
1 半导体二极管 i

1半导体二极管

ID = IS (e
u

UT − 1), UT = 26mv (1.1)

RD =
UD

ID
, 静态电阻 (1.2)

rd =
UT

ID
, 动态电阻 (1.3)

IZ min ≤ IZ ≤ IZM ⇔
UI(max) − UZ

IO(min) + IZM
≤ R ≤

UI(min) − UZ

IO(max) + IZ(min)
(1.4)

2 体管

Uopp = max{2ICQR′L, 2(UCEQ − UCES )} (2.1)

rbe = rbb′ + (1 + β)
UT

IEQ
(2.2)

fHtr ≈ 0.35 (2.3)

2.1 下限截止频率

ȦuLs =
Ȧums

(1 − ȷ fL1f )(1 − ȷ fL2
f )

(2.4)

C′1 =
C1CE

(1 + β0)C1 + CE
(2.5)

fL1
=

1

2π(Rs + rbe)C′1
(2.6)

fL2
=

1

2π(RC + RL)C2

(2.7)

2.2 上限截止频率

ȦuHs =
Ȧums

(1 − ȷ f
fH1

)(1 − ȷ f
fH2

)
(2.8)

fH1
=

1

2πR′sCi
(2.9)

fH2
=

1

2πR′LCo
(2.10)



3 场效应管 ii

CM = Cb′c(1 − Ȧ) (2.11)

C′ce = Cb′c(1 −
1

Ȧ
) (2.12)

rb′e = (1 + β)
UT

IEQ
(2.13)

R′s = (Rs + rbb′)//rb′e (2.14)

R′L = RC//RL (2.15)

Ci = CM + Cb′e (2.16)

Co = Cce + C′ce (2.17)

2.3 多级放大电路的频率响应

fL ≈ 1.1(
∑

i

f 2Li
)
1
2 (2.18)

fH ≈ 0.9(
∑

i

f −2Hi
)−

1
2 (2.19)

3场效应管

iD = IDS S (1 −
uGS

uGS (o f f )
)2 (3.1)

gm = − 2

UGS (o f f )

√
IDS S IDQ (3.2)

iD = K(uGS − UGS (th))
2 (3.3)

gm = 2
√

KIDQ (3.4)

3.1 共源

Ȧu = −gm(rds//RD//RL) (3.5)

Ri = RG (3.6)

Ro = rds//RD (3.7)



4 集成运算放大器 iii

4集成运算放大器

IB =
VEE − UBE

RB + 2(1 + β)RE

(4.1)

IE ≈ IC ≈
VEE − UBE

2RE
(4.2)

UCEQ ≈ VCC + VEE − IC(RC + 2RE) (4.3)

KCMR = |Aud

Auc
| = βRE

RE + rbe
| ∞ (4.4)

4.1 差模

Aud = ± βRC

2(RB + rbe)
| −

βRC(//
RL
2
)

RB + rbe
(4.5)

Rid = 2(RB + rbe) (4.6)

Rod = RC | 2RC (4.7)

4.2 共模

Auc =
βRC(//RL)

RB + rbe + 2(1 + β)RE
| 0 (4.8)

Ric = RB + rbe + 2(1 + β)RE (4.9)

4.3 含源电路

IC2 =
VCC

R
(4.10)

IC2 =
VCC

R + RE1

RE1

RE2
(4.11)

RE =
UT

IC2

ln IR

IC2

(4.12)

5 电路

A f =
A

1 + AF
(5.1)

dA f

A f
=

dA
A

1

1 + AF
(5.2)

fH f = fH(1 + AmF) (5.3)



6 运算电路 iv

fL f =
fL

(1 + AmF)
(5.4)

Ri f =
1

1 + AF
Ri (5.5)

Ro f = (1 + AF)Ro (5.6)

6运算电路

uO = − 1

RC

∫
uIdt | + uO(t1) (6.1)

uO = −RC
duI

dt
(6.2)

uO ≈ −UT ln( uI

IS R
) (6.3)

uO ≈ −IS Re
uI

UT (6.4)

7 率放大电路

IC(AV) =
1

π

Uom

RL
(7.1)

PV =
2

π

VCCUom

RL
(7.2)

η =
π

4

Uom

VCC
(7.3)

8 电源

UO(AV) =
2
√
2

π
U2 = 0.9U2 (8.1)

γ =
Uor

UO(AV)

(8.2)

γ =
Uor

UO(AV)

=

√
(

U2

UO(AV)

)2 − 1 = 0.483 (8.3)

UO =
R1 + RP + R2

R2 +
1
2
RP

UREF (8.4)
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