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INSTRUMENTS

UCC39002 Load Share
8/1/2006

Power Supply Control Products
ENTER VARIABLES IN THE YELLOW AREAS;
CALCULATED RESULTS ARE IN PINK AREAS

In the following example, two 3.3V, 10Amodules are to be paralleled. The modules' remote sense has an adjustment range
of 5% of the output voltage. The modules have an internal resistor between +Vout and Sense, R, .. measured to be

200Q2. The modules have a measured band width of 2.4kHz, f

» ‘comod"

N, nits 18 the number of paralleled units
Nunits = 2

Useful identities

mQ:=10 ~-Q

mW:= 10 ~-W

1
S:=—
Q

STEP 1: Characterize the power module to be paralleled.

measured crossover frequency of the module. Measure the BODE PLOT of the module as described in the UCC29002
data sheet

fcomod = 2.4-kHz

maximum output current of the module
Loutmax = 10-A
output voltage of the module

Vout = 33V

maximum voltage adjustment of the module by way of the remote sense, usually given as a percentage in the module
data sheet

AVoutadjmax = 0.05-Voy
AVoutadjmax =0.165V

VDD input of the UCC39002
VDD =5V
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Measured internal resistance between VOUT+ and SENSE+, R

sense

Rense = 200-€2
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STEP 2: Determine the Current Sense Resistor

Desired maximum power dissipation of the current sense resistor

PRrshuntmax = 0.5-W

calculated maximum value of the current sense resistor, R for the given allowable power dissipation

shunt’

p Rshuntmax
2

Ioutmax

R

shuntmax -~

Rshuntmax = 3 m(}
standard resistor value used for current sensing
Rgpunt := 5-m€Q2

calculated power dissipation of given sense resistor

2
Prshunt = Rshunt Loutmax

PRrshunt = 0.5W

voltage drop across sense resistor (make sure itis less than the voltage adjustment range of the module and is much
greater than the input voltage offset, 100uV, of the current sense amplifier)

VRshunt = Toutmax' Rshunt
VRshunt = 3 OmV

AV ytadjmax = 0.165V

although the drop across the current sense resistor is less than the usuable voltage adjustment range, it is a significant
portion of it.
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STEP 3: Set up the Current Sense Amplifier

Internal resistor at the LS pin
R;g := 100-k2

absolute max current sense amplifier output voltage before saturation, the master's V., determines the voltage of the
load share bus
VCSAoimax = Vpp—-2-V

VCSAoﬁmax =3V

The output current of the LS driver is limited to 1mA, this relates to the maximum number of modules, N to be

paralleled to the LS voltage, N

units’

units_max:

If Smax = 1'mA

VLSmax = VDD -1.7-V

RLS : ILSmax
Nunitsimax = ﬂoo{—

VLSmax

N

units_max — 30

because V, g is approximately equal to V., this just determines whether the number of modules in parallel exceeds the

current capability of the LS driver; so long as V. is less than V| .., than everything is cool. Each slave module

represents a load to the master based on the LS voltage and the 100kQ internal resistor

VLSmaX
Imasterincreasemax = Nunits'
Rrs

Imasterincre::tsemax =0.066mA

P

masterincrease ‘= VDD Imasterincreasemax
P rasterincrease = 0.33mW

just keep this in mind for master IC bias current

the absolute allowable current sense gain before saturation, Acgamax

AC . VCSAo_max
SAmax *=

Rshunt' Ioutmax
AcsAmax = 60

chosen current sense gain for this design, keeping well below the theoretical maximum calculated above:
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Acga = 30

Vesao = Acsa Rshunt Toutmax

Vegao= 1.5V

Gain set by Rcsa1 (parallel) and Rcsa2 (series)
Regan = 0.715-kQ2

Regar = 20-kQ

Rcsal
ACSAiactual =

csa2

resultant current sense amplifier output voltage and approximate LS bus voltage

ACSAiactual =27972

VCSAoiactual = ACSAiactual ' Rshunt' Ioutmax
VCSAoﬁactual =139V

add a "high frequency" pole for noise roll off:

fpole = 75-kHz
1
CCSA =
2"TT'Rcsal'fpole
Cesa = 0.106nF

Actual value of Ccsa:

CCSAﬁactual := 100-pF

Resultant pole

1
f

pole_actual =

27 Rcsal'CCSA_actual

f

pole_actual = 79.577kHz

these compensation components must be on both input terminals of the differential amplifier

50f15



loadshare_worksheet_web.xmcdz
21.03.2019

STEP 4: Determine the adjust resistor:

First meaure the internal resistance between +V_ , and +Sense.

Rgense = 200 Q2

If we consider the voltage differential between +V_ . and +Sense to be equal to the voltage adgjustment range of the

out
converter:
AV

outadjmax =

I R

sense’ MNsense

and the adjustment range has been limited to:

AV ytadjmax = 0.165V

Solve for I, e

I Avoutadj max

sense *— R
sense

Tense = 0.825mA

Because this internal resistor is essentially in parallel with the ADJ resistor, the ADJ amplifier current will be the
sum of this |, ., and IRadj

Internally the adjust pin is clamped to 3.5V and has a 500 Ohm emitter resistor which results in a
maximum sink current at the adjust pin (data sheet functional block diagram shows 3V and 500Q2)

35V
Iadjmax = m
Iadjmax =7mA

Because Vadj must be greater than or equal to V. +1V, in order to keep the BJT on the adj from saturating, Radj
must be carefully selected. We know the master V. is OV, therefore, since Adjis connected to the load bus

through a resistor, V. is approximately equal to Vg ;5 and 'eradj must be V_,+1V or greater, then the output bus

adj
voltage is limited to 1V minimum. Account for forward drop of oring diode if used.

VBUS = Vout - Iout'Rshunt

AV,

outadjmax =

I R

sense’ MNsense

Iadj = Isense + IRa.dj

IRa.dj = Iadj - Isense
Isense'Rsense = Iout'Rshunt + IRa.dj'Radj
Isense'Rsense = Iout'Rshunt + (Iadj - Isense)'Radj
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Solve for Iadj:

Lsense' Rsense — Tout Rshune + Isense'Radj
Radj

Lgj =

We know that V__ wil be approximately equal to:

Veao = L 500-02

And the voltage on Vadj is equal to:
Vadj = VBus — Radj Iradj

Vadi = Vout — out' Rehunt = Radj Rad

And to keep the Adj BJT from saturating:

VadeV +1-V

€ao

Substituting leads to:

Vout = Tout Rshunt — Radj'IRadj 2 Iadj'soo'Q + 1.V
Vout - Iout'Rshunt - Radj'(ladj - Isense) = Iadj'soo'Q + 1.V

Vout - Iout'Rshunt - Radj'(ladj - Isense) = Iadj'soo'Q + 1.V

Vout - Iout'Rshunt - Radj'Iadj + Radj'Isense = Iadj'soo'Q +1.V
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which leads to:

Lsense' Rsense — Tout Rehunt + Isense'Radj Lsense Rsense — Tout'Rshunt + LsenseRa

Vout - Iout'Rshunt - Radj' + Radj'Isense 2
Radj Radj

.
1.500-Q + 1-V

Isense'Rsense - Iout'Rshunt + Isense'Ra

R

dj
Vout - Iout'Rshunt - (Isense'Rsense - Iout'Rshunt + Isense'Radj) + Radj'lsense 2 -500-2+ 1.V

adj

Lsense Rsense — Tout Rshunt + Isense'Radj
R

5002+ 1-V

Vout - Iout'Rshunt - Isense'Rsense + Iout'Rshunt - Isense'Radj + Radj'Isense =
adj

Isense'Rsense - Iout'Rshunt + Isense'Ra

Radj

.
1.500-Q + 1-V

Vout - Isense'Rsense =

multiply both sides by Rad;

Radj'(vout - Isense'Rsense) = (Isense'Rsense - Iout'Rshunt + Isense'Radj)'500'Q + 1'V'Radj
Radj'(vout - Isense'Rsense - I'V) 2 Isense'Rsense'(500'9) - Iout'Rshunt'(SOO'Q) + Isense'Radj'(SOO'Q)

Radj'(vout - Isense'Rsense -1.V- Isense'SOO'Q) 2 Isense'Rsense'(500'9) - Iout'Rshunt'(SOO'Q)

(Isense' Rsense - Iout' Rshunt) -500-Q
Vout — Liense Ryense = 1-V— Isense'SOO'Q

Radj >

In order to keep the internal bipolar from saturating, Radj must be greater than or equal to:

(ISCHse' Rsense - Ioutmax' Rshunt) -500-Q
Vout — Isense'Rsense = -V - Isense'SOO'Q

R

adj_veao ‘=

(Avoutadjmax - IoutmaX'Rshunt>'5 00-Q

Voutadj max

R

adj_veao ‘=

Vout - AVoutadjmax -1.V- 500-Q2

sense
R veao = 333822

So Radj must be greater than or equal to this to fulfill the Vadj—Veao >/=1V requirement. This requirement will
automatically be met in higher voltage applications as shown in Figure 4 on the UCC29002 data sheet because Vadj
will be within 1V of VDD and VDD must be at least 4.75V.
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the adjust resistor is also sized such that it operates over the available voltage adjustment current
range of the module

Isense'Rsense = Iout'Rshunt + (Iadj - Isense)'Radj

Isense'Rsense - Iout'Rshunt

Ry =
Iadjmax — Liense
R Avoutadjmax — Loutmax Rshunt
adj_ladj ‘=
AVoutadjmax
Iadjmax -
Rgense

select Radj such that it is large enough to fuffill the Vadj—Veao is greater than or equal to 1V

requirement AND results in an adjust current not greater than the 7mA limitation of the IC. Then
calculate Iadg, Vadj, and V,,, to confirm that Iadj is not greater than 7mA, V_ ; is greater than or equal

toV,,+1,andV,_, is notgreater than 3.5V

adj

selected RmIj value to meet both requirements

Radj = 34-Q

Lsense Rsense — loutmax Rshunt + Isense'Radj
> tadjmax

Iadj = if|:(Iadjmax - Isense)'Radj + Ioutmax' Rshunt > AVoutadjmaxa R
adj

Iadj =4.207mA

In other words, there are two factors that are dependent: the Iadj and the Avoutadj' The Iadj maximum is determined by the
3.5V clamp and 5000 resistor in the IC, Avoutadj maximum is limited by the module, neither of these can be exceeded but
both can be lower than maximum. Ifitis determined that the max 7mAIadj would resultina Avoutadj greater than the module
is capable of, then Iadj is limited. Make sure Vadj>Veao+1 ,and V<3V

AVoutadj = Ioutmax' Rshunt + (Iadj - Isense)'Radj
AVoutadj = 0165V

VBE =0.7V
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Vadj = Vout - Ioutmax'Rshunt - Radj'(Iadj - Isense) if VDD <15V

Vyqi = 3.135V
Veao = IadJSOOQ

Veao = 2.104V
Vadi = Veao = 1.031V

BJTis saturating if V ,4-Veao <1V

Lsense Rsense — loutmax' Rshunt + Isense'Radj

R

I

adj_amp ‘= .
adj

Iadjiamp =4.207mA

Now for the bode plots

Vout

Ripad =

Ioutmax

f:= 10-Hz,100-Hz.. 100-kHz

s(f) = j-2-m-f
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Based on the given Bode, the loop equation is derived and plotted to match measured plot...

1 2
ul [1 ; s(f).(—ﬂ
2-7-2.8-kHz

Goa(F) = 1020
1 1 S ’
[1 + S(f)'(‘z.ﬂ's.HZﬂ'[l * S(f)(z.ﬂ.lgo.HZ)}[l " S(f)(z.ﬂrrﬁs-kHzﬂ

Godule(f) = 20'10g(|Gmod(f)|)

Gain of Power Module
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f
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Frequency (Hz)
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~ 150
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pd
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Want the tofalloop to cross ata decade ormore befroe the module's crossover. To do this, determine what the gain of
the module is at the desired system crossover frequency, determine the contribution from the open loop load share
components, then select the error amplifier components to add the desired attenuation

fcomod =2.4kHz

fCO = 200-Hz

SELECT THIS VALUE, f-, TO BEAT LEASTA DECADE BEFORE THE MEASURED f,

comod

The gain of the module at the desired crossover frequency, in V/V:

| Gmoa(fco)| = 59.623

or calculate from dB as taken from the Bode plot

Gmodule( fCO)

10 20 =59.623

The gain of the module at the desired crossover frequency, in dB, which can be read directly from the Bode plot
Gmodule(fco) = 20-log( |Gmod(fco)| )

Gimodute(fco) = 35.508

taking the Current sense amp into consideration:

1
G, f) = .
csalf) = Acsa actual [l s f)'Rcsal'(CCSA)i|

|Gesalfeo)| = 27.972

this is the actual gain over frequency but the pole is usually way beyond the module bandwidth and won't be a factor

ACSAiactual =27.972

voltage gain

Rshunt
AV =

Rload

Ay = 0015
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Adjust amplifier gain

Radj'Rsense
Radj + Rsense)'(soo' Q)

Appy = (
AADJ = 0058

Internal Error amplifier transconductance

Gm:= 0.014-S

open loop gain, converted to dB:

Gopenloop( f):= (AV' ACSAiactual ’ AADJ)

Gopenloop(fco) = 0.025

Combining all of the known gains to determine the error amp compensation:

|Gm0d(fCO)| 'Gopenloop(fCO)'GEA(fCO) =1

1
Gmod( fCO) | . Gopenloop( fCO)

GEA(fco) = |

Gga(fco) = 0.681

THIS IS THE VALUE OF GAIN, in dB, NEEDED FROM THE ERROR AMP COMPENSATION TO GET THE
DESIRED CROSSOVER FREQUENCY

We know that the gain of a transconductance error amplifier is equal to:

1
G f)=Gm| — + R
ErrorAmp( ) (S ( f)- CEAO EAOj

Substituting for s:

GErrorAmp(f) = ‘Gm[ + REAO)

J-27fc0'Cgao
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Assumption for Cg,, should be a relatively large value due to the low frequency requirement:

Gm

Cgao 2 '(AV'ACSAiactual'AADJ' |Gmod(fco)| )

“TC- co

to get a valid result for Reao, Ceao must be equal to or larger than this

G
CEAOmIin = ﬁ (Av-Acsa_ actua Aapr | Gmod(fco)| )
“T-feo

CEAOmin =16.362 }.LF
ASSIGN A VALUE FOR C,BASED UPON TYPICAL AVAILABLE VALUES
CEAO = 22 LLF

Solving for the magnitude of the resistance:

2
1 2 (Gga(feo)
REAO = A .~ L2 I —
] 2T fCO'CEAO Gm

2 2
1 1
Rppo= || ————— | +
FAo \/( j-2’TF fCO'CEAOj |:Gm( | Gmod(fCO)| 'Gopenloop(fCO)):|

Rpao = 32.5130Q

OR

2 2
1 1
R = | =
e \/|:Gm|:| GmOd(fC0)| '(AV'ACSA_aCtual'AADJ)]:| ( z'ﬁ'fCO'CEAOj

Rpao = 32.5130Q2

IS THIS A REAL OR IMAGINARY VALUE? IF IMAGINARY (CONTAINS i), SELECTANOTHER VALUE FOR Cg,
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Gain (dB)

resultant actual zero frequency
THE CHOSEN CppoAND Ry COMPONENTS WILL PLACEAZERO HERE
1
fzerO= T————F—
2-m-Rga0 Crao
fZERO = 0223 kHz
Now Bode the whole thing:
Gmodule(f) = 20'10g(|Gmod(f)|)
Gainopenloop(f) = ACSAiactual'AV'AADJ' Gmod(f)
Gopentoop(£) = 20-log(|Gesa(£)|) + 20-log(| Ay| ) + 20-log(|Aap| )
Gain (f) .= Gm L + R
ErrorAmp . s ( f)~ CEAO EAO
Gia(f) = 20-log(| Gaingyyoramp()] )
Giotal() = Gmodute(f) + Gopenloop(f) + Gga(f)
THE FINAL RESULT SHOULD HAVE THE UNITY GAIN FOR THE TOTAL SYSTEM (BLACK) BEFORE THE
ORIGINAL MODULE UNITY GAIN (RED), AND BE LINEAR. THE INDIVIDUAL CONTRIBUTIONS FROM THE
OPEN LOOP COMPONENTS (PINK) AND ERROR AMP (BLUE) AREALSO SHOWN
Gain Plot for Final Compensation
80,
60 ~—0_
Gmodute(f) 40 \\ ..\\\
6ot 20 ~ ~_
total( \\‘~~-~\ ~~\‘
0 ——
GeA(D) < —
— - 20 ~{_ ~
Gopenloop( f)_ 40 e——— -
~—
— 60 ™N
- 80
10 100 1x10° 1x10* 1x10°
f
Frequency (Hz)
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