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General Description

The DP84650R/1R/2R devices are 5V, high performance,
two or four channel, low power, read preamplifiers/write
current drivers designed for two-terminal recording head ap-
plications. An idle mode is available which conserves power
to a level of 0.5 mW (typically) when activated. The device
can be switched into a Multiwrite™ mode, allowing all chan-
nels to write at the same time. The write data inputs for the
DP84650R have been designed to accept both PECL and
TTL inputs for maximum user flexibility. Power supply fautt
protection is included to disable the write current generator
whenever the supply voltage is below 4V,

A mirror image pinout for the DP84651R is available to sim-
plify flex circuit layout in multiple disk head applications.
Upon request, other options such as different read gain,
damping, and packaging are available.

DP84650R/DP84651R/DP84652R
Read/MultiwriteT™M Preamplifiers

PRELIMINARY
February 1994

Features

& Low input capacitance: 12 pF typical

m Low input noise: 0.49 nV/JHz typical

B Low power: 100 mW typical in read mode

B Very low idle power: 0.5 mW typical

® TTL and PECL compatible WD input

B Programmable write current source (1-40 mA)

® Low power supply protection in write mode

m Head short to ground protection

® DP84650RM-4/2 are plug compatible to VTC
VM7154/7152

| Single 5V power supply
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Absolute Maximum Ratings (ote 1)

Recommended Operating

Supply Voltage (Vcc) ™ Conditions
Digital input Voltage —0.3to (Voo + 0.3)V Min Typ Max Units
Maximum Head Port Voltage —0.3to0 (Vo + 0.3)V Supply Voltage (Vcc) 4.5 5 55 v
Maximum Output Current (RDX, RDY) —10mA Operating Froe Air
Maximum Output Write Current 60 mA Temperature Range
ESD Susceptibility (Note 2) 2000V Ta) [ 70 °C
Storage Temperature Range —65°C to + 150°C
Note 1. Absoiute Maximum Ratings are those values beyond which the safe-
ty of the device cannot be guaranteed. The device should not be operated at
these limits. The parametric values defined in the “Electrical Characteris-
1ics” tables are not guaranteed at these ratings. The Recommended Operat-
ing Conditions table will define the conditions for actual devica operation.
Note 2. Human body model is used. (120 pF through 1.5 k)
DC Electrical Characteristics
Guaranteed over operating conditions (see table) unless otherwise specified
Symbol Parameter Conditions Min Typ Max Units Test
(Note 1)
locr Supply Current TS = Low,
{Read Mode) R/W = HIGH 20 28 mA | (Note A)
lcow Supply Current TS - A/W = LOw,
(Write Mode) WEER = HIGH 20 + 1¢w) | 27 + 110w mA | (Note A)
lccy Supply Current TS = HIGH
(die Mode) 0.1 0.2 mA | (NoteA)
lccs Supply Current CS = R/W = LOW,
(Multiwrite Mode) WS3ER = LOW 40 + 4.3(lw) 60 + 4.3(lw) mA {Note A)
PDg Power Dissipation | T3 = LOW,
(Read Mods) R/W = HIGH 100 154 mw (Note A)
PDw Power Dissipation | TS = LOW,
(Write Mode) R/W — LOW 100 + 5.5(hy) | 150 + 6(lw) mW { (Note A)
PDy Power Dissipation | TS = HIGH 05 w
(idle Mode) . 1.1 m! {Note A)
PDg Power Dissipation | TS = R/W = LOW,
(Multiwrite Mode) | WSER — LOW 200 + 22(ly) | 330 + 24(w) | mW | (Note A)
Vinary | TTL Input High
Voltage 2 Vee + 03 v (Note A)
ViLary | TTL input Low _
Voltage 0.3 0.8 v (Note A)
linarmy) TTL input High _
Curront 100 100 pA | (Note A)
oty TTL Input Low —q
Curvont 00 100 pA | (Note A)
ViHwD) PECL Input High DP84650R only Ve — 1 Ver — 0.7 A
Voltage cc cc— 0. v (Note A)
ViLwo) PECL Input Low DP84650R only _ Voo — 1.6 A
Voltage Ve — 1.9 (o) . v (Note A)
liHown) PECL Input High DPB4650R only
Current 40 100 nA (Note A)
liwoy PECL input Low DP84650R only
Current 30 80 RA {Note A)
Note 1. Typical values are specified at 25°C and 5V supply.
Note A. Thes parametor is guaranteed by outgoing testing.
2
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AC Electrical Characteristics Guaranteed over operating conditions (see table) unless otherwise specified.
lw = 20 mA, L, = 1 pH, Ry, = 300 and f(data) = 5 MHz unless otherwise specified
Typ
th
Symbol Parameter Conditions Min (Note 1) Max Units Test
tdrw Time Delay R/W Transition to 80% of Write
Switching from Read Current, lw > 5 mA 0.35 ps {Note A)
to Write Modes
tdawL Time Delay R/W Transition to 90% lwrTE.
Switching from Read 1mA <y <5mA 2 us (Note A)
to Write Modes
tdwr Time Delay R/W Transition to 90% of 100 mV
Switching from Write Read Signal Envelope 1 ps (Note A)
to Read Modes
tdserect | Time Detay TS Negative Transition to 90% lweTe
Switching from Idle or 90% of 100 mV, 10 MHz Signal 0.6 us {Note A)
to Either Read or Envelope
Write Modes
tdipLe Time Delay
Switching from 0.6 us (Note A)
Either Read or Write
to Idle Mode
tdneAD Time Delay HS0/HS1 to 90% of 100 mV, 10 MHz
Switching from One Read Signal Envelope 0.6 ns (Note A)
Head to Another
tdUNSAFE WUS Safe to Unsafe WD Negative Transition to WUS
Write Condition Positive Transition 1 2 36 B (Note A)
Delay Time
tdsare WUS Unsafe to Safe WD Negative Transition to WUS
Write Condition Negative Transition 0.6 us (Note A)
Delay Time
tdHo Time Delay from WD Measurements Made from 50%
to a Current Points, Ln = 0
Direction Change in 10 20 th (Note A)
a Head Output
ASYnHp Head Current WO has 1 ns t/s Times, Ly, = 0 0.5 ns (Note B)
Asymmetry
t/f(HD) Head Current Rise Measurements Made from 10% ~90%
and Fall Times Points, L = 0 8 ns | (NoteB)
Y/i0aded) Head Current Rise Measurements Made from 10% -90% 10 16 ns (Note B)
and Falt Times Points
Note 1. Typical values are specified at 25°C and 5V supply.
Note A. Thus parameter 1s guaranteed by outgoing testing,
Note B. The limit values have been determined by characterization data. No outgoing tests are performed.
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'DC and AC Electrical Characteristics

READ MODE guaranteed over operating conditions (see tabie) uniess otherwise specified. Read characteristics: C (RDX, RDY)
< 20 pF, Ry (RDX, RDY) = 1 kQ

Typ

Symbol Parameter Conditions Min (Note 1) Max Units Test
Ay Differential Voltage ViN = 1 mVpp @ 1 MHz (Note 2) 250 300 350 VIV (Note A)
Gain
VN Input Noise Voltage BW = 15MHz, Ly = R, =0 0.49 065 | nv/A Az | (NoteB)
[¢] Differential input ViN = 1 mVpp,f = 5 MHz 1 7
Capacitance 2 1 pF (Note B)
Ry Differential input { = 5MHz, Viy = 1 mVpp 720 1250 Q (Note A)
Resistance
VIRANGE :::ut Voltage Dynamic | f = 5 MHz, (Note 3) 4 6 mVpp | (Note A)
nge
Vo(orr) Output Offset Voltage —-150 150 mV {Note A)
Roysg) Single Ended Output = 5MHz 40 a (Note B)
Resistance
lout Output Current AG Coupled Load, RDX to RDY 1.5 2 mA (Nota A)
Vocmy Common Mode Output
Voltage at RDX, RDY 2 Vec—24 3.5 v (Note A)
Pins
BWigs Voltage ViN = 1 mVpp, Zsource < 50
Bandwidth—1 dB 40 80 MHz | (NoteB)
BWs4s Voltage ViN = 1 mVpp, Zsouce < 50
Bandwidt a8 80 100 MHz {Note B)
CMRR Common Mode Vem = 100 mVpp @ 5 MHz 60 dB (Note A)
Rejection Ratio
PSRR Power Supply AVee = 100 mVpp @ 5 MHz 60 90 dB {Note A)
Rejection Ratio
CSRR Channel Separation Unselected Channel 100 mVpp 50 60 dJB (Note A)

Note 1. Typical values are specified at 25°C and 5V supply.

Note 2, Various gain options exist from 160 to 300. See order information.
Note 3. The dynamic input voltage range fimit is defined as the point where the gain falls to 90% of its small signal gain value.
Note A. This par s g d by

going testing.

Note B. The limit values have been determined by characterization data. No outgoing tests are performed.
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DC and AC Electrical Characteristics

WRITE MODE guaranteed over operating conditions (see table) unless otherwise specified. Write characteristics: hy = 20 mA,
Lh = 1 pH, Ry = 3002

Symbol Parameter Conditions Min (N.:{: 1 Max | Units Test

Kw Write Current Coritant Kw = Awc X Vwe 46 50 54 \' (Note A)
Kw Write Current Constant DP84651R anly 23 25 27 \" (Note A)
Awc 'c\’{’;?nw leaD Current Ry = 400 18.4 20 216 | mA | (Notea)
IHMm Write Current Matching Iy = 20 mA, Ry = 409, (Note 2) -10 +10 % (Note A)
vYwe Write Current Pin Voltage 1mA < lyy <40 mA 23 25 27 v (Note A)
Vweci Write Current Pin Voltage DP84651R only 1.15 1.25 1.356 v (Note A)
VH gi“f'f;rgential Head Voltage 5 6.5 Vpp {Note A)
IH(NS) Unselected Head Current | Iy = 20 mA 100 pA (Note A)
Rpamp Damping Resistance 300 [4] (Note A)
[N Head Write Current (Note 3) 1 40 mA (Note A)

Range
Veor Vg Shut-Off Voltage Iw < 0.2mA 36 42 v (Note A)
Vowwus WUS Low Level Output lLoaD < 2mA 0.5 (Note A)
Voltage

s w0 | | ot
© | Aot I s
fw WD Transition Frequency 1 MHz (Note A)
tewHwDy | WD Pulse Width (HIGH) ns (Note B)
tewLwp) | WD Pulse Width (LOW) ns (Note B)

Note 1. Typical values are specified at 25°C and 5V supply.
Note 2. Write current matching applies betwean any two heads and for both Multiwrite and normal wrte operating modes

Note 3. The capability to Multiwrite at high write currents is dependent upon the supply impedance. It is advisable to decouple the device supply pins for maximum
performance in the Muttiwrite mode.

Note A. This parameter is guaranteed by outgoing testing.
Note B. The limit values have been

1ed by charac

data. No outgoing tests are performed.
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Pin Descriptions

' Connection Diagrams

S — o/ — S —
GND—{1 204-C5 GND—{ ¢ 16 }—CS GND—f 1 20}-Cs
HOX = 2 19—R/W HOX =4 2 15 —R/W Hox— 2 19~R/W
HOY—] 3 18f—wc HoY~{3 14 ~we HOY =] 3 18f—wc
H1X— 4 17 p~ROY Hix—44 13 =RDY HiXx—44 17 —RoY
H1Y—]5 16 f—ROX Hiv—s 12 }—Rox HiY~15 16 f—~RDX
H2x—4 6 15 ~Hs0 Vec =16 11f~Hso H2x—46 15 }—HSO
H2v—§7 14 }-Hsi WSER—{ 7 10 f—WwD H2Y 47 14 p=Hs1
H3Ix—{8 13w wus— s L] o] H3X—18 13Vee,*
H3T =g 12—wo HIY—9 12f—wo
P TL/F/11947-3 . —
Ve~ 10 11— WSER DP84650R (2-Channel) Veea" =110 11|~ WwsEr
See NS Package Number M16B
TL/F/11847-2 TUF/11847-4
DP84650R {4-Channet) DPB4651R/652R
See NS Package Number See NS Package Number
M20B or MSA20 M20B or MSA20

*Vece not intemally shorted to Veca

Name Type Description
Veo Power Supply Power supply pin (5V +10%)
WD, WD Input These differential ECL inputs (PECL) control the direction of current flow through the XY head
(PECLor TTL) | connections. A negative transition on WD toggles the head current between the X and Y head

connections. I WD is not used (floated or fow). then WD functions with TTL voltage levels.

HS0, HS1 Input (TTL)

Logic levels are applied to these pins to select 1 of 4 heads (see Table ).

R/W Input (TTL) A logic high levet selects the read mode while a low logic level selects the write mode. The TS
pin must be at a low logic level for this operation to be active (see Table ).
[ input (TTL) A high logic level disables the operation of the device and puts the read data outputs (RDX,

RDY) into a high impedance state.

HOX, HoY QOutputs

through
H3X-H3Y

X and Y connections to the read/write heads.

WSER Input (TTL)

The logic level on this pin selects betwsen the Multiwrite mode and the standard write mode,
When at a logic high or open circuit, the device functions in a normal write mode with the
selected head controlled by the HSO and HS1 pins. When at a logic low, all four heads will write
at one time, irrespective of the levels on the HS0 and HS1 pins. This pinis only active in the write
mode.

RDX, ADY | Output

Differential read data outputs.

wC Output A resistor is connected from this pin to ground to controt the magnitude of the write current (see
formula in WRITE MODE description).

wus Output (TTL) A low level voitage indicates a safe writing condition exists. Since this is an open collector
output, a pull-up resistor {to Vce) is required for proper operation.

GND Ground Device ground.
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Basic Circuit Operation

The DP84650R/651R/652R can address up to four two-ter-
minal thin-film or metal-in-gap (MIG) heads, providing the
write current drive in the write mode or read data amplifica-
tion in the read mode.

Head selection is controlled by the logic states on two pins,
HEAD SELECT 0 (HS0) and HEAD SELECT 1 (HS1). Table
1 defines the results of each combination of these two pins.
These pins have internal pull-down current so that head 0 is
selected if an open condition exists on th&3e pins.

TABLE 1i. Head Selection

HS1 HSo Head Selected
o) 0 0
)] 1 1
1 o] 2
1 1 3

The selection of device mode (write, read or idle) is also
controlled by two pins, CHIP SELECT (C3) and READ/
WRITE (R/W). Table Il defines the results of each combi-
nation of these two pins. These pins have internal pull-up
resistors so that the idle condition is selected if an open
condltion exists on these pins.

TABLE ). Mode Selection

initialized 1o pass current into the X side of the selected
head. The magnitude of the write current is set by an exter-
nal resistor, RywrTe, connected between the WC pin and
ground. The relationship between the write current and the
write resistor is:

Vwc
Rwarite
where Awg is the current gain (see DC and AC Electrical
Characteristics Write Mode table).
The portion of the write current that passes through the
head (ly) is defined as:

I = —WRITE

1+ Rp/Rq
where: R, = the sum of the head and external wire resist-
ance and Rg = the damping resistance (if any). Ry = oo for
no damping.
MULTIWRITE MODE
In the Muitiwrite mode, all channels of the device will write
the same data with the same write current. The WSER pin
selects the Multiwrite mode when at a low logic level and
overrides any settings on the HS0/HS1 pins (see Table IV).
If loft floating, WSER has an internal pull-up resistor to en-
sure normal write operation. In the read and idle modes,
WSER is disabled and has no effect.

TABLE V. Read and Write Mode Selection

lwrite = Awe X

[~ R/W Mode Selected
0 0 WRITE
V] 1 READ
1 0 IDLE
1 1 IDLE
WRITE MODE

The write mode is entered by setting both TS and R/W to
logical low values. To enable the standard write mode (only
one head enabled), the WSER pin is set to a logic high level
or open circuit (see Table 1V). In the write mode, the device
acts as a current switch which toggles between the X and Y
sides of the selected head on each high-to-low fogic level
transition of the WRITE DATA (WD) input. When entering
the write mode from the read mode, the write data flip-flop is

R/W | WSER | HS1 | HSO Result
1 X 0 0 Read Channel 0
1 X ] 1 Read Channel 1
1 X 1 0 Read Channel 2
1 X 1 1 Read Channel 3
0 [ X X Write All Channels
0 1 0 Q Write Channel 0
0 1 0 1 Write Channel 1
0 1 1 0 Write Channel 2
0 1 1 1 Write Channel 3
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Basic Circuit Operation (continued)
POWER SUPPLY FAULT AND WRITE UNSAFE
DETECTION

A power supply fault detection circuit is provided on chip.
This circuit wilt disable the write current generator during
device power-up, power-down or when a power supply fault
occurs. This will prevent the possibility of writing bad data
onto the media.

When entering the write mode, the write unsafe detector
circuitry is enabled. This circuit issues a high level output at
the WRITE UNSAFE (WUS) output when any of the follow-
ing conditions exist:

1. Write data input frequency is too low.
2. The device is in the read mode.

3. The chip is disabled.

4. No write current exists.

5. The head is an open circuit.

The WUS pin is an open-collector output and requires an
external pull-up resistor. After a fault condition has been
removed, two negalive transitions of the WD pin are re-
quired to clear the write unsafe circuitry.

Ordering Information

defined as follows:

OP 846 XY

Manufacturer's ID
Product Prefix

Preamplifier Part Number
X 5V, Conventional Preamplifier

3V-5V, Conventional Preamplifier

3V--5V, Multiwrite Preamplifier

5V, Multiwrite Preampilifier

Read Gain of 300

Read Gain of 200

< <> XX
L T T
nonaw

IDLE MODE

The idle mode is entered by applying a logical high level to
the TS pin. In this mode the RDX and RDY outputs are in a
high impedance state and the device is disabled. This will
reduce the power consumption to a minimum value when
the device is not needed, which is particularly important for
battery applications.

READ MODE

The read mode is entered by setting TS to a low logic level
and R/W to a high logic level. In this mode the write current
generator is disabled and a low noise differential amplifier is
enabled. The amplified head read-back signal is available at
the RDX and RDY pins. These outputs are differential emit-
ter-followers and should be AC coupled to the load.

During the write or idle modes, the read amplifier is disabled
and the RDX, RDY outputs are forced to a high impedance
state. This allows these outputs to be wire-ORed with out-
puts from other devices to support multiple read/write appli-
cations.

The device number is used to form part of a simplified purchasing code where the package type and temperature range are

R ZW-

] N |
' T—» Mirror Image
Number of Channels
N=2
N=4
Package Information

M = Plastic Small Qutline
MS = Shrink Small Qutline

R = Internal Damping Resistor
Blank = No Internal Damping Resistor
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Physical Dimensions inches (millimeters)
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20-L ead (0.300" Wide) Molded Smalt Outline Package, JEDEC
NS Package Number M20B
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Physical Dimensions inches (millimeters) (Continued) Lit. # 103130-001

[nnnnonnd

1
1
1
i = a4 —— —

1.50 . -
i _
S VAR
1 [ 10
F—Z.SS—’I
7.40 MAX 7.90% 0.20 ————+
je————7.20 ¢ 0.05 ——— fe——35.30 % 0.05 —+
0.68+ 0.12 41|

]
f ' W ’ 1 0.20% 0.05
180005 1 { . e L/F THICKNESS

0151998 18 1 © 3
0.800% 0.025 -0.10 4°% 3
_L_, . [ e l__ __J TYP

i ] (0.0
0.30% 0.10 TYP -C-] _, LO-GO* 0.15
[e]o.2@[c[a®[e @] TYP 20 trev 0
20-Lead Molded Shrink Smal! Outline Package, E{AJ, Type Il
NS Package Number MSA20

DP84650R/DP84651R/DP84652R Read/Multiwrite Preamplifiers

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systams which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the lifo
tallure to perform, when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.
g National National National S Mationat Nationat Semiconductores. National Semiconductor
Corporation GmbH Japen Lad Hong Kong Ltd. Do Brazk Lida (Austraiis) Py, Ltd.
2900 Drive 10 Sansendo Bidg. 5F 13th Floor, Straxght Block Av Brig. Farla Lima, 1409 16 Busmess Park Dr
P.C Box 58090 D-82256 Forstenieidbruck  4-15-3 Nishe Sheyukus Ocesn Centre. S Canton Rd. 6 Andar Nottng Hi, VIC 3188
Santa CA 95052-8090 Shingular-Ku, Tumshates, Kowloon Cep-01451, Pavlistanc,
Tok 1(800) 272-9959 Tek: (0-81-41) 103-0 Tokyo 180, Japan Homg Kong Sao Paulo, SP, Brazd Teok (3} 558-0009
TWX. (910) 3396240 Tolox: 527649 Tek 3-3299-7001 Tek: (852} 737-1600 Tek (55-11) 292-5068 Faoc (3) 558-9996
Fax: {0-81-41) 10-35-08 FAX: 3-3299-7000 Telex: 51292 NSHKL Telex 381-1131831 NSBR BR
Fax (852) 736-8960 Fax (55-11) 212-1181
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