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FUNCTIONAL DESCRIPTION 
The VMB050 is made-up of two distinct sections - the area 

detector and the analog-to-digital converter (see block dia­
gram). The purpose of the area detector is to integrate a servo 
burst for a fixed number of cycles and generate a proportional 
voltage on the capacitor connected to the CINT pin. The CINT 
value is stored in track and hold circuitry and digitized using a 
sucessive approximation analog-to-digital converter (ADC). This 
digitized value is then sent off-chip via the SDATA pin to external 
servo control logic. This procedure is repeated four times, once 
for each servo burst. Area detection and digitizing can be done 
simultaneously to increase the thru-put. 

The area detector consists of the VGA transconductance 
stage (VGA_GM) and a charge pump/reset (CPRST) circuit. 
The carrier comparator, AGC_GM, and 2x-OPAMP (OP-2X) cir­
cuits also play important parts in the area detection operation. 
The ADC circuitry consists of track and hold (T/H) circuits, a mul­
tiplexer, decoding logic, and an ADC made up of an SAR, a 9-bit 
DAC, and a comparator. In addition to the above circuitry, gen­
eral bias currents are provided by the BIAS cell and general 
voltages are supplies by a VREF cell. The VREF pin provides 
2.5V externally for continuous system use. Finally, a majority of 
the circuits are powered-down via the P _DN pin. This feature 
can be used between servo sectors to reduce power consump­
tion to a minimum. 

The servo burst comes into the chip as a differential voltage on 
pins VINP and VINP, which come directly from the preamp out­
puts. The comparator cell, which is a high speed, high gain 
amplifier, receives this input signal and generates a digital rep­
resentation with edges at the zero crossings of the input. The 
output of this block goes to the VGA_GM stage and comes out 
on the CARR pin. The CARR Signal makes a level transition at 
every zero-crossing of an incoming servo burst signal and can 
be used externally to count the number of servo transitions. 

The VGA_GM cell is a differential voltage to differential current 
amplifier with variable gain and full-wave rectification capabili­
ties. The differential input voltage from the comparator cell is 
converted to differential current. The gain of the voltage to cur­
rent amplifier is controlled by an external resistor (RSET) 
installed across pins RSET1 and RSET2 and the voltage on the 
CAGC capacit9r. The gain is inversely proportional to RSET, 
which ranges from 1 K to 5K ohms, and is proportional to the 
voltage on CAGC pin, which has a range of 1.3V to 2.3V. The 
voltage on the CAGC pin modifies the differential voltage to dif­
ferential current gain such that the gain when VCAGC = 2.3V is 
typically five times the gain when VCAGC = 1.3V. The assertion 
of the ENAGC pin causes the voltage on CAGC to be increased 
or decreased depending on the AGCREF and CINT voltages. 
The voltage at AGCREF is doubled by the OP-2X block and 
compared to CINT. If CINT is smaller, CAGC will be pumped up 
and if CINT is larger, CAGC will be pumped down. The ENAGC 
pin when disabled (low), will cause the CAGC pin to become 
high impedance. The comparison and charge pumping of 
CAGC is done by the AGC_GM cell. 

The OP-2X cell is a voltage amplifier with a fixed gain of two. 
The AGC_GM cell is a differential voltage to single-ended cur­
rent (charge pump) amplifier with a nominal gain (gm) of 0.02 
mhos (Siemens). The input voltage to the AGC_GM block is the 
difference between the output of the OP-2X (2X) and the voltage 
on CINT. Thus, the current delivered to pin CAGC equals 
0.02x (VCINT - 2X), where a positive current is into CAGC. 
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Full-wave rectification is accomplished in the VGA_GM block 
by driving a Gilbert cell multiplier with the digital carrier gener­
ated by the comparator cell. 

The charge pump/reset block (CPRST) takes the full-wave 
rectified differential current from the VGA_GM cell and converts 
it into a single-ended current source that pumps up the integrat­
ing capacitor CINT. The voltage on CINT equals the integral of 
the single-ended current, (i.e. VCINT = CCINTfidt). The GATE 
pin, which is an active high input, is used to enable or disable the 
current source. The charge pumping occurs when GATE is 
asserted. The GATE is internally synchronized to the zero 
crossings of VINPNINN by a signal from the comparator 
block.This ensures that the charge pumping occurs only for an 
equal integral number of cycles every time a servo burst is 
measured. 

The CPRST cell also performs a reset function. When RESET 
is brought high, the voltage on CINT is forced to an initial voltage 
of O.BV by an amplifier with 7 mA (typical) of available current. 
This is the only use for RESET on this chip. 

The voltage on the CINT pin, which runs between O.BV to 2.BV, 
is tracked by one of the four track and hold (T/H) circuits as 
selected by the SMP1, SMPO, and ENS_H pins. There are four 
T/H cells corresponding to CINT values for each servo burst. 
They are unity gain buffers with an internal hold capaCitor at their 
outputs. When ENS_H is high, the selected T/H circuit is in 
tracking mode and the output of the T/H cell tracks the input. The 
remaining three T/H circuits are in hold mode regardless of the 
state of ENS_H. When ENS_H is deselected, the CINT value is 
stored on an internal capaCitor as VHOlD. 

ADC operation begins by selecting one of the VHOLD values 
using the MUXO, MUX1, and ENMUX pins, and then pulsing the 
START line during the falling edge of ADCClK. Capturing the 
START pulse constitutes the beginning of the conversion pro­
cess. The ADC in the VMB050 is a successive approximation 
type using a 9-bit DAC, a comparator, and a SAR register. The 
selected VHOlD voltage and the DAC voltage are compared 
internally to gauge weather the respective SDAT A bit should be 
set or reset. This continues for nine cycles, one for each DAC 
bit. 

The total analog-to-digital conversion will take 10 ADCClK 
cycles to complete plus one more for reset. The eleventh clock 
resets the SDATA line, otherwise it stays at what state BO is in 
until the start of the next conversion. SDATA (serial data) is 
clocked out of the chip after the falling edge of the second ADC­
ClK cycle, and will be valid at the next rising edge of the 
ADCClK. The servo system must store each SDAT A bit as they 
occur since they may change at each successive ADCCLK. 
From there, the system has to convert the externally stored 9-bit 
SDATA code word into a voltage relative value using the fact 
that CINT ranges from .BV (SDATA = 000000000) to 2.BV 
(SDATA = 111111111), with a mid-range value of 1.BV. The 
accuracy of the SAR ADC is 4mV/bit. The relationship between 
VCINT and SDATA is shown below (see figure 3): 

VCINT = .004(SDATA1O) + O.BV . 

Figure 4 shows a typical conversion using a VCINT value of 
2.2V which should correspond to a SDATA value of 350. 
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PIN DESCRIPTIONS 

PIN NAME PIN # TYPE 

CARR 1 TTL 

ENAGC 2 TTL 

RESET 3 TTL 

GATE 4 TTL 

VEE 5, 19 Ground 

Temperature 
TEMP_D 6 

Diode String 

VINP, VINN 7,8 Differential 
Analog 

VCC 9,25 -

RSET1, 
RSET2 

10,11 -

CAGC 12 Analog 

AGCREF 13 Analog 

VREF 14 Analog 

CINT 15 Analog 

TP_CMPP 16 CML 

P_DN 17 TTL 

VO 

Output 
(O.C.) 

Input 

Input 

Input 

-

-

Input 

Power 

-

-

Input 

Output 

-

Output 

Input 

------------------------------- -----

DESCRIPTION 

~~. VM8050 ~-~~114 
~,?, 

CARR is the output of the comparator. CARR makes a level transition at 
every zero-crossing of an incoming servo burst signal. Note that CARR will 
be indeterminate when the servo burst amplitude is low. 

When high, ENAGC enables the AGC loop transconductance amplifier. 
ENAGC should be asserted subsequent to integration of the AGC portion 
of the servo burst. 

A logic high, on RESET enables the area detector reset transconductance 
amplifier and asynchronously clears the GATE re-synchronizing flip-flop. 
The area detector must be reset prior to a servo burst integration operation. 

Asserting this pin enables the area detector to measure the area of the ser-
vo burst Signal delivered by the VGA_GM block. Note that GATE is re-syn-
chronized to the rising edge of the area detector carrier (CARR) by an on-
chip flip-flop prior to application of the gate to the area detector. For proper 
operation, GATE must be asserted by external logic for a constant number 
of cycles of the input servo burst signal. See Figure 2. 

This pin has no potential 

This pin is the anode of the first of four series-connected diodes (referenced 
to ground) that are meant for use for thermal analysis. It should remain 
open during normal operation. 

Differential input signals to the VGA. They must be capacitively coupled to 
the read channel analog output. 

+5V 

Pins for external Gain-Setting Resistor (RSET). This resistor adjusts the 
range of allowable input voltages by changing the gain of the AGC center 
point. 

The AGC loop compensating capacitor is connected between this pin and 
ground. The voltage across this capacitor controls the VGA gain directly. 

The set point of the on-chip area-regulating loop is established by the volt-
age applied to the AGCREF pin. The voltage applied to this pin is multiplied 
by two, then applied as a set point to the AGC loop. 

VREF delivers the buffered output of a 2.5v bandgap reference and is avail-
able for use elsewhere in the servo system. 

The area detector integrating capacitor is connected between this pin and 
ground. The voltage across the CINT capacitor at the end of a burst integra-
tion measures the area of that burst. 

Test Pin - B-Level CML Output of the ADC Comparator. This pin shows the 
status of the ADC at each conversion point and should be pulled down with 
a 3k resistor. In normal operation, this pin should remain unconnected. 

Asserting P _DN (power down) causes the VM8050 to enter a low power 
mode. In this mode, all Circuits, except the bandgap reference, are biased 
down. The VREF voltage is delivered at its normal level during both the nor-
mal and low power modes. Other chip output signals will become indeter-
minate during low power mode. To conserve system power, P _DN may be 
asserted between servo sectors. Note VINP/N float high during power 
down mode. 
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PIN DESCRIPTIONS 

PIN NAME PIN # TYPE VO DESCRIPTION 

Asserting ENS_H establishes track mode in the track & hold channel select-
ENS_H 18 TTL Input ed by the SMPO and SMP1 pins. Tracking is maintained as long as ENS_H 

remains asserted. 

The code applied to these pins determines which track & hold channel is set 
to the track when ENS_H is asserted. All other track & hold channels remain 
in the hold mode, irrespective of the state of ENS_H. The channel selected 
versus SMP1 and SMPO settings are shown below: 

SMP1, SMPO 20,21 TTL Inputs 
~ ~ SELECTED BURST 

0 0 A 
0 1 B 
1 1 C 
1 0 D 

The analog multiplexer is enabled by asserting ENMUX. The multiplexer 
must be enabled prior to an ADC operation and must remain enabled until 

ENMUX 22 TTL Input the ADC operation is complete. To minimize bias current induced droop on 
the track & hold capacitors, a given multiplexer channel should be enabled 
only for the course of the ADC operation on that channel. 

The code applied to these pins determines which track & hold channel out-
put is connected to the ADC when ENMUX is asserted. The channel select-
ed versus MUX1 and MUXO settings are shown below: 

MUX1, MUXO 23,24 TTL Input MJlX1. MJ.lXJJ. SELECTED BURST 
0 0 A 
0 1 B 
1 1 C 
1 0 D 

SDATA 26 TTL 
Output This serial data pin delivers the result of the ADC operation in bit-serial 
(O.C.) form, MSb first. SDATA changes state on the falling edge of ADCCLK. 

When START is pulsed during a falling edge of the ADCCLK, the ADC op-
START 27 TTL Input eration sequence is initiated. The start pulse should be only 1 ADCCLK pe-

riod long. 

The ADCCLK pin must be pulsed ten times for each ADC operation. The 
falling edge of the first pulse, issued when START is a logic high, initiates 

ADCCLK 28 TTL Input 
the ADC operation. The falling edge of each of the subsequent nine pulses 
causes conversion of a single bit of the digital code representing the analog 
voltage applied to the input of the ADC (via the mux). Note that the input of 
the ADC must be held constant throughout the ADC operation. 
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DC CHARACTERISTICS Unless otherwise specified, Vee = 5V ±10% and TA = 0° to 70°C. 

PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

TTL INPUT/OUTPUT BUFFERS 

Input Voltage Low VIL 0.8 V 

Input Voltage High VIH 2.0 V 

Output Voltage Low VOL O.C. - 2k to VCC load 0.4 V 

Output Voltage High VOH O.C. - 2k pull up to VCC Vee- 0.2 V 

CARRIER COMPARATOR 

Gain With respect to VINNNlNP 55 dB 

Offset 3.0 mV 

POWER DOWN 

Startup Time P _DN false to chip ready 5.0 ~s 

Supply Current Normal mode TBD mA 

Supply Current Power down mode TBD mA 

DC CHARACTERISTICS Unless otherwise specified, Vee = 5V ±1 0% and T A = 0° to 70°C. 

PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

VGA AND AGC AMPLIFIER 

VINPNINN Differential Input 
VVIN 0.30 3 Vp-p 

Voltage Range 

Input Resistance RIN 10 kn 

Input Capacitance CIN 10 pF 

Noise Bandwidth 20MHz 20 nV/,1Hz 

-3dB, with VINPNlNN 
Bandwidth capactively coupled to the 20 MHz 

source 

AGC,Gain Range 
Higher voltages on CAGC pin 

1:4 1:5 1:6 
result in higher gain 

CAGC Leakage Current With 2x op amp gated off 500 nA 

AGC Gm Amplifier 
0.019 Siemens 

Transconductance 

AGC Gm Amplifier Output 
500 ~A Current 

AGC Gm Amplifier Turn Off Time 50 ns 

AGCREF Pin Bias Current 1 ~A 

Ratio at AGC Equilibrium 
Between CINT output voltage 

2 VN 
and AGCREF input voltage 

AGCREF Pin Voltage In 0.4 1.4 V 
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DC CHARACTERISTICS Unless otherwise specified, V cc = 5V ±1 0% and T A = O· to 70·C. 

PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

AREA DETECTOR 

Output Voltage 0.8 2.8 V 

Signal Current Into CINT With 600 J.LA GATE Enabled 

Unbalance Current 10 J.LA 

CINT Leakage Current From RESET off, GATE off 100 nA 
Integrator 

CINT Reset Current TBD mA 

CINT Reset Potential TBD 0.8 TBD V 

CINT Reset Time to 1/2 LSB 
CINT capacitor = 200pF, initial 200 ns 
voltage = full-scale saturated 

Reset Gm amplifier turn-off time 50 ns 

GATE Setup Time Relative to 10 ns 
CARR Rising Time 

GATE Hold Time Relative to 0 
CARR Rising Edge 

ns 

SUCCESSIVE APPROXIMATION ANALOG-TO-DIGITAL CONVERTER 

Resolution 9 Bits 

Differential Linearity No missing codes -1 +1 LSB 

Zero Code Voltage Output code hex 0 0.8 V 

Full Scale Code Voltage Output code = hex 1 FF 2.8 V 

START Setup Time Relative to ADCCLK falling edge 10 ns 

START Hold Time Relative to ADCCLK falling edge 0 ns 

ADCCLK Low Pulse Width 60 ns 

ADCCLK High Pulse Width 60 ns 

ADCCLK Period 200 ns 

Clock Cycles per Conversion 10 

Time From Falling Edge of 
30 ns 

ADCCLK to SDATA Valid 

LSB Quantum 3.91 mV 

BANDGAP REFERENCE 

VREFVoltage TBD 2.5 TBD V 

VREF Sink Current 1 mA 

VREF Source Current -3 rnA 

VREF Output Resistance 10 Q 

TRACK AND HOLD AND ANALOG MULTIPLEXOR 
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DC CHARACTERISTICS Unless otherwise specified, V CC = 5V ±10% and T A = 0° to 70°C. 

PARAMETER SYM CONDITIONS MIN TYP MAX 

Acquisition Time Full scale step input to ±12 LSB 400 

Hold mode with multiplexor not 
(1.8)/2 

selected 
Droop Rate 

Hold mode with multiplexor 
(112)/2 

selected 

Track and Hold Input Bias 
500 Current in Track Mode 

Track and Hold Input Bias 
100 

Current in Hold Mode 

Track-to-Hold Transition Time 20 

Gain 1 

Channel Offset Mismatch TBD 

BLOCK DIAGRAM 

VCC VEE CARR RSET1 RSET2 GATE RESET 

VINP 

VINN 

AGCREF 

ENAGC 

SMPO 
SMP1 

ENS_H 

~ ~ 

r--V- Bias 

(~ Carrier 
Comparator 

X 2X f-I OP2X 

A 

>----- 8 Decoder >----- 4 

>--- c 

D 

bp J VGA_GM 

1 VN .. I (FWR) 

+ 
AGC GM I -

I 
f--

T/HA 

r--
T/H B 

f--
T/HC 

'--
T/H D 
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2.5V 
VREF -----< 

2.5V 
1 

IP J Charge Pump I 
I IN J Reset (CPRST) I 

I ADC 
CMP ~) 

t 
I 

I 
DAC_OUT 

~ 
CMP r- ADC_MUX 80 

81 

r- ~ B2 
83 

MUX_OUT DAC9 ~ 
B4 -r- B5 SAR 

~ 
B6 
B7 r- I- B8 

1 J 1 
MUX1 MUXO ENMUX ADCCLK START 

UNITS 

ns 

LSB/I1S 

nA 

mA 

ns 

VN 

mV 

VREF 

CAGC 

SDATA 
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ENMUX 

0 o 
MUX1 

1 

MUXO 
0 --------------------------------------------------~~ 

START 
______ ~r___lL ____________________________________________ _ 

2 3 4 5 6 7 8 9 10 11 

ADCCLK 
• ADCCLK 11 resets SDATA 

SDATA 

B8 B7 B6 B5 B4 B3 B2 B1 BO to zero, otherwise it remains 
1><1><1><1><1><1><1><1><1><1 at BOstate 

Figure 1: General ADC Conversion Operation 

GATE ~ 

VINP 

ICINT o 

VCINT 

0.8V 

~uuuuuu~ 

I VHOLD 
I ~-------------------------

I 
I 
I 

r .. Area Integrated 

Figure 2: Intergration Operation 
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3.0 VCINT = 0.004 (SDATA10) + 0.8 (V) 

2.8 

2.6 

2.4 

2.2 

2.0 

1.8 

I- 1.6 Z 
(3 

1.4 > 
1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 

100 200 300 400 500 600 

Figure 3: CINT vs SOATA 

ENMUX 

0 
MUX1 

MUXO 
0 

START 
______ ~~L ____________________________________________ _ 

2 3 4 5 6 7 8 9 10 11 

ADCCLK 

SDATA ------------~~ 

Figure 4: AOC Conversion Example, VCINT = 2.2V, SOAT A = 350 (101011110) 
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6 Tape Drive Circuits 

VM5353 
Data Separator, 64 Mbits/sec Transfer Rate, (1,7), (2,7), and (0,3) RLL codes, ZDR compatible .................. 6-3 

VT5204 
2-Channel, High-Performance, Inductively Coupled Ferrite Head, Read/ Write Preamplifier ..................... 6-13 
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FEATURES 
• Operates at Data Rates from 10 to 48 Mbits/sec (2,7) Code 
• Operates at Data Rates from 10 to 64 Mbits/sec (1, 7) Code 

and (O,3) Codes 
• Static Window Error Less Than 500 pS 
• Zero Phase VCO Restart for Rapid Data Lockup 
• Internal Silicon Delay Line 
• Compatible with Zoned Density Recording Applications 
• Contains Internal Window Marginalization Circuitry 
• User Determined PLL Loop Filter Network 
• Dual Gain PLL With External Control of PLL Loop 

Bandwidth 
• PLL Free Run (Coast) Control 
• Power Dissipation Less Than 1W 
• VM5353 has Power Supplies of +5V and + 12V 

DESCRIPTION 
The VM5353 is an integrated circuit designed to be used in 

high-performance data recovery systems. The data separator is 
a phase locked loop which provides a stable read clock of up to 
96 MHz for system timing during the disk readback operation. It 
tracks the slow variations in the data frequency while eliminating 
noise and peak shifting in the data. The circuit will operate with 
either the (2,7), (1,7) or (O,3) RLL codes. The VM5353 uses the 
high-speed CBP (Complementary Bipolar Process). 

BLOCK DIAGRAM 

REFOSC 
REFOSCN 

RDATA 
RDATAN 

SDATAN 
SDATA 
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VM5353 
DATA SEPARATOR 

CONNECTION DIAGRAM 

FCAPP 

FCAPM 

VDDI 

TEST3 

VEE 

COAST 

TESTI 

NC 

NC 

RDATA 

RDATAN 

44-lead PLCC 

August,1994 

VEE2 

VEEI 

VEE3 

VCC3 

VCC 

TYCO 

READ 

SETPLLN 

REFOSC 

REFOSCN 

NC 

FVCO 
FVCON 
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ABSOLUTE MAXIMUM RATINGS 

VM5353 
Storage Temperature .............. , .................. -65° to + 150°C 
Ambient Operating Temperature ..................... 0° to +70°C 
Junction Operating Temperature ..................... 0° to + 125°C 
Supply Voltage, 

Vee (VEE = OV, VDD = 12V) ..................... -0.5V to +6.5V 
Voltage Applied to 

TTL Inputs (VEE = OV) ........................ -0.5V to Vee +0.5V 
ECl Inputs (VEE = OV) .................................... 0 to Vee 

ECl Output Current - Continuous ........................... 25mA 
- Surge .................................... 50mA 

Maximum Power Dissipation .............................. 1300mW 
Thermal Impedance, 44-lead PlCC 

Junction-to-Case, 0 Je . ... ........... .... ..... ..... ....... lO°CIW 
Junction-to-Ambient, 0JA ................................. 53°CIW 

READ OPERATION 
There are three states in the read Pll locking sequence: 

1. lock to the reference oscillator 
2. lock to the preamble data in high gain 
3. lock to data in low gain. 

Initially, the data separator locks to the REFOSC input. This is 
a standby state which the data separator is in when not reading 
data. The VCO runs at a frequency which is very close to that 
required when locking to the data stream. This minimizes the 
frequency step when the Pll input is switched to data. In this 
state of operation, the phase detector is in the phaselfrequency 
mode which guarantees non-harmonic lock up. The charge 
pump is sourcing high-gain currents. The higher loop gain 
ensures rapid lock of the PlL. 

The assertion of the READ gate initiates the read operation. 
Internally, the part waits for the first data bit and then switches 
the input to the Pll from REFOSC to RDATA. At this time, the 
VCO is momentarily stopped and restarted in phase with the first 
data bit in the preamble. This allows very fast and repeatable 
lockup to the preamble field. The loop is still in a high gain mode 
so any remaining phase error is due to the zero phase restart is 
quickly tracked out. The phase detector is in a phase mode 
which allows the Pll to lock to harmonics. This also allows 
great flexibility in the preamble pattern. The user could actually 
lock up in the middle of a data field if so desired. The length of 
the preamble lock is controlled externally by the SETPllN input. 

After the preamble lock-up is over, the Pll switches to the 
lock-to-data mode and the data is read. In this mode, the charge 
pump is sourcing low-gain currents. This forms a low-gain loop 
which is desirable for reading data. The loop becomes less 
responsive to bit shift in the data stream. 

When the read operation is complete, READ gate is brought 
high, a zero phase restart of the VCO is performed and the Pll 
locks to the reference oscillator once again. Refer to Figure 1 
for Read Timing Diagrams. 
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CIRCUIT BLOCK DESCRIPTION 
The circuit is composed of the following functional blocks: 

high-precision phase-frequency detector, differ1mtial charge 
pump, differential input VCO, filter, zero phase VCO restart, 
divider, data standardizer and synchronization control block. 
Refer to the block diagram. 

SYNC Control 
The sync control block controls the input multiplexer, the 

phaselfrequency detector, the charge pump gain and the divider 
setting. It guarantees that the phase locked loop switches 
smoothly from one mode to another. The control pin setting and 
corresponding modes are summarized in the table below. 

READ SETPLLN GAIN MUXSEL DIVIDER PHASElFREQ DET 

1 x High REFose dlvby4 PhaselFreq. Mode 

0 X Low DATA divby2 Phase Mode 

1 X High REFOSe divby4 PhaselFreq. Mode 

0 1 High DATA dlv by2 Phas Mode 

0 0 Low DATA divby2 Phase Mode 

1 = logic HI, 0 = logic lO, X = Don't Care 

This table shows that the high-to-Iow gain switch is controlled 
externally by the SETPllN pin. The above table assumes that 
DIVSEl is lO, meaning that the extra divide-by-two is not in the 
VCO feedback path. 

Delay Line 
The VM5353 uses an internal delay line to delay the data com­

ing into the phase detector. The delay allows the phase detector 
to anticipate incoming data and enable a phase comparison to 
occur. The delay is nominally one half of the REFOSC period. 
A separate control loop regulates the propagation delay through 
the delay line by comparing it to the REFOSC frequency. This 
delay line configuration relies only on the REFOSC frequency 
and is insensitive to external components, supply voltage, tem­
perature and IC processing. It requires that the reference 
oscillator frequency be present at all times and that there be no 
extended gaps in the data when READ gate is active. 

Data Mux and PhaselFrequency Detector 
The two highest frequency inputs to the data separator are the 

REFOSC and the RDATA pins. The REFOSC pin is tied to an 
external reference oscillator or servo reference. The Pll locks 
to the REFOSC input when no data is being read from the disk. 
The REFOSC signal must be present all times because it is used 
in the anticipator delay circuitry. The RDATA pin is the input for 
the raw data and is tied to the output of the pulse detector circuit 
in the disk drive. Because these two signals are the highest fre­
quencies coming onto the chip, they are differential ECl inputs. 
This helps reduce unwanted coupling of these signals into the 
PlL. A multiplexer DATA MUX is used to select which input 
(REFOSC or RDATA) the Pll will lock to. 

The output of the anticipator delay goes to the Pll input of the 
phaselfrequency detector (PFD) block. The phase! frequency 
detector has two modes of operation, the phaselfrequency 
mode and phase mode. Each mode is described below. 
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The phaselfrequency mode allows the phase detector to 
detect both phase and frequency of the two incoming signals. 
This mode does not allow the PLL to lock to harmonics of the ref­
erence input. The phaselfrequency mode is used along with the 
charge pump high gain mode and the filter high bandwidth mode 
to form a high gain-high bandwidth loop for fast lock up times. 
This mode is used when locking to the reference oscillator and 
the preamble. The reference input to the PFD initiates an UP sig­
nal to the charge pump, and the VCO feedback input initiates a 
DOWN signal to the charge pump. When both UP and DOWN 
are high, the internal flip-flops are reset and the signals return 
low again. The minimum pulse width of the UP and DOWN sig­
nals is determined by internal propagation delays and is 
approximately 5 ns. In a locked state, the rising and falling edges 
of the UP and DOWN signals are coincident and there is no net 
effect on the PLL phase and frequency. 

When in the phase mode, the PFD detects only the phase of 
the two inputs. The phase mode is used whenever READ gate 
is asserted. The anticipator delay value is one half a REFOSC 
period window and is used to condition the phase detector for a 
phase comparison. The operation of the phase detector is the 
same as in the phaselfrequency mode except that a phase com­
parison cannot be initiated until a data pulse is input to the phase 
detector. This allows to the PLL to lock to harmonics of the VCO 
frequency. 

Charge Pump 
The charge pump uses high speed NPN and PNP switches to 

source current in and out of the FILTER pin. The UP and DOWN 
signals from the phase detector feed into the charge pump and 
cause it to pump current in or out of the differential lead-lag filter. 
The high speed current switches in the charge pump sink or 
source current out of the FILTER pin, as determined by the UP 
and DOWN inputs. The FIL TERN side of the filter acts as a volt­
age source. The high and low gain current are set by external 
resistors connected to the HGREXT and LGREXT pins. The 
high gain current can be varied from 0.5 to 2.0 rnA by adjusting 
the HGREXT resistor. The low gain current can be varied from 
100 to 400 I1A by adjusting the LGREXT resistor. This allows the 
user to vary the high gainllow gain current ratio from 20: 1 to 5:4. 

Filter 
The filter resides external to the chip, allowing the system 

designer to control the loop dynamics. It is composed of two 
capacitors and one resistor. Refer to the VM5351NM53521 
VM5353 Application Note. 

veo 
The VCO is a multivibrator type oscillator which has good lin­

earity over its frequency range. The differential voltage between 
the FILTER and FIL TERN pins controls the VCO frequency. 
The VCO center frequency occurs when the differential voltage 
across FILTER and FIL TERN is zero. An external resistor tied 
from the VCOREXT pin to VEE sets the VCO center frequency 
and gain. 
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Divider 
The divider block divides down the VCO frequency. It is com­

posed of several divide-by-two sub blocks which can be 
switched in and out. The VCO frequency is split into to separate 
signals which are divided down individually. One of the divided 
VCO signals is routed to the data standardizer. This is a straight 
divide-by-two at all times. The other divided VCO signal wraps 
around back into the phase-frequency detector to complete the 
loop. This division is switchable from a divide-by-two to a divide­
by-four. The VCO divided-by-two is used when the phase-fre­
quency detector is in the phase (harmonic) mode. The VCO 
divided-by-four is used when the phase-frequency detector is in 
the phase-frequency mode and the PLL is locking to REFOSC. 
This matches the REFOSC divided-by-two frequency. Refer to 
the block diagram. 

The DIVSEL pin can be used to insert an extra divide-by-two 
into the front end of the divider block to extend the lower end of 
VCO range without changing the VCOREXT resistor. This is 
used when operating at lower data rates (f S 15MBS). 

The divider block can be put into a test mode by forcing the 
TEST1 pin to a logiC low. This switches an internal mux that 
allows an external frequency to be injected into the divider 
through the TVCO input pin. 

Data Standardizer 
The divided VCO clock and data input to the PLL contain clock 

and data information needed but are not synchronized to one 
another. For this reason, they are put through a data standard­
izer which takes out any bit shift in the data and puts the bit in a 
decode window. The data standardizer uses the falling edge of 
the divided VCO clock to generate the decode window. The ris­
ing edge of the clock output SCLOCK is centered in the middle 
of the synchronized data output SDATA. The rising edge of the 
SCLOCK indicates the data is valid and clocks the data bit into 
the decoder circuitry of a decoder IC. The SCLOCK and SDAT A 
outputs are differential ECL signals. A Synchronized Data and 
Clock Timing Diagram is shown in Figure 2. 

Zero Phase Restart 
A zero phase restart of the VCO is performed both when 

switching from the reference oscillator to data and vice versa. 
The loop is in a high gain mode whenever a zero phase restart 
occurs. This allows fast lockup to the preamble field and when 
going back to the idle state. The zero phase restart block inter­
faces to several other blocks on the chip and guarantees a 
sequence of events when the switch happens. No spurious data 
or clock signals will occur when READ gate is switched. Timing 
diagrams for the VCO Zero-Phase Restart are shown in 
Figure 3. 

Zoned Density Recording 
The VM5353 can be used with zoned density recording. The 

synthesized frequency is brought into the REFOSC input. Dif­
ferent values for the VCOREXT resistor must be switched in and 
out using an external analog switch when changing the VCO 
center frequency. A zero temperature coefficient current DAC 
will not work well to set up the VCO center frequency. This is 
because the VCO requires a negative temperature coeficient 
current to give a constant VCO frequency over temperature. 
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PIN DESCRIPTIONS 
DIGITAL INPUTS: 

REFOSC, REFOSCN: Reference oscillator which the Pll 
locks to when in the idle state. A differential ECl input. REFOSC 
frequencies for the different data rates and codes are: 

DATARATE-f 112 (2,7) - 2f 213 (1,7) - 1.Sf 

64 Mbitslsec - 96 MHz 

48 MbitS/sec 96 MHz 72 MHz 

30 Mbitslsec 60 MHz 45 MHz 

25 MbitS/sec 50 MHz 37.5 MHz 

20 MbitS/sec 40 MHz 30 MHz 

15 Mbitslsec 30 MHz 22.5 MHz 

10 Mbitslsec 20 MHz 15MHz 

REFOSC minimum pulse width high and low: 4ns. The duty 
cycle of REFOSC is not critical. 

RDATA, RDATAN: Encoded read data from the disk drive 
read channel, active high. RDATA minimum pulse width: 4ns. A 
differential ECl input. 

READ: A TTL control input which when low initiates lock up 
to data. When high, the Pll is in an idle state and locks to the 
REFOSC signal. 

SETPLLN: A TTL input which when activated in conjunction 
with READ gate determines the bandwidth mode of the PLL. 

COAST: A TTL input which controls the coast function on the 
data separator. When the coast input is a logic low, the phase 
detector is cleared and held in a reset state, allowing the VCO to 
coast regardless of the incoming data. This happens synchro­
nously within the circuit. When a logical high, the phase detector 
operates normally. 

.cQMI 
Tied to VEE 
Floating 

.MQ.D5 
VCOcoast 
Normal operation 

DIVSEL: An input used to switch in and out an extra divide­
by-two in the VCO divider block. The extra divide by two can be 
used to extend the low end frequency range of the VCO. 

~ 
Tied to VEE 

Floating 

.MQIlE. 
Extra divide by two switched out. 
(fo above 60MHz) 
Extra divide by two switched in. 
(fo below 6OMHz) 

TEST1: An input used to enable a test feature on the data 
separator. When enabled, it allows an extemal VCO frequency 
Signal to be injected into the divider block through the TVCO pin. 
For test purposes only. 

IESI1 
Tied to VEE 

Floating 
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MQQE 
External VCO frequency injected 
into divider block. 
Normal operation 

TEST3: An input used to enable a test feature on the data 
separator. When enabled, it forces the phase detector into a 
phase-frequency detector at all times. For test purposes only. 

!Em 
Tied to VEE 

Floating 

MQDE 
Phase detector in phase frequency 
mode at all times. 
Normal operation 

TVCO: The test VCO input pin. This input is enabled by the 
TEST1 control pin. This is a TTL Input. 

DIGITAL OUTPUTS: 
SDATA, SDATAN: Encoded data read from the disk which is 

synchronous with the falling edge of the Data Clock. SDATA is 
active high. These pins are open emitter differential outputs 
requiring an external 511n pull down resistor to VEE when in 
active use. A differential ECl receiver should be used to receive 
the signal. 

SCLOCK. SCLOCKN: Data clock output referenced to the 
VCO which is synchronous with the Synchronized Data. The ris­
ing edge of SClOCK indicates the presence of valid data on 
SDAT A. These pins are open emitter differential outputs requir­
ing an external 511n pull down resistor to VEE when in active 
use. A differential ECl receiver should be used to receive the 
signal. 

FVCO, FVCON: Output frequency of the VCO available for 
data decoding. These pins are open emitter differential outputs 
requiring an external 511n pull down resistor to VEE when in 
active use. The outputs should be allowed to float when not 
needed. A differential ECl receiver should be used to receive 
the signal. 

Nominal FVCO output frequencies for the specified data rates 
and coding schemes are given below. 

DATARATE-f DIVSEL 112 (2,7) - 4f 213 (1,7) - 3f 

64 Mbll$lsec VEE --- 192 MHz 

48 Mbil$lsec VEE 192 MHz 144 MHz 

30 Mbil$lsec VEE 120 MHz 90 MHz 

25 Mbil$lsec VEE 100 MHz 75 MHz 

20 Mbil$lsec VEE 80 MHz 60 MHz 

15 Mbltslsec Aoel 60 MHz 45 MHz 

10 Mbltslsec Floel 40 MHz 30 MHz 

When DIVSEl is low, the FVCO pin outputs the actual fre­
quency of the intemal VCO frequency divided by two. 

UP: Active high whenever the phase detector issues a pump 
up to the charge pump. This pin is an open emitter ECl output 
requiring an extemal511n pull down resistor to VEE when in 
active use. The output should be allowed to float when not 
needed. 

DOWN: Active high whenever the phase detector issues a 
pump down to the charge pump. This pin is an open emitter 
ECl output requiring an external 511 n pull down resistor to VEE 
when in active use. The output should be allowed to float when 
not needed. 

VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 



ANALOG PINS: 
VCOREXT: Used to bias up the current source that sets the 

VCO center frequency fo. An external resistor is tied from this 
pin to the most negative supply voltage (VEE)' The voltage on 
the VCOREXT pin is typically VEE + 2.8 volts with an ambient 
temperature of 25°C. The VCOREXT resistor is R6 in the typical 
connection diagram in Figure 4. The VCOREXT resistor value 
vs. VCO center frequency can be calculated from the following 
equation: 

223.2 7632 
RveOREXT (kO) = 0.268 + -f - + -2- (kO) 

o fo 

where fo is in MHz. For an example of fo = 70MHz; 

(eq. 1) 

223.2 7632 
RveOREXT (kO) = 0.268 + 70 + 4900 = 5.01 kO (eq.2) 

The VCO is at its center frequency when there is zero differen­
tial voltage across the FilTER and Fil TERN pins. The FilTER 
and Fil TERN pins may be shorted together to measure the cen­
ter frequency. Note that the frequency observed at FVCO, 
FVCON is either the VCO frequency or VCO frequency divided 
by two, depending on the DIVSEL pin setting. 

HGREXT: Used to set the magnitude of the high gain current 
for the charge pump. Normally a resistor will be tied from this pin 
to the most negative supply of the IC. The voltage on the HGR­
EXT pin is typically VEE + 1.18 volts. The user may vary the high 
gain charge pump current from 0.5mA to 2.0mA. The HGREXT 
resistor can be calculated from the following equation: 

HGREXT(O) = 1.18(V) ~ 3) 
(High gain charge pump current) eq. 

Refer to Figure 4, R2 is typical HGREXT register. 

LGREXT: Used to set the magnitude of the low gain current 
for the charge pump. Normally a resistor will be tied from this pin 
to the most negative supply of the Ie. The voltage on the 
lGREXT pin is typically VEE +1.18 volts. The user may vary the 
low gain charge pump current from 100ilA to 4001lA. The 
lGREXT resistor can be calculated from the following equation: 

HlGREXT(O) = 1.18(V) ( ) 
(low gain charge pump current) eq.4 

Refer to Figure 4, R4 is typical HGREXT resistor. 

FCAPP, FCAPM: Differential loop filter pins for the delay con­
trol feedback loop. A large capacitor is placed across these 
pins, typically 0.5IlF. 

FIL TER, FIL TERN: Differential loop filter pins for the main 
phase locked loop. These outputs are referenced to VDD and 
will therefore track with VDD. The FilTER pin is the high imped­
ance side of filter. The Fil TERN pin is always a low impedance 
voltage source which is inversely proportional to the voltage on 
the FilTER pin. 

ilVFILTER = (-1)' ilVFILTERN (eq.5) 

The DC voltage crossover pOint for FilTER and Fil TERN is 
approximately (VDD - 4.75V). The differential range is ± 3V. 
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The VCO center frequency fo is defined as the veo frequency 
when the VCO control voltage is at the middle of its range. This 
occurs when there is zero differential voltage across FilTER 
and Fil TERN. The VCO frequency can be controlled directly by 
forCing the voltage on the FilTER pin. veo gain can then be 
measured by plotting the differential voltage across FilTER and 
Fil TERN vs. FVCO frequency and calculating the slope of the 
line. 

SUPPLY PINS: 
VEE: Most negative digital supply. 

VEE1: Most negative analog supply. 

VEE2: Most negative VCO supply. 

VEE3: Most negative supply for delay. 

VCC: Digital middle supply 5 volts greater than VEE. 

VCC1: ECl supply 5 volts greater than VEE. 

VCC2: VCO supply 5 volts greater than VEE2. 

VCC3: Delay control supply 5 volts greater than VEE3. 

VOO: Most positive digital supply. 

V001: Most positive analog supply. 

PRINTED CIRCUIT BOARD LAYOUT 
RECOMMENDATIONS 

The data separator is inherently a sensitive circuit, and thus 
circuit performance can be degraded significantly without careful 
attention to board layout. The following guidelines should be 
followed: 

1. VEE' Vee and Voo supply bypass filtering should be liberal 
and as close to the supply pins as possible. Ideally, a bypass 
capacitor should be soldered directly to each supply pin. The 
electrical lead length of the bypass capacitors between the sup­
ply and ground pins should be minimized to reduce lead 
inductance. Only high-quality capacitors should be used. 

2. Use the main digital ground plane for all grounding associ­
ated with the device. 

3. locate all passive components associated with the chip as 
close to their respective device pins as possible. It is extremely 
critical that the Pll filters be very tightly spaced. In addition the 
RveoREXT resistor should be tightly spaced or located closely to 
the VCOREXT pin. Chip capacitors and resistors work very well 
for these filters. 

4. For best performance, the chip pins should be soldered 
directly to the printed circuit board. If a socket must be used, a 
low-profile, low-resistance, forced-insertion type socket is 
recommended. 

5. Allow any unused digital outputs to float, unconnected to 
any other traces. 

6. Very fast ECl edge rates should be avoided. Rise/Fall 
times for the differential ECl signals (REFOSC AND RDATA) 
should not exceed 2.5ns. If 10KH drivers are used, a 1000 
series resistor works well to reduce the edge speeds 
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DC CHARACTERISTICS Unless otherwise specified, ambient operating conditions shall apply, T A = 25°C. 

PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

lee 129.3 170 mA 
Power Supply Current 

100 22.3 40 mA 

Power Dissipation Po Voo = 13.2V, Vee = 5.5V 1.02 1.3 W 

High gain 0.5 2 mA 
Charge Pump 

Low gain 0.1 0.4 mA 

TTL Inputs (Note 1) 

Input High Voltage VIH 2 V 

Input low Voltage Vll 0.8 V 

VIH = 2.7V, Vee = 5.5V 20 
Input Current High IIH IlA 

VIH = 6V, Vee = 5.5V 100 

Input Current low III VIN = 0.5V, Vee = 5.5V -0.6 mA 

Differential ECl Inputs (Note 2) 

Vee - 2.3 V 

200 mV 

Input High Current IIH Vee = 5.5V 25 IlA 
Input low Current III Vee = 5.5V 25 IlA 
Voltage Output High VOH Vee- 1.02 Vee- 0.66 V 

Voltage Output low VOL Vee - 1.95 Vee -1.63 V 

Note 1: TTL inputs will float to a logic HI if left unconnected. 
Note 2: All inputs and outputs denoted as ECl track with the Vee supply voltage. 
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EXTERNAL COMPONENT SELECTION 

PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

RHGREXT 590 2400 n 
RLGREXT 2.95 12 k!l 

RVCOREXT 1.6 6 k!l 

VMP Series Resistor to Ground 2 5 k!l 

FCAPP, FCAPM Capacitor 0.5 J.1F 

AC CHARACTERISTICS Unless otherwise specified, ambient operating conditions shall apply, T A = 25°C. 

PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

REFOSC, REFOSCN Period TREFOSC 10 ns 

REFOSC, REFOSCN Pulse Width tpwREFOSC 4 ns 

RDATA, RDATAN Pulse Width tpwRDATA 4 ns 

Window Center Offset tWINDOW <300 ps 

Delay Line Propagation Delay tpDL Note 1 ns 

VCO Phase Noise $vCO Locked to preamble, 10' (note 2) <50 ps 

VCO Center Frequency Variation ~Io @ 10= 70MHz -10 +10 % 

VCO Zero Phase Restart Error tZPR <1 ns 

VCO Maximum Center Frequency IcMAX 192 MHz 

VCO Dynamic Range Irom 10 IVCODR 10 = 70MHz, RVCOREXT = 4.9k!l 0.710 1.310 MHz 

VCOGain Ko 10 = 70MHz, RVCOREXT = 4.9k!l 0.910 0.10510 0.1310 MHzIV 

Charge Pump Output Linearity IUN Range is 0 to 211 -10 +10 % 

SCLOCK Duty Clock tdcSCLK 50 % 

Propagation Delay Irom SCLOCK 
tpdSD Cload = 20pF -1.5 <tpdSD ns 

Negative Edge to SDATA Rising Edge < 1.5 

Propagation Delay lrom FVCO Rising 
IpdSCLK Cload =20pF -2 < tpdSCLK ns Edge to SCLOCK RiSing Edge <4 

Marginalization Maximum Shift tMAXMARG 
0.25 

(TREFosd 
ns 

Marginalization Variation Irom 
tMARG VVMP - VVMM = 100mV 

±O.02 
Nominal (TREFosd 

ns 

Note 1: Nominal value 10rtpDL is: [0.5(T REFosd -1] < tPDL < [0.5(T REFosd + 1]. 
Note 2: VCOCLK output 10' point measured over 10,000 samples on an HP5370B time interval counter. O'lcl = .,JO'a2 - O'b2, where 
O'a = rms jitter measurement and O'b = sell jitter 01 HP5370B (see HP app. note 191-4). 
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~~. 
~~fJ VM5353 

READ TIMING USING SETPLLN TO CONTROL GAIN 

RDATA Preamble Data 

READ 

SETPLLN High Gain Low Gain 

VCO Restart _nL---___ -----In'----
Figure 1: Read Timing Diagrems 

RLL Date o o o o 

SDATAN X X 
SDATA ----------------------~.~. --------~.~. -----------------------------

SCLOCN 

SCLOCK ____ ---J '--_-' ~_--' '--_...I '-_--' '--_-' \....----' '--_-' '-_--' '--_-' 

Figure 2: Synchronized Data and Clock Timing 
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ZERO PHASE RESTART, READ SWITCHING HIGH TO LOW 

READ -- ~~ ______________________________________ ~ __________________ __ 

REFOSC 

RDATA 

SCLOCK 

PUMP UP = JlL..-_--In'----________ ----InL-____ ---'L 
PUMP DOWN = Jl n n L 

Phase-­
Detector 

Reset -- -------' 

VCO Reset 

ZERO PHASE RESTART, READ SWITCHING LOW TO HIGH 

READ 

REFOSC 

RDATA 

SCLOCK 

PUMP UP -- JL---____ ---'nL-____ --lnL..-_--InL-_--IL 
PUMPDOWN=J n n n L 

Phase-­
Detector 

Reset -- -------------' 

VCO Reset ________ ---'r---l~ _________ _ 
Figure 3: veo Zero Phase Restart Timing 
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C/l 
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0 

FCAPP 

FCAPM 

VDD1 

NC 

NC 

RDATA 

RDATAN 
~ 
0 
9 
0 
C/l 

~ 

9 
u 
en 

~ ~ w w a: a: 
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:c ...J 

z 
~ 
0 

~ 0 
...J 
0 0 
C/l C/l 

~ 0 a: z 0 '" 0 0 
0 w a: z 0 z z w > ~ w 0 a: ~ > 

8 IT: 
IT: 

> VEE2 

VEE1 

VEE3 

VCC3 
+5V 

VM5353 vcc 

TYCO 

READ 

SETPLLN 

REFOSC 

FEROSCN 

NC 
z ..:: z z 
!;( 0 0 

~ 0 0 
0 0 a: a: Il.. 0 

C/l => 0 z z 

NOTE: This circuit is set up for 64Mbits/sec using (1,7) code. The REFOSC input frequency is a 96MHz differential ECL signal. The high and low gain charge 
pump currents are set to 1.0mA and O.3mA, respectively. The VCO center frequency Is set to 192MHz, giving a VCO gain of 20.2MHzN. This is a general setup 
and not intended to be optimized for 4MbilS/sec. 

Figure 4: VM5353 Typical Connection Diagram 
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~~"~'i VTC Inc. 
,:.:~ Value the Custome"'" 

FEATURES 
• High Performance 

- Rise/Fall Times = 8.3 ns Typical into 2.3 !!H Head 
- Input Capacitance = 8 pF Typical 
-Input Noise = 0.72 nV/..JHzTypical 
- Head Inductance Range = 1 - 7 !!H 
- Voltage Gain = 240 or 375 VN 

• TTL Write Data Lines 
• Write Current Range 5 - 35 mA 
• Operates From +5V/+12V 
• Power Supply Fault Protection 
• Options Available 

- WDFF on the Write Data Inputs Connected or 
Disconnected 

- Open Collector or Emitter Follower Output in Read Mode 
- With or Without Switchable Damping Resistor 

DESCRIPTION 
The VT5204 is a high-performance, integrated readlwrite 

preamplifier designed for a helical-scan head which is coupled 
to the circuit by an inductive transformer. The VT5204 has eight 
head pins which connect to two read heads and two write heads. 
The circuit has one input which allows analog control of the write 
current for the selected write head and two digital inputs which 
allow selection of write/read mode and AlB channel. The 
VT5204 circuit is powered by a + 121+5VDC supplies. The circuit 
is designed to have a power supply fault detect circuit which 
shuts off write current in the event the power supply level drops 
below a unsafe threshold. This protect the data on the media 
from potential transients. If a line should open up, the mode 
select lines will be forced into a high state to prevent the device 
from affecting data recorded on the media. 
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VT5204 
2-CHANNEL, HIGH-PERFORMANCE, 
INDUCTIVEL V COUPLED FERRITE 
HEAD, READIWRITE PREAMPLIFIER 

PRELIMINARY 
CONNECTION DIAGR~M 

RDX 1 
RDY 2 
B/J. 3 
RIW 4 
vee 5 
VDD 6 
RWC 7 

B 8 
WDI 9 

wus 10 

2-Channel 
20-lead SOIC 

RHAX 
RHAY 
RHBX 
RHBY 
GND 
GND 
WHAX 
WHAY 
WHBX 
WHBY 

August,1994 
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BLOCK DIAGRAM 

vee GND WUS VDD 

R/W 
CS 

RDX 
RDY 

WDI 
\WI 

weo---------------~ 

~o-----------------~~ 

·Optlon available with no WDFF 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltages: 

X 
:::> 
:::!: 
"0 
<U 
Q) 
c: 

RHAX 
RHAY 
RHBX 
RHBY 

WHAX 
WHAY 
WHBX 
WHBY 

VDD ...................................................... -0.3Vto+14V 
Vee ......................................................... -0.3V to +7V 

Write Current (lw) ...... , ......................................... 3SmA 
Input Voltages: 

Oigitallnput Voltage VIN .................. -0.3V to (Vee + 0.3)V 
Read Head Port Voltage VRH ......... -0.3V to (Vee + 0.3)V 
Write Head Port Voltage VWH ...... -0.3V to (Vee + TBO)V 
WUS Pin Voltage Range Vwus .................. -0.3V to + 14V 

Output Current: 
ROX, ROY: 10 ••.•••...•.••••..•••.••..••........••••••.••••.••.. -10mA 
WUS: Iwus ... .... ... ..... ..... ........ ... ....... ... .... ...... + 12mA 

Junction Temperature, .......................................... 150°C 
Storage Temperature Range ..................... -6So to IS0°C 
Thermal Characteristics, 9JA: 

20-lead SOIC ................................................ 90°CIW 

RECOMMENDED OPERATING CONDITIONS 

OC Power Supply Voltage: 
VDD ............................................................ 12V ± 10% 
Vee ............................................................ SV± 10% 

Junction Temperature ................................. O°C to 12SoC 

CIRCUIT OPERATION 
The VTS204 addresses the head selected by the digital inputs 

providing write drive or read amplification. Head selection and 
mode control are accomplished with pins BIA, Rfii, and ~. 
Intemal resistor pullups provided on pins ~ and RIW will force 
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the device into a non-writing condition if either control line is 
opened accidentally. 

Write Mode 
Write mode configures the VTS204 as a current switch and 

activates the write unsafe (WUS) detection circuitry. Write cur­
rent flows into the "X" head port when WOI is a logical "I" and 
flows into the "Y" head port when WOI is a logical "0". 

The write current magnitude is determined by an extemal 
resistor connected between the WC pin and ground. An inter­
nally generated 2.SV reference voltage is present at the WC pin. 
The magnitude of the write current ( ± 8%) is: 

IW=SO/Rwe 
(mA, O-pk, Rwe in kQ) 

In programmable write current applications, the proper write 
current level can be selected by using a current OAC or by 
selecting different resistor values using analog switches or MaS 
gates. The magnitude of the write current can also be calculated 
as: 

Iw=20*lwe 
(mA, O-pk, Iwe is programmed value in mAl 

Power supply fault protection improves data security by dis­
abling the write current generator during a voltage fault or power 
supply sequencing. Additionally, the write unsafe detection cir­
cuitry will flag any of the conditions listed below with a high level 
on the open collector output pin, WUS. 

• No write current 
• WOI frequency too low 
• Open head 
• Oevice in read mode 
• Oevice not selected 

Two negative write data transitions, after the fault is corrected, 
may be required to clear the WUS flag. 

Read Mode 
Read mode configures the VTS204 as a low-noise differential 

amplifier and deactivates the write current generator and write 
unsafe detection circuitry. The ROX and ROY outputs are emit­
ter followers and are in phase with the "X" and "YO head ports. 
These outputs should be AC coupled to the load. The ROX, 
ROY common-mode voltage is maintained in the write mode, 
minimizing the transient between write mode and read mode, 
substantially reducing the recovery time delay when switching 
between write mode and read mode. 

Idle Mode 
When CS is high, virtually the entire circuit is shut down so that 

power dissipation is reduced to less than 20mW for a sleep 
mode. 
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Table 1: Mode Select PIN DESCRIPTIONS 

RIW ~ MODE NAME # DESCRIPTION 

0 0 Write 

1 0 Read 

RDX 1 
Read amplifier multiplexed differential 
output (X) 

0 1 Idle RDY 2 
Read amplifier multiplexed differential 
output (Y) 

1 1 Idle 
BfA 3 

TTL Digital Control: switches between A 
and B channels 

Table 2: Head Select 

so. HEAD RIW 4 
TTL Digital Control: switches between 
write and read modes 

o A VCC 5 +5V DC power supply input 

B VDD 6 + 12V DC power supply input 

WC 7 
Output write current control reference 
(lwc = 20 • Iwc) 

Chip Select: CS = '0' for normal 
CS 8 operation; CS = '1', enables low power 

mode 

WDI 9 
TTL Digital Write Data: WDI = '1' Iw into 
WHXpin 

WUS 10 
Write unsafe flags improper write 
conditions 

WHBY 11 Write head channel B, Y output 

WHBX 12 Write head channel B, X output 

WHAY 13 Write head channel A, Y output 

WHAX 14 Write head channel A, X output 

GND 15 Ground 

GND 16 Ground 

RHBY 17 Read head channel B, Y input 

RHBX 18 Read head channel B, X input 

RHAY 19 Read head channel A, Y input 

RHAX 20 Read head channel A, X input 

VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 6-15 



DC CHARACTERISTICS Unless otherwise specified, recommended operating conditions apply. 

PARAMETER SYM CONDITIONS MIN TYP MIftX UNITS 

Read Mode 32 TBD 

VCC Supply Current Icc Write Mode 23.5 TBD mA 

Idle Mode 0.6 TBD 

Read Mode 0.6 TBD 

VDD Supply Current 100 Write Mode B+lw TBD mA 

Idle Mode 0.6 TBD 

Read Mode 167 TBD 

Power Dissipation (T J = 125°C) Po Write Mode: Iw = 20mA 454 TBD mW 

Idle Mode 22 TBD 

Input Low Voltage VIL TTL -0.3 O.B V 

Input High Voltage VIH TTL 2.0 Vcc+0.3 V 

Input Low Current IlL VIL = O.BV, TTL -0.6 VA 

Input High Current IIH VIH = 2.0V, TTL 80 VA 

WUS Output Low Voltage VOL IOL=4mA 0.35 0.5 V 

VDD Fault Voltage VOOF 9.5 10 10.5 V 

VCC Fault Voltage VCCF 3.5 4.0 4.5 V 

Write protect mode, power 
Write Head Current IH supply fault or non-selected -200 +200 VA 

head 
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READ CHARACTERISTICS Unless otherwise specified, recommended operating conditions apply, CL (RDX, ROY) < 20pF and 
RL (RDX, ROY) = 1kn. Input source (head), impedance is LH (typical) = 511H, LH (minimum) = 111H, RH < Hl. 

PARAMETER SYM CONDITIONS MIN TYP MAX UNITS 

VIN = 1mVp-p @300kHz 200 240 280 
Differential Voltage Gain Av VN 

300 375 450 

-1dB, IZsl < 50, VIN = 1mVp-p 
25 40 @300kHz 

Bandwidth BW MHz 
-3dB, IZsl < 50, VIN = 1mVp-p 

40 65 
@300kHz 

Input Noise Voltage ein BW = 15MHz, LH = 0, RH = 0 0.72 TBD nV/;'Hz 

Input Noise Current liN 1.8 pAl;'Hz 

Differential Input Capacitance CIN VIN = 1 mVp-p, f = 5MHz 8 10 pF 

Differential I nput Resistance RIN 
VIN = 1 mVp-p, f = 5MHz, 

TBD 3000 TBD 0 
(25°C < T A < 125°C) 

AC input voltage where the gain 
Dynamic Range DR falls to 90%, Av @ 2 4 mVrms 

VIN = 0.2mVrms, f = 5MHz 

Common Mode Rejection Ratio CMRR VIN = Vee + 100mVp-p @ 50 60 dB 
f= 5MHz 

Power Supply Rejection Ratio PSRR 
100mVp-p, f = 5MHz on 

45 50 dB 
Voo or Vee 

Unselected channel 
Channel Separation CS VIN = 100mVp-p, f = 5MHz, 45 50 dB 

VIN = OmVp-p selected 

Output Offset Voltage Vos ±300 mV 

RDX, ROY Common Mode Output Read Mode Vee -3.0 Vee - 2.7 Vee -2.2 

Voltage 
VOeM V 

Write Mode Vee -3.0 Vee -2.7 Vee - 2.2 

Single-Ended Output Resistance RSEO f= 5MHz 35 0 

Output Current 10 AC coupled load ±1.5 mA 

VTe Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 6-17 



.~. ~'~"1'4 VT5204 ~~, 

WRITE CHARACTERISTICS Unless otherwise specified, recommended operating conditions apply, Iw = 20mA, LH = 2.3f1H, 
RH = Hl and fOATA = SMHz. 

PARAMETER SYM CONDITIONS MIN TYP MAX UNrrS 

WC Pin Voltage Vwe 2.S VDC 

Write Current Voltage VOH Iwe= 3SmA 19 V 

Unselected Head Write Current IUH 0.2 mA(pk) 

Differential Output Capacitance COUT S pF 

Differential Output Resistance ROUT 
Internal damping resistance @ 1.S kn 
2.5kn 

WDI Transition Frequency fOATA WUS = low 350 kHz 

Write Current Range Iw 1430n< Rwe < 10kn S 3S mA 

Write Current ERR IERR Iw range 1 mA to 3SmAo-p -8 +8 % 

SWITCHING CHARACTERISTICS (see Figure 1) Unless otherwise specified, recommended operating conditions apply, 
Iw = 20mA, ~ = 2.3f1H, RH = 1 nand fOATA = SMHz. 

PARAMETER 

Read to Write Mode 

Write to Read Mode 

CS" to Select 

CS" to Unselect 

Propagation Delay 

Asymmetry 

Head Current Rise/Fall Time 

Output Current Rise/Fall Time 

WDI 

HEAD 
CURRENT (Iw) 

sm 

tRW 

tWR 

tlR 

tlW 

t03 

ASYM 

t,Jt, 

t,lt, 

Figure 1: Write Mode Timing Diagram 
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CONDITIONS MIN TYP MAX UNrrS 

Delay to 90% Iw 50 300 ns 

Delay to 90% Iw or to 90% of 
600 ns 

100mVp-p output @ 10MHz 

Delay to 10% Iw 600 ns 

Delay to 90%, 100mVp-p output 
300 600 ns 

@ 10MHz 

From SO% points, LH = 0, RH = 0 30 ns 

DutycycleSO%WDI,1nsrise/fali 0.2 O.S ns 
time, LH=O, RH=O 

LH = 2.3f1H, RH = 1 n, internal 8.3 9.S ns 
damping resistance 2.Skn 

LH = Of1H, RH = n 2 S ns 
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PLL LOOP FILTER DESIGN 
In order to maintain design flexibility for the customer, all PLL 

filter components and charge pump gain settings reside external 
to the chip. All PLL dynamics are under the control of the system 
designer. The following is a brief analysis of the PLL loop filter 
design. For a detailed deviation of the equations used here see 
the Phase-Lock Loop Application Fundamentals for Disk Drives 
Application Note APN-6. Refer to the VM5351NM5352 and 
VM5353 PLL block diagram in Figure 1. 

The impedance of the loop filter can be written as follows: 

Z(s) 

SC2R( s + R61 + R~2) 
The open loop gain for Figure 1 is: 

G (s) 

where, Kcp = Kc! = 1.181RL' 
Kvco = Ko = 0.1 05fo, 
Kelly = 1/AB = 1/ANT R = 1/A2T R 

(sq. 1) 

(sq. 2) 

B is defined as NT R. N is the hard-wired divide ratio and 
equals 2. T R is the relative encoded data pattern length. For 
example, a 4T preamble field would correspond to T R equals 4. 
When locked to the reference, T R is equal to 2. The divide-by-A 
block is defined as: 

A = 1 if the DIVSEL pin is LO 
A = 2 if the DIVSEL pin is HI 

The VCO center frequency is fo. RL is the HGREXT or 
LGREXT extemal resistor, depending on whether the PLL is 
high-gain or low-gain mode. 

REFOSC 
REFOSCN 

RDATA 
RDATAN D-----+I 

LOOP FILTER DESIGN FOR THE 
VM5351NM5352 AND VM5353 

August, 1994 

Substituting these values into G(s) and using the second order 
approximation where C2 « C1, G(s) becomes: 

0.062fcR 
and K = KcpKvcOKdlyR = A"i""fi"""" 

R L 

(sq. 3) 

Looking at G(s), there are two poles at s = 0 and one zero at 
s = -COj. The closed loop gain H(s) is defined as: 

H(s) = ~ = K(s+OOl) 
1 +G(s) i+Ks+Koo 

1 

(eq.4) 

The denominator of H(s) is called characteristic equation. It 
can be compared to the standard form for second degree char­
acteristic equation as follows: 

222 
S + Ks + KOOl = s + 2~OOn + OOn 

Equating the component values gives: 

(sq. 5) 

(sq. 6) 

where ron is the natural frequency of the loop and ~ is the 
damping factor. 

Now, substituting for K and 001, the values for Rand C can be 
obtained. 

~OOnATRRL 
R = ......:.::,.."...,::;....: 

O·031fo 

0.062fo 
C1 = 2 (eq.7) 

OOnATRRL 

C C 
C2 is chosen such that 1~0 5: C2 5: 1~ 

R 

FILTER D>--~-~l C1 J..C2 
-.Z(s) ~ 

FILTERN o>--TJ......._...J'1 R 

I<div = l/AB = l/ANTR DIVSEL 

~--------------------+---~~~CON 

Figure 1: Basic VM53S1NM5352 and VM5353 PLL Block Diagram 
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Component values can now be selected in accordance with 
specific system requirements. The following system parameters 
must be specified: fo, RL, N ,con and ~ in order to choose values 
for R, C1 and C2. 

LOOP FILTER DESIGN USING (2,7) RLL CODE 
System Requirements: 

NRZ Data Rate = 24Mbits/sec (= f) 
VCO Center Frequency = fo = 96MHz (= 4f) 
REFOSC Frequency = 48MHz (= 2f) 
con = 139K rad/s 
~ = 1.55 

Preamble length = 11 NRZ bytes (EDSI min.) = 3.67Jls 
(44 recorded pulses) 

The VM5351NM5352 and VM5353 has a zero-phase restart 
function which minimizes the initial phase step encountered 
when switching the input of the PLL. However, the PLL may 
encounter a step in frequency that can be as large as ±1 'Yo. 
Given the PLL must only correct for the frequency step, the user 
needs to consider the following loop requirements when deter­
mining the loop filter values: 

1. Residual phase error at the end of the preamble. 
2. The lock-in range required for the frequency step 

encountered. 
3. The minimum 3dB bandwidth in the data field must be 

greater than the maximum mechanical vibrations (typically 
10KHz). 

4. The natural frequency con and damping ratio ~ must be 
optimized to achieve maximum jitter rejection in the data 
field. The minimum damping ratio ~ for adequate stability is 
0.5. 

5. Re-Iock to the reference clock must be minimized. 

Since the VCO center frequency is greater than 60MHz, the 
DIVSEL pin should be tied low, which implies that A = 1 for the 
divide-by-A block. 

The first step is too choose the three external resistors HGR­
EXT, LGREXT and VCOREXT as follows: 

HGREXT = 1.18V = 1.18V = 118kQ 
HG Charge Pump Current 1.0mA . 

LGREXT = 1.18V = 1.18V = 295kQ 
LG Charge Pump Current 400JlA . 

VCOREXT = 0.268 + 2~!2 + 76322 = 3.4kQ 
96 

The low gain mode is used when locking to data and the high 
gain mode is used when locking to the reference oscillator or 
preamble. The component values can be chosen for either the 
high or low gain mode, but since lock-to-data is more critical, 
LGREXT will be used for RL• Also, an average data pattern of 
4T is assumed. 

7-4 

The values for R, C1 and C2 are calculated as follows: 

R = (1.55) 

C2 = 0.01 C1 = 220pF 

Now using the standard values, con and ~ should be recalcu­
lated to insure accuracy along with the phase margin ~R' 

The values for con and ~ changed slightly here, but depending 
on what standard component values are used, they could 
change substantially. The phase margin should be greaterthan 
45° for stability. In this case there is plenty of margin since ~R = 
83°. 

The above values are not optimized for systems using this 
data rate, code and preamble. The derivations are only shown 
as an example. 
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INTRODUCTION 

Improved readlwrite preamplifiers with a current gain of 20 are 
becoming available as replacements for the gain-of-1 chips, with 
the benefits of higher write voltage, lower ringing and overshoot, 
insensitivity to flex layout, and flexible control of the write 
current. 

DeSCRIPTION 
In a hard disk drive, digital data is written into the magnetic 

medium by changing the magnetic field at the pole tips of a tiny 
horseshoe magnet (the readlwrite head) suspended on air beat­
ings above the surface of the rapidly rotating magnetic medium. 
The write circuitry that drives the switching current through the 
inductive head is a key system element and should be chosen 
with care for the drive. 

A variety of readlwrite preamps are available for disk drives 
today and it is easier to understand the choices and tradeoffs 
involved If the basic circuitry is understood. This Application 
Note has been written to provide better insight into the features 
of write electronics. 

Switching an inductor (the readlwrite head is best represented 
as an Inductor with substantial series resistance) at high fre­
quencies is a technological challenge. The head is an energy­
storage element and the parasitic capacitance of the preamp 
and the head-preamp interconnections is another energy-stor­
age element. so that with inadequate care in design it is easy to 
produce a system which Is unstable and bursts into spurious 
self-sustained oscillations. Parasitic elements in the flex circuit 
can also contribute to oscillation problems. No preamp is totally 
foolproof in this regard. Under sufficiently extreme application 
conditions spurious oscillations can always occur. However. 
preamps may differ markedly in the margin against oscillation. 

Inherent stability against self-sustained OSCillations for a wide 
range of head inductance and a is an explicit design goal for 
VTC preamps. VTC products consistently achieve superior sta­
bility margins on the flex. 

The write circuit is designed to produce current pulses of mag­
nitude ±lwo i.e. it switches the write current between values +Iw 
and -Iw upon command of the digital write data (WD) signal. 
When the write current switches. it produces a flux reversal in 
the magnetization of the medium. which is read back as digital 
data during the read process. The magnitude of the write cur- . 
rent must be carefully controlled at a value thalis best for the 
particular heads (medium. flying height etc.) to be used. 

The dynamics of head current switching is governed by the 
basic Inductor equation V = L(dlldt). Written in another way, this 
implies (dl/dt) = V/L; in other words the rise and fall times of the 
head current (and hence the head field which is writing the 
medium) are inversely proportional to the voltage put out by the 
write circuitry and directly proportional to the head inductance. 
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CURRENT GAIN OF 20 vs. CURRENT 
GAIN OF 1 FOR 5-VOL T READIWRITE 
PREAMPLIFIERS 

August, 1994 

BASIC WRITE CIRCUITRY 
There are two basic types of write Circuit. shown in simplified 

form in Figure 1. The open circles indicate off-chip connections. 
Both types handle head current switching through an H-switch, 
made up of transistors a1-a4 with the readlwrite head con­
nected as shown. The H-switch has two states, one with al. a2 
ON and a3• ~ OFF. and the other with the reverse of this. In 
the first state current flows through a1• then left-to-right through 
the head. and down through a2 while a3 and a4 are OFF. In the 
other state the current will flow right-to-Ieft through the head. 
The two types of write circuit differ in how the write current mag­
nitude is controlled. 

In both types of writer the elements a6, a7. as, R2, R3, R4 pro­
vide logical inversion and level shifting of the write data signals 
WD and WD needed to force the al. a2-ON a3; ~-OFF 
condition. 

R3 

WD 

WD 

+ 

Current 
Gain of 20 

+ 2.5V 

• 
Current 

Gain of 1 

1.25V • 
Figure 1: Simplified schematics for gain-of-20 and galn-01-1 
write circuitry In a readlwrite preamp. 
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The gain-of-1 and gain-of-20 write circuits 1 differ primarily in 
how the write current Iw is controlled. In the gain-of-20 circuit, 
transistors O2, 0 4 of the H-switch are connected as a differential 
pair biased with the current source R1, Os, and the write current 
is controlled by adjusting the DC voltage supplied to the base of 
Os. In the gain-of-20 case, resistor R1 is on-chip (an important 
point which we will return to) and the needed base bias of Os is 
set by a bias network that applies an internally generated tem­
perature-compensated 2.5 V to the reference resistor Rs, and 
compares the resulting current to 1/20 of the write current (using 
precision current-ratio techniques, which make use of the excel­
lent matching of on-chip components) in a feedback loop. Thus 
the gain-of-20 circuit uses indirect control of the write current. 

In the gain-of-1 case transistors O2,04 of the H-switch are con­
nected to an off-chip resistor R1 rather than a current source. 
While this is conceptually simpler (fewer elements), it introduces 
a number of complications that can result in more elements in 
the full schematic. In the gain-of-20 case the write current is set 
by a simple DC bias voltage. In the gain-of-1 case the needed 
DC bias voltage must be added to the (digital) write data signals 
WD and WD (shown by the sum symbols in the schematic). The 
write current is set by comparing the voltage on the sense line to 
a fixed bias volta~e (usually 1.25 V in existing chips) and a feed­
back control loop . 

A COMPARISON OF GAIN·OF·20 AND GAIN·OF·1 
This application note will consider the pros and cons of these 

two circuits in terms of the 5-Volt preamps that are commonly 
used today. 

In the gain-of-20 circuit the write current is controlled by 
entirely separate DC circuitry which has no other function than 
to regulate Iw' In the gain-of-1 case the voltage on the sense line 
comes from a point in the circuit with large amounts of switching 
noise3 and the bias circuitry must distinguish its DC component. 
Likewise, the output of the bias loop is a DC voltage which must 
be added to the AC write data signal. Thus the current-control 
feedback loop is substantially more complicated in the gain-of-1 
case despite the simpler circuitry for the H-switch itself. One 
consequence of this is that it is often harder to achieve good sta­
bility of the write current with gain-of-1. An example of this can 
be seen in Figure 2, which compares the write current wave­
forms for the VM7200 (gain-of-20) and a competing alternate­
source gain-of-1 part with a 4.4I1H head. The gain-of-1 chip has 
a 160 ns risetime, while the gain-of-20 part has 125 nsec rise­
time. This 37% improvement in the write risetime is due largely 
to the higher write voltage inherent in the gain-of-20 design. 

Figure 3 shows the write current waveforms with a 940 nH 
head. Here the transient behavior is dominated more by the rel­
atively high coil resistance and less by the inductance, and 
risetimes are about equal between the two devices. The 
response time of the head circuit is much shorter here, and the 
inherent stability of the design shows up more clearly. Due to 

1 These circuits are called gain-ol-1 and gain-ol-20 because the current passing 
through the current-setting resistor is 1x or (1/20)x the actual write current in the 
two cases. By gain we mean current gain 

2 This circuit is commonly used in SV gain-ol-1 preamps. Some 12V gain-ol-1 
preamps, such as VTC's VM312, VM313, and VM326, use a different technique 
that does not have the same performance drawbacks 

3 To complicate things. this switching noise is not at a single Irequency, but is pat­
tem-dependent and contains all the Fourier components 01 the data. 
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the inherent advantages of the gain-of-20 design and the simpler 
feedback loop used to control the write current the overshoot is 
substantially less for the gain-of-20 design, showing its inher­
ently better stability. 

Current-setting accuracy is strongly influenced by the load 
impedance at the emitters of the current-sink transistors O2 and 
0 4, In the gain-of-1 circuit this is just the resistance of R1, which 
may be as low as 25 n (at 50 mA). In the gain-of-20 circuit it is 
the output impedance of an active current source made up of Os 

2a 

2b 

Figure 2: A comparison of the write current waveforms between 
the VM7200 galn-of-20 preamp (a) and a competing gain-of-1 chip 
(b). Both chips were operated with vee = 4.5 v, a head inductance 
of 4.4 IlH (30n series resistance), a nominal write current of 40 mA, 
and a 2 MHz square wave at the write input. Note the substantially 
(37%) shorter risetime for the gain-of-20 chip, which is inherent in 
the circuit design. 
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and R1, and at 50 rnA the impedance will be VAIl = 100004• This 
helps greatly to maintain tight control of the write current. 

An important difference is the on-chip versus off-chip position 
of the current-setting resistor. In the gain-of-20 case, the bias 
network and R1 have the same on-chip ground, and ground 
drops pickup of extraneous signals, etc. can be closely con­
trolled by chip layout. In the gain-of-1 case, R1 and the bias 
network have different grounds, with all the hazards of crosstalk 
to other signals on the flex or DC ground differences. Because 
of the common ground, the higher sense voltage, and lower sen­
sitivity to parasitic resistances (on the flex, etc.) the gain-of-20 
circuit inherently sets the write current more accurately and 
repeatably. 

Another significant aspect of the off-chip location of the cur­
rent-setting resistor in the gain-of-1 preamp is the parasitic 
inductance and capacitance of the resistor and its traces on the 
flex. The capacitance can be up to 6-8 pF and the inductance 
may be 10 nH, while an on-chip current-setting resistor will have 
parasitics at least ten times less. Moreover, these parasitics vary 
with the flex layout and pOSitioning within the drive, while for the 
gain-of-20 design they are repeatable and well-controlled prop­
erties of the chip itself. These large off-chip parasitic elements 
can significantly affect the overall stability (suppression of spuri­
ous oscillations). In the gain-of-20 case there is no AC signal in 
the current-setting resistor, and parasitiC inductance and capac­
itance have little effect on circuit behavior. Thus the gain-of-20 
chip has an ease-of-design advantage. It is less sensitive to 
details of the flex layout, component positioning, crosstalk to 
other signals on the flex, etc. 

WRITE VOLTAGE 
As noted earlier, the available write voltage sets a limit on the 

rise and fall times of the write current, which can be a serious 
limitation on bit density. This is especially important for 5-Volt 
preamps, which have inherently limited write voltage capability. 

In the gain-of-1 case, it is necessary to drop a substantial volt­
age across R1 so the errors due to ground differences, switching 
noise, etc. are small; 1.25 V is a typical nominal value. Because 
of the common on-chip ground and the indirect control scheme 
the voltage drop across R1 can be much smaller in the gain-of-
20 case, typically 0.3 V for VTC designs. In the gain-of-20 
scheme the collector-emitter voltage drop on the current source 
transistor as can be as low as 0.3 V, so that only about 0.6 V of 
head room is wasted for current control, versus the 1.25 V used 
for the gain-of-1 scheme. This results in substantially more write 
voltage with gain-of-20. The difference is illustrated in Figure 4, 
which shows a direct comparison of the write voltage waveforms 
of the VM7200 with a 4.4 I1H head and a competing gain-of-1 
part operated at the worst-cases low supply voltage of 4.5 V. The 
VM7200 shows nominally 16% higher write voltage, which under 
these conditions translates to 37% shorter write current rise and 
fall times (see Figure 2). 

4 VA is the Earty voltage of the transistor, with 50V typical of integrated NPNs. 
5 Almost all VTC's customers insist on ±1 0% power supply tolerance, usually man­

dated by the OEMs they sell to, and VTC datasheets reflect this. Some preamp 
data sheets from other suppliers are specified with ±5% power supply toler­
ances, which makes their stated write voltage look artifiCially beller. 

VTC Inc., 2800 EastOid Shakopee Road, Bloomington, MN 55425, 612-853-5100 

~!. 
Application Note APN-2 '"'iiV.~~ 

The write voltage waveform consists of a jump where the write 
data input switches, a decaying peak as the write driver applies 
a large voltage which begins to reverse the head current via the 
relation dl/dt = V/L, and a plateau where the write current is con­
stant and the voltage is just the resistive drop in the head. The 
excess of the peak voltage above the plateau represents the 
useful voltage which is effective in reversing the head current. 
The gain-of-20 chip not only shows a higher peak, but it is sus­
tained longer, both of which contribute to the superior risetime. 

3a 

3b 

Figure 3: A comparison of the write current waveforms betwaen thll 
VM7200 galn-of-20 preamp (a) and a competing galn-0I-1 chip (b). 
Both chlpa ware operated with vee = 4.5 V. a head Inductanea of 
940 nH (30 0 sarlas raslstanea). a nominal write current of 40 mA, 
and a 5 MHz square wave at the write Input. Note the lowar over­
shoot for the galn-ol-20 design. 
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VARYING THE WRITE CURRENT IN ZONE DENSITY 
RECORDING 

The use of different recording frequencies in different zones of 
the disk to increase the amount of data stored on a surface has 
become widespread today. The drive control circuitry sets up dIf­
ferent read and write frequencies and several other parameters 
individually for each zone by setting the inputs of several DACs. 
Because of the differences in such parameters as flying height 
between the inner and outer radius of the disk, the optimum write 
current may also vary. 

In a gain-of-1 preamp it is possible in prinCiple to replace R1 by 
a current-output DAC and thus control the write current -- but 
such a DAC would need to sink up to 50 mA while the output 
does not rise more than 1.25V above ground. It is not known if 
there are any off-the-shelf DACs that can do this. An additional 
complication with the gain-of-1 chip is the fact that the DAC's 
output capacitance would occur at a point in the circuit with a 
substantial AC signal, which could negatively impact ringing and 
overshoot. With the indirect control used in a gain-of-20 preamp 
the DAC would need to put out only 2.5 rnA and the output could 
operate up to 2.5 V above ground, greatly easing the electrical 
requirements. The parasitic capacitance of the DAC output is of 
no importance in the gain-of-20 case since there is no AC signal 
at that point. . 

In fact the gain-of-20 chip allows the write current to be con­
trolled by simply using several current-setting resistors in 
parallel and SWitching them in and out using FET analog 
switches since the resistor values are much higher than typical 
FET ON resistances. The use of this FET switching technique is 
feasible with a gain-of-1 preamp, but requires a quite large FET. 
With gain-of-20 the FET can easily be an open-drain NMOS out­
put device readily available on CMOS gate arrays and cell­
library chips without requiring an unrealistically low ON resis­
tance or drawing so much current through the MOSFET that 
reliability is compromised. 

7-8 

Figure 4: A comparison of the writa voltage waveforms between 
the VM7200 gain-of-2O preamp and a competing galn-of-1 chip. Both 
chips were operated with vee = 4.5 v, a head Inductance of 4.411H 
(30 n series resistance), a nominal write current of 40 mA, and a 2 
MHz squara wave at the write input. The gain-of-20 preamp puts out 
about 16% higher write voltage due to fundamental design differ­
ences, which resulta in 37% shorter risetimes (see Figure 2) 
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In a typical READ channel the input signal is differentiated to 
produce a signal which has zero crossings at the locations of the 
peaks (flux reversals). The output of the differentiator is then fed 
to a differential comparator which has zero crossings (output 
transitions) where the peaks occurred in the READ signal. A 
simplified block diagram for a typical system is shown in Figure 
1. Offsets in the comparator and differentiator can cause an 
effect called pulse pairing error. The pulse pairing effect is cre­
ated when the comparator outputs do not cross zero exactly for 
zero input, but at some nominal offset voltage from the input 
crossing point. This offset creates a skew of opposite sign for 
alternating zero crossing 1 in the output data stream. This error 
directly detracts from system timing margins by consuming a 
portion of the bit cell window. 

Read 
Signat 
from 
AGC 

Logic 
Signal to 

Data 
_'"""'--L ___ ...l Separator 

Figure 1: Differentlator, comparator, and pulse output 
circuits for a typical READ channel 

The primary source of pulse pairing error is offsets in the com­
parator and the differentiator. These can be lumped together as 
an equivalent input offset for an ideal comparator. For a sinuso­
idal input this offset causes a non-symmetric output as shown in 
Figure 2. This asymmetry produces a shift between pulses from 
positive and negative peaks in the sine wave at the pulse output. 

I I Lcomparator 

n n il Pulse 
_____ -'. '-. ___ -' '-__ ---'i LOut 

Figure 2: Read channel waveforms for a sine wave in the 
presence of circuit offsets. a) comparator input; b) 
comparator output; c) pulse output (input to data 
separator). 

1 The zero crossings corresponding to posHive peaks in the READ data will be 
shifted one way, while those for negative peaks will shift in the opposite direction. 
Thus a perfectly spaced sequence of posHive and negative peaks in the input 
waveform will appear to be pulled closer together in pairs in the output pulses. 
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The pulse pairing error can be observed by feeding a balanced 
fixed-frequency signal into the differentiator inputs and viewing 
the digital pulse output on an oscilloscope. The oscilloscope is 
triggered on successive leading edges. The second pulse after 
the trigger point will show two traces spaced at twice the pulse 
pairing error since each pulse is shifted by the same amount in 
opposite directions. An example of such a measurement is 
shown in Figure 3. 

Figure 3: Oscilloscope traces showing the input signal 
(top) and the pulse output signal with pulse pairing. The 
shift in the second pulse is twice the pulse pairing error dt 
because it shows two pulses shifted In opposite directions. 

The contribution to pulse pairing error from comparator offset 
for a sinusoidal input of form V(t) = Vpeak sin (cot) can be deter­
mined analytically as shown in Figure 2. The slope of the 
sinusoid at the zero crossing is [dV/dtjO = co Vpeak = (2m) 
Vpeak. Thus a voltage shift of Vos due to an offset translates to 
a time shift (assuming that the shift is a small part of the signal 
period) of: 

Ilt = VOS/[dV/dt]° = (1/271f) (VOS/Vpeak) 

= (T 1271) (VOS/V peak) 

where T is the period of the sinusoid. 

(eq. 1) 

The time shift dt is called the pulse pairing shift, or more 
commonly just the pulse pairing. It is the shift of an individual 
peak due to the offsets in the circuitry. 

For a sinusoidal signal a more exact analysis gives 

Ilt = (1 1271f) arcsine (Vos/V peak) 

(T 1271) arcsine (Vos/V peak) 
(eq.2) 
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This result is important in that sinusoidal signals are often used 
for test purposes, and this fonnula allows one to relate the 
observed pulse pairing error for a sine wave to the offset. A sine 
wave is, of course, somewhat unrealistic. 

A more realistic case is shown in Figure 4, for a READ signal 
given by: 

VR(t) = (5/6) VO [sin (cot) - (1/5) sin (3cot)] (sq. 3) 

so that the differentiator wavefonn Vo(t) takes the fonn 

Vo(t) = (5/S) Vpeak [cos (cot) - (3/5) cos (3cot)] (sq. 4) 

dV oldt = (5/S) coV peak [-sin (cot) + (9/5) cos (3cot)] (sq. 5) 

The derivative waveform has its zero crossings when cot = 7tl2, 
thus: 

[dV Idt] 0 = (5/S) coV peak [-sin (7t/2) + (9/5) sin (37t/2)] 

(5/S)coVpeak [-1-(9/5)j = -(7/4)coVpeak 
(eq.6) 

from which we find a pulse pairing shift (magnitude) 

t = Vosl [dV Idt] 0 = (4/7) (1 127tf) (VoS/V peak) 
(eq.7) 

which is substantially less than for the sine wave case. This 
difference arises from the fact that in a real READ waveform the 
differentiated signal flattens out between pulses, so that zero 
crossings are steeper and an offset has a relatively smaller 
effect. Real READ waveforms probably fall somewhere in 
between equations (1) and (7). The magnitude of this effect will 
vary from inner tracks (where the pulses are crowded) to outer 
tracks. 

Stated in another way, we have shown that the effect of higher 
odd harmonics in the READ signal is to decrease the pulse pair· 
ing error, so that equation (1) can be viewed as a worst case. 

ill..... " . . . 
,'--__ -oJ 

nal 

Comparator 

Pulse 
Out 

Figure 4: READ channel waveforms for an Input signal 
(defined by equation 3) with substantial harmonic content 
as occurs in real READ data slgnals2. 

2 If the Input signal corresponds to an evenly spaced sequence of flux reversals, 
the READ signal will contain the fundamental frequency and as many odd-order 
harmonics as the amplifier bandwidth permits. The third harmonic can be 
expected to be dominant. 
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SUMMARY 
Phase-locked loops (PLLs) are widely used in disk drives to 

recover the READ clock and to generate the WRITE clock at a 
variety of frequencies as needed for zoned-density recording. 
Such PLLs have off-chip components such as capacitors and 
resistors as well as on-chip registers (for division ratios, DAC 
inputs, etc.), which allow performance to be tailored to a given 
set of requirements. This application note describes typical 
PLLs in hard disk drives, how to select external components and 
intemal register values, and the trade-offs and optimizations that 
a user will need to understand when designing with PLLs. 

INTRODUCTION 
The reading of data from a disk drive is an asynchronous oper­

ation. The rotation of the disk is not synchronized with the 
system clock and the pulse peaks representing flux reversals 
can have any phase with respect to the system clock. It is nec­
essary to extract a read clock from the data itself. The read clock 
establishes the timing of proper bit-cell boundaries, and is used 
to determine the bit value (0 or 1) within each read-data window. 
Read clock extraction is done using a phase-locked loop which 
employs negative feedback to force a VOltage-controlled oscilla­
tor (VCO) to be in synchronism with the read signal. 

Most disk drives use zoned-density recording (ZDR) today. 
The disk rotation rate is fixed, but a higher data frequency is 
used near the outer diameter (00) than at the inner diameter 
(10) such that the physical width of a bit cell is kept approxi­
mately the same over the whole disk area. A zone is defined 

PHASE-LOCKED LOOP APPLICATION 
FUNDAMENTALS FOR DISK DRIVES 

August,1994 

between two radii r1 and r 2, and a typical drive will have from four 
to twenty zones in all. The write frequency is constant within a 
given zone. This requires different write frequencies be gener­
ated in each zone. For this purpose a type of phase-locked loop 
called a frequency synthesizer is used to derive multiple output 
frequencies from a single input frequency. 

This report describes phase-locked loops in the form com­
monly used in disk drives, and includes a systematic 
mathematical analysis of PLL loop dynamics in both the time 
and frequency domain. Then two types of applications are 
described, data separators and frequency synthesizers, and the 
selection of the user-specified parameters (capacitors, resistors, 
divider ratios, etc.) are discussed in terms of the performance 
objectives for each device. 

The scope of this application note is limited to the common 
concems of disk drive designers. Phase-locked loops are a 
large subject and several excellent texts exist which cover fur­
ther details beyond the scope of this report. References can be 
found at the end of this report. 

PLL Basics: Time Domain 
Figure 1 shows a generic phase-locked loop with a leadllag 

loop filter (R, C1, C2). The input frequency is fi and the output fre­
quency is fo. fo is locked to have some exact ratio to fi. The input 
may be a crystal-controlled reference frequency, a reference 
.clock from the servo PLL, or it may be digital data from which a 
clock is to be extracted. 

10 

L-__________________ ~+B~----------------~ 

Phase Detector Output 

Charge Pump Output 

L 
L 

~'" n nL-__ 
~~ ~ - 0 0 0 0 0 0 0 0 no ol~~ 0 0 0 0 0 0 0 0 n 0 0 0 0 0 _ 0 0 " 

Figure 1: General model for a charge-pump phase-locked loop with a leadllag loop filter. 
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The input frequency is divided by A, which is an integer, using 
a digital frequency divider. This produces a frequency fA at the 
positive input to the phase-frequency detector. 

(sq. 1) 

The VCO output frequency is similarly divided by an integer B, 
producing a frequency fB' which is fed into the negative input of 
the phase-frequency detector. 

(sq. 2) 

The phase-frequency detector puts out a string of pulses with 
a width Ie, equal to the time difference between the rising edges 
of fA and fB' which is fed into the charge pump. The charge pump 
puts out a similar string of current pulses of width Ie and ampli­
tude Ip which are fed into the loop filter. The current pulses can 
be positive or negative depending on the phase relation between 
fA and fB. This current is averaged over many cycles by the loop 
filter capacitors. Thus, in the steady state (or locked) condition 
where time periods are long compared to T = 1lfA = 11fB, we can 
represent the current by its average value, 

(sq. 3) 

The value of Ip is user-controlled in most cases. The loop filter 
stores the charge pumped by the charge pump on capacitors C1 

and C2 (ordinarily C1 »C2) and in the steady state, produces a 
voltage Vln given approximately by 

Vln = (ciJIlavedt (sq. 4) 

Note, that in this simplified discussion we treat the filter as a 
capacitor (neglect Rand C2). In a real PLL, the resistor R is used 
to put a zero into the transfer characteristics which improves sta­
bility. If the loop had only Rand C1 the stability would be OK, but 
the pump current would produce a very large instantaneous volt­
age drop across R putting a voltage spike into the VCO and 
causing problems. Capacitor C2 is added to reduce these volt­
age spikes. Also, we assume the value of R is low compared to 
the impedance of C1 at all frequencies of interest. 

Thus, the VCO converts its input voltage Vln, to an output fre­
quency fo with a transfer gain of Kv given by, 

(sq. 5) 

The output frequency fo is divided by B to complete the loop. 
This arrangement can be thought of as a negative feedback 
scheme. The phase-frequency detector produces an error sig­
nal proportional to the phase difference between fA and fB. The 
loop filter and VCO are connected so as to force fA and fB to be 
in phase. With ideal components, the phase difference is forced 
to exactly zero. 

To get a beller understanding of the situation consider the 
case where fA and fB are out of phase, with fA leading fB' as 
shown in the timing diagram of Figure 1. The phase-frequency 
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detector outputtums on the charge pump for a time t" pumping 
a charge a, into the loop filter with a value of, 

a, = Ipte (sq. 6) 

This charge increases the voltage at Vln by 

(sq. 7) 

and fo will increase by 

af = KvaVln (sq. B) 

With the frequency increasing, the rising edges of fB will now 
occur earlier in time. This causes the next t" pulse to be shorter 
and the process continues until t" = 0 (at which pointfA and fB are 
in phase), I ... = 0, and Vln is constant in time. A similar argument 
can be made if fA lags fB. Since fA and fB are equal in phase and 
frequency then, 

fo = (~)fl (sq. 9) 

This is the basic frequency synthesizer equation. A very large 
number of output frequencies can be produced by simply chang­
ing the frequency division ratios A and B. 

The model presented above can be used for a data separator 
(data synchronizer) PLL, if we set A = 1 and let B represent the 
number of cycles between nearest 1 bits. While the input to the 
frequency synthesizer is a simple square wave, a data separator 
will have many different data periods occurring in random order 
as dictated by the particular data stream of interest. For (1 ,7) 
code, 1 bits are always isolated; there may be from one to seven 
o bits between 1 bits. In other words, when we are locking to a 
real data stream there are many frequencies in the input. We 
must consider all values of B compatible with the code used in 
the given application. 

One final note, it should be obvious from the PLL description 
given that if a long string of 0 bits appear in the data there will be 
no transitions (edges) and the PLL will lose track of the phase 
value. The PLL views such a data sequence as DC and reacts 
by pushing the PLL frequency toward zero, This is the reason 
for run-length limited (RLL) codes because they impose limita­
tions on the lengths of runs of same-type symbol. 

PLLBlocks 
It is desirable that the user of PLLs have an idea of how the 

main circuit blocks work at the transistor level. In this section we 
give typical simplified schematics of phase detectors, charge 
pumps, and voltage-controlled oscillators (VCOS). 

(a) Phase detectors. Phase detection is generally done using 
logic circuits. Such digital circuits handle phase as an analog 
quantity by using pulse width as an analog variable. The most 
commonly used phase detector is shown in Figure 2a and is a 
phase-frequency detector (see [31 on page 26). 
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Figure 2: Typical circuitry In Pll blocks. (a) Phase-frequency detector. (b) Phase detector. (c) Charge pump. (d) Voltage­
controlled oscillator. 
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The reference frequency (data) 1 is fed into the clock input of 
one edge-triggered D flipflop and the VCO output is fed into the 
other. The true outputs are ANDed together and fed back to 
asynchronous reset inputs for both flipflops. To understand the 
circuit operation, first consider the situation where the rising 
edges of the VCO pulses arrive later than those of the reference 
frequency. This means that the VCO phase is lagging, and we 
need to increase its frequency to catch-up. Assume an initial 
state where both flipflops have 0 = 0 (the usual case). The ref­
erence rising edge arrives first and causes the 0 output of the .­
upper flipflop to go to a 1. This signal is called PUMP_UP and 
is used to tum on a current source which feeds current into the 
filter. The rising edge of the VCO output arrives later and causes 
the lower flipflop to be set to 0 = 1. This causes a 1 to appear 
at the output of the AND gate, which feeds back to return both 
f1ipflops to the initial 0 = 0 state and turns off the PUMP_UP cur­
rent source. The cycle then repeats. 

It is obvious from this description that the positions of wave­
form edges are the only thing that counts here, and that the 
phase error is in-effect sampled once per edge. 

This type of phase-frequency detector has a practical problem 
when the phase error is very small. In real fJipflops the 0 output 
will not get fully flipped before the reset action comes around. 
This is described as a dead band which happens with nearly 
zero phase error and can cause erratic operation. One solution 
to this problem is to insert extra gate delays after the AND gate 
so, that in the locked condition, both pump-up and pump-down 
pulses are of finite, but equal width. With the averaging effect of 
the filter, the pulses will cancel each other out. 

Figure 2b shows an altemative type of detector called a phase 
or phase-only detector (see [3] on page 26). It is simply an 
exclusive-OR gate. Here the single output is used to cause a 
pump-up condition when 1 or a pump-down condition when O. A 
little thought shows that the steady-state condition of the circuit 
occurs when the pump-up and pump-down pulses occur with 
equal duty cycle and this can only occur when the two inputs 
(VCO and REF) are 900 out of phase (i.e., shifted by T/4, where 
T=3600 ). 

The phase-frequency detector has the desirable property that 
it shows little tendency to lock on harmonics (see [3] on page 26) 

(b) Charge pumps. A typical charge pump circuit is shown in 
Figure 2c. The U and D inputs and their complements are the 
PUMP_UP and PUMP_DOWN outputs of Figure 2a, suitably 
level shifted. The pump current is generated by the current 
sources 01, 02, R1, R2 and is controlled by the CURCTL ana­
log input which allows the value of the pump current to be 
changed (DAC-controlled, for example). In the normal condition 
(U = 0 = 0), the pump current is steered to VCC through 04 and 
06, but when either U or D is high it is fed to one of the current 
mirrors (07, 08 and 09, 010). The PUMP_DOWN current is 
again mirrored by 011-013 so that it turns on a current sink. 
The up and down pulses are then combined at the collectors of 
011 and 08 and this net current is fed to the filter. 

This circuit has a number of non idealities. The collector cur­
rents of 08 and 011 must match exactly for ideal operation. If 
they do not, a steady-state phase error will occur. But in reality 

, This Input Is the relerence lrequency lor a synthesizer or the data lor a data sep· 
arator. 
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component mismatches of this sort cause only small deviations 
from this condition. The pump-down current must pass through 
the extra mirror 011-013 and this has a small effect on current 
matching and current switching dynamics. The collector cur­
rents of 08 and 011 are not completely independent of the DC 
voltage at the filter (the Early effect) and this is an additional 
source of error. Practical charge pumps often contain additional 
circuitry to cancel or correct these errors. In general, charge 
pumps work much better if fast PNP transistors are available in 
the process. 

(c) VCOs. The circuit of Figure 2d is often called an emitter­
coupled multivibrator and is very widely used for VCOs (see [6] 
on page 26). The current sources 01, 02, R1, R2 set up two 
equal currents 10, with the value of the current controlled by the 
voltage FROCTL which comes from the filter output2. In the two 
half-cycles of circuit operation there is current through R5 and 
not through R6 or vice versa. Let us begin by assuming a state 
where there is current in R5, and none in R6. R5 has a relatively 
high value, so some of the collector current of 05 flows through 
D1, which effectively clamps the voltage at the base of 07 at 
VCC - Vbe. Thus the base of 05 will have a potential about Vbe 
higher than 06. Both currents 10 pass through the emitter of 05, 
one directly and the other through timing capacitor Cr. As cur­
rent passes through Cr, it is gradually discharged and the 
potential at the emitter of 06 ramps down, eventually becoming 
low enough that 06 can turn on. When this point is reached, 
there is a very rapid regenerative (positive feedback) switching 
event which flips the circuit to the other half-cycle. A half-cycle 
requires that a current 10 change the voltage across CT by 2Vbo, 
so that period T = 1/1 '" 4VboCT/I0. Note that the frequency is 
proportional to the current 10 (and also FROCTL) - important 
for a linear PLL. The inherent 50% duty cycle of the complemen­
tary outputs from this circuit is a desirable feature. 

The circuit as shown has a few problems. For one thing the 
frequency is temperature-dependent through Vbo(T). There are 
also tolerance questions since the VCO center frequency must 
be controlled to fairly close limits. Practical VCOs of this class 
incorporate additional circuitry for wide-range temperature-inde­
pendent operation. There is often extra circuitry which can 
freeze the VCO in one half-cycle, so that it can then be started 
in synchronism with a detected read-data edge thus shortening 
the lock-on transient (this feature is called zero-phase restart). 
Another important feature is input clamping. The circuitry must 
be designed in such a way that the frequency can vary only 
between two values f, and f2• If the frequencies are too low(e.g., 
too-low FROCTL values) the oscillator may simply stop oscillat­
ing, and there may be no recovery from this extreme nonlinear 
condition. If the allowed range is too broad, there is a potential 
for locking on harmonics with equally disastrous results. 

Earty data separators had capacitor Cr off-chip so that it was 
user-selected. Today most integrated PLLs have Cr on-chip so 
that a much lower Cr value can be used and power saved. With 
fast-switching transistors on-chip VCOs usable to beyond 300 
MHz have been built. 

When very low phase jitter is desired (as in a frequency syn­
thesizer) great care must be taken to prevent crosstalk (e.g., 

2 Often a unily-gain buller Is placed between filter and VCO, designed in such a 
way as to drain minimal current lorm the filter capacijors during a hold condition. 
Otherwise the lifter would have to supply base current lor Q1 and 02. 
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from clocks, switchmode power supplies, etc.) from the VCO to 
extraneous signals. This requires good chip design, careful 
board layout, and bypassing by the user. 

Frequency-Domain Description of a PLL; Overshoot and 
Stability 

In our simple time-domain analysis of the PLL in Figure 1 we 
neglected the effects of C2 and R as nonessential to a basic 
qualitative explanation. In reality, all three filter elements are 
necessary for satisfactory operation. A full analysis of the charge 
pump PLL including a description of the action of the lead-lag fil­
ter requires a more rigorous treatment of the PLL and that is 
provided here. . 

In the simple picture treated earlier (neglecting Rand C2) we 
saw that if fA leads fe the negative feedback action will steadily 
increase the VCO frequency until the phase difference is zero. 
Actually, when the phase difference has reached zero, the VCO 
frequency will be substantially higher than its steady-state cen­
ter frequency, fo• Thus, the phase will continue to decrease and 
pass through the zero-phase point, becoming negative, and a 
new correction cycle will begin. If the loop filter is only a capaci­
tor, the PLL exhibits substantial overshoot in its phase 
dynamics. The additional filter elements Rand C2 allow the user 
to control this overshoot and optimize the phase dynamics3. 

We will assume that the loop is running near its center fre­
quency, fo• We also assume that any changes in the input phase 
difference or the VCO frequency occur slowly enough that fe and 
fA differ by only a small amount, but can have any phase relation­
ship. Phase can be thought of as the relative position of the 
rising edge of one signal as compared to a second signal, 
divided by the period T (T = 1 If A = 1/fe)' 

In reality, a PLL of this kind is a sampled-data system. The 
phase is only defined at the edges of the fA and fe signals (see 
[1] on page 26) In our analysis we are in effect making a contin­
uous approximation, i.e., that the highest frequencies in the 
behavior of the loop dynamics are much less than the center fre­
quency, or equivalently, that the bandwidth of the loop filter is 
much less than the center frequency. In Nyquist terms, we are 
assuming that there are many samples per period for the short­
est period in the loop response. Most practical PLLs operate in 
this regime. At the same time we are in effect considering only 
the linear behavior of the system so that the ordinary ideas of lin­
ear system theory apply. With large phase and frequency 
deviations the system will show nonlinear behavior, and in fact 
the initial capture transient is always nonlinear (see .. and). A rig­
orous sampled-data treatment has been given by Gardner (see 
[1] on page 26) 

Mathematically, the phase 9(t) (units radians) is the time inte­
gral of the angular frequency 00 

9 (t) = fOOdt where 00 = 271f (eq. 10) 

The fA and fe signals can be described by their phases SA (t) 
and EIe(t). The phase-frequency detector thus puts out an error 
phase 9£(t) equal to the phase difference of 9 A(t) and g e(t) (this 

3 The frequency and phase in a PLL behave like the displacement and momentum 
of a simple mechanical oscillator and many analogies can be drawn. In most 
practical cases the behavior is oscillatory. When the phase error Is at a maximum 
the frequency error will be zero and conversely during a system transient. 
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is the analog equivalent of the time error Ie in the PLL Basics 
section). 

(eq. 11) 

The average charge pump current will be 

(eq. 12) 

The loop filter impedance is z", so 

(eq. 13) 

The VCO converts its input voltage Vln to an output frequency 
fo 

(eq.14) 

where Kyco = 2pKy. Thus, the VCO output phase is 

(eq. 15) 

The frequency dividers scale the phase as well as the fre­
quency,so 

9 0 (t) 
9 B (t) = -B-' 

Combining the equations, we find that 

(eq. 16) 

(eq. 17) 

Taking the Laplace transform of this equation (which puts 
things in terms of the complex frequency variable s), we find 

where, 

(R+~)(~ ) 
R+_1_+_1_ 

sC, sC2 

] 
(eq. 19) 
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In what follows we will use the phases as independent vari­
ables in describing the loop dynamics, as shown in the signal­
flow diagram of Figure 3. 

Elo(S) 

II 
~------~1~r---------~ 

Figure 3: Signal flow diagram for a phase-locked loop with 
a lead-lag loop filter. 

Putting in the explicit form of ZF(S) we can now write El6(S) as 

] (ElA (s) - Els (S» 

(eq.20) 

This is the transfer function for El6(S) in the complex frequency 
domain. Both the numerator and denominator are polynomials 
in s. Thus, El6(S) can be described by an amplitude and phase 
response, a Bode plot, etc., like any other dynamical variable. 
We can also consider the amplitude response of the phase and 
the phase response of the phase, just as for an amplifier. 

A word of caution. Unlike a feedback amplifier where the 
transfer function of interest is voltage gain, a phase-locked loop 
deals with phase gain. The transfer function has real and imag­
inary components which can be described in terms of a 
magnitude and angle (or argument). For a feedback amplifier 
the angle is actually the phase of the signal. It is rather easy to 
comprehend the gain and phase of an amplifier and conse­
quently the angle of the complex transfer function is routinely 
referred to as phase. In the case of a PLL, however, the magni­
tude of the transfer function is the phase gain while the angle 
represents a time delay of the phase gain. It is tempting to refer 
to the angle as the phase and retain terms like phase margin that 
most users are already familiar with from amplifier analysis. 
Thus, we have the phase of the phase which can be rather con­
fusing. The solution to this quandary is to treat the frequency 
domain phase variable as just a gain variable with real and imag­
inary parts, which have mathematical and graphical stability 
properties that are true regardless of the particular PLL applica­
tion. When insight and intuition are needed the reader can 
return to the time domain, at least mentally, and not worry about 
the true meaning of phase. Here the magnitude of the transfer 
function will be referred to as phase gain while the angle will sim­
ply be called the angle. The term phase margin will still be used 
to refer to the angle of the transfer function in relation to 1800 • 

The closed-loop gain of the system is denoted by H(s), and is 
the gain from input ElA(S) to output El6(s), 
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Els (8) 
H (S) = ElA (s) (eq.21) 

The significance of this is that if the input phase is phase mod­
ulated at some frequency S with a phase deviation X, then the 
output will be similarly phase modulated with l!. phase deviation 
H(s)x (the amplitude response in this case). There will also be 
a phase difference between these input and output phase devi­
ations, I.e., they are not simultaneous in time, and this is the 
phase response of the PLL phase error. 

The open-loop gain of the system is denoted G(s) and is the 
phase gain from input to output if the feedback loop is broken. 
This is equivalent to the gain from El£(s) to El6(s), or 

Els (8) Els (s) 
G (s) = -- = -;-;:;-~:=o--::::--;~ 

El£ (s) (ElA (s) -Els (s» 
(eq.22) 

Thus G(s) = H(s)/(1 - H(s)) and H(s) = G(s)/(1 + G(s)). From 
the relations above 

G(s) 

Let,'t= RC1 

001 = 1ft = 1/RC1 

K = (Kyco Kcp R)/B = Ky Ip RIB 
b = 1 + (C/C2) = (C1 + C2)/C2 

002 = bOOl = [(C1 + C2)/C2lIRC1 

then, 

G(s) 
K (002 -001) (s + 001) 

2 
S (s+oo2) 

] 
(eq.23) 

(eq.24) 

The open-loop response of the system is third-order, type II 
(see and). There are two poles at s = 0, a third pole at s = -002, 
and a zero at s = -001' Insight into the loop behavior can be 
gained by drawing a Bode plot of G(joo) as shown in Figure 4 

'§' Klrol 

"" !2 
~ OdS 
[<l logro 

Slope = -40dBldecade 

.. 
logro 

Figure 4: Bode plot of the open-loop response G(joo) for a 
charge-pump PLL. 
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The open-loop response is infinite when 00 = 0 and rolls off at -
40 dB/decade due to the two poles at the origin until 00 = 001' This 
zero cancels one of the poles causing the response to roll off at 
-20dB/decade until 00 = W:!. At this point it rolls off again at -40dB/ 
decade due to the pole at -W:!. The angle of Gijw) starts at -180° 
and rises to -90° at some point above 00 = 0010 and then returns 
to -180° beyond 00 = W:!. 

We recall from linear system theory that for a system to be sta­
ble, the angle of the transfer function at the frequency where 
IGijw)1 = 1 should be more than 45° from -180° (in a feedback 
amplifier system this is referred to as phase margin)4. From the 
Bode diagram, we see that this can only happen if IGijw)1 
crosses the unity-gain axis at a point where the slope of IGijw)1 
is -20dB/decade. 

The frequency at which IGijw)1 = 1 is called the crossover fre­
quency We. As seen from the Bode diagram: 

iG (jw)i = 1 @ 00 = Wc (eq.25) 

A necessary condition for stability is 

(eq.26) 

We also see that if 001 and W:! are too close to one another L 
Gijw) will never rise much above -180°. According to Gardner 
[11, W:! > 9 001 for most practical cases. This fact can be used to 
simplify G(s). For 00« 0010 s + W:! = 002 and W:! - 001 = W:!, so that 

(eq.27) 

Using the assymtptotic approximation characteristics of the 
Bode Diagram: 

(eq.28) 

If Wc « W:!, and Wc » !OJ, then: 

(eq.29) 

The unity gain or crossover frequency for the loop is equal to 
K, which is known as the loop gain. Wc is often referred to as the 
loop bandwidth since it represents the frequency above which 
frequency variations are filtered out of the loop. The loop is said 
to track any change in input frequency below We. In a data syn­
chronizer application the loop bandwidth should be set high 
enough so that bit shifts due to mechanical inaccuracies in the 
drive will be tracked by the loop. In a frequency synthesizer, 
however, loop bandwidth is generally set low so that any jitter in 
the input frequency (from a switching power supply for example) 
will be fiHered out. 

Thus we see that loop gain and the loop bandwidth are actually 
the same thing. This seems somewhat puzzling intuitively, but 

4 The condHlon Is often stated In the form that oscillation will occur if the phase 
response Is 360'. In our case a feedback transfer function phase response of 
180' will lead 10 OScillation because Ihe inherenl negative feedback (inversion) 
In the phase detector Is equivalent to a 180' phase shift. 
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if the third-order loop equation is inspected we see that K must 
have units of frequency. Remember too that the veo in effect 
integrates frequency into phase, yielding the additional l/s term 
which must be accounted for in the units for K, so that G(s) is 
unitless. 

We now consider the closed-loop response H(s) 

8 B (S) G(s) 
8 A (S) = H(s) = l+G(s) 

3 2 
S + w2s + K (002 -WI) s + K (002 - WI) WI 

(eq.30) 

In general this is a third-order polynomial and there are no sim­
ple formulas for the roots (zeroes). A number of inexpensive 
programs are available which can find the roots of any reason­
able polynomial. 

If W:! » 0010 which we know must be true from the open-loop 
stability analysis, then we can approximate the loop as second 
order by letting W:! approach infinity giving, 

The denominator is a quadratic second order which can be 
rewritten as 

H (s) 
K (s + WI) 

2 
s + Ks+Kw1 

(eq. 31) 

where co., = [Kw111/2 and I; = (1/2)[Klw1pl2. co., is called the nat­
ural frequency of the loop and I; is known as the damping factor. 
The poles of H(s) are found by solving the equation 

When this is done we find the poles P1 and P2 are: 

Different values of I; lead to the following three cases: 

1. If I; > 1, then P1 and P2 are real and the ioop is 
unconditionally stable and is said to be overdamped. 

(eq.32) 

(eq.33) 

2. If I; = 1, then P 1 = P2 = co., and the loop is unconditionally 
stable and is said to be critically damped. 

3. If I; < 1, then P1 and P2 form a pair of complex conjugate 
poles and the loop becomes less stable as I; approaches 0 
and is said to be underdamped. 

The damping concept should be familiar from other disciplines 
(such as mechanics). Often the loop is specified to have a 
desired damping factor I; and loop bandwidth Wc' Damping is of 
practical importance in disk drive design because we require 
that the phase errors5 of the recovered read clock be settled to 
some specified degree before we regard the recovered data as 
valid. It is the damping which determines how long it takes the 
phase error to settle to zero. 

5 That Is to say, the pahse difference between the VCO output gnd the peaks In an 
ideal read signal. 
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There are a number of useful identities for the second-order 
loop: 

thus, 

1/2 (K )1/2 
COn = (Kco1) =":t 

s = G X:1 t2 = G )(KT) 1/2 

=G)( COcT )1/2 =(~)(~cr2 
(eq.34) 

(eq.35) 

The loop is completely specified with either pair of variables K 
and T or Clln and S, and one set can be calculated from the other. 

The loop transient response is of interest. An underdamped 
system is fairly responsive but tends to overshoot and ring. An 
overdamped system has no overshoot but is rather slow in 
reaching its final steady-state value when responding to a tran­
sient input. It can be shown (see and) that a damping factor of 
s = 0.707 = 1/-.12 will yield an optimal transient response to a fre­
quency ramp input. Here the phase of the output will reach its 
final steady state output in 3.4 cont with 5% overshoot. Generally 
most data synchronizers have s between 0.5 and 0.8 so that 
they can acquire lock quickly at the beginning of a read cycle. 
The noise bandwidth BL of a second-order PLL is given by. 

(eq.36) 

An input noise signal at frequencies above BL will be filtered 
out of the loop. BL is at a minimum of 0.5con for I; = 0.5, but is still 
only 0.53 at I; = 0.707. In a frequency synthesizer noise filtering 
is important and consequently it has a damping factor range of 
about 0.5 to 1.0 as well. 

Component Selection for the Second-Order Loop 

Choosing the resistor and two capacitors in the leadllag filler 
is one of the main problems facing the disk drive designer. 
Before proceeding the following parameters must be specified: 

Charge pump gain: 
VCOgain: 
Feedback divider ratio: 

Loop bandwidth: 

Damping factor: 
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K"p = 1p121t 
Kvco = 21tKv 
B 
fe = co.j21t = Kl21t 
I; 

The first three may be fixed by the monolithic design of the 
phase-locked loop, but for chips supporting zone-density record­
ing they usually can be controlled by the user over some 
restricted range. The last two are always user-definable lor 
devices with off-chip loop filter components. 

In the second-order approximation, the capacitor C2 should be 
chosen such that C2 £ Cil O. This follows from the stability cri­
teria, and is also required for the second-order approximation to 
be valid. We will not deal further in this section with the choice 
of C2 as it is usually non-critical. The bigger C2 is, however, the 
more the Charge pump ripple is filtered, yielding steadier VCO 
input voltage. 

The charge pump gain is usually specified as a current Ip. The 
VCO gain is usually given as Kv in MHzIV. Often the VCO gain 
scales with frequency and may be specified as a fixed fraction of 
the center frequency, 

(eq.37) 

where a generally ranges from 0.1 to 0.5. Note that a has units 
of IN. The feedback divider is simply an integer. Zone-pro­
grammable frequency synthesizers allow B to be changed, 
typically through a serial register interface. Data synchronizers 
sometimes allow the feedback divider to be programmed, but B 
as defined here also incorporates the effect of the data pattern. 
Thus, the effective B value will change as the data pattern varies 
from 01010 to 01000000010 (the extreme limits for (1 ,7) code). 
To ease confusion, B can be rewritten as the product of the inter­
nal hard-wired (or firmwired) divider ratio and the data pattern 
length. Let T A be the relative data pattern length such that T A = 
2 for a 2T6 pattern, 3 for a 3T pattern, etc., and let N be the hard­
ware division ratio. Then 

B = NTR (eq.38) 

From the equations derived earlier 

(1 )(co )1/2 (1) 112 I; = :2 co~ = 2 (21tfcRC1) 
(eq.39) 

Solving for Rand C, we find 

21tfcB 21tfcNT 
R=--=--

Kvlp afolp 

(eq.40) 

6 In disk drives a 2T pattern is a repeating 10, a 3T pattern is a repeating 100, 4T 
= 1000. etc. 
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The phase margin eIlR for the loop can be calculated by deter­
mining the angle of the open loop transfer function G(s) @ <0 = 
<Oc and subtracting -180°7. Using the second-order loop 
approximation 

LK O<Oc + (01) 

O<Oc) 

-1 <OC = tan --1t 
<01 

-1( 2) = tan 4~ -1t 

(eq.41) 

From the results given in [4] this can be approximated as 

eIlR ~ 1 OO~ (forellR in degrees) (eq.42) 

For a data synchronizer the phase margin and hence the 
damping factor, should be calculated for each data pattern to 
ensure stability of the loop. Generally phase margin should 
exceed 45°, which implies ~ > 0.5. As an example, 

for~ = 1/(.12) = 0.707, ell = 63.4° (eq.43) 

Second Order Example Using the VM5351 Data Separator. 
How do we best set up the variable loop parameters such as 

the filter components for (1 ,7) code using the second order 
approximation? 

The phase-frequency detector is only active when there is an 
edge in the data input. In real data the edges are spaced far 
apart and this has the same effect on the loop as changing the 
feedback divider B. For (1,7) code the highest-frequency data 
pattern is a repeating 0101 pattern. This is called a 2T pattern 
because it has a period of 2T, where T is the period of the 1.5f 

REFOSC 
REFOSCN 

RDATA D-----I~ 
RDATAN 

Kc! = 1.18/RL 

code clock. Because it is necessary to generate both a 1 f and a 
1.5f clock from the data synchronizer loop, the VCO is often run 
at 31 so a divide-by-2 circuit can be used for the 1.5 f clock and 
a divide-by-3 circuit forthe 1f clock. The frequency at fs must be 
1.5f so that a divide-by-2 circuit is needed in the feedback path. 
The 2T pattern acts like another divide-by-2, so 

B = NT R = 2 • 2 = 4 for a 2T pattern 

The lowest-frequency pattern in (1,7) code is 01000000010 
which has an 8T period. This is effectively a division ratio of 16, 
so 

B = 2 • 8 = 16 for an 8T pattern 

The filter components should be chosen to get satisfactory 
response under these extreme conditions, as well as, all pattern 
in between. 

Code (1,7) or 213 RLL 
NRZ Data Rate = 64Mbits/sec (= f) 
VCO Center Frequency = fo = 192MHz (= 3f) 
REFOSC Frequency = 96MHz (= 1.5f) 
Crossover frequency, <Oc = 1000K radls 
~=0.7 
Preamble length = 11 NRZ bytes (EDSI min.) 

= 3.67~ (44 recorded pulses) 

Refer to Figure 7. The impedance of the loop filter can be writ­
ten as follows: 

Z(s) 

The open loop gain is: 

G (s) 

R 

(eq.44) 

] 
(eq.45) 

FILTER D-..---:::L..' Cl ...LC2 
--. Z(s) ~ 

FILTERN o_T.I....-_....J'l R 

Kc!iv = lIAS = l/ANTR DIVSEL 

~----------~--~FVCON 

Figure 5: Basic VM5351NM5352 and VM5353 PLL Block Diagram 

VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612·853·5100 7-19 



~~. ~,.~ Application Note APN-4 

where, Kcp = K.t = 1.181AL, 
Kvco = Ko = 0.1 05f., 
K.t.. = 1/AB = 1/ANT R = 1/A2T R 

B Is defined as NT R' N = 2 and T R Is the relative encoded data 
pattern length. For example, a 4T preamble field would corre­
spond to T R equals 4. When locked to the reference, T R is equal 
to 2. The divide-by-A block is defined as: 

A = 1 if the DIVSEL pin is LO 
A = 2 if the DIVSEL pin is HI 

The VCO center frequency is f.. AL is the HGAEXT or 
LGAEXT extemal reSistor, depending on whether the PLL is 
high-gain or low-gain mode. 

Substituting these values into G(s) and using the second order 
approximation where C2 « Ch G(s) becomes: 

1 
where COl = AC 

1 
(sq. 46) 

Looking at G(s), there are two poles at s = 0 and one zero at 
s = -co1. The closed loop gain H(s) is defined as: 

H (s) = ~ = -=-K_(S_+_CO-,l"",)_ 
1 + G (s) S2 + Ks + Kco 

1 

(sq.47) 

The denominator of H(s) is called the characteristic equation. 
It can be compared to the standard fonn for second degree char­
acteristic equation as follows: 

(sq. 48) 

Equating the component values gives: 

(sq. 48) 

where co" is the natural frequency of the loop and ~ is the 
damping factor. 

Now, substituting for K and COlo the values for A, Ch and C2 can 
be obtained. 
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COe (A2T R) AL 

0.124fo 

C C 
C2 is choosen to be between; 1 ~ to 1 ~ 

(sq. 50) 

Component values can now be selected in accordance with 
specifIC system requirements. The following system parameters 
must be specified: f. (VCO center frequency), AL (in high or low 
gain mode), T R , COn or co. and ~ in order to choose values for R, 
C1 and C2• 

Since the VCO center frequency is greater than 60MHz, the 
DIVSEL pin should be tied low, which implies that A = 1 for the 
divide-by-A block. 

The first step is too choose the three external resistors. They 
are the HGAEXT and LGAEXT resistors that setup the change 
pump current gain, and VCOAEXT which sets the VCO center 
Frequency. They are detennined as follows: 

HGREXT = 1.18V 
HG Charge Pump Current 

= 1.18V = 1.18kn 
1.0mA 

LGAEXT = 1.18V 
LG Charge Pump Current 

= 1.18V = 3.9kn 
0.3mA 

VCOREXT = 0.268 + 223.2 + 7632 = 1.6kn 
192 1922 

(sq. 51) 

The low gain mode is used when locking to data and the high 
gain mode is used when locking to the reference oscillator Qr 
preamble. The component values can be chosen for either the 
high or low gain mode. Assume lock-to-data so, LGAEXT will be 
used for AL• Also, an average data pattem of 4T is assumed. 

The values for A, C1 and C2 are calculated as follows: 

C2 = 0.01 C1 = 15pF 
(sq. 52) 

Now, co. and ~ should be recalculated to insure accuracy along 
with the phase margin cjIR' 

0.124foA 
coe = K = A2T A = 999Krad/s 

R L 

t=~=~ 

= ~J (1310) [1.5 x 10-9( 999 X 103] = 0.7 

cjIR;: tan-1( 4~2) = tan-1 [4 (0.7)2] = 62.96° 

(sq. 53) 
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The values for co., and ~ did not change much here, but 
depending on what standard component values are used, they 
could change substantially. The phase margin should be 
greater than 45° for stability. In this case there is plenty of mar­
gin since ~R = 63°. 

The above values are most likely not optimized for all systems 
using this data rate, code and preamble. The derivations are 
only shown as an example. 

Component Selection for the Third-Order Loop 
The second-order loop approximation results in loop filter com­

ponent value calculations which are algebraically quite simple. 
This gives the user a quick way to get the loop running about 
where it should be. Often the second-order loop approximation 
works fine, particularly if C2 «C1. However, the purpose of C2 

is to filter the ripple on Rand C1 inherent to charge pump design 
so it is desirable to make C2 as large as possible. The loop will 
then also roll off more quickly with frequency (Le., higher 0) 
which may be desirable. The user who needs every ounce of 
performance from the PLL should really treat the loop as a true 
third-order loop. Unfortunately, the results are not as simple 
algebraically and numerical methods are often needed. Some 
useful approximations can still be made, however. 

Note that the third-order loop requires one more parameter to 
be specified. That parameter is b, and is defined as, 
b = 1 + (C1/C2 ) • Standard values for capacitors are usually 
1 decade apart, so b is often chosen to be 11. 

From inspection of the open loop Bode diagram (Figure 4) 
shown earlier it can be seen that for small CO:! values which 
approach w1 it is hard to achieve a good phase margin for the 
system. Phase margin is optimal when the crossover frequency 
ro" occurs at the point where LG(ro) peaks. Graphically we 
expect this to happen when roc is half-way between ro1 and CO:!. 
Because of the logarithmic scale used in Bode diagrams, this 
half-way point is the geometric mean of m1 and CO:! which is, 

1/2 
me = (ro1 ro2) for optimal phase margin 

We recall that, 

so, 

G (s) 
Km1(b-1) (s+m1) 

2 
s (s+bm1) 

me = ~ = ro1./b 

In the asymptotic approximation for m1 < mc < CO:!, 

Km1 (b-1)s k(b-1) 
G(s) = - -

s2bm s b 
1 

By definition, 

IG (jme) I = 1 = (!Jb b 1 =* me = K (b b 1 » 

(sq. 54) 

(sq. 55) 

(sq. 56) 

(sq. 57) 

(sq. 58) 
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Substituting for ro1 and K, C1 can be found as follOWS, 

r.:.b _ K(b-1) _ K(b-1) 
ro1,.u - --- =* ro1 - ---

b b./b 

Kv lpR(b-1) 

RC1 = Bb./b 
(sq. 59) 

or, 

(sq. 60) 

Now R can be found as follows, 

K(b-1) 
me = --b-- = [KV;RJ(bb1 ) (sq. 61) 

or, 

(sq. 62) 

Collecting all of these results together, the filter component 
values C1, C2, and R for the optimized third-order loop can be 
calculated from the expressions: 

(sq. 63) 

This analysis only applies to a PLL with optimal phase margin. 
As T R, and hence B vary, the phase margin will vary. One can 
optimize the phase margin for a typical data pattem, such as 3T 
(001) and then calculate the phase margins for other data pat­
terns. Phase margin is defined as, 

~R = LG Ome) - (-7t) 

Kro1 (b - 1) Ome + ( 1) 

Ome) 2 Ome + b(1) 

LGOme) = LOme+ro1) -L(jroe+bm1)-7t 

~R = tan_1(roe)_tan_1(~) 
m1 bm1 

The crossover frequency roc can be found as follows: 

(sq. 64) 

(sq. 65) 
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The equation above (eq. 65) can be transformed to: 

622422 2222 22 
COc + b COt COc - K COt (b -1) COc - K COt (b -1) COt = 0 

(sq. 66) 

This is a cubic polynomial in coe2 which can be solved numeri­
cally given K, COl> and b which are all functions of Kv, Ip, B, R, CI> 
and b. COe can then be used to calculate CPR exactly. Altematively 
we can use the asymptotic approximation for coe derived earlier 

( b-1) coc"'K -b- (sq. 67) 

th CPR'" tan-1 [K(b-1 )] _ tan-1 [K (b-1)] 
en, cotb COtb2 (sq. 66) 

For the loop with optimized phase margin we have 

(sq. 69) 

or, CPR'" tan-1 (..{6) - tan-1 (.1) (sq. 70) 

As an example, if b = 11, then CPR = 56.4°. This is lower than 
that calculated from the second-order approximation but still a 
reasonable value. 

The damping factor ~ is no longer applicable to the third-order 
loop, so besides COe and b we need a third parameter to com­
pletely specify the loop. We could choose CPR but then the values 
for K and COl and hence Rand C1 would be embedded inside a 
transcendental equation. The recommended design procedure 
is to roughly calculate Rand C1 using the second-order approx­
imation on an average data pattem and then calculate phase 
margins for all data pattems. Should anyone of them drop 
below 45°, tweak the Rand C values, recalculate CPR' and iterate 
until adequate phase margin is achieved. An example of this 
procedure for the VM5711 Frequency Synthesizer used in a 
zone-density application is given below in the frequency synthe­
sis section. 

Third Order Example Using the VM5711 Frequency 
Synthesizer 

We will treat the VM5711 Frequency Synthesizer with the fol­
lowing set of assumed specifications: 

• (1, 7) RLL code 
• Three zones with NRZ data rates of 27 Mbits/sec, 

38 Mbits/sec, and 50 MbitS/sec 
• fe = 20 kHz 
• Input clock fi = 16 MHz 

The VM5711 parameters can be varied by setting a DAC input 
by means of a serial register to a value which we will call X (1:O; 
X :0; 32). According to the data sheet, we have: 

Ip (IlA) = 0.878 x 106 (5/3 - Xl32) 1 Rex! 

fo (MHz) = 0.23 x 10S (213 + Xl32) 1 Rex! 

Kv (MHzIV) = 0.38 fo 
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(to in MHz) 

Here Rex! is the value of an extemal user-selected resistor 
which sets the center frequency of the VCO. 

Choose Rm 
Rex! must be chosen to keep the VCO centered in its range for 

all three zones for values of X between 1 and 32. In the VM5711 
the VCO runs at three times the NRZ clock frequency, and.for 
(1,7) code we must have: 

fo=81 MHz 
fo= 114MHz 
fo = 150 MHz 

(zone 1) 
(zone 2) 
(zone 3) 

The largest available frequency ratio for the DAC is {5/3 - 0)1 
(5/3 - 31/32) = 2.39, while the largest frequency ratio required for 
the zones is 150181 = 1.85. If the DAC is centered over the VCO 
range, then 

6 
0.2310 (2/3 + 16/32) /Rext = (105 + 81 )/2 

from which it follows that Rex! = 2.32 kn. 

Determine the DAC setting X for each zone 

thus, X=5 
X= 15 
X=27 

Determine divider settings M and N for each zone? 

(sq. 71) 

(sq. 72) 

(zone 1) 
(zone 2) 
(zone 3) 

M and N must be chosen for each zone such that fo = (2M1N)fi. 
The factor 2 is needed because (1,7) code is being used. The 
CDSEL input the VM571 0 must be set HIGH, So: 

81 = (2M1/N1)(16 MHz) 
114 = (2M2IN2)(16 MHz) 
150 = (2M3/N3)(16 MHz) 

There are a variety of solutions which will work, but because 
the VM5711 has a charge pump current which scales inversely 
with X and a VCO gain which scales linearly with X, the result is 
a loop gain which scales with M since, 

(sq. 73) 

Thus, we will want to fix B (M) for all zones. (Not all synthesiz­
ers have a charge pump current which scales with zone, so 
keeping M fixed with zone is not valid in general). Simplifying 
the equations, we have, 

M1 = (81/32) 
M2 = (114132) 
M3 = (150/32) 

N1 =2.53 N1 
N2 =3.56 N2 
N3 =4.69 N3 

7 Here we use M and N in place of the A and B of the earlier text to confonn to the 
VM57tt data sheet. 
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For the VM5711, M can range from 1 to 256 while N goes from 
1 to 32. The following M and N values will work to synthesize 
exactly the data rates specified: 

M1 = 81; N1 = 32 
M2 = 57; N2= 16 
M3 = 75; N3 = 16 

M is not fixed as desired. This will cause a shift in Ole, which 
will probably not be a big problem. The altemative is to tweak 
the data rates to something which will allow a fixed M. In general 
the user will have to make these tradeoffs. A perfect solution 
may not always be possible for every design. 

Calculate R, C1, and C2-

These values are the same for all zones, so some compro­
mises may have to be made. Using the second-order 
approximation, 

(sq. 74) 

Substituting for Ky, Ip, B, and R.X1 we find 

R = [(0.38) ( 0.878 x 106) (5/3) - (x/32) foJ 

[ 2.79 J(Mfe) = (53.3-X) ~ 

(sq. 75) 

Putting in the zone-dependent values X, M, and fo we find 

R = 2.79 (81) fe 1 (53.3 - 5) (81) = 0.058 fe (zone 1) 
R = 2.79 (57) fe 1 (53.3 - 15) (114) = 0.036 fe (zone 2) 
R = 2.79 (75) fe 1 (53.3 - 27) (150) = 0.053 fe (zone 3) 

Zone 2 will have the highest fe for the same R. Usually the 
specified bandwidth fe is the highest bandwidth desired, so if 
zone 2 is used to calculate R we have, 

R = 0.036 (20 kHz) = 720n (sq. 76) 

Rounding to the closest standard value we get R = 7SOn. 
Recalling the open-loop Bode plot, w1 is fixed by Rand C1 and 
hence the zone with the lowest fe will have the lowest l; and 
hence the smallest 'R' SO zone 1 is used to calculate C1• 

K R 
C1 = ltfeR' where fe = 0.058 (sq. 77) 

If we let l; = 0.7 then, 

2 
C1 = 2 (0.7) ~0.058) = 0.03211F 

750 It 
(sq. 78) 

Again picking a standard value we find C1 = 0.033 llF. C2 is 
found assuming b = 11 and is C2 = 0.0033 llF. We now calculate 
the phase margin 'R and bandwidth fe for each zone using, 
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(sq. 79) 

which were derived using the third-order asymptotic model. 
For convenience all pertinent equations are shown below along 
with a tabulation of loop parameters for each zone: 

K= KylpR/B 
001 = 1/RC1 

R=750n 
R.X1 = 2.32kn 

Parameter 

B = 2M Ky = 0.38 fo 
b = 1 + (C/~) l; = (1/2)[K/001pl2 
C1 = 0.033!1F C2 = 0.0033!1F 
Ip = 0.878 x 1 ()6 (5/3 - X/32) 1 R.X1 (1lA) 

Zone 1 Zone 2 Zone 3 

NRZ Data Rate (Mb/s) 27 38 50 

fo (MHz) 81 114 150 

X (DAC setting) 5 15 27 

N 32 16 16 

M 81 57 75 

Ky(MHzIV) 30.8 3.3 57 

Ip (1lA) 562 453 311 

fe (kHz) 11.8 18.7 12.8 

l; 0.71 0.89 0.74 

DVPO(mV) 0.83 0.82 0.47 

'R 51.9° 56.20 53.1° 

A chart like this can be generated for any zone-density drive 
design. It may be convenient to use a spread sheet program. 
We can see from the results above that the loop has adequate 
phase margin and a loop bandwidth within specifications for 
each zone. 

Application Considerations for Clock Recovery (Data 
Separation) 

(a) The Use of Codes. As noted above, the coding scheme for 
data written on a disk must ensure that there is at least some 
minimum number of transitions (flux reversals) per unit time. 
Without readout peaks the data separator soon loses track of the 
correct phase of the read clock and will give erroneous results 
when it hits data again. 

The most common code in use today is the (1,7) code. There 
are several versions, all of which obey the rules given below: 

• Two input (NRZ) bits are encoded as 3 output bits. 
• Each 1 bitis isolated (cannot be followed by a 1) 
• The strings of 0 bits between 1 bits can be 1 to 7 bits long. 

Such codes are often referred to as RLL (Run-Length Limited) 
codes since the no-more-than-7-zeroes constraint imposes a 
limit on the length of runs of same-type symbols. 

7-23 



*'~. \,~~ Application Note APN-4 

From the viewpoint of PLL operation, the data in an RLL input 
stream differs fundamentally from the square-wave input 01 a 
frequency synthesizer. The positions of 1 and 0 symbols are 
random and the data contains many different frequencies. 80, 
steps must be taken in design to insure that phase comparisons 
are made only where a transition (edge) occurs in the data. 

(b) Data 8eparator Block Diagram. Data separator PLLs take 
the general form described above, but have some additional fea­
tures. Figure 5 shows a generic data separator PLL. The basic 
PLL is at the upper right. The RD_GATE signal is used to control 
switches 81 and 82. During write operations the read PLL is on 
standby and gets its input from the reference clock (81 in lower 
position and 82 in the upper position). This keeps the PLL 
locked at about the right frequency so that it can rapidly switch 
to reading upon command (Le., without a long settling transient). 
In read mode, the data flipflop gets its data from the undelayed 
read signal and its clock from the delayed8 read signal, which 
has the effect of suppressing phase comparisons when there is 
no edge. This corresponds to 81 in the upper position and 82 in 
the lower position. 

During seeks, etc. there are times when the data separator 
PLL is idle but one would like to keep the same frequency so as 
to be able to lock again rapidly. This is done using the coast 
mode or hold mode controlled by switch 85. In the down posi­
tion shown the PLL operates normally. In the up pOSition (the 
coast mode) the loop filter capacitors are isolated and hold the 

8 The data is delayed by TI3 relative to the NRZ pariod or TI2 relative to the coded 
data panod for optimal window centereing of the PLL 

8 
1---. 

VCO frequency as a stored charge. There is a certain slow 
bleed-off of charge due to base currents and lOW-level leakages 
which leads to droop in the frequency and limits the length of 
time over which the VCO remembers its frequency. 

(c) Lock Acquisition; Preambles; Zero-Phase Restart. The 
data separator reacquires the read clock at the beginning of 
each sector. The sector header information contains a region of 
constant-frequency data (such as repeating 100 symbols) dur­
ing which the PLL acquires the clock. This is called the 
preamble. Often the charge pump current Ip is temporarily 
increased during the preamble to promote faster lock (wider loop 
bandwidth). 

Because the data separator PLL has been locked to the refer­
ence clock when idle it is at about the right frequency when it hits 
the preamble. However, it may begin the lockup transient with a 
substantial phase error. In order to promote rapid clock acquisi­
tion, a z!3ro-phase restart signal is generated within the chip. 
When RD_GATE is asserted the restart control logic looks for 
edges in the preamble data. It then issues a zero-phase restart 
command to the VCO which momentarily freezes it in a 1 or 0 
state and then releases it with a definite phase (usually nomi­
nally zero) simultaneously with a data edge. This greatly aids in 
fast clock acquisition. 

(d) The Read Window; Window Margin; Marginalization. The 
data separator PLL is set up so as to align the rising edges of the 
recovered read clock with the rising' edges of the data coming 

Q I--e--:U"----i 

~--I--I--r> CL 

Read PLL 
Data 

~~ 
Loop 
Filter 

Zero-Phase Restart 

VC 
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Figure 6: A typical clock recovery PLL (data separator or read PLL 
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7-24 VTC Inc ••. 28oo East Old Shakopee Road, Bloomington, MN 55425, 612-&3-5100 



from the pulse detector. Ideally, the decision circuit at the bot­
tom of Figure 5 will work correctly if the data edge is anywhere 
within the read window shown in Figure 6a (the ideal case). It is 
possible to get a noncentered window as shown in Figure 6b in 
the pulse detector circuitry for a number of reasons - finite 
propagation delay in the decision circuit logic, imbalance in inter­
nal signal lines, offsets and other problems (e.g. pulse p!iiring, 
mismatch of the UP and ON currents in the charge pump). The. 
amount of early or late mistiming of the data edges which can be 
tolerated without an error is referred to as the window margin. 

Another important problem is jitter, as shown in Figure 6c. 
This picture is what would be seen if one looked at the data sep­
arator output while triggering on the recovered clock. This jitter 
arises from a number of causes, noise in the read signal, noise 
in the VCO and loop filter, etc. If there is too much jitter for an 
acceptable BER (Bit Error Rate), changes may need to be made 
in bits/inch or preamp and head components. 

The window centering error shown in Figure 6b can be com­
pensated for by what is called marginalization. In normal PLL 
operation, switches S3 and S4 are in the up position, so that the 
decision circuit operates directly on the clock and data. When 
the marginalization is tumed on two DAC-controlled delays are 
inserted before the decision circuit, with the DAC values being 
set by on-chip serial register bits. This allows the user to skew 
the timing deliberately either way. As a diagnostic tool, this 
allows the drive designer to determine the earliest and latest 
edges which lead to a given error rate, thus allowing window 
centering to be determined. The marginalization feature can 
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also be used in an adaptive scheme in which a calibration pro­
cedure is done for each head. In this way, the optimum 
marginalization delay can be individually set for each head. 

Application Considerations for Frequency Synthesis 
In this section we will describe some important aspects of fre­

quency synthesizer operation and give a complete detailed 
example of a mUlti-zone setup for the VM5711. 

(a) Frequency Divider Ratios. Typically a frequency synthe­
sizer operates continuously, but during a seek operation 
between zones it must settle to a new frequency. The settling 
time should be kept less than a typical minimum seek time, often 
a few msec. This might seem like plenty of time, but in reality 
there are a couple of factors which slow things down. In the first 
place, drive designers may wish to have fine frequency resolu­
tion. This calls for large divider ratios, and with large divider 
ratios waveform edges only occur infrequently at the phase 
detector. Phase comparison only occurs at edges, so in effect 
the sampling rate becomes quite low. This leads in tum to low 
COn, and slow response (which calls for a large C1). 

Consider a case where we are synthesizing an output fre­
quency of 21.37 MHz (T = 46.8 nsec), with the B divider (Figure 
1) set at 211. Then we only sample the phase every 46.8 x 211 
= 9875 nsec. If it requires 50 sampling periods to achieve ade­
quate settling then the transient conditions will last for 50 x 9875 
= 0.49 msec. Smaller divider ratios will reduce this transient 
recovery time. 

r-- Pulse 
I Detector 

L-___ --l Ouput 

Recovered 
Clock 

!--Windo -I 
(a) Ideal Window and 

!--Windo -I 
(b) Window Not 
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(c) Window Loss Due To Jitter 

Figure 7: A typical clock recovery PLL (data separator or read PLL 
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(b) Phase Jitter, Pull-Out Problems; Cycle Slips. For fre­
quency synthesizers a very low RMS jitter is usually called for. 
The overall read/write error budget is better if the write jitter can 
be made negligible. The noise bandwidth BL scales as wn. Min­
imum in-band noise and, thus, minimum phase jitter is achieved 
by making wn as small as possible. There would seem to be no 
real limit to this, leading one to the idea of 20 ~F filter capacitors, 
etc. Bigger is always better. But is it? 

In fact, if too-large filter capacitors are used even a rather 
small disturbance can lead to loss of lock and a cycle slip. 
This basically relates to the nonlinear behavior of the circuit and 
cannot be treated exactly. Best [3] gives us the following 
equation: 

(eq.80) 

Here .1.Olpo is the largest frequency step which can be tolerated 
by the PLL without loss of lock (the so-called pull-out condition). 
How could such a frequency step arise? Suppose that some 
electrical event causes the VCO input voltage to change. Since 
large filter capacitors are needed for frequency synthesizers 
they are invariably Off-chip, and nearby clocks, logic Signals, 
switching power supply glitches etc. can be picked up by the fil­
ter components. A voltage step at the VCO input is a 
frequency step to the PLL , and it will go into a transient con­
dition when one occurs. Suppose that: 

COn = 5.103 rad/sec (about 1 kHz) 
I; = .7 (near-optimum) 
Kvco = 15.106 radIV-sec (1 V shifts fo by 2.4 MHz) 

Then .1.copo = 15,300 rad/sec. The VCO input voltage shift 
.1.<;PO corresponding to this is: 

(eq.81) 

In other words, a 1 mV disturbance on the filter capacitors 
will cause loss of lock under these conditions! It is probably 
not practical to design a board which keeps pickup pulses below 
1 mV, and thus the pUll-out condition imposes a practical upper 
limit on the sizes of filter capacitors. 

This pull-out instability (loss of lock) and the resulting cycle 
slips show up in drives as an intermittent failure of the write clock 
and appears to be problem both in theory and in practice. 

We also note that there is a certain irreducible jitter (phase 
noise) in the VCO itself, and the use of very narrow loop band­
widths does not defeat this. The currents and voltages within the 
VCO are subject to thermal and shot nOise, and this in effect 
makes small random changes in the switching thresholds for 
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regeneration from cycle to cycle. This phenomenon has been 
described in a closely related type of oscillator in [7]. 
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INTRODUCTION 
Several VTC ICs provide automatic gain control for the READ 

signal from a rigid disk drive. The method used has a number of 
features that optimize it for this application. The system has two 
thresholds for the Signal amplitude, V+ and V-. When the output 
voltage Vs of the AGC amplifier satisfies Vs > V+ the gain is 
steadily reduced until Vs = V+ at which point the gain stabilizes 
(this is called a release tranSient). When Vs satisfies Vs < V+ 
and Vs > V- the gain is steadily increased until Vs = V+ at which 
point the gain stabilizes (this is called an attack transient). When 
Vs satisfies Vs < V- the gain is in a "hold" mode and changes 
only very slowly (due to device leakage currents). The latter fea­

'ture is useful during periods of low or noisy signal when the gain 
would otherwise be driven to its maximum value resuHing in a 
long recovery time when a normal signal level is restored. 

AGC OUTPUT SAMPLING CIRCUIT 
An AGC loop must sample the output and generate a suitable 

amplitude-control voltage which is fed back to the variable gain 
stage(s). The arrangement for sampling the AGC output ampli­
tude'is shown schematically in Figure 1. The signals Vs+ and 
Vs- (shown as solid and dashed lines) are the complementary 
outputs of the AGC amplifier. They are fed to four emitter follow­
ers, two of which have their emitters tied together to form a full­
wave rectifier. Offset resistors RL and RH create two level­
shifted replicas of the rectified signal. A set of comparators (1-
4) generates level crossings which are then ORed in pairs and 
fed to an edge-triggered RS flipflop. The flip-flop outputs are 
then used to control two switchable nominally equal-valued cur­
rent sources (CSUP and CSDN) which are connected to a 
capacitor C in a charge-pump arrangement. The capacitor volt­
age is t~n fed back (through a suitable buffer) to the amplitude 
control input of the AGC stage(s). 

Figure 1: Output sampUng and charge pump scheme for 
the AGe loop. 
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The charge pump provides loop filtering for the AGC loop, and 
the value of C govems the response time of the AGC loop. 

Figure 2 shows ideal circuit waveforms when the output ampli­
tude is too high. Note that the duty cycle for the PUMP UP and 
PUMP DOWN waveforms is such that the PUMP DOWN current 
source is on for a much longer time than the PUMP UP source, 
so that the output amplitude will steadily ramp down under these 
conditions. Figure 3 shows the waveforms when the output 
amplitude is very close to the intended value. Now the PUMP 
UP and PUMP DOWN duty cycles are nearly identical and the 
output amplitude will stabilize. Note that when the data pattem 
contains a missing pulse both current sources are off, so that the 
AGC feedback is unaffected, i.e., the amplitude detection 
scheme senses only peaks (it ·coasts· over missing pulses). 
The waveforms when Vs lies between V- and V+ are shown in 
Figure 4. Here the outputs of comparat0!'8 C1 and C2 are 

VB 
CI 
C2 

t3 
C4 
MI __ --, __ __ 

~ --------------------FF _-___ _ 
PON __ ----____ ----________ _ 

PIJ> _-

Figure 2: AGC sampling and charge pump operation when 
Vs substantially exceeds V+. 

~ ~ 
::~----------X 

CI 
C2 
C3 

C4 
1It1 

~-------------------"FF _--___ _ 
PON ____ ---___ _ 

PIJ> __ --___ __ 

Figure 3: AGC sampling and charge pump operation when 
Vs exceeds V+ by only a small amount. 
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always LOW, and the first rising edge on the C3 or C4 output will 
set the RS flipflop into a state where the PUMP UP current is on 
at all times, leading to a steady increase in the voltage gain and VA 
output amplitude until C1 and C2 begin to change state. 

Figure 5 shows the waveforms when Vs is less than V-. Here VA 
none of the comparator outputs ever goes high, and both current 
sources remain off. This puts the AGC loop into a "hold" condi- vms 
tion, similar to that which occurs during a missing pulse. The Cl 

behavior of the gain under these conditions depends on the C2 

leakage currents present in the chip and on the board, and the C3 

resulting behavior is usually a slow rise in the AGC gain (i.e., C4 

leakage sources predominate over leakage sinks). ORI 

THE IMPEDANCE SWITCH 
The READ signal normally comes into the pulse detector chip 

as a capacitively-coupled differential signal. While this is con­
venient for avoiding offsets, etc., the relatively high impedance 
presented at the AGC amplifier input means that when there is 
a sudden change of input amplitude or waveform the recovery 
will be slow and the AG loop will take a long time to stabilize 
unless special measures are taken. In many of its AGC amplifi­
ers VTC provides a fast acquisition mode to facilitate rapid 
stabilization of the AGC loop. It is controlled by an external logic 
signal (normally labeled FAQ) which, when asserted causes the 
input impedance to be lower by several-fold than its normal 
value. 

A fast acquisition operation begins with a high-to-Iow transition 
of FAQ, which lowers the input impedance and reduces the out­
put signal to zero. The output signal will remain at zero as long 
as FAQ is held low. Upon a low-to-high transition of FAQ the 
input impedance is rapidly restored to its normal value and a 
PUMP UP current source with a magnitude many times larger 
than the normal slow-tracking value switches on and rapidly 
brings the output amplitude within the control range. When the 
output amplitude reaches its nominal value the large PUMP UP 
current source is automatically turned off by circuits within the 
chip. 

ADJUSTING THE AGC PARAMETERS 
Most of the AGC parameters, such as minimum and maximum 

gain, attack and release time, AGC loop response time constant, 
etc. can be adjusted by suitable choice of off-chip discrete resis­
tors and capacitors. The details differ for various chips, and are 
covered in the corresponding data sheets. 

The convention for the control action is when a logical high is 
generated the current is ON and with a logical low it is OFF. 
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Figure 5: AGC sampling and charge pump operation when 
Vs is less than V-, 
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Plastic DIP (PDIP) 

B-Lead PDIP (300 mil) 
8 5 

SYMBOL 
INCHES MILLIMETERS 

18-+ -;'il 
MIN. MAX. MIN. MAX. 

A - 0.170 - 4.32 

B 0.016 0.020 0.41 0.51 

e 0.008 0.012 0.20 0.30 

D 0.360 0.370 9.14 9.40 

E 0.240 0.260 6.10 6.60 

F 0.300 0.325 7.62 8.26 

#~lt~ G 0.055 0.065 1.40 1.65 
H 0.100 Bse 2.54 Bse 
J 0.015 - 0.38 -
K 0.125 0.135 3.18 3.43 

*Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 
L 0" 15" 0" 15" Note: Measurement ·A- is to the pin standoffs. 

22-Lead PDIP (300 mil) 22 12 

INCHES MILLIMETERS C:::::] -'-il SYMBOL 
MIN. MAX. MIN. MAX. 

A - 0.170 - 3.30 

B 0.016 0.020 0.41 0.51 p-+ r'1 
e 0.008 0.012 0.20 0.30 

D 1.025 1.035 26.04 26.29 

E 0.240 0.260 6.10 6.60 

F 0.300 0.325 7.62 8.26 

G 0.055 0.065 1.40 1.65 ~t,~ H 0.100 BSe 2.54 BSe 
J 0.Q15 - 0.38 -
K 0.125 0.135 3.18 3.43 *Note: Index area; a notch or a lead one identification mark is located adjacent to lead one. 
L 0" 15" 0" 15" Note: Measurement ·A- is to the pin standoffs. 
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20-1.aad Pla8tlc Leaded Chip Carrier (PLCC) 

S~BOL ~ __ ~/NC~H~E~S ____ t-~M~lll~/M,E7E~R~S __ -; 
MIN. MAX MAX. MIN. 

A 0.165 0.160 4.20 4.57 

s 0.013 0.021 0.33 0.53 

C 0.025 0.63 

D 0.350 0.354 8.89 8.99 

E 0.042 0.048 1.07 1.22 

F 0.385 0.395 9.78 10.03 

G 0.028 0.032 0.66 0.81 

H 0.050 sse 1.27 sse 
0.060 0.070 1.52 1.78 

K 0.100 0.110 2.54 2.79 

L 0.290 0.330 7.37 8.38 

M 0.042 0.056 1.07 1.42 

N 0.025 0.045 0.84 1.14 

p 0.004 0.012 0.10 0.30 

28-Lead Plastic Leaded Chip CarrIer (PLCC) 

INCHES MilliMETERS 
S~BOL 

MIN MAX MIN MAX 

A 0.165 0.180 4.19 4.57 

s 0.013 0.021 0.33 0.53 

c 0.025 0.63 

D 0.450 0.454 11.43 11.53 

E 0.042 0.048 1.066 1.22 

F 0.485 0.495 12.32 12.57 

G 0.028 0.032 0.66 0.81 

H 0.050 ssc 1.27 ssc 
0.060 0.070 1.52 1.78 

K 0.100 0.110 2.54 2.79 

L 0.390 0.430 9.91 10.93 

M 0.042 0.056 1.07 1.42 

N 0.025 0.045 0.84 1.14 

P 0.004 0.012 0.10 0.30 

44-Lead Pintle L_ Chip Carrier (PLCC) 

INCHES MIlliMETERS 
S~BOL 

MIN MAX MIN MAX 

A 0.165 0.160 4.191 4.572 

s 0.013 0.021 0.330 0.533 

c 0.025 0.635 

D 0.850 0.654 16.51 16.61 

E 0.042 0.048 1.06 1.22 

F 0.685 0.695 17.40 17.65 

G 0.Q26 0.032 0.660 0.813 

H 0.050 ssc 1.27 sse 
0.060 1.52 

K 0.100 0.110 2.54 2.79 

L 0.590 0.630 14.96 16.00 

M 0.042 0.056 1.066 1.42 

N 0.020 0.040 0.508 1.015 

P 0.004 0.012 0.102 0.304 

8-4 

Plastic Leaded 
Chip Carrier (PLCC) 

TOP VIEW 

TOP VIEW 

I-iEtIG t=t 128 ~ 

[D~' L~ p O(SQ.) 

-rr In 
~F(SQ.)~ 

Top View 

E 44:;;:7 
Rt--~~-n. IT 
LID··. 10(SQ.) 

r~ 
H -[ dl: 
I~ ................. . 

. I---- F(SQ.) 

SIDE VIEW 

C I;"Wlre Ihlckness P 

~ .L 
~~ 
-tr-~-' 

SIDE VIEW _J 
-H 
t 

Side Vtew 
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PLCC 

52-Lead Plastic Leaded Chip Carrier (PLCC) 
Top View Side View 

INCHES MILLIMETERS 
SYMBOL 

A 

MIN MAX MIN MAX 

B 

0.165 

0.013 

0.180 

0.021 

4.191 

0.330 

4.572 

0.533 

e 0.025 0.635 

D 0.750 0.754 19.05 19.15 

E 0.042 0.048 1.07 1.22 

G 0.813 

F 0.785 0.795 19.93 20.20 

H 

0.026 

0.050 

0.032 

Bse 
0.660 

1.27 Bse 
0.060 1.52 

K 0.100 0.110 2.54 2.79 

0.690 0.730 17.52 18.54 

M 0.042 0.056 1.07 1.42 

52 Places (13X137 

4t*"~ ,~f reO!1 *=: dl' D(SO.) 

I~ ........ . 
I--- F(SO.) 

N 0.020 0.040 0.508 1.01 

P 0.004 0.012 0.101 0.304 
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44-I.eod PQfp (2.Omm thick body, 1.8Omm Iaodlorm) 

SYMBOL 
INCHES MILUMETERS 

MIN. MAX. MIN. MAX. 

A 0.084 nom 0.096 2.13 nom 2.45 

B o.on 0.083 1.95 2.10 

C 0.0051 0.008 0.13 0.203 

D 0.390 0.396 9.90 10.10 

E 0.315 REF 8.00 REF 

F 0.510 0.530 12.95 13.45 

G 0.012 0.018 0.30 0.45 

H 0.0315 esc 0.80 BSC 
J 0.000 0.005 nom 0.00 0.13 nom 

K 0.024 0.037 0.80 0.95 

L 0" 7" 0" 7" 

52-Lud PQfp (10.0 x 10.0 x 2.Omm, 1.6Omm kIodlorm) 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.085 nom 0.093 2.15 nom 2.35 

B 0.077 0.083 1.95 2.10 

C 0.005 0.009 0.13 0.23 

D 0.390 0.396 9.90 10.10 

E 0.307 REF 7.80 REF 

F 0.510 0.530 12.95 13.45 

G 0.009 O.ot5 0.22 0.38 

H 0.0258 BSC 0.65 esc 
J 0.004 0.010 0.10 0.25 

K 0.026 0.037 0.85 0.95 

L 0" 7" 0" 7" 

64-LEAD PQ14 (14.0 x 14.0 x 2.67rnm,l.6Omm leadform) 

SYMBOL 
INCHES MILUMETERS 

MIN. MAX. MIN. MAX. 

A .111 nom .118 2.B2nom 3.00 

B .100 .108 2.55 2.75 

C .005 .009 0.13 0.23 

D .549 .553 13.95 14.05 

E .472 REF 12.00 REF 

F .667 .667 16.95 17.45 

G .012 .018 0.30 0.45 

H .0315 BSC 0.80 BSC 
J .004 .010 0.10 0.25 

K .026 .037 0.65 0.95 

L 0" 7" 0" 7" 

8-6 

Plastic Quad 
Flatpack (PQFP) 

~~' IAiR~ 
~ ~ B 

~ ~ L + + 

I II ~~~ '" ~K~ ~". C J A 

G~M~MM~~H -Note: Index area; a notch or a lead one 
Identification mail< Is located adjacent to laad one. 

rJit I~E~(~)n~ 
'~ ~ B 

Ii == L + + 

~~~ ~ ~ D(Sq.) 

~C ~K~J ~ !1 ~. A 

Gl~~HHH~~H -Note: Index area; a notch or a lead one 
Identification mail< Is located adjacent to laad one. 

I" !;ntitiR;~tititi~! 
I· I B 

~Mruuuuuuuuum~~~ ~ ~ i ~ O(Sq.) 

i. Ll C , ..... J A 

G~M~MM~~~~ "Note: Index area; a notch or a lead one 
ldenllftcalion mai1< Is located adjacent to laad one. 
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48-Lead TOFP (7.0 x 7.0 x I.Omm, l.oomm laadlorm) 

SYMBOL 
INCHES MILLlMIITERS 

MIN. MAX . MIN. MAX. 

A - . OSO - 1.27 

B .037 .044 0.95 1.12 

e .004 .007 0.09 0.18 

0 .275 BSe 7.00 BSe 
F .354 BSe 9.00 BSe 
G .005 .012 0.14 0.30 

H .0197 BSe O.SO BSe 
J .002 .006 0.05 0.15 

K .018 .030 0.45 0.75 

L 00 70 00 70 

64-Lead TOFP(10.0 x 10.0 x 1.0mm, l.oomm laadlorm) 

SYMBOL 1-_...;I::'N.=CH;:;E::;S=--_+......::M:::;IL:::;L::;IM::;c:,:7C=RS::"""--j 
MIN. MAX. MIN. MAX. 

A .050 1.27 

B .037 .044 0.95 1.12 

e .004 .007 0.09 0.18 

o .394 BSC 10.00 Bse 
F .472 Bse 12.00 Bse 
G .005 .012 0.14 0.30 

H .0197 Bse 0.50 Bse 
.002 .006 0.05 0.15 

K .018 .030 0.45 0.75 

L 00 70 00 70 

Thin Quad 
Flatpack (TQFP) 

r:::;RRRR 
B 

~ ~ 

~~nonononnn~:::;;..! i ~ ~ ~ 
c:zr: ~ 

~ II ~ 
= 

G~~~~~~~H *Note: Index area; a notch or a lead one 
identification mark Is located adjacent to lead one. 

*Note: Index area; a notch or a lead one 
identification mark is located adjacent to lead one. 
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Small Outline 
Integrated Circuit (SOIC) 

8-I.ead SOIC (150 mIQ 

SYMBOL 
INCHES MILLIMETERS 8 5 

MIN. MAX. MIN. MAX. 

~CJ A 0.061 0.068 1.55 1.73 
"Note: Index area; a notch or a lead one Identification B 0.010 0.016 0.25 0.41 

~ 
mark Is located adjacent to lead one. 

C 0.008 0.010 0.19 0.25 

D 0.189 0.196 4.80 4.98 

E 3.99 1 41 

L B1r t 0.150 0.157 3.81 o-
F 0.230 0.244 5.84 6.20 G 0.014 0.020 0.35 0.49 t::mood ~~--'-' H 0.050 BSC 1.27 BSC 

G_r~H1-J 0.004 0.010 0.10 0.25 ~c ~~TT 
K 0.016 0.035 0.41 0.89 

L 0° 8° 0° 8° 

14-Lead Narrow SOIC (150 mil) 

INCHES MILLIMETERS 14 8 SYMBOL 

~a 
MIN. MAX. MIN. MAX. 

A 0.061 0.068 1.55 1.73 

B 0.010 0.018 0.25 0.41 

~ L· . 
-Note: Index area; a notch or a lead one identification 
mark Is located adjacent to lead one. 

C 0.006 0.010 0.19 0.25 

D 0.337 0.344 8.58 8.74 
1 7 

E 0.150 0.157 3.81 3.99 
_0_ 

L B1r t F 0.230 0.244 5.84 6.20 

G 0.014 0.020 0.35 0.49 ~~--'-' H 0.050 BSC 1.27 BSC 

G-1~-jHf-J 0.004 0.010 0.10 0.25 ~C ~~TT 
K 0.016 0.035 0.41 0.89 

L 0° 8° 0° 8° 

16-Lead SOIC NARROW (150 mil) 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.061 0.068 1.55 1.73 
16 9 

B 0.010 0.016 0.25 0.41 

~ 
-Note: Index area; a notch or a lead one Identification 

C 0.006 0.010 0.19 0.25 
mark Is located adJacent to lead one. 

0 0.366 0.393 9.80 9.98 

~ E 0.150 0.157 3.81 3.99 

1 o~ B11 t F 0.230 0.244 5.84 6.20 

G 0.014 0.020 0.35 0.49 ~~--'-' H 0.050 BSC 1.27 BSC ho=o=o=cU:iiiid ~c ~(TT J 0.004 0.010 0.10 0.25 
G-j~ -jHI-K 0.018 0.035 0.41 0.89 

L 0° 8° 0° 8° 
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sOle 

16-Lead SOIC (300 mlQ Tn'nnnnnnnn INCHES MILLIMETERS 
SYMBOL 

I' MIN. MAX. MIN. MAX. 

A 0.097 0.104 2.46 2.64 *Note: Index araa; a notch or a lead one Identfficatlon 
mark Is I.,.,.ted adjacent to lead ona, 

S 0.010 O.ot6 0.25 0.41 F E 

C 0.009 0.013 0.23 0.32 

~ 0 0.402 0.412 10.21 10.46 

E 0.292 0.299 7.42 7.59 
- 1 UoU U u ~J F 0.400 0.410 10.16 10.41 B1i t G 0.014 0.019 0.35 0.48 

H 0.050 SSC 1.27 ssc 60DDDOD1:Hd ~--<1 )~A 
J 0.005 0.012 0.13 0.29 G ~o~ 0.:.j HI- "iK~TT K 0.024 0.040 0.61 1.02 

L o· s· o· s· 

18-Lead SOIC (300 mil) 

linnnnnnn 1n INCHES MILLIMETERS 
SYMBOL 

Tn MIN. MAX. MIN. MAX. 

A 0.097 0.104 2.46 2.64 ·Note: Index area; a notch or a lead one Identification 

B O.otO O.ot6 0.25 0.41 F E 
mark is located adjacent to lead one. 

C 0.009 0.Q13 0.23 0.32 

~ 
0 0,451 0.461 11.48 11.71 

E 0.292 0.299 7.42 7.59 

1 ~UUU~I F 0.400 0.410 10.16 10.41 B1i t G 0.014 0.019 0.35 O.4S 

H 0.050 (SSC) 1.27 (SSC) 
b-ODDDDDDD-d ~--<t )_k-i-A 

J O.OOS 0.012 0.13 0.29 G~~QQ~Hr-- "iK~1T K 0,024 0.040 0.61 1.02 

L O· S· O· S· 

2O-Lead SOIC (300 mil) n n n n n n n n n n1 
INCHES MILLIMETERS 

Tn 
SYMBOL 

MIN. MAX. MIN. MAX. 

A 0.097 0.104 2.46 2.64 ·Note: lndex araa; a notch or a lead ~ Identification 
mark Is located adjaoant to load one. 

B 0.010 0.016 0.25 0.41 F E 

C 0.009 0.Q13 0.23 0.32 

~ 
0 0.500 0.510 12.70 12.95 

E 0.292 0.299 7.42 7.59 

. 1 UoU~ F 0.400 0.410 10.16 10.41 B1i t G 0.014 0.019 0.35 0.48 

b-O~OODDDDO-d ~--<t )~A H 0.050 sse 1.27 SSC 

J 0.005 0.012 0.13 0.29 G~Q~ Q Q Q~HI-
"iK~1T K 0.024 0.040 0.61 1.02 

I 
L O· S· o· S· 
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sOle 

24-Lead sOle (300 mil) 24 13 

INCHES MILLIMETERS Tnnnnnnnllnnnnn SYMBOL 
MAX. MIN. MAX. MIN. 

A 0.097 0.104 2.46 2.64 
-Note: Index area; a notch or a lead one identification 

S 0.010 0.016 0.25 0.41 F E mark Is located adjaCent to lead one. 

e 0.009 0.013 0.23 0.32 

LY' D 0.602 0.612 15.29 15.54 

E 0.292 0.299 7.42 7.59 

- ~U U U U U U: u U U U 1~ I L B1r-F 0.400 0.410 10.16 10.41 

t G 0.014 0.019 0.35 0.48 

J.k-i-A 
H 0.050 sse 1.27 ssc 6RAAR.t1RAI1Rl1 ~dr J 0.005 0.012 0.13 0.29 

G~I- ~HI- ~e "iK;(IT K 0.024 0.040 0.61 1.02 

L 0 0 8 0 0 0 8 0 

28-Lead SOIC (300 mil) Tn'ii n n n n n n n n n n n n 'n INCHES MILLIMETERS 
SYMBOL 

MAX. MIN. MAX. MIN. 

A 0.097 0.104 2.46 2.64 
-Note: Index area; a notch or a lead one S 0.010 0.016 0.25 0.41 

F 1 r. Identification mark Is located adjacent to lead one. 
e 0.009 0.013 0.23 0.32 

D 0.701 0.711 17.81 18.06 

E 0.291 0.300 7.40 7.60 i lU U U U U U U oU U U U U U ~~ I F 0.400 0.410 10.16 10.41 B1r- t G 0.35 0.48 0.014 0.019 

~ ~-Ir J.k-i-A 
H 0.050 sse 1.27 sse 
J 0.005 0.012 0.13 0.29 G--II- ~HI- "iK;(TI K 0.024 0.040 0.61 1.02 e 
L 0 0 8 0 0 0 8 0 

34-Lead SOIC (300 mil) 1TI1i n n n nnun IlilII n n n II n Ii INCHES MILLIMETERS 
SYMBOL 

MIN. MAX. MIN. MAX. 

A 0.097 0.104 2.46 2.64 
-Note: Index area; a notch or a lead one 

B 0.010 0.Q16 0.25 0.41 

F 1 r identification mark Is located adjacent to 
lead one. e 0.0091 0.0125 0.23 0.32 

D 0.701 0.711 17.81 18.06 . 
E 0.292 0.299 7.42 7.59 I i ~ u U U U U U U ~ U U U U U U u ~d 
F 0.400 0.410 10.16 10.41 B1r- t G 0.014 0.Q19 0.35 0.48 

~ ~-(r J.k-i-A 
0.040 sse 1.016 ssc H 

J 0.005 0.0115 0.127 0.29 G--ll- ~HI- "iK;(TI K 0.024 0.040 0.61 1.02 

L 00 80 0" 80 
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sOle 

3&-l.aad SOIC (300 mil) In iinnnnnnnnmnnnnnn INCHES MILLIMETERS 
SYMBOL T . MIN. MAX. MIN. MAX. 

A 0.094 0.104 2.46 2.64 

B 0.010 0.016 0.25 0.41 
F E J C 0.009 0.013 0.23 0.33 

0 0.602 0.612 15.29 15.54 ~I~UU U UUUUU U~ UUUU UUU'~.1 '1r-E 0.293 0.300 7.39 7.62 

F 0.396 0.416 10.11 10.57 

t G 0.012 0.Q18 0.30 0.46 

H 0.0315 BSe 0.80 BSe ~~Jr 0.k--i-A 
J 0.004 0.012 0.10 0.30 

K 0.Q16 0.035 0.41 0.89 G -II- -JHI- ~ "iK~n *Note: Index area; a notch or a lead one C 
L 0" 8' 0' 8' Identification mark Is located adjacent to lead one. 

44-Lead SOIC (300 mil) 

I T [nnl}nmnn 
INCHES MILLIMETERS 

SYMBOL 
MIN. MAX. MIN. MAX. 

A 0.094 0.104 2.46 2.64 

B 0.010 0.016 0.25 0.41 

e 0.009 0.013 0.23 0.33 

0 0.701 0.711 17.81 18.06 ~~UUUUU~' ,umuu~, E 0291 0.300 7.39 7.62 

F 0.398 0.416 10.11 10.57 

B1' t 0.012 0.Q18 0.30 0.46 G 

,§j§mf~ H 0.0315 Bse 0.80 BSe ~--Ir J.k--i-A 
J 0.004 0.012 0.10 0.30 

K, 0.016 0.035 0.41 0.89 "iK~n 
;:~~~= ~': ~~=~r :~:.,':"~ lead one. 

e 
L 0' 8' 0" 8' 
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2G-LEAD SSOP (S.3mm BODY, O.6Smm LEAD PITCH) 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A . 068 .078 1.73 1.99 

B .068 .070 1.68 1.78 

C .005 .009 0.13 0.22 

D .278 .289 7.07 7.33 

E .205 .212 5.20 5.38 

F .301 .311 7.65 7.90 

G .010 .015 0.25 0.38 

H .0256 BSC 0.65 BSC 

J .002 .008 0.05 0.21 

K .022 .037 0.55 0.95 

L 0° 8° 0° 8" 

24-LEAD SSOP (.209' BODY, O.65mm LEAD PITCH) 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A .068 .078 1.73 1.99 

B .066 .070 1.68 1.78 

C .005 .009 0.13 0.22 

D .318 .328 8.07 8.33 

E .205 .212 5.20 5.38 

F .301 .311 7.65 7.90 

G .010 .015 0.25 0.38 

H .0256 BSC 0.65 BSC 

J .002 .008 0.05 0.21 

K .022 .037 0.55 0.95 

L 0" 8" 0° 8" 

2&-LEAD SSOP (5.3mm BODY, O.65mm LEAD PITCH) 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A .068 .078 1.73 1.99 

B .066 .070 1.68 1.78 

C .005 .009 0.13 0.22 

D .397 .407 10.07 10.33 

E .205 .212 5.20 5.38 

F .301 .311 7.65 7.90 

G .010 .015 0.25 0.38 

H .0256 BSC 0.65 BSC 

J .002 .008 0.05 0.21 

K .022 .037 0.55 0.95 

L a" 8" 0" 8" 

8-12 

Shrink Small Outline 
Package (SSOP) 

20 11 

1 TR R R R R R R R R R "Note: Index area; a notch or a lead one 
Identification mark Is located adjacent to lead one . 

F lr. 
'~~~~~~~~~1~ 

A 

U 
t \Jj ( ,~~-ht D 

-r=\ JDDDDDDDDDC 
G-I~ = ----1H f.- C J B 

1 TR R R R R RRH RRH R "Note: Index area; a notch or a lead one 
identification mark Is located adjacent to 
lead one. 

F E 

1 . 
, iii i i ~ iii i ~ .1 

A 

U 
t \Jj ( .!.h::ht bJilJJJiiMtiQMd \\ 

G-I~ ----1 I-H C J B 

1 rR R R R R R R R A R A R A R -Nole: Index area; a notch or a lead one 
Identification mark Is located adjacent to 
lead one. 

F E 

1 . 
I~ iii m,i!!!!!!j r ~ 

t \Jj ( '~~-+Il ~ \\ 
G-l~ ----1HI- C 
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ZCl-Leod vsop (4.4Omm BODY, O.65mm LEAD PITCH) 

INCHES 
SYMBOL 

MILLIMETERS 

MIN. MAX. MIN. MAX. 

A - .0394 - 1.00 

B .0325 nom 0.825 nom 

C .004 .0078 0.107 0.197 

0 .252 .260 6.40 6.60 

E . 169 .176 4.30 4.48 

F .246 .256 6.25 6.50 

G .004 .012 0.10 0.30 

H .0256 BSC 0.65 BSC 

J .002 .006 0.05 0.15 

K .016 .024 0.40 0.60 

L 00 80 00 80 

r 
F 

1 

T 
E 

L 

20 

Very Small Outline 
Package (VSOP) 

11 

-RRRRRRRRRR *Note: Index area; a notch or a lead one 
Identification mark Is located adjacent to lead one. 

. 
L 

A 

I.!! M! !,M~~~~ U 
* \d ( K~rkl f1 HHHHHHHHHHH =r, 

G --I f.--- ~Hf- C 

VTC Inc., 2800 East Old Shakopee Road, Bloomington, MN 55425, 612-853-5100 8-13 



Fax or Mail Orders to: 

Mailing Address: 

Fax: 

Telephone: 

Toll Free: 

VTC Inc. 
Attn: Customer Service 

2800 East Old Shakopee Road 
Bloomington, MN 55425-1350 

(612) 853-3355 

(612) 853-5100 

(800) VTC-DISC 

Ordering Information 

ORDERING GUIDE FOR MASS STORAGE PRODUCTS 

v M 715 N XX 4 PO * 

.& " • , -;- " ., t ~ Manufacturer's ID --..J" Revision Designator Supplied by Factory 

Family _______ ----' Package Code 
M = Mass Storage (Disk F = Flatpack 

Drive Circuits) NO = Narrow SOIC 
P = Plastic DIP (PDIP) 

Part Number ----------' PL = Plastic Leaded Chip Carrier (PLCC) 
PM = Mirrored Pinout (SOIC) 

Damping Resistor Designator on -
Preamps 

R = Indicates Damping Resistor 
N = No Damping Resistor on VM312, 

VM100', VM7200 Families 
No Designator = Indicates no damping 

resistor or indicates a Schottky Isolated 
Resistor on the VM312, VM313, VM326, 
VM7000, VM7100' or VM7200 Families 

PO = Plastic Small Outline Integrated Circuit (SOIC) 
QF = Plastic Quad Flatpack (PQFP) 
SS = Shrink Small Outline Package (SSOP) 
TQ = Thin Quad Flatpack (TQFP) 
VS = Vel}' Small Outline Package (VSOP) 
CP = Plastic Sampling Package (CAVPAK) 

L-----Two Most Significant Digits of Read Voltage Gain 

1..-------Channel Count on Preamps 

'See the VM7100 datasheet for specific ordering information for the VM71 00 device. 
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VTC Inc. 
2800 East Old Shakopee Road 
Bloomington, MN 55425-1350 
Tel: (612) 853-51 ;-'0 
Fax: (612) 853-3355 

Toll Free: 800 VTC-DISC 

" 

Printed in USA 


