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Errata/Notes for Switched Inductor Power IC Design 

By Prof. Gabriel A. Rincón-Mora, Ph.D. 

Sec. 1.1.3: Conductors like metal conduct charge easily because valence electrons are so weakly bound to 

their home sites that they are practically free and available for conduction. Ions in aqueous solutions of 

salts behave like these valence electrons, so they are also conductors. 

Sec. 1.1.4.C: Since intrinsic molecules also scatter with temperature, molecular resistance rises with 

temperature. So mobility increases with the thermal energy of valence electrons in impurity atoms until 

the molecular resistance of the lattice overcomes this energy. This inflection temperature, where the 

effects balance and past which mobility falls, climbs with higher doping concentration. 

Ex. 3.3:  ...tE, tD, and iL's variation when...iL(AVG) is 25 mA, tSW is 1 μs, and... 

  L
L(AVG)

i 66mi 25 mA 33 mA
2 2

Δ
= < = =  

Sec. 3.2.6: Body terminals should connect to source/drain terminals so the body diodes that remain block 

undesired current conduction. These connections should therefore short the body diodes that would 

otherwise conduct undesired currents. 

Ex. 3.4:  RSER < ... = 1.2 Ω...RCH < ... = 500 mΩ...tSW < 10%(0.25)tLC = ...fSW > 620 kHz 

Ex. 3.5–3.6:  Circuit simulated with SPICE code: 

   

Eq. 3.34: vSWI(AVG) = vINdE'... 

Eq. 3.35: vSWO(AVG) = (0)dE'... 

Eq. 3.36: O DG DOE D

D E IN

v v vd ' v ...
d ' v v

+ +
= = =  

Eq. 3.37: O DG DOD
E E

E D IN O DG DO

v v vvd ' d
v v v v v v

+ +
= = >

+ + + +
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Ex. 3.7:   O DG DOD
E

E D IN O DG DO

v v vvd ' ...
v v v v v v

+ +
= = =

+ + + +
 

  Circuit simulated with SPICE code: 

   

Eq. 3.39: vSWI(AVG) = vINdE''... 

Eq. 3.40: vSWO(AVG) = (0)dE''... 

Eq. 3.41: OD
E

E D IN O

vvd ' ...
v v v v

= =
+ +

 

Ex. 3.8:   OD
E

E D IN O

vvd ' ...
v v v v

= =
+ +

 

Eq. 3.47: vO = vSWI(AVG) = vINdE'... 

Eq. 3.48: 
( ) ( )

O DG O DGD
E E

E D IN O O DG IN DG

v v v vvd ' d
v v v v v v v v

+ +
= = = >

+ − + + +
 

Ex. 3.10:   O DGD
E

E D IN DG

v vvd ' ...
v v v v

+
= = =

+ +
 

Eq. 3.50: vO = vSWI(AVG) = vINdE''... 

Eq. 3.51: OD
E

E D IN

vvd '' ...
v v v

= = +
+

 

Ex. 3.11:   OD
E

E D IN

vvd '' ...
v v v

= = +
+

 

Eq. 3.58: vIN = vSWO(AVG) = (0)dE'... 

Eq. 3.59: 
( )
O DO IND

E
E D IN O DO IN

v v vvd ' ...
v v v v v v

+ −
= = =

+ + + −
 

Ex. 3.13:   
( )
O DO IND

E
E D IN O DO IN

v v vvd ' ...
v v v v v v

+ −
= = =

+ + + −
 

Eq. 3.61: vIN = vSWO(AVG) = (0)dE''... 
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Eq. 3.62: O IND
E

E D O

v vvd '' ...
v v v

−
= = +

+
 

Ex. 3.14:   O IND
E

E D O

v vvd '' ...
v v v

−
= = +

+
 

Eq. 4.2:   σR ≡ ... 

Eq. 4.10: O(AVG)E D E
L(PK) E SW L(AVG) SW

X X O

iv v || vi 2d t i 2 t
L L d

    
= =     

     
 

Ex. 4.1–4.2, 4.5: Results are approximations because RL and RE are unaccounted non-idealities in dE – dE 

should be higher. Approximations are not bad because vR is a small fraction of vE and vD. 

Sec. 4.3.2.C: In steady state, iO supplies a static or regulated load, so iO is iO(AVG) and ΔiO is zero. 

Fig. 4.20: Static iO is iO(AVG). 

Ex. 4.5:   
( )

RC
RC

O O IN IN

P 13m 1.3%
i /d d v (250m/50%)(1)(2)

σ = = =  

Eq. 4.25: 
2 2

L(PK) L(PK)2 C C
RC(DO) O C D O C D

SW SW

i 0.5it tP ... i R 1 d i R d
t 2 t3

        
 = = − + − +       
            

 

Ex. 4.6:   
2 2

L(PK) L(PK)2 C C
RC(DO) O C D O C D

SW SW

i 0.5it tP i R 1 d i R d ...
t 2 t3

        
 = − + − + =       
            

 

Ex. 4.7, 4.9, 4.14:  …ideal synchronous boost… 

Ex. 4.8:   …ideal synchronous buck… 

  L(PK) X
C

E E

i Lt 450 ns
d v

  
= ≈  

  
 

  Re-calculate dE:iL(PK):tC and iterate until values match: 

  → dE = 52%, iL(PK) = 46 mA, tC = 440 ns 

  DT
DT L(PK) DG

SW

t 50nP i v (46m)(700m) 1.6 mW
t 1

   ≈ = =   μ  
 

  ( ) ( )
DT

DT
IN O(AVG) O IN

P 1.6m 7.7%
(52%) 10m/1 (4)d i /d v

σ = = =  
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Fig. 4.22:   

Fig. 4.23:   

Fig. 4.24:   

Eq. 4.37–4.42: When iP isn't negligible, iP raises iDS & the vTH(C) that sets tI(C). 

Eq. 4.42: I(C) TH(C) T0t t t ...≈ − =  

Ex. 4.9:   SPICE: …id(Meg) often includes CGD's and DDB's currents. 

Eq. 4.45, 4.47: When iN isn't negligible, iN reduces iDS & the vTH(O) that sets tI(O). 

Eq. 4.47: I(O) T0 TH(O)t t t ...≈ − =  

Ex. 4.14: SPICE: vdo do 0 dc=1 pulse 0 1 565n 1n 1n 385n 1u 

Eq. 4.66: qG ≈ (CGS + CGB + CGD)vDD + CGD(SAT)ΔvSW 

Ex. 4.18: …ideal synchronous buck–boost… 

  O
IN E

IN O

vd d ...
v v

= = +
+

 

  dO = dD = 1 – dE = 1 – 68% = 32% 

  IN
L E SW

X

v 2i ... d t (68%)(1 ) 140 mA
L 10

   Δ = = = μ =   μ  
 

  ΔvSWI = vDG = 400 mV 

  qG ≈ ... = {(210p)(400m) + [2(210p) + 1.3n](2)}WCH = (3.5n)WCH 

  PG, WDG, RDG, PMOS, & σMOS with new qG 
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≈ (7.0m)WCH, 110 mm, 5.4 mΩ, 1.5 mW, 0.14% 

Eq. 5.55: 
O O

G G0 B B
G G0 G0 G0

IN IN B G0 Cv 0 v 0

i i i sC1 sA A A 1 A 1
v v Z A 2πz−

−= =

   −
≡ ≡ = − = − = −   

   
 

Eq. 5.64: … C
C O

1 f
2πR C

≡ … 

Ex. 5.9:   C
C O

1f
2πR C

= … = 3.2 MHz 

  fCP < zL < fLC < fC    ∴    …< zC = fC 

Ex. 5.10:   …fC = 3.2 MHz…from previous example 

  fLC < zL < fC   ∴   …< zC = fC 

Ex. 5.11:   …fC = 3.2 MHz…from previous example 

  or    ( )LC
LC C LD O LC LD

CP

fQ 2 R R C f 2 (75m R )(5 )(22k) 1
f

= = π + = π + μ ≤  

  ⸫    RLD ≤ 1.4 Ω 

  …< zC = fC 

Ex. 5.12:   C
C O

1f
2πR C

= … = 3.2 kHz 

  zL < fCP < fC < fLC… 

Ex. 5.13:   …fC = 3.2 MHz…from previous example 

  fCP < fL < fLC < fC   ∴   …< zC = fC 

  
( )G(LC)

L C LD

1 1A ...
R R || R 50m (10m ||100)

≈ = =
+ +

 

  V(LC) G(LC) LD
LC O

1 1A A || R (17) ||100 ...
2 f C 2 (22k)(5k)

   
= = =   π π  

 

Ex. 5.14:   …fC = 3.2 MHz…from previous example 

  …< zC = fC 
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Ex. 5.15:   ( )LC
LC C LD O LC LD

CP

fQ 2 R R C f 2 (10m R )(5 )(22k) 1
f

= = π + = π + μ ≤  

  or    LP L LD LD
LC

LC X LC

f R R 50m RQ 1
f 2 L f 2 (10 )(22k)

+ +
= = = ≤

π π μ
 

Ex. 5.16:   C
C O

1f
2πR C

= … = 3.2 kHz 

  …fCS < zC = fC < fLC… 

Fig. 5.27:   

Eq. 5.90: 
o

L
l e L e

E v 0

ii ' ... d 'A d ' ...
d

=

 ∂
≡ = = = ∂ 

 

Eq. 5.98: kd is the small-signal fraction of TE, TC, and IL(PK). 

Eq. 5.100: LX
RO

SW

EP ... ...
T

= ≡ =  

Eq. 5.109: ( )
( )

C C LDDOE D
VO

O SW LO LO C C LD

Z R || R1 s/2 zV VA ...
D 1 s/2 p Z R Z R || R

 +  − π+  ≡ =    + π + + +       
 

Eq. 5.115: AVO ≡ … = … = ALI… ≈ … 

Ex. 5.19:   AVO0 = ALI(RDO || RLD) ≈ … 

Sec. 6.2.1: SPICE Model for Op Amp's AV0 and pA: 

   

  * AV = 1 kV/V, pA = 42 kHz 
  eav0 vo 0 vp vn 1000 
  rpa va vb 1 
  cpa vb 0 3.791u 
  eavo vo 0 vb 0 1 
 

Fig. 6.16: Note: iI' carries iI. 
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Fig. 6.19:  Note: iI' carries iI. 

Eq. 6.59: |Aβ| … ≤ |AF| … 

Eq. 6.60: |AF| … ≤ |Aβ| … 

Eq. 6.75: … ≤ |AF0| … 

Eq. 6.80: The PWM is usually the culprit that imposes pPWM ≈ pSW, so EO(PP)
PWM

SW

1/v
A ...

1 s/2πp
≡ ≈

+
 

Eq. 6.81: ( )( )
( )

C DOo E D LD
SL(CCM) 2

e O LO LD LC LC LC

1 s/2πz 1 s/2πzv V V RA
d ' D R R s/2πp s/2πp Q 1

 + −  +  ≡ ≈    +  + +     

 

Ex. 6.8:   CO = 5 μF 

Sec. 6.4.4: Current-mode loops usually regulate iL (instead of iDO) to exclude the effects of zDO, which 

would otherwise compromise the stability of the current loop. 

Eq. 6.87: ( )( )
( )( )( )
E G0 O LD FB DO CFB

LG
E G SW CP

A A D R 1 s/2 z 1 s/2 zvA ... ...
v 1 s/2 p 1 s/2 p 1 s/2 p

β − π + π
≡ = = ≈

+ π + π + π
 

Eq. 6.90: ( )L(PK)o C
SL(DCM) DO LD

e E CS

Iv 1 s/2πzA R || R
d ' D 1 s/2πp

   +
≡ ≈    +   

 

Eq. 6.93: In general, iL/DO/O = … 

Fig. 6.43:  

Eq. 6.94: AIL excludes pSW (which the PWM usually imposes on ALG): 

  
( ) ( ) ( )

CPl E D
IL(CCM) 2 2

e O LO LD LC LC LC

1 s/2πzi V VA ... ... ...
d ' D R R s/2πp s/ 2πp Q 1

   ++
≡ = = = ≈   + + +      

 

Fig. 6.44:    
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Fig. 6.45:   Note: AIF includes zDO. 

Eq. 6.98: |AIF| … ≥ |AIβ| … 

Ex. 6.17:   AG0 = … ≈ … = 370 mA/V = … 

Eq. 6.100: |AIF| … ≤ |AIβ| … 

Fig. 6.46:   Note: AIF includes zDO. 

Fig. 6.49:  

Eq. 7.6:   V0
VO ID

OH OL

AK ... v 1
V V

 
≡ = Δ ≥ − 

 

Ex. 7.1:   SPICE: vs … pulse 200m 500m 0 999n 1n 0n 1u 

Sec. 7.1.1.D: βFBI should be βIFB. 

Fig. 7.9:  

Ex. 7.2:   SPICE: vs … pulse 200m 500m 0 999n 1n 0n 1u 

Sec. 7.1.2.C: βFBI should be βIFB. 

Ex. 7.4:   vO(AVG) = … = … = 1.80 V ± 31 mV 

Fig. 7.20:  

Ex. 7.8:   vIOS = … = … = 335 mV 

  vVOS ≈ … = … = 635 ± 200 mV 
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  vFB(AVG) ≈ … = … = 565 ± 200 mV 

  FB(AVG)
FB

O(AVG)

v 565m 31.4%
v 1.8

β ≡ = =  

  FB(AVG)
O(AVG)

FB

v 565mv 1.80 V 640 mV
31.4%

= = = ±
β

 

Ex. 7.10:   Note: vO is 1.80 V… 

  SPICE: vs … pulse 200m 500m 0 999n 1n 0n 1u 

Eq. 7.56: vVOS ≡ vR – vFB(AVG) = … 

Eq. 7.80: ΔvO is also the ripple iC(AC)'s average produces when iC(AC) is positive. Since iL ripples across ΔiL 

in CCM and iL(AC) is positive across half of tSW, iC(AC) peaks with 0.5ΔiL and averages half of that across 

0.5tSW. So ΔvO is effectively the ripple ΔiL/4 produces across tSW/2: 

  SWL L
O

O SW O

t0.5 i i1v
2 2 C 8f C

 Δ Δ  Δ = =   
   

 

Sec. 8.1.1.C: βIFB(MF) is greater than RL when sLX overcomes RL before CF shorts with respect to RF. 

Sec. 8.2.2: pFB should be pFBX. 

Fig. 8.10:  

Sec. 8.3.3.D: tP is usually much lower than tSW, so minimizing tP is usually not as critical as minimizing 

power. And since PST is usually much lower than PG and tP is less sensitive to N, reducing and limiting N 

to three or five is not uncommon. 

Fig. 8.33:  
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Fig. 8.36:  

Appendix: Note on MOSFET Model: … CGS currents. Drain and source currents also include drain– and 

source–body diode currents. 


