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Technical Information & Training Document

NEGATIVE RESISTANCE CHECK i PERH A 2%

In order to determine the Circuit Margin (CM)
the negative resistance shall be determined OSCILLATOR IC
first. b T Hfi 32 FEL % Margin(CM), 555 1 56l
€ SV RHAT. :
In order to determine the negative resistance, | e,
we have to check the maximum crystal
resistance that the oscillator circuit could drive.
h T HE BB, FRATT 20U A 4R LK ) NPT OSC OUTPUT 0S¢
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To measure negative resistance, we add a
variable resistor (pot) in series with the quartz

crystal unit. When selecting the pot, we
suggest starting with a 500Q pot. For high | | /%.

gain circuits or low frequency circuits, a 1kQ

pot may be needed. Once the potis VARIAELE RESISTOR
assembled on PCB and board power up, the (5000) :
resistance is slowly increased until oscillation - 2

stops. Resistance is then decreased until
oscillator circuit just starts working. The
variable resistor (pot) is then removed and o1 oo
resistance measured on an ohmmeter. >4 7 il
FEAAPERPT, FA] S SR SR I — A TR LR
CARBHAS) o ERARBHASI, FAT TRk —
A 500 BRIASPEAS o 0 LAy 1 2 F g BRI A % = =
ML, TN 1kQ AR AE . — HAUARPH 284 = ="

FERR EIFIE AL, W O B B B R 4 AL
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The crystal used MUST be an average crystal. Do NOT test a defective, questionable, or unknown crystal for
this negative resistance test. fif fl W 20e —>— M db Ak . AZLENEK A E R BTRAE —NAS R, A
B HI A o

For testing purposes, the board was plugged into a PC motherboard in order to provide proper power supply.
Test circuit consisted of an Agilent 500MHz oscilloscope used with probe as well as HP 225 MHz frequency

counter and an multimeter. 24 TR, AR T2E4E— AN BN L DAL E s s . WK AR — MR
BB 2 5E1E 500MHz 7R, A HP225MHz Al Fl—AN 1 FH &
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The results of these measurements are X L6ilj& 1) 45 5L 2

Board #1 the resistance value was determined with Hc#1 ¥ HLBH#E A Rrest = 44.6Q
Board #2 the resistance value was determined with H#2 ¥ HLBH#%E A Rrest = 37.6Q

Once we have dynamically tested the circuit’s ability to start an average crystal, we can calculate the Negative
Resistance (—r) using the below equation shown in figure 2. — HIRATE) AR T SRR —A>— B iR 1 g
JuJis AT LU LR B 2 i 2 s U AR RET Cr)

Figure 2 —r =R + ESR

That requires also the Effective Series Resistance (ESR) of the crystal which is defined as shown in below. iX
BT ANTE R ESREERCRIKHER), WEAUF 2.

2
C
Figure 3 ESR = R1(1+ C—Oj

L

A premeasured, average crystal with following parameters was used. You may ask your crystal manufacturer
for assistance in providing these data. R1 in equation above is equal to the RR or Rs shown as crystal
resistance in data printout of your crystal manufacturer. {1 —A~Z GrRRE K, H LN SE— AR, R4
AR PRATTERD it A 1 P B B Ak e, B AU i) R AETARMTE AR Ry 47 Enges vh TR A7 A4 i L
) RR 8% Rs.

g Resistance RR 9.3Q
g Shunt capacitance CO0  3.0pF
= Load capacitance CL 18.0pfF

Using above data of our test crystal we can calculate ESR as i I FA TR A AR 1) iR B, BAiTnT ASE
ESR Jy:
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2
3.0pF
Figure 33) ESR = 939[14‘ ﬁj

Figure 3b) ESR =12.7Q

Having ESR calculated we can now determine the negative resistance for both boards based on equation
shown in figure 2. The negative resistance is the sum of the measured resistance Rregsr and the ESR of the
tested crystal unit. 51 ESR, MRHEIE 2 PR, BUAETRATAT LA X PTIBIK) G rE R ST Sk BT A i
{147 L BHL 5 PR 4 ESR AT

Board #1 Rrest = 44.6Q gives us negative resistance of 57.3Q
Board #2 Rrest = 37.6Q gives us negative resistance of 50.3Q

OSCILLATOR CIRCUIT MARGIN DETERMINATION #i 5 #E % FifH Margin

With the negative resistance measurement, we can calculate the Circuit Margin for the given oscillator on the
board. The Circuit Margin is defined as the absolute value of negative resistance | —r| divided by the average
value of Effective Series Resistance (ESR). Formula for circuit margin is as shown in figure 4. il t T £ 4B
YU, BATOT LU AR 45 %R 45 1 L Margine X/ HLE Margin (858 SCh S BRI 4E%HE | —r| BREL ESR
I P3ME. B 4 2 L Margin (A .

_ 1l

Fi 4 CM
igure ESRAVG

The ESR AVERAGE that should be used here is referring to the average ESR of a certain crystal batch since
the crystal units resistance is spreading over a certain range due to manufacturing tolerances. iX B iZf#

(¥ ESR T EIE R € A AHE RT3 ESR, DU AP R VF 22, IXL8 AR il B2 A 1 VE R

Taking equation in figure 4 and ESR value of our test crystal unit (ESR = 12.7Q) we are getting the following
circuit margin for the two examined boards 1 1] [ 4 i) 22 A2 FATIA A ESRE (ESR=12.7 Q) , &
AR A5 2 Y P AR 1 FL 2% Margin:

Board #1
Board #2

—r
—r

= 57.3Q gives us a low circuit margin CM of only 4.5
= 50.3Q gives us a low circuit margin CM of only 4.0

Q: What should the Circuit Margin be? HLi% Margin V1% % /DI ?
A: Should be over 10. Must be absolute minimum of 5.0. NiZ K+ 10. %D 5.0,

OSCILLATOR CIRCUIT MARGIN RELATIONSHIP TO EXPERIENCED FAILURE RATE % Hi.% MARGIN
LA A2 A 5C &
Poor Circuit Margin correlates directly into the failure rate during board manufacturing and customer use. %

NI L Margin T4 By FLER AR P N8 A R AN R AR

Below chart show the relationship between circuit margin and expected failure rate in board manufacturing.
The abscissa is Circuit Margin. The ordinate is defect rate — dppm. Please observe — using the same crystal
PAR B 7R T L% margin B HUBRBRCAE P FRH AN R R Z IR0 AR e BEARFR A2 HLER margin. ARPREAN R
H-dppm. T ---- 18 A ] it 4k

e A CM of 4.5 is off the graph — probably several thousands of dppm. CM4.5 A{E i £k Py --—-1R il g ) LT

dppm.

e A CM of 5 is also off the graph — probably about 1k dppm. CM5 3 A7E il £k iy ----1R 1 E 1 T dppm.

¢ A CM of 6 is ~800 dppm

¢ A CM of 10 is ~100 dppm
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e A CM of 15 is ~35 dppm

FAILURE RATE VS CIRCUIT MARGIN
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CIRCUIT MARGIN

When necessary to vary the PCB’s Circuit Margin, we need to consider the PCB factors generating the
negative resistance. If we look at the negative resistance, we can say 13 75 % %48 PCB K HL % Margin, A1
T 8P AR BT PCB 128 K38 . AR IRATE G Ak, FdiTmr L

1 1
Figure 6 —r=gm>{ach2j

Where gm is the transconductance of the circuit. X ¥ gm 2 BRI E ST (BF) .

This formula shows us our load capacitors C; and C, both in the denominator, which means that the negative
resistance will increase if we reduce the values of either or both of the two pi capacitors. We could say that
the capacitor values give us some “handles” to work with. XA 2 & R RATIRAT 73 C1 F1 C2 #iE4r BF
b RERE IR IR R — D e A pi LA, SUPERLPT 3 K BATR DA A E S T AT — L8 7T BL
F IR IR T

The voltage gain from back to front of circuit should be another consideration. Usually C1 and C2 are equal,
or C1 is slightly smaller than C2. If we consider the signal on both sides of the crystal, which is the same as
both ends of the amplifier, we can say the voltage gain from back to front is equal to C,/C4. Often C2 is slightly
larger to make up for losses through the crystal and to have a lower value impedance loading the IC
OUTPUT.. HLEK I J () H M8 2 W A% 8 o — DB IE IR R . W C1 A1 C2 JEAHART, 2 C1 RN T C1. iR
A1 1% & aafZISWJJEI’JTn Ty EETBORAS P — R, BATAT LSRR SR 2355 T Co/Cq o W C2 2T
K ni, DASRANE I S AR F8RE,  BLAE 1C it 3R AG— MU BT
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SUGGESTION TO SOLVE THE PROBLEM & ¥3iX A ) B i a3

In order to improve Circuit Margin performance, it is suggested to lower the load capacitance of the circuit.
This would comply better to the frequency that the oscillator running at and it would also increase the circuit

margin to some extend. 24 B35 HIEE margin, ARG I A XS EEEIRG IR, TR e
J5 [P35 K HL % margin

However if C1 and C2 are reduced in value, this will also cause higher impact of board variation, component
tolerances and crystal unit variations due to the increase of crystals pullability. It will also increase the cost
due to the fact that the higher pullability will also cause higher cost in manufacturing if not even becoming
non-producible. Therefore it is depending on the customer to make this decision based on the board’s total

frequency tolerance. {FE U1 4/ C1 F1 C2 IOME, T db AR 725 | 3G, IXFEMUI Gt 2 S 302 L AR 7
S, ARV 22 DL R A 2 e RS I BE K

In case customer decides to change the load capacitance of the circuit we suggest the following 1% /= %4
SR LR AR P AR, AT LA L

In order to get a 14pF total load we have to consider the large stray capacitance of over 7pF and deduct it
from the 14pF we need at the end. Therefore we are looking for values of C1 and C2 that will calculate out to

a total capacitance of 6 to 7pF. iy T 3k i 7128 14pF, FA 1205 (GBI 7pF (3 Hh 2, FEoG FA175 20
14pF L8 . XAEIRAI4NIE C1 A C2 it tH L i LA 2 6 3] 7 pF.

We also suggest using two unequal values by making C2 slightly larger in order to get better voltage gain and
make up for losses. For this purpose it is suggested to make C2 about 20~30% larger than C1. F&A1 ]t g i i
FPIASAZERE, A C2 Rl 50, IXFE W] DLIRAT S AR L B 304 25 JF o #h 0 AE . ik, @l C2 Lk C1 3
20~30%.

As shown above, the oscillator cell is not providing enough circuit margin in order to guaranty proper startup of
the circuit under all conditions. Up to this point other conditions such as behavior at different temperatures had
not been evaluated and may worsen the findings above. 1E40_FTHFTG, 353 2% B0 AT $2 00 L 0% 1) HL i
margin IEW FIRPT L, R 25 R T A S AL 85 1 Fi % margin K ORAIE HLES 72 T A 25 A S R REAR LF IR PR . 3
U, A, LEAnANTR] o) AU R SRR A EAT VA, TR LB A LS A R

Therefore we would like to make sure that it is being understood that ONLY a design change of the oscillator
cell would be a good solution, all other ways may reduce the failure rates but cannot be seen as the correct
solution. It ATRATIA SEA ORARMTRENS S, AT % P T BV AR A S e i M o T3, FiAt 53U BRARAN
RZAH A R AR R TT %

We are not the oscillator designer and declare that above made suggestions are by best of our knowledge but
we do not guaranty satisfaction nor any do we consider us a liable for any damages that may occur when
above stated changes being implemented. FATA IR AR, FEA L EREBORINIT A, (A
PRAUE R, IF HIRATA A FA IR — B F R AR T S5 (A AT 53 535 47 DA T

Respectfully

M. Bruech June 7™ 2009

QA Mgr. of NKG/RT Date:
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