| [ me——
 Amplifiers

*For D.C analysis
Open all the capacitors for example for the cct. Shown in Fig(1)

VCC vee

e o E©

Sw
i Vo

c1 Q1 1uF
| —> t—=%
|
Rs 1uF

{ \

——1u R2
§R2 §RE §RE

Vsl

(a) (b)

Fig{1) Transistor circuit under examination in D.C analysis

*for A.C analysis

1. Setting all dc sources to zero and replacing them by a short-circuit
equivalent
2. Replacing all capacitors by a short-circuit equivalent

3. Removing all elements bypassed by the short-circuit equivalents

introduced

by steps 1 and 2

4. Redrawing the network in a more convenient and logical form Fig(1a)



Vsl

§R1 SRC!

§R2

Figure (2) The network of Fig(1a) following removal of the dc supply and insertion of the
short-circuit equivalent for the capacitors

Rs

Vs

§R1 §R2

Transistor small A.c
analysis equivalent
circuit

Vo

SRC

Figure 3 Circuit of Fig. 2redrawn for small-signal ac analysis

{BJT fransistor modelling ]

1. The Hybrid Equivalent Model (Complete Model)

hi = lnput resistor
hr = reveres transfer voltage ratio

hf = forward tva nsfer curvent ratio

ho = output conductance

hi
MV
hfib
~® ¢

ho

Fig.4 The Hybrid Equivalent Model



2. Approximate Equivalent Circuit

L 1
g -
+ -+
4 ok ¥,

— -

Figure 5b Approximate hybrid

Figure 5a Effect of removing Are and hoe from the
hybrid equivalent circuit.

equivalent model

3. The re Transistor Model

*Common base

26 mV e le
7o A
Zz‘ =Te
CB b
Zo =% {)
¢85 Fig.6 re-mode |

voltage gain will now be determined for the network of Fig. 2.14

Vo= —LR = — ()R, = ol Ry

Vi=ILZ;= L. +
A = Vo _ obRy + ol Vo
YUV, L. . BJT common base
W' Zi | transisitor ampifier |20 ¢ Rt
A, = oRp . Re — O] =
re ,‘f
CB

Figure 7 Defining Av for the
common-  base configuration




CEB

The approximation model for common base transistor shown in

fig(2.15)

Figure 8 Approximate models for a common-base npn transistor configuration

*Common Emitter

Figure 9 Determining the voltage and current gain for the common-emitter transistor

amplifier.
Vo= IR = —LR = —BLR,

Vl’ = II'ZI' = ]bﬁre

o~ To_ _BLR
R 4 LBre
=R

v T

CEr, = =2

The current gain for the configuration of Fig. 2.18
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Figure 10 e model for the common-emitter transistor configuration

equivalent model hybrid equivalent circuit.
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Figure 11 Hybrid versus re model: (a) common-emitter configuration;
(b) common-base configuration.

hie=pre , kfez B

hip=re hpp=—a



1. Common-Emitter Amplifier Configuration

*Fixed-Bias

Figure 12.a Common-emitter fixed-bias

Zf = RE]]Bre

Z,= RC“"o

Ry=108s

A,: The resistors 7, and R are 1n parallel,

Vo= —BLRellrs)

and

but

s0 that

v,

v,
Br.

Ib:

A
—ﬁ{ﬁjwclim

Figure 12.b equivalent circuit

i
.




and Ay = A = -
If r, = 10R.
4= —2e
Te .= 10R..
1, BRpr,

A==, + RO@s + Bro)

which is certainly an unwieldy, complex expression.
However, if 7, = 10R. and Ry = 10Br,, which 1s often the case,

.z:f . Io — BRBro
i Il - (ro)(RB)
and A;=B
r.=10R_, Rs=10pr.

Phase Relationship: The negative sign in the resulting equation for Av
reveals that a 180° phase shift occurs between the input and output
signals, as shown in Fig. 13.

Figure (13) Demonstrating the 180° phase shift between inputs
and output waveforms.



{a) Deternune r,.

(b) Find Z; (with », = = )

(¢) Calculate Z, (with , = = (}).

{d) Determine A, (with », = = Q).

(e) Find A; (with r, = x Q).

(f) Repeat parts (c) through (e} including », = 50 k€} in all calculations and compare
results.

Solution

(a) DC analysis:
Vee — Vge A_ R2V-07V
R; T 470 kO
I = (B + DIz =+ 101)(24.04 nA) = 2.428 mA
26 mV 26 mV

]Bz

= 24.04 pnA

" = =] = ﬂ 1Y
e =TI T Tamma 0L o
(b) Br, = (100)(10.71 {}) = 1.071 k(2 ) gsm
Z. = Rel|Br. = 470 kQ|1.071 kO = 1.069 kO I §"’° RS -
(c) Z,=R-=3Kk{} -’.pu &2 10uE ‘
. 7 .
Re 3 K0 o L s
{ ,:-’—P—*—-:v———w——-v—v—w—w————v-:_—-? -DLP g , ﬁ—iUO"
id} -'i; i'e 10—?1 {1 -80.11 S = pIAR )

(e) Since Ry = 10Bx,(470 kO > 10.71 k) -
4= =100

Figure 14,

(0 Z, = r,JRe= 50 kO3 3k ve. 30
mlRe  2.83 k(L
T T 1071..
BRzr, (100)(470 k€)(50 k)

(o + ROWRs + Bra) — (S0kQ + 3 kO)E70 kO + 1.071 k)

= 94,13 vs. 100

I —744.24 vs. —280.11

A=

Z ~—(=26424)(1 069 k(})
.sz' = _.'ff‘- = 350 = 94.16




Example: 2
For the network of Fig. 15 determined:

(a)zis (b) Z() (C) AV (d) Al

(@) Z.= Ryl =330 Q1175 kQ
= f, = 1171 kO
1 1

by r,= E = mzo ;.LA;W" = 50 k()

Z,= T}—ﬂRC = 50 kQJ2.7 kO = 2.56 kQ = R,

TRl ihee) (120)2.7 k0[50 k) B
() dv= -HESRRe - TN S
(dy 4i=he=120

—= 8V
2.7k0
gsso kQ

Fig(15)
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*“Voltage-divider

%C
m-#.. B
’ [}
Iyo—H ©
C}

H

i~ %

APy
o

Figure 16.a Voltage-divider bias configurations.

5
e ~
i (R
7 Ry g R, Re v,
R e b b b . Z
o '\,M,.YWWJ = meE ! +. o

R

Figure 16.b Substituting the re equivalent circuit into the ac equivalent network of Fig. 16.b

RiRs

R =31||Rz= R, + R,

Zg=R’

1B,

Zo = Rcu?'o

If o = IOR{;

»,=10R,

10
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Vo AT u} o

Ky e
7 ¥e

For », = 10R.

I, Re
A, = “p“;l“ 2 e "e
¥, = 10R..
L BT,
L (gt ROER + PBry)
For r, = 10Rc.
i 1, BR’
YT TR+ Br,
r = 10/,

And if R’ = 108r..

I,
4= 7= B
r=10R,., R'=108),
f= e
4, YR

Phase relationship: The negative sign of equation above reveals a 180°
phase shift between Vo and Vi.

Example : 3

For the network of Fig. 17, determine

@ 7.

&) Z.

(c) Z, (r, == &)

(d) "‘1!." (7"0 = s Q)

(&) A4 (ro= = ().

(f) The parameters of parts (b} through (e) if », = I/h,. = 30 k{} and compare re-
sulrs,

11



gfékﬂ 16 pF
16 b S BV
1ol I/ —o %
! ; H L. B

Figure 17 Example 3.

(a) DC: Testing BR- > 10R,
(90)(1.5 k) > 10(8.2 k()
135 k&) > 82 k£) (satisfied)
Using the approximate approach,

R (8.2 k(22 V)
Vg= cc =
R, + R, 56 k(3 + 8.2 k)

Ve=Vg— Vg =281V —-07V=211V

=281V

() R = R,|R> = (56 k|(8.2 k) = 7.15 ke
Z, = R*|Br, = 7.15 K|(90)(18.44 ) = 7.15 k€Y|1.66 k€

=1.35 kO
(c) Z, = Re = 6.8 kQ
Re 6.8 kS
@ A= —==—Jgizq = ~36876

{e) The condition R’ = 108r. (7.15 k{} = 10(1.66 k{}) = 16.6 k(} 1s nor

satisfied. Therefore,

AR’ (90)(7.15 k€Y
A;‘ s —————————R! " fo=nd 715 - 73.04
Br. = 715 k2 + 1.66 k€Y

12
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 Z = 135k0
Z, = Rlr, = 6.8 kQY}50 K = 5.98 k(2 vs. 6.8 kQ
) Relr,  598k0

. 1844 00
The condition

—324.3 vs. —368.76

r, = 10R. (50 kQ = 10(6.8 k) = 68 k)

1s not sansfied. Therefore,
BR'r, (90)(7.15 kQ)(50 k)
A= 0 T ROR + Bra) (S0 KQ + 6.8 KO(T.15 kE2 + 1.66 k(1)
= 64.3 vs. 73.04

There was a measurable difference m the results for Z,, A.. and A; because the
condition 7, = 10K~ was not satisfied.

*Unbypassed configuration

V.= Ipr. + LRs
V= LBr. + (B + DILRs

Yee

&
—% b E
ks < ¢l
= 4 .
e — KE = -
7
<y
I; Ry g § Re
1)
- ‘ L=(p+ 14,
z, Re
N By -
- 3
’ -

i 5
Figure 18.a CE emitter-bias configuration. Figure 18.b Substituting the re equivalent circuit

and the input impedance looking into the network to the right of Ry, is

fal
v, ,
= [ 1‘

A 22 {
“p T TP TR
&

13
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Zy=fr.+ (B + DR:

Z, = Pr. + BRg

Zy = B(r. + Ry)

Zy= B(r, + Rg)

Figure 19 unbypassed
emitter resistor.

Since Ry is often much greater than re, Eq. Above can be further reduced

to

Zy, = BRe

From fig 2.33 we can determined Z;

Zi= Rsi le

Zo: With Vi set to zero, Ip= 0 and B/, can be replaced by an open-circuit

equivalent. The result is

Zo= Re
"
Ib :Z
Vo = m-[o Re = _BIbRC

. I/l\‘
- g2

Zi ke
Ve _BRe
R Z,

and for the approximation 7, = SRy

i4

15



A; = -A,,-é?

Phase relationship: The negative sign in Equation above reveals a 130°
phase shift between Vo and Vi.

2. Common-Base Amplifier Configuration

B, R
o ]

) e . = )
+ %_J : T I =
R . Rp s

[

Figure 2.36 Substituting the approximate hybrid equivalent circuit into the ac
equivalent network of Fig. 20.b

15
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Example

For the network of Fig. 21, determine:

@) Z
I
® Z, e
(C) A i H \s“-[ H 7
Fs B8 e 2 =
(d) A, 4
. = 22k he = —099 33KQ S
Iv." }2,‘5 = 1430} .
IRy hoe= 03 gAY 0V
5 I ;

Fig.(21) Cominon base circuit

(a) Z = Rellhy = 2.2 k0143 Q = 14.21 QO = I,
1
®) 7o = 5 = G5 WA

=2 MQ

1
Zo = —__—"RC = RC = 3.3 kﬂ
Aoy

- e Re | (—0.59)3.3 k)
© 4y =—7—= 1421

(@) 4r=hp = —1

= 22951

3. Common Collector Amplifier (Emitter Follower)

Main Characteristics of C.C.
Amplifier

1. Av< 1
2. High R;
3. Low R,
4. Phase shift = zero

Fig.(22.2) Common collector circuit

16
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Ac. Analysis of common collector with Rg

te = (1 + hye)ip ~AAA, . ———1
R; = [(Rp Il R(1 + ko) + il Il Ry A é ‘

_ [(Rg Il Rg) + hy) -
R, ={ 1+ h, } I Rg .
Re R
1% E &y

A, =2 =4

a7 17 ! ™
Ll L

Fig.(22.b)

Equivalent circuit of
common collector

ip(1+ hse)(Rg 1| Ry)

Av = - <1
ip[hie + (1 + hge)(Rg | Rp) Y
Io 10 ]b

ML

_(A+hp)Rs Ry
R; + R, Rp+R,

R, = h; + (1 + hfe)(RE//RL)

Veer 20V

H.w For the network of Fig. (23)re =282 and
£=200

(a) Determine Zi and Zo.
(b) Find Av and A4i.

(¢) Draw Vo with input voltage Vi = 100
sin(wt). mV

17
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Field Effect Transistor (FET)

Main Characteristics

D {Dnan}
e Itis unipolar device
1 . ¥/

¢ It has a very high input impedance G l ?

¢ Itis a voltage controlled current source (VCCS) (Gate) T ]

e Small size and widely used in I.C fabrication Vies _l

¢ Low noise T (Sowees)

¢ Low voltage gain

Fig(1) FET
Classification (FET}
[ |
JFET IGFET
© (function FET) : (1solated Gate FET)
I MOS FEY
n—chalmnel I’-—chz!mwl | | ]

D - D-Mes E-Mos

l % ‘}‘, {Deplesion Mos) {Enhancement Mos)

. ¢ ' I

I + - |

v = n- channel P—channel n— chazmel P-channel
-4 -4

G'—'I Gr—o-l

go—edl

The main different between JFET & MOSFET are:

1. The MOSFET has an isolated liar between gate and drian and source
therefore it has a very high input resistance compared to JFET

2. The MOSFET is very sensitive and effected by the static charge

compared to the JFET which is rigid



Characteristics of JFET
Drian C/Cs (output C/Cs)

D
o

o I 't
. Vs
il !f

Breakdown

- M W b WB S

| ._T_ G5 region
7 - TS .
VeseeSY
1 -
+ ¢ 4 =28 "a‘

Fig(2a) JFET circuit Fig(2b)c/cs of JFET

Ipss=Drian source saturation current

V,=Pinch-off voltage is negative voltage for n-channel devices and a positive
voltage for p-channel JFETs

For active region operation G-S and D-S Jun
must be reverse

Ip = F(Vgs)for a certian values of Vg

Wl 2 [tp] e

Fig(3)
Transfer C/Cs

Ip = F(Vgs) and is given by Shockley’s equation which is define by:

Y2
ID=IDS(1 - T“)
~ ;
[

constants

— control variable




Tos=0V

I’GS=_1 v

Vm=-2 V
Va2V

] 1 1/"‘35“";v

15 20 25 Vs

Fig(4) The transfer C/Cs of JFET

The transfer C/Cs can be draw when I,gs and Vp are given

Ves(V) Ip(mA)
0 Ipss
Vo 0
1 1
'Z"Vp 2 Inss
1 1
3 Vp 5 Ipss

Example

Sketch the transfer curve for a p-channel device with Ipgs=4 mA and Vp=3 V.

Ves(V) 10 3 15 1

I,(mA)[4 0 1 2




Fig(5) The transfer C/Cs

FET Biasing

® FIXED-BIAS CONFIGURATION

Vit "
L
Fig(6a) Fixed bias of JFET Fig(6b) dc analysis of JFET
2
Vas = —Vse , ID=ID_551—V—GS
Vp

The drain-to-source voltage of the output section can be determined by applying
Kirchhoff’s voltage law as follows:

+Vm+I_DRD— VDD= 0



Vps = Vpp — IpRp

Ve=0V

VDS= VD— VS
VD=V95+V5=VD§+OV

VD= VDS

Ves=Ve— Vs
VG= Vc,vs+ V5= V65+0v

Vo= Ves
Example 16V
Determine the following for the network of fig (7)

(@) Vasq (B)g (<)Vos -

(@)Vp (€)Vs (Vs T

Mathematical Approach: Fig (7)
(a) VGSQ=_ VGG= -2V '
VGS 2 _2 \'4 2
I, =1 ——£5) =10 mA[1 - ——
®) Zp Ve ) ( —8 v)
= 10 mA(l — 0.25)* = 10 mA(0.75)? = 10 mA(0.5625)
= 5.625 mA

(©) Vs = Vop — IpRp = 16 V — (5.625 mA)2 kf})
=16V —1125V=475V

) Vp=Vps=4T5V

(€) Vo= Vgs= -2V

® Vs=0V



Graphical Approach

Fig(8) Graphically solution

Va,gg= _VGG= -2V

(6) Vps = Vpp — IpRp = 16 V — (5.6 mAY2 k)
=16V—-112V=48YV

(d) Vp=Vps=48V

@ Vg=Ves=-2V

@ V=0V

o SELF-BIAS CONFIGURATION

The controlling gate-to-source voltage is now

determined by the voltage across a resistor Rs

introduced in the source leg of the Vi o— g
configuration cI

Fig (9) self bias



For the dc analysis, the capacitors can again be replaced by “open circuits

-VG_g"‘ VRS= 0
V(;s: —VR'
Vs = —IpRs

Fig (10) dc analysis of self bias

The level of V5 can be determined by applying Kirchhoff’s voltage law to the

output circuit, with the result that

Vps = Vpp — VR, — Vr, = Vpp — IsRs — IpRp

Ip=1Ig

VR, + Vps+ Vr,— Vpp=10

Vps = Vpp — IpfRs + Rp)

Vs = IpRs

VG=0V

|
1
|

|

Vp= Vps+ Vs= Vpp — Vg,

LN
Ipgs Rs
p)

%

t’os"‘ -

Fig(1)D.LL



Example

Determine the following for the network of Fig. 20V
(12) Ipé
(a)Visq (B)Ipg (c)Vps 3.3kn
(d)Vs (e)Ve (DVp D

6 Tops— 8mA

+ Vo=_6v

Vas
o ¥4
wn
Ikn

(a) The gate-to-source voltage is determined by
Ves = —IpRs
Choosing I, = 4 mA, we obtain
| Vas = —(4 mA)(1 ki) = —4'V

A= 8mA.Tg=-8V “;n(m‘é

Iy=4mA Vgg=-4V

|
1
{
|
|
} Fos =0 V.I,=0mA

Tes(V)

I T N O A
-7 -6 =5 -4 -3 =2 —|

Figure 13 Sketching the selfbias
line for the network of Figl2.



4 I, (m)
4 Ip \mA]
8
% Upoo) 7
T 6
(-] 5
3 4
) : ¥ 26 mA
s Qpoim M= ---Ip=2.
, ! > %
----- - &) :
! =L : 1
, [ I - L 1¥1 |
-6 -5 -4 -3 -2 4 (0 g -6 -5 -4 -3!2 5 (V)
o) (%) 1
F1 Fosa=—2.6V
Figure.14 Sketching the device characteristics Figure 15 Determining the O-point for
the for the JFET of Fig. 12. network of Fig. 12.

(b) At the quiescent point:
In,=2.6mA
{¢) Vps=Vpp—IpRs+ Rp)
=20V — (2.6 mA)(1 k) + 3.3k(})
=20V~-1118V
=882V

(d) Vs=IpRs
= (2.6 mA)(1 k)
=26V
(E) V=0V
( Vp=VpstVs=882V+26V=1142V
or Vp=Vpp-IpRp=20V-(2.6mA)33k(})=1142V



> Vop
|
R,
& 3
e s 10
Cz
Vr -4t I-I—:
Cy
-4
< R, X l
4 RS' =l C_g
k 2 ‘L

Fig (1a) Voltage dvider bias arrangement

V. = R2Vpp

® Voo 9 oo
R,
R1§ § >
{0
Io=0A s
——po
— o
+
+ VGS _' %Ig
+
=3 (7
oo & R

Redrawn network of fig (1b) for dc¢ analysis

Applying Kirchhoff’s voltage law in the clockwise direction to the indicated

loop of Fig (1.b) will result in

Ve = Vas — Vry =0

Veos = Ve — Vg

Substituting Fr = IsRs = Ip Rs, we have

Vos = Vg — IpRg

To draw c/cs

Vos = Val=oma

Vas = Vg — IpRg
0V = Vs — InRs

Fig(2) trans. c/cs

11



_ Ve
- Ve
RS A

Ip =0V

Vps = Vpp — Ip(Rp + Rg)

Vo = Vpp — IpRp

Vs = IpRs
Voo
Io = Jo =
BT T R+ R,
FExample
Determine the following for the network
: : 16V
of Fig(3).
‘7;9 < Z4ka
(a) Ip, and Vs, b S Jollr
(b) VD' ' I Vo
() Vs 1 ~ 1 Ipss-8maA
(d) Vps ! 5*5’;” Ve 4v
(&) Vpe |
%
::270!5(} T'I.f)'kﬁ mZQ%if
ke
Fig (3) Voltage dvider circuit
. I
(a) for the transfer c/cs if I = —D:—S =
8mA/4 =2mA ,
v Vp 4y )
“T2 2

The resulting curve representing
Shockley’s equation fig (4), then

3]

12



(270 kKQL)(16 V)
2.1 M+ 0.27 MQ

=182V

Ves = Vg — IpRs
=182V — In(1.5 k()

When Ip = 0 mA:
VG,S' = ‘*'18: \"Y
When Ve = 0V:

182V
Ip=—=

1.5 k8

=121 mA

The resulting bias line appears on Fig. 4 with quiescent values of

Ip, = 2.4 mA
VGS{_) =18V

{b) Vp = Vpp — IpRp
=16 V — (2.4 mAY2.4 k{})
= 1024V

(©) Vs =IpRs = (2.4 mA)(1.5 kQ)
=36V

(d) Vps = Vpp — Ip(Rp + Rs)
=16V—-0C4mA)24kll+15 k@)

=6.64V
oF ’VDS = yD - VS =024V —-36V

= 6.64 V

Vpe=Vp — Vg
= 1024V - 182V
=842V



Common Gate

Example
. . 12y
Determine the following for the common-gate .
configuration of Fig. 6.17. é;,s‘;;w Q
(&) VGS@~ " .,
(b) Ip, L W °ve

(c) Vp. G | Ipss=12mA
(@) Vo Ve 6y
(&) Vs s it S VF

(f) Vps. "

Fig (5a) Common gate circuit

(a) The transfer characteristics and load line appear in Fig. 6.19. In this case, the
second point for the sketch of the load line was determined by choosing
(arbitrarily) Ip= 6 mA and solving forV/s. That is,

Ves = —IpRs = —(6 mA)680 (1) = —4.08V

Inss 12 mA Vo= —— e == =3
Ip =25 = =3mA A 2
4 4
| I, (mA)
J I
;?;» 11
/10 $i.5kﬂ
/e :
/8 D
Za‘ -
g —
/ -5 M
, Ves -
O-point¥——————1L 1, =38ma )
| NER
e ! 1y S
yd | . VM? 680 (2
L~ ! g z
L L
-6 -5 -4 312 - 0 =
I» Vos, =—2.6%

Frgurs (5% letching the de equivale

Fizure & Deermiming thell-point for the
the natwork of Fig. 5

network of Fig (32
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as shown on Fig. 6Using the resulting quiescent point of Fig. 6 results in

(®)

yGSQ =~2.6V

IDQ =38 mA

{¢) Vp="Vpp—IpRp
= 12V-—(G8mAY1S5kO) =12V —57V

=63V

(d) VPe=0V

(e) Vs=IpRs= (3.8 mA)(680 Q)
=258V

() Vps=Vp— Vs
=63V —258V
=372V

Example

Determine the following for the network of fig (7a)

(a) Ip, and Vgs,,

by Vps ° Vpp=20V
@ Vs §RD= 18kQ
Iggg:gmﬁ
V=3V
~Ves —IsRs + Vg =0 |
Vos = Ves — IsRs & §Rs= 15kQ
Is=1p éI"ss=~10\f
s = Vss — IpRs e

15



yGS =10V — ID’GS kﬂ)
For Ip = 0 mA,

Vos=Vsg =10V
For yGS =0 Wf_

=10V — Ip(1.5 k)

Y .
and Ip=——7——— =667 mA
1.5k}

Fig(7b) Determining
the network equation
for the configuration of
Fig7a

‘fx'} {amA

- Y fpgs)
I 0 Ve
{4 ' ey

1;'%5 = “iﬁijﬁ L'

Figure 8 Determining the O-point for the network of Fig 7a

The transfer characteristics are sketched using the plot point establishied by Vs =
Vp'2 = =3 V2 = =15V and Ip = Ipgs’4 = 9 mA/4 = 2.25 mA. as also appearing
on Fig.8 The resulting operating poimnt establishes the following quiescent levels:

I, = 6.9 mA

chs,;, = —0.35%V



(b) Applying Kirchhoff’s voltage law to the output side of Fig. 7a will result in
"V.S;S + ISRS + VD.S + IDRD - VDD =0

Substituting Is = 7p and rearranging gives

Vps = Vpp + Vs — In(Rp + Rg)

which for this example results in
Vs =20V + 10V — (6.9 mA)(1.8 kO + 1.5 k)
=30V — 2277V
=723V

(¢} Vp="Vpp — IpRp
=20V — (69 mANI 8 kD) =20V — 1242V
=758V
(d) Vps=Vp— Vs
or Ve=TVp— ¥VFps
=738V —723V
=035V
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