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Negative resistance where???
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Negative resistance where???
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Negative resistance where???
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ABSTRACT

The negative resistance regions in the active portion of the point-contact collector
characteristics are characterized in terms of three unique types of anomalies in the
current multiplication properties of the device. While the interaction of the Aé anomalies
and the associated circuitry result in 2 measuring circuit instability, the negative
resistances are true device properties which are attributable to variations in the
collection efficiency of the reverse biased collector junction.
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A change of terminology

Now let the word “resistance” be replaced

by the more generalized term “impedance”.
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A Perfect 100 W Power Supply

Iin
—

O

+

_ A ideal, 100% efficient
Vin power supply delivering

- 100 Watts.
O

Let the power in
be 100 Watts as
100 Volts and

1 Ampere.

The static input
iImpedance is the
100 Volts / 1 Ampere
or 100 Ohms.
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The Same 100 W Power Supply

Iin

#

O

+

Vin=E

O

A ideal, 100% efficient
power supply delivering
100 Watts.

101 Volts 0.0990099 A
100 Volts 1.0 Amperes

99 Volts 1.01010101A
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Any Perfect Power Supply

Iin=1

o =F* . =
O P=E*I ; E=P/I
+ _ L O0E I*Zero-P*1
A ideal, 100% efficient -~ =
Vin=E power supply delivering oI I?
_ some number of Watts. 9E _ -E*I _ -E
O I 12 I

The dynamic input impedance is the negative
of the static input impedance.
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High Line Impedance Issue

Remembering that these are dynamic impedances

P
R line re. our 100% efficient, ideal switchmode power supply,
= R1 R1 is a postive number of Ohms while R2 is a
negative number of Ohms.
E Line R load . . . .
R net oa The net resistance (impedance) of this system is
LIPA (Rnet) - R2 (imp ) y

Rnet=R1||R2=R1xR2/{R1+R2).

\ If R1> abs (R2), then R net <0 and the combined
system becomes a negative resistance oscillator.

LIPA or ConEd or Niagra Mohawk or .......



Ambentec, PE. P,
A Line Impedance Issue, CS101

Test signal to the amplifier

CSR101 stimulus monitor signal
=
Solar S
Type 6220-1A
Transformer |
™1 Buck [~ Forward F etc
Converter || Inverter '
\, Power >
§ Amplifier > 3‘;33
| | The impedance presented
by the transformer and the
) amplifier wasn't low enough
to keep the power supply
Lambd + . .
oCSuply | T from sometimes breaking
26000 into oscillation.
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A Line Impedance Issue, CS101

Solar

Type 6220-1A

Test signal to the amplifier

CSR101 stimulus monitor signal

==

\, Power
; Amplifier ;

Buck [ | Forward [
Converter | _| Inverter

etc.

Transformer
- 1
100
3nw
Lambda * 1+
DC Supply _ T
26000

The DC resistance seen by
the power supply was nice
and low, but the impedances
at-frequency were not low.
The power supply was not
behaving itself.
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Stabilized Line Impedance

Test signal to the amplifier

CSR101 stimulus monitor signal
-
Solar S
Type 6220-1A
Transformer |
i 1 Buck Forward
P An Converter Inverter etc.
i > hOOW — — N
i Techron i ~
RN 7560 > ;
Power nin -~ :
| Amplifier o
Lambda *

DC Supply _
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You might think you’re failing ....

You might think that your equipment is failing its
conducted susceptibility test, but you might simply
be falling prey to the AC source impedance of your
signal injection test fixture.

The CS5101 performance of the unit shown before
was markedly better with the big tub of water.
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A Seemingly Good Inverter

—~

e
{75

™ ™

4>m% StR RGN %m{}
7 7

=

This push-pull driver was designed with considerable attention devoted to

protection of the two power MOSFETs. Notice the four transient catching

zener diodes, the varistor connected between the two drains and the pair
of RC snubbers, one across each power MOSFET's drain-to-source.

For all of that, these inverters were blowing out their power MOSFETs with
considerable regularity for a reason that the designer seemed not to grasp.
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Overlap Effects (Bad!!!)
LWCC::> Simplifying assumptions:

1) We neglect the source impedances

[ of the two drivers.
DC Source
+0v +10V .
m _lZl_ m 2) We assume that the two drivers are
delivering zero to +10V square waves
> — E} wx x {Hl 7 ‘ at 50% duty cycle and at negligibly
= T T ” < small rise and fall times of their own.
- 3) The two MOSFETs are assumed to have
the same threshold voltages, Vth.
International
IGR Rectifier
A . . . Gate rise {typ.)
Electrical Characteristics @ T; = 25°C (unless otherwise specified) uth £4.00) Overlap = 52.7 nSec Vth (typ.)
Parameter Min. | Typ.| Max. | Units ___ Conditions———— == Gate fall {typ.)
Vs Gate Threshold Voltage 2.0 40 os = Vas, Io = 250pA
Qg Total Gate Charge —=L—] 130 Ip = 28A
Qge Gate-to-Source Charge — [ =36 | rC | Vos=BOV 3.5V 80.4 nSec
Oga Gate-to-Drain ("Miller”) Charge _— — 4?“-\ Vg = 10V, See Fig. 6 and 13 L
As values of
Cgate ~ 130 nC / 10V = 13000 pF 3.0 8z vsee e | MOSFETVth
Let Rgate =10 Ohms _ sy @ get |0Wel-', the
overlap time
. . 2.5V 142.9 nSec W durations get
Gate voltage rises and falls are taken as exponential. e larger.
They will result in simultanteous MOSFET turn-ons of
52.7 nSec to 108.2 nSec (nominal) overlaps. 188.2 nSec %_/
il
Overlap durations. A

During these overlaps, the two MOSFETs effectively short circuit their DC power source and can draw current
pulses of virtually unlimited amperage. Such pulses can lead to device failures.
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Don’t do it. Really!

Failing to provide for dead-time

in that push-pull inverter was like
putting the top-cap on backwards
on this bottle of OJ. The inverter
can work, but FETs frequently get
burned out. You can pour juice
from this bottle, but spills are quite
likely.

\ J
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How much heat can a heat sink
sink when the metal gets bent?

Typical fastener  YVasted

drea
There is a gap in here! Thin sheet metal
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Adding a thick block underneath
the TO-220 closes up the gap.

Physically thick
buffer block

R
g
S
e

2
i

The sheet metal cannot bend.
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Power Factor

Power factor is the ratio of real power to apparent power. For a
resistor, power factor is unity (1) for whatever the waveshape of
the applied voltage may be because the waveshape of the resultant
current will exactly match the waveshape of that applied voltage.

However, we in the power-supply world look at power factor for
cases where the applied voltage is sinusoidal and where the resultant
current may or may not be an exact match to that sinusoidal shape.

A non-sinusoidal A sinusoidal A sinusoidal applied
applied voltage to applied voltage to voltage to a who-

a resistor yields a a resistor yields a knows-what-it-is
matching current matching current yields a non-matching
waveshape: waveshape: current waveshape:

VA NN A N AN
V2N N N Ny NS

Power factor =1 Power factor =1 Power factor < 1
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Variable Amplitude AC Power Line
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Peak-Regulated Pre-regulator OQutput
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Power Factor for Sinusoidal Vin

1(i2 i2 +i§) For © =Zero:
Thd = 1 THD= @.0PARREE

|1 e /\/\/\/\/
Thd = Total harmonic distortion 7 THE 0oa — /"\A/V\A/V\A/"\A/
~ expressed as a fraction. C o o srens
(15% distortion --> Thd = 0.15) R m
1 R W e VO Wi WY
Power Factor = X cos (©)

9 THD= @.4287948
o+
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The Power Factor Issue

18 CL3:SCREEN 9:COLOR 15,1:PI=3.141592654#

28 PRINT “save '+CHRS(34)+"pcheck18.bas"+CHRG(34) :PRINT

38 PRINT “save "+CHRS(34)+"a:\pcheckl18.bas"+CHRG(34) :PRINT:PRINT
48 CS="M= #.4# Power= #.HiHHH" :GOTO 98

58 NCYCLES=1861t:POWER=A:N=8:FOR THETA=8 TO 3J68*=NCYCLES

(EE VOLTS=5IN(THETA=P1-188) :AMP5=SIN(M=THETA=P1-188) )

This is the key!

A POUER=-POUER+VOLTS=*AMPS :N=N+1:NEXT THETA :POWER=POUER~(N-1)
88 PRINT USING CS:M,POUER:RETURN:DATA 1,1.81,1.5,2,3,4
98 FOR XX=1 TO 6:READ M:GO3UB 56 :NEXT XX

(M= 1.8 Pouwer= E.EEEIEED-(—\

M= 1.81 Power= —.80808 There is power delivery only when
M= 1.58 FPower= —.HHHHA —

M= 2.88 Power= —.80808 the voltage and the current are of
M= 3.8 Power= 8.88888

M= 4.88 Power= 8.80008 the same frequency. In other

words, only when M = 1.



HAmbentec, PE., PL.

An Issue With High Voltage

Danger High Voltage
Peligro Alto Voltaje
Danger Haute Tension
Periculum Altus Voltage
Perigo Alta Voltagem
Gefahr Hochstrom

Pericolo Alta Tensione

f
B
»

M
s
L]
b E

5]

ONACHOCTb

BbICOKOE
HATNPAXEHVE
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HV Resistor Damage

After

© O

High High
Voltage 2 ' ' Voltage
Source "N Source

l |

OO0 OO0O O

‘P0000EO0OOOOC O
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Distributed Capacitance

A long, long chain of resistor elements.

CIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1

There is a distributed-capacitance network which tends to
concentrate distribution of "Hot" dV/dt near the Hot end.
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A Capacitive Ladder Network

Cshunt is the shunt capacitance to ground seen
with respect to ground due to all of the capacitances
to the right of this node.

FA .

FAL .
LY

Lo

RHi
C nc Czhunt C Diwv AC Div R1 .
1 8.1 8.185  0.985 8.895 «—— |f n = 0.01, then R1 will see
1 8.2 8.152 B.868 B.132
1 8.83 ©.189 8.841 8.159 0.095 of a voltag step that
1 ®8.84 ©.221 8.819 B.181 :
1 ®©.85 ©.250 ©.808 B .208 occurs at Ein.
1 @8.86 ©.277 8.783 B.217
1 ®8.87 ©.392 8.768 B .232
1 8.8 ©.326 B.754 9 .246 If En goes from 30000 volts
1 8.89 ©.348 B.742 B.258 -
1 9.1 ©.378  B.738 8. 276 down to zero, resistor R1
1 ®9.18 ©.378 ©.730 B.278 i i
1oole a3 ol s will see 50000 x 0.095 which
1 ©.39 ©.718 ©.582 8.418 comes to 4750 volts.
1 ©8.48 ©.863 B.537 B.463
1 9.5 1.8  ©.580 B .500
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In the extreme case:

A high voltage
source

Il

i\m

A high voltage
source

I—h—

i

Il

I——

When the capacitance is fully
charged, there is no voltage
stress imposed across the
resistor.

However, when the switch goes
to the low side, the dV/AT across
the resistor is virtually infinite and
the resistor gets really stressed.
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Protecting an HV Divider

High voltage node,
let's say at 50000 volts.

A nice large resistance
of some voltage divider <
drawing 50 pA comes
to 1000 Meg.

A protective resistance R

R which we let be 10K and a
- c protective capacitance C
with which we limit the top

end of the large resistance
to a maximum dV/dt of
1E11 volts per second.

For the given case, the C
value would be 50 pF, but
we find that 100 pF is the
smallest value in at least
one capacitor company's
product line so we use that!




Ambentec, PE.. 2L,
Treat These Things With Care!!

These dividers look rugged and
they are very heavy. However, it
is really easy to damage one by
being just a little bit careless!!

Never, never, never allow a short circuit or an arc-over to happen while one of these
super-duper-rise-and-shine-extra-fine-top-of-the-line voltage dividers is connected.
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A Pretty Nice Design, Really

E1A Standard Rack Mount

19.00" S

(48.26cm) 044"
(1 .'i2c:‘a1}_)' < +

U

y

148"
{3.76cm)

373
(9.47cm)

N 5 Volt 100 Amp

E Power Supply

'

OFF
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|-|||||||||||||||||

NmnhrDoDA

Kinda Messy Looking Data

DDA EE®

mnooRkhe

T BN 0 W W

DL LLN

DOT DR O®

Nowoh®=g

A collection of data points
can be gathered. We take
it that the process that
yielded these data points
Is essentially exponential
in hature.
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Finding An Exponential Equation

| INPUT X1, X2, X3 | Inputting three values of the

independent variable "X" and

| INPUT Y1, Y2, Y3 | then the three values of the
dependent variable "Y", this

pragram finds an equation to

| A3 =10 (Seed value of Tau.) | fit those three X,Y combinations
as:

ASMOD = 0.1 [ Y=A1+A2*EXP(-X!A3)]

|K=(¥1-v2)/(v1-v3) |

— L (exp(-X1/A3)-exp(-X2/A3)
o -(exp(-x1lA3)-exp(-X3.‘A3)

IFK>LTHEN A3=A3/(1+A3MOD)
IFK<LTHEN A3=A3*(1+A3MOD)

(Y1-Y3)
exp(-X1/A3)-exp(-X3/A3)

A3MOD =
0.1 * ASMOD

|A1=Y1-A2*exp(-x1m3)
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The Equation Fits Pretty Well

NmnhrDoDA

8
.8
.8
.4
.8
.5
.5
.8

6 6 25.5 8 29.2 18
2 Z8 54.3 22 54.3 24
1 34 66.8 36 69.3 38
9 483 V4.9 58 V9.6 52
9 62 92.2 64 BY.6 66
5 76 B3.4 78 9Z.3 88
4 98 99.6 92 186.8 94

¥=184.1743-95.87429=EXP (-X-37.

=]
w
DOm0 =0 ®

a8433)

Nowoh®=g

An exponential equation
can be fitted to the data
points by selecting just
three of those data points
and running the code
"expestim.bas" or some-
thing like it.
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Thermal Rise and Fall

Plots of the actual data
of temperature rise and
temperature fall at time
intervals of ten secunds.\

The actual data and
the equation results

Time 0 18 sec./div. .
match quite well.

Exponential equations
fitted to the actual data
as shown above.

Rise:

Deg C=159-134*exp ( - Tsec(f 200) Note that the Tau
Time @ 18 sec./div. of the temperature
Fall: rise is almost twice

DegC=42+35*%exp(-Tsec|/110) that of the fall.
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A Mixed Blessing

3
iB 'l'FI'IlII: 1 l FITIFII i l I
OPERATION IN THIS AREA LLIMITED
# 3 BY fAps {oN)
e 7
i . 7
=
— 102 .
:
o 5 4
S 4
E > IIT‘-‘F
= A ‘41
o
. i0 j" 100un
]
H
5 kN
s i
- 10
= Te=25%C
W T =1509¢
SINGLE PULSE
11 2 5 45 2 5 102 2 COY

NEGATIYE Vpg. DRAIN-TO-SOURCE YOLTAGE (VOLTS)
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F‘DS{on} , Drain-to-Source On Resistance

Rdson Rises As Temp. Rises

Mo
o

The on-resistance of a power MOSFET
rises as temperature goes up. If you

[
= have drain-to-source current that is

T not particularly dependent on the value

% s of on-resistance, then as the FET gets

£ hotter, its resistance rises which makes

5 for more power dissipation which makes

the FET get hotter which makes .......

"
]

This is the path to thermal runaway!

0.5

-60 -40-20 0 20 40 60 80 100120140160180

T, ., Junction Temperature (°C)

Fig 4. Normalized On-Resistance vs. Temperature
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Temp. Rise and Fall Before Fix

Plots of the actual data
of temperature rise and
temperature fall at time
intervals of ten seconds. \

The actual data and
the equation results

Time 0 18 =zec. div. .
match quite well.

Exponential equations
fitted to the actual data
as shown above.

Rise:

DegC=159-134 *exp (- Tsec / 200) Note that the Tau
Time @ 18 sec./div. of the temperature

Fall: rise is almost twice

DegC=42+35*exp(-Tsec/110) that of the fall.

The apparently larger value of the time constant of the temperature rise curve
is an illusion. What happens is that the end-point value of the rising curve is
itself rising, the final temperature value is climbing and that will eventually kill
the power MOSFETSs.
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Temp. Rise and Fall After Fix

‘Plots of the actual data
of temperature rise and
temperature fall at time
intervals of ten secunds.\

The actual data and
the equation results
match quite well.

Time @ 18 sec. div.

Time @ 18 sec. div.
Exponential equations

/ fitted to the actual data
as shown above.

Rise:

DegC=96-62"exp (-Tsec/280) Note that the Tau
Time @ 18 sec./div. values of the rise

Fall: and fall are very

DegC=36+45*exp(-Tsec/ 260) nearly equal.



Ambertee, PE., 2L,

Plotting Some Alleged Data

Tabulated data of temperature rise and fall
said to be taken at ten second intervals.

.1, 38
.3, 67
.4, 98

.B,1684,

.9,114
4,116
.9,114
.6, 77
.6, 54
.2, 48
.2, 38

.6, 28.

.7, 36
.5, 72
.8, 91.
1,166.
.6,111.
.8,118.
-4,188.
.5, 7.
.2, 53.
.9, 39.
.4, 33.
2, 26.

.3, 48
5,7

.8, 44
.9, 77

.b, 45,
.6, 88.
2y 97,
.4,187.

8, 58.
8, 88.

9, 54.
3, 82.

3, 56.
6, 85.

a, 63.
Z, 87.
.1,182.
.8,118.

BT R e A PR

Data plot.
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Dirty Doings Were Afoot!!!

Step 1
Plot the original data
as presented.

Graphically invert the
falling part of the data.

____________________________________________________________________________________________________________________

-

Step 3 ! -
Slide the inverted part Slide the inverted part

of the plot over to the of the plot slightly upward.
left. |

Notice in Step 4 that all of the little ups and downs of the overlaid drawing sections are alike.
Clearly, the data as presented was falsified!! ( | did not confront my would-be client with his
lie, | simply stated | could not be of service, left and never returned. )
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The D-type Flip-Flop Problem

The clock signal was being used to trigger a D-type flip-flop ( a CD4013 ) which
was supposed to do a divide-by-two on the clock signal's frequency. However,
since the flip-flop had no Schmitt trigger on its input, it would respond to false
triggering caused by noise on the clock waveform's falling edge.

The clock signal of the PWM chip has a sharp rising edge, but a

slow-decay falling edge on which some measure of noise is found.

__________________________________________________________________ 1

HAMPﬂ—<||||

125V

PWM COMPARATOR

=T

vC

—
—@ OUTA

ouTs
PGND

@ SUA

CURRENT
| LIMIT
1OV — OVER CURRENT

J_ SOFT=START COMPLETE
5V
= _j

RESTART,
DELAY
LATCH

250 LA

) » 5
12V —_pesTART R R
>HJ:ULT LATCH -
02V
uvLo —
I'r
. NTERNAL
8.2v/B.4V — = VREF A
5.1V 4V_ Vrer GOOD
ON/OFF REF ,—- 5.1 VREE

i

D Q
PWM 4013
CLK c Q

Normal operation

N

Abnormal operation False trigger

"

\_

\_
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Using an RC in the Q* to D Path

Tau = 1.5 pSec for

10K and 150 pF This assumed CLK
J_ - A pulse width includes
|_ D Q the slow fall time. The
1: nominal is only 0.1 pSec.
PWM 4013
CLK > cC Q >

CLK [l M [l
Q-bar |_| |_| |_| ( NG )
CLK width 8.25 pSec No RC-pair in the feedback path.
CLK >[] I [ ]
Q-bar | | | L ( oK )
CMOS Vth > e T T
D X
CLK [] [ [ M
Q-bar | | [ Ll ( OK )
CHMOS Uth

D _r’,
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Making A 10 MHz Oscillator

Three-Phase, 400 Hz Three-Phase, 400 Hz
Power Transformer Power Transformer

Rectifiers and Linear voltage Rectifiers and Linear voltage
filter capacitors regulators filter capacitors regulators
S £
(With the interconnecting When the "manufacturing”
wires run straight across people decided to run the
from board to board, the wires as a laced harness,
rectifier's filter capacitors e-vil-do-er the linear voltage regulators
were okay to prevent the [ee-vuhl-doo-er, ee-vuhl-doo-er] took off at 10 MHz.
linear voltage reQUIaturs Ta”;;gon who does evil or wrong.
from oscillating. :

| | L] M%IEIEJ

s s 4 -
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One Motor, Two Line Voltages

T1

115 VAC
Line The fan motor is

powered directly
from the AC line.

115 VAC Fan Blower

230 VAC
Line

T1

The fan motor is
powered from T1
which acts as an
autotransformer.

115 VAC Fan Blower
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Transient Protector Peril

A

Resistance

=

Operating .:i Operating
Load :if Ve Load
ower Oka
Bus Y-

_;;- . i ," ; ._::::i;:'*t_ by oo '
Z= e Y ' "». N g
f |I | -I.':=_:'- N
— j/./

You can't safely just put a transient absorber across a power line without
a safety impedance, usually a resistance, although some application notes
do suggest using an inductance.
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From MIL-STD-704A
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MIL-STD-704A Transients

Volits
80¢ o
Transient f0E
Amplitude 3
in Volts w d3
Transient 50 .,_ MIL-S5TD-704A, Figure 9, Curve 1
Duration in tll]?— Vin=30+105(5-T)"exp(-T}1.3) "u\
«&= " Seconds = If Vin > 80 then Vin = 80 b
N | Vol e
— Nominal Voltage F=4
+2EVDC X 9 W 1 L+ s s sl 1 v 53yl i s a1 a1l Seconds
0. 0.1 1.0 10

Data points copied from the specification itself are plotted on top of a curve
whose mathematical expression empirically describes the transients’ properties.
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Picking A Transient Protector

Electrical Characteristics (s - 25:c uness othenwise noted)

Breakdown Voltage Maximum | Maximum | Maximem | Maximum
General ‘J{lﬁ]} Test Stand-ot Reverse | Peak Pulse | Clamping Temp.
JEDEC Semiconductor (v)' Cumtent | VoMage | Leakage | Current | Voltage | Coelficient
Type Part at Vwn at Vwm lepn® at Ipem of V(sR)
Number Number Min Max Ir (mA) (V) Io*" {A) (A) VelV) | (%/°C)
1N6267 +1.5KEB.8 6.12 7.48 10 5.50 1000 139 10.8 0.057
NB267A_ | +15KEG.8A 6.45 7.14 10 5.80 1000 143 10.5 0.057
1N6268 +1.5KE7.5 6.75 8.25 10 6.05 500 128 1.7 0.061
e 1. SKET 5A m 13 1;-»"‘:‘*\
TS T NW“‘?&W%TM
TNG284 +1.5KE 324 39.6 . 2921 1.0 \W 52.0 0.099
—3 1N6284A__| +1.5KE36A 34.2 37.8 10 308 1.0 30.1 49.9 0.099 -—
1NB285 +1.5KE38 35.1 42.9 1.0 3.6 1.0 26.6 56.4 0.100
IN6285A | +1.5KE39A 37.1 41.0 1.0 333 1.0 278 53.0 0.100
1NG286 +1.5KE43 87 47.3 1.0 34.8 1.0 24.2 51.9 __Dam
el $1.5KE43A 1.0 e e | 253 D —
2T e AT | 10 == | 0100
1N6290 1.5KE62 558 68.2 1.0 50.2 1.0 6.9 89.0 0.104
TNB220A 1.5KEB2ZA 58.9 §5.1 1.0 53.0 1.0 17.6 85.0 0.104
1N6291 1.5KE68 61.2 74.8 10 55.1 1.0 15.3 98.0 0.104

We select a candidate transient protector, in this case, a 1IN6284A.
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1N6284A Peak Power Equation

Let power P1 = H]5 waflts for duration T1 = 0.1 jiSec.
Let power P2 = 560 watts for duration T2 = 10 mSec.

K2
Peak Pulse Power Rating c_um Lﬂi "‘ﬂ flll'l'l'l ﬂf ﬂle ﬂquaﬁﬂﬂ bﬂ- P= F

=St

We use the above two data points to set up two equations

g in two unknowns:
ES ‘q\..li. P1= 1 and F32= LK"
§ 10 i \q&__ T T2
i'"; First we sobve for the coefficient K12
a . K1
3 IS AL 7 SN 473 WO
lg 1 S A 0 1 £ S e p2 '"K.l T ’ o m - P2
!;
H
* L“ﬂ(ﬁ) kz=p1xT1N'
o1 o Kl = e and == Of ==
Otus 1.0us  10ps 100us  1.0ms  10ms oy (:E“) co - po oK1
ty — Pulse Width (sec.)
. 70.3823
We derive for the 1N6284A that: P =
0.45036

T
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Finding The Value of “R”

Assume that the operating load is drawing no current at all. B Yz
Let the 28 VDC bus voltage transient be taken as a pulse of amplitude Vin and duration T. Vin A
Let the diode be assumed an ideal clamp at a voltage Vz. |
. o . Operating
The diode current will be E.!.’Lﬁ.ﬁf.?. for which the diode power will be P = (_E’_L['_ﬁ_},"ﬁ_) Va. Diode current ) Z Load

The equation for power is then rearranged to be an equation for resistance: R = (‘I.r'ln_l:—"l.r'z) Vz. J?—

We next recall the equations for Vin versus time and P versus time and insert both of them into the equation for R:

Vz TM"1

R=[30+105(5-T)*exp (-T/1.3)-Vz] —

.

el

Maximum numerical value equals 80.

This is now an equation for the value of B versus time. Let that relationship be defined as H=1[T].
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For T =0 to Tmax, Find Rmax

We next take values of T from some minimum value, Tmin, to some maximum value, Tmax, and repeatedly calculate values
of R while looking for the largest value of R than emerges from those calculations. The largest value of R can be called Rmax.

Start

T = Tmin
Bmax=10

k.

R=f[T}

Is R » Amax

Rmax =H

o

T=T+deltaT

Is T = Tmax

L.

Yes

R = Amax
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A Possibly Surprising Result

Finding the maximum walue of the minimum resistance needed to protect
the TN6284A against transients per MIL-STD-704A, Figure 9, Curve 1.

Resistor R
20 — Ohms The protective input resistor R must
I be at least 11.70 2 to protect the
i TNG6284A from the worst case power
15— stress of 65.16 ¥V and 0.41 Sec. .
10F
5
[ . Time
ﬁ- [WRIERTIT R RNt et AT DR T AR ITe A NN RTIT
0.1 1.0 10 0.1 1.0 10 0.1 1.0 10
S ~ S ~ o o ~
H Sec m Sec Sec

The real threat is not the 80V maximum, but instead,
somewhere around 65V,
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With Power Derating

Pulse Derating Curve

N \
o H i i Whare we apphy & dersfng bactar 8, the
I Erwer equalion beComme s,
: P
25 - : ™
' 5,

g 25 80 75 100 125 150 175 200
Ta — Ambient Ternparature {*C)

At an ambient temperature of 100°C, the derating
coefficient, B, becomes 0.5 for which the required

value of "R" must be increased.

sl (le)

Daraling in Pefcentage, %

-
&n

/

Peak Pulse Power (Peo) or Currg
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Diode Protection Resistance

Finding the required value The protective input resistor R must
be at least 23.39 0 to protect the

of R at a temperature of 100 deg C.
TNG284A from the worst case power

Resistor R stress of 65.16 V and 0.41 Sec.
25— Ohms
201
15
10
5 '
[ ; \ Time
ﬂ" ENIRRTTT I AT rrr ey L, SRRt 1T B AR T SR RTIT BN I B ERRTIT
0.1 1.0 10 0.1 1.0 10 8.1 1.0 10

T

H Sec m Sec Sec
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Measuring Loop Gain

Feedback
- “*
Lo 52 ey |
SE2 5 () >EIS
Gain stage Gain stage

Loop gain is measured by injecting a signal
called E test and then measuring the ratio
of signal E2 versus E1.
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Measuring Loop Gain

H (s)

@ e1
es
e2 R2 o3 4
4@ " \_/
R13

( e2-e3 } et Currents in

R2  R1 andR2are equal
e3=e2_e1 ; e3=eZ-e1&
R2 R2 R1

e3 = el A1 A2H(s)-e1%

&3 _A1A2H(s)-R2
R1

e1

If R2 goes to zero, then e3/e1
is the loop gain, but if R2 is
not zero, there is error in the
measurement of loop gain.

Therefore, make sure that your
test signal injection point has
zero Thevenin impedance at
the A2 stage.
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Transformer Coupling of “E test”

Feedback

- -

E test E1 I~ A
Thand T L7
Gain stage [Z@«-] Gain stage

 E2

L',J‘"
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Power Supply Loop Gain

Isolation Barrier

Circuit
Feedback

f — ]{7

E test

.
E2 N E1 PWM Rectif
> >N {>_)_ Control ::dl II_EES > Se;gral
Gain stage Gain stage fiters. [ Outputs
‘ | —n—
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Isolation Barrier Circuit

T P

— Open ——
. p

DC current source

E
* » The DC current source
(L' x enters the center tap of
= g/ the driven secondary
Excertion of diade — L E '*\ﬁ winding where the
clamping effect. k - center tap voltage is
always, with respect
to one end ar the ather.
N 50% | 5% always clamped o
Bjtrnllnn of al:ua!::.] N OFF Duty cycle il the ?;Iun of -.p-nlmgc
signal flow, "E". push-pull vgn
i ] - driver
Exertion of diode
clamping eflect. — 4__-
L H
— E E E DC current source
| I -
s .
E
Open = -
L0%s J S0 -
P . Lluh_.r’nycle OFF
Aszume ideal diodes
and zero Yeesat for push-pull
driver

the NPN transistors.

£
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Isolation Barrier Circuit

Yhiasin = 15Y

- +
VhiasoutpT = BY
R11S < R4T A48
10K 3 10K 2 Ir4
0.37 mA | TEV s \ p?zlsﬁnm
Eampl —.
Py 0.5 * Eampl + 0,5 * Vz + Vhe + Vd > R4 o
l - i 0K Eout =
) 1 0.5 * Eampl + Vhe « 2 *Wd
0.5 ® Eampl + 0.5 * ¥z + Vbe | + Vepsal- 1.5 * Ve
h - " CR3E | 18.4 mA | !
121 $ | IN571 | c T
10K “J M : P e r
i ! +
0.5 [Eampl + Vz | —= { 18.4 ma Ct’;’:“‘ - i Epri
. a : - f
h 4 A #
H21H$ Q34 § 4
10K ZH2907TA U 18.4 mA Epri
Emitter ' -
follower _H r
CR43
1NGT11
Epei = CR13 4 CAl
Vi = +4,3V — 0.5 Esmpl + 0.5 V2 4 Vhe + Vd - V2 TNST1 TNETI
= 0.5 * Eampl 4+ Vbe +¥d- 0.5 " Vz —

CH42
INAG23
Ve = I.WI OFF
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Isolation Barrier Circuit

Volts Input to isolation barrier circuit




Ambertec, PE.PC.
Agilent 4395A Analyzer

RF Output

Input A
Input B

The RF output port gives
a swept frequency signal
of selectable amplitude.

The input ports have

a Zin = 50 Ohms, but
there are high-Z probes
that can be used as
buffers.
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Making The Transformer

RG-188/U or
similar coax
cable,

Many turns.

The shield braid is

the primary and the

center conductor is
the secondary.

Shielded pair, braid \\\

tied only at the BNC,
T TTTTETITIIITINE A | e (Red)
L~ A e
(Blk) AN,

Shield braid Center conductor

primary. secondary. 100 (BIK]
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Making The Transformer

Coaxial cable is wound around a
stack of four ferrite toroids, Ferroxcube
part number TX80/40/15-3C90.

100 wrns of RGI74/U
Approximately 80 feet required. "IN'" Receives signal excitation

from ther RF OUT of the network
analyzer.

"A" goes to the A-input of the
network analyzer.

"UUT" is connected as shown in the
schematic. Be sure to include the
ground connection to the unit under
test! "‘H\-..“M
“B" goes to the B-input of the
network analyzer.
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Gain Measurement Set-Up

Coaxial cable on toroid.
n M Braid = primary winding.
Center = secondary winding.

0o Tkt o
To Agilent 43954 sl o . To Agilent 43954
Network Analyzer A “ ) WA ) B Network Analyzer
Channel A U o Channel B

Conneet this ground J G

to the signal ground !
#

of the UUT.
D e >
uuT

Mote that the shell of
the UUT connector is

]
not at ground. \.\I




Ambentec, PE.DC.
Gain plot with 0 dBm

CHY R/B log HRG 18 dB/ REF & dB ~19.908 db

Hid

a1 ae T PGIER B dbm P 54,87 sec
START 100 Hz STOP 108 khz
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Gain plot with =3 dBm

CH1 R/B  log HRG 19 4B/ REF @ dB -17.285 db
x 2 r T H : . : N z : 1% k-}iz

Hid

FRCIe HE PONER <3 dBs "S54 65 see
START 188 Hz STOP 188 kHz
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Gain plot with -6 dBm

CH!I R/B log HRG 19 dBf REF @ dB =-14.681 d8
3 : SRR : : sE . laﬁ K_-HZ

Hidg

TFB 18 e PGIER -6 dbm “SIP 54,82 sec
START 100 Hz STOP 129 KMz
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Gain plot with =9 dBm

CH!I R/B log HRG 19 dBf REF @ dB -15.88 dB
3 : SRR : : sE . laﬁ K_-HZ

Hidg

TFB 18 e PGIER -0 dbm “SIP 54,87 sec
START 100 Hz STOP 129 KMz
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Gain plot with =10 dBm

CH1 R/B log HRG 18 a8/ REF © dB =15.748 db
N N N N . : . : : T - E 1@ kifz

Hig

F Bl 18 e PGIER -i0 dBa 5P 94,82 sec
STRAET 188 Hz STOP 190 kHz
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Gain plot with =12 dBm

CHI R/B toa HAG 18 dB/ REF @ dB 15,586 dB
: : S : : oo - iﬂﬁ k}iz

KHid

F e e FONER <12 d6n P 04,82 sec
START 100 Hz STOP 100 kHz
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The whole bunch of them.

CHI R/B 1oa MRG 18 aBs REF © db ~-$55E86 o8
: : S : A : IB@ Ki_"lZ

Hid

R0 R PGIER nodiEa S 94,82 sec
START 100 Mz STOP 108 kMz
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Bias for the primary side.

Vbiasoutp? = BV _
E i l+
ampt —., 115
:D 'Il][($ l
12 T
nx:" N E, _*
li 1 5 3 2 PWM
1 Cont
16 »
Iﬂiﬂ} ;
» 4 3
1:1
2 A
23
4.3V

=S

ec rs
and LC

filters.

R
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The culprit zener!

Vbiasoutp? = 8V

gl\

Eampl —, RIS $ 4 < _I._" Y
10K Sneak feedback 4 L
:b path!!!! !
, W i
K 3 — A

e .

5

A216 & ';
1

1[IK>

4

§.2 I CPWM A Rectifiers
E ontrol and LC
1

R

filters.
” _ 3
: .

R zener} \ + ¥

CRA42 4/
TN4R23
Vz = 4.3V
==

b,

o
-
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The remedy

e

Vhiusuul.p? =B“ Snnnnasans
Eampl —, R115 ©
T10E
?

R121 ¢

"M
r
o

W

R

: §.2 I CPWM I h Rectifiers
' ‘ filters.
4 3
K 21
. A
~ VoL sy ‘E'
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Stabilized gain and phase

CHi R/B  phase 98 °f REF @@ =

CHE R/B  log MAG 18 o8/ REF @ B

Gain margin = 13,591 dB

£ iB?E. ITS. .

T-N

Hig | e T plaEazes hE " Hid H
o B' Ll : S : =i3.551 o od : :

POLER © dbm

~ Phase margin = 107.46 deg

| 51.664998 kiiz

E

POUER 0 dbn ' Fal@h
" e STaeT “Job wz
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Stabilized gain

CHI A/B log MRC 18 dBS REF @ dB

. Gain margin = 13.591dB

[ldB: P11 : R © =i3.531 8|
: : 51.684999 kHz

Hig

FE0 @ iz POUEE © dEn SOP 23,87 sec
TART 108 Mz ST0P” 108 Khz
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