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Design of on—chip Buck type DC-DC module
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Abstract: The performance of the on—chip power supply directly affects the operating state and energy
efficiency of the entire chip, and a low—dropout linear regulator (LDO) is usually used as its step—down power
supply on the chip. However, with the increase of input and output voltage difference, the conversion efficiency of
LDO decreases significantly. The conversion efficiency of the DC=DC converter is significantly better than LDO, and
it does not change with the pressure difference, but it has inherent limitations in ripple suppression. In this thesis, a
new chip power supply solution for Buck DC-DC converter based on COT control architecture is proposed. In terms
of reducing ripple, the current feedback circuit is innovatively introduced to realize the decoupling of ripple and loop
control signal. At the same time, multilayer ceramic capacitors with low equivalent series resistance are selected
as the output filter element, so as to reduce the ripple and maintain the stability of the system at the same time. The
module is designed based on SMIC 40 nm CMOS process. The test results show that the conversion efficiency of the
power module under all working conditions is more than 83.5%. The maximum output voltage ripple is less than

1.2 mV, When the load changes suddenly, the voltage fluctuation is less than 11.1 mV.

x MR B #1:2025-07-01
HEE&WH . BHE AR IL4 B H (2202301432394 ), National Natural Science Foundation of China(Z202301432394)
EE® N : EHLE(1974—), B, WIRTUCTTA, MR IARIEUR,
+ HEBE RN, E-mail : 1411095718@hnu.edu.cn



176 PN S QRS )

2026 4F

Key words: power conversion ; power efficiency ; low dropout regulator; DC=DC converter;ripple

FEIACE et v, Z i R T o S
e T g B S AR DI RE H bR A% O RS B
P, B3 SR PRI AR LA o e A 4 2R O B A1
BIASYIFE, LI rE I D) 5 i 454 o v R DA DR
SO, X PR 2 S U H R SR A ) TR TR A A
HLRs an Ak et

A L HE R L G E 22 MR R 2% (LDO) 1
8 A AR S0 A, A AR AT R A8 R i
TEePATS b7 8 T2 2 o B AR T RE AL R A B
% B A R RS T R RS R T A FL R E S T
T FL S S ST B ) AR TS S T (R A R
ZE R R ARA R T IR R LDO (5% 350K Sl
TR, KER S BE B LA IR R S A Y TR
JFEFE GG BT R P, 30 AR T R A
F Y R ) 3 S R AR T O 0 AR 5 4 T1 DSP
B F T, €5000,C6000 751 35% A LDO fE A Ha R0
FOEIAHE 33V, BB E N 1.2~1.4 V, #ip
SR N 36% ~ 42%.

L Z T, Buck 5 DC-DC % # #§ 05 f8 HIT %6
Vi AL T 7E 8 540 TR S A % Rl
11 D)% MOSFET 5 fif B HL B/ i 25 1 Db R T4, FILH
FE G T N 1) R S A7 5 R S B PR e R L A5
25 FIX R FNEE R, Buck 55 B g% il 76 56 5 A% IR
22 R RO (B ] 3K 80% LA _E) ML SR, JF
SR A8 14 [ 4G A BT A Pk A%« Buck B 4 2%
PRI Ty 230 A7 o 03 T 2 7 A ) B i s 80 Gl 7
BrEHE2REg)", XMEEEsiES] k&
RO R TP N, XTI RGN
R PE AT RE P A AN

Buck % DC-DC % 4 2% 38 21 I 5 Ty 28I 56 1) oy
25 He S B M R R A IR A ) A A B s s o
SR RURTA] AL G0 1) L 4 S =2 R R 3 42 i A
O TR [ F MR, TER T SR
4 FF S BRE 1T ™ EE S M AR ASCR . M L 2 T, 3R
P A O E 5 538 B E] (constant on—time, COT)
il SR A R S AN E ] 2 iR T SN
T 32 7R R 2 AR 3 7 o 4 i A X 7 X Ty B SR ™
B 0 LTI AR B T 72 I L R A AR 2
FHE G IR O R AR TR B M BT v ]

e COT R A AP 1 45 A it
Fe8rip, € vyt R A A 25 A S K R BEL Y 80 2
JE R . | T A Wb AR A A AR R L (TS
SO i s BEAR B A R 2 S AR e 1Y
R P WL, A R sl % 16 B e i, &
GiA RE I i S B R R A T, BORE I IE R R ST
FRg M 7 P ), S BSCBER A8 aed L s

FA L, e COTHERIBATT , iyt i R SCEA
Jot b el LR R AT PR E T LR R R S AS B
ARG LN RE . AR SO P 3t R A J i U B 15
PEWIDT i, BT SO PR R A A A .
THEHME S i BRSO IR MR A B, A AL
&5 77 2 v 5 1 i P R A R R R R R, S T
PR kAL, 1R T RGAENE s R h T
L SRR A X A/ A S 4 2 Al i 7 3 PR T
HHURSGAE 5, R GTRY B e L L RE A S 21 2
FPETE . BN, SO E AT e 2 A e H g R
VAT, A2 0 T e R R SO A A A B
SEREW], 207 AR PRI RCR A R I, o i A
3 Bl = B OK -

1 EiRoH

X T B 5%, BT LARE A Buck 28 DC-DC #%
Bet$ B0 LDOS, DC-DC % a1 06 {E A0 A At
2284k, H &P F LDO WS A s {H H Fi A B 7=
an i B R AL 2043, DC-DCF a8 05
BRCRTEAR LA TR e R B R AL P
iR b DC-DC H JERLC3R i 2050 il e 1) 2 8 AR R AIR
f14) [ e

DC-DC Heffe i iy 42 7 BRI N RS, 4y
Il 2 Jhk v 5 B R ] (pulse width modulation, PWM ) Al
Jik o 45 2% P8 i (pulse frequency modulation, PFM).
PWM J7 A il ) 8 a4 A [T 9 TR S 38 , TT7E
e A5 T A 8 v 1) T AR AR 23 7™ i S ) R AR A
RPFM 5 H K ST B COT il B, 7e iR ok &
T HE H S BRARTF MR, ST B ROR , fF Bk
TSR

1B COT 4 il M SO AT R AR ], 8Lk



543

TAIESE . B I Buck % DC-DC B 53 177

Wl /N 23 B2 MR P R A SE 1 5 T H PR PR S AR T L o
R R SO D E , LU B B A SR
BRI 0 . AR RS S R B R AR S, aT
DA S L, R R A5 R 2 5 L DA 5 B 1
UM P, b dl i SR A r R R S (5 5, TR
WA o R RV R Y FR R S0 A5 5, BB s
FTEA COT 2 i 852 30 U ALAS 19 Vo, Bl A S5 LA 52 e
PHERZ I, DTS2 BE R G PERE A DAL .

XA R 2 B A A o, ol
BT A AT, ANFEAZ 8 T R SO A )
HUREPE s LUK, (2 R GUHMEI R B e -, ] DR IS

AER I F B A /N LS T, AT R IR R SE
e, BT AR LA S e A A S A AR Ak
N7 S PR L R SO R, RS R A e o
REH A3 i 5 3 T

BT BRAr A, ASCR e R COT #2728
XF DC-DC ¥ dn i ATz it , IF5] ABUHMR R R 5
I, R PR Y SO e A Ry H R B A R &R
G R EAEHIES . FE, 7 RGP Z R B
DR, A4 /N W isf ) 42 1] L ZE Rl AR 47
Y DX I ] 42 il L K o L FEAB T A T g, E— 204
fEAI5E 3 DC-DC F s i BE R PERE .

&1 128 DC-DC Fe45 8 OB L i S LAl v

VDDIO
| wmwes | —
— B/ I ) ‘—» Fl glﬁﬂu v
#
L M —
Vs S I e l——*
A
VSS
T Vemp
[\ v, e
- Sk Vepsw
L
VREF
it R
HiFE 1
Vs 2
HLH

A1 DC-DC#H#E X4t b5 H & HEAER

Fig.1 Block diagram of key circuits and peripheral circuits of DC~DC converters
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Point | Test I Output |pezigis//  Min Max | Coner0 | Comer! | Coner2 | Coner3 | Conerd |
Parameters: licad=100m
1 TESTBENCH1:DCDC_TEST:1 | lin_average -38.8m -38.49m -38.8m -38.49m -38.6m -38.66m -38.7m
1 TESTBENCH1:DCDC_TEST:1 | lout_average 100m 100m 100m 100m 100m 100m 100m
1 TESTBENCH1:DCDC_TEST:1 | Vout_average 1.104 1.109 1.105 1.106 1.104 1.109 1.104
1 TESTBENCH1:DCDC_TEST: 8633 87.09 8633 87.09 86.63 86.89 86.43
1 TESTBENCH1:DCDC_TEST:1 | ripple 699.6u 852.5u 776.4u 796.2u 699.6u 852.5u 756.8u
1 TESTBENCH1:DCDC_TEST:1 | /GPIO22_VFBSW = [ =2 k |2
1 TESTBENCH1:DCDC_TEST:1 | /GPIO23_VSW = k =2 k |4
1 TESTBENCH1:DCDC_TEST:1 | VDD_11 = k %2 k =
1 TESTBENCH1:DCDC_TEST:1 | /R8/PLUS = k k& k |2
1 TESTBENCH1:DCDC_TEST:1 | /I0/MI617/net076 K k 2 k =2
1 TESTBENCH1:DCDC_TEST:1 | V35/PLUS = k = k K
Parameters: licad=30m

2 TESTBENCH1:DCDC_TEST:1 | lin_average -12.13m -11.96m -11.98m -12m -12.13m -11.98m -11.96m
2 TESTBENCH1:DCDC_TEST:1 |lout_average 30m 30.01m 30m 30m 30m 30.01m 30m
2 TESTBENCH1:DCDC_TEST:1 | Vout_average 1.104 11 1.106 1.107 1.104 11 1.105
2 TESTBENCH1:DCDC_TEST:1 | Efficiency 8278 84.26 83.96 8387 8278 84.26 83.95
2 TESTBENCH1:DCDC_TEST:1 | ripple 723.4u 883.5u 796.5u 836.5u 723.4u 883.5u 783.9u
2 TESTBENCH1:DCDC_TEST:1 | /GPIO22_VFBSW = =4 = =2 =3
2 TESTBENCH1:DCDC_TEST:1 | /GPIO23_VSW = k 22 k =2
2 TESTBENCH1:DCDC_TEST:1 | /VDD_11 = k =3 k |2
2 TESTBENCH1:DCDC_TEST:1 | /R8/PLUS =3 =2 = k =
2 TESTBENCH1:DCDC_TEST:1 | /I0/MI617/net076 = K = k o
2 TESTBENCH1:DCDC_TEST:1 | V35/PLUS =2 k E 2 E

B9 H B RS ST 4

Fig.9 Converter efficiency and ripple pre—simulation results
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| Parameter | | | | | Coner0 | (Coner1 | (Coner2 | Coner3 | Coner4 |
Model Group tt ff fs sf ss
temperature 25 25 25 25 25
Test | Output  |pesigis// Min | Max | Coner0 | Coner1 | Coner2 | Coner3 | Coner4 |
TESTBENCH1:DCDC_TEST_LOAD:1 | overshoot 6.323m 10.1m 8.469m 8.318m 6.323m 10.1m 7.757m
TESTBENCH1:DCDC_TEST_LOAD:1 | response time1 12.42u 20.43u 16.03u 14.37u 12.42u 20.43u 15.03u
TESTBENCH1:DCDC_TEST_LOAD:1 | undershoot 7.053m 11.11m 8.709m 8.357m 7.053m 11.11m 8.259m
TESTBENCH1:DCDC_TEST_LOAD:1 | response time2 10.82u 16.9u 1337u 12.68u 10.82u 16.9u 12.01u
TESTBENCH1:DCDC_TEST_LOAD:1 ' /net0199 =2 k k k | =2
TESTBENCH1:DCDC_TEST_LOAD:1 |/GPIO22_VFBSW |22 k | k | =
TESTBENCH1:DCDC_TEST_LOAD:1 | /GPIO23_VSW | =2 k | =2 k | =2
TESTBENCH1:DCDC_TEST_LOAD:1 | /R8/PLUS | = =4 =2 k | =
TESTBENCH1:DCDC_TEST_LOAD:1 | /VO/PLUS =2 k =2 k =
TESTBENCH1:DCDC_TEST_LOAD:1 | V3/PLUS =2 k =2 k =2
TESTBENCH1:DCDC_TEST_LOAD:1 | VDD_11 |2 =2 | =2 k =2
TESTBENCH1:DCDC_TEST_LOAD:1 | /LO/PLUS 2 k | =2 k |2

B 11

Fig.11 Pre—simulation results of load mutation transient response
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= | paameer | ||| | | Coner0 | Coneri | Coner2 | Coner3 | Conerd
Model Group fs sf ss
temperature 25 25 25 25 25
Parameters: licad=100m
1 TESTBENCH1:DCDC_TEST_Post:1 | lin_average -39.81m -39.48m -39.63m -39.7m -39.65m -39.81m -39.48m
1 TESTBENCH1:DCDC_TEST_Post:1 | lout_average 100m 100m 100m 100m 100m 100m 100m
1 TESTBENCH1:DCDC_TEST_Post:1 | Vout_average 11 112 1114 1.115 1.1 112 1111
1 TESTBENCH1:DCDC_TEST_Post:1 | Efficiency 8483 8528 85.14 85.08 8483 85.28 8524
1 TESTBENCH1:DCDC_TEST_Post:1 | ripple 718.3u 889.6u 797.1u 803.2u 7183u 889.6u 797.9u
1 TESTBENCH1:DCDC_TEST_Post:1 | /GPIO23_VSW = k e k 2
1 TESTBENCH1:DCDC_TEST_Post:1 | /GPIO22_VFBSW =2 k = k =2
1 TESTBENCH1:DCDC_TEST_Post:1 | /R8/PLUS 2 =2 e k =2
1 TESTBENCH1:DCDC_TEST_Post:1 | V35/PLUS =2 3 (=2 3 =
Parameters: licad=30m
2 TESTBENCH1:DCDC_TEST_Post:1 | lin_average -12.4m 12.16m 12.25m -12.35m -12.4m -12.18m
2 TESTBENCH1:DCDC_TEST_Post:1 | lout_average 30m 30m 30m 30m 30m 30m
2 TESTBENCH1:DCDC_TEST_Post:1 | Vout_average 1111 1122 1115 1116 1111 111
2 TESTBENCH1:DCDC_TEST_Post:1 | Efficiency 81.42 8391 827 82.13 81.42 82.98
2 TESTBENCH1:DCDC_TEST_Post:1 | ripple 746.6u 921u 824.5u 836.2u 746.6u 832.6u
2 TESTBENCH1:DCDC_TEST_Post:1 | /GPIO23_VSW =2 2 2 32 =2
2 TESTBENCH1:DCDC_TEST_Post:1 | /GPIO22_VFBSW =2 k 2 k =
2 TESTBENCH1:DCDC_TEST_Post:1 | /R8/PLUS =2 = = [ =
2 TESTBENCH1:DCDC_TEST_Post:1 | V35/PLUS =2 k =2 k =
B 12 $MBAELLEEH AR
Fig.12 Converter efficiency and ripple post simulation results
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Fig.13 Post—simulate waveform after transient response of

load mutation
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temperature
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tt ff fs sf ss

TESTBENCH1:DCDC_TEST_LOAD_Post:1 | overshoot 7.385m
TESTBENCH1:DCDC_TEST_LOAD_Post:1 | response time1 23.54u
TESTBENCH1:DCDC_TEST_LOAD_Post:1 | undershoot 8.046m
TESTBENCH1:DCDC_TEST_LOAD_Post:1 | response time2 2131u

TESTBENCH1:DCDC_TEST_LOAD_Post:1 | /net0199
TESTBENCH1:DCDC_TEST_LOAD_Post:1 | /GPIO22_VFBSW
TESTBENCH1:DCDC_TEST_LOAD_Post:1  /GPIO23_VSW
TESTBENCH1:DCDC_TEST_LOAD_Post:1 | /R8/PLUS
TESTBENCH1:DCDC_TEST_LOAD_Post:1  VO/PLUS
TESTBENCH1:DCDC_TEST_LOAD_Post:1  /V3/PLUS
TESTBENCH1:DCDC_TEST_LOAD_Post:1 | /VDD_11

TESTBENCH1:DCDC_TEST_LOAD_Post:1 | /LO/PLUS

A 14

12.21m 9.642m 9.487m 7.385m 12.21m 8.172m
31.91u 27.44u 23.54u 259u 31.91u 28.91u
13.59m 10.33m 9.635m 8.046m 13.59m 9.27m
30.16u 28.32u 21.31u 27.34u 30.16u 29.49u
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= k = |2 =

= k |- k =2

= k e k =

= k =2 k =2

= k = k =2

=2 k =2 k &

= =4 = k =

RER LSRRG LR

Fig.14 Post—simulation results of transient response after load mutation
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Fig.15 Chip layout
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Tab.1 Converter efficiency Tab.2 Converter ripple
- éﬁ/\ﬁﬁ A !nﬁL M Ml . M A G mV

H/mV Ji/mA E/mV o #/mA . ik 0.917

e 2% 3266 1410 1102 3490  83.52 BT F 1.183
CiR-1 3209 3744 1098  93.04  85.03 . L= 0.575

g 7% 3255 13.99 1091 3487  83.54 B2 HE 0.650
GigeY 3201 36.75 1087 9224 8523 » 74 0.800

3 %% 3267 1405 1102 3479  83.52 B3 g7 0.930

K 3221 37.18 1097 92.76 84.97

P FE A A 1.2 mV EUF (BUAME S 0.575 mV) , 1R
TESCHAM e J7 T, ABITR TRFMLE 30k [ 18 140 i Befk AT 1.3 mV. RS8B4
RS L PEANA TR A BT I EL S bt ol R AKOP A e I T MR O, Sk 18176

| -\I VJ ‘t“*J '»‘Jﬂ\( I‘,J‘ ‘\; L\_J '\\

(bt R 1 B B0k
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Fig.16 Ripple waveform of oscilloscope
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Tab.3 Transient response of converter

I bk R I 18] /s 1] T ad L e /m v

f6] T 2o A S I s

MR F fi] L3 e He /m v
YS! 7.92 15.30 11.08 16.20
MH 2 7.25 13.84 10.50 13.60
Wh3 5.58 14.80 11.08 15.41

20 Fe AR Sy i P 0.38 VRHIN L FE AR BT
1.1 VAR T 65% , AT WA B3 b I S K-+ 53005

MEE R, SCHR[17-20] F 2 FF 500 2
IR IR 73 W FEAE WA B3 07 T R AL 57 , (AR 3K

S¥115

A T R B W 1 Dt e 2 1 A S
R B ARIE T 4 T8 U8 T < W (315
FETE 85% LI, 75 4 5 AEAFE B i O BR PSR R
I 7R B R, (AL 83.5% L1 B i
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Tab.4 Comparison of technical indicators

i SR TEE e BAREN fmamy oo W sy sy
MHz 1% ] /s
Jsscl17] S 65 1.6~2.2 0.6~1.2 33 80 <65% 2.2(min) 58 3
TCASI[18] =& 180 1 0.38~0.49 0.3~3 94.3 <75% 1.3(min) — —
1CCS[19] & 65 3.3 1.5 — 94 — 5.7(max) — —
ISCAS[20] & 40 1.6~1.8 0.4 — 88 <30% 10(max) — 15
ES'@iRS S 40 3.3 1.1 3.5 85.2 83.5% 1.2(max) 11.1 16.2

Fess M AL SO, 7R 4R T R SR B A TR A A%
AR T 3z 47 o A% v i T SR A0 FE DL BN 2 e i T 1)
S

BT 22 G0 Ik A5 ) ] 3 — SRR RB AR B 1) G T
FREAR, A SCHRL L R4 T T B TE 4 i 5 4
Br, H X TG A5 X 2R 4 0 B iR e LA i LY
M, R UEAE AR IR AT . SCR 1 1 S AR TR
SRANTR] 118 2 A [ 20 4 ke i 2 o oz 2R A7 fe Ak, HGl ik
PETE I & T AR A 2 LA S 30 B PR A A 2828 b i) i 3k
B, 3RS W 1) A B 8 A S I R N 58 B RS
ER B T B B RS R M2 T,
AR N K AT T ORI RS , #E SR
(PR S B ] (16.2 s ) Y RTEE T, S 00/ T HL R %
Bl RE , A RUSEAR T R IR 3 X 5 2 L B R MY
M, EF R BUE R S AL BRAR (DSP) I N i & 5, A
Wit BT A,

ZiAr BaR A TUHE AR 06 B4 BT AT L, AR BETHAE
RS0 R R AR 2 1T RN R Ik A i 7 45 G B 1
AE A R3] T FE PR AC It K . e A I Sk
(0.575~1.2 mV) (311 EE S0 H T =5 BEAL DC-DC #%
Hegs , MINGERE T 445 LDO HL R 09 R R, R IRAt
rr e R R R AL T EAR A B R T R TR A
R E T T RSB IRMERE, BN RGBT RE
PR T LB .

5 &g

fegt i | LDO N Z5F REEAZ IR, #E K25 N Ak
A E TR, MELLE R S R A B R R
FasETERY TR 35T DC-DC 4 2%, BRI R %
e, ABAFAEAR 17 2RI RCR AR A5 R R . A SO T rp
IS PR 40 nm CMOS T 26, #it T — 2 [
FBCE IR DC-DC 4 2%, LI THHL I Y
RESCR B g I T COT I 28, B 5

N HEL L S Tt P % S IR S0 5 PR B A A T YRR
[Fi] s 35 )0 45 264 AR B¢ P BHL 1) 22 J2 B 5 Pl 221 hy i o
YEWETTA, NI 7E BEARSCE Y R BHRFE T R
FEPE AR I R MRS, R R W] i i A 4 T
TR Y F 83.5% L) b, B K E TR S0 /N
T 1.2mV, AR B/ T 11.1 mV.
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