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Multi-Phase PWM Controller for CPU Core
Power Supply

Features : P-TSSOP-28

Multi-Phase PWM Conversion with Automatically Phase Selection

VRD10.X Compliant

Active Droop Compensation For Fast Load Response

Smooth Vcore Voltage Transition during the Dynamic VIDs

Inductive DCR Current Sense Technique

Hiccup Mode Over Current Protection

Programmable Switching Frequency ( 50kHz ~ 400kHz per Phase ), Under Voltage
Lockout, and Soft-Start

e High Output Ripple Frequency times numbers of working Channels

Application :

¢ Intel Processor Voltage Regulator : VRM10.X
e Low Output Voltage High Output Current DC-DC Converters
e \oltage Regulator Modules

Type Package Marking Ordering Code
TDA21301 | P-TSSOP-28 21301 Q67042-S4228
Pinout Drawing: Frequency VS Rrr
450
Top View 400
] %os vee (28] \
= vip3 PWM1 271 50 \
=] vip2 pwMm2 28] . 300
=] vip1 pwms 28 \
= 250
=] vioo PWM4 [73] = \\
=] viD125 CsP4 73] % 200
wa ) cspefzm W o \
=] s csp3 1] \\
=] comp csp1 [20] 100 "~
o] PcooD eNo [T 50 —
] ovp ADJ [T8] 0
0zl ss Ne [T
— csnFm 0 25 50 75 100 125 150 175
mz] voss maAx |31 Rrr (kQ)
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Pinout Description:

Number Name Description

1 VID4 Voltage Identification DAC Input. Internally pull up to 1.2V.

2 VID3 Voltage Identification DAC Input. Internally pull up to 1.2V.

3 VID2 Voltage Identification DAC Input. Internally pull up to 1.2V.

4 VID1 Voltage Identification DAC Input. Internally pull up to 1.2V.

5 VIDO Voltage Identification DAC Input. Internally pull up to 1.2V.

6 VID125 | Voltage Identification DAC Input. Internally pull up to 1.2V.

7 SGND The negative input pin of the differential converter output voltage sense amplifier

8 FB Internal error amplifier inverting input pin

9 COMP Output of the error amplifier and input of the PWM comparators

10 PGOOD | Open drain power good signal output pin

11 DVD Connect the external voltage divider to program the controller under voltage lockout based on
the input voltage of the power stage.

12 SS Soft-Start. Connect with a capacitor to GND to set the Soft-Start Interval. Pulling down this pin
below 1V shall shut the converter down.

13 RT Connect a resistor to GND to set the channel switching frequency

14 VOSS Connect a resistor to GND to set the initial offset voltage.

15 IMAX Connect a resistor to GND to set the over current level.

16 CSN The negative input pin of the differential current sense amplifier connects to output voltage

17 NC No connect

18 ADJ Connect a resistor to GND to set the Droop Voltage.

19 GND Ground pin of the IC

20 CSP1 Differential current sense positive input pin connects to switching node.

21 CSP3 Differential current sense positive input pin connects to switching node.

22 CSP2 Differential current sense positive input pin connects to switching node.

23 CSP4 Differential current sense positive input pin connects to switching node.

24 PWM4 Channel 4 PWM output pin

25 PWM3 | Channel 3 PWM output pin

26 PWM2 | Channel 2 PWM output pin

27 PWM1 Channel 1 PWM output pin

28 VCC IC power supply pin connects to 5V

CoreControl™
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General Description

TDA21301 is a multi-phase DC-DC buck converter controller integrated all control functions for the next generation GHz CPU
voltage regulator. TDA21301 automatically controls 2 to 4 interleaved buck switching power stage operation. The multi-phase
architecture is able to provide high output current with lower power dissipation on the switching devices and minimizing the

input ripple current and output ripple voltage. The equivalent high operation frequency optimizes the voltage regulator design

for better transient response and thermal performance.

TDA21301 utilizes the DCR of the output inductors in every channel as the current sense element. The differential current
sense in every channel results precious channel current information to the controller for good droop adjustment, channel
current balance, channel switching devices thermal balance and over current protection. The offset error caused by individual
differential current sense amplifier can be eliminated due to that the multiplexer is use to select the different channel current

sense signals with single differential current sense amplifier.

Block Diagram

PGOOD VCC DVD IMAX

RT NH
— PWM1
| Power On | Oscillatior & 4+ |
¥IB(1) | Reset Sawtooth P cMP
— viDpAc )
VID3[— aoer * ) |
Control
V||:¥1|2Ds4 | Con — | INH j/ PWM CMP
e % i PWM3
1 j/ PWM CMP
NC
Offset sgm ~ 1 M4
Setting + 1
V0SS T _|+ ! I +/ PWM CMP
’ o § Phase Control
| Curreljl L 1csP1
I Correction =
L. ‘<_“ - _% —— CSP2
1 = @ |—{csP:
= E CSP3
_<_.. o —{CSP4
| ol
! <]; CSN
Soft M
Start | | SUMM |
EBl _ COMF ss ADJ
Veore ——/"4 ;
™ Page 5 of 25 DS-CoreControl-TDA21301
CoreControl 9



Reference Circuit

/S5

!

v

7

GanF | 6s0F |ea0v | 6s0F

.

u

c2

QuFIIB [10uFT B

c1

Reviin

TDA21301 Reference Circuit

Numher

2
2
w 5
5 & [
2 z g
_ g 2 & E 5
i 4 -
o 1% 2 z
813 ¢ g B
2 512 EITE

[aol]

000 25

—S_‘l—

=
Tmr

kAl

V12E1

WMt

CNDI

WEONGOTSI

1l

CoreContro

GRDL

o v

Tmr
< o
g T :

W12e
VIF1

GLS2
BBUFHBY

s

9

ootz |-HL
Pliosc? e

GateHS2

Gudl51
1 e

6

L o

PAM1

21 P2
GND
POND

(] Guel52

4

]

JEE
WFNE!

L

P
—
]

18

000 [ 100 | 000F | 100F

P -

10

0F

;Ij_‘;
vee |2
¢ 7

IC3

Vesage

Page 6 of 25 DS-CoreControl-TDA21301



L

Infineon

Absolute Maximum Ratings

At Tj = 25 °C, unless otherwise specified

Value
Parameter Symbol Min. Max. Unit
Voltage supplied to ‘VCC’ pin; DC Vee -0.3 7
Input, Output or I/0O Pin -0.3 | Vcc+0.3 | V
Junction temperature T, 0 125
Storage temperature Ts -65 150 °C
ESD Rating; Human Body Model 2 kV
ESD Rating; Machine Model 200 Vv
IEC climatic category; DIN EN 60068-1 55/150/56 -
Thermal Characteristic
Values
Parameter Symbol | Min. | Typ. | Max. Unit
Thermal resistance, junction-soldering point
Thermal resistance, junction-ambient 50 | KIW
Electrical Characteristic
At Vee=5V, Tj = 25 °C, unless otherwise specified
Values
Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Supply Characteristic
Bias supply current lcc PWM1,2,3,4 Open 12 16 mA
Power On Reset Characteristic
POR Threshold VGcerTH V¢ rising threshold 40 | 42 | 45
Hysteresis VceHys 0.2 | 05
Vpvp Threshold VovoTp Low to High Enable 1.1 1.2 1.3 V
Vpvp Hysteresis VDpvDHYS Vvcc falling threshold 0.05
Oscillator

Page 7 of 25 DS-CoreControl-TDA21301
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Oscillator Frequency fosc Rrr = 32 kQ 170 | 200 | 230 | kHz
Accuracy
Oscillator Frequency | fosc apy 50 400
Adjustable Range
Ramp Amplitude AVosc Rrt =32 kQ 1.9 V
Ramp Valley VRy 0.7 1.0 V
Maximum Duty Cycle Every Phase 62 66 75 %
RT Pin Voltage VR Rrr = 32 kQ 155| 16 |165| V
Reference and DAC

Vpac 2 1V -1 +1 %
DACOUT Voltage AVpac
Accuracy Voac < 1V -10 +10 | mV
DAC (VIDO~VID125)
Input Low Rrt =32 kQ 0.4 V
DAC (VIDO~VID125) Vrv 0.8 \Y
Input High
DAC ( VIDO~VID125) | Igias_pac 25 | 50 | 75 | uA
Bias Current
VOSS Pin Voltage Vvoss Rvoss = 100 kQ 155 16 [165| V
Error Amplifier
Open Loop Gain 85 dB
Gain Bandwidth GBW 10 MHz
Slew Rate SR COMP =10 pF 3 V/uS
Maximum Voltage \%
Differential Sense Amplifier
Input Impedance Zivp 16 kQ
Gain Bandwidth GBW 10 MHz
Slew Rate SR COMP =10 pF 3 VIuS
Differential Current Sense GM Amplifier
ISP1, 2, 3, 4 Full lispFss 60 uA
Scale Source Current
ISP1, 2, 3, 4 Current lispocp
for OCP 90 uA

CoreControl™
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At Vee=5V, Tj = 25 °C, unless otherwise specified

Protection
SS Current Iss Vss =1V 8 13 18 | uA
Over Voltage Trip
(Vsense / DACOUT ) | AVoyr 130 | 140 | 150 | %
IMAX Voltage Vimax Rimax = 32 kQ 155| 16 |165| V
Power Good
Power Good Rising
Threshold Vee Vsense Rising 92 %
( Vsense / DACOUT )
Power Good Low VpaL lpg = 4mA 0.2 Vv
Voltage
Operating Conditions
At Tj = 25 °C, unless otherwise specified
Values

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Voltage supplied to Vvee 45 | 50 | 55 V
‘VCC’ pins
Ambient temperature Ta 0 70 °C
Junction temperature T, 125 | °C
CoreControl ™ Page 9 of 25 DS-CoreControl-TDA21301




VRD10.X VID Table

Pin Names Pin Names

VID125 | VID4 | VID3 | VID2 | VID1 | VIDO | Vcore VID125 | VID4 | VID3 | VID2 | VID1 | VIDO | Vcore
0 0 1 0 1 0 | 0.8375 0 1 1 0 1 0 |1.2125
1 0 1 0 0 1| 0.8500 1 1 1 0 0 1 1.2250
0 0 1 0 0 1 ] 0.8625 0 1 1 0 0 1 1.2375
1 0 1 0 0 0 | 0.8750 1 1 1 0 0 0 | 1.2500
0 0 1 0 0 0 |0.8875 0 1 1 0 0 0 | 1.2625
1 0 0 1 1 1| 0.9000 1 1 0 1 1 1 1.2750
0 0 0 1 1 1 109125 0 1 0 1 1 1 1.2875
1 0 0 1 1 0 |0.9250 1 1 0 1 1 0 | 1.3000
0 0 0 1 1 0 | 0.9375 0 1 0 1 1 0 | 13125
1 0 0 1 0 1| 0.9500 1 1 0 1 0 1 1.3250
0 0 0 1 0 1 ] 0.9625 0 1 0 1 0 1 1.3375
1 0 0 1 0 0 |0.9750 1 1 0 1 0 0 | 1,3500
0 0 0 1 0 0 |0.9875 0 1 0 1 0 0 | 1.3625
1 0 0 0 1 1 1.0000 1 1 0 0 1 1 1.3750
0 0 0 0 1 1 1.0125 0 1 0 0 1 1 1.3875
1 0 0 0 1 0 | 1.0250 1 1 0 0 1 0 | 1.4000
0 0 0 0 1 0 |1.0375 0 1 0 0 1 0 | 14125
1 0 0 0 0 1 1.0500 1 1 0 0 0 1 1.4250
0 0 0 0 0 1 1.0625 0 1 0 0 0 1 1.4375
1 0 0 0 0 0 |1.0750 1 1 0 0 0 0 | 1.4500
0 0 0 0 0 0 | 1.0875 0 1 0 0 0 0 | 14625
1 1 1 1 1 1 OFF 1 0 1 1 1 1 1.4750
0 1 1 1 1 1 OFF 0 0 1 1 1 1 1.4875
1 1 1 1 1 0 | 1.1000 1 0 1 1 1 0 | 1.5000
0 1 1 1 1 0 | 1.1125 0 0 1 1 1 0 | 15125
1 1 1 1 0 1 1.1250 1 0 1 1 0 1 1.5250
0 1 1 1 0 1 1.1375 0 0 1 1 0 1 1.5375
1 1 1 1 0 0 | 1.1500 1 0 1 1 0 0 | 1.5500
0 1 1 1 0 0 | 1.1625 0 0 1 1 0 0 | 1.5625
1 1 1 0 1 1 1.1750 1 0 1 0 1 1 1.5750
0 1 1 0 1 1 1.1875 0 0 1 0 1 1 1.5875
1 1 1 0 1 0 | 1.2000 1 0 1 0 1 0 | 1.6000

Note : “ 1 “is open and “ 0 “ is connecting to ground.
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Application Information :

TDA21301 is a multi-phase DC/DC controller that precisely regulates CPU core voltage and balances
the current of different power channels. The converter consisting of TDA21301 and its companion
ITM

CoreControl ™ drivers, provides high quality CPU core power and all the protection functions to meet the

requirement of the latest CPUs.
Voltage Control

The TDA21301 senses the CPU V¢ore by SGND pin via a resistor connecting to Vss_sense pin of CPU
and by FB pin via a resistor connecting to Vcc-sense of CPU to achieve the on-die voltage sense and to
minimize the voltage drop on the PCB traces at heavy load condition. FB pin is also the input of the
PGOOD & OVP sense. The internal highly accurate VID DAC provides the reference voltage for
VRD10.X compliance. Control loop consists of an error amplifier, a pulse width modulator, external
driver ICs and power elements. As a conventional voltage mode controller, the output voltage is locked
at the Vger of the error amplifier which is the output voltage of VID DAC plus setting offset and droop
and the error signal is used as the control signal, Vc of the pulse width modulator. The PWM signals at
different channels are generated by comparison of EA output and split-phase saw-tooth wave with
additional current signal to achieve the balance current at each channel. Power stage transforms Vy to
output by PWM signal on-time ratio.

PGOOD VCC DVD _IMAX

RT NH
| Power On | Oscillatior & 4+ |
viDolk— Reset Sawtooth PWM CMP
vt vooue P P2
VID3[— aoer * ) |
Control
VII:¥1|2DS4_ on — | INH j/ PWM CMP
] % N PWM3
U j/ PWM CMP
NC
ocP - P4
ggﬁﬁ; Sengl ) "_’I'
V0SS T _|+ y I +/ PWM CMP
’ Phase Control
T |—
_< CCurrenjl __lcsp1
I orrection =
L. o _ % L CSP2
! = @ |—CsP3
= [+
_<_. o —{CSP4
| ol
! <]; CSN
Soft M
Start | | SUMM |
EBl _ COMF ss ADJ
Veore ——/"4 ;
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Current Balance

TDA21301 senses the inductor current directly via a RC network to emulate the voltage drop across the
inductor’'s DCR in each phase when the synchronous MOSFETs are conducting for channel balance
droop tuning and over current protection. The differential sensing GM amplifier converts the voltage
accross the capacitor of the RC network which is qually the voltage drop at the inductor's DCR to
current signal into internal current balance circuit. The current balance circuit sums and averages the
current signals and then generates the balancing signals injected to pulse signal modulator. If some of
the channel current is higher than average, the balancing signal shall decrease the pulse width at that
channel to keep the current balance.

Single GM amplifier with time sharing technique has been used for reducing the offset errors and the
linearity variation between different GM amplifiers. Thus with this technique it can greatly improve the

accuracy of the sensed channel current with small voltage drop at the inductor's DCR.

PGOOD VOO

PWM Ls PWMI
Power On Oeillatior E_
Bpant P

M CMP

J L iNH L :l>:zfrp Logig | Pvintz
]

=E
HI<H

Phase Control

|
Curent

j Comect |

Jawapdniny

Load Droop

The sensed channel current signals are summed. This summed current shall be sent to ADJ pin where
there is a resistor connecting to ground. So the summed current and this resistor establish the droop
voltage which is used to regulate the output of the DAC to form a output voltage droop proportional to
the load current. The droop or so-called “ Active Voltage Positioning “ can reduce the output voltage

ripple during the load transient and the size of the LC filters.

Vbac = Vaos

Vaps = Rapu X Isum

_" Current Sum, lsum

A

FB COMP

RADJ
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Fault Detection

TDA21301 detects Vcore for over voltage protection and power good signal indication. The “ hiccup
mode “ operation of over-current and short circuit protection is adopted to reduce the short circuit
current. The inrush current during the start up is suppressed by the soft start function which can be

programmed by external capacitor at soft start pin through clamping the pulse width.

Phase Setting and Converter Start Up

The TDA21301 interfaces with companion CoreControl™ MOSFET drivers, TDA21106, TDA21107 (
Single Channel ) and TDA21102, TDA21103 ( Dual Channel ), for correct converter power sequence.
The tri-state PWM outputs sense the interface voltage during IC POR period ( both VCC and DVD ftrip ).
The channel is enabled if the voltage at the pin is 1.2V less than VCC. Tie the PWM outputs to VCC and
the current sense pins to GND or leave them floating if the channel is unused. For 3 Phase application,
connect PWM4 high.

Current Sensing Setting

TDA21301 senses the inductor current flowing through its DCR in each phase when synchronous
MOSFETs are conducting for channel balance and droop tuning. The differential sensing GM amplifier
converts the voltage accross the capacitor of the RC network which is qually the voltage drop at the

inductor’'s DCR to current signal into internal current balance circuit.

+ VL (S) -
— |
[~ =—————
_— 1
LYYt V+=Vcesp = ILxDCR, V- =IxxRcsN
S - ILxDCR
| Because V+=V - = so, Ix=
| RcsN
cgs%RS) -
Basic Theory
V C 1 sL+DCR
VCCSP(S)=VL(S)XS—1CSP=VL S RoenC +1=|L * RosrCosrt
Rcsp+ ACCSP sRcspPCcsP sRcspPCcsP
We target to have Vccsp(s)=IL(s)xDCR, then |L(S)XDCR=|L(S)Xﬁ
sRcspCcsp+1
s0, sRcsPCcsp+1= sL +1
DCR
——m—mm== N\
1
We can conclude now Vccsp(s)=IL(s)xDCR if ,RCSPCCSP=% :
‘e e o o J
CoreControl ™ Page 13 of 25 DS-CoreControl-TDA21301



Proportional Current Setting

_r"Y'VY'\_M_

L DCR
o T~ IS
respr | I Zesp
I | cosp |
+ ' 1
oM \ _ RCsP2 |~
1 A
RCSN
7osp = RcspP2 x %CCSP _ RCSP2
RCSP2+%CCSP sRcsp2CcsP + 1
Veesp(s)=Vi (s — 25 =y (s)x——!
Rcsp1+ZcspP Rcsp1 +1
ZCcsP
=VL(s)x R 1 =VL(s)x R L
_hesm csP1 (sRcsp2Ccsp + 1 )+1
Rcsp2 Rcsp2
sRcsp2Ccsp + 1
=VL(s)x Rcsp2 = I(s) ( sL+DCR)RcsP2
sRcsP1RcsP2CcspP + Rcsp1+Rcsp2 sRcspP1RcsP2CcsP + Rcsp1+RcsP2
( sL+DCR)&
=IL(s)x Rcsp1+Rcsp2
sRcsp1RcsP2CcsP +1
Rcsp1+Rcsp2
L _RcspPiRcsP2CcsP oo T Rese2

If

DCR Rcsp1+Rcsp2

With this technique, it is very easy to program the current ratio at each channel for achieving the current

balance.

Voltage Hump Elimination

—_— —— Vcsp = VCoRrE + ILxDCR and VcsN = IcNs x RcsN + VCORE
Y Y pa—
L DCR - VCSN = VCsP, .. ICNS = m
RcsN
'|—<- _ Vosn  ILxDCR
RCSP1 | Ix = "
CCSP RcsN2 RcsN
Vesp | |
Vesn CSN PEAK
—W_z_—
Ix RCSN

y
3 Rosn2 Al \

A4 Ivalley

During the light load condition, the CoreControl converter is still working in the CCM but the valley of the

inductor current is below 0A. This means that the inductor current is flowing from Vcore to PHASE and

the voltage across on the Ccsp is reversed polarity. Now the GM amplifier should sink current but it is

lack of the sinking current capability. A hump been observed on the load line at light load condition. In

CoreControl ™ Page 14 of 25 DS-CoreControl-TDA21301
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order to eliminate this hump, a resistor placed at CSN to GND has been introduced here. The value of
this resistor can be calculated by the formula below.

VCsN S ILxDCR — ReSN2 < VcsN x RcsN

RcsN2 ~ ResN ILxDCR

DAC Offset Voltage & Droop Setting

1.65V N RFB
Rvoss 4

The DAC offset voltage is set by compensation network & external resistor at VOSS pin by

The summed current signals from power channels are injected to ADJ pin to establish the droop

=4
voltage, VADJ=RADJx 2271 2Ixn . The DAC output voltage decreased by Vap, to generate the Vcore

load droop.
PGOOD VCC DVD IMAX

Droop Voltage = Igyy X Rapy RT

NO
— i PWM1
Offset Voltage = -0,25 lyoss X Reg | Power On Oscillatior & T

Reset Sawtooth PWM CMP
VIDO|—
VID1I—{ vippac Vore =
VID2I—| ¢ g OvP 1+ PWM Logic PWM2
viD3l— oo S Setting * ;
- ontrol — |
B < PG
Setting +
— |

|1€T>
GO
VID4 INH PWM CMP
V|D1P5 NH
QAN
hlle
Voac- lsumX Rapy = OCP_l
Offset DAC " 'sum A Napy "
Setting _| A (0,25ly055 X Reg ) Sefing (+ U\

PWM3

PWM CMP

NH
P i
1
PWM CMP

VOS]
| 1
— |
Phase Control
Ryoss lvoss = 1,65V/Ryoss Error i Current -
Amplifier _ ! Correction CSP1
Vaps = lsumX Rapy I § CSP2
+—o = ||
= ©
< = & (—csp3
a1 <
Tl—e e CSP4
| )

;

< | CSN
R E SGND
senn= — 71|
PGND Start | ujlnﬂl

0,25 yossg
Pr—

el come ss
Voore ——"4 i Rapy

Res ;

AR lsum = 2(lxsHo*xs*lxa)

Protection and SS Function

For OVP, the TDA21301 detects the Vcore by FB pin voltage that is the inverting input of the error
amplifier. This is to eliminate the delay caused by the compensation network for faster and more
accurate detection. The trip point of OVP is 140% of the normal V¢ore voltage level. The PWM outputs
are pulled low to turn on the Sync FET and to turn off the control FET while OVP is detected. The OVP
latch can only be reset by either VCC or DVD. The PGOQD trip point is set at the 92% of the normal
Vcore Voltage level. The open drain PGOOD pin shall be pulled low while V¢oge is lower than this trip
point. During the VID on the fly condition, there is nothing able to change the status of the PGOOD.
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Soft-start circuit generates a ramp by charging an external capacitor with a 13uA constant current
source. This current source can start to charge the external soft start capacitor only when POR of IC
and DVD reach their threshold and VIDs are set. The pulse width of PWM signal and V¢ore are clamped

by rising ramp to reduce the inrush current and the stress on the power devices.

Over-current protection trip point is able to be programmed by an external resistor. OCP is triggered if
one of the channels reaches this set current which is 1.6V / 0.5R,yax. Controller forces PWM output
latched at high impedance to turn off both control and Sync FETs in the power stage and initial the
hiccup mode protection. The SS pin voltage is pulled low with a 13uA current after it is less than 90%
VCC. The converter restarts after SS pin voltage is lower than 0.2V. Three times of OCP disable the
converter and only release the latch by POR acts.

This is over current protection during operation This is over current protection during startup

CoreControl ™ Page 16 of 25 DS-CoreControl-TDA21301
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Design Process Suggestion :

Voltage Loop Setting

e Pole and Zero of output filter : Output inductor value, the capacitance and ESR value of the
output capacitors

e Compensation Network : Error amplifier compensation & sawtooth wave amplitude.

e Kelvin sense for Vcore

Current Loop Setting

e GM amplifier current setting : Current sensing components ( DCR of Inductors ), the value of the
resistors connecting to CSN. Do Ix = Il'éﬂ < 60uA at full load condition for better load line
CSN
linearity.
e Over current protection trip point : This can be programmed by external resistor at IMAX pin.
116V 1ILxDCR

2RMAX 3 RCSN

VRM Load Line Setting

e Droop amplitude : External ADJ pin resistor.

¢ Voltage hump elimination : Rcsn2 < % , IL is the inductor valley current at no load and
L x

Vesn is the VIDs setting voltage.
o DAC offset voltage seeting : VOSS pin external resistor programming the current source flowing
through the feedback resistor to set the offset voltage & compensation network resistor.

VOFFSET = 0.25 x 1.6V x RFB
Rvoss

PCB Layout

N5 L1 & 2
FHSFIFFEHRIIRIRT SEdE b uabbEe

oLz

i aL4

3
* 43 E ,Ttm:—:
SRR ERR AR A AR R R R - [14 - - —_ ki -iagl-}:al-aa---a
HL3 ks HL0

]
Cl3
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Design Example :

Given

Apply for four phase converter

Viy =12V

Veore = 1.35V

lLoap = 100A

Vbroop = 100 mV at full load

OCP set at 35A for each channel ( S/H )
Lout = 0.6uH, DCR = 1.1 mQ typical

Cout = 12.880 uH with 0.839 mQ ESR ( For bulk capacitors only )

1. Compensation Setting

Modulator Gain, Pole and Zero :

From the following formula ;

VIN 12V _49

Modulator Gain = Vrawp Toved (12.46 dB)
)

Where Vgawp : ramp amplitude of the sawtooth waveform

1
LC Filter Pole = 27r><\/ﬁ = 1.81 kHz and

1
ESR Zero = m =14.73 kHz

EA Compensation Network :

Select R = 3 kQ, Re2 =24 kQ , Cc2 = 10 nF, C¢q = 33 pF and Use type 2 compensation

scheme shown in Figure 5.
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Error

Voac
Amplifier

R|:2+(1/SC(;2)

5+
Ry = Cc2Rr2

Cc1+Ce2
I I SCci(S
VDIF comp (S + RF2CC1CC2)

From the following formulas :

Fz= = 633Hz, Fp=

27 xRF2x Cc1

Rez
Middle Band Gain = Rr1 =8 (18.06 dB

1

= 321.5kHz
27 xRF2x Cci1xCc2

Cc1+Cc2

)

The asymptotic bode plot of EA compensation and PWM loop gain is shown as below.

g 0T F,=1/2w(C,R,)< F o

—— 80 -

2 Fr = !

< 0 B

o 7R (2002
Ca+Ca

R Open Loop EA Gain
20109(Vi/Vose) g | = = o = — EPRR .. . Y IS
0 10 100 1K 1M OM 100M kHz

B0 =+

Double Poles
“40 T Frequency, F .

Converter Loop Gain

ESR Zero Modulator Gain

Frequency, Fop
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2. Droop & DAC Offset Setting

For each channel the load current is 100A / 4 = 25A and DCR is 0.9 mQ max at 25°C with temperature
coefficient of copper is 3900 ppm/°C.

Assume that the copper temperature is 90°C at 100A output current. The DCR at 100A should be 0.9
mQ x ( 1+ (90-25 ) x ( 3900/ 1000000 ) ) = 1.12815 mQ Max

Using the following formula to select the Ixmax) < 90 uA for GM amplifier :

Ix — ILxDCR
RcsN

Select RCSN = 3300, then IX(MAX) would be 85.47 uA. VDROOP =100 mV =85.47 uA X2 X4 X RADJ,
therefore Rap; = 146.25 Q. Select Rapy = 110Q + 47Q NTC resistor.

3. Over Current Protection Setting

OCP trip point is set by external resistor at IMAX pin. As above selected Rcsy 330 Q, the OCP trip point
is found using :

11,6V _1ILxDCR

= = RiMAx=23.54kQ , so 24kQ choosen
2RiMax 3 RcsN

4. Soft-start Capacitor Selection

Css = 100 nF is the suitable value for most application.

Iss x tss
Issxtss=VssxCss = Css =
Vss

Iss=13 UuA,Vss =2V, tss=10 mS
Css =65 nF
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Test Result

e LoadLine

Load Line

——\Vo
—s— Spec_maxV
—— Spec_minV

Vout(V)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105 110 115 120

load(A)

e Efficiency ( 4 layer board, top and bottom layers : 1oz, inner layers : 0.5 0z )

Efficiency

IS

Efficiency(%)

74
72
70

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120
lout(A)
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Layout Guide :
Place the high-power switching components first, and separate them from the sensitive nodes.

1. Switching Ripple Path :

e The best connection of the input capacitors is to place at the drain of the high side MOSFET

and the source of the low side MOSFET.

Low side MOSFET to the output capacitor.

The return path of input and output capacitor.

Separate the power and signal GND.

The PHASE node, the conjunction of the high / low side MOSFETs and inductor, is the

nosiy node. Keep them away from the sensitive small-signal node.

¢ Reducing the parasitic impedance and inductance is done by minimizing the length of the
traces, offering enough copper area and avoiding the vias.

2. MOSFET drivers :

e Both of the decoupling capacitors for VCC and PVCC should be placed as close to the driver IC
as possible.

e The bootstrap capacitor should be placed close to the BOOT pin.

e The traces of GATEys and PHASE should be routed in parallel and to keep it short and wide.
The width of the trances should be no less than 40mils.

e High current loops from the input capacitor, high side MOSFET, output inductors and output
capacitors back to the input capacitor negative terminal should be kept the distance minimized.

e The conjunction of high side MOSFET, low side MOSFET and output inductor should be kept as
close as possible.

3. Other Path :

e The components from the compensation network, high frequency bypass capacitors and the
setting resistors should be placed near controller IC and away from the noisy power path.

e The thermal compensation thermistor should be placed at the hottest point which is
normally the MOSFETs located at the inner part of the power stage.
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Outline Dimension :

m
m
-

+ OO0 TOUOD
S T T

=

T/ 4 i
pRTTETARITTIN

u

Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A - 1.20 -— 0.047
Al 0.00 0.15 0.000 0.006
A2 0.79 1.05 0.031 0.041
b 0.18 0.30 0.007 0.012
D 9.60 9.80 0.378 0.386
0.65 0.026

6.30 6.50 0248 0.256

E1 4.29 4.50 0.169 0177
L 0.45 0.76 0.018 0.030

28-Lead TSSOP Plastic Package

CoreControl™

Page 23 of 25

DS-CoreControl-TDA21301




Revision History
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actual Rel. |prev. Rel.
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5 5 Change “ Block Diagram “, Remove “ OVP “ and add “ IMAX “
11 11 Change “ Block Diagram “, Remove “ OVP “ and add “ IMAX “
15 15 Change “ Offset Diagram “, Remove “ OVP “ and add “ IMAX “
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