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1. Diodes

Iatroduciion and Theory

Dicde

A diode is what could be described as a one-way value, a diode will only allow
voltage and current flow through it in one direction. There are two main types
of diodes, Silicon and Germanium. The main difference beiween the two is that
that Silicon diede will allow current flow from 0.7V across the diode whereas
the Germanium stari allowing current flow at 0.3V, All diodes will allow a very
small amount of current and voltage to flow in the reverse direction know as
reverse leakage current. Diodes also have what's known as a break down voltage,
this is whei the voltage that is applied in the reverse is greater than the diodes
limits and the diode will normally close circuit when this happens. The brake
down voltage is normally rather high for example the diode 1N4001 has a break
down voltage of BOV.

Transistor

Transistors are basically an amplifier or a switch, they are made up of basically

two diodes connected with either nositive to positive, or negative to negative.

This can be seen in figure 1 below, Transistors have three connections on a

Base, Collector and an Emitter. The centre of both device is made up of two

similar materials. In Figure 2 the symbol can be seen for both PNP and NPN yd
transistors.

e ()

t I
Bn——-%NW‘ B iFNP
E E r-p-n transisior p-n-p transistor
Figure 2

Figure 1
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Forward and reverse bias of Silicon and Germanium
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Germanium Revepse

Dynamic

— 4V _ LA
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RS =

Figure & /

As can be seen from the calculations and graphs above there is not much of a
similarity between the Silicon and Geranium diodes. The Silicon diode has a
much higher barrier voltage at 0.6V compared to the Germanium diode which is
0.2V. The Silicon diode allows more current though when it does siart reach the
barrier voltage compared to the Germanium which doesn’t allow much current
through until the input voltage reaches 1V. These diodes both have benefits and
disadvantages depending on The situation that they are required in.

The Reverse biased is where the current flows backwards through the diode, all
diodes have what’ s called a leakage curreni which is normally so small it's not
worried about. All diodes also have a breakdown voltage, this is where the
reverse current get so high the diode cannot longer stop it. In Figure 4 the
Silicon diode is not allowing much current and voltage to flow in the reverse
direction. When compared to Figure 6 the Silicon diode appears to allow a lot y
less current though.

JI%WWM/WMM
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Figure 7

In Figure 7 above, can be seen a bridge rectifier made using a 12V AC 50Hz
power supply, a 1B4B42 rectifier and a 1K load resistor. The circuit above has a
peak voltage of 15.714Y and an output voltage is 9.729V. The ouiput voltage it
rather low compared to the input voltage as the output is an average of a full
cycle.

The full wave rectifier consists of four power diodes configured in as seen in
Figure 8. When the AC power is in the positive cycle, power will flow though D1
and back through D2 and when the AC supply is in the negative cycle the power
will then flow through D3 then making a positive output and then flows back
through D4.

D, 3/  D:
| A
& — EE
\-.-r-' .41’ ‘;'4‘ I ]‘ 1“
s, 'S;\t; ]
Do, Ve O pe = iLead
[ | i
P/
oy

Figure 8
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Figure 8

In Figure 9 above there is now a 100uF capacitor been put in parallel with the
load, this capacitor then stores power when available and release it when there
is less or no power. This then make that wave smother as can be seen on the
scope. Tnis will in turn bring that output voltage up to 14.944V and a peak
voltage of 15.491V. The bigger the capacitor the smother the power will be, but
there becomes a point when capacitor doesn't have time to full charge
therefore making it less effective than having a smaller capacitor, wh
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Figure 10

A series voltage regulator was designed using a BZX84c5V1 diode,

Vin
Rs Max = RLx (———1)

Vz 4

14.044 1)
5.1

Rs Max = 17530 “

. Vin—-V2
Rs Min = (T)
Vz
14.044 - 5.1 /
0.550
5.1

Rs Min = 820 /

Rs Max = 1000 x (

Rs Min =

Based on the above calculations a resistor was selected between the Rs Min and
Rs Max, there was a range of resistors that could have been used, including 680,
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820, 1k, 1.2k and 1.5k ohims. The 1K

requirements.

As can be seen in Figure 10 t
achieved using the components and values based on

5.145v.

2. Static Characteristics of BJTs

ne desired ourput voltage

5

VvV
was Sv, and the voltage

was selected as it best meets the /

the caleulations above was

Table 1
Vee =3V Ve =5V
VeE Ve (mV) { Is=Vika/Rs IB=Vre/Rs (UA) ViE VRB(MV) | [5=Vkr/Rs I6=Vka/Rz (uA)
0.63 18.7)  0.0000187 18.7 0.63 36.4] 0.0000364 36.4
0.64 27.1) 0.0000271 271 0.64 54.6| 0.0000546 54.6
0.65 3941 0.0000394 394 0.65 70.9( 0.0000709 70.9
0.66 354 0.0000554 554 0.66 78.4] 0.0000784 78.4
41,
N AVge
e I
Hie = delta * Vpe/delia * T,
. *104 ~
Hie = 0.038/50%10"6
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Hie = 760.0002 /

Table 2
: 5= 10pA Is = 20pA 5= 30pA T = 40pA o= S0pA
Ve Vee(mV) He=Vre/Re VRe (01V) Le=Vre/Re fvee (V) [e=Viw/Re Ve {mV) Kie=Vre/Re: Vie (MY Jle=Vie/Re
o 0 o o 0 0 0 0 o 0 0
02 158] 000158 339 €.00339) s8] 0.00528) 751 0.00751 960 00096
0.4 159]  0.00159) 342l 000342 s3] 0.00531 760 0.0076 o077k 000977
0.8 160] 08016 344 0.00344 5341 000534 765 0.007654 9o0]  0.0099]
1 Tth 000161 sl 0.00345 536 000536 77 0.00767 999]  0.00999
3 1651 000165 54| 0.00354 sa0{  0.00549) 789 0.00789 T26)  0.01026
5 168]  0.00168 %] 0.00361 seal | 0.00562 508] 0.00808} 10408 0.CI04
| g ! 208605 {45808l _ioooote7
Hoe | 20833335 | 45833335 1166666745
Figure 13
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Figure 15
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Conclusion

When looking over the measured results compared to the resulis in the
datasheet. When looking af the Hfe, the measured result was 183, compared o
the data in datasheet which stated 70. Also looking af the stated Hoe in the
datasheet it says 35uS, the results that were measured where 45.833uS. This
could be down to a number of reasons, from rolerances in The resistors to the
tolerances of the transistors. The BFY51 is manufactured is bulk meaning the

.

accuracy could very.
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MICROELECTROMICS BFY50/51

MEDIUM POWER AMPLIFIER

DESCRIPTION
The BFY50 and BFYS2. are silicon planar
oplaxial NPN framsistors in Jadee TO-39 matal
Case. Thay are iniended. for general purpose
linear and switching apphications.

i
INTERNAL SCHEMATIC DIAGRAM
N
o
| 3
| SChsec { )
ABSOLUTE MAXIMUN RATINGS
f Syimbot Farametor- Valuy | Unit
L BFYS0 BFYST
Veso [Collector-Base Voliags (i - 0) #0 &0 v
{_¥Yeeo  [Collsctor-Emittar Voitags (is -~ 9) a5 30 1%
I__VEso [Emitlar-Bass Voitage {lg = 0) & v
| Ig Collécior Current 1 A
E fem Collecter Peak Cussnt {ts < 5 ihs) 1.5 A
| Pur  [Tota! Dissipation ar Tem < 255G 0.8 H
| &l Tomse 25 °C 5 W
i_T:ln Starage Tempstature. -85 1 200 1 %C
T Max. Opetatiag Junction Temparature 200 | ¢
November 1997 5
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BFYS0/BFYS1

THERMAL DATA

Rinjesee: Thermal Resistance Junctio n-Case Max 35 T eow
Fijams  Thermal Resistance Junction-Ambiant Max 218 °CIw
ELECTRICAL GHAFIACTERLSTECS {Teara =25 56 aniess otherwise specified)
Symbol Parameter Test-Conditions M. Typ. | Max. | Unit
fens  Collector Cut-off for BFY50
Currant. fle=0) Yae =60 ¥ i 50 A
Ve 60 ¥ Taasa = 100 C 2.5 A
for BFYS1
\Woa=d40 ¥ . 50 nA
Ver =40 V. Teage=100"C 2:5 ud
leso  Emitter Cul-otf Current. |Veg =5 V _ 50 né
{le = Q) Ven =B Y Tosse= 100 °c 2.5 whA
Vemorg Coliector-Base te = 1000wl
Braaksown Voltage tor BFYSO 80 v
{IE=1) ior BFYS1 B0 v
Vigrcea: CollegtorEmitier s =30 mA
Breakdnwn Voltage: for BEYS0. 35 v
(le=0) for BFYS1 a0 V
Viemeno Emitier-Base G =100 nk 8 v
Braskdown Valtage
{lc=0)
Veegeatf  Collector-Emiiter 1o =150 mA  fg= 15 mA
T Sgturation Voltage for BFYS0 014 | 0.2 v
for BFYS1 014 0.35 v
fe=1A jee01A
for BFY50 0.7 1 v
for BEYET 07 | 1.6 v
Vogres - Base-Emitter lr, =150 mA  lg= 15 mA 0.95 | 1.8 V
Saturation Voltage fm=1A is=0.1A 1.5 2 \'
hzg Be Current Gain for BFY50
{nom 10 mA Veg = 10V 20 40
In =150 mA Vee =10V 30 55
5=1A Vee =10V 15 0
for BFYGi
te =10 mA  Vee =10V 30 55
Io=150mA Ve = 10V 49 79
lg=1A V:_E=1OV 15 40
Frig™ Srnall Signal Gurrernt Vep =6 Y fu 1KHzZ
Gafn 2 ='1 mA
for BFY50 26
tor BFY51 30
le =10 mA
for BEYSG 15
for BFYE1 60
fr Trangition Frequency  |ic =58 mA Voe <10V
tor BFYS0 w0 100 MHz
for BFY51 &0 110 MHz
Cosn  Colleotor Base le=0 Vep=10Y §=1MHz 10 pF
Capaditancs:

v Pustc. Pulsa duration = 300 18, culy cycla< 1%

215

cﬁ lﬂ-‘ﬂ'ﬁﬂlﬂ
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BFY50/BFY51

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter | Teat Condlitions Min.  Typ. | Max. | Unit
hie  Input Inpedanca le=10mA Ve =5V f- JKHZ _
tor BFYEQ 190 el
far BFYS1 229 e
[ Reverse Voltage Ratia {ls = 10 mA Veg =5V - KMz .
tor BFYS0 55 10°%
for BFY5T 70 ig*
s Qutput Admittance ls=10m&  Vee =5V f=1KHz
tor BEYS0Q - 30 B
for BFYS1 as us
1a Delay Time lo=150mA  Vog =10V 15 ns
It « 15-mA Ve = -2 ¥
b Alise Time. f3= 150 mA Voo - 10V 40 ng
l'g| 15 m VHE -2 N
ts Storage Time e tAOmMA  Ves~10V 300 ns
Igy = -laz = 15 mA
k Fail Tima Ig=150A Vgom10V &0 ng
Ig1 = <lpa.= 15 mA
+PulseS ulse duration « 300 ux. duty cydle 1%
&5
A7 o |

17!
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http://www.mouser.com/ds/2/149/BZX84C5V1-888708 pdf

BZX84C3V3 Data sheet

FAIECHILD. Hovernbwy 2015

BZX84C3V3 - BZX84C33
Zzners

Talerense. © = 5%

slauay? — EOPEXZE - CAEDYRXZH

Absolute Maximum Ratings™@

‘Sregses sxnending the: absolute maximum rtings may Jemage he devics. The device may not Rintion of he opera-
bie ahove the recommendes operdting odndilons and stessig the pars to these {eveln is nobrepgmended Inadd-
tior extended evposurs to stresses above the recommended uperating conditions may affect device (2hiabifity The
absstute marimu, stings Are strass ratings only Values ae ai T, ='25°C unlese otherwigs rictsd

Symhol Paramatar Value Urut
teans Repetifive Peak Forward Current 250 i
b, | Repehtive Peak Warkang Cument 250 A

Refarencitg Rgga, Ta = 25°C 250
P Powver Dinsipation — - - my
g te Referencing ., T, = 25°C &80
Fap | Jurchonfo-Ambient Thermal Resislance™ Foit W
Jurchente Lead Thetmal Characteristics L
Wi |7t redereca to Cathode) = Cod
Tete.  |Stwape Tempershe Ranye -5h be + 150 °G
T, Operating Jutichen Temperatore -5E o +150 g
MNotas:

1 Theas ratings ara based on 2 macamins uneion emperiiuy of 180T

2. Thess-are steady-state linits Faretuld Senuconductor should be rensuited on applications involving putsed or
ferw-duty-cycle operations,

3, Davice mointed on FR-4 PCE, beard gwe = 762 mm x 114.3 mim

& PO Fairchild. S ietar Corpordtion ww.fairchlidseal catn
BZABACIVE ~ BIXBSSA3 Rev. 1,13
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Elecirical Characferistics
Values are at T, =26°C unléss otherwise noted.

Z=50mA. fz= 1.0 mA fz =20 mA
Device Mark - Vs (vz 1 z @ Vz V) 2, @) Vz () 2@
in | Kax. Min. | Max, Min, | Max, :

BZX34C3V3 214 3.1 35 35 23 [ 28 800 35 | 42 40
BZXB4CIVE Zi5 34 38 Bl 27 | 23 600 39 45 40
BZX84Cive z18 | a7 41 80 20 35 | so0 41 47 3o
BIXBACAVE 217 | 40 48 [ 33 4.0 800, 44 51 a0
BZX84C4VT z 44 | s &0 37 | 47 500 45 | 54 i5
BZX84CEV1 z2 48 5.4 &0 42 | 53 480 50. [ 58 15
BZXZ4C5VE za 52 60 40 4.3 8.0 400 52 | B3 10
BZX2406v? Z4 58 | 88 10 58 | 68 150 58 | 88 4
BZXB4CEVE | = 84 | 72 15 | 83 | 72 30 84 | 74 8
BZXedCTVs | 26 | 70 | 78 1% 55 | 78 a0 70 | 80 P
BZXA4CaYS zZr 77 | &7 15 78 | 87 80 77 | 8s& 8
BZX84CH1 B 8.5 8.8 158 &4 28 100 65 | a7 8
BZX34C10 zg 84 | 108 2} 82 | 1086 | 180 ad | 1wy 10
BZX84C41 ¥ 104 | 118 0 02| 1.8 180 104 1 118 10
Br¥84cz Y2 14 | 127 25 "2 | 127 150 14 | 428 10
BZXA4C12 ¥3 | 124 | 14y 39 123 | 140 70 [ 125 | f4z 15
TX34CT5 Y4 | 438 | 186 30 157 | 185 W0 | 138 | 187 20
8284016 Y5 | 153 [ 174 40 B2 | 170 200 154 | 172 20
B2X84C18 Y6 | 168 | 184 %5 167 | 18.0 225 160 | 192 20
BZX8A020 Y7 | 188 | 21.2 85 187 | 214 225 | 188 | M4 20

BRZEBIC2Z ¥s |208 | 23z 55 207 | 22| 250 208 | =4 =
BZXBIC24 Yo | 228 [ 258 70 27 | 25 250 28 | 287 75
BZXZ4CIT Y10 | 2594 | 288 80 20 | 2838 30 | 282 | o83 45
BZX8403Y Y j280 | 320 | e 278 | 320 | 3o | 231 | 324 50
BZXs4033 Y12 | 310 | 350 80 308 | 380 325 311 ] 354 85

Vi Forward Voltage = £.3 V Maxineem a2 I =10 mA for aif BZX34 serles

S12U9Z — eEOPEXZE ~ SALDVEXZS

< 2001 Fairohid Semicenductc- Corporation )
BZXBIOIVI - BZXBHCET Amy, 1.10 2

W B rhlidsdm! som
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Electrical Characteristics (Centinued)
Valuss ate.at Ts = 25°C unless otherwise oted.

4. Capacitancs at Vp= 0.0V, f= 1 0MHz.

Device Va (V3 I (A} Cap'® (pF} D‘;i:‘_b‘ B g::k’
BZXS4C3VI 1.0 50 450 -35 0.0
BZX84C3VE 10 50 450 35 6.0
BZXB4C3VE 10 58 450 35 0.0
BINB4CHVE 1.0 ED 450 3.5 o0
BZXBACAVT 20 3 280 .35 0.2
BTXB4CEV1 %0 2 225 2.7 1.2
BZXBACEVE 20 1 208 «2.0 25
EZX84G8V2 40 3 185 04 a7
BZXB4CEVE 43 2 155 12 45
BZXBICIVE (X7 1 140 2 &3
BZXB4CEV2 50 (¥ 135 32 6.2
BZAALCEVE &0 Y 30 as 7.0
BZHRAC D 7.0 c2 120 45 )
BZ¥x84C 1 80 6! 130 B4 20
BIXB4C 12 8e %] 130 8.0 1o
BZXSdCiS a0 G 120 740 11
BZXB4C1S 10.5 008 110 82 13
BZXE4C 18 1.2 0.05 108 10.4 14
BZABAC1E 126 {05 100 12.4 18
BZX84C20 14 0B EY) 144 13
BZ¥a4C2? 154 0.05 85 16.4 20
B7XR4C24 16.8 o.os &0 18.4 22
BZASACTT 189 0.05 70 214 253
BZX84C3C 21 0.05 70 244 284

BZXE4033 231 0.05 70 274 334
Hote:
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Typical Performance Characteristics
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Figare 1. Zener Cufriivt ve. Zener Voltoge
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Figrue 3. 3.3V Zener Voltage va. Temperature
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Figure 5. 12V Zener Voltage vs. Zener Tamperature
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Figure 2 Zaner Cuimont: vs. Zonst Impedantce

e 7
s |
§ = | Tantare
e .l . J %
g a".“_w [ : ¥ 1A|-asﬂc
N BT itaste
& [Tar-ate ]

;
. :
5 2 B = Fa ol
12 ZENER CURRENT {08

Figure 4. 5.1 V Zsner Voltage vs. Temperiure
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Figure 8. 33 V Zener Voliage vs. Zener Torperature
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