistor (such as greater than 50 mQ), Equation 10 and Equation 6 provides good approximations of the load
current and voltage. For small values of ballast resistance (such as less than 50 mQ), the parasitic PCB
impedance can impact the final current sharing analysis. To enable high performance use cases, Rg can be
optimized by reviewing the PCB parasitic impedance and reducing the discrete ballast resistance for each LDO
accordingly. A reduction of Rg will increase the current sharing mismatch between each LDO Equation 10 but
will increase the load voltage Equation 6 which is usually a desired result.

The interaction of the ballast resistance and PCB impedance is shown in Figure 5-1 assuming a minimum 5 mQ
ballast is needed. Here, we will limit the discussion to two parallel LDO's although we can extend this to any
number of parallel LDO's. The PCB impedance is lumped into one equivalent resistor from each LDO to the load
and also between the LDOs. Figure 5-1 then provides the four possible use cases of discrete ballast resistance
and PCB impedance. Figure 5-1 (a) and Figure 5-1 (b) show insufficient ballast resistance between the LDOs or
between the LDO and the load, which is incorrect and could lead to a current fault condition. Figure 5-1 (c) will
current share but the load voltage specification may not be met due to the larger 20 m-ohm impedances. Figure
5-1 (d) is an example where the ballast resistance and PCB impedance has been optimized.

Thus, from Figure 5-1 (a) and (b) there are two sets of PCB impedance which must be reviewed in a system and
are illustrated in Figure 5-2 for two parallel LDO's. From Figure 5-2a, Rg4 and R, are the parasitic impedances
from the output of each ballast resistor to the load, while Rg4 and Ry, is the parasitic impedance from the load
to the return pin of each LDO. From Figure 5-2b, Rg1., is the parasitic impedance between the output side of the
ballast resistors used for LDOs 1 and 2 and Rg1.2 is the parasitic impedance between the LDO 1 and 2 return
pins. Note that RF1-2¢ RF1 + RF2 and RR1-2¢ RR1 + RRZ'
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(a) The LDO outputs are connected before the ballast resistor (b) The load is connected before the ballast resistors. (¢) The LDO's
will current share but the load regulation may not meet the requirements. (d) Optimum configuration of ballast resistance and PCB
impedance.

Figure 5-1. Nonideal PCB Impedance Examples

———-

¢

r—————————
<
)
c
3

(@) (b)

(a) Equivalent circuit from each voltage regulator to the load. (b) Equivalent circuit from one voltage regulator to another voltage
regulator.

Figure 5-2. Impact of Nonideal PCB Impedance on Current Sharing of Two Parallel LDO's
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The parasitic impedances Rg1, Rr2, Rr1, Rr2, Rr1.2, and Rrq.» can be simulated using a post route simulator,
such as Altium PDN analysis. Note that when evaluating the parasitic return impedance, thermal pads should
not be included in the post route simulation as the point of return for the simulated load. Thermal pads provide
a low thermal resistance to dissipate heat, however they do not provide low electrical resistance from the die to
ground. Thus, the simulation should be performed back to the ground pin of the LDO.

Upon review of Figure 5-2a, we wish to identify the minimum discrete ballast resistance Rg, hecessary to meet
Equation 9 by accounting for Rg, and Rg;,.

max Vgp— min Vgu
1<x<n 1<x<n

1
Rpy = — 7(Rp1 + Rp2 + Rp1 + RRr2) (14)

Upon review of Figure 5-2b, we wish to identify the minimum discrete ballast resistance Rg: necessary to meet
Equation 9 while accounting for Rgq_» and Rrq.o.

max Vgp— min Vgy

1<x<n 1<x<n 1
AToax —5(Rp1—2+Rr1-2) (15)

RBr =

The new, optimized ballast resistor Rg opt chosen to account for the parasitic PCB impedance is the maximum
value of Rg,y and Rg' as shown in Equation 16. loyT, and V| oap can be modified as shown in Equation 17 and
Equation 18, respectively. If both Rg, and Rg: provide negative values, then the PCB impedance is higher than
the necessary ballast resistance for the desired worst-case current sharing. Thus, a discrete ballast resistor can
be removed from the design as the parasitic impedances provide sufficient ballast resistance.

Rp_opr = max(Rpy’, Rp', 0) (16)
I _ 2:n VEn
; _ LOAD ™ \2n =1Rp pr + Rpp + RRp VEn (17)
OUTn = n RB_0PT * RFn * RRn

z:n _ Vourn +VEn _
n=1Rp opr + Rpn + Rpp, _  LOAD

Vioap = (18)

2:n _ 1
n=1Rp opr + RFn + RRn

If the voltage at the load must be increased, the PCB impedances can be reduced and / or VT, can be
increased to achieve a higher V| oap.

6 Design Examples

Two parallel LDO designs have been tested to validate the concepts developed in this white paper. The first LDO
design uses three parallel TPS7A57 LDOQO's and the second LDO design uses three parallel TPS7A47xx LDO's.

6.1 TPS7A57

Three parallel TPS7A57 LDQO's were configured for 0.75 VDC output voltage, supplying a combined 13.2 A
load current, with a maximum current imbalance of 1 A (). The TPS7A57 reference voltage is generated using
a precision current source and an external resistor see reference [2]. Thus, from Commentary on Parallel
LDO's in Real World Applications we tie the individual reference voltage pins together to reduce the current
sharing imbalance among the three LDO's. The remaining error voltage is a function of the line regulation, load
regulation and offset voltage variation. Per the TPS7A57 data sheet, the line regulation is 10 nV/V, the load
regulation is 175 uV/A and the offset voltage is + 2 mV. The offset voltage dominates the total error voltage so
we will set Vg =+ 2 mV in the analysis. From Equation 9, Rg =4 mQ. From Current Sharing and Load Voltage
Analysis for n Parallel LDQO's, the highest load current for one LDO is when Vg is positive for one and negative
for the rest. From Equation 10 we conclude lpyT¢ = 5.07 A and loyT2 = louts = 4.07 A. We can determine

the lowest load for an LDO by assuming one LDO has -V while the others have +Vg. From Equation 10 we
conclude lgyt1 = 3.73 A and lgyT2 = louts = 4.73 A.
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Figure 6-1. 3 Parallel TPS7A57 LDO's. The Parallel Circuitry is Boxed in White.

The parallel LDO’s were implemented onto a PCB and a post route simulation was performed (Figure 6-2).

The simulation assumed an ideal Voyt = 0.75 V and Rg = 2.5 mQ for each converter. The simulation results
demonstrate the impact of PCB impedance mismatch from each LDO output to the load on the current sharing.
Measurements versus simulation data in this configuration show strong correlation (Table 6-1) with the difference
due to the slight variation of Voyt and Rg in the fabricated design compared to the ideal values used in the
simulation.

Series 1 Series 2 Series 3
R1 R4 R6

25m0 25mQ 2.5m0

Source 1 Load 1 Source 2 Source 3
E u1 J1 U2 a u3

750m\V 13.2A 750mV 750mV

4858 6974mV | 3.95A 43997

Figure 6-2. Post Route Simulation of the Parallel TPS7A57 Design

Table 6-1. Parallel TPS7A57 LDO Design Simulation vs. Measured Current

PDN Simulation Measurement Error
louT1 3.95A 3.99A 1%
louT? 4.399 A 442 A 0.48%
louTs 4.85A 479 A 1.2%
10 Comprehensive Analysis and Universal Equations for Parallel LDO's Using SBVA093 — DECEMBER 2022
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6.2 TPS7A47xx

Three parallel TPS7A47 LDO's were configured for 12 VDC output voltage, supplying a combined 2.5 A load
current, with a 60 mV maximum increase in load regulation (Figure 6-3). The TPS7A47 reference voltage is
generated using a precision voltage source and is buffered with an internal unity gain amplifier see reference

[3]. Thus, from Commentary on Parallel LDO's in Real World Applications we tie the individual reference voltage
pins together to reduce the current sharing imbalance among the three LDQO's. The remaining error voltage is a
function of the line regulation, load regulation and offset voltage variation. For the TPS7A47, the offset voltage
across line and load is £ 4 mV worst case. We will set Vg = £ 4 mV in the analysis and from see reference [6], Rg
=61 mQ. From Current Sharing and Load Voltage Analysis for n Parallel LDO's, the highest load current for one
LDO is when Vg is positive for one and negative for the rest. From Equation 10 we conclude lpyt4 = 928 mA and
lout2 = louTs = 797 mA. We can determine the lowest load for an LDO by assuming one LDO has -Vg while the
others have +Vg. From Equation 10 we conclude lgyt4 = 753.5 mA and loyt2 = louts = 885 mA.

Figure 6-3. 3 Parallel TPS7A47 LDO's. Input Supplies and 2.5 A Load not Shown.

The parallel LDO’s were implemented using EVM's and a post route simulation of the EVM identified 8.6 mQ

in the forward and return paths. Thus a 50 mQ discrete ballast resistor was used for each LDO. Each output
voltage was measured at V|5 = 15 V prior to connecting the EVM's together. Milliohm measurements were
made of each ballast resistor (R4, R5 and R6) and the wire used to connect each EVM together (R7, R8 and
R9), and these values were included in the spice simulation (Spice Simulation of the Parallel TPS7A47 LDOs.).
Measurements versus simulation data in this configuration show strong correlation (Parallel TPS7A47xx LDO
Design Simulation vs. Measured Current).
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Figure 6-4. Spice Simulation of the Parallel TPS7A47 LDOs.

Table 6-2. Parallel TPS7A47xx LDO Design Simulation vs. Measured Current

+/- 1 sigma +/- 6 sigma Spice Simulation Measurement Spice Simulation vs
Analysis, Rg = 61 Analysis, Rg = 61 Measurement Error
mQ mQ
louT1 856 mA / 826 mA 928 mA / 753.5 mA 835 mA 835 mA 0%
louT2 856 mA / 826 mA 928 mA / 753.5 mA 855 mA 853 mA 0.23%
louTs 856 mA / 826 mA 928 mA / 753.5 mA 833 mA 835 mA 0.25%
12 Comprehensive Analysis and Universal Equations for Parallel LDO's Using SBVA093 — DECEMBER 2022

Ballast Resistors

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback


https://www.ti.com
https://www.ti.com/lit/pdf/SBVA093
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBVA093&partnum=

13 TEXAS
INSTRUMENTS

www.ti.com Conclusion

7 Conclusion

A complete current sharing and load voltage analysis has been presented for parallel LDO's using ballast
resistors. The equations developed for this analysis have no theoretical limitations on how many LDQO's can be
placed in parallel, enabling the user to decide what is feasible based on system requirements and components
selection. A detailed discussion is provided on sources of error and how to minimize this error in the current
sharing design. The salient features of current sharing in LDQ's are provided by equations Equation 4, Equation
5 and Equation 6. When Voyt and Rg are the same for each parallel voltage regulator, and Ry is large (typically
at least 50 mQ), the salient equations are modified to become Equation 6, Equation 9, and Equation 10. When
Vout and Rg are the same for each parallel LDO, and when including the effects of parasitic PCB impedance,
the analysis uses the modified equations Equation 14 through Equation 18.

An in-depth discussion on ballast resistor analysis and design was presented, including a methodical approach
for PCB ballast resistor analysis and design. PCB ballast resistors are favored in applications with low cost, low
current loading, or very high temperatures. Discrete ballast resistors are favored in applications requiring small
form factor components for higher current loading. Discrete ballast resistors are also favored in applications with
tight regulation bands or wide temperature operation.

System architecture development is addressed in reference [6] to provide the minimum number of parallel LDO's
required to meet a list of system requirements. A down-loadable tool see reference [7] has been developed
using worst case analysis to enable the user to quickly assess how many parallel LDO's are needed to meet
their system requirements.
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