Structured Electronic Design

Balancing: push-pull stage
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Push-pull stage V-I transfer
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complementary parallel CS DM CMOS18
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" Push-pull stage V-I transfer
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Behavioral modifications
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parallel connection of linear
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Push-pull stage small-signal transfer

Behavioral modifications
resulting from (anti)-
parallel connection of linear
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Cgss Cgd, Cds, 9m and g, are the small-signal parameters of the CS stage.
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Cgs, Cqd, Cds, gm and g, are the small-signal parameters of the CS stage.
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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 stationary noise

Behavioral modifications resulting from (anti)-parallel connection of linear two-ports

(A,B,C, D)
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Behavioral modifications resulting from (anti)-parallel connection of linear two-ports

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 stationary noise

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

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

Behavioral modifications resulting from (anti)-parallel connection of linear two-ports
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Conclusion:

Equivalent input noise sources of a push-pull stage
equal those of of a single CS stage If:
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Push-pull stage stationary noise

Behavioral modifications resulting from (anti)-parallel connection of linear two-ports
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Conclusion:

Equivalent input noise sources of a push-pull stage
equal those of of a single CS stage If:

Width and drain current of the transistors of the
differential pair are half the values of those of the

single CS stage
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Push-pull stage stationary noise

Behavioral modifications resulting from (anti)-parallel connection of linear two-ports
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Result:

Sv — % (San + SVnQ)
Si = Stn1 + Stn2

Conclusion: Equivalent input noise sources of a push-pull stage
equal those of of a single CS stage If:

Width and drain current of the transistors of the
differential pair are half the values of those of the

single CS stage

Same performance: equal area, equal current (complementary devices)
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Push-pull stage stationary noise

Behavioral modifications resulting from (anti)-parallel connection of linear two-ports
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Result:

Sv — % (San + SVnQ)
Si = Stn1 + Stn2

Conclusion: Equivalent input noise sources of a push-pull stage
equal those of of a single CS stage If:

Width and drain current of the transistors of the
differential pair are half the values of those of the

single CS stage

Same performance: equal area, equal current (complementary devices)
Unfortunately NMQOS and PMOS devices are not fully complementary
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Push-pull stage stationary noise

Behavioral modifications resulting from (anti)-parallel connection of linear two-ports

m (A,B,C,D) (AvBach) 1 1
Qan 2Vn2
_/ + + + + (A Lp 9ocC D)
Ol — OtpeOn] — [ O] OO
_ _ b _ _ B N
N (A, B,C, D) (A, B,C, D) 6 ) —
v + + + + Inl In2
= O — OO — [ St
Result: Conclusion: Equivalent input noise sources of a push-pull stage

va — % (San + SVnQ)
Si = Stn1 + Stn2

equal those of of a single CS stage If:

Width and drain current of the transistors of the
differential pair are half the values of those of the

single CS stage

Same performance: equal area, equal current (complementary devices)
Unfortunately NMOS and PMOS devices are not fully complementary
Carrier mobility in PMOS devices a factor 4 times lower
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Push-pull stage stationary noise

Behavioral modifications resulting from (anti)-parallel connection of linear two-ports

m (A,B,C,D) (AvBach) 1 1
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Ol — OtpeOn] — [ O] OO
_ _ b _ _ B N
N (A, B,C, D) (A, B,C, D) 6 ) —
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= O — OO — [ St
Result: Conclusion: Equivalent input noise sources of a push-pull stage

va — % (San + SVnQ)
Si = Stn1 + Stn2

equal those of of a single CS stage If:

Width and drain current of the transistors of the
differential pair are half the values of those of the

single CS stage

Same performance: equal area, equal current (complementary devices)
Unfortunately NMOS and PMOS devices are not fully complementary
Carrier mobility in PMOS devices a factor 4 times lower
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Push-pull stage SLICAP model

LTspice symbol for SLICAP:
SLXMPN

Ul
?

W N={W N} L N={L N} ID N={ID N} W P={W P} L P={L P} ID_P={ID P}

4l L

SLICAP subcircuit for this symbol:
CMOS18PN
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