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APPLICATION NOTE

TSM1011:

REGULATION LOOPS PRECISION CALCULATION

1 PRINCIPLE OF OPERATION

This technical note shows how it is possible to
calculate the current and voltage precision in the
regulation loop of the TSM1011.

The TSM1011 is a highly integrated solution for
SMPS applications requiring CV (Constant
Voltage) and CC (Constant Current) mode.

The TSM1011 integrates one voltage reference
and two operational amplifiers (with ORed outputs
- common collector).

by Giuseppe SCUDERI

The voltage reference combined with one
operational amplifier makes it an ideal voltage
controller.

The other operational amplifier, combined with
few external resistors and the voltage reference,
can be used as a current limiter.

This circuit is designed for use in battery chargers
with a constant voltage and a limited output
current and in adapters.

It can be used in every type of application

requiring 0.5% and 1% voltage reference
precision fixed at 2.5 Volts.
Figure 1 : Typical application using TSM1011 inSSMPS
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1.1 Voltage Control Equation 1

The Voltage Control loop is controlled via a first
transconductance operational amplifier, the
optocoupler which is directly connected to the
output and an external resistor bridge connected
between the output positive line and the Ground
reference.

The middle pointis to be connected to the CV- pin
of TSM1011, and, if R, is the upper resistor, and
R;, the lower resistor of the bridge, the
relationship between R, and R; value should be
chosen as written in Equation 1:

November 2002

Viim = f(Rla RZaVref)

R;i+R,
Viim = Vit ———2
m re R]_
where V), is the desired maximum output

voltage.

When under constant voltage control mode, the
output voltage is fixed thanks to the Ry/R5 resistor
bridge. To avoid the discharge of the load, the
resistor bridge R, Ry, should be highly resistive.
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For this type of application a total value of 100kQ
(or more) would be appropriate for the resistors
R; and R, . Note that if the low drop diode should
be inserted between the load and the voltage
regulation resistor bridge to avoid current flowing
from the load through the resistor bridge, this loop
should be taken into account in the above
calculations by replacing Vo by (Vout + Varop)-

1.2 Current Control

The Current Control loop is controlled via the
second transconductance operational amplifier,
the optocoupler and the sense resistor that is to
be placed in series on the output negative line.

Vsense threshold is achieved externally by a
resistor bridge tied to the V¢ voltage reference.

Its middle point is tied to the positive input of the
current control operational amplifier and its foot is
to be connected to lower potential point of the
sense resistor.

The resistors of the bridge are matched to provide
the best precision possible.

Equation 2
liim = f(RsenseszlvRSeref)

Equation 3
Rsenselim = Vsense

Equation 4

1 %
II'm = 2 Vref E
I Rsense 4

where |, is the desired maximum output current,
and Vgense is the threshold voltage for the current
control loop. Note that Rgepse resistor should be
chosen taking into account the maximum
dissipation (P}, through it during full load
operation:

Equation 5

Pim = Vsensellim

For most adapter and battery charger
applications, a quarter-watt, or half-watt resistor to
make the current sensing function is sufficient.

The current sinking outputs of the two
transconductance operational amplifiers are
common (to the output of the IC), this makes an
ORing function that ensures that whenever the
current or the voltage reaches too high values, the
optocoupler is activated.
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The relation between the controlled current and
the controlled output voltage can be described
with a square characteristic as shown in the
following V/I output power graph Figure 2.

Figure 2 : Output voltage versus output current
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1.3 Start Up and Circuit Conditions

If the TSM1011 V. is connected to the converter
output voltage, then under start-up or short-circuit
conditions, the TSM1011 was not provided with a
high enough supply voltage. This is due to the fact
that the chip has its power supply line in common
with the power supply line of the system.

Therefore, the current limitation can only be
ensured by the primary PWM module, that should
be chosen accordingly.

If the primary current limitation is considered not
to be precise enough for the application, then a
sufficient supply for the TSM1011 has to be
ensured under any condition. It would then be
necessary to add some circuitry to supply the chip
with a separate power line.

The schematic in Figure 1 shows how to realize a
low-cost power supply for the TSM1011 (with no
additional winding). Please pay attention to the
fact that in the particular case presented here, this
low-cost power supply can reach voltages as high
as twice the voltage of the regulated line.
The Absolute Maximum Rating of the TSM1011
supply voltages is 28 Volts.
It is possible to insert Rjjyit resistors in order to
limit TSM1011 |I.. current in high voltage
condition.The current sunk by internal zener diode
can be calculated by following formula:

Equation 6

v, = (Vcc -V, )/Rlimit
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2 PRECISION CALCULATION

In order to calculate the precision of |, and Vi, in
the regulation loop, it is possible to write one
relationship that point some parameters out for
current and voltage output variation.

As shown in Figure 3 and Figure 4it is possible to
make a model of the current and voltage control
transconductance operational amplifiers using a
voltage source for input offset and an impedence
Z, with Vq voltage drop.

Typical precision requirements for battery
charging are less than 10% for l;,, and less then
5% for V)i, see Figure 2.

Now, let's go on to the voltage and current loop
precision calculation.

2.1 Current Loop Precision Calculation
2.1.1 Theoretical Calculation

Let's show some different steps in order to

calculate the current precision loop

According to the Figure 3itis simple to verify that:
Equation 7

R
Vrs = (Vref + Vsense )RS-I-—SF\’4
For the virtual ground at the input of the current
amplifier:

Equation 8
Ve, -Ve_ =-Vijg +Vrs = Vgense ~V1 =0
Equation 9
Vsense = Vrs = Vip = Vi
Equation 10
Vl — IOUt
Gm
Substituting Equation 9 in Equation 7
Equation 11
Vret + Vsense - Vsense * Vio * V4
R4 +Rs Rs
where
Equation 12
vV _ RsVier ~ (R4 +Rs)(Vig + V1)
sense — R
4
Equation 13

Vsense = Rsenseliim

Substituting Equation 12 in Equation 13
Equation 14

1
IIim = E'_Vref %‘ R_SEVIO +V1

Rsense EBA

S

Aljim®tis the sum of the following:

Equation 15
ALY = ANTET 4 AVIO 4 AIRS 4 AR 4. pRSENSE . pflOUt
where
Equation 16
IVref AIIim — R5
lim -
AVref RsenseR4
Equation 17
vio Blim _ _ Rs +Ry4
m
A\/iO RSEHSGR4
Equation 18
|I - _ Bliim - Veet ~ (Vio + Vl)
m
AR5 RSEHSGR4
Equation 19
Al R
R4 _ Blim _
lim = ARI’m =-—— [Veer = (Vio + V4]
4 RsenseR4
Equation 20
Al
IRSEHSG - lim - R:V... - (R RV + V.
lim ARsense Rgense 4[ 5 Vref ( 4t 5)( io 1)]
Equation 21

jout Aljm __ 1 %+&E
AIOUt RSenSeGm R4

Substituting Equation 16 and Equation 21 in
Equation 15 and considering the absolute value of
these terms:

R
R 2 %Vref
4™ sense
R, +R
4 5 @\/IO +
4Rsense
1 D = (Vi + Vi)
3
Ry

Equation 22

tot _
AII|m -

+

D@D

R

sense []

~—

b g = (Vo + ViR, +

Rsense 4

+ 21 %Vref (R4 s R5 )(V s Vl) %RSEHSE +
Rsense

sense

Equation 22 is important in order to calculate
Al and shows the many parameters that
characterize current variation.

It can be observed that Vij;=4mV, V,=2.5V and
V1<5mV, so the term Vj,+V; can be neglected
with respect to Vs
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Figure 3 : Simplified model for current precision calculation
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2.1.2 Practical Example

In order to simplify the comprehension of Alj,

formula, let's take a practical example that uses
absolute and relative tolerances typical for
TSMO011 applications.

Consider for example:
see Footnotel)

EVeet — 40,50
ref
ARs - 119
Rs
& =+1%
Ry
ARgense = +1%
Rsense
see Footnote 1
AV, = £2mV

Let's assume that Iy, will vary between 0 and
5mA, therefore:

Al =*2.5mA

out —

Footnote 1 using TSM1011"A” version
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|Iim =3A
G = 3.5MA/MV - R, = 174kQ
Rs = 10kQ - Rggpse = 0.047Q

Rewriting Equation 22
Equation 23

Altot _H R5Vref HAVref

" H?4 senseHVref

R4 +Rs Ewio N
Rsense
E refRS EARS +
sense RS
E R5Viet EAR4 +
sense R4
+ E?Rsvref ARsense
4Rsense

sense

it is possible to obtain a good current variation

tot
Zlim — 4539

lim

sense
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2.2 Voltage Loop Precision Calculation
2.2.1 Theoretical Calculation

Let's show some different steps in order to
calculate the voltage precision loop.

According to Figure 4 it is simple to verify that:

Equation 24
R
Viim = %"'_zavref ~Vio — Vl)
Ry
where Equation 25
Vl = IO_Ut
Gm
AV, is the sum of:
Equation 26
AV = AT+ AVYIO + AVRZ + AIRL + AlfoUt
where Equation 27
VIVref AVlim — 1+&
AVref Rl
Equation 28
WYio = AVim _ _%Jr&E
I
AV Ry
Equation 29
\/I|0Ut A\/“m - __% %
Equation 30
R2 _ AViim _ 1
Vim = ARI;n = R_l(vref Vi~ \4)
Equation 31
AV R
= B =R v -v)

im AR, R_%

Substituting Equation 27 and Equation 31 in
Equation 26 and considering the absolute value of
terms:

Equation 32

+R_§(Vref Vip = Vi)JAR,
R1

7

Equation 32 is more important in order to
calculate AV, and shows many parameters
that characterize voltage variation.

It can be observed that V;=4mV, V~2.5V and
V1<5mV, so the term Vj,+V; can be neglected
with respect to V¢ .

2.2.2 Practical Example

In order to better understand the formula, let's
take a practical example that uses absolute and
relative  tolerances typical for TSMO011
applications.

Let's consider for example:
see Footnote 1

AVeet _ 10,50
ref
ﬂ =+1%
Rl
& =+1%
R
AV, = £2mV

Assume that Iy, will vary between 0 and 5 mA,
therefore:

Algys =£2.5mA

Viim = 18V

G, = 3.5mA/mV

R; = 30kQ - R, = 186kQ
rewriting Equation 32

Vltot - ref% Eé ref +
ref
e
1
R
_% = %Iout +

Equation 33

+Ra
Vref
Rl Rz
Ray, OR
Vref L
Rl Rl
it is possible to obtain a good current variation
tot
BVim — =+2.3%

lim
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Figure 4 : Simplify model for voltage precision calculation
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3 CONCLUSION

This application note relative to the TSM1011
shows how very simple it is to calculate a current
and voltage variation in order to discern how
many parameters characterize the precision of
regulation loop.

In accordance with market needs, current and
voltage precision in the TSM1011 is extremely
accurate. This allows a broaden application range
for our products as compared with those of
competitors. At this moment the current and
voltage variation precision requested by market
is:

tot
Blin _ +10%
lim
tot
% =+50

lim
The TSM1011 ("A" version) shows excellent
performance in typical adapter and battery
charger applications.

The results achieved in the above two practical
examples for current and voltage precision are:

tot
Blim _ +5.5%
lim
tot
AVim _ +2.3%
lim

These results confirm the optimum performances
and give clear explanation of the external
parameters that affect accuracy and precision for
the TSM1011

Attached to this application note is an Excel file
showing the general schematic of the TSM1011
and which allows the possibility of varying values
lim @nd Vi, according to the parameter variations
that characterize the application.

It is possible, moreover, to change the resistor
accuracy in order to avoid high-cost components
when the application requires a lower precision.

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from
its use. No license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications
mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information
previously supplied. STMicroelectronics products are not authorized for use as critical components in life support devices or

systems without express written approval of STMicroelectronics.

The ST logo is aregistered trademark of STMicroelectronics

© 2002 STMicroelectronics - All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - Italy - Japan - Malaysia - Malta - Morocco
Singapore - Spain - Sweden - Switzerland - United Kingdom
http://www.st.com

6/6

74




