BEE 332 Devices and circuits I1
Spring 2017

Lab 2: Single-stage BJT amplifiers instructor’s notes™

3.2 Measurements

3.2.1 Establish the base voltage

You are asked to pick values for R1, R2, RE and RC for the following circuit.

R1 and R2 are to be chosen to give VB = 1.5 V and
about 150 pA through the divider.
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Since you do not have these values in your kit, you had to decide what to do instead. What
you should have realized is that all that mattered was that the bias voltage should be about
1.5V and that the current should be large compared to the expected 1B, meaning you could
choose smaller resistors you did have that maintained roughly the same ratio.
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" These notes were written by Nicole Hamilton.



Choosing R1 = 6.8K and R2 = 43K is close enough.

Ratio = 3K _ 6.3

atlo = 6.8K = 0.

E ted VB = 10 ( 68K 1.37V
= * | —m—mm——— | = .

xpecte 43K+6.8K)

3.2.2 Choose RE

Pick a value for RE so that if IRE = 0.8 mA for VRE = 0.8 V.

= 0.8V ik
T 08mA

3.2.3 Choose RC

Assume IE = IC = 0.8 mA. Choose RC to set VC = 6 V.

RC_VDD—VC_SK
T 08mA

Measured values:

R1 = 6.68 K
R2 =42.4K
RC =5.03 K
RE = 983 Q
VDD = 10.1V

You were then asked to make take measurements as you made changes to the circuit.
Shown here are my measurements, likely typical.

VDD

Collector not connected.

VB = 0.7367 V
VE = 0.1094 VvV




Collector wired to VDD.

VB =1.344V
VE = 0.7088 V

RC added.

VB = 1.344 V
VE = 0.7096 V
VC = 6.540 V

3.3 Questions

1. From measured values of VE, VB and VC, calculate each current.

_VE 0.7096

IE = — =
RE 983

=722 uA

C= VDD —VC 10.1 - 6.540

_ - A
RC 503 K 708

VDD —-VB VB 10.1-1344 1.344

IB =1IR2—IR1 = = — =
R2 R1 424 K 6.68 K

2. Verify that KCL for Q1.
IB=1I1E—1IC =14.1uA

Calculated IB is too small, likely due to measurement imprecision on the divider.

3. Calculate B.

_T22pA 72204
B <gzra = 130andp =g 0=




For an NPN in forward active, order VE, VB and VC in increasing voltage.

VE <VB < VC

5. Do it again, ordering VE, VB and VC for a PNP.

VC <VB < VE

4 Common emitter amplifier
You were asked to simulate and measure the following circuit and paste a copy of your
schematic into your report. Values shown are as calculated in section 3. Vin = 1.0 Vpp sine

wave @ 1 KHz. Shown are my actual results, probably typical.
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4.1 Simulation

4.1.1 Gain

1. Screenshot with Vin = 1.0 Vpp sine wave at 1.0 kHz. The result is an inverting

amplifier.

-

Function generator-XFG1

==

Waveforms

|

Signal options
Frequency: 1

Duty cyde: | 50
Amplitude: 500
Offset: ]

+ Comman

4
7| [ Time Channel_A Channel_E
.I-I:; l:‘ |:| 5.259 ms 499,224 mV -2.386 WV
|| 6751ms  499.984mv 2346 V
T2-T1 492,429 us -999, 208 mY 4,731V
Timebase Channel A Channel B
Scale: 200 us/Div Scale: 200 mv/Div Scale: | 1 V/Div =
¥ pos.(Div): 0 ¥ pos.(Div): 0O ¥ pos.([Div): O
(/i) (add) (Bia) (8]  [ac)[0 )oc] [ac)(o)(oc](-]

L 1

| Reverse |

| Save

Trigger

Edge:

Level:

| Ext. trigger

28 @

] W

|single |[Normal |[Auto | (None |




2. Calculate Av.

DT3B
V=100 = ™

Notice that the output has a DC bias, roughly matching the Q-point VC measured
previously

Vout,, = 4215V
Vout,,. = 8.948V

8.948 + 4.215
Voutmidpoint == 2— =6.58V



4.1.2 Clipping

3. Clipping on one peak happens at Vin = 800 mVp = 1.6 Vpp, Vout = 7.196 Vpp when
the transistor turns off as VB drops too low to keep VBE above the .7 V turnon
voltage. Clipping is rounded because there’s a rounded knee in the transistor IC

curve.

[ Function generator-XFG1 &J
Waveforms
[ = ]| o || |
Signal options
Frequency: 1 kHz
Duty cyde: | 50 o
amplitude: | 300| 2 mvp
Offset: i v

¥+ Common _

Oscilloscope-X5C1

HEB) xmins  memam  a7wv [Reverse |
) |55 6,749 ms -799,936 mV 3A37V ———
T2-T1 484,843 us -1.597 v 7196V | Save | Ext. rigger
Timebase Channel A Channel B Trigger
Scale: 200 us/Div Scale: 500 mV/Div Scale: | 2 V/Div > Edge: =3[ E]
¥ pos.(Div): 0O ¥ pos.(Div): 0 ¥ pos.(Div): 0O Level: 0 W
(i) (add] (5/a)(am] [ac][ 0 ]{oc) [ac)(o)(oc](-] @ [singe](Normal|[Auto ]fuane]
1




4. Clipping at the bottom happens when the transistor saturates with Vin = 1.05 Vp =
2.1 Vpp, Vout = 8.198 Vpp.

-

Function generator-XFG1

=

Waveforms

[ e e e

Signal options
Freguency:
Duty cyde:
Amplitude:
Offset:

1 kHz
50 Yo

1,05 = Vp
] W
Commaon

Oscilloscope-X5C1

4

1 [H[
T2 [ =]
T2-T1
Timebase
Scale:

¥ pos.(Div): 0O

Time

0,252 ms
0,748 ms
496,212 us

200 us/Div

(/) (add] (B/a ] (2B ]

Channel_A Channel_B —_—
1,050 V 4,525V | Reverse |
-1.050 ¥ 3.674V |—|
- =
2,100V 8,198V ave Ext. Wrigger
Channel A Channel B Trigger
Seale: 500 mV/Div Scale: P V/Div - Edge:  (EZ] (&)
¥ pos.(Div): 0 ¥ pos.(Div): 0O Level: 0 W
|E”I| |E||E||:| |single: || Mormal || Auto |[None]




4.1.3 Bandwidth

5. Av =-4.73 at 1 KHz. The 3 dB point is where Av = .707 * (-4.73) = 3.345. In
simulation, this is reached at roughly 17.7 MHz, where Av = Vin/Vout = -3.325/.997

= -3.335.
-
Function generator-XFG1 lﬁ]
Waveforms
b= [ | [ |
Signal options
Frequency:  17.7 = MHz
Duty cyde: | 50 %o
Amplitude: 500 myp
Offset: ] ()
¥+ Comman _
L [}

Shown here, Vout = 3.325 Vpp.

Cscilloscope-¥5C1 Iivj-]

— Time Channel_A Channel_B —_—
.I-I:; |:|[i] 815,038 ns 223.635mV -1.606 Y | Reverse |
[+ #)|| 343,258 ns  -225.107mv 1,718V P —
T2-T1 78.220ns  -448.741mV 3.325 Y | save | Ext. trigger
Timebase Channel A Channel B Trigger
Scale: 10 ns/Div Scale: 200 mV/Div Scale: 1 V/Div Edge: [F])[%] E]
¥ pos.(Div): 0O ¥ pos.(Div): 0 ¥ pos.(Div): 0O Level: 0 W
(e/z)(add] (6/a (A% ] [ac][ 0 ][oc) [ac)(o)oc (-] @ [Sngle](Normal][auto ]None]
L A




4.3 Measurements
4.3.1 Gain

1. Screenshot of Vin and Vout with Vin = 1.0 Vpp sine wave at 1.0 KHz. This screenshot
was taken with DC coupling to measure the DC offset in Vout.

- ] 2.50M5S/s o 5 :
s00my 2.00v Jlm»>0.00000s 10k points o.oov )
value Mean Min Max std Dev I
/| @ Frequency 994.7 Hz  999.0 674.8 1.012k 14.04 I
@D Peak-Peak 1.00V 1.01 1.00 1.04 13.0m 28 Apr 2014
@& reak-Peak 4.72Vv 4.64 4.56 4.72 53.6m 116:54:20 |
4.20 Vv

4.26 4.20 4.28 37.1m

| @D Min

2. Calculate gain.

—4.72
Av = = —4.72
1.00

Note that midpoint of Vout is the VC Q-point measured previously.
Vout,,i, =42V

Voutmg, = 4.2+ 4.7 =872V

4.7
Voutmidpoint =42+ 7 =656V
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4.3.2 Clipping

4. Increase Vin until Vout begins to clip on one peak. Vin = 1.92 Vpp, Vout = 7.89 Vpp.

- - - 2.50M5/s & | -
2.00V . 10k points 0.00v ).
Value Mean i Max S5td Dev |
@D Frequency 1.884kHz 1.144k . 1.932k 390.1 RN
@D Peak—Peak 1.92V 1.92 . 2.00 26.7m 28 Apr 2014
@ reak-Peak 7.84 Vv 7.89 . 8.00 56.5m 116:59:19 |
Max 10,2V 10.3 . 10.3 37.8m

5.

v v

- - —_[400us 2.50M5/s & :
& 200V +0.00000s 10k points o.00v ) 7
Value Mean Min Max Std Dev
@D Frequency 987.9Hz 999.4 987.9 1.008k 4.470 NN
@D Peak—Peak . 2.27 2.24 2.32 22.5m 28 Apr 2014
@& Peak—Peak .64 8.64 8.56 8.72 53.2m 17:01:43 |
@D Min . B¢ 1.68 1.64 1.72 40.2m
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4.3.3 Bandwidth

7. Decrease amplitude output is a pure sine wave, then find frequency at which Av falls 3
db to .707 * (-4.72) = -3.34. Shown here, Av = -3.36 V/ 980 mv = 3.42 at 2.1 MHz.

) : : : —_[200ns 2.50G5/5s 1 AR -
o 500mv 2.00V lim~»v0.00000s 10k points g.o0v ).
2 value Mean Min Max std Dev ]
@ Frequency 2.103MHz 2.100M 2.077M 2.124M 12.58k NI
@D Peak—Peak 930mVv 997m 980m 1.02 13.2m 28 Apr 2014
@ reak-Peak 3.36V 3.28 3.20 3.36 47.0m 117:07:43 |
| @ Min 4.92V 4.98 4.92 5.00 33.9m

4.4 Questions

1.

Is this amplifier inverting or non-inverting?

Inverting.

Suggest a redesign to avoid upper clipping.

This amplifier is inverting, meaning the output clips at the top when the input is at
the bottom. Upper clipping is happening when the transistor is switching off because
Vin is below 0.7V. If it’s just a matter of “centering” the bias point, VB can be raised
slightly by lowering R2 or increasing R1. In simulation, changing R2 from 43K to
40K caused upper clipping disappeared for Vin = 1.916Vpp.

Another alternative is to increase VDD, e.g., from 10V to 12V, which also increases
VB by the proportion of the divider, and also helps on lower clipping, discussed
below. No surprise, because this is about Vin going too low and the transistor
shutting off, changing RC or RE doesn’t really help.

Suggest a redesign to avoid lower clipping.

Lower clipping is happening when the transistor is saturated, meaning it can no
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longer drop VCE any further and remain in the forward active region. It can no
longer maintain the IC = B * IB relationship. If it's just a matter of “centering” the
bias point, the bias VB can be lowered slightly by increasing R2 or lowering R1.
Through simulation, | found that lower clipping was eliminated at about R2 = 50K
with VDD still at 10V though at this point, upper clipping was quite severe, so this
was not a solution here.

Because saturation is fundamentally an output condition, a better strategy is to
increase VDD or lower RC and RE, reducing the IR drops across these resistors.
Leaving R2 = 43K, but either (a) raising VDD to 12V or (b) changing RC and RE to
4KQ and 8002, respectively, eliminated all visible clipping at Vin = 2.28Vpp.
When coupled through C1, what is the DC voltage gain?

Zero.

What is the function of C1?

Passes AC only, blocking DC. This is useful because the base of Q1 is biased to a
non-zero value but input signals are more likely to have no DC component.

Do your measured results agree with your simulation?

Yes, for everything except bandwidth, which measured much lower than predicted by
simulation. (Simulations of transistor circuits are often optimistic.)

Parameter Simulated Measured
Av -4.73 -4.72

Vin onset of clipping 1.6 Vpp 1.92 Vpp
Vin clipping both peaks 2.1 Vpp 2.27 Vpp
3 dB point 17.7 MHz 2.1 MHz

13




Common emitter with bypassed emitter resistor

5
You were asked to simulate and take measurements of this circuit.

Initially Vin =50 mVpp sine wave @ 1 KHz.

XSC1

ﬂv i

Ext Trig|

A
+@P_7 +®_
!
VDD =
10V

XFG1 §R2 §RC

AN oD e Vout

+ —

? 9 T

= vin C1 =z Q1
) \Q> 2N3904
10uF
RE c2
— 10uF

R1
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5.1 Simulation
5.1.1 Gain

1. Screenshot of Vin and Vout with Vin = 50 mVpp at 1.0 KHz.

'l -
Function generator-XFG1 l&]
Waveforms
[ ]| e | |
Signal options
Frequency: 1 = kHz
Duty cyde: | 50 %o
Amplitude; 25 myp
Offset: i )
+ Comman _
L
© N
Oscilloscope-¥5C1 i< gﬁ

n88 . ZEw Sy [Revese |

|| 704,545 us -23.987 mv 2,211V ——
T2-T1 511.364us 47,411 mVy 4,960V | Save | Ext. Wrigger
Timebase Channel A Channel B Trigger
Scale: 200 us/Div Scale: 10 mV/Div Scale: 2 V/Div Edge: [£)[%] [a]
¥ pos.(Div); 0O ¥ pos.(Div): 0O ¥ pos.(Div): 0O Level: ¥
(i) add) (B/a] (a8 ] [ac][ 0 ][oc] [ac)(oJ(oc](-] @ [Single][Narmal](Auto]fNone)
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2. Simulation predicts Av = -4.986 Vpp / 50 mVpp = -99.7. But note the severe
distortion.

5.1.2 Clipping

3. Vout is already clipping at Vin = 50 mVpp. To get a clean output, | had to reduce
Vin to 5 mVp = 10 mVpp, in the range discussed as in roughly the small signal range
for vbe. Shown here, Vout = 1.143 Vpp, Av = Vout / Vin = - 114.3.

'l -y
Function generator-XFG1 l&]
Waveforms
[ | e | |
Signal options
Frequency: 1 kHz
Duty cyde: | 50 %o
Amplitude: | 5 = mvp
Offset: n )
¥+ Comman _
e
'l -
Oscilloscope-X5C1 o< IAE—]
wr

HEB) i aeim  -siosm [Reverse |
M 6.685 ms -4, 584 mV¥ 550,661 mV ———————

T2-T1 495,212 us -9.215 mV¥ 1.143 W | Save | Ext. rigger

Timebase Channel A Channel B Trigger

Scale: 200 us/Div Scale: 2 mV/Div Scale: 200 mV/Div EBdoe:  [F])[%] E]

¥ pos.(Div): 0O ¥ pos.(Div): 0 ¥ pos.(Div): 0O Level: 0 W

(/) (add] (/] (a ] [ac][ o J[oc] [ac)(o](oc](-] @ [singe](Normal][Auto](None]

" y
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4. Clipping at both peaks occurs at Viin = 46 mVp = 92 mVpp, Vout = 8.794 Vpp.

[ Function generator-XFG1 &Jw
Waveforms
[ e e e
Signal options
Freguency: 1 kHz
Duty cyde: | 50 g
Amplitude: | 44| ~ mVp
Offset: 0 V

¥+ Comman _
. J

Oscilloscope-KSC1 . li—:hj

4 [l 3
= [ Time Channel_A Channel_B —_—
E |§| |§| 706,815 us 44,317 mv 3.000v | Reverse |
[+ = 1130ms 41,659 mV -5, 794V JE—
T2-T1 473,935 us 85,976 mV 3. 794V | Save | Ext. Wrigger
Timebase Channel A Channel B Trigger
Scale: 200 us/Div Scale: 20 mV/Div Scale: 2 V/Div Edge: [F][%] E]
¥ pos.(Div): 0O ¥ pos.(Div): 0 ¥ pos.(Div): 0O = Level: 0 W
(/) (add ] (8/a)(a ] [ac][ o J[oc] [ac)(oJloc)=] @ [single](Normal](auto ]ene]
L -

5.1.3 Bandwidth

5. Reset Vin = 50 mVpp at 1.0 KHz.
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6. Increase frequency until Av has dropped by 3 db. For Vin held constant at 50 mVpp,
this should be where Vout =.7071 * 4.986 Vpp = 3.422 Vpp. For me, this was about
21 MHz, where simulated Vout = 3.409 Vpp.

'l -y
Function generator-XFG1 l&]
Waveforms
[ | e | |
Signal options
Frequency: @ 21 = MHz
Duty cyde: | 50 %o
Amplitude; 25 myp
Offset: n )
¥+ Comman _
e |
'l N
Oscilloscope-¥5C1 o li"j_]

1 b
HE8 ime  maom ey [Reverse |
2 IF 9.853us -13.089 mV 1620V ——————
T2-T1 23.864 ns -26.307 mV 3409V | Save | Ext. Wrigger
Timebase Channel A Channel B Trigger
Scale: 10 ns/Div Scale: 10 mV/Div Scale: 1 V/Div Bdge:  [F])[%] E]
¥ pos.(Div): 0O ¥ pos.(Div): 0 ¥ pos.(Div): 0O Level: 0 W
Qur)(ada ) (e/a (4] [ac][0 J(Bc] [Bc)(0](oc)(] © [Sngle](Nomal][Auto] frane]
. y
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5.2 Measurements
5.3.1 Gain

1. Starting at Vin = 50 mVpp sine wave at 1 KHz, you were asked to adjust Vin so that
Vout was as large as possible without clipping. Even at 50 mVpp, the output distorts
but our signal generators don’t go any lower without building a voltage divider. 1 will
accept results either way.

Shown here is with Vin = 50 mVpp.

4 2.50M5/s ® :
@ 20.0mv & 200V . 10k points 6.88v )

| Value Mean i Max Std Dev '

“ @ Frequency 2.137kHz 2.004k 47.86k 2.027k i
@D Peak—Peak 49.6mv 51.4m 36.8m 80.8m 3.66m 28 Apr 2014
@) Peak-Peak 4.00 V¥ 4.07 3.84 4.32 67.6m 17:13:09 |

2. This is an inverting amplifier with Av = -4.07 V / 51.4 mV =-79. This is far higher
gain than the measured value of Av = 4.72 without C2. But note there is already
some visible distortion.
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5.3.2 Clipping

3. Increase amplitude until clipping begins. The clipping is rounded at the positive
peaks because the transistor’s IC curve has a rounded knee as it turns off.

Clipping is more pronounced here at Vin = 71.2 mVpp, Vout = 5.92 Vpp.

; : : : : 2.50M5/s £
@ 20.0mv 2,00V . 10k points 7.20
[ value Mean i Max Std Dey
(2] @ Frequency 999.3 Hz 999.9 . 1.008k 4,227 EER
> @ Peak—Peak 70.4mv 71.2m . £3.2m 3.48m 28 Apr 2014
@& reak-Peak 5.84 Vv 5.92 .84 5.08 65.7m | 17:15:08 |
@D Min 3.04 ¥ 2.98 . 3.04 65.0m

4.

2.50M5/s 2 WAR

@ 100mv ® s . 10k points 7.20

[ Value Mean i Max Std Dev

&) Frequency 999.2Hz 1.151k . 2.844k 504.8 N
@D Peak—Peak 128mv 131m 232m 19.6m 28 Apr 2014
@& Peak-Peak 9.80V 9.80 . 10.4 156m 117:16:25 |
@D Min 500my 499m 300m 900m 72.7m
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5.3.3 Bandwidth

5. Reduce amplitude until pure sine wave, then increase frequency to find the 3db
point. Here, Av =2.02 V/ 36.7 mV = 55, down about 30% at 2.4 MHz.

@ 20.0mv

(2) Frequency
| @ Peak—Peak
Peak—Peak

| @D Min

5.4 Questions

1.

Inverting.

& 1.00v
Value Mean
2.405MHz
32.8mV
2.00V
5.48 V

2.02
5.35

2.385M
36.7m

(200ns

)| @++0.00000 s
Min
2.283M
32.0m
1.88
512

Is this amplifier inverting or non-inverting.

presence of C2 affect the clipping levels?

2.50G5/s
10k points
Max
2.465M
44.8m
2.20
5.52

Std Dev
35.18k
2.94m
66.2m
€9.1m

S
6.80 V

128 Apr 2014
17:24:17 |

How do the clipping points compare to those of this amp without C2? Does the

Negative clipping levels are reduced and it takes a lot smaller input to hit them
because the gain is so much higher.

Circuit Vin clipping | Vin clip both Vout +clip Vout —clip
No bypass 1.92 Vpp 2.28 Vpp 0V 1.68V
With bypass | 70.4 mVpp 128 mVpp 9.85V 499 mV

21




XC2 = =1KQ

2nfC

What is the bandwidth of this amplifier?

About 2.4 MHz for me.

3. Calculate the frequency at which the impedance of C2 = RE.

How does the bandwidth compare with the unbypassed case?

Not much different for me. But many of you may see a difference.

Do your measured results agree with your simulation?

Yes, for everything except bandwidth, which measured much lower than predicted

by simulation.

Parameter Simulated Measured
Av -99.7 -79

Vin onset of clipping 10 mVpp 71.2 mVpp
Vin clipping both peaks | 92 mVpp 131 mVpp
3 dB point 21 MHz 2.4 MHz
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Common collector amplifier (emitter follower)

6
You were asked to simulate and take measurements of this circuit.

XSC1

ﬂv L

Ext Trig|

A
+©—|— +G 1-
|
voD
XFG1 §RC
+ —
@ Q T
= vin C1 /]; Q1
) \Q> 2N3904
10pF
R1 §RE Vout
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6.1 Simulation

6.1.1 Gain

1. Screenshot of Vin and Vout with Vin = 1.0 Vpp sine wave at 1.0 KHz.

-

Function generator-XFG1

S5

Waveforms

[ ]| e | |

Signal options

Frequency: 1

Duty cyde: | 50
amplitude: | 500 :
Offset: i

+ Comman

L

Oscilloscope-¥5C1

E I% I[% ?EEI-.IEIIEE us éhgégggﬂu f 1?32?5& | Reverse |
ol 1,250 ms 499,998 mV 1.166 Y ——
T2-T1 500,000 us 999,996 mV 953,588 mV | Save | Ext. Wrigger
Timebase Channel A Channel B Trigger
Scale: 200 us/Div Scale: 200 mV/Div Scale: 200 mV/Div Edge: [£)[%] [a]
X pos.(Div); 0O ¥ pos.(Div): 0O ¥ pos.(Div): -3 Level: ¥
(i) (add ] (B/a][aB | [ac][0 JBc] (ac](o](@e](-] @ [single |[Normal ||Auto |{ane
b -

2. Av = 953.588 mVpp / 1.0 Vpp = 0.95.
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6.1.2 Clipping

3. Onset of clipping shown here at Vin = 700 mVp = 1.4 Vpp, Vout = 1.311 Vpp.

-

Function generator-¥FG1

=)

Waveforms

[ = ]| e || |

Signal options

Frequency: 1

Duty cyde: | 50
Amplitude: 700
Dffset: ]

3+ Comman

e

o

Oscilloscope-¥5C1

4 111

s Time
E & [i] 250.000 us

[ ||| 750.000 us
T2-T1 500,000 us

Timebase
Scale: 200 us Div

¥ pos.(Div); 0O

(4] (Add] (/A ] (A

Scale:

Channel_A
599,997 mV
-599,997 mV

-1.400 ¥

Channel A

500 mvDiv
¥ pos.(Div): 0O

[ac](o Jfec]

Channel_E

1361V

49.519 mV

-1.311V

Channel B
Scale: 500 my/Div

¥ pos.(Div): -1.2

(ac](o J(ee](-]

| Reverse |

| Save

Trigger
Edge:

Level:

Ext. trigger

2@

] W

|5ingle || Mormal ||.-5.ub:| |[Nune]
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4. Continue increasing Vin until it clips on both peaks. This never happens. Shown
here is with Vin = 20 Vp = 40 Vpp. The reason it never clips positive is because the
transistor always maintains a constant VBE and VE < VB.

-

.
Function generator-XFG1 l&]
Waveforms
[ | e | |
Signal options
Frequency: 1 kHz
Duty cyde: | 50 %o
Amplitude: | 20 =~ Vp
Offset: 0 v
¥+ Comman _
L -
F N
Oscilloscope-XSC1 -5

4 (11} 2
7| [ Time Channel_A Channel_E —
E s |;| 3.751ms -20.000'V 73.803 nV | Reverse |
[ | 4247 ms 19,996 V 17,687 V |—|
k: 5
T2-T1 495,212 us 39,996V 17,687V Ve Ext. rigger
Timebase Channel A Channel B Trigger
Scale: 200 us/Div Scale: 10 V/Div Scale: 5 V/Div Edge: [£][%] [E]
¥ pos.(Div): 0 ¥ pos.(Div): 0O ¥ pos.(Div): -0.8 Level: y
(/) (add] (s/a (A% ] [ac][ 0 ]foc] [ac][o]foc](-] © [single |[Normal[Auto|fnione]

6.1.3 Bandwidth

5. Reset Vin = 1.0 Vpp at 1.0 KHz.
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6.

Increase frequency to find the 3 dB point. For constant amplitude Vin, this is where

Vout = .7071 * 953.588 mVpp = 674.2 mVpp.

100 MHz, shown here.

-

Function generator-XFG1

==

In simulation, gain is flat to at least

Oscilloscope-¥5C1

Waveforms
[ | e | |
Signal options
Frequency: | 100 MHz
Duty cyde: | 50 %o
Amplitude; 500 mvp
Offset: ] ()
¥+ Comman _
L -
L

1
'
'
1
1
L

% Time
[i] 907.452 ns
|| 912,528 ns
T2-T1 5075 ns
Timebase

Scale: 2 ns/Div
¥ pos.(Div): 0O

(/) (add] (B/a]) (2B

Channel_A
-499, 594 mV
499,923 mV
999.516 mV

Channel A

Scale: 200 mVDiv

¥ pos.(Div): 0

[ac]o Jfec)]

Channel_B
-474.699 mV
477.814mV
952.512mV

Channel B
Scale: 200 mV Div

¥ pos.(Div): -0.4

[ac)( o J(oc (-]

| Reverse |

| Save | .
—— Ext. trigger
Trigger

Edge: IEI E]

Lewel: y

|single || Mormal || Auto |[Nune ]
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6.3 Measurements
6.3.1 Gain

1. Initially Vin =1 Vpp sine wave @ 1 KHz.

2.50M5/s o

@ soomv 500mv Jl+¥0.000005 10k points 0.00

[ Value Mean Min hMax Std Dev

&) Frequency 1.003kHz 1.005k 679.0 1.890k 57.28 ST
@D Peak—Peak 1.00V 1.01 960m 1.12 27.1m 28 Apr 2014
@) Peak—Peak 940mv 959m 920m 1.06 25.2m 117:30:23
@D Min 260my 253m 200m 280m 13.7m

2. Av=959mVvV/1.01V = 0.95.

28



6.3.2 Clipping

3. Increase Vin until clipping. Note that it clips at the bottom as the transistors
switches off. Clipping is rounded because there’s a rounded knee in the IC curve.

@ s00mv

500my

(400ps

2.50M5/s O 5

10k points

)| I+¥0.00000 s

Frequency
@ Peak—Peak
@ Peak—Peak

| D Min

value
1.003kHz
1.78V
1.64 V
—40.0mVy

Mean
1.002k
1.73
1.57
—5.52m

4. Never clips on the other side.

@ 5.00V

@& Frequency
@ Peak—Peak
Peak—Peak
@D Min

1.00 V
Value Mean
009.6 Hz 1.000k
16.2V 15.3
4.64 ¥ 4.49
—-120mv —121m

Min
679.0
960m
920m
—40.0m

)| l+0.00000 s

Min
996.5
9.00
3.48
—240m

goov)
std Dev ]
42.26
215m
182m
76.7m

Max
1.894k
1.82
1.66
280m

28 Apr 2014
[17:31:18 |

n F - .

o.o0v)
Std Dev IR
1.137
2.04
412m
PER L]

2.50MS/s
10k points
hlax
1.003k
16.8
4.92
—80.0m

(28 Apr 2014
|17:32:39 |

(Some of you have screenshots that show blips at the bottom. The function
generator | used had a maximum output of 16 Vpp. But if you use a function
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generator that can generator a greater amplitude output, you can drive the
transistor into reverse breakdown.)

6.3.3 Bandwidth

5. Reduce amplitude to no clipping.

S L 2.50MS/s & 5| :

[ value Mean 1i Max std Dev '

@& Frequency 1.010kHz 1.019k . 1.946k 143.1 EER
@ Peak—Peak 1.02V¥ 995m 1.12 22.1m 28 Apr 2014
@& Peak—Peak 960my 949m 1.06 20.2m | 17:33:47 |
@D Min 260my 255m 260m 11.2m

: : : . . 2.50G5/s

@ so00mv & soomv . 10k points

[ Value Mean i Max Std Dev
@& Frequency 24.69MHz 24.98M 4.63M 25.34M 186.9K
@D Peak—Peak 1.00V¥ 978m 1.20 63.5m
@) Peak—Peak 1.08V 1.06 1.22 51.3m
9 Min 280my 281m 220m 320m 18.6m
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1.

Is this amp inverting or non-inverting?

Non-inverting.

Since Av < 1, what is the usefulness of this amplifier?

Greater current drive, e.g., to drive a low-impedance load like a loudspeaker, and

very flat response.

Remember: IE= (B + 1) *IB

Do your measured results agree with your simulation?

Yes, reasonably closely.

Parameter Simulated Measured
Av 0.95 0.95

Vin onset of clipping 700 mVpp 1.78 Vpp
Vin clipping both peaks > 40 Vpp > 16 Vpp
3 dB point > 100 MHz > 25 MHz
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7 Common base amplifier
You were asked to simulate and take measurements of this circuit.

XSC1

1oV ﬂv y gl_g:

VDD

§Rz §RC -
Vout

= XFG1
/F Ql AN VD e
2N3904 4 _
\Q c2 P 9 9

+1( !

I\ ] =

— 10uF § §

|||—-
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7.1 Simulation

7.1.1 Gain

1. Screenshot of Vin and Vout with Vin = 100 mVpp at 1.0 KHz. Notice there it's
already clipping top and bottom.

-

Function generator-XFG1 lﬁ]

Waveforms

Frequency:
Duty cyde:
Amplitude:
Offset:

Signal options

1

30

50|
0

Corrmon

L

Oscilloscope-¥5C1

4 (111

T1 (43
T2 [ij [+

Timebase

Time

750,000 us
1,250 ms
T2-T1 500,000 us

Scale: 200 us/Div
¥ pos.(Div): 0

(/1) (Add] (/A ] (aB]

Channel_A
-50.000 my
50,000 mYy
100,000 my
Channel A

Scale: 50 mV/Div
¥ pos.(Div): 0O

[ac](o Jfec]

Channel_E
-5.865
3.099 Y
8.914V

Channel B
Scale: 2 V/Div
¥ pos.(Div): 0.8

[ac) (o ][] (=]

| Reverse |

| Save | .
Ext. trigger
Trigger

Edge: [£][%] [E]

Level: y

|single |[Normal |[Auto | (None |
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To avoid distortion, | had to reduce the input to Vin = 10 mVpp.

-

Function generator-XFG1

=)

Waveforms

Signal options

Frequency: 1
Duty cyde: | 50
Amplitude: | 5| =
Offset: ]
+ Camman

L

Oscilloscope-¥5C1

4 (11} 2
FOR Time Channel_A Channel_E —

¥; [ﬁ |:| 700,758 us -4, 763 mV -636.975 mV | Reverse |
[+ #| 1189 ms 4,642 my 539,598 mV |5—|

T2-T1 438,636 us 9,404 my 1177V Ve Ext. Wrigger

Timebase Channel A Channel B Trigger

Scale: 200 us/Div Scale:  2mV/Div Scale: 500 mV/Div Edge: [£)[%] [a]

¥ pos.(Div); 0O ¥ pos.(Div): 0O ¥ pos.(Div): 0O Level: ¥

iz (add) (B/a (a8 ] [ac][0 Jfoc] [ag)(oJoc)=] © [Single][Normal](Auto Nane]

2. Av =1.177 Vpp / 10 mVpp = 117.7.
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7.1.2 Clipping

3. Clipping on one peak at Vin = 25 mVp = 50 mVpp, Vout = 5.959 Vpp.

[ Function generator-XFG1 &JW
Waveforms
[ = ]| e | |
Signal options
Frequency: 1 kHz
Duty cyde: | 50 g
Amplitude: | 25 = mvp
Offset: ] )

+ Comman _
h y

Oscillescope-X5C1

4 (11}
7| [ Time Channel_A
.l-l:; l:' |:| 5653.030us -20.501 mV
(45 1.206ms 24,053 mV
T2-T1 553.030us 44,555 mVY
Timebase Channel A
Scale: 200 us Div Scale:  20mV[Div
¥ pos.(Div); 0O ¥ pos.(Div): 0O
(tr)(add] (B/a |[am ] [Ac][ o ][]

Channel_E
-3.800V
2. 158V
5,959V
Channel B
Scale: 2 V/Div
¥ pos.(Div): 0O
[ac)(o])(oc -]

| Reverse |

| Save | )
—— Ext. frigger
Trigger

Edoge: [&][%] E]

Lewel: g W
|single: || Mormal || Auto |[Nune]
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4. Clipping on both peaks at Vin = 48 mVp = 96 mVpp, Vout = 8.887 Vpp.

F N
Function generator-XFG1 lﬂh]
Waveforms
[ = ]| e | |
Signal options
Frequency: 1 kHz
Duty cyde: | 50 Yo
Amplitude: | 48| = mvp
Offset: ] ()
+ Comman _
L o
© 1 |
Oscilloscope-¥SC1 | lﬁ]

4 (11} 2
7| [ Time Channel_A Channel_E —
¥; l:‘ |:| 5.677 ms -42.974 mV -5.614V | Reverse |
[+ ¥|| & 134ms 43,942 mv 3.273V —
T2-T1 507,576 us 86.916 mv 8.887V | Save | Ext. Wrigger
Timebase Channel A Channel B Trigger
Scale: 200 us Div Scale: 20 mV/Div Scale: 2 V/Div Edoge: [&][%] E]
¥ pos.(Div); 0O ¥ pos.(Div): 0O ¥ pos.(Div): | 0.4 =~ Level: 0 ¥
(i) (add) (B/a (a8 ] [ac][0 Jfoc] [ag)(oJoc)=] © [Single][Normal](Auto Nane]
L -

7.1.3 Bandwidth

5. Reduce Vin until Vout not clipped. As before, Vin =5 Vp = 10 Vpp, Vout = 1.177
Vpp.
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6. The 3 dB point for constant amplitude Vin is where Vout = .7071 * 1.177 Vpp =

0.832 Vpp. Shown here is Vout = 817.9 mVpp at 15 MHz.

-~

L

Function generator-XFG1

=)

Waveforms

[ e e e

Signal options

Frequency: 15|

Duty cyde: | 50
Amplitude: 5
Offset: n

¥+ Comman

MHz

myp

-

Oscilloscope-¥5C1

4

e e Siem s [Reverse |
M EE|| 4.759us 3.133mV 403.033 mV ——
T2-T1 33.144ns 6.202 my 817.867 mV | save | Ext. trigger
Timebase Channel A Channel B Trigger
Scale: 10 ns/Div Scale:  2mV/Div Scale: 200 mV/Div Edge: [F][%] E]
¥ pos.(Div): 0O ¥ pos.(Div): 0 ¥ pos.(Div): 0O Level: 0 W
(e ada ) (e/a (o ] [ac][0 Joc] [ac)(0])(oc](-] @ [Singe](Normal][Auto]frane]
= y
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7.3 Measurement
7.3.1 Gain

1. Set Vin as large as possible without clipping.

S S S S 2.50MS/s o 5 :

@ 20.0mv 1.00 V Nm++0.00000s 10k points 744V ]

[ value Mean Min Max Std Dev IR
gaFrequency 999.8 Hz 1.013k 986.6 2.000k 114.9 T

@ Peak—Peak 42.4mv 50.7m 39.2m 72.0m 6.33m 28 Apr 2014

@) Peak—Peak 2.88V 2.87 2.84 2.96 29.6m |17:48:23

@D Min 4.88V 4.90 4.84 4.92 23.1m

2. Shown here, Av = 2.87 V/ 50.7 mV = 57.
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7.3.2 Clipping

3.

Increase Vin until clipping. Note how the low impedance input is loading the function
generator. Shown here, Vin = 122 mVpp, Vout = 8.41 Vpp.

P ————., 2.30MS/s

@ 50.0mv n  Jm+v0.00000s 10k points

[ Value Mean Min Max Std Dev
Frequency 999.5Hz 999.6 992.5 1.006k 2.502 ‘
[ 1] |

Peak—Peak 120mv 122m 114m 140m 5.55m 17:50:57 |
| @D Peak—Peak 8.40V 8.41 8.24 £.56 56.9m

4. Increase Vin until clips both sides. Shown here, Vin = 152 mVpp, Vout = 9.47 Vpp.

! i

. . . . . 2.50MS/s

@ 50.0mv 2,00V Jli+>0.00000s 10k points

[ value Mean Min Max Std Dev

Frequency 999.2Hz 999.6 996.4 1.004K 1.748

@ Peak—Peak 164mVv 152m 106m 190m 17.0m 117:51:28
| @D Peak—Peak 9.44 V 9.47 9.44 9.52 39.1m
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7.3.3 Bandwidth

5.

@ 10.0mv

Frequency
@D Peak—Peak
| @ Peak—Peak

4.4 MHz.

P 20.0mv

Frequency
@ Peak—Peak
| @ Peak—Peak

& 1
Value
1.931kHz
36.8mV
1.88V

00V

Meah
1.597k
38.6m
1.85

500my

value
4.371MH2z
42.4mVy
1.38V

Mean
4.422M
42.6m
1.30

Reduce Vin until no clipping. Shown here, Av = 1.85V / 38.6 mV = 48.

2.50M5/s
10k points
Max
2.008k
56.4m
1.96

580mv |
Std Dev
460.9
3.33m
32.1m

+¥(0.00000 s
Min

a8s.1
29.2m

1.80

(28 Apr 2014
|17:52:32 |

Find 3db frequency. Shown here, Av = 1.30 V / 42.6 mV = 30, down about 36% at

580mVv
Std Dev
95.57K
3.55m
34.3m

2.50G5/s
10k points
Max
4 988M
60.8m
1.38

++0.00000 s
Min

4.307M
37.6m

1.12

(28 Apr 2014
|17:57:53 |
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7.4 Questions

1. Is this amplifier inverting or non-inverting?

Non-inverting.

2. Speculate on what happens if the C1 bypass resistor is removed.

The AC small signal path will be through R1, reducing vb.

Here’s a screenshot with the bypass, showing Av =2.84V / 47.7 mV = 59.5.

; (400ps 2.50M5/5 5 ‘
@ 10.0mv 1.00V A Jlp+~0.00000s 10k points omy |

value Mean Min Max std Dev
Frequency 1.005kHz 999.8 992.4 1.005k 3.094 28 Apr 2014
@ Peak—Peak 352.8mv 47.7m 18.8m 62.4m 6.63m |18:01:30
6 Peak—Peak 2.80V¥ 2.84 2.80 2.92 32.6m

Here it is without the bypass, showing Av = 2.19 V / 43.8 mV = 50, a decrease of
16%.
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@ 10.0mv

value
009.2 Hz
44.0mV¥
2.24 V¥

Frequency
@ Peak—Peak
| @ Peak—Peak

Simulation predicts a larger decrease without C1. Shown here with C1 and Vin = 20

500my

Mean
1.017k
43.8m
2.19

(400us
Jlm»>0.00000 s
Min

985.0
24.4m

960m

mVpp, 1KHz, Av = 2.278 V/ 20 mV = 114.

2.50MS/s
10k points
Max
39.60Kk

50.8m
2.30

—40.0my
Std Dev
529.2
3.40m
173m

Oscilloscope-X5C1

o Irr [ 3
| [ Time Channel_A Channel_B —
.I-I:; |:1 |Zl 1.682ms -3,095 my 5.381V | Reverse |
S #E| 2193ms 9,369 my 7.659 Y |—|
E 5
T2-T1 511.364us 18,464 mV 2,278V ave =
Timebasze Channel A Channel B Trigger
Scale: 500 us/Div Scale: 5 mv/Div Scale: 500 mV/Div Edge: IEI E]
¥ pos.[Div): O ¥ pos.(Div): 0 ¥ pos.[Div): -13 Level: v
(/] (add] [/ )(aB] [ac][0 Jfoc] [ac)(0]@e](-] © [single |[Normal[Auto (Nene]
L -
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Without C1, Av = 1.224 V / 20 mV = 61, a decrease of 46%.

Oscilloscope-X5C1 ' - &J

n@el L, Tamw ey (e |
) (= 3.222ms 9.839 mV 7.210W —————
T2-T1 501.894us 19.654 mY 1.2249V | Save | Ext. trigger
Timebase Channel A Channel B Trigger
Scale: 500 us/Div Scale: 5 my/Div Scale: 500 mV/Div Edge: [£][%] E] B |[Ext
¥ pos. (Div): 0 ¥ pos.(Div): 0 ¥ pos.(Div):  -13 Lewel: g v
(xéz) add] (B/a (a8 ] [ac][ o J(Bc] [ac](o]@e](-] @ [Singk [vomal][auto]fone]
-

e

3. Explain why the base of a BJT is never useful as an amplifier output.

The output would be 1/B times the input.

4. Explain why the collector of a BJT is never useful as an amplifier input.

It would have to be operated in reverse active, but Br is really small.
5. Do your measured results agree with your simulation?

Gain was less than predicted by simulation, which affected the clipping levels, e.g.,
(117.7/57) * 50 mVpp = 103 mVpp. As before, the simulation is optimistic on
bandwidth.

Parameter Simulated Measured
Av 117.7 57

Vin onset of clipping 50 mVpp 122 mVpp
Vin clipping both peaks 96 mVpp 152 mVpp
3 dB point 15 MHz 4.4 MHz
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