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The QRS - Inhibited Ventricular Demand Pacewaker

Abstract

The thesis describes the design of the QRS-Inhibited ventricular
demand pacemaker. A pacemaker is an electronié apparatus used in a heart
disease therapy that causes by abnormal conduction system of a hea}t. The
pacemaker consists of a narrow pulse generator for stimulating the heart
muscle and an ECG detector. The pacemaker dilivers a pulse to stimulate the
heart. only if the heart rate is slower than desire. An electrode in the
right ventricle serves two functions, delivering a stimulating pulse and
sensing the ECG. All of the circuits must consume current as little as
possible. The ﬁrototype was tested at Ramathibodee hospital in seven

{
patients, giving a satisfactory result.
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Rate Range s 40 = 160 PPM , VVI

120 - 480 PPM , VOO

output. Current. Range 0.1 - 10 mA to a maximum
Obug 1 2%V

Pulse Width 0.5 mSec

Sensitivity Range 1 - 15 mV;no Sensing (VOO)

Refractory Period

190 mSec

Power Source AA Size Dryeel] x 4 cells

o

AA Size Ni-Cd x 4 cells
Power Consumpt.ion : no pacing , 170 uA
: pacing at. 60 PPM 10 mA

output. 3 225 uA

Battery life 2 months ( 60 PPM 10 mA ,

: 100% Pacing )

Lead Connect.ion Unipolar
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National
Semiconductor

Operational Amplifiers/Buffers

LM146/LM246/LM346 Programmable Quad Operational

Amplifiers

General Description

The LM146 series of quad op amps consists of four
independent, high gain, internally compensated, low
power, programmable amplifiers. Two external resistors
[RSET) allow the user to program the gain bandwidth
product, slew rate, supply current, input bias current,
input offset current and input noise. For example, the
user can trade-off supply current for bandwidth or
optimize noise figure for a given source resistance, In a
similar way, other amplifier characteristics can be
tailored to the application, Except for the two program-
ming pins at the end of the packaga, the LM 146 pin-out
is the same as the LM124 and LM148.

Features (isgt = 10A)

Programmable electrical characteristics
Battery-powered operation )

Low supply current 350 uA amplifier
Guaranteed gain bandwidth product 0.8 MHz min
Large DC voltage gain 120 d8
Low noise voltage 28 nW\/FE

Wide power supply range 1.6V to 322V
Class AB output stage—no crossover distortion
Ideal pin out for Biquad active filters

_Input bias currents are perature pensated

Connection Diagrams (pual-in-Line Packages, Top Views)

e ol fotu e
\ 72
EREREEERERD

ger 0 L)
A0,0

SEIC
Lias

Qrder Number LM148J, LM246J or LM346J
Ses NS Package J16A
Order Number LM246N or LM34GN
Seo NS Package N16A

Schematic Diagram

PROGRAMMING EQUATIONS

Total Supply Current ® 1.4 mA lIggT/10 uA)
Gain Bandwidth Product = 1 MHz (IggT/10 uA)
Slew Rate = 0.4V/us (IsgT/10 uA}

Input Bias Current =~ 80 nA ligeT/10 pA)

tseT = Current into pin 8, pin 9 (ses schematic-
diagram)

vt_v—

- 06V
ISET =

RSET

-0 v* 4}

TO OTHER
or aur3

-
LA ik]

SYENT/9VCINTSYLEINT
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Absolute Maximum Ratings ot 1)
LM146 LM246 LM346
Supply Voltage +22V +18V 18V
Differential Input Voltage {(Note 1) 130V 130V 30V
CM Input Voltage (Note 1) 115V 116V E 311"
Power Dissipation (Note 2) 800 mw 600 mw 600 mW
Output Short-Circuit Duration (Note 3) Indefinite Indetinite indefinite
| Operating Temperature Range ~65°C to +125°C —25°C to +85°C 0°C to +70°C
Maximum Junction Temperature 150°C 110°C 100°C
Storage Temperature Range -65°C ta +1650°C ~65°C to +150°C ~65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C 300°C 300°C
Thermal Resistance (0ja), (Note 2)
Cavity DIP (D) {J) Pg 900 mw 900 mW 900 mW
dia 90°C/W 20" C/W 90°c/w
Molded DIP (N} Py 500 mW
ia 140°c/w
DC Electrical Characteristics (vs=:15v, IsgT = 10 uA, Note 4)
LM148 LM246/LM346 UNITS
PARAMETER CONDITIONS N Ve MAX YT Tve MAX
Input Otfset Voliage VeM = 0V, Rg< 50 Q, T = 25°C 0.5 6 05 (] my
Input Offset Current Vem = 0V, Ta = 26°C 2 20 2 100 nA
Input Bias Current VeMm = 0V, Ta = 25°C 50 100 60 260 nA
Supply Current (4 Op Amps) | TA = 26°C 1.4 20 14 26 mA
Large Signat Voltags Gain AL = 10 k2, AVQuT = 210V, 100 1000 60 1000 VIEnV
Ta = 26°C
Input CM Range Ta=26"C 1135 | 114 41356 | 114 v
CM Relection Ratio Rg < 10k, Ta = 26°C 80 100 70 100 1]
Power Supply Rejection R < 10k, TA = 26°C a0 100 74 100 ug
Ratio
Output Voltage Swing RL>210kQ, Tao=26"C 112 14 112 114 v
Short-Circuit Current * Ta=25°C 5 20 30 [ 20 30 mA
Gain Bandwidth Product Ta=26°C 0.8 1.2 0.6 1.2 Mhig
Phase Margin Ta=26°C 60 60 Deg
Stew Rate Ta=25°C 0.4 0.4 Vi
Input Noise Voltage f=1kHz, Tp=25"C 28 28 ViR
Channel Separation R =10 kR, AVQUT = 0V 10 120 120 1]
£12V, TA= 26°C
Input Resistance Ta=26°C 1.0 1.0 Ma
Input Capacitance Ta = 25°C 2.0 2.0 of
Input Offset Voltage Ve = 0V, Rg < 50§ 05 6 05 X3 my
Input Offset Current Vem =0V 2 25 2 100 nA
Input Bias Currant VM OV 50 100 50 250 na
Supply Current (4 Op Amps) 15 20 16 26 mA
Large Signal Voltage Gain RL=10kQ, AvgyT = t10V 60 1000 25 1000 Vimv
input CM Ranga 1136 | t14 £135 | 14 v
CM Rejection Ratio Rs <600 70 100 70 100 g
- Power Supply Rejection Rg<6002 78 - 100 74 100 db
Ratio
Output Voltage Swing R > 10kQ 112 114 112 114 v
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0C Electrical Characteristics (vg= t15v, 1ggT = 104

PARAMETER CONDITIONS LM146 LIM246/LM340 UNITS
, MIN TYP MAX | MIN TYP MAX
Wout Offset Valtage Vem =0V, Rg< 6092, 0.5 5 ’ 05 7 mVv
Ta=25°C

trout Bias Current vem =0V, Tao=25"C 15 20 1.5 100 nA
Sionly Current {4 Op Ta=25"C 140 250 140 300 HA
Aseps)

Crn Bandwidth Product Ta=25°C 80 100 ] 100 kHz

0C Electrical Characteristics (vg=:15v,15e7 = 10uA)

PARAMETER CONDITIONS LM146 LM246/LM346 UNITS
MIN TYP MAX MIN TYP MAX
“~put Offset Voltage vem =0V, Rg <6082, 0.5 6 0.5 7 mv
Ta=26°C

st CM Range Ta=25°C +0.7 $0.7 v
¥ Rejection Ratio Rg<60Q,Ta=25"C 80 80 \ dB
utput Voltage Swing Ry > 10k, T = 25°C +0.6 0.8 v
iot_n 1: For supply voltages less than $15V, the absolute maximum input voltage is equal to the supply voltage.
%ate 2: The power di ion for these devices must be d d at el d temperatures and is dictated by T MAX. 9A, end the
rbient e, Ta. The i ilable power dissipation at any temperature is Pg = (TjmaX ~ TA)BjA or the 2L C PgMAX. which-
e ig less.

%ote 3: Any of the amplifier outputs can be shorted to ground indefinitely; however, mare than cne should not be simultanecusly shorted as the
=aumum | i p will be 1

Yon 4: These specifications apply over the absol [ ing temperature range unless otherwise noted. .

Typical Performance Characteristics

Open Loop Voltage Gain v
Input Bias Current vs ISET Supply Current vs ISET ISET

M - - 10

8
i

T

il

SOPPLY CURRENT (mA)

INPUT BIAS CURRENT (nA)

OPEN LOOP VOLTAGE GAIN (dB)
-

Vg 118y Vg 118V 0 vg = tIEV
el Ta=25°C Ta28°C

] 10 1 100 (] 1 10 100 (X} 1 10 100
15y WA tgpy LA tggT (A)

Gain Bandwidth Product vs
Stew Rate vs ISET ISET Phase Margin vs ISET

0 = F = = -E 1M ST T '
=l

=EEH 1 E
| mama s m T

1
) g -
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i
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SLEW RATE (W/us)

kU]

5 = 20
= [78R11) R : Vgo I8y 10 Vg = t15V
| -va~257¢ -Ta25°C TpA~I5C
Th i T m 11 0 (i v

(1] ] 0 100 0. 1 10 100 (1] ] 1] 100

IgeT WA Iset LAY

GAIN BANDWIOTH PRODUCT (M2)
8
=4
)y
|
]
PHASE MAREGIN (DEGREES)

Iget WAl
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CUPOT OFFSET VOLTAGE (mV)
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Typical Performance Characteristics (continued)

OUTPUT VOLTAGE SWING (V)

INPUT BIAS CURRENT (=R)

Input Offsut Voltage vs ISET
'
od
1]
(Y]
(1}
s L ’F
04
03 -
02
[1]
[]

u
Vg= 116V
Tae25°¢

01 ] 1] 100
IgeT LA

Qutput Voltage Swing vs

Supply Valtage
s
" |
1] A
" LA
v,
(1 V'
[ y.
A
¢ . Ta=2°C
2 A IsgT® lﬂpAJ
A =0y |
o asy o

0 2 & 8 & 10 12 W 16
SUFPLY VOLTAGE (V)

Input Bias Current vs

Temperature

1 Vg 11bV
1]

(1]

/']

6 1ggT* 104A
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o Lot | Jsev=tuA

8 A1

-85 <35 ~18 6 20 45 45 85 105 125

TEMPERATURE (°C)

INPUT VOLYAGE RANGE (=V) COMMDN-MODE RESECTION RATID (dB)

INPUT DFFSET CURRENT (aR)

Common-Mode Rejection

Ratio vs ISET
20
< -
100 =
]
&0
w0 [t +H 11
L 8 vge 115V
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n A
[ A ] 0 100
51 LAl

Input Voltage Rango vs
Supply Voltage
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SUPPLY VOLTAGE (:V)

input Offset Current vs
Temperature

Vg 116V
IggT = 104
Rk
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TEMPERATURE {"C}

INPUT BIAS CURRENT {nA)

SUPPLY CURRENT {mA)

Power Supply Rejection
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Typical Performance Characteristics (continued)
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Application Hints

Avoid reversing the power supply polarity, the device
will fail.

Common-Mode Input Voltage: The negative common-
mode voltage limit is one diode drop above the negative
supply voltage. Exceeding this limit on either input will
result in an output phase reversal. The positive common-
mode limit is typically 1V below the positive supply
voitage. No output phase reversal will occur if this limit
is exceeded by either input.

Output Voltage Swing vs ISET: For a desired output
voltage swing the value of the minimum load depends on
the positive and negative output curent capability of the
op amp. The maximum available positive output current,
{IcL+), of the device increases with IggT whereas the
negative output current {IcL—) is independent of ISET.
Figure 1 illustrates the above,

LN I DL o |
14— ~CURRENT LI (igy )~}

[~ +CURBENT LIMIT (i ) [T

OUTPUY CURRENT LIMIT mA}
- = % 8 8

Vgelsy
Ta*2°C

L} ] L} [} L} w
et WA

FIGURE 1. Output Current Limit vs ISET

Input Capacitance: The input capacitance, C)N, of the”

LM146 is approximately 2 pF; any stray capecitance,
Cs. (due to external circuit circuit layout) will add to
Cin. When resistive or active feedback is applied, an
additional pole is added to the open loop frequency
response of the device. For instance with resistive feed-
back (Figure 2), this pole occurs at 1/2m (R1I|R2)
{Cyny + Cg). Make sure that this pole occurs at least
2 octaves beyond the expected —3 dB frequency corner
of the closed loop gain of the amplifier; if not, place a
lead capacitor in the feedback such that the time con-
stant of this capacitor and the resistance it parallels is
equal to the Rj(Cg + Cy). where R{ is the input resis-
tance of the clrcuit.

a B2
e
FIGURE 2

Temperature Effect on the GBW: The GBW (gain
bandwidth product), of the LM148 is directly propor-
tional to ISeT and inversely proportional to the ab-
solute temperature, When using resistors to set the
bias current, ISET, of the device, the GBW product will
decrease with increasing temperature. Compensation
can be provided by creating an ISET current directly
proportional to temperature (ses typical applications).

lsolation Butween Amplifiers: The LM146 die is iso-
thermally layed gut such that crosstalk between alf ¢
amplitiers is in excess of —105 dB (DC). Optimum
isolation (better than —110 dB) occurs between ampli-
fiers A and D, B and C; that is, if amplifier A dissipates
power on its output stage, amplifier D is the one which
will be affected the least, and vica versa. Same argument
holds far amplifiers B and C.

LM146 Typical Performence Summary: The LM146
typical behavior is shown in Figure 3. The device is fully
predictable. As the set current, ISET, increases, the
speed, the bias current, and the supply current increase
while the noise power decreases praportionally and the
Vgs remains constant. The usable GBW range of the op
amp is 10 kHz to 3.6—-4 MHz,

(] TEH )
T
g = = u P la
2 -
f g | &
I 3 i
glh ucE re
- 1]
m—J e Log
1 ] [ "
SUMFLY CUBRENT LA
Y 1 Two

tpgy bl

SN

T
FIGURE 3. LM146 Typical Characteristics

Low Power Supply Operation: The quad op amp oper-
ates down to 1.3V supply. Also, since the internal
circuitry is biased through pragrammable current sources,
no degradation of the device speed will occur.

Speed vs Powar Consumption: LM146 vs LM4260
{single programmable). Through Figure 4, we observe
that the LM146’s power cansumption has been opti-
mized for GBW products above 200 kHz, whereas the
LMA4250 will reach a GBW of no more than 300 kHz, for
GBW products below 200 kHz, the LM42560 will con-
sume less.

1] .
E
%ol p RS/ &
£ ™ <01V -J [ E
=
g HINIEES :
042 W 1 A H
E o |43 3 AekdViall ene 3
FRIAE L Ty viia E
% [
[ (1)
' ) 10 "
SUPPLY CURRENT L)

‘FIGURE 4. LM146 vs LM4250




LM4250/LM4250C

m

/A National
Semiconductor

Operational Amplifiers/Buffers

LM4250/L.LM4250C Programmable Operational Amplifier

General Description

The LM4250 and LM4250C are extremely versatile
programmable monolithic operational amphifiers.
A single external master bias current setting resistor
programs the input bias current, input offset cur-
rent, quiescent power consumption, slew rate,
input noise, and the gain-bandwidth product.
The device is a truly general purpose operational
amplitier.

Features

8 11V 10 $18V power supply operation
® 3 nA input offset current

Standby power consumption as low as 500 nW,
No frequency compensation required
Programmable electrical characteristics

Offset Voltage nulling capability

Can be powered by two flashlight batteries
Short cwcuit protection

The LM4250C is identical to the LM4250 except
that the LM4260C has its performance guaranteed
over a 0°C to 70°C temperature range instead of
the -56°C to +126°C temperature range of the
LM4280.

Schematic Diagrams

oz

]
T

Connection Diagrams
Msts) Can Package

T estuamn
cunnint s

Tor siim

Qrder Number LM4A260H or LMA250CH
See NS Package HOBC

Typical Applications

Quewicent Py = 0§ mW

X6 Difterence Amplifier

600 Nano-Watt X10 Amptilier

Duasl-in-Line Package
LT B

BuicLRy
=% caazius v

l'“;'.‘ I —iv
"“‘“;':"nﬂ:t L.—l ssirer

" o —

ter iy

Qrder Number LMA250CN
Ses NS Package NOBB
Ordsr Number LM4260J
or LM4260C)
See NS Package JOBA
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Typical Performance Characteristics
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LM4250/LM4250C

Typical Performance Characteristics (continuea)
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ORDERING (NFORMATION

Device Temp. Range R Braakd: Voltsge  Tol:
LM2852-1.2 ~40°C to +85°C 1.235 Volts 21.0%
LM2652-2.8 ~40°Cto +65°C 2.800 Volte +1.6%
1M38582-1.2 0°Cto +70°C 1.236 Volts 21.0%
LM3882-1.2 0Cwo +70°C 1.238 Voits *2.0%
LM385BZ-2.5 0'Cto +70°C 2.600 Veils £1.6%
LM3852-2.6 Cto +70C 2.500 Volts +3.0%

LM285
LM385

MICROPOWER VOLTAGE REFERENCE DIODES

The LM285/LM385 series are micropower two-terminal band-
gap voltage regulator diodes. Designed to operate over a wide
current range of 10 uA to 20 mA, these devices feature excep-
tionally low dynamic impedance, low noise and stabte operation
over time and temperature. Tight voltage tolerances are achieved
by on-chip trimming. The large dynamic operating range enables
these devices to be used in applications with widely varylng sup-
plies with excellent regulation. Extremely low operating current
make these devices ideal for micropower circuitry like portable
instrumentstion, regulators and other analog circultry where ax-
tended battery life is required.

The LM285/LMJ8E series are packaged in a8 low cost TO-226AA
{TO-92) plastic case and are available in two voitage versions of
1.235 and 2.500 volts as denoted by the device suffix {see ordering
information table). The LM285 is specified over 8 —~40°C to +85°C
temperature range while the LM385 is rated from 0°C to +70°C.

@ Operating Current from 10 zA to 20 mA

® 1.0%, 1.6%, 2.0% and 3.0% Initial Tolerance Grades
® Low Temperature CoeHicient

® 1.0 1 Dynamic Impedance

@ Available in 1.235 and 2.500 Volt Versions

MICROPOWER VOLTAGE
REFERENCE DIODES

SILICON MONOLITHIC
INTEGRATED CIRCUIT

EQUIVALENT CIRCUIT SCHEMATIC

380k o
>r Opﬂn
" for 1.235 V )

A L. %
B.‘Skh‘ "T 1

743k ]F

X

600 500 100 &k

Z BUFFIX
CASE 28-02
TO-226AA
(T0-82)
PLASTIC PACKAGE

s

(Bonuh View)

D SUFFIX
PLASTIC PACKAGE
CASE 751-01

§0-8°

*Surface Mount pln-out (s ditiersnt than
standard package pin-out for this device.
Please rafer to Chapter 7 lor detalls.

STANDARD APPLICATION

16V
Battery —

1236V

LM385-1.2
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LM285, LM385

MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)

Aating

Value Unit

Roverse Current

30 mA

Forward Current

Oparating Amblont Tomperature Range
LMa85
LM38s

813

—-40to +85
0to +70

Op Temp:

+ 180

Storage Temperature Range

-65t0 +150 €

ELECTRICAL CHARACTERISTICS (T4 = 26° unless otharwise note

d)

Charasctaristic Symbat

LM285-1.2
Typ

LM385-1.21M3856B-1.2
Min Typ | Max

Min Max Unit

Reavarse Breakdown Voitage
IAmin < Ip < 20 MA
LM285-1.2/LM3858-1.2
LM3B56-1.2

V(BRIR

1.223 | 1.236

1.247 | 1223

1.206

1.235
1.235

1.247
1.260

Minimum Operating Current
(TA_= Tiow 10 Thigh Note 1)

IAmin

25 10 26

15

Reverse Breakdown Voitage Change with Current
IAmin S Ip € 1.0 A, Tp = +26°C
TA = Tiow 10 Thigh (Note 1)
10mA s Ig < 20 mA, T = +26°C

TA = Tiow 10 Thigh (Nate 1}

AV(BR)/AIR

mv
1.0

16
10
20

Revarss Dynamic Impadance
Ig = 100 pA, Tp = +25°C
Ta = Tiow 10 Thigh (Note 1)

0.8
1.6

| Average Temperature Cosfficient

AV(BRyAT
10 pA < Ig & 20 mA, TA = Tiaw 10 Thigh (Note 1)

ppm/ C

Wideband Noise (RMS)
Ig = 100 pA, 10 Hz s f < 10 kHz

w

Long Term Stability S

20 PpmVkHR

In = 100 pA, Ta = +26°C 20.1°C

ELECTRICAL CHARACTERISTICS (T4 = 26° unless otherwise noted)

Characteristic Symbao!

L.M385-2.6/LM3B5B-2.6
Min Typ | Max

Unit

Reverse Breakdown Voitage
20 pA % Ip s 20 mA
LM285-2.6/LM385B-2.6
LM386-2.6

V(BRIR

2.462
2.426

2638
2.676

Minimum Operating Current

IRmin
TA = Tiaw 1@ Thigh (Note 1)

20

Reverse Breakdown Voltage Change with Current
WpAsig<10mA Ty = +26°C
TA = Tjow 10 Thigh (Note 1)
10mAS I € 20mA, Ty = +26C
- Ja = Tiow to Thigh (Note 1)

AViaRy
- Alg

mv
1.0
1.6
10
20

i
Pt
1l

Reveise Dynamic impedance
IR = 100 uA, TA = +26°C
- TA = Tiow 10 T!!Inh {Note 1)

0.2

Average Temperature Cosfficient

AVigRy
0pASIg=20mA, Ty = T!gw 10 Thigh (Note 1) AT

ppmsC

Wideband Noise (RMS)

n
In = 100 uA, 10 Hz < f < 10 kHz

120 120 v

Long Term Stability

s
IR = 100 uA, Ta = +26°C 20.1°C

20 -— -

20 ppmykHRA

NOTES: 1. Tigw = —40°C for LM285-1.2, LM285-2.6
= 0°C for LM386-1.2, LM388B-1.2, LM385-2.6, LM3858-2.6

Thigh = +85°C for LM285-1.2, LM285-2.6
= +70'C for LM388-1.2, LM385B-1.2, LM385-2.5, LM3860-2.6
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LM285, LM385

TYPICAL PERFORMANCE CURVES FOR LM285.1.2/385-1.2/385B-1.2

FIGURE 1 — REVERSE CHARACTERISTICS FIGURE 2 — REVERSE CHARACTERISTICS
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ZENAMIC v

ZENAMIC is the product name of a metal oxide varistor.

ZENAMIC features better surge voltage suppression characteristics

and large surge energy absorption,

becausea the whole element is used to distribute and absorb surge energy.
The n\qln use of a ZENAMIC is for lightning surge suppression

and suppression of surges generated within electronics equipment

. {e.g., by coils).

Surga waveform

The surge wavaforms vary according to the source.
An EXP waveform I8 usad for surgo tasting the
ZENAMIC, while a AC hall-wave la used for the
anergy absorption tast. The EXP waveform reaches
its poak voltage (current) at [ta) as shown in tha
figure, then decreases as time passes and reachps
hail of the peak voltaga (current) at {tb).

This type of EXP wavefom is shown as a [la x tb]
voltage (current) waveform. For surge testing

the ZENAMIC, an 8 x 20 « 8ec cument wavelom is

o .. used.
H=
1
oy f 100
# g 1]
LN | e [
i
10}~
S~ a0 : ' Tems () -+
20
‘Z7L ZI0L ZioL ‘2L V-1 characteristics
4] max. 10 max. 13 max. 18 max. 24 .
vV ] max 8 | wmax 8 | maxr. 8 | max. & ZENAMIC has the fonvard-Reversa symmetrical
B YY) 83 B3 108 eloctrical characteristics shown In the figure.

The voltage-current curves show the varistor
charactoristics In the range 1 4A to 10* A, and show
the resistance characteristica for rangos under 1 uA
and over 10°A.

The voltage batwaon terminals whon test current (It 1
mA\) is applied to the ZENAMIC is a standard varistor
voltage (Vz), and the voltage between terminals when
a standard surge (Ip) is applied represents the
maximum supprassion voltage (Vc).

Yarage ‘v -

-

- 800 po= -

B T S I e

Cusrant (ma) »

s 3 §
17100 1010 10700 Y40 10,710 T 10 0P N0 I0F IC° (OF
Cawremt (A) -0

Temperalure Charactgristics

in the minimum cument range, Zenamic features
outstandiing temperature characteristica. Mulal oxida
varistor shunt resistance Rp has the temperature
charactar- Istica shown in the following equation,

Rp = AgEQ/2KT, @
T : Absolute temparature

k: Bollzmann constant
A, Eg: constants

1 800, ™ ,
R 5T 60t %I 10t |
gz AR/ L
100 / ! Testcuam __
== -,f. ! ;u] .{’{ =Rl
n\ FA VY
ry )/8NW 4
A=Y
" _—='__:) '}j‘r/“"" ==
Lt r
W0 0% W ' et et a0t 1wt 10t o
Currant (A) -»

As shown in the ligwre obove, the tomperalure dependonce
charactaristics ar@ mirumal in the range over the test current,
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