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Structured Electronic Design

Balancing: push-pull stage
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Complementary-parallel CS stage
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Push-pull stage V-I transfer
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Push-pull stage V-I transfer

+

-

+

-

+

-

V1
{VP}

(VgsP)

M1
C18pmos
L=180n
W=770n

I1
{IQ}

E1
1meg

(1) (2)



13(c) 2020 A.J.M. Montagne

Push-pull stage V-I transfer

+

-

+

-

+

-

V1
{VP}

(VgsP)

M1
C18pmos
L=180n
W=770n

I1
{IQ}

E1
1meg

(1) (2)

+

-+

-

+

-

(VgsN)

V2
{VN}

I2
{IQ}

M1
C18nmos
L=180n
W=220n

(3)
(4)

E2
1meg



14(c) 2020 A.J.M. Montagne

Push-pull stage V-I transfer

+

-

+

-

+

-

V1
{VP}

(VgsP)

M1
C18pmos
L=180n
W=770n

I1
{IQ}

E1
1meg

(1) (2)

+

-+

-

+

-

(VgsN)

V2
{VN}

I2
{IQ}

M1
C18nmos
L=180n
W=220n

(3)
(4)

E2
1meg

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

E3
1

E4
1

M3
C18pmos
L=180n
W=770n

M4
C18nmos
L=180n
W=220n

V3
{VP}

V4
{VN}

V6
{VN}

V5
{VP}

(VgsP)

(VgsN)

(5)

(6)

(7)

(8)

(9)

(10)

(in)
V7
DC 0



15(c) 2020 A.J.M. Montagne

Push-pull stage V-I transfer

+

-

+

-

+

-

V1
{VP}

(VgsP)

M1
C18pmos
L=180n
W=770n

I1
{IQ}

E1
1meg

(1) (2)

+

-+

-

+

-

(VgsN)

V2
{VN}

I2
{IQ}

M1
C18nmos
L=180n
W=220n

(3)
(4)

E2
1meg

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

E3
1

E4
1

M3
C18pmos
L=180n
W=770n

M4
C18nmos
L=180n
W=220n

V3
{VP}

V4
{VN}

V6
{VN}

V5
{VP}

(VgsP)

(VgsN)

(5)

(6)

(7)

(8)

(9)

(10)

(in)
V7
DC 0



16(c) 2020 A.J.M. Montagne

Push-pull stage V-I transfer

+

-

+

-

+

-

V1
{VP}

(VgsP)

M1
C18pmos
L=180n
W=770n

I1
{IQ}

E1
1meg

(1) (2)

+

-+

-

+

-

(VgsN)

V2
{VN}

I2
{IQ}

M1
C18nmos
L=180n
W=220n

(3)
(4)

E2
1meg

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

E3
1

E4
1

M3
C18pmos
L=180n
W=770n

M4
C18nmos
L=180n
W=220n

V3
{VP}

V4
{VN}

V6
{VN}

V5
{VP}

(VgsP)

(VgsN)

(5)

(6)

(7)

(8)

(9)

(10)

(in)
V7
DC 0



17(c) 2020 A.J.M. Montagne

Push-pull stage V-I transfer

+

-

+

-

+

-

V1
{VP}

(VgsP)

M1
C18pmos
L=180n
W=770n

I1
{IQ}

E1
1meg

(1) (2)

+

-+

-

+

-

(VgsN)

V2
{VN}

I2
{IQ}

M1
C18nmos
L=180n
W=220n

(3)
(4)

E2
1meg

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

E3
1

E4
1

M3
C18pmos
L=180n
W=770n

M4
C18nmos
L=180n
W=220n

V3
{VP}

V4
{VN}

V6
{VN}

V5
{VP}

(VgsP)

(VgsN)

(5)

(6)

(7)

(8)

(9)

(10)

(in)
V7
DC 0

Class A operation: Sink and source devices conduct during push and pull phase



18(c) 2020 A.J.M. Montagne

Push-pull stage V-I transfer

+

-

+

-

+

-

V1
{VP}

(VgsP)

M1
C18pmos
L=180n
W=770n

I1
{IQ}

E1
1meg

(1) (2)

+

-+

-

+

-

(VgsN)

V2
{VN}

I2
{IQ}

M1
C18nmos
L=180n
W=220n

(3)
(4)

E2
1meg

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

+

-

E3
1

E4
1

M3
C18pmos
L=180n
W=770n

M4
C18nmos
L=180n
W=220n

V3
{VP}

V4
{VN}

V6
{VN}

V5
{VP}

(VgsP)

(VgsN)

(5)

(6)

(7)

(8)

(9)

(10)

(in)
V7
DC 0

Class A operation:

Class B operation:

Sink and source devices conduct during push and pull phase

Sink device conducts during pull phase
Source device conducts during push phase



19(c) 2020 A.J.M. Montagne

Push-pull stage V-I transfer
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Push-pull stage V-I transfer
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Push-pull stage small-signal transfer



23(c) 2020 A.J.M. Montagne

Push-pull stage small-signal transfer

Behavioral modifications
resulting from (anti)-
parallel connection of linear
two-ports
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Push-pull stage stationary noise
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Push-pull stage stationary noise

Behavioral modifications resulting from (anti)-parallel connection of linear two-ports
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Push-pull stage SLiCAP model

U1
?
W_N={W_N} L_N={L_N} ID_N={ID_N} W_P={W_P} L_P={L_P} ID_P={ID_P}

LTspice symbol for SLiCAP:
SLXMPN

SLiCAP subcircuit for this symbol: 
CMOS18PN


