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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, 10A modules 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, Rgg, measured to be
200Q2. The modules have a measured band width of 2.4kHz, f.;,0q-

Nunits IS the number of paralleled units

N ynits := 2

Useful identities

mQ = 10 °.0

-3
mW = 10 S-W
MWW

1
Q

S:
A

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

foomod = 2.4-kHz

maximum output current of the module

loutmax = 14.8-A

output voltage of the module

Vo= 54-V

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-Voyt
AVoutadjmax =27V
VDD input of the UCC39002

VDD =12V
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Measured internal resistance between VOUT+ and SENSE+, Ry

Reense = 200-2

Rsuunt
Resnz Resaz Ceen
||
[
Resa
Load Share Bus
Rapust
M V+
Load
V-
RCSA1§ Ccsi | E R
b i EAO
T
V
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STEP 2: Determine the Current Sense Resistor

Desired maximum power dissipation of the current sense resistor

Prshuntmax := 0.5-W

calculated maxmum value of the current sense resistor, Ry, . for the given allowable power dissipation

I:)Rshuntmax

2

Ioutmax

Rshuntmax =

Rshuntmax = 2.283-m$2
standard resistor value used for current sensing
Rghunt := 0.16-m$2

calculated power dissipation of given sense resistor

2
Prshunt := Rshunt loutmax

Prshunt = 0.035W

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

VRshunt = loutmax' Rshunt
V Rshunt = 2.368-mV
AVoutadjmax =217V

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

Internal resistor atthe LS pin
R_ s = 100-k2 A EFH$T100K

absolute maxcurrent sense amplifier output voltage before saturation, the master's Vg, determines the voltage of the
load share bus

Vesao max == Vpp — 2V
VCSAo_max =10V

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 i max:

ILSmax =1-mA

VLSmax = VDD - 1.7V

Ris I smax
Nunits_max = ﬂOOI’[

LSmax

Nunits_max =9

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| g, 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'
Ris

Imasterincreasemax = 0.206-mA

I:>masterincrease = VDD' Imasterincreasemax

Pmasterincrease = 2.472-mW

just keep this in mind for master IC bias current

the absolute allowable current sense gain before saturation, Acsamay

. VCSAo_max
Acsamax =

Rshunt' Ioutmax

Acsamm = 4223 x 10°

chosen current sense gain for this design, keeping well below the theoretical maxmum calculated above:
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Acsa = 100
Vesao = Acsa Rshunt: loutmax
Visao = 0.237V
Gain set by Rcsal (parallel) and Rcsa2 (series)
Resa2 := 0.15-kQ2

Resa = 15-KQ

AC Rcsal
SA_actual ‘=
Rcsa12

resultant current sense amplifier output voltage and approximate LS bus voltage

ACSA_actual =100

VCSAo_actuaI = ACSA_actuaI' Rshunt' Ioutmax
Vsao actual = 0.237V

add a "high frequency"” pole for noise roll off:
pr|e = 10-kHz

1

CCSA =T
2. Rcsal'fpole

CCSA = 1.061-nF

Actual value of Ccsa:
Ccsa actual = 1000-pF

Resultant pole
1

f =
pole_actual -
2-TRegar- CCSA_actual

fpole_actual = 10.61-kHz

these compensation components must be on both input terminals of the differential amplifier
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STEP 4: Determine the adjust resistor:

First meaure the internal resistance between +V; and +Sense.

Rsense = 2002

If we consider the voltage differential between +V,,; and +Sense to be equal to the voltage adgjustment range of the
converter:

AVoutadjmax = Isense'Rsense

and the adjustment range has been limited to:
AVoutadjmax =27V
Solve for lgpee

| AVoutadj max
sense -~
Rsense

lggnse = 13.5-mA

Because this internal resistor is essentially in parallel with the ADJ resistor, the ADJ amplifier current will be the
sum of this lsenge aNd Igyg;

Internally the adjust pin is clamped to 3V 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)

KAV

500-Q

adjmax ‘=
Iadjmax =6-mA
Because V,q; must be greater than or equal to Vg,,*+1V, in order to keep the BJT on the adj from saturating, R,
must be carefully selected. We know the master V., is OV, therefore, since Adj is connected to the load bus
through a resistor, Vq; is approximately equal to Vs and if Vg must be Ve, +1V or greater, then the output bus
voltage is limited to 1V minimum. Account for forward drop of oring diode if used.
Vius = Vout = lout Rehunt

AVoutadjmax = Isense'Rsense

lagj = lsense + IRadj

IRadj = ladj — lsense
Isense'Rsense = Iout'Rshunt + IRa\dj'Radj

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

Isense' Rsense — lout' Rshunt + Isense'Radj

adj

We know that V., will be approximately equal to:

Veao = IadJSOOQ
And the voltage on V; is equal to:

Vadj = VBus — Radj Iragj

Vadi = Vout = lout' Rshunt — Radj Iradj

And to keep the Adj BJT from saturating:

Vadj 2> Veao + 1.V

Substituting leads to:

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

Vout - Iout'Rshunt - Radj'(ladj - Isense) 2 Iadj'soo'Q +1V

Vout - Iout'Rshunt - Radj'ladj + Radj' Isense 2 Iadj'soo'Q +1.V
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which leads to:

Isense' Rsense — lout Rshunt + Isense'Radj Isense' Rsense — lout Rshunt + Isense'Radj
Vout - Iout'Rshunt - Radj' + Radj' Isense 2 -500-2 + 1.V
Radj Radj
Isense' Rsense — lout' Rshunt + lsense’ Radj
]
Vout - Iout'Rshunt - (Isense'Rsense - Iout'Rshunt + Isense'Radj) + Radj' Isense 2 R -500-2 + 1-V
adj
Isense'Rsense — lout' Rshunt + lsense’ Radj
]
Vout - Iout'Rshunt - Isense'Rsense + Iout'Rshunt - Isense'Radj + Radj'lsense 2 -500-2 + 1-V

Radj

Isense'Rsense - Iout'Rshunt + Isense'Rad'
Vout — lsense Regrse 1.500-0 + 1.V

sense —
Radj

multiply both sides by Radj:

Radj'(Vout - Isense'Rsense) 2 (Isense'Rsense - Iout'Rshunt + Isense'Radj)'SOO'Q + l'V'Radj
Radj'(Vout - Isense'Rsense - l'V) 2 Isense'Rsense'(Soo'Q) - Iout'Rshunt'(SOO'Q) + Isense'Radj'(Soo'Q)

Radj'(Vout - Isense'Rsense -1V- Isense'soo'ﬂ) 2 Isense'Rsense'(Soo'Q) - Iout'Rshunt'(SOO'Q)

(Isense'Rsense - Iout'Rshunt)'SOO'Q
Vout - Isense'Rsense -1V- Isense'SOO'Q

Radj >

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

(Isense'Rsense - Ioutmax'Rshunt)'SOO'Q

Radj Veao ‘=
B Vout - Isense'Rsense -1V - Isense'SOO'Q
R (AV ouagjmax = Toumax Repun)-500-2
. =
AVoutadjmax
Vout — AVoutadjmax -1V - ———500:Q

sense

Ragj veao = 30.972 Q2

So R,qjmust be greater than or equal to this to fulfill the Vg-Vea, >/= 1V requirement. This requirement will
automatically be metin higher voltage applications as shown in Figure 4 on the UCC29002 data sheet because Vadi
will be within 1Vge 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

Radj =
Iadjmax = lsense
R AVoutadjmax = loutmax: Rshunt
adj_ladj =
| AVoutadjmax
adjmax —
Reense

Ragj_tagj = —359.684

select R such that it is large enough to fulfill the V,4-Ve,, is greater than or equal to 1V

requirement AND results in an adjustcurrent not greater than the 6mA limitation of the IC. Then
calculate l,gq, Vg and Vg, to confirm that I, is not greater than 6mA, V,; is greater than or equal

0 Vuotl, and Vg, is Not greater than 3V

adj

selected R, value to meet both requirements

Radj = 300-Q2

. Isense’ Rsense — loutmax: Rshunt + Isense'Radj
Iadj =1 (Iadjmax - Isense)'Radj + Ioutmax'Rshunt > AVoutadjma)(a R > ladjmax
adj

Iadj = 6-mA

In other words, there are two factors that are dependent: the I, and the AV, . The I,q; maximum is determined by the
3.5V clamp and 500€2 resistor in the IC, AV, Maximum is limited by the module, neither of these can be exceeded but
both can be lower than maximum. [fitis determined thatthe max 7mA |, would resultin a AV, ,q; greater than the module

is capable of, then I, is limited. Make sure V,4>Ve,o+1, and V<3V

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

AV gyagj = —2.248V

VBE =07V
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Vadj = Vout - Ioutmax'Rshunt - Radj'(ladj - Isense) if VDD <15V

Vpp - Ve if Vpp > 15V

V i = 56.248 V
Veao = IadJSOOQ

Vo = 3V
Vg — Veao = 53.248V

BJT is saturating if Vgi-Veao<1V

Isense' Rsense — loutmax: Rshunt + Isense'Radj

lagj =
j_amp
Radj

lagj_amp = 22.492-MA

Now for the bode plots

VOUt

Rioad =
loutmax

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

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

1 2
Y [1 + s(f)(—ﬂ
2.7.2.8-kHz

Gumoa(f) = 102
1 1 1 ’
[1 ' S‘”'(mﬂ'[l ’ S‘”(mml ’ Sm(z«es«mﬂ

Grmodule(f) := 20'|09(|Gmod(f)|)

Gain of Power Module

50
40
30
20

10
Gmodule(f) 0 \
o —10 \
-20
-30

— 40

-50
100 1x10 1x10 1x10

f
Frequency (Hz)

Gain (dB)

180
Omodute(f) := arg(Gmod(f)).? + 180

Phase of Power Module

150
120
90
600 —~——
30
Omodule(f) 0
T - 30
60
~90
~ 120
150
100 1x10° 1x10 1x10°

f

Frequency (Hz)

Phase (degrees)
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Want the total loop to cross at a decade or more befroe the modul€'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

feomod = 2.4-kHz

fco = 240-Hz

SELECT THIS VALUE, fc, TO BE AT LEAST A DECADE BEFORE THE MEASURED {104

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

| Gmod(fco)| = 44.667

or calculate from dB as taken from the Bode plot

Gmodule( fCO)

10 20 = 44.667

The gain of the module at the desired crossover frequency, in dB, which can be read directly from the Bode plot

Sadutel fco) = 20-109(| Gimod(fco)| )

Gmodule(fCO) =33

taking the Current sense amp into consideration:

1
f) = .
Gesa(f) = Acsa_actual [ T f)'Rcsal'( CCSA)}

|Gesalfeo)| = 99.971

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

ACSA_actuaI =100

voltage gain
AV o Rshunt
RIoad
-5
Ay = 4.385x 10
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Adjust amplifier gain

Radj' Rsense
Radj + Rsense) -(500-€2)

App; = (

Internal Error amplifier transconductance

Gm := 0.014-S
open loop gain, converted to dB:

Gopenloop(f) = (AV'ACSA_actuaI'AADJ)

-3
Gopenloop(fco) =1.052 x 10

Combining all of the known gains to determine the error amp compensation:
|Gmod(fCO)| 'Gopenloop(fco)'GEA(fCO) =1

1
Gmod(fCO) | ’ Gopenloop(fco)

Gealfeo) = |

Gealfeo) = 21.272

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
Gerroramp(f) = GM| ———— + Reao
e s(f)-Ceao

Substituting for s:

GErrorAmp(f) =

+ REAoj

Gm: D E———
j-2mfeo-Ceno
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Assumption for Cgp, should be a relatively large value due to the low frequency requirement:

Gm
2'7T'fco

Ceno 2 (Av-Acs_actual Aapy | Gmod(fCO)| )

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

Gm

Ceaomin = F'(AV'ACSA_actuaI'AADJ' | Gmod(fCO)| )
-m-feo

Ceaomin = 0.436-pF

ASSIGN AVALUE FOR CgpoBASED UPON TYPICAL AVAILABLE VAL UES
CEAO = 10- }.LF

Solving for the magnitude of the resistance:

2
1 2 Gealfeo)
Repo= ||| *|—F=—
J-2mfco-Ceno Gm

2 2
1 1
Reao= || ———| +
\/( j-2m fCO'CEAOJ [Gm'( | Gmod(fCO)| 'Gopenloop(fco))}

REAO = 1.518 x 103Q

OR

2 2
1 1
RE AQ = - —
j [Gmﬂ Gmod(fco)| '(AV'ACSA_actual'AADJ)ﬂ [ 2. 'fCO'CEAOj

REAO = 1.518 x 103Q

IS THISAREAL OR IMAGINARY VALUE? IF IMAGINARY (CONTAINS ), SELECT ANOTHER VALUE FOR Cgpq
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resultant actual zero frequency

THE CHOSEN Cgpg AND Rppo COMPONENTS WILL PLACE AZERO HERE

fero = L
ZEROT oo Reao Ceao

Now Bode the whole thing:

Siwaahie ) = 20-109( | Groe(1)] )
Gainopenloop(f) = ACSA_actual'AV'AADJ'Gmod(f)

Sanentoanl) = 20-log(|Gesa(f)|) + 20-log(|Ay] ) + 20-log(| Aapy| )

. 1
Gaingroramp(f) == GM| ————— + Repo
s(f)-Ceao

Gga(f) := 20-log( | Gaingroramp(f)| )
Grotal(f) == Gmodute(f) + Gopentoop(f) + Gealf)

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) ARE ALSO SHOWN

Gain Plot for Final Compensation

80,

60| —

Gmodule(f) 40 \\

Gotal(T) 20 ~—~—— N

0 ~—_

Gain (dB)
J
/

Gea(f)

~——
- 20 \ ~

Gopentoop(f) ~—
openloop 40 —

|/
|/

- 60 —

|/

-80
10 100 1x10° 1x10 1x10

f
Frequency (Hz)
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