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Transient Response

e 3 disturbance sources

* Output reference signal 4 © Band-gap reference

*|Input voltage @& © Line feed-forward control
*|Load @ Trouble

Fast dynamic current slew rate presents challenge
in load transient response of power supplies



Conventional Control Schemes

* Feedback

* \Voltage-Mode Control (VMC)
e Easy to design and analyze
* Without line feed-forward control
e Limited bandwidth: slow response
e Current-Mode Control (CMC)
* Inherent line feed-forward control (for BUCK)
* Wide band
* Slope compensation
* Current sensor

e Feed-forward

Complicated non-linear calculation



Research Objective

* Design a slope adjustable triangular wave generator

to improve transient response of DC-DC buck converter
* Based on VMC:
compared to CMC
---Not require current sensor or slope compensation
* Slope is regulated by input and output voltages:
compared to conventional VMC
---Provide line feed-forward control and wideband
* Simple:
compared to previous feed-forward control
---Not require complicated calculation



OUTLINE

* Proposed Triangular Wave Generator
* Slope Adjustable Triangular Wave Generator
* Improvement of Transient Response
e Stability Analysis



System Configuration

Vin A
cs/O ! 1 f Op-ampl:
t 5 c —— * Generate error signal
T load o .
PWM Type 3 compensation
< i i.

CLK

Op-amp2:
t— I"'}"i‘hj_ * Amplify deviation
»% * Control variable of TWG

Veon = Vrer = Gkbv [Vref|  TWG (Triangular Wave Generator):
[ Slope adjustable

' “[ * Controlled by V;,, and I/,




Triangular Wave Generator (1)

Part 1

VCOTl

Q
Vbs
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VDSl
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Summer

V
th 2 Voltage |
l Divider

VDS 2

------------------------------

VCR: Voltage Controlled Resistor
VCCS: Voltage Controlled Current Source

Part 2




Triangular Wave Generator (2)---Part 1

*VCR NMOS M, operates in triode region
0 Vin Equivalent resistor:
Vecon 1 ID VDS
@ — —
Ry [F =22 = K (Vs — Vi, — 225
Vh% ]VB H g Op-amp3 RDS VDS n G5 th 2
th Voltage DS1 G3AVpg
| 1 w_@ Vps2 — SetVgs = Vi, + Ibs + Veon
+ + + ' v 2
Voltage 1
Summer R —
B B S— DS ™ K Veon
—JE e f Ry > R
L B DS
VCR--Rps < DS ™ k. RgV.on

S K, = ﬂncoxW/L G3Vin 1 1
v —
Vc_max =V + %S + Vcon_max K nR B V

con Vcon_max



* VCCS & TWG

Triangular Wave Generator (3)---Part 2

VDD

Va=Vp _ G3AVps

I = lpc =
T ¢S Rcs Rcs
it
Ve.. = —t
tri CT

1

Viri = Vin (Cl v b) t = M(Vi‘ru Vcon)t

con

— 63 b _ a
KnRpResCr * 7

Where a

I/CO n_max

M & V,, M < —

VCOTL



Line Transient Response Improvement
------ Line feed-forward control

Transfer function from error signal to output voltage
(VMC buck converter)

1 V;
Vour = Vi

LCs? +%s+ 1 Vp

Since V, = MT,, and M depends on V, (proportional) and V..,

Input voltage change effects are reduced.

Vp --- the peak of triangular wave



Load Transient Response Improvement (1)
------ Additional duty cycle modulation

Triangular wave Ad, is caused by slope modulation
_ Vg (1 _ 1 . ﬁ i
Ad, = T, (Mz Ml) T AM

Ad, is caused by slope and error modulations

- __GAv (1 1) _ GAv | G:Av 1
-I G.Av Ad, = T, (Ml t AM)  TMy t T AM
. _iVg GcAv) 1iiGAv
Ad = Ady + AdZ—E(TS HE) A
................... e b

Additional duty cycle modulation Conventional VMC--Ad,,

V, coaric = TM
p_static s 1 by proposed TWG--Ad




Load Transient Response Improvement (2)
------ Non-linear control features

A — (VE . GcAv)< (Vyer + GrAv) ~ Vief ) . G Av

Is Is Vin (Cl — b(Vref + GkAv)) Vin(a - bVTef) Vo static

. aG, (Ve + G.Av)
G, Av A(Av) =
Ad = ABv +5—— TsVin(a — bVyer)(a — bVyor — bGiAV)
p_static
Large Large > Enable fast transient response
A A

Av l ® A ‘ Non-linearly change

approachto 0 approach to a constant — To ensure the loop stability
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System Block Diagram

Supposing Av is enough small, and A is approximated as constant

Vin IDHI
Grr [¢ | |
{;vl Egﬂlit
A
Vier + Av | 1 +
] GC ] Vp_staﬁr Gvd + .
) Vout
H |«
. G
Open-loop transfer function: T = (A + - ) G,aH
p_static

2014/7/10 15



Example

Power Stage

ViTL —_ 5V

Vout —_ 35V

* Vp_static =3V

L =10uH (ESR = 10mQ)
C = 50uF(ESR = 10m{)
R = 350

* fswiten = 1MH

Phase Compensation

 Type 3 compensation
o f = Lowith = 50k,
« PM = 40°

Design for conventional VMC

TWG

¢ G, =10

¢ RB —_ 1k.Q

° Kn ~

+ R, = 1000
¢ CT — SOpF
A= 30



Bode Plot

Compare to conventional VMC
T (Gchd/Vp)

. —, o Bandwidth is increased

10° 10° i 10" y 10 10
requency () 50kHz =2 109kHz
100140*-5 * Phase margin is decreased
0. e T 40° > 10°
-200- & 70 TS
10’ 10’ 10" 0 10
------- Ge*Gvd/Vp Frequency (Hz)
----- - A*Gvd
the open-loop

2014/7/10 17



Increase Phase Margin

Add a high frequency zero pointto A: A > Ax (s + wy)

60 -
g 40 e Bandwidth
= 20 130KHz
'
O 07 [ without phase compensation
20/ with phase compensation | || o 109kHz = 130kHz
10° 10’ 10° 10" 10°

Frequency (Hz)

X R
_ED“/ .
= - * Phase Margin
o - ]
g -100- N "‘/\ 10° > 30°
-2001 O
10’ 10 10 TS o

2014/7/10 Frequency (Hz) "



OUTLINE
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Line Transient Response (1)

Simulation Tools: SIMetrix 6.2

Vin: 5V & 8V

3 52 'S Without proposed TW
3_5—#

=

With proposed TWG

2.6

2.8

3 3.2 3.4 3.6 3.8 4 4.2 4.4

( Simulation conditions are shown in P16)



Line Transient Response (2)

AAAAA
L

3.5 A A LA,
3.54 Pl *

353 £
3.52 /

Vout

3.5

35

349

-
-f‘-—-—._

e

Vp & TW

T
]

m—r

e

PWM

2.9% 3 3.005 3N

3.015 3.02 3.025 3.03

Without proposed TWG

3.55
354
353
3.52
351

2.9% 3 3.005 kA1) 3015 3.02 3.025 3.03

With proposed TWG 21



Load Transient Response (1)

I,y 100mMA < 420mA

500

I 400
out I 320mA

100

0
(3515 Without proposed TWG 'il

3,505
i |

V < 3.485
out 3515 With proposed TWG

3.505
3.495

\ 3.485

26 238 3 3.2 34 3.6 3.8 4 4.2 44



Load Transient Response (2)

Vout

PWM  Vp & TW

IL & Iout

3.504 ——
3498 i ,\,ﬁf"’Mﬂ
3497 A —2- —
3486 L ——— 1;4me 15':[15 ]
;
EHHHJH L 114
AN AN AN
T G
:
:
)
00
" 7 WA A AAPAAIIIAIIAA
200 A
FAvAvAvAvArAVAVAVAVAFN
2995 3 3006 301 3018 302 3025 303

Without proposed TWG

--- step up

3.504 G—
3498 H——
3492 Wt
3486 9mV, .6'u S.
4
{TRURTREITYY EYYERNRTURETY |
1?7” IR /1 #Ii#//} /
JVVETVY PITET Y VYNV VP ey vy Yy Y r'
N
2
o il
600 A
400 ff VVMF 'JA'MA A'AFA'A' AFA'ArAv A'A'Ar."l.r
20 ),"
0 7095 g 005 301 3016 302 302 303

With proposed TWG

23



Load Transient Response (3) --- step down
g2 | | | 352 | | I
L 2= 16mV, 22us | 3¢ - 10mV, 12usf
g 1503 I A= : 3508 3 e m— —
SN mm— — 4 — 1507 y S e
3.496 3.496
E ) ; llrz ]
L L HH HHEH INVERRENNTRNNENRVRNNUNRY
o3 Ff#l /IV( fi 71%74!1 HHIV! A 11(11}1#_}!}] IWHI HHIﬁHﬁ%HHIH
RN
E 4 ; 4--
= m .
= T
0 — =
'§ GO0 600
5° o AAARARRERPA o PAAEA FA'AAM{H
200 "{.1,, 200
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d 0 3.995 d|1 4 004 401 4 015 402 4.0%03 0 3 095 ¢|1 %W]WMUH

Without proposed TWG With proposed TWG
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Conclusion

*Design a slope adjustable triangular wave generator

for DC-DC converter.
* Line and load transient response improvement
*Simple
- Not require current sensor or slope compensation

* Next Step
Circuit implementation



The End

Thanks for your attention



Q&A

* The proposed method causes the phase margin decrease. How do
you deal with this problem?

A: the reason of phase margin decrease is the phase of additional
feedback loop (A*Gvd) is too low. Therefore | try to increase the phase
of A*Gvd at high frequency. We can add a high-frequency zero point in
A. This can be realized through insert a appropriate capacitor in op-
amp?2 (Page 8) or op-amp3 (Page 9). By this way, the phase of A*Gvd is
increased at the crossover frequency, the phase margin also increase.



