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ML511, ML511R-Series

4, 6, 7, or 8-Channel Ferrite

Read/Write Circuits

GENERAL DESCRIPTION

The ML511 s a bipolar monolithic read/write circuit designed
for use with center-tapped ferrite recording heads. The
ML511 and ML511R are performance upgrades from the
MLS01 and ML501R. The R designation in the part number
indicates that this part has internal head damping resistors.

The ML511 provides up to eight multiplexed read/write data
channels. These circuits exhibit features not found in similar
read/write circuits such as improved write current stability
and the elimination of write current ““glitches” during power-
up. The ML511 also provides a low noise read data path, and
data protection circuitry for all of the channels.

FEATURES

» Enhanced write current stability

u ML511, ML511R is replacement for SSI 32R511/5T1R and
is designed for center-tapped ferrite heads

= Single or multi-platter Winchester drives

» Easily multiplexed for larger systems

m Power supply fault protection

s 1.5nV/ VHz maximum input noise voltage

s TTL compatible control signals

= Programmable write current source

u Includes write unsafe detection

w Available in a selection of packages

® +5V, +12V power supplies
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ML511, ML5TIR

PIN CONNECTIONS

ML511-6 OR ML511IR-6 ML511-8 OR ML5T1R-8 ML571-8 OR ML511R-8 ML511-8 OR ML5T1R-8
6 Channels 8 Channels 8 Channels 8 Channels
28-PIN DIP AND SOIC 32-PIN 50IC 40-PIN DIP 44-PIN PCC
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nef]w 2 f]ne WX v Vool NC NG
el e 2 [] voor TOP ViEW
un v 22 [ vonz
Hry ] 20 2] va
TOP ViEW
ML511-6 OR ML511R-6 ML511R-7CS ML511R-7CQ ML511-4 OR ML511R-4
6 Channels 28-Lead SOIC 28-Lead PCC 4 Channels
28.PIN PCC 26-PIN 50IC — 24-PIN SOIC
WX Hx NC Hox [T 1 28 crf) WX oW R ono O] 1 2 NC
HIY | HOY | GND | & Hoy (1] 2 27 [0 /W HIY | HOY | GND | wC N O 2 F1) ma Fad
Hix 0 3 2 [T we Hox [T 3 2w
H2X 1L Wy (T4 4 25 [T RDY H2xX ] rov Hov (] 4 2 [T we
H2Y ]wc H2X 11 5 24 17 ROX H2Y ] RDX HX 1] 5 20 [T RDY
Hax ) ]Rm H2Y [T} & 23 1 Hso H3X :l HSO HIY [T 6 ¥ 11 ROX
H3Y ] cox W T 7 2 [ Hs1 Y i wax o 7 By —
Hax [ 1so Hv 8 Ll Hax 2[] w2 H2y L s 7 T hsy
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2B WK Y ® HsX LT 1 8 1] wus PR va I n 1 13 wus
|7 g e D ) H5Y [T 2 17 13 Vopi uut_u_le_u_H_r vpp2 ] 12 11 13 vopl
H5Y vlavmf/ D,D lwuswlm vee U s 3 Voos HsvHJx HbY V{q nni/ l’rmwus
TOP VIEW HEY LTy w % Va TOP VIEW
NAME FUNCTION NAME FUNCTION
HSO-HS2 Head Select (eight heads) RDX, RDY X, Y Read Data (differential read
Cs Chip Select (low level enables 5|gr'1al out) )
chip) WC Write Current (used to set the write
R/IW Read/Write (high level selects current magnitude)
Read mode) Ver Voltage Center Tap (center tap
wus Write Unsafe, open collecter out- voltage source)
put (high level indicates an unsafe Vee +5 volts
writing condition) Vpp! +12 volts
WDI Write Data In (negatiw_e trapsition Vpp2 Positive supply for center tap
toggles head cu.rrent direction) GND Ground
HOX-H7X X head connections
HOY-H7Y Y head connections
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ML511, ML5TIR

ABSOLUTE MAXIMUM RATINGS
(Note )
Power Supply Voltage Range
Y -0.3t014Vpc
VDDZ ................................. -03t0 14VDC
VG i e -03t06Vpe
Input Voltage Range
Digital Inputs (TS, R/W, HS, WD) ... .. ~0.3t0 Ve +0.3Vpc
Head Ports (HOX-H7X, HOY-HZ7Y . =0.3t0Vpp! +0.3Vpc
Write Unsafe WUS) ...................... -0.3t0 14Vpc
Write Current () .. cov oo 60mA
OQutput Current
Read DataRDX,RDY) ..................c.ccon.. ~10mA
CenterTapCurrent (Icy) . ......oooeiii it —-60mA
Write Unsafe (WUS) ... ... 12mA
Storage Temperature ...................... —-65°C to 150°C
Junction Temperature (T)  ......................... 135°C
Lead Temperature (Soldering 10sec.) ................. 300°C

OPERATING CONDITIONS
Supply Voltage

Y 12V£10%

VCC ..................................... 5V+£10%
Head Inductance

Ly, MLS1TOorMLSTIR ..o o 5t0 15uH
Damping Resistor (Rp, ML511only) ............. 500 to 2000
RCT Resistor (faWatt) ................coovvan.. 120Q+5%
WriteCurrent(ly) ... 10to 40mA

ELECTRICAL CHARACTERISTICS

Unless otherwise specified Vpp1=Vpp2 =12V £10%, Vcc =5V £10%, Rep= 1209 + 5%, hy=40mA, 0°C< To€ 70°C

(Notes 2 and 3).
SYMBOL | PARAMETER [ CONDITIONS [ mIN v MAX

DC OPERATING CHARACTERISTICS

POWER SUPPLY

lec Vee Supply Current Read or Idle Mode 35 mA
Write Mode 30 mA

Ibp Vop Supply Current Read Mode 35 mA
Wirite Mode 20 +ly mA
idle Mode 20 mA

Po Power Dissipation Read Mode 655 mwW
Write Mode Iy =40mA, 960 mw
Rer=09
Idle Mode 455 mw

DIGITAL INPUTS (CS, R/W, HS, WDI)

Viy High Voltage 2 Vpe

Vi Low Voltage 0.8 Voc

™ High Current Vig=2.0V 100 HA

e Low Current V=08V -0.4 mA

WUS QUTPUT

Vot Output Low Voltage loL=8mA (Safe) 0.5 Voc

lon Qutput High Current Vou =5V (Unsafe) 100 HA

CENTER TAP VOLTAGES

Ver Read Mode Read Mode 4 Vie

Ver Write Mode Write Mode 6 Voc

I k093418 0008439 OTO WA
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ML5T1, ML51TIR

ELECTRICAL CHARACTERISTICS (continued)
Unless otherwise specified Vpp1 =12V £10%, Ve =5V +10%, Rep=120Q £ 5%, hy=35mA, Ly =10pH, Rp = 7502 (ML511),
foara=5MHz, C| (RDX, RDY)< 20pF, 0°C< TA < 70°C (Notes 2 and 3) (VN is referenced to V-t for Read Mode Characteristics).

SYMBOL | PARAMETER | CONDITIONS MIN vP MAX [ uNITS
WRITE MODE CHARACTERISTICS
lhew Head Current (per side) Write Mode -200 200 A
0 Vees3.7V .
0<Vppl<8.7V ,
g Write Current Range hw=K/Rwc 10 40 mA
K Write Current Constant 2.375 2.625
Vhp Differential Head Voltage Swing 7.0 Vpk
lau Unselected Head Transient 2 mApk
Current
Cop Differential Output Capacitance 15 pF
Rop Differential Qutput Resistance | ML51 10k : Q
T)=25°C ML511R 600 960 o]
fwp! WDI Transition Frequency WUS = Low 250 kHz
A lwc to Head Current Gain 0.99 mA/mA
Iy Unselected Head Leakage Sum of X & Y Side Leakage Current 85 A
READ MODE CHARACTERISTICS
Ay Differential Voitage Gain Vin=1mVpp @ 300kHz, 85 115 viv
* | R (RDX, RDY)=1kQ
DR Dynamic Range DC Input Voltage (V) Where Gain Falls 10%, -3 +3 mv
Vin=V|+0.5mVp.p @ 300kHz
BW Bandwidth (—3dB) 1Z5]<59Q,Vin=1mVpp 30 MHz
enn Input Noise Voltage BW=15MHz, Ly=0, Ry=0 15 nV/ VHz
Cin Differential Input Capacitance | f=5MHz 20 pF
Rin Differential Input Resistance f=5MHz, T)=25°C ML511 2k Q
Vin=6mVpp MLSTIR 460 860 Q
Her Head Current (per side) Read or Idle Mode -200 200 HA
0<Vee<5.5V
0€Vppl<€13.2V
N Input Bias Current (1 side) 45 A
CMRR Common-Mode Rejection Ratio| Vey =V +100mVpp@ f=5MHz 50 dB
PSRR Power Supply Rejection Ratio 100mVp.p @ 5MHz on Vppt, Vpp2, or Ve 45 dB
cs Channef Separation Unselected Channels: 45 dB
Vin=100mVpp @ 5MH2z
and Selected Channel:
Vin=0mVpp
Vos Output Offset Voltage Read Mode —460 +460 mv
Write or Idle Mode -20 +20 mV
Vocm Common-Mode Output Voltage| Read Mode 4.5 6.5 \
Write or Idle Mode 5.3 \%
Rout Single-Ended Output Resistance| f=5MHz 30 Q
I Leakage Current, RDX, RDY (RDX, RDY) =6V Write or Idle Mode -100 100 WA
lo Output Current AC Coupled Load, RDX to RDY *2.1 mA

I L093418 0008440 812 N
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ML511, ML5TIR

ELECTRICAL CHARACTERISTICS (Continued)

Unless otherwise specified Vppt =12V £10%, Ve =5V 210%, Rer=120Q £ 5%, hy=35mA, Lyy=10uH, Rp=750Q (ML5TY),
foaa=5MHz, 0°C< To< 70°C (Notes 2 and 3).

SYMBOL | PARAMETER | CONDITIONS MIN v MAX | uNITS
SWITCHING CHARACTERISTICS
trw R/W to Write Switching Delay | To 90% of Write Current Output 1 us
twr R/W to Read Switching Delay | To 90% of 100mV, 10MHz Read Signal 1 us
Envelope or to 90% Decay of
Write Current
tw CS to Select Switching Delay | To 90% of Write Current or to 90% of 1 s
or 100mV, 10MHz Read Signal Envelope
YR
tw C5 to Unselect Switching Delay | To 90% Decay of 100mV, I0MHz Read 1 us
or Signal Envelape or to 90% Decay of Write
tr) Current
ths Head Select Switching Delay | To 90% of 100mV, 10MHz Read Signal 1 us
Envelope
tD1 Safe to Unsafe lw=35mA 1.6 8 us
Write Unsafe Delay
tD2 Unsafe to Safe hy=35mA 1 us
Write Unsafe Delay
tD3 Prop. Delay Head Current L3 =0, Ry =0 From 50% points 25 ns
Asymmetry Head Current WD has 50% Duty Cycle and 1nS Rise/Fall 2 ns
Time
Rise/Fall Head Current 10% and 90% Points 20 ns

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise
specified are measured with respect to ground.

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.
Note 3: Maximum junction temperature (T)) should not exceed 135°C.

TIMING DIAGRAM
wDI —\
[e——tD2 tD1
wus
— tD3
HEAD =
cipen =

Write Mode Timing Diagram
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ML511, ML5TIR

FUNCTIONAL DESCRIPTION Table 1.

CIRCUIT OPERATION Head Select

For any selected head, the ML511 functions as a read ampli- HS2

T
92
=z
&

HEAD

fier when in the Read mode, or as a write current switch
when in the Write mode. Pins HS0, HS1and HS2 determine

head selection while pin R/W controls the Read /Write
mode. A detected “‘write-unsafe’’ condition is indicated by

pin WUS.

READ MODE

When the ML511 is in the Read Mode, it operates as a low-

noise differential amplifier on the selected channel. In Read

—mja|a|o|lo|e]o
slalo|lol=|=jole
~lol~|lo|=|ol=lc

mode the write data flip-flop is set and both the write unsafe
detector and the write current source are deactivated. The

N s lWIN]| =

center tap voltage is also lowered. Pins RDX and RDY provide

differential emitter follower outputs which are in phase with 0 = Logic Level Low

the X and Y head input pins. 1 = Logic Level High
. . . X = Don’t Care

Note that during the Read or Chip Deselect mode the inter-

nal write current is deactivated, thus making external write

current gating unnecessary. Table 2.

WRITE MODE Mode Select

The ML511 operates as a write-current switch when in the <3 R/W

MODE

Write mode. Write current magnitude is determined by the 0 o

Write

following relationship: o -

Read

lw = K/Rwc 3 X

Idle

Where: K = Write Current Constant

Rwc = Resistance connected between pin WC and 0 = Logic Level Low
GND. 1 = Logic Level High
The head current is toggled between the X and Y side of the X = Don't Care
selected head by a negative transition on WDI (Write Data
Input). When switching the ML511 to write mode, the WDFF
(Write Data Flip-Flop) is initialized to pass write current
through the X-side of the head.

- The ML511, ML5TIR exhibit enhanced write current stability,

compared to similar read/write circuits, which reduces the
problem of oscillation. This is a result of increased internal
write current compensation. Alsa, write current ““glitches”’
during power-up, common in similar read/write circuits, are
eliminated with an exclusive write current disabling function.

The WUS (Write Unsafe) pin is an open collector output that
gives a logic high level for any of the following unsafe write
conditions:

® Open head

® Open head center-tap

* Too low WD frequency

* Read mode selected

® Device not selected

* No write current
Two negative transitions on WDI are required to clear WUS
after the fauit condition is removed.

The ML511 also offers a voltage fault detection circuit that
prevents write current during power-loss or power-up.

R L093418 0008442 L5 WW
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ML5M, ML5TIR

TYPICAL APPLICATION

+5V +2V
P
2K < Rer()
2 @
Vec  Vooi Vo2 Var
Hox 3
RDZ (4) Ho
MICROPROCESSOR ' WU_S %
AND R/W HOY
CONTROL LOGIC & HiX
S
< H1
Hiy
H2X
e
HSo 2 »—3 H2
HS1 H2Y
HS2 H3X
b3 H3
MLSH/SHR - H3y \ READ/WRITE
Hax HEADS
s
< Ha
Hay
H5X
&
< H5
H5Y
HeX
2 H6
WRITE DATA INPUT WDI
He6Y
{— rox
READ DATA QUTPUT B H7X
{—{ roV 3 —3 H7
4 S1K 1
g wC GND H7Y J
%WC
NOTES:
1. RCT is optional and is used to limit interal power dissipation
(Otherwise conpect Vol to Vpp2).
RCT (12 Watt) = 120 (40/1,,) ohms
where l,, = Write Current, in mA
2. Ferrite bead optional: used to suppress write current overshoot
and ringing. Recommend Ferroxcube 3659065/ 4A6.
3. RDX and RDY load capacitance 20 pF maximum. RDX and RDY
output current must be limited to 100uA.
4. Damping resistors not required on MLSTR.
- -
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ML511, ML511R

ORDERING INFORMATION
PART NUMBER NUMBER OF CHANNELS PACKAGE
ML511CS-4 4 24. Pin SOIC (S24)
ML511R CS4 4 24- Pin SOIC (S24)
ML511CP-6 6 28- Pin Narrow DIP (P28)
ML511R CP-6 6 28- Pin Narrow DIP (P28)
ML511CQ-6 6 28- Pin PLCC (Q28)
MLS511R CQ-6 6 28- Pin PLCC ()28}
ML511CS-6 6 28- Pin SOIC (528)
ML511R CS-6 6 28- Pin SOIC (528)
ML511R CQ-7 7 28- Pin PLCC (Q28)
ML511R CS-7 7 28- Pin SOIC (528)
ML511CP-8 8 40- Pin DIP (P40)
ML511R CP-8 8 40- Pin DIP (P40)
ML511CQ-8 8 44- Pin PLCC (Q44)
ML511R CQ-8 8 44- Pin PLCC (Q44)
ML511C5-8 8 32- Pin SOIC (S32)
ML511R CS-8 8 32- Pin SOIC (532)
THERMAL CHARACTERISTICS
PIN COUNT PACKAGE 6)a
24-Pin 50IC 75°C/W
28-Pin PDW 55°C/W
28-Pin PLCC 65°C/W
28-Pin SOIC 70°CW
32-Pin SOIC 60°C/W
44-Pin PLCC 60°C/W
40-Pin PDIP 45°C/W

B 5093418 0008444 4LA HH
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PHYSICAL DIMENSIONS inches (millimeters)

Package: P24N
24-Pin Molded DIP (Narrow)

| 1.210/1.270
| (30.73/32.26) I

N o T O e Y s O e T e O e Y s Y e 2 e B |

—
24 13
0.240/0.270
(6.096/6.858)
1 12 ¥
| SN Qg NN SND R SN g NN G SR Gy SN R S (i SED S SN R S S
0.290/0.320
—:)5'2(33 (7.366/7.874;
A B Sm— ]
MAX
0.020/0.050
(0 {0.50871.270) 270)
0.008/0.014
SEATING 0.203/0.356)
PLANE ol
— ||| 2:050/0.065 (0 254) MIN S| |ar 09715
= {T.270n.651
(3 175) e 0.016/0.022 10.090/0.110
MIN "~ 0.a06/0.559) (2.286/2.799)
Package: $24W
24-Pin SOIC
.600/.614
(15.24/15.60)
24 13
1 2
TOTEEHHEH
012/.020 | 025 MIN
13057.508) 1635 MIN) .290/.301
4 PLCS.) (7.36/7.65)
; 007/.015
(177/.381)
lmmmmui_smm A
f L PLANE T-
095/.106 050 + 005
(2.41/270) (1,27 £ 020 0.015/0.050
0406 + 0.010 (0.38/1.25)

1031 £ 0.254)

8L Micro Linear
6093418 0004449 380 HR
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PHYSICAL DIMENSIONS inches {millimeters)

Package: P28N
28-Pin Molded DIP (Narrow)

1360/1.370
{34.54/34.80)

W e IR S e N S e S e S e D e B B e NG s U e S |

28 15 1

) 0.280/0.295
(7.11/7.49)

1 14
T OO oy OO O nT T O e

0180 o 0.300/0.325
(4.;7) ‘,(752/016)_’
0020
I I [ oen MIN
SEATING
T—l— 00080012
[ e _\ Tz
T ? 0-7
0.045/0.055 be—
— ~lj- (1.14/1.40) ’ ‘ @
0.100
0015/0.021 T sy B
©.38/053)
Package: Q28

28-Pin Molded Leaded PCC

0010
0501 0,005 0359
PN 0.035
127010029 - {0-889) AP
al
b A oo ;
Y pasoioass 0013/021_ 0.390/0.430
D T @300535  s0e/10ss
o BC OF
b BEND RADII
i
ul
0.485/0.495 | 0.165/0.180
——l L— a23/i26) 4.19/4,57)
5Q.
0.100/0.110
254279
0.020
w508 MIN

8L Micro Linear 9-15
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PHYSICAL DlMENSIONS inches (millimeters)

Package: S28W
28-Pin SOIC

699/.713
(17.75/1811)
DRARARAAAAAAAR
28 15
1 14
EEEREEEELELR
012/.02 024 MIN
""' = (.3(1)5/503) _’l =609 MIN) 0294  0.010
TYP. (4 PLCS.} (7.47 £ 0.25)
¢ 0077015
(177/.381)
AT e y A—h

¥ PLANE E
.095/.106 050 + .005
(1.27 + 0200 022/.042

2417270

1559/1.07)
.398/.412
{10.11/10.47)
Package: H32, H48
32-Pin TQFP, 48-Pin TQFP
344/364
©75/.25)
27200
©0710
~
PN g 'O H
==
N 32 8L
e O
5 = == ‘ ('&—3;‘;% | 315BASKC | 0197BASKC
T_—g = L m - 80) (50)
. W 009/.015 008/.012
— 1
== == (6.90/7.10) (23/.38) (:20/.30)
== == PACKAGE Haz Hag

| |
.035/.043 047
(900/1.10) l 20
_I I 014/9 7 7 1
< (s v}
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PHYSICAL DIMENSIONS inches (millimeters)

Package: Q32
32-Pin Molded Leaded PCC

20
PIN 1 0.050 £ 0.005 r.o08) NOM
‘1 (12704127
000 I .T_
g _L 0.013/0.021
b 0533/0.547 JO0053) o sopnszo
[ G5.05/12.89) 12.45/13.46)
a]
5]
i]
I; OO0 J
(11.51/11.35) (15.11/14.86) (;—ﬁ}%f—,
.495/.485
-098/.112
(12.57/12.32) (2.49/2.39)
015
38 MIN
|__ 430/.390
{10.92/9.91)
Package: $32W

32-Pin SOIC

={\{IAANAAARRANARAA

PIN 11D (—L}Z;,;“;;
/_ A17/.427
O l 1059/1035)
UUUUUUUUUUwaUUU
T soesc
(1.27)
- Bl64006
(2073 +.152) _~083/.003
| anpsn
o || || _owajen | t | I 025037 \)
(634/.786) 1354/.506) == 16387942 &

I#L Micro Linear 9-17
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PHYSICAL DlMENSlONS inches (millimeters)

Package: J40
40-Pin Hermetic DIP (CERDIP)

2.040/2.0%
51.82/53.24 |

e TS cxm BB o WO e T e W e B s OO0 s N s Y e O s s N s A e S e S s O o S o O e ¥

40 21 ]

) 0.510/0.5%0
(12,95/14.99)

1 20
uuuuuuuuuuuuuuuuuLJuu

_0.590/0.620
(14.99/15.75)

1.020/0.050
0200 B o 0.508/1.270
5.08
MAX. SEATING
f PLANE 0.008/0.012_,,
0.203/0.305
o 030 0°/15°
0.050/0.065 — e MIN- -
0.125 01651
0125 1.270/1.651
s 0.016/0.022 « 0.090/0.10 < 0:090/0.110
MIN. 0.406/0.559 2.286/2.794 (2.286/2.794)
Package: P40
40-Pin Molded Plastic DIP
. 2.071/2.039
I (52.60/51.79)
v T s BN s O e I s e s S s O s O o | e B s T v O s S s OO0 o S s O e O e
20 A
0.570/0.540
D 14.48/13.72)
1 20
| 0 [ R S SN WA [ R A g ) D [ VN S Ny (S [ D S [ SN gy A )
0.065/0.050
1.65/1.27)
0.200
o 0.620/0.590
- 0:620/0590 |
(MS'AMx) {15.75/14.99)
f 0.050/0.020 ' ‘
l _{ 1.27/0.51)
- SEATING
o'llz;) MIN PLAN 0.014/0.008
a. 0°/15°  (0.36/0.20)
T 0.022/0.016 0.110/0.090 0.010 \.’
0567041 (2.79/2.29) 0.25)

MIN.

9-18 8L Micro Linear
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PHYSICAL DIMENSIONS inches (millimeters)

Package: G44, G52
44-Pin PQFP, 52-Pin PQFP

(1:.2;/;545:5) “NT 441 521
389/399 > | o5 (80) BSC 0265 165) BSC
(088/10.12) W | 0018 (3045) o0/01a (22/39)
“NT
PACKAGE G4 G52
AAnAAAARAAA D
/ N
PIN1 E @) =
g g -537/.557
== == (13.65/14.15)
P = s
Lé- o Gasorn DETAIL “A”
T—i' = LD
B:\ /:n .005/.009
- 130/230)
BT O dm T
(1.88/2.13} _—T
I b
opm —
SEE DETAIL “A' _\,L T rwe
| e 0260037
63/.95)

Package: Q44, Q52, Q68, Q84
44-Pin, 52-Pin, 68-Pin and 84-Pin Molded Leaded PCC

- D =
- < corssones  |Cem] 521 68l BaL
| ~———— D

0,042/0.056 ol 0.165/0.180 | 0.165/0.180 | 0.165/0.180 | 0.165/0.180
¢ (1.067/1.422) (0.635/1.143) A |wistasrn|@rsiasr arotasys | @asiasr
RAD. TYP. A1l | 0100/0.110 [ 0:100/0.110 | 0.095/0.118 | 0.095/0.118
oo T o e o [ o o (= (2.540/2.794) | (2540/2.794) | (2.413/2.997) | 2.413/2.997)
E A2 | 0148/D.156 | 0.148/0.156 | 0.146/0.154 | 0.146/0.154
% = (3.759/3.962) | 3.759/3.962) | (3.708/3.911) | (3.708/3.911)
0 ] 0.013/0.021 ) 0.685/0.695 | 0.785/0.795 | 0.985/0.995 | 1.185/1.195
= Bl (17.39/17.65) | (19.54/20.19) | (25.02/25.27) | (30.09/30.35)
0.042/0.048 ] (0.330/0533) Dt | 0.650/0654 | 0.750/0.754 | 0.950/0.954 | 1.150/1.154
(1.067/1.219) [} i D/E2 (16.51/16.61) | (19.05/19.15) | (24.13/24.23) | (29.21/29.31)
] 1 D2 | 0.590/0.630 | 0.690/0.730 | 0.890/0.930 | 1.090/1.130
d + 0 B E * D3/ (14.99/16.00) | (17.53/18.54) | (22.61/23.62) | (27.69/28.70)

0 1 D3 0500 REF | 0.600REF | 0.800REF | 1.00REF
0 i (1270REP) | (1524 REF) | (2032 REF) | (25.40 REF)
0 [ E 0.,685/0.695 | 0.785/0.795 | 0.985/0.995 | 1.185/1.195
i I (17.39/17.65} | (19.94/20.19) | (25.02/25.27) | (30.09/30.35)
0 ] 3] 0.650/0.654 | 0.750/0.754 | 0.950/0.954 | 1.150/1.154
Y e (16,51/16.61) | (19.05/19.15) | (24.13/24.23) | (29.21/29.31)
S | | S | o C s S8 B2 0.590/0.630 | 0.690/0.730 | 0.890/0.930 | 1.090/1.130
< > A1 (14.99/16.00) | (17.53/18.54) | (22.61/23.62) | (27.69/28.70)

B 0S00REF | O6O00REF | G.BOOREF | 1.00REF
0,026{0,032 0.050 = 0.005 (1270 REF) { (15.24 REF) | (20.32REF) | (25.40 REP
(0.660/0.813) (1.2720.1270) A C 0.009/0.0103 | 0.009/0.0103 | 0.007/0.008 | 0.007/0.008
(0:228/0.261) |(0.228/0.261) |(0.178/0.203) | 0.178/0.203)
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