
APPENDIX C

FLYBACK -DISCONTINUOUS INDUCTOR CURRENT -DIRECT DUTY CYCLE CONTROL

Example I: 12 Volt. 60 Watt outuut

fs = 80 kHz, T = 12.5 ~sec

Vin = 12 to 24 V

Vo = 12 V, Io = 0.5 to 5 A

Ho = 24 to 2.4 Ohms

Isc = 6 A Short Circuit Limit

Discontinuous Current Mode Boundary
Duty cycle Limit at Iscl min Vin:

Dmax = l/(l+Vin/Vo) = 0.5

Max. td = (l-D)T = 6.25 ~sec

Max. Ip = 2Isc/(1-D) = 2x6/0.5 = 24 A

L = (Vo+Vf)td/lp = 13x6.25/24 = 3.4 ~

ESR Max for 0.1 Vpp Ripple at Io = SA:

Rc = 0.1/20A = 5 mn max (1 mn min).

c = 20,000 IlF

(la)

Basic F.auations -Dutv Cvcle Control :

D = Vc/Vs:

DC Relationships:

( Ro\J. Vc( Ro.\J.(1) Vo = VinD\2L"i}2 = Vin V;,2LfJ2

Control to Output Gain:

(2) !.2 = Y!!!;(...&\i: 1J ( ) H ( ) = ~Vc Vs'2LfJ .'e s .e s l+s/CI>p .

Line to Output Gain:

(3) !.Q..- = ~(~\t He(s) = Y2- He(s)
vin Vs'2LfJ Vin

Corner Frequencies from Equation (2):

fp = 2/(2nRoC) = 15.92/Ro

fz = 1/(2riRcC) = 7.95/Rc

2 1(l!z = R;;C1JJp=~ ,

= 6.63 Hz at 2.4 !1,

= 1590 Hz at 5 ma,

.663 at 24 !2

7950 Hz at 1 m(}

Low Frequency Gain from Equation (2) (Vs = 2.5 V for UC1524A)

vo/vc = .542Vin~ = 20.2 (26.7 dB) at 24 V. 2.4 D

= 31.9 (30.1 dB) at 12 V. 24 n

Vc must be clamped to 1.25 V to limit Duty cycle to 0.5 max.
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FLYBACK -DISCONTINUOUS INDUCTOR CURRENT -DIRECT DUTY CYCLE CONTROL

Error Amplifier Compensation:

Control I.C.: UC1524A

Crossover frequency (0 dB loop gain):

fc = fs/4 = 20 kIIz

RIA gain needed at 20 kHz = 21.5 dB

ESR zero, fz, cancelled by pole fp at

maxfz/1O. This increases low frequency

gain and adds 45° more phase lag, still

leaving a phase margin of 45°:

fp = max fz/lO = 795 Hz

EtA gain required below fp is:

21.5 +20log(20.000t795) = 49.5 dB

Total control voltage swing, AVc, needed

to maintain constant output voltage Vo

with worst case line and load variation

is (from Eq. la):

AVc = 1.0 V(la) Vc = ~(~)t = 12X2~~:~X.08 = 0.188 to 1.19 V.

Output voltage error with actual EtA DC gain of 298 (49.5 dB):

AVo = AVc/298 = 3.4 mV (120 mV = 1% regulation)

Imvlementation: Circuit of Appendix A-l (omit Rp and CP)

UC1524A has transconductance error amplifier (gm = .002)

With Rf = 3Mn, max. gain = gmRf = 6000 (75.6 dB, > 64 dB required, OK)

Gain required below fp = 298 (49.5 dB) = Rf/Ri.

Ri = 3M/298 = lOK

Pole at 795 Hz:

Cf = 1/(2nfpRf) = 67 pF
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FLYBACK -DISCONTINUOUS INDUCTOR CURRENT -VOLTAGE FEEDFORWARD CONTROL

Example 2: 12 Volt. 60 Watt OutPUt

All power circuit parameters

are the same as Exampl e 1 .

Low Frequency Gain from Equation (2) (max Vc = 3.5 V for UC1840)

K = VinD/maxVc = 12xO.5/3.5 = 1.71 (feedforward factor)

vo/vc = 2.52~ = 3.91 (11.8 dB) at 2.4 O
V.n = 12 to 24 V

= 12.35 (21.8 dB) at 24 O 1
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FLYBACK -DISCONTINUOUS INDUCTOR CURRENT -VOLTAGE FEEDFORYARD CONTROL

Error Amplifier Compensation: ~
FLYBACK, DISCDNTINUDUS !«)DE

VDLTAGE FEEDFDRWARD

+

A8pl , UC184D ',Limit + , . ,

"

~Control I.C.: UCl840
60

Crossover frequency (0 dB loop gain)

40

GAIN

!dBJ

20

fc = fs/4 = 20 kHz

\EtA gain needed at 20 kHz = 35.8 dB

~ ~ \, \ \ fc

, \

"
I , I ~ '.

10 100 1K 10K 100K

ESR zero, fz, is cancelled by pole fp at

max fz/1O. This increases low frequency

gain and adds 45° more phase lag, still

leaving 45° phase margin.

0

-20

IHz) 1

0

PHASE

-90

fp = max fz/1O = 795 Hz

A8pl

~

EtA gain required below fp is:

35.8 +20log(20,OOOt795) = 63.8 dB

~

-

AVo = AVc/1550 = 1.5 mV (120 mV = 1% regulation)

Implementation: Circuit of Appendix A-l (omit Rp and Cp)

Voltage feedforward factor, K, in UC1840 is set by an independent ramp generator

whose slope varies directly with Vin. A minimum ramp charging current of 36 IJA

is chosen (near the bottom end of the optimum range).

Rr = min V in/min Ir = 12/36~ = 33 OK

dv/dt = Ir/Cr = Vin/RrCr = max vc/tono RrCr = Vintonlmax Vc = KIf

Cr = K/fRr = 1.71/(80Kx33OK) = 65 pF

UCl840 bas voltage mode amplifier with 65 dB gain. > 63.8 dB required. OK.

Rf = 3 M, chosen somewhat arbitrarily because of high gain required.

Gain required below fp = 1550 (64 dB) = Rf/Rio Ri = 3M/1550 = 2K.

Pole at fp = 795 HZ: Cf = 1/(2nfpRf) = 67 pF
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FLYBACK -DISCONTINUOUS INDUCTOR CURRENT -CURRENT MODE CONTROL

Example 3: 12 Volt. 60 Watt Outnut

A11 power circuit parameters

are the same as Exampl e 1.

-1m1

Vo -v'!

Vc=~

Basic Eauations -Current Mode Control:

Ip = KVc. K = maxlp/maxVc

DC Relationships:

(1) Vo = VinD(~t = KVc-VRoLf/2

Control to Output Gain:

Vo In~T ~/... l+s/(J)z(2) --v = K-vRoLf,2 He(s) .He(s) = 1 I .to~ =
" +s II>p -J!

(la)

Wz = -r:-:;
2

RoC ,
1

Line to Output Gain:

(3) ~ = O
Vln

Inherent good line regulation and audio susceptibility.

Corner Frequencies from Equation (2):

fp = 2/(2nRoC) = 15.92/Ro = 6.63 Hz at 2.4 n,

fz = 1/(2nRcC) = 7.95/Rc = 1590 Hz at 5 mn,

.663 at 24 Q

7950 Hz at 1 m.Q

Low Frequency Gain from Equation (2) (Vc clamped to 2.4 V for 24 A Isc)

K = maxlp/maxVc = 24/2.4 = 10

vo/vc = 3.7~ = 5.73 (15.2 dB) at 2.4 D

= 18.1 (25.2 dB) at 24 D
Vin = 12 to 24 V
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FLYBACK -DISCONTINUOUS INDUCTOR CURRENT -CURRENT MODE CONTROL

Error Amplifier Compensation:

Control I.C.: UCl846

Crossover frequency (0 dB loop gain)

fc = fs/4 = 20 kHz

E/A gain needed at 20 kHz = 32 dB

ESR zero, fz, is cancelled by pole fp at

max fz/lO. This decade offset increases

low frequency gain and adds 45° more

phase lag, still leaving 45° phase

margin.

fp = max fz/1O = 795 Hz

EIA gain required at and below fp is:

32 + 20108(20.000/795) = 60 dB

Total control voltage swing, AYc, needed

to maintain constant output voltage Yo

with worst case line and load variation

is (from Eq. la):

AVc = 1.44 V
Vo -{2 12 -!'1(la) Vc = K-f[fRO = lo-/3.4x.08~ = 3.25/-/Ro = 0.664 to 2.1 V.

Output voltage error with actual E/A DC gain of 1000 (60 dB):

AVo = AVc/1000 = 1.44 mV (120 mV = 1% regulation)

Implementation: Circuit of Appendix A-1 (omit Rp and CP)

Current control factor (K = 10) is set with the UC1846 by the fixed gain (3X) of

the current amplifier and the current sampling resistor. Rs:

K = Ip/Vc = 10 = 1/(3Rs). Rs = 1/(30) = .033 ,Q

UCl846 error amplifier gain limit )80 dB with Rf)30K, ) 60 dB required, OK.

Rf = 3 M, chosen somewhat arbitrarily because of high gain required.

Gain required below fp = 1000 (60 dB) = Rf/Ri. Ri = 3M/l000 = 3K.

Pole at fp = 795 Hz: Cf = l/(2nfpRf) = 67 pF
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BUCK -CONTINUOUS INDUCTOR CURRENT -DIRECT DUTY CYCLE CONTROL

Example 4: 12 Volt, 240 Watt OutPUt

fs = 40 kHz, T = 25 ~sec

40 I I I I .

i BU()(.

I [)jTY CYQE CONTRCX.

+ + tD ~ + ~ \

\

+ + \ f
Control to Output Ga1 n'. .

vo/vc \

\\
+ + + \\

\\

\\

20

10 = 2 to 20 A

Vin = 30 to 60 V

Vo = 12 V.

Ro = 6 to 0.6 Ohms

0

GAIN
(dB)

-20Isc = 24 A Short Circuit LUnit

Continuous Current Mode Boundary: ,
",", .

"
-40

-60

(Hz)

C

PHASE

-90

10 100 10K 10ri<

...

~

\
-180

Min. Io = 2 A

Max. ~IL = 2(minlo) = 4 A

D = Vo/Vin = 0.2 to 0.4

toff = 0.8x25 = 20 ~s max

L = Votoff/~IL = 12x20/4 = 60 ~

~R Max for 0.1 Vpp Ripple at ~IL = 4 A:

Rc = 25 mg max (5 mg min)

c = 4000 IJF

VoVs
Vc=~

Control to Output Gain:
( ) Vo -Vin ( -1 + s/Wz -1 -

2 V"C" -V; He(s) .He s) -1 + (s/Wo)/Q + (s/Wo)1. Wo --::m:' Wz -

Line to Output Gain:

(3) !2- = Y£ He(s) = Y2- He(s)
vin Vs Vin

Corner Frequencies from Equation (2):

fo = 1/(27T-m) = 325 Hz

fz = 1/(2nRcC) = 39.8/Rc

1

RcC

Q=~
~L

7950 Hz at 5 mU= 1590 Hz at 25 ma.

UC1524A ramp is 2.5 Vat 80 kHz. One output is not used which limits duty cycll
to 50% max. at 40kHz. Vs projects to 5 Vover the fu1l 40 kHz cycle.

Low Frequency Gain from Equation (2):

vo/vc = Vin/5 = 12 (21.6 dB) at 60 V

= 6 (15.6 dB) at 30 V
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D = Vc/Vs:

DC Relationships:



BUCK -CONTINUOUS INDUCTOR CURRENT -DIRECT DUTY CYCLE CONTROL

Error Amt>lifier Comt>ensation: 80

60

40

GAIN
(dB)

20

Control I.C.: UC1524A

Crossover frequency (0 dB loop gain)

fc = fst4 = 10 kHz

EtA gain needed at 10 kHz = 21.5 dB

A pole at low frequency «1 Hz) provides

enough gain at low frequencies to meet

regulation requirements.

Two second order filter poles at fo are
compensated by two zeros at fz = fo/2.

This provides additional phase shift at

fo for sudden second order transition.

fz = 325/2 = 162 Hz

.LO

PHASE

-90

~ Error ftJ!1pl. , Overall

..~ \ "

/
V

IBO

ESR zero. fz. is canceled by pole fp at

least 5 times above fo to avoid adding

more phase lag at fo. This happens to

coincide with min. ESR zero. fz.

fp = 1590 Hz with 21.5 dB gain

21.5- 2010g(1590/162) = 1.7 dBE/A gain required at fz is:

Total control voltage swing, AVc, needed to maintain constant output voltage Vo

with worst case line and load variation is (from Eq. la):

VoVs 12x5(la) Vc = --:- = --:- = 1 to 2 V. AVc = 1 V
Vln Vln

Output voltage error with actual EtA DC gain of 180 (45 dB at 1 Hz):

AVo = AVctl80 = 5.5 mV (120 mV = 1% regulation)

ImDlementation: Circuit of Appendix A-2 (omit Rp. Cp and Rfp)

UC1524A has transconductance error amplifier (gm = .002). Min. load resistance

(miD Rfz) is 30K. Riz is appx. 1xRfz (gain is 1.7 dB at fz).

Set Riz = SOK

Ci = 1/ (l1)z2Riz> = 1/271 162 x 50K = .02 IIFZero 2 at 162 Hz:

Rip = Riz!(RizIl>p2Ci -1) = 50K!(50K x 27T 1590 x .02) = 5.6KPole 2 at 1590 Hz:

1.7 dB (1.22) gain at 162 HZ: Rfz = 1.22(Rip + Riz> = 68K

Cf = 1/ (Wz1Rfz) = 1/ (2n 162 x 68K) = .0144 ~Zero 1 at 162 Hz:

Pole 1 at 0 Hz: Omitting Rfp (open), (l)pl = 0. Actual pole occurs at 80 dB gain

limit of UC1524A error amplifier at a frequency well below 1 Hz.
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BUCK -CONTINUOUS INDUCTOR CURRENT -VOLTAGE FEEDFORWARD CONTROL

Example 5: 12 Volt. 240 Watt OutPUt

All power circuit parameters are

the same as Example 4.

Basic Eauations -Volta2e Feedforward

D = Vc/Vs' Vs = Vin/K, K = VinD/maxVc

DC Relationships:

(1) Vo = VinD = KVc (la)

Control to Output Gain:

(2) ~ = K He(s).
v"

1

RcC

Line to Output Gain:

(3) ~ = O
Vln Q=~

IIIoL
Inherent good line regulation

Corner Frequencies from Equation (2):

fa = 1/ (27T-v'IZ) = 325 Hz

fz = l/(27TRcC) = 39.8/Rc = 1590 Hz at 25 mn,
7950 Hz at 5 m.Q

Low Frequency Gain from Equation (2) (max Vc = 3.5 V for UCl840) :

K = VinD/maxVc = 30x 0.5/3.5 = 4.29 (feedforward factor)

vo/vc = Vin/5 = 4.29 (12.6 dB) at 30 to 60 V in.

2C-9

UNITRODE CORPORATION. 5 FORBES ROAD. LEXINGTON, MA 02173. TEL (617) 861-6540. TWX (710) 326-6509 .TELEX 95-1004



BUCK -CONTINUOUS INDUCTOR CURRENT -VOLTAGE FEEDFORWARD CONTROL

w

-20
(Hz) 1 100 11( 1DK 100K'0

-'mI

31- 20log(15.90/162) = 11.2 dB

Error Amt>lifier Comt>ensation:

Control I.C.: UCl840 60

Crossover frequency (0 dB loop gain):

fc = fs/4 = 10 kHz 40

E/ A gain needed a t 10 kHz = 31 dB ~:~~

A pole at low frequency «1 Hz) provides 20

enough gain at low frequencies to meet

regulation requirements. 0

Two second order filter poles at fo are
compensated by two zeros at fz = fo/2.

This provides additional phase shift at
fo for sudden second order transition.

fz = 325/2 = 162 Hz

0
ESR zero, fz, is canceled by pole f at
least 5 times above fo to avoid adHing PHASE

more phase lag at fo. This happens to -90
coincide with min. ESR zero, fz.

fp = 1590 Hz with 31 dB gain

E/A gain required at fz is:

Total control voltage swing, AVc, needed to maintain constant output voltage Vo
with worst case line and load variation is (from Eq. la):

( ) Vo 12la Vc = V =4:29 = 2.8 V constant DC.

DC Output voltage error is theoretically zero. Loop gain is required only for

good dynamic response.

Imt>lementation: Circuit of Appendix A-2 (omit Rp, Cp and Rfp)

Voltage feedforward factor, K, in UC1840 is set by an independent ramp generator
whose slope varies proportional to Vin. Minimum ramp charging current of 30 IJA

is chosen, near the bottom of the optimum range.

AVc = 0

Rr = min V inlmin Ir = 30130~ = 1M

dvldt = IrlCr = VinlRrCr = max vclton. RrCr = Vintonlmax Vc = KIf

Cr = KlfRr = 4.291(40Kx1M) = 107 pF

Set Riz = 50K. With gain appx. 4 at 162 Hz (fz), Rf of 200K is OK to drive.

Zero 2 at 162 Hz: Ci = 11 (Wz2Riz) = 112n 162 x 50K = .02 PF

Pole 2 at 1590 Hz: Rip = Rizl(RizIlIp2Ci -1) = 50KI(50K x 2n 1590 x .02) = 5.6K

11.2 dB (3.63) gain at 162 Hz: Rfz = 3.63(Rip+Riz) = 202K

Zero 1 at 162 Hz: Cf = 11(wz1Rfz) = 11(2n 162 x 200K) = .0049 PF

Pole 1 at 0 Hz: Omitting Rfp (open), Wp1 = 0. Actual pole occurs at 80 dB gain

limit of UC1840 error amplifier at a frequency below 1 Hz.
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BUCK -CONTINUOUS INDUCTOR CURRENT -CURRENT MODE CONTROL

Examule 6: 12 Volt. 240 Watt OutPUt

A11 power circuit parameters are

the same as Exampl e 4.

Basic Eaua tions -Current Mode Control :

IL = KVc. K = maxIL/maxVc

OC Relationships:

(1) Vo = ILRo = KVcRo VoVc = ~(la)

1
Control to Output Gain:
( ) yo ( 1 + s/(J)z 12 VC = KRo He(s) .He s) = 1 + s/Wp Wp = ~ .(J)z = ~

Line to Output Gain:

(3) ~ = 0
Yln

Corner Frequencies from Equation (2):

fp = 1/(2nRoC) = 66.3 HZ at 0.6 a. 6.63 HZ at 6 a

fz = 1/(2nRcC) = 39.8/Rc = 1590 HZ at 25 roO. 7950 Hz at 5 ma

Inherent good line regulation and audio susceptibility

Low Frequency Gain from Equation (2) (max Vc clamped to 2.5 V for 25 A Isc):

K = maxIL/maxVc = 2512.5 = 10

vo/vc = KRo = 6 (15.6 dB) at 0.6 n, 60 (35.6 dB) at 6 a
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BUCK -CONTINUOUS INDUCTOR CURRENT -CURRENT MODE CONTROL

Error Amplifier Compensation: 80
BUO<, CONTINUOUS to{)OEI

~ CURRENT to{)OE fp . -+ .,+ +

"UC1846

"Limit

"
.+ ip+ "'

(,0

40

GAIN

(dB)

20

Control I.C.: UCl846

Crossover frequency (0 dB loop gain):

fc = fst4 = 10 kHz

EtA gain needed at 10 kHz = 12 dB "

0

-20

(Hz)

0

~ASE

-90

10 100 1K 10K 100K

I "'-.Er~Or ~Pl~ ' I

ESR zero, fzc' is canceled by pole fp at

max fz/lO. This decade offset increases

low frequency gain and adds 45° more

phase lag, still leaving 45° phase

margin.

fp = max fz/lO = 795 Hz

E/A gain required at and below fp is:

12 + 201og(10000/795) = 34 dB (50)

"

~

,
~.,~ /

I
' "

Total control voltage swing, AVc, needed
to maintain constant output voltage Vo -100
with worst case line and load variation
is (from Eq. la):

Vo 12(la) Vc = ~ ~ = 0.2 to 2 V. AVc = 1.8 V

Output voltage error with actual EtA gain of 50 (34 dB)

AVo = AVc/50 = 36 mV (0.3% regulation)

Circuit of Appendix A-l (omit Rp and CP}ImDlementation:

Current control factor, K = 10, in the UCl846 is set by the fixed gain (3X) of

the current sense amplifier together with current sampling resistor Rs.

K = IL!Vc = 10 = 1!(3Rs). Rs = 1/30 = .033 n

UCl846 error mnplifier gain limit is >80 dB with Rf >30K. 34 dB needed, OK

Gain required at and below fp = 795 Hz is 50 (34 dB) = Rf/Ri.

Let Rf = SOOK, Ri = Rf/SO = 10K

Cf = 1/(2nfpRf) = 400 pF1 Pole at fp = 795 Hz.

Slope compensation: Current downslope is 4A!20Jls, or 5A projected over 25 Ils
period, equating to 5x.033 = .165 volts p-p at input of current sense amplifier.

Compensation ramp should be .165/2 = .082 V positive ramp. UCl846 oscillator

ramp is 2 V. A 24:1 divider provides .083 V. Put 1K between current sense Rs

and current sense amplifier input, and 24K from timing capacitor Ct to current

sense ampl. input.
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FLYBACK -CONTINUOUS INDUCTOR CURRENT -DIRECT DUTY CYCLE CONTROL

Example 7: 12 Volt. 60 Watt OutPUt

fs = 80 kHz, T = 12.5 ~sec

Vin = 12 to 24 V

Vo = 12 V, Io = 0.5 to 5 A

Ho = 24 to 2.4 Ohms

Isc = 6 A Short Circuit Limit

Continuous Current Mode Boundary:

Min. 10 = 0.5 A

D = Vo/Vo+Vi) = 0.33 to 0.5

Max. AIL = 2(minlo)/(1-Dmin) = 1.5 A

toff = 12.5(1-0) = 8.33 ~s max

L = Votoff/AIL = 12x8.33/1.5 = 72 ~

ILmax = maxlo/(l-Dmax) = 10 A

ESR Max for 0.1 Vpp Ripple at IL= 10 A:

Rc = 10 mn max (2 mn min), C = 10,000 PF

Basic &uations -Duty Cvcle Control:

I-D 1

~=:m. wz=~.
Q=~

~L

Vov c = v sv-i+V;:;

D = Vc/Vs:

DC Relationships:

(1) Vo = VinD/(l-D) = Vin/(Vs/Vc-1) (la)

Control to Output Gain:

( ) !2. -Yin
( / .a ( ) ( -1 + s/Wz

2 vc- Vs l+Vo Vi) f1(s) He s .He s)- 1 + (S/I110)/Q+ (S/I110)a .

Line to Output Gain:
( ) Vo Vc Vo sL Vo(Vo + Vi)

3 ~ = --He(s) = ---He(s) RHP zero: f1(s) = 1---

V1n Vs Vin R Via

Corner Frequencies:

fo = (1-D)/(2n-{DC) = 94 Hz at 12 V. 125 Hz at 24 V

fz (ESR) = 1/(2nRcC) = 1590 Hz at 10 mg. 7950 Hz at 2 mn

fz (RHP) = 2728 Hz at 12 V and 2.4 n. = 7275 Hz at 24 V and 2.4 n

UC1524A ramp Vs = 2.5 V. The two outputs of the UC1524A are paralleled.

Low Frequency Gain from Equation (2):

vo/vc = 19.2 (25.6 dB) at 12 V. = 21.6 (26.7 dB) at 24 V
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FLYBACK -CONTINUOUS INDUCTOR CURRENT -DIRECT DUTY CYCLE CONTROL

Error Amt>lifier Comt>ensation:
80

60

Control I.C.: UC1524A

Crossover frequency (0 dB loop gain):

fc = 800 Hz (best achievable -RHPzero)

EtA gain needed at 800 Hz = 11.6 dB 40

GAIN
(dBJ

20
A pole at low frequency «1 Hz) provides

enough gain at low frequencies to meet

regulation requirements.
0

Error. I ,~(2J ~\" . ~fz(2J '~

-20

(Hz) 1 10 10K 100K

0

PHASE

-90

Two second order filter poles at fo are
compensated by two zeros at fz = foe

fz = 94 Hz

EtA gain required at fz: -7 dB

Two additional poles cancel the ESR zero

and right-half-plane zero. The location

of these two poles is adjusted by trail -180

and error. Although above the crossover

frequency these poles are necessary or

the gain would stay flat or even rise. causing instability at higher frequency.

fp = 2700 HZ at 22.2 dB gain. fp = 8000 HZ also at 22.2 dB

Total control voltage swing. AVc. needed to maintain constant output voltage Vo
with worst case line and load variation is (from Eq. la):

V(la) Vc = Vs~ = 0.833 to 1.25 V. AVc = .417 V

Output voltage error with actual E/A DC gain of 40 (32 dB at 1 Hz):

AVo = AVc/40 = 10 mV (0.1% regulation)

lm1>lementation: Circuit of Appendix A-2 (omit Rfp)

UC1524A has transconductance error amplifier (gm = ,002),

(min Rfz) is 30K, Riz is appx, 2xRfz (gain is -7 dB at fz),
Mine load resistance

Set Riz = 100K

Zero 2 at 94 Hz: Ci = 1/(Wz2Riz) = 1/2n 94 x 100K = .017 PF

Pole 2 at 2700 Hz: Rip = Riz/(Rizwp2Ci -1) = lOOK/(lOOK x 2n 2700 x .017-1) = 3.6K

-7 dB ( .45) gain at 94 Hz : Rfz = .45(Rip + Riz) = 47K

Zero 1 at 94 Hz: Cf = l/(wzlRfz) = 1/(2n 94 x 47K) = .036 PF

Pole 1 at 0 Hz: Omitting R{p (open), ~1 = 0. Actual pole occurs at 80 dB gain
limit of UC1524A error amplitler at a frequency well below 1 Hz.

Pole 3 at 8000 Hz. Rp = Rip/10 = 360 n. cp = 1/(2nfp3Rp) = .055 PF
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Ii1.YBACK -CONTINUOUS INDUcroR CURRENT -CURRENT MODE CONTROL

Example 8: 12 Volt. 60 Watt Outuut

All power circuit parameters

are the same as Exampl e 7.

Basic Eouations -Dutv Cvcle Control :

l+D Vin
~ .D = Vo+Vin

1I>p=

1

wz=~.

v -Vo{Vo+Vin>
c -KRo Vin(la)

Control to Output Gain:

( ) !.2 -Vin ( ) ( ) ( -1 + s/l1)z
2 Vc -K Ro (2Vo + Vin) f1 s He s .He s)- 1 + s/1I>p

Line to Output Gain:

( 3 ) Vo -Voz sL Vo(Vo + Vin)
v:- - 2V V . + V .z He(s) RHP zero: f1(s) = 1 --

RV .zIn o In In In

Corner Frequencies:

fp = (1+D)/(2rnRoC) = 0.884 Hz at 24 V, 24 n, = 9.95 Hz at 12 V, 2.4 n

fz (ESR) = 1/(2nRcC) = 1590 HZ at 10 mn, 7950 HZ at 2 mn

fz (RHP) = 2728 Hz at 12 V and 2.4 n, = 7275 Hz at 24 V and 2.4 n

Low Frequency Gain from Equation (2) :

K = ~ = maxlo = 6 = 4 8
maxVc (l-D)maxVc (1-.5)2.5 .

vo/vc = 57.6 (35.2 dB) at 24 V. 24 a. = 3.84 (11.7 dB) at 12 V. 2.4 n
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Io = IL(l-D). IL = KVc. K = maxIL/maxVc.

DC Relationships:



FLYBACK -CONTINUOUS INDUCTOR CURRENT -DIRECT DUTY CYCLE CONTROL

Error t-mt>lifier Comt>ensation: 80
FLYBACK, CONTINUOUS I{JOE

CURRENT I{JOE CONTROL

..""' ..

~:-- " UC1846

" '~imit

.~, ~

~ :-,:-- Error Ampl.

i :-,I ..~ ..

overel~:-':-'

60

Control I.C.: UCl846

Crossover frequency (0 dB loop gain):

fc = 800 Hz (best achievable -RHPzero)

E/A gain needed at 800 Hz = 26.4 dB 40

GAIN
(dBJ

20
,

Two poles cancel the ESR zero and right-

half-plane zero. The location of these

two poles is set by trail and error.

Although above the crossover frequency,

these poles are necessary or the gain

would stay flat or even rise, causing

instability at higher frequency.

a

~, \
I I I I ~."", \

10 100 1K 10K 100K

-20

[Hz} 1

0

PHASE

-90

fp = 2700 HZ at 26.4 dB gain

fp = 8000 Hz at 17.1 dB

The EtA gain is flat (26.4 dB) below the

first pole at 2700 Hz.
-180

Total control voltage swing, AVc, needed to maintain constant output voltage Vo

with worst case line and load variation is (from Eq. la):

( ) Vo(Vo+Vin) la Vc = KRo Vin = 0.156 to 2.08 V. AVc = 1.92 V

Output voltage error with actual E/A DC gain of 20.1 (26.4 dB below 2700 Hz):

AVo = AVc/20.1 = 1.92/20.1 = 95 mV (1% regulation)

ImDlementation: Circuit of Appendix A-l

Current control factor. K = 4.8. in the UCl846 is set by the fixed gain (3X) of

the current sense amplifier together with current sampling resistor Rs.

K = IL/Vc = 4.8 = 1/(3Rs). Rs = .069 {1

26.4 dB needed. OKUCl846 error amplifier gain limit is >80 d8 with Rf >3OK.

Gain required (26.4 d8) = 20.9 = Rf/Ri. Let Rf = 500K, Ri = 500K/20.9 = 24K.

Pole 1 at fp = 2700 HZ. Cf = 1/(2nfpRf) = 120 pF

Pole 2 at fp = 8000 HZ Rp = Ri/10 = 2.4K. cp = 1/(2nfpRp) = 8200 pF

Slooe comt>ensation: Current downslope is 1.5A/8.33 I1S, or 2.25A projected over
the 12.5 I1s period. This equates to 2.25x.069 = .155 volts p-p at the current

sense amplifier input. Compensation ramp should be .155/2 = .078 V positive

ramp. UCl846 oscillator ramp is 2 V. A 25:1 divider provides .077 V. Put 1K

between current sense resistor Rs and current sense amplifier input, and 24K

from timing capacitor Ct to current sense amplifier input.
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BOOST CONFIGURATIONS -BASIC EQUATIONS

Boost regulator topologies have the same general characteristics as their
flyback circuit counterparts. The Bode plots have the same shape, and the same
type of compensation is employed. The specific values of gain and pole/zero
frequencies are slightly different because of modifying factors in the various
basic equations: Accordingly, only the basic equations are given for the boost
circuits.

Inductor Current --Dut cle Control:

DC Relationships:
].

(1) Vo = Vin(1/2 + -V1/4 + D2/J)Z .D = Vc/Vs. J = 2Lfs/Ro

l+s/wzHe<s) = ~

I ductor Current --Volta e Feedforward:

DC Relationships: K = VinD/maxVc

.!Vo = Vin(1/2 + -.;1/4 + (KZ/J)VcZ/VinZ)Z .

Vs = Vin/K,

J = 2Lfs/Ro

l+s/wzHe<s) = l+s/Wp

Control to Output Gain:

(2) !2= K ( 4-Vin/Vo )fHe(S). Vc =n 4-Vin/Vo-Vinz/Voz

Line to Output Gain:

(3) ~ = 2 Vo He(s). Wz =

vin Vo-Vin

1

RcC'

BOO s Inductor Cu rent --Curr nt MOde Con rol :

J = 2Lfs/Ro

~He<s) = l+s/11Jp

2+1/-Vl+4D2./J
1I>p=

RoC
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Control to Output Gain:

(2) !2. = Vin ( 4-Vin/Vo \t He(s)
Vc ~ 4-Vin/Vo-Vin2/Vo2} .

Line to Output Gain:

Control to Output Gain:

(2) !.£ = K ( 4-Vin/Vo \t He(s) .
Vc =Jj 4-Vin/Vo-VinZ/VoZ}

Line to Output Gain:



BOOST CONFIGURATIONS --BASIC EQUATIONS

Boost- Continuous Inductor Current --Direct Dutv Cvcle Control:

Q=~
woL

D = Vc/Vs. (l-D) = Vi/Vo.

v c = v sY.2:Y.i!l
Vo

DC Relationships:

(1) Vo = Vin/(l-D) = Vin/(l-Vc/Vs) (la)

1 + s/Wz
He(s)= 1+ (s/Wo)/Q+ (S/Wo)2 .

RHP zero: fl(s) = 1 -~ Y9.:
R Viz

Boost- Continuous Inductor Current -Current Mode Control:

2 1Io = IL(l-D) .IL = KVc. II>p = ~ .Wz = ~ . D = Yo-Yin
Yo

(la) Vc = VoZ/{KRoVi>

1 + 5/I1}Z
He(5)= 1 + (5/1110)/Q+ (5/1110)2

Voltage feedforward control does not perform effectively with continuous mode

boost and flyback circuits. and this use is not recommended.
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Control to Output Gain:

( Vo -Vin VO22) --
v V V~ fl(s) He(s) .

c s In

Line to OutDUt Gain:

DC Relationships:

(1) Yo = -/KVcRoYi

Control to Output Gain:

( ) Vo KRo Yin2 --= fl(s) He(s) .
Vc 2 Yo

Line to OutPUt Gain:


